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1.1 Aim

1. Design a common emitter amplifier.
2. Measure its voltage gain, input resistance and output resistance.



1.2 Apparatus

Protoboard, Function Generator, Digital Multimeter, Power Supply, Resistors,
Capacitors, Transistors: 1 x 2N3904

1.3 Diagram

Figure 1: Circuit to be designed



1.4 Model Graph

10—
I sfion SN
oo b B
oo sreer
v ———
—qemy L — T
o U1(UI)
2.00 ———

———————————————

TS S T

' V ' [ [ ' [
- s=d==g==d==d= =
1 ' 1l [ ] ' [
e
ﬂu 1 1 1 1 [ ] 1 [
' ' 1 ' ' ' l ' ' ] ' '
N L L L - =
1 1 ] l ' 1 l [ ] '
..... (I S
0 1 ' ' 1l ' [ ] ' [
B i I T T T T i i
- 1 L L 1 L L 1 L 1
2.8V

s
o U1(RL)

1.5 Theory and Description

Amplifier is an electronic circuit that is used to raise the strength of a weak signal.
The process of raising the strength of a weak signal is known as amplification.
One important requirement during amplification is that only the magnitude of the
signal should increase and there should be no change in signal shape. The
transistor is used for amplification. When a transistor is used as an amplifier, the
first step is to choose a proper configuration in which device is to be used.

CE amplifier operation

Consider a CE amplifier circuit as shown in fig.2 When the capacitors are regarded
as ac short circuits, it is seen that the circuit input terminals are the transistor base
and emitter, and the output terminals are the collector and the emitter. So, the
emitter terminal is common to both input and output, and the circuit configuration
is termed Common —Emitter (CE).

From the voltage waveforms for the CE circuit shown in figure it is seen that there
is a 180 degree phase shift between the input and output waveforms. This can be
understood by considering the effect of a positive going input signal. When V
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increases in a positive direction, it increases the transistor Vge. The increase in Vge
raises the level of |, thereby increasing the drop across Rc, and thus reducing the
level of the V... The changing level of V. is capacitor-coupled to the circuit output
to produce the ac output voltage, V,. As V increases in a positive direction, V,
goes in a negative direction. Similarly, When VS changes in a negative direction,
the resultant decrease in Vg reduces the I, level, thereby reducing Vg, and
producing a positive going output.
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Figure 2

The circuit in figure has input impedance (Z;) and output impedance (Z,). These
can cause voltage division of the circuit input and output voltages. So, for most
transistor circuits Z; and Z, are important parameters. The circuit voltage
amplification (A,), or voltage gain, depends on the transistor parameters and on
resistor RC and RL.

CE amplifier circuit elements and their functions
e Biasing circuit: The resistances R,, R, and R form the biasing and stabilization

circuit. The biasing circuit must establish a proper operating point; otherwise a
part of the negative half cycle of the signal may be cut-off in the output.



e Input capacitor, C,: An electrolyte capacitor C, is used to couple the signal to
the base of the transistor. If it is not used, the signal source resistance, Rq will
come across R, and thus change the bias. C, allows only ac signal to flow but
isolates the signal source from R,

e Emitter bypass capacitor, Cc: An Emitter bypass capacitor, C is used parallel
with R to provide low reactance path to the amplified ac signal. If it is not used,
then ac amplified ac signal following through R will cause a voltage drop across
it, thereby reducing the output voltage.

e Coupling capacitor, C,: The coupling capacitor, C, couples one stage of
amplification to the next stage. If it is not used, the bias conditions of the next
stage will be drastically changed due to the shunting effect of R... This is because
Rc will come in parallel with the upper resistance R, of the biasing network of
the next stage, thereby altering the biasing conditions of the latter. In short, the
coupling capacitor C, isolates the dc of one stage from the next stage, but allows
the passage of ac signal.

CE amplifier circuit currents
(i) Base current
Ig = g +i
where I = dc base current when no signal is applied, i, = ac base when ac signal is
applied and i = total base current
(i) Collector current
I = |t
where 1. = zero signal collector current, i, = ac collector current when ac signal is
applied and i = total collector current

(iif) Emitter Current
le=l+i,
where Iz = Zero signal emitter current, |, = ac emitter current when ac signal is
applied and i = total emitter current
It is useful to keep in mind that
le=1;+1. and



I, = 1 i,
Also, I: = l;and i, = I,
CE amplifier frequency response

The voltage gain of an amplifier varies with signal frequency. It is because
reactances of the capacitors in the circuit changes with signal frequency and hence
affects the output voltage. The curve between voltage gain and signal frequency of
an amplifier is known a frequency response. Figure shows the frequency response
of a typical CE amplifier.

Then the transistor is biased to get the desired Q-point. The signal is applied to the
amplifier input and gain is achieved.
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It is clear that the voltage gain drops off at low (< f,) and high (> f,,) frequencies
whereas it is uniform over mid-frequency range (f_ to f,).

() At low frequencies (< f,), the reactance of coupling capacitor is quite high
and hence very small part of signal will pass from amplifier stage to the load.
Moreover, C;. cannot shunt the R effectively because of its large reactance at low
frequencies. These two factors cause a falling of voltage gain at low frequencies.

(i) At high frequencies (> f,), the reactance of C, is very small and it behaves
as a short circuit. This increases the loading effect of amplifier stage and serves to
reduce the voltage gain. ~ Moreover, at high frequency, capacitive reactance of
base-emitters junction is low which increases the base current. These reduce the

current amplification factor 3. Due to these two reasons, the voltage gain drops off
at high frequency.



(i) At mid frequencies (f, to f,)), the voltage gain of the amplifier is constant.
The effect of coupling capacitor C, in this frequency range is such as to maintain a
uniform voltage gain. Thus, as the frequency increases in this range, reactance of
C, decreases which tend to increase the gain. However, at the same time, lower
reactance means higher almost cancel each other, resulting in a uniform fain at
mid-frequency.

CE amplifier analysis

The first step in ac analysis of CE amplifier circuit is to draw ac equivalent circuit
by reducing all dc sources to zero and shorting all the capacitors. Figure shows the
ac equivalent circuit.

v{@ R1 < R2 § ch <

The next step in the ac analysis is to draw h-parameter circuit by replacing the
transistor in the ac equivalent circuit with its h-parameter model. Figure shows the
h-parameter equivalent circuit for CE circuit.

The typical CE circuit performance is summarized below:
Device input impedance,



Z, =h,
Circuit input impedance
Z; =R IR, 1I1Z,
Device output impedance,
Z,=1/h,
Circuit output impedance,
Z,=R.Z; =R,
Circuit voltage gain,

hfe
A =-TERIR)

Circuit current gain,

Ai :_h R RB /(Rc +hie)(Rc + RL)

fe' ‘¢
Circuit power gain,
A, =AA

CE Amplifier Circuit Design:
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Design of CE circuit normally commences with a specification of supply voltage,
minimum voltage gain, frequency response, source impedance, load impedance,
stability factor and Q-point.

Selection of I, R; and R¢
A/ = _hfe / hie(Rc ” RL)

e For satisfactory transistor operation, I, should not be less than 500uA. A good
minimum |, to aim for is 1mA.

e The V¢ should typically be around 3V to ensure that the transistor operates
linearly and to allow a collector voltage swing of £1V which is usually adequate
for small-signal amplifier
Note: R. should normally be very much larger than R, so that R, has little

effect on voltage gain.

o Select V¢ = 5V for good bias stability in most circumstances. Note: When
Ve>>Vee, Ve will be only slightly affected by any variation in Vg (due to
temperature change or other effects)

e Once Vg, Ve and |, are selected, Vi is determined as
Ve = Ve = Ve = Ve
Then, R. and R are calculated as
Re=Vre/lcand Re=V/I,

Selection of hias resistors

Voltage divider current (1,) as 1./10 gives good bias stability and reasonably high
input resistance. The bias resistors are calculated as

R, =V, /1,

Rl — Vcc I_VB

Selecting R, = 10R; gives I, = /10 the precise level of I, can be calculated as
l, = V&/R, and this can be used in the equation for R,.

Selection of bypass capacitor, CE

Basically the capacitor values are calculated at the lowest signal frequency that the
circuit is required to amplify. This frequency is the lower cut-off frequency, f,.



hie

Choose X, =

fe

at f, for C. calculation to give the smallest value for the bypass capacitor.
Selection of coupling capacitors, C, and C,

The coupling capacitors C, and C, should have a negligible effect on the frequency
response of the circuit. To minimize the effects of C, and C,, the reactance of each

coupling capacitor is selected to be approximately equal to one-tenth of the
impedance in series with it at the lowest operating frequency of the circuit (f,).

Z +T,

10

_Z,+R,
<10

Usually, R, >> Z, and often Z, >> 1, so that Z, and r5 can be omitted in the above
equations.

1.6 Self Learning Exercise-|
Q.1 What is amplifier?
Q.2 What is amplification?
Q.3 What s the difference between amplifier and oscillator
Q.4 How are amplifiers classified according to the transistor configuration?
Q.5 Define current amplification factor of a transistor ?

1.7 Procedure

1. Wire the circuit.

2. Apply the 12V supply voltage to the beard board .With a VOM or DMM,
individually measure the transistor DC base, emitter, and collector voltages with
respect to ground, recording your results in Table 1. Also measure the emitter
and the collector current.

3. Connect channel 1 of your Oscilloscope to point 1(v;,) and channel 2 to point O
(ves)- Then connect the signal generator to the circuit as shown in figure, and
adjust the sine wave out-put level of the generator at 30mV peak-to-peaks at a
frequency of 10 kHz (Use a voltage divider if required).You should observe that

XCl =
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the output signal level (v,,) is greater than the input level (v;,) in addition, v, IS
inverted or 180° out-of-phase, with respect to the input. These points are two
major characteristics of a common-emitter.

4. Use a fix resistor for instance of 10k in series with the signal generator as

shown in fig. Measure the AC voltage at points V, and V,, then the input current,
|, becomes:

The input impedance of the circuit under test is then found by
Vl
“7,

5. Output impedance may also be determined using a similar technique. A fixed
load resistor is used and the output voltage is measured first with full load, then
without the load.

in

In the diagram above, Zo is the internal output impedance of the network to be
measured. First, the load resistor R is removed and output voltage (V) measured
and recorded. Then R, is placed back in circuit and the output voltage under load
(V). The output impedance, Zo is now found by Ohm's Law for AC circuits. As
the load is purely resistive Z=V/l, where "V" is voltage drop across the output
impedance: (V - V), and "I" the output current, V,/R,.
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1.8 Observation

Table |

Parameter Measured value Calculated value | Percentage
error

Table 11

Parameter Measured value Calculated value | Percentage
error

1.9 Graph

Plot the required Graph

1.10 Calculations

Show all the steps by which the dc operating points have been determined.



1.11 Result

The gain of the amplifier as measured is:...........
The input impedance as measured is............
The output impedance as measured is...........

1.12 Discussion

1.i3 Precau'tions an'd‘Sou rces 6f Error

1. Make the connections properly.

2. While doing the experiment do not exceed the ratings of the diode. This may
lead to damage of the diode.

3. Connect voltmeter and Ammeter in correct polarities as shown in the circuit
diagram.

4. Do not switch ON the power supply unless you have checked the circuit
connections as per the circuit diagram.

5. Over heating of the transistor should be avoided.
1.14 Self Learning Exercise -1

Q.1 What s the biasing rule of transistor ?
Q.2 For amplification CE is preferred, why?

Q.3 To operate a transistor as amplifier, emitter junction is forward biased and
collector junction is reverse biased, why?
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Q.4 Which transistor configuration provides a phase reversal between the input
and output signals?

1.15 Glossary

Amplifier:A device that uses an active component to increase the voltage or power
of a signal without distorting its waveshape.

Base:(1) The control portion of an NPN or PNP junction transistor.

(2) The P-type diffusion done using horon that forms the hase of NPN transistors,
the emitter and collector of lateral PNP transistors, and resistors.

Bipolar transistor :A transistor consisting of an emitter, base and collector, whose
action depends on the injection of minority carriers from the base by the collector.
Sometimes called NPN or PNP transistor to emphasize its layered structure.
Capacitor :A discrete device which stores electrical charge on two conductors
separated by a dielectric.

Collector :Along with the emitter and base, one f the three regions of the bipolar
type of transistor.

Device : A single-function component such as a transistor, resistor, capacitor or an
integrated circuit.

Emitter :(1) The region of a transistor that serves as the source or input end for
carriers. (2) The N-type diffusion usually done using phosphorus, which forms the
emitter of NPN transistors, the base contact of PNP transistors, the N+ contact of
NPN transistors, and low-value resistors.

Intrinsic Semiconductor: An element or compound that has four electrons in its
outer ring (i.e. elements from Group IV of the periodic table or compounds of
Group Hl and V).

Semiconductor: An element such as silicon or germanium, intermediate in

electrical conductivity between the conductors and the insulators, in which
conduction takes place by means of holes and electrons. Common single-element
semiconductors are Si(silicon) and Ge (germanium); a common compound

semiconductor is GaAs (gallium arsenide). silicon (Si): The Group IV element
used for fabricating diodes, transistors and integrated circuits.
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Transistor: A semiconductor device that uses a stream of charge carriers to
product active electronic effect. The name was coined from the electrical
characteristic of "transfer resistance".

Common Base: A transistor circuit in which the base electrode is the common

element to both input and output circuits. Normally the emitter is used as the input
terminal and the collector is used as the output terminal. The common base
configuration does not produce a phase shift between the input and output and is
commonly used as a voltage amplifier.

Common Collector: A transistor circuit configuration in which the collector is the

element common to both the input and the output circuits. The common collector
configuration does not produce a phase shift between the input and output.

Common Emitter :A circuit configuration in which the emitter of a transistor is

the element common to both the input and the output circuits. The common emitter
configuration produces a phase shift of 180 degrees between the input and output.

1.16 Answers to Self Learning Exercises

Answers to Self Learning Exercise-
Ans.1: Amplifier is a device which is used to amplification purpose.
Ans.2: A low strength signal is converted into strengthen signal ie) boost up
Process .
Ans.3: Amplifier is working in the negative feedback while oscillator working in
the positive feedback.
Ans.4: (i) Common emitter amplifier

(iCommon base amplifier

(iif)Common collector amplifier
Ans.5: It is defined as ratio of change in collector current to change in base

current,
Answers to Self Learning Exercise-1|

Ans.1: Emitter base junction should be forward biased and collector base junction
should be reversed biased.
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Ans.2: Because amplification factor beta is usually ranges from 20-500 hence this
configuration gives appreciable current gain as well as voltage gain at its
output on the other hand in the Common Collector configuration has very

high input resistance(~750KQ2) & very low output resistance(~25€2) so the
voltage gain is always less than one & its most important application is for
impedance matching for driving from low impedance load to high
impedance source

Ans.3: Voltage is directly proportional to Resistance. Forward bias resistance is

very less compared to reverse bias. In amplifier input forward biased and
output reverse biased so voltage at output increases with reverse bias
resistance.

Ans.4: Common emitter configuration.
1.17 Viva Questions

Q.1 Whatis an Oscillator?

Q.2 What s Quality factor?

Q.3 What is the different analysis available to analyze a transistor?
Q.4 What is the necessary of the coupling capacitor?

Q.5  Whatis transistor? what are the types of transistors?
Q.6 Define n-type and p-type semiconductors.

Q.7 What is doping?

Q.8 What are three basic transistor connection modes?

Which mode is most preferred? Why?
Q.9 What is semiconductor?

Q.10 Which are the commonly used semiconductors?
Q.11 Can we replace transistor by two back to back connected diodes?

1.18 Answers to Viva Questions

Ans.1: An Oscillator 1s a Circuit, which generates an alternating voltage of any
desired frequency. It can generate an ac output signal without requiring any
externally applied input signal.
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Ans.2: The ratio of inductive reactance of the coil at resonance to its resistance is
known as quality factor. Q =X, /R.
Ans.3: 1. AC analysis 2. DC analysis

Ans.4: 1t is used to block the ¢ signal to the transistor amplifier. It allows a ¢
&blocks the d c.
Ansb:  Transistor is a three terminal  semiconductor  device.

There are two types of semiconductor ie. n-p-n and p-n-p.
Ans.6: If an intrinsic semiconductor is doped with pentavalent impurity. Then it is

called n-type semiconductors. If it is doped with trivalent impurity then it is called
p-type semiconductor.
Ans.7: Adding trivalent or pentavalent impurity to an intrinsic semiconductor is

called doping.
Ans.8: Common-Emitter, Common-Base & Common-Collector connections. CE

mode is most preferred because CE modes gives Highest voltage gain.
Ans.9: Semiconductor is a substance which has the resistivity in between that of

conductor and insulator. semiconductor has negative temperature coefficient of
resistance.

Ans.10: Germanium & Silicon
Ans.11: No, because the doping levels of emitter (heavily doped), base (lightly

doped) and collector (doping level greater than base and less than emitter)
terminals are different from p and n terminals in diode.

References and Suggested Readings

G.E. Transistor Manual 1964.

Handbook of Semiconductor Electronics by Lloyd P. Hunter, 1970.
Fundamentals of Electronics by E. Norman Lurch, 1981.
Electronic and Radio Engineering by Frederick Terman, 1955.
Laboratory Manual by Jiann S. Yuan, 2011.
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2.16  Viva Question
2.17  Answers to Exercise
References and Suggested Readings

2.1 Aim

To study the characteristics of RC oscillators, namely,
(i) Phase Shift Oscillators, and
(if) Wein Bridge Oscillators using IC-741 operational amplifier.

2.2 Apparatus

Dual Power Supply, CRO, Operational Amplifier (OP-AMP) 741, two variable
capacitors (C,, C,), three variable non-inductive resistors (R;,R,, and R;) and one
fixed resistor, and connecting terminals.

2.3 Diagram

The circuit diagrams of RC Phase Shift Oscillator and of Wein Bridge oscillator
are shown below as:

e )
| L | |
LM741 vo Il [ [

Fig. 1: OP-AMP RC Phase Shift Oscillator
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Ci=— R

Fig. 2: OP-AMP Wein Bridge Oscillator

2.4 Formula

Frequency of oscillation for RC phase shift oscillator (Fig. 1)
1 0.065

f = = Hz,

* 2z(JE)RC RC
where R, =R,=R, =R Resistances and C, =C, =C, =C Capacitances (F)
For Wein Bridge oscillator (Fig. 2), it is given by

osc — ! :@ Hz,

2rRC  RC

where R, =R,=R Resistances and C, =C, =C Capacitances (F).

2.5 Theory and Description

2.5.1 RC Phase Shift Oscillator

It is known that single frequency RC oscillators produces a sine wave
output at audio frequency range. Audio oscillators are widely used to produce
warning sounds like beep in anything from automobiles to airliners. But oscillators
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may also produce a single sine wave of fixed frequency carefully by using
controlling elements, such as RC filters. Audio oscillators produce waves having
frequencies from about 20Hz to 20kHz (the audio spectrum) and up to about
100kHz for ultrasonic purposes. Variable frequency oscillators are used in audio
signal generators that are essential for testing amplifiers and fault tracing in many
electronics systems. The RC oscillators used for these applications can be capable
of producing signals up to around 1MHz or more.

(i) RC Phase Shift Network

Fig. 3

Now let us understand about the Phase shift due to RC network briefly. For low
frequency applications (up to 100kHz), the passive circuits (filters) are constructed
using simple RC (Resistor-Capacitor) networks, while for higher frequency (above
100kHz) filters are made from RLC (Resistor-Inductor-Capacitor) components,
generally. The above RC network consists of basically a High Pass Filter (series
RC circuit) connected to a Low Pass Filter (parallel RC circuit) producing a
particular second-order frequency dependant Band Pass Filter with a high Q factor
at the selected frequency, f,.

Since, at low frequencies the reactance of capacitor C,is very high and thus
behaves like an open circuit and does not allow any input signal at Vi, and
therefore there is no output signal, V., whereas, at high frequencies, the reactance
of capacitor C, is very low then therefore this parallel connected capacitor acts
like a short circuit at the output and thus again there is no output signal. However,
between these two extremes the output voltage reaches a maximum value with the
frequency at which this happens being called the Resonant Frequency, ( f, ). At this
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resonant frequency (when X.=R), the phase shift is zero degree between the
input and output. The magnitude of the output voltage is therefore at its maximum
and is equal to one third (1/3) of the input voltage as shown below.

Vout

1
T\‘rin

Voltage
Gain

Low Frequencies High Frequencies

¢

+90°

-90°

h
Resonance

Flg.4
Input Output Input Output
I R1 R2 R3
—|-’ R <-|—
0° 60° 60° 120° 180°
(5 &
Output Input
Output
Input |
o f—— 0 — }
90" 18% Xo° 303 N0 S\ 27 360°
- .
60" | et
leading
Single Stage Three Stages

Fig. 5: Shifting of phase

On looking into left side of the circuit in Fig. 4, a single resistor-capacitor network,
the output voltage “leads” the input voltage by some angle less than 90°. In ideal
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situation, single RC circuit would produce a phase shift of exactly 90°, and because
180° of phase shift is required for oscillation, at least two single RC networks must
be used in an RC oscillator design. However in reality it is difficult to obtain
exactly 90° of phase shift so more stages are used. If a three-stage RC phase-shift
network is connected between this input and output of the amplifier, the total phase

shift necessary for regenerative feedback will become3’ x60° +180° =360°. The
amount of actual phase shift in the circuit depends upon the values of the resistor
and the capacitor, and the chosen frequency of oscillations with the phase angle
( ¢ ) being given by

¢= tan XS where Xc -1 andresistance isR.
R 2rr fC

(if) OP-AMP RC Phase Shift Oscillator

The oscillator circuit consists of a negative-gain operational amplifier and a three
section RC network. The phase shift network is connected from the op-amps
output back to its “inverting” input as shown below:

Ry
_/\/\/\/_‘.
2 60° © IZOOC 180°
P —® Vou
R R R Ay=29 /\/6.SkHz
Ov
1T O

Fig. 6
As the feedback is connected to the inverting input terminal of operational
amplifier which produces the required 180° phase shift while the RC network
produces the other 180° phase shift at the required frequency (180° + 180°). Unique
feature of an RC oscillator is its frequency stability which is its ability to provide a
constant frequency sine wave output under varying load conditions. By cascading
more RC stages together, the stability of the oscillator can be greatly improved.

Frequency of RC Oscillators is proportional to 1/RC and thus, a broad range of
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frequency is possible when using a variable capacitor.
Advantages:-

() This circuitis very simple and cheap as it comprises resistors and capacitors.
(i) It provides good frequency stability.

(ii1) The output of this circuit is sinusoidal and almost distortion free.

(

Iv) The phase shift oscillator circuit is simpler because it does not need negative
feedback and the stabilization arrangements.

(v) They have a wide range of frequency (from a few Hz to several hundred of
kHz).

(vi) They are particularly suitable for low frequencies; say of the order of 1 Hz, so
these frequencies can be easily gained by using R and C of large values.

Disadvantages:-

(i) The output is small because of its smaller feedback.

(if) The frequency stability is not as good as that of the Wien bridge oscillator.
(i) Itis difficult for the circuit to start oscillations as the feedback is usually small.
(

Iv) It needs high voltage power supply (say 12V) so as to develop a sufficiently
large feedback voltage.

(ii1) Hlustrative Example

Example 1: A 3-stage RC Phase Shift Oscillator is required to produce an

oscillation frequency of 6.5 kHz. If 1nF capacitors are used in the feedback circuit,
calculate the value of the frequency determining resistors and the value of the
feedback resistor required to sustain oscillations.

Sol. The standard equation given for the phase shift RC oscillator is given by:
1

[ ———
" 27RCN2N
Using the value of f =6.5kHz, C=1nF and N=3, we get

R=10kQ
The operational amplifiers gain must be equal to 29 in order to sustain oscillations.

. R
Then using A, :?f, we get R =290kQ.
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In the next we will discuss another type of RC Oscillator called a Wein Bridge

Oscillators which uses resistors and capacitors as its tank circuit to produce a low
frequency sinusoidal waveform.

2.5.2 Wein Bridge Oscillator
(i) OP-AMP Wein Bridge Oscillator

One of the simplest sine wave oscillators, which has a RC network in place
of LC tuned tank circuit to produce a sinusoidal output waveform, is called a Wein
Bridge Oscillator as shown in fig. 2. The circuit of this oscillator is based on a
frequency-selective form of the Wheatstone bridge circuit. Actually, this type of
oscillator is simple in design, compact in size, and it is a two-stage RC coupled
amplifier circuit provide remarkable stability at its resonant frequency, low
distortion and is very easy to tune. This is widely used in audio and sub-audio
frequency ranges (20 - 20 kHz). However, the maximum frequency output of a
typical Wein bridge oscillator is only about 1 MHz. This, in fact, behaves like a
phase-shift oscillator.

Fig. 7

This oscillator circuit is also known as lead-lag circuit. At high frequencies,
the reactance of capacitor C, and C, approaches to zero. This causes C, and C,
appears short. Here, capacitor C,shorts the resistorR,. Hence, the output voltage
V, will be zero since output is taken across R, and C, combination. So, at high
frequencies, circuit acts as a “lag circuit”, i.e. the phase angle between input and
output signal becomes “negative” (Phase Delay) and at low frequencies, both
capacitors act as open because capacitor offers very high reactance. Again output
voltage will be zero because the input signal is dropped across the R, and C,
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combination. Here, the circuit acts like a “lead circuit”, i.e. the phase angle
between the input and output signal becomes “positive” (Phase advanced). But at
one particular frequency between the two extremes, the output voltage reaches to
the maximum value. At this frequency only, resistance value becomes equal to
capacitive reactance and gives maximum output. Hence, this particular frequency
is known as resonant frequency or oscillating frequency ( f, ).

As it is said that the output voltage (V;) from the RC network is at its
maximum value and equal to one third (1/3) of the input voltage (V;,) to allow for
oscillations to occur. But the question arises that why one third and not some other
value? Thus, in order to resolve this quest, we have to consider the complex
impedance (Z =R+iX, ) of the two connected RC circuits. Consider the following
RC network:

R, >Co = »Zp

e
<

¢ 0
Fig. 8

Let us define the total impedance of the series combination (R,C, ), and of
the parallel combination (R,C,) are Z; and Z, respectively. As Z, and Z,are
effectively connected together in series across the input (V;,), they form a voltage
divider network with the output taken from across Z, as shown.
For numerical testing, assuming that the component values of R, and R,are the
same at: 12kQQ, capacitors C,and C, are the same at 3.9nF and the supply
frequency, f is 3.4 kHz.
Series Circuit: The total impedance of the series combination with resistor, R, and
capacitor, C;is simply:

1

Xo =——=12kQ and R=12kQ
2 fC
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Z, =R*+ X2 =17kQ

Parallel Circuit: For the lower parallel impedance Z,, as the two components are
in parallel, we have to treat this differently because the impedance of the parallel
circuit is influenced by this parallel combination. The total impedance of the lower
parallel combination with resistor, R,and capacitor, C, is given as:

Therefore, the combined resistance and reactance of the RC parallel circuit
becomes 6 kKQ (R|| X ) and their parallel impedance will be:
4

» =4R*+ X¢ =85kQ

So we now have the value for the series impedance Z, =17 kQ and for the
parallel impedance Z, =8.5 k<. Therefore the output impedance, Z,, of the
voltage divider network at the given frequency is:

Loy = e El

Lo+Zg 3

Then at the oscillation frequency, the magnitude of the output voltage, V, will be
equal to Z,,V;, which as shown is equal to one third (1/3) of the input voltage, V.
and it is this frequency selective RC network which forms the basis of the Wein
Bridge Oscillator circuit.

Ré { Feedback w
WE B

8 IV

4 — 7
% A ‘DU_’T‘
N % '. ; Rl Vout
R» l
o]

~ 115
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(if) Feed Back Process

The process of feedback is done by circuit consisting of a RC circuit in

series connected with a parallel combination of RC having same component
values, which produces a phase delay or phase advance circuit depending upon the
frequency. At the resonant frequency f. the phase shift is 0°. The output of the
operational amplifier is fed back to both the inputs of the amplifier as shown. (i)
Negative Feedback - One part of the feedback signal is connected to the inverting
input terminal through the resistor divider network of R and R, which allows the
amplifiers voltage gain to be adjusted within narrow limits. (ii) Positive Feedback -
The other part is fed back to the non-inverting input terminal through the RC Wein
Bridge network. Therefore, the RC network is connected in the positive feedback
path of the amplifier produces zero phase shift a just one frequency. Then at the
selected resonant frequency, ( f.)the voltages applied to the inverting and non-
inverting inputs will be equal and “in-phase” so the positive feedback will cancel
out the negative feedback signal causing the circuit to oscillate. To start the
oscillation with the constant amplitude, positive feedback is not the only sufficient
condition but also oscillator circuit must satisfy the conditions known as
Barkhausen conditions. The feedback signal does not produce any phase shift. This
is the “basic principle of a Wein bridge oscillator”.

Hence, the voltage gain of the amplifier circuit must be equal to or greater
than three for oscillations to start as it is understood that the input is 1/3 of the
output. This value, (A, >3) is set by the feedback resistor network, R, and R, and
for a non-inverting amplifier this is given as the ratio 1+R, /R, .

The advantages and disadvantages of Wein bridge oscillators are given below:

Advantages:-

1. Provides a stable low distortion sinusoidal output over a wide range of
frequency.

2. The frequency range can be selected simply by using decade resistance boxes.

3. The frequency of oscillation can be easily varied by varying capacitances C,
and C, simultaneously.

Disadvantages:-
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1. Large number of components required to design 2 stage amplifiers.

2. The maximum frequency output is limited because of amplitude and the
phase-shift characteristics of amplifier.

(ii1) Hlustrative Examples
Example 2: Determine the maximum and minimum frequency of oscillations of a

Wein Bridge Oscillator circuit having a resistor of 10k<2 and a variable capacitor
of 1nF to 1000nF.

Sol. The frequency of oscillations for a Wein Bridge Oscillator is given by

1
f= .
27RC
()  Lowest Frequency: f . = ! ——=15.9Hz
277 (10kQ2) x (1000x10~°)

1

e = 277(10kQY) x (1x10™°)
Example 3. A Wein Bridge Oscillator circuit is required to generate a sinusoidal
waveform of 5.2 kHz. (a) Calculate the values of the frequency determining
resistors Rand R, and the two capacitors C, and C,to produce the required
frequency. (b) If the oscillator circuit is based around a non-inverting operational
amplifier configuration, determine the minimum values for the gain resistors to
produce the required oscillations.

=52kHz

(i) Highest Frequency: =15915Hz

Sol. Given f, =
27RC

Assuming the value for the feedback capacitors is of 3.0nF, the corresponding

value of the feedback resistors is R= =10200Q2. As it is known that the

2ref,
voltage gain of the Wein Bridge circuit must be equal to or greater than 3 for
starting the sinusoidal oscillations. For a non-inverting op-amp configuration, this
value is set by the feedback resistor network of Ryand R, and is given as;

A :\@:H&ZS
Vin R4
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Choosing the resistor R, of 100k (say), then R4=%. If R, =100kQ2 then

R, =50k, while A, =3 is the minimum value required to ensure oscillations.
Thus, practically value on little higher than that is generally required, i.e. 3.1, then

R4 would be of 47kQ’s.

2.6 Self Learning Exercise

Q.1 What is amplifier?

Q.2 What do you mean by sustained Oscillation?

Q.3 How is phase angle determined in RC phase shift oscillator?
Q.4 State the two conditions of oscillations.

2.7 Procedure

(A) RC Phase shift Oscillator

1. Connect the circuit as shown in figurel.

2. Connect Oscilloscope (CRO) at output terminals V, observe the output sine
wave.

3. Keep the resistance and capacitor values R =R,=Rand C,=C,=C and
switch on the power

4. Record the output waveform and measure the experimental frequency of the
output waveform as mentioned below:

a. Adjust the voltage sensitivity switch and time — base switch such that at least
two or more complete sine waves are observed on the screen of CRO.

b. Also adjust the resistance R,value till the wave formed on the CRO screen is
stationary. Note R and C values in the table and measure the peak to peak
horizontal length (1) of one sine wave.

¢. Multiply this value with the corresponding time-base (t) value. This product (
T =Ixt) gives the time period (T) of the generated sine wave. The reciprocal of
time period gives the experimental frequency of the sine wave.

5. From the given values of R & C calculate theoretical frequency using the
formula

1
"2 J6RC
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6. Compare the theoretical and Experimental frequencies at output signal.
7. Repeat the experiment for various R and C values.

(B) Wein-Bridge Oscillator
1. Connect the circuit as shown in the Fig-2.

2. Connect the Oscilloscope (CRO) at output terminals to observe sine wave.
3

. Keep the resistance and capacitor values R, =R, =R and C, = C, = C and
switch on the power.

4. For the measurement of experimental frequency, follow the procedure no. (iv)
as for the case of RC phase shift oscillator.

5. On substitution of R and C values in ¢

1

"= 92RC

, It gives theoretical frequency.

6. Compare the theoretical and experimental frequencies at output signal.
7. The experiment is repeated by changing the value of R or C.

2.8 Observation

(i) RC Phase Shift Oscillator

S.
No.

Theoretical Frequency

Experimental Measurement of frequency
at output

R =R,=R| C,;=C,=C |
(Q) (uF) 1

peak  to | Time Base | Time | fy, =Y/
peak () Period | (Hz)
horizontal | T=Ixt

ength (1) | SESPV) | (sec)
(Div.)
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(if) Wein Bridge Oscillator

S. | Theoretical Frequency Experimental Measurement of frequency at
No. output
Ri=R,=R | C,=C,=C]| peak  to| Time Base | Time | f,, =UT
(@) | (uF) - L | peak (1) Period | (Hz)
"™ | horizontal .\ | T=Ixt
length (1) (Sec/Div. (Sec.)
(Div.)
2.9 Graph

Expected wave form should be

2.10 Calculations

2.11 Result

Operation of RC Phase shift Oscillator and Wein —Bridge Oscillator using IC 741
Op-Amp is studied and found that

Experimental frequency:
Theoretical frequency:
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2.12 Discussion

Phase Shift Oscillator:-

(i) In RC phase shift oscillator, the feedback circuit consists of three RC cascade
sections.

ii) Feedback circuit introduces a phase shift of 180° at frequency of oscillations.

iii) Additional, phase shift of 180° is introduced by amplifier.
Iv) Using OP-AMP, the value of 3 in phase shift oscillator must be at least -1/29.
V) For sustained oscillations, minimum value of gain (A, ) should be 29.

AN TN N N

Wein Bridge Oscillator:-

() Without input signal a Wein bridge oscillator produces continuous output
oscillations.

(i) The Wein bridge oscillator can produce a large range of frequencies.
(iil) The Voltage gain of the amplifier must be greater than 3.
(iv) The RC network can be used with a non-inverting amplifier.

(v) The input resistance of the amplifier must be high compared to R so that the
RC network is not overloaded and alter the required conditions.

(vi) The output resistance of the amplifier must be low so that the effect of external
loading is minimized.

(vii)If the voltage gain of the amplifier is too small then the desired oscillation will

decay and stop gradually.

o~ 4o -

2.13 Precautions.andASou rces oﬁError

1. Check the continuity of the connecting terminals before connecting them.

2. Keep the band switches of the C.R.O. and adjust the value of R3 such that
steady wave forms are observed on the screen.

3. Observe the output sine wave on the screen of CRO and measure the
horizontal length accurately.
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2.14 Glossary

The Low Pass Filter: the low pass filter only allows low frequency signals from
OHz to its cut-off frequency, f, point to pass while blocking those any higher.

The High Pass Filter : the high pass filter only allows high frequency signals from
its cut-off frequency, f, point and higher to infinity to pass through while blocking
those any lower.

Band Pass Filter : the band pass filter allows signals falling within a certain

frequency band setup between two points to pass through while blocking both the
lower and higher frequencies either side of this frequency band.

2.15 Answers to Self Learning Exercise
Ans.1: Amplifier is a device which is used to amplification purpose.
Ans.2: The electrical oscillations in which amplitude does not change with time

are called as sustained oscillations. It is also called as undamped Oscillation.
Ans.3: Since the impedance of an RC network is capacitive, the current flowing

through it leads the applied voltage by a specific phase angle. The phase
angle is determined by the amount of resistance and capacitance of the RC
section. If the capacitance is a fixed value, a change in the resistance value
will change the phase angle. If the resistance could be changed to zero, we
could get a maximum phase angle of 90 degrees. But since a voltage cannot
be developed across zero resistance, thus 90-degree phase shift is not
possible.

L2.16 Viva Questions

Q.1 What is amplification?

Q.2 Whatis the difference between amplifier and oscillator?

Q.3 What is an Oscillator?

Q.4 What is meant by resonant Circuit Oscillators?

Q.5 Whatis a phase shift oscillator?

Q.6 Why RC oscillators cannot generate high frequency oscillations?
Q.7 What are the applications of RC phase shift oscillators?
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Q.8 What amount of phase shift does RC phase shift oscillator produce?
Q.9 Why do we need a phase shift between input and output signal?

Q.10 How can we get a maximum phase angle of 90 degrees in RC phase shift
oscillator?
Q.11 What are Barkhauesan conditions?

Q.12 What are the applications of oscillators?

Q.13 Draw the basic structure of feedback oscillator.

Q.14 What is the frequency range of RC phase shift oscillator?

Q.15 Define Wein bridge oscillator.

Q.16 For sustained oscillations, what is the gain of RC phase shift oscillator?
Q.17 Design a phase shift oscillator to oscillate at 100 Hz.

Q.18 Draw the comparison between RC phase shift oscillator and Wein bridge
oscillator.

2.17 Answers to Exercise

Ans.1: A low strength signal is converted into strengthen signal i.e. boost up
process

Ans.2: Amplifier is working in the negative feedback while oscillator working in
the positive feedback.

Ans.3: An Oscillator is a Circuit, which generates an alternating voltage of any
desired frequency. It can generate an AC output signal without requiring any
externally applied input signal.

Ans.4. LC Oscillators are known as resonant circuit oscillator because the
frequency of operation of LC oscillator is nothing but a resonant frequency of
tank circuit or LC tank circuit produces sustained Oscillation at the resonant
circuit oscillator.

Ans.5: The oscillator, which uses an RC network in the feedback loop to generate
the required phase shift at a particular frequency to sustain oscillations.

Ans.6: Because at high frequencies, resistors behaves like inductors or capacitors
s0 the equations that govern oscillation in RC oscillators does not hold.
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Ans.7: RC phase shift oscillators are mostly used at audio frequencies. Other than
this, it is used in electronic musical instruments like pianos. It is also used in
equipment that emits beeps.

Ans.8: RC phase shift oscillator produces a phase shift of 180 degrees between
output and input signal. In the phase-shift oscillator, at least three RC
sections are needed to give the required 180-degree phase shift for
regenerative feedback. The values of resistance and capacitance are generally
chosen so that each section provides about a 60-degree phase shift.

Ans.9: To obtain the regenerative feedback in the phase-shift oscillator, we need a
phase shift of 180 degrees between the output and the input signal. This
purpose is resolved by using an RC network consists of three RC sections
which provides the proper feedback and phase inversion to provide this
regenerative feedback.

Ans.10: By changing the resistance to zero, we can get a maximum phase angle of
90 degrees. But since, we cannot develop voltage across zero resistance, so a
90 degree phase shift is not possible.

Ans.11: The first condition is that the magnitude of the loop gain (A8 =1), and the
second condltlon is that the phase shlft around the loop must be 360° or 0°.

"References and Suggested Readlngs

1. www.learnabout-electronics.org/Oscillators/

2. www.nptel.ac.in/courses/

3. https:/iwww.classle.net/book/rc-phase-shift-oscillators-0
4. Other useful and trusted internet resources
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Part A : Characteristics of a Zener Diode

3.1A Aim

To study the characteristics of the Zener diode.

3.2A Apparatus

Zener diode, a variable dc power supply (U-I5 Volts), dc voltmeters (U-1.5 Volts
range and 0-10 Volts range ) milliammeter (0-30 mA) or multimeter, current

limiting resistor (about 1K), bread hoard, connecting wires [or a trainer board

having all these components].

3.3A Diagram

milliammeter

Series Resistor /—\ _

AMV mA
NG

Rs

i Variable
E7:/DC Diode

T Supply

Zener \ /

L N+

Figure 3.1A Forward Bias
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Series Resistor

milliammeter

+Q_

d'A"4% m
R, N n
|
21, variable Zener I/ +
E 74: DC Diode -\
“— supply Q/) Voltmeter
Figure 3.2A Reverse Bias
3.4A Model Graph
Ip (mA) B w _Forward

—V; (Volt)

Current

Bl

Reverse
Breakdown
Current

W Reverse
Saturation
Current

(MA)

—

Vp (Volt)

Zener Diode

Figure 3.3 A Typical I-V characteristics of a Zener diode

|,= Diode current

V= Voltage across the diode
V= Breakdown Voltage

3.5A Formula

Zener diode conducts like an ordinary PN junction diode in forward bias and when
the diode is reverse biased, then reverse saturation current (of the order of xA )
flows until the breakdown voltage is reached. At the breakdown voltage, reverse
current increases abruptly. Inverse of the slope of |-V graph (1 on'y axis and V on x

axis) represents the dynamic resistance.
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: SR AV
Diode dynamic resistance ry,q, = N diode

diode

From model graph

Forward bias dynamic resistance r. =% (inQ)

Zener dynamic resistance  , =Q—g,(in Q)

3.6A Theory and Description

Zener diode acts like an ordinary PN junction diode in forward bias and it exhibits
approximately voltage independent saturation current in reverse bias until critical
reverse voltage is reached. At this critical breakdown voltage V, ,the reverse
current through the diode increases drastically with voltage. This breakdown
voltage is also known as Zener voltage. Current limiting series resistor is used to
limit the current to a safe level. Zener diodes can be made with reverse breakdown
voltages from about 2 Volts to over 1000 Volts by varying the doping level. Value
of V, depends on amount of doping level. There are two mechanisms by which
reverse breakdown occurs.

(i) Zener Breakdown :

When a heavily doped PN Junction is reverse biased, then electric field at junction
becomes high of the order of 10" V/m. Due to this high electric field, breaking of
covalent bonds occurs i.e. this tunneling of free electrons constitutes a large
reverse current from N to P. This phenomena is known as Zener breakdown. Zener
diodes have a steep current- voltage characteristic at breakdown voltage.

(if) Avalanche Breakdown:

Electrons gain kinetic energy in the electric field of depletion region and electron
hole pairs are created by impact ionization by these energetic carriers. These
generated electrons further create new electron hole pairs by collisions. Due to this
carrier multiplication i.e. avalanche process, a large reverse current flows through
the diode.

The process may be avalanche or Zener, the name Zener diode is commonly used
for all breakdown diodes. Zener breakdown has low reverse breakdown voltages
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(typically below 5 Volts) whereas avalanche breakdown has high reverse
breakdown voltages (typically above 5 Volts).

3.7A Procedure

Make the connection as per circuit diagram (figure 3.1A) for forward bias.
2. Connect the circuit to an appropriate power source and turn it on.

By varying applied dc voltage, measure the reading for diode voltage and
corresponding diode current,

Reverse the polarity of the dc supply (figure 3.2A).

By varying the applied dc voltage record the reading for diode voltage and
corresponding diode current,

3.8A Observations

Least count of milliammeter = ..o
Least count of voltmeter = ........ooovvevevvevnnn,

Forward bias Characteristics Reverse bias Characteristics

Forward diode
Voltage V¢

(in Volts)

Forward diode
Current I

(inmA)

Reverse diode
Voltage V5

(in Volts)

Reverse diode
Current I

(inmA)
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3.9A Graph |
00S€ te appropriate SCales Tor I, aNd Vgog aNd PIOL e grapn Ot o4 (0N Y

axis) Versus Vg (0n X axis).
3.10A Calculations
Slope of I -V graph =2

resistance

Forward bias resistance (dynamic) r. =%: .....

Zener resistance (dynamic) TR

3.11A Result

1. Characteristics of Zener diode has been obtained and drawn.
2. Zener breakdown voltage V, (approximated) = ... Volts

3. The forward bias dynamic resistance r.= ....Q0
4. The Zener resistance r,= .... Q

3.12A Discussion

3.13A Precautions and Sources of Error

Zener diode ,voltmeter and ammeter must be connected with proper polarities.
2. Applied voltages and currents must not exceed the ratings of the Zener diode.

Current limiting series resistor should be used to prevent the Zener diode from
damage.

4. All connections should be tight. Avoid using long wires.

5. Power supply should be turned off while connecting or disconnecting the
circuit components, wires efc.

6. Least counts and ranges of voltmeter and ammeter should be appropriate.
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7. If there is zero error in the voltmeter or milliammeter, then it should be
removed.

3.14A Self Learning Exercise-I

Q.1 “Critical reverse (breakdown) voltage decreases as the doping of PN
Junction increases.” Is this statement true ?

Q.2 Zener diode can be operated in forward, leakage and breakdown regions.
What do you mean by leakage region?

Q.3 Zener diode has specification such as power rating 500 mW and Zener
voltage 10 Volts. What is the maximum value (rated) current?

Q.4 What are the values of cut in voltages in forward bias for Si and Ge diodes?

Part B : Line and Load Regulations with Zener Diode

3.1B Aim
To study the line and load regulations with Zener diode.

3.2B Apparatus

Zener diode, a variable dc power supply (0-15 Volts), dc voltmeters (0-15
Volts range) or multimeter, resistors, bread hoard, connecting wires [or a trainer
board having all these components].

3.3B Diagram

Voltmeter

+ _
Is
AV

. RS . |
Series Resistor vz
|

+

L
i . Zener r7 +

E 74_ Variable Diode L4 R V) Voltmeter
Z—__ DC Supply Load

- Resistor

Figure 3.1B : Line regulation (Variable input supply voltage E and constant
load resistance R, )
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Voltmeter

+ -

Is
>

N
. Rs.
Series Resistor v Iz
+ \Z I
—  Constant Zener Zi /g,v
E —  DCSupply Diode RL
Variable
Load
Resistor

|

+
C/D Voltmeter

Figure 3.2B : Load regulation (Variable load resistance R, and fixed supply

voltage E)

3.4B Model Graph

M vy

Vy [

Breakdown Region
(Line Regulation)

Breakdown Region
(Load Regulation)

v :
Figure 3.3B : Line Regulation

44

ILmax:E/RS
Figure 3.4B : Load Regulation
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3.5B Formula
Line (source) regulation — change In output voltage
change in source voltage
- A\A/th - A% (in breakdown region )

Line regulation is usually expressed in %

Load regulation _ change in output voltage
- change in load current
Aou _ A (i hreakdown region )

AILoad AIL

Load regulation is usually expressed in %

3.6B Theory and Description
Basic Zener regulator circuit is shown in Figure 3.5B

<« Vg > I
WA, > A
. RS. 1
Series Resistor ara
| I
7
Vi

| +

Ru

E— LA\

Figure 3.5B
If voltage across Zener diode is less than V, (breakdown voltage) ,then current
through the diode is extremely small (of the order of ..A) and diode is considered

in off state. Equivalent open circuit (off state) is shown in figure 3.6B
+ Vs - I

NN~ —
Rs l

Vi

| +
[

R

m
II
1111
|

|

Figure 3.6B
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Voltage across the load resistor is

E
VL:IRL:LR = JRL
S L

In this case voltage across the load can be changed by varying R, and E.
Voltage across the Zener diode is given by
_E
-
RL
For given value of E, if load resistance R, increases ,then V| also increases and

viceversa. The minimum load resistance at which voltage across the Zener diode
becomes V, is R, ,then we have

VL =

E
RS

VZ=

1+

Lmin

14 s _E
RLmin VZ

= RLmin = RS L EVZV J
—Vz

For implementing the voltage regulator circuit, the Zener diode must be operated in
the breakdown region. In that case voltage across the diode remains almost
constant. Since load resistance R, and the Zener diode are in parallel, so voltages
across both the elements must be same i.e. V|, =V and Zener diode is called in
‘'on state". Equivalent 'on state' circuit is shown in figure 3.7B

+ Vs - I
WA >
Rs I
Yy Iz
+ + +
— Vz T
= - et
_T -
Figure 3./B

By Kirchhoff’s current law

I=1, +1 =1, =11,
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L= = Yz (Here current I, is constant for given load resistance )

L L

If supply voltage E increases, then current through the Zener diode increases
whereas load current I, remains constant because voltage across the load resistor is
constant. This circuit works as a voltage regulator or as reference voltage.

For given Zener diode, series resistor and load resistor, there are restrictions on the
minimum and maximum values of supply voltage E for proper functioning of
circuit as a voltage regulator.

If Zener current I, exceeds I, (rated Zener current), then Zener diode burns out.
Line (Source) Regulation:

It is the change in load voltage with variation in line (input source) voltage. Zener
diode is operated in breakdown region for constant load resistance R, .

We can summarize the result (in the breakdown region) for diagram 3.1B in the
following table.

Here R and R, have fixed values.

E(supply | Voltage | Currentlq Load Load Zener
voltage) across A voltage V. | current current
(Greater | series > Rs (or 1=V | =l
than V,) | resistor Ry breakdown | - R.

V= E-V, voltage V,)
Increase | Increases | Increases | Constant | Constant | Increases
Decreases | Decreases | Decreases | Constant | Constant | Decreases

Hence we may conclude that even though Zener current I, may change, output
voltage V, remains constant.

If supply voltage E is decreased continuously, then 1, decreases continuously, so
circuit may come out of the breakdown region,

Load Regulation:

In this there is change in load voltage with variation in load resistance. Zener diode
is operated in breakdown region for constant supply voltage E. We can

summarize the result (in breakdown region) for diagram 3.2B in the following
table.
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Here supply voltage E and series resistance R are fixed.

Load Voltage Load Voltage | Current | Zener current
Resistance |  across current | acrossseries | | _Vs | I, =151,
loadV, | | _Ve resistor Rs
. RL
(ie.Vy) Ve =E-V,

Increases | Constant | Decreases | Constant | Constant| Increases
Decreases | Constant | Increases Constant | Constant | Decreases

We may conclude that output voltage remains constant with variation in load
resistance.

If load resistance R, is continuously increased ,then R, becomes infinity (open
circuit) and load voltage still remains V, (breakdown voltage) and Zener current
increases (it should be ensured that Zener current I, must be less than rated current

IZM)'

If load resistance is continuously decreased ,then load current I, increases and
Zener current 1, decreases. Due to this, Zener diode may go into reverse saturation
region (come out of the breakdown region) and there will be failure of voltage
regulation. If output voltage does not change much with varying of load resistor,
then load regulation will be good.

Power supply has some internal resistance. Ry includes the internal resistance of
power supply also. For an ideal power supply, internal resistance of it should be
zero.If load resistance R, and source voltage E are fixed and series resistance Ry is
increased then series current I will decrease. Hence Zener current I, will decrease
and circuit may come out of the breakdown region. There is a limit on maximum
value of R,

For an ideal approximation of a Zener diode ,we have ignored the Zener resistance.
Since Zener diode has small but finite resistance R, (Zener impedance), so output
voltage slightly varies with Zener current . Total voltage across Zener diode is

Vo =Vz+1:R;
This Zener resistance is responsible for slight increase in reverse voltage with
reverse current in breakdown region.
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Equivalent Zener diode is shown below.

Figure 3.8B

3.7B Procédure

Make the connections as per circuit diagram 3.1B for line regulation.

Keep the fix value of load resistance R, .

Connect the circuit to an appropriate power source and turn it on.

By varying the applied dc voltage E, record the reading for load voltage V.

> Load Regulation:
Make the connections as per circuit diagram 3.2B for load regulation.

For different values of load resistance R, ,measure the corresponding load
voltages V.

3.8B Observation
Cine Regulation:

o ol

Load resistance = ......ocoeveveevvenns KQ

S.No. Input Voltage | Load Voltage
E(Volts) | Vi (Volts)
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Load Regulation:
Input supply voltage E=....Volts

S.No. Load Load Voltage Load Current
Resistance R, | V| (in Volts) (Calculated)
(KQ) =% (mA)

3.9B Graph

(i) Line regulation:

Plot the graph of load voltage V, (on'y axis) and input supply voltage E (on x axis)
(i) Load Regulation:

Plot the graph of load voltage V, (on'y axis) and load current 1, (on x axis).
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3.10B Calculations

Model Calculation:

(|) Line Regulation — change in output voltage

change in source voltage

_ AVou _AVL
AV, AE

source

= Slope of V, versus E curve in breakdown region

(T8MV _ 1 5mV
@)V v

(”) Load Regulation — Change inoutput voltage _ AV, _ AV,

change inload current Al gag Al

= Slope of V versus I, curve in breakdown region

TAV) _ g7q MV
—4.2(mA) mA

3.11B Result

1. Graph of load voltage V, versus input supply voltage E has been plotted at
fixed value of load resistance.

Line regulation = ........ %

2. Graph of load voltage V, versus load current I, has been plotted at fixed
valued of supply voltage.

Load Regulation = ...... ™V
mA
3.12B Discussion

3.13B Precautions and Sources of Error
See section 3.13A
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3.14B Self Learning Exercise-I1

Q.1 Suppose a Germanium diode has power rating of 300 mW for a lead
temperature 50° C and derating factor is 3.5 mW/°C . What do you mean by
this derating factor?

Q.2 Write the any two uses of Zener diode?
Q.3 What is the major drawhack of Zener voltage regulator circuit?
Q.4 What s the function of a Zener voltage regulator?
3.15 Glossary
Zener breakdown voltage: The voltage at which reverse current through zener
diode increases abruptly with slight increase in reverse voltage.

Dynamic resistance: Slope of V-I (voltage -ampere) curve represents the a.c.
(dynamic) resistance. Here V on y axis and | on x axis are plotted.

3.16 Answers to Self Learning Exercises

Answers to Self Learning Exercise-
Ans.1: True (absolute value of the breakdown voltage decreases).
Ans.2: In reverse bias, leakage region lies between zero and breakdown voltage, in
which small reverse saturation current (of the order of A ) flows.
Ans.3:P... =V, Iz,
500 MW =10V L,
50 mA =1,,
Ans.4: ForSi v, =0.7v
For Ge V. =03V

Answers to Self Learning Exercise-1|

Ans.1: If lead temperature of the diode is above 50°C, then we have to reduce the
power rating by 3.5 mW for each degree above 50°C.
Ans.2: It is used in DC regulated power supply (voltage stabilizers and voltage

references), clipping and clamping circuits.
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Ans.3: There is loss as heat in series element. Zener voltage regulator is suitable

for low power applications.

Ans.4: The function of the Zener voltage regulator is to provide constant output

voltage i.e. output voltage is constant and it is independent of the input
supply voltage and also independent of the load current.

3.17 Viva Questions

Q.1
Q.2
Q.3
Q4

Q5
Q.6

Q.7

Q8
Q.9

Can PN-diode be used as a switch ?
What type of bonding exists in silicon crystal?
Zener diode has been specially made for ........... bias.
Assume that Zener diode is ideal and it is working in breakdown region.
What will happen to currents I, and I, if supply voltage E increases.
|

M —

Rs I
y 12
| \ 7 ||_

Z JANEEE -

In previous question Ry = 1KQ, R, = 2KQ, breakdown voltage
V, =5.5 Volts and E= 12 Volts. Find Zener current I, and load current |,
Which of the following diode is operated commonly in reverse bias mode?

(A) Zener diode (B) Schottky diode
(C) PN Junction diode (D) Tunnel diode

Write the typical values of Zener voltage, maximum Zener impedance,

maximum dc Zener current and maximum reverse leakage current for Zener
diode IN751A at 25° C.

Write the any three name of type number of Zener diode.

Consider two regions ab (leakage region) and cd (breakdown region) in the
given figure. In which region resistance is minimum?
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Q.10 Determine the value of current flowing through load resistor R, =1KQ ?

A —>
Rs=1KQ

y

\
Y
+
- VZ:6V 7<
v —

Wv

1KQ

Q.11 Consider the load resistance R, =2 K € instead of 1 K Q in the previous
question. Find the current flowing through the Zener diode.
Q.12 Consider the following Zener regulator circuit.

N\~ —>
Rs

Y ’
+ |__I )

- 1 § R|_

Zener current flowing through diode is 10 mA and Zener resistance of diode
is 8. If the breakdown voltage of diode is 6 Volts, then calculate the load
voltage taking into effect of Zener resistance.

Q.13 What is sign of temperature coefficient of avalanche breakdown
mechanism?
Q.14 Why silicon is preferred to germanium for manufacturing of PN Junction
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diode?
Q.15 Does the dynamic resistance of a Zener diode vary?
Q.16 Why is series resistor used in Zener diode circuit?
Q.17 Who discovered the quantum mechanical tunneling effect of Zener diode?
Q.18 What do you mean by power rating of Zener diode?
Q.19 What is the Zener impedance of an ideal Zener diode?
Q.20 What do you mean by voltage regulation?
Q.21 Which type of breakdown occurs in a lightly doped diode?
Q.22 Aring is marked on some diodes. What does it give information ?

3.18 Answers to Viva Questions

Ans.1:
Ans.2:
Ans.3:
Ans.4.

Ans.5: |

Ans.6:
Ans.7:

Ans.8:
Ans.9:
Ans.10

Yes

Covalent bonding.

Reverse.

|, remains constant & |, increases .

Vi V, 55

R, R, 2x1000

L

|-12-55_ 85 _ooa
1000 1000

l, =1-1, =6.5-2.75=3.75mA
(A) Zener diode
Zener voltage = 5 Volts

Maximum Zener impedance = 15 Q
Maximum DC Zener current = 65 mA
Maximum reverse leakage current = 1 uA
1N4370A, IN755A, IN975B by Motorola.
cd (breakdown region)

. Firstly we have to check that whether Zener diode is in breakdown
region or in leakage region. If we assume that Zener diode is in off state
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ER. 101 —svolts Since
R+ R, 1+1

V<V, thus our assumption is true that Zener diode is in off state. Load

current 1, =Y = >__s5ma
R, 1

3=
L

(leakage region), then load voltage v, =

Ans.11: The minimum value of load resistance that will turn the Zener diode on (in
the breakdown region ) is given by

Rimn = 2sV2 - DO _y 5
E-V, 10-6

Thus R > R,
Hence circuit behaves as voltage regulator and voltage across the diode is
V =6V

10—V, 10-6
Rg 1x10°

I =4 mA

RL RL 2x10

By Kirchhoff’s current law
|, =1-1_=4-3=1mA
Ans.12: V =V, +,R,
=6+10x10°x 8 =6.08 Volts
Ans.13: It is positive for avalanche process i.e. breakdown voltage increases with

temperature, but for Zener effect (high field emission) temperature
coefficient is negative.

Ans.14: Reverse saturation current is less in silicon diodes.

Ans.15: Yes, it depends on the slope of V-I (Volt-Ampere) graph for diode.

Ans.16: Series resistor is used in Zener circuit so that excessive current through
diode must not exceed the rated current of the diode.

Ans.17: Clarence Zener

Ans.18: Power rating P, gives the maximum Zener current |, that can be flowed
through the Zener diode.
Paw =l V;

L
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Current rating and power rating will be simultaneously satisfied.
Ans.19: An ideal Zener diode has zero Zener impedance. Impedance of real Zener
diode is

Ans.21: Avalanche breakdown.

Ans.22: Generally a band is marked at its cathode for its identification.
Cathode

Anode

References and Suggested Readings

T Albert Paul Malvino, Electronic Principle (Sixth Edition, 1999), Tata McGraw
Hill.

2. Robert L. Boylestad & Louis Nashelsky, Electronic Devices and Circuit
Theory (Tenth Edition 2009), Prentice-Hall India.

3. Streetman & Banerjee, Solid State Electronic Devices (Fifth Edition 2002),
Prentice-Hall India.

4. S.M. Sze, Physics of Semiconductor Devices (2nd Edition 2001) John Wiley
& Sons.

5. Jacob Millman & Christos C. Halkias, Integrated Electronics (Second Edition
2011), Tata McGraw Hill.

6. Gupta & Kumar, (Handbook of Electronics (Twenty Seventh Edition 2000),
Pragati Prakashn.

57



UNIT-4
Monostable and Bistable Multivibrators

Structure of the Unit

41  Aim

4.2 Apparatus

4.3 Diagram

44 Formula

4.5 Model Graph

4.6 Theory and Description

4.7 Self Learning Exercise-|

4.8  Procedure

4.9  Observation

4.10 Graph

4.11 Calculations

4.12 Result

4.13 Discussion

4.14  Precautions And Sources Of Error

4.15 Self Learning Exercise -I

4.16 Glossary

4.17 Answers To Self Learning Exercises

4.18 Viva Questions

4.19 Answer To Viva Questions
References and Suggested Readings

4.1 Aim

1. To design and test performance of a monostable multivibrator to generate
clock pulse for a given frequency and obtain the waveforms.
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2. To design a fixed bias Bistable Multivibrator and to measure the stable state
voltages hefore and after triggering.

4.2 Apparatus

Components Required:
1. Resistors 2. Capacitors 3. Transistors 2N2369 - 2

Apparatus Required:

1.CRO 2. Power supply 0-30V

3. Bread board 4. Connecting wires
4.3 Diagram

RG:S

R,
[ | | AW\ *
C=0.1nF
) AN
- i “\.i
a8 " L
-Vgg -1.5V

Figure 2: Monostable Multivibrator
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Vee 12V

RC, g RC,
2.2K€) 2.23K0
R, 15KQ R, 15KQ
— A AMA—t
IN2369 2N2369

) \, ‘ve j
@w/ 1 l N\
— T L
Ve =-1.5V

Figure 3: Bistable Multivibrator

4.4 Formula

Time period

T=0.693RC

Frequency

F=1T

4.5 Model Graph

For monostable multivibrator waveforms are shown in figure 3.
For Bistable multivibrator waveforms are shown in figure 4.
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1 OFF, 1 ON OFF, Q: ON
Q Q A Q Vee

VG, Q. 0N.Q, OFF Vee (SAT)

VR, .
—>
4 x| Ve
Vee
\-11 r VCE saT] /
—>
VB, vy
Figure 4: Monostable Multivibrator
:q-')r ¢ A% E'P + X
o o
= =
Ve Vei
0 ——> 0 —_—>
Belore Tmiggering Aller ‘Itiggering

Figure 5: Bistable multivibrator

4.6 Theory And Description

Monostable Multivibrator
‘A monostable multivibrator has only one stable state, the other state being
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quasistable. Normally the multivibrator is in the stable state, and when an external
triggering pulse is applied, it switches from the stable to the quasi-stable state. It
remains in the quasi-stable state for a short duration, but automatically reverts i.e.
switches back to its original stable state, without any triggering pulse’.

Principle of operation

A collector-coupled Monostable multivibrator of the two transistors Q, and Q, as
shown in figure 1, Q, is normally OFF and Q, is Normally ON. Resistor R, and R,
are connected to the normally OFF transistor, and the capacitor C is connected to
the normally ON transistor. It is seen from the circuit of the monostable
multivibrator that, under normal conditions, the supply voltage V.. provides
enough hase drive to the transistor Q, through resistor R, with the result that Q,
goes into saturation. With Q, ON, Q, goes OFF, as already studied in the context of
binary operation. With Q, ON and Q, OFF, the capacitor finds a charging path.
The voltage across the capacitor is V. with polarity. It is obvious that in the stable
state of the multivibrator, Q, is ON and Q, is OFF. If the negative triggering pulse
is applied to the collector of Q,, it is transmitted to the base of Q, through the
capacitor, and hence makes the base of Q, negative. Immediately Q, goes OFF and
Q, becomes ON. However, this is only a quasi-stable state as is obvious form the
following observation.

With Q, ON and Q, OFF, the capacitor C finds a discharging path. As the capacitor
discharges, it is seen that the potential at the base of the transistor Q, becomes less

and less negative, and after a time, we have Vg = Vy, the cut-in-voltage of Q,. As

soon as Vg crosses the level of Viy, Q, starts conducting and gets saturated. When
Q, becomes ON, Q, becomes OFF. Thus the original stable state of the
multivibrator is restored.

[In quasi-stable state: Q1 is ON and Q2 is OFF]

The interval during which the quasi-stable state of the multivibrator persists i.e., Q,
remains OFF is dependent upon the rate at which the capacitor C discharges. This
duration of the quasi-stable state is termed as delay time or pulse width or gate
time. It is denoted as T. The wave forms of the voltage at base of the transistor Q,
and C (Collector of Q)
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Use of the Monostable Multivibrator

e Used to generate a clean pulse of the correct height and duration for a digital
system

e Used to turn circuits or external components on or off for a specific length of
time.

e Used to generate delays.

e Can e cascaded to create a variety of sequential timing pulses. These pulses
can allow you to time and sequence a number of related operations.

Bistable Multivibrator

A bistable multivibrator has two stable output states. It can remain indefinitely in
any one of the two stable states, and it can be induced to make an abrupt transition
to the other stable state by means of suitable external excitation. It would remain
indefinitely in this stable state, until it is again induced to switch into the original
stable state by external triggering.

Bistable multivibrators are also termed as ‘Binary’s or Flip-flops’. A binary is
sometimes referred to as ‘Eccles-Jordan Circuit’,

+Vee

- R, g R, a

-V
Figure 6 Eccles-Jordan Circuit
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Principle of Operation

Consider the circuit as shown in the figure. The transistor Q, and Q, are n-p-n
transistors. They are coupled to each other as shown in figure. It is evident that the
output of each transistor is coupled to the input of the other transistor. Since the
transistors are identical, there quiescent currents would be the same, unless the
loop gain is greater than unity. When |, increases slightly, the voltage drop across
the collector resistance R, increases. Since V. is fixed, the voltage of point C
decreases. This has the effect of decreasing the base current of Q,. This, in turn,
decreases the collector current of Q, viz. I, decreases, the voltage drop I,Rc,
decreases. Hence the voltage of point D increases.

Due to increase of Vp, the base current of Q, increases. This increases the collector
current of Q, viz I,. Thus |, further increases. I,R;, drop further increases, V.
further decreases, the base current of Q, further decreases, with the result that |,
further decreases. Thus it can easily seen that if the collector current I, increases
even marginally, I, would go on progressively decreasing and as a result, I, would
progressively increase. Eventually 1, would become practically zero, cutting off the
transistor Q,, at the same time transistor Q, would conduct heavily with the result
that it would be driven into saturation. Thus Q, becomes OFF and Q, becomes ON.
It can similarly be shown that if I, increases even marginally similar sequence of
operation would result and ultimately Q, would be ON and Q, OFF. Thus when Q,
is ON, Q, is OFF and when Q; is OFF Q, is ON.

4.7 Self Learning Exercise-1

Q.1 What is Multivibrator?
Q.2 What are the other names of Monostable Multivibrator?

Q.3 How many stable and semi stable states present in the Monostable
Multivibrator?
Q.4 What are the other names of Bistable Multivibrator?

Q.5 How many stable and semi stable states present in the Bistable Multivibrator?
Q.6 Explain the operation of Monostable Multivibrator?
Q.7 Explain the operation of Bistable Multivibrator?
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4.8 Procedure

Monostable Multivibrator

1. Connect the circuit as shown in figure 1.

2. With the help of a triggering circuit and using the condition T (trig) >
T(Quasi) a pulse waveform is generated.

3. The output of the triggering circuit is connected to the base of the off
transistor.

4. The Off transistor goes into ON state.

5. Observe the waveforms at Vigey, Vees, Ve Ver

6. Keep the DC- AC control of the Oscilloscope in DC mode.

Bistable Multivibrator

1. Connect the circuit as shown in figure 2.

2. Observe the waveforms at Vigey, Vaes, Ve Ver

3. Observe which transistor is in ON state and which transistor is in OFF state.

4. Apply -ve triggering at the base of the ON transistor and ohserve the voltages
Ve, Vo, Vg, and Ve,

5. Apply + ve triggering at the base of the OFF transistor and observe the
Voltages V¢y, Vey, Va1, Ve

4.9 Observations
Sample Readings
Before Triggering
Q, (OFF) Q,(ON)
Vee,=...V V=V
Veg=...V Vegm...V
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After Triggering

Q: (ON) Q:(OFF)
Veer=....V Voer=...V
Veer=...V Vees=...V
4.10 Graph

Take the required waveforms on CRO for monostable multivibrator and for
bistable multivibrator.

4.11 Calculations

Model Calculations
Time period
T=0.693 RC
=0.693 10k€2 0.1f
=0.693 10x10° x0.1x10° sec

=0.693 1x103sec

=0.693 ms
Frequency

f=1/T=1/0.693 ms

=1443Hz

4.12 Result

1. Monostable multivibrator is designed and studied.
2. The stable state voltages of a bistable multivibrator are observed.
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Stable state
voltages

4.13 Discussion

4.14 Precautions And Sources Of Error

Connections should be tight.
Should take care when applying proper supply.
Note down the parameters without parallax error.

The supply voltage levels should not exceed the maximum rating of the
transistor.

. Verify the circuit before g|V|ng supply.

4.15 Self Learnlng Exercise -1l

Q1
Q.2
Q.3
Q4
Q5
Q.6

Define Stable state.

Explain Bidirectional sampling gate.

Define Astable multivibrator.

Draw the waveforms of V., and V, of a Bistable Multivibrator?
Draw the waveforms of V, and V, of a Monostable Multivibrator?
What is the formula for the theoretical value of T in?
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Q.7 What s a linear waveform-shaping circuit?

4.16 Glossary

Astable multivibrator: The resulting circuit of the multivibrator that employs
capacitive coupling in both the directions is known as an astable multivibrator.
Astable multivibrator can also be treated as a relaxation oscillator. The astable
multivibrator has two quasi-stable states.

Basic waveshape: The sinusoidal waveform can be viewed as a kind of a basic
waveshape as all periodic waveforms of any waveshape can be expressed in terms
of the sinusoidal waveshapes of different frequencies.

Bidirectional sampling gate: A bidirectional sampling gate can transmit an input
signal that assumes both positive and negative polarities under the influence of an
appropriate control input. This circuit is obtained by simply combining two
unidirectional diode sampling gates. These two unidirectional gates take care of the
two polarities of the input pulse

Bistable Multivibrator: If the multivibrator employs resistive or direct coupling
in both the directions, the resulting circuit is known as a bistable multivibrator. The
bistable multivibrator has two stable states.

Clock: Clock is a periodic waveform that is formed by a train of pulses assuming
high and low values alternately. It plays a very important role in the functioning of
a sequential logic circuit.

Free running mode: If the voltage sweep waveform is generated in free running
mode, the waveform is initiated immediately, and the circuit does not wait for any
external trigger input to initiate the next cycle of the sweep waveform. Free-
running mode operation is also described by terms such as astable mode and
recurrent mode.

Multivibrator: A multivibrator is a kind of relaxation oscillator consisting of a
two-stage cross-coupled amplifier with the output of each stage coupled
regenerative to the other.

Relaxation oscillator: The term relaxation oscillator is employed to any circuit in
which timing intervals are determined by the exponential charging (tensing) or
discharging (relaxing) of a capacitor. A charged capacitor functions like a stiff
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spring that has stored potential energy in it. A discharging capacitor is analogous to
a relaxing spring in which stored potential energy is being converted to kinetic
energy.

Schmitt trigger circuit: The transistor Schmitt trigger circuit is a variation of the
conventional bistable multivibrator. Transitions in stable states of an Schmitt
trigger circuit can be induced by a waveform of an arbitrary shape and the only
condition is that the maximum amplitude of the waveform has to exceed VUTP of
the circuit. The Schmitt trigger circuit cannot function as a 1-bit memory element.
Also see upper-tripping point and lower tripping point.

Stable state: If the multivibrator can remain indefinitely in a state until the circuit
Is triggered by an external signal, that state is known as a stable state.

Triggered mode: In triggered-mode operation, the sweep waveform generator
does not generate a periodic output waveform and the output waveform is present
at irregular intervals. The output of a triggered-mode circuit remains at a quiescent
value and the circuit waits for the arrival of an external trigger pulse. The
triggered-mode operation is also known as monostable operation.

Unsymmetrical triggering: In unsymmetrical triggering the trigger pulse is
effective in inducing a transition in only one direction. In order to induce a reverse
transition, the second trigger pulse from a second source must be applied at a
different point.

Waveform: The visual form of a signal that can be observed on the CRO screen is
known as a waveform.

4.17 Answers To Self Learning Exercises

Answers To Self Learning Exercise-|

Ans.1: A multivibrator is a kind of relaxation oscillator consisting of a two-stage
cross-coupled amplifier with the output of each stage coupled regeneratively
to the other.

Ans.2: One Short Multivibrator, single shot, a single cycle, a single swing, a single
step, a univibrator.

Ans.3: A monostable multivibrator has only one stable state, the other state being
quasi stable.
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Ans.4: Eccles-Jorden circuit, trigger circuit, scale of two toggle circuit, flip flop
and binary

Ans.5: A bistable multivibrator has two stable states

Answers To Self Learning Exercise-|

Ans.1: If the multivibrator can remain indefinitely in a state until the circuit is
triggered by an external signal, that state is known as a stable state.

Ans.2: A bidirectional sampling gate can transmit an input signal that assumes
both positive and negative polarities under the influence of an appropriate
control input. This circuit is obtained by simply combining two

unidirectional diode sampling gates. These two unidirectional gates take
care of the two polarities of the input pulse.

Ans.3: The resulting circuit of the multivibrator that employs capacitive coupling
in both the directions is known as an astable multivibrator. Astable
multivibrator can also be treated as a relaxation oscillator. The astable
multivibrator has two quasi-stable states.

Ans.4: See Section Model graph
Ans.5: See Section Model graph
Ans.6: Time period T=0.693 RC

Ans.7: The process by which the shape of a nonsinusoidal signal is changed by
passing the signal through the network consisting of linear elements is called
Linear Wave Shaping.

4.18 Viva Questions

Q.1 Define the Bistable multivibrator.

Q.2 Define resolving time.

Q.3 What is meant by linear wave shaping circuit?

Q.4 What are different types of triggering of bistable multivibrator?
Q.5 Define monostable multivibrator.

Q.6 Define integrator.

Q.7 What is the use of commutating capacitors?
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Q.8 Define transition time.

Q.9 Whatis a linear waveform-shaping circuit?
Q.10 What is meant by multivibrator?

Q.11 Define Astable multivibrator.

4.19 Answer To Viva Questions

Ans.1: Bistable multivibrator signifies a circuit which can exist indefinitely in
either of two stable states and which can be induced to make an abrupt
transition from one state to other by applying an external triggering signal.

Ans.2: It is the minimum time interval between two consecutive trigger pulses and
equals to transition time plus the settling time.

Ans.3: The action of a linear network in producing a waveform at its outputs
different from its output is known as linear wave shaping circuit.

Ans.4. Asymmetrical triggering. Symmetrical triggering.

Ans.5: When a trigger pulse is applied to the input circuit, the circuit state is
changed abruptly to unstable state for a predetermined time after which the
circuit returned to its original stable state automatically.

Ans.6: Integrator is a circuit that passes low frequencies of the input and
attenuates high frequencies. Integrator implies that the output voltage is an
integral of the input voltage.

Ans.7: The Commutating capacitors can be used to reduce the transition time in a
low to high level and vice versa.

Ans.8: The time interval during which the conduction transfer from one transistor
to another transistor is defined as transition time.

Ans.9: The process by which the shape of a nonsinusoidal signal is changed by
passing the signal through the network consisting of linear elements is called
Linear Wave Shaping.

Ans.10: Multivibrators are two stage switching circuits in which the output of the
first stage is fed to the input of the second state and vice-versa. The outputs
of two stages are complementary.
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Ans.11: Astable multivibrator is a multivibrator in which neither state is stable.
There are two temporary states. The circuit changes state continuously from
one quasi stables state to another at regular intervals without any triggering.
This generates continuous square waveform without any external signal.
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Combinational Logic
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References and Suggested Readings

5.1 Aim

() To simplify the given expression and to realize it using Basic gates and
Universal gates.

(i) To realize Half Subtractor and Full Subtractor by using Basic gates and
NAND gates
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5.2 Apparatus

IC 7400, IC 7408,1C7486, IC 7432, IC 7406, IC 7402, Patch Cords & IC Trainer
Kit as required.

5.3 Diagram
e Half Subtractor
Basic gate
\— ﬁﬁﬁﬁ)_)f B
L Ta08
NAND gate

B

74



e Full Subtractor

Basic gate
|'. SRR —
I A L | L
|

NAND gate

5.4 Formula

Karnaugh Maps
For a function of two variable say, f(x,y)

X X
v 70.0) fL.0
v f0.0) fL)




For a function of two variable say, f(x,y,z)

XY XY XY XY
A f(0,0,0) f(0,1,0) | f(1,1,0) f(1,0,0)
Z f(0,0,1) f0,1,1) [f(LL11) f(1,0,1)
For a function of two variable say, f(w,x,y,z)
WX WX WX WX
YZ 0 4 12 8
Y'Z 1 5 13 9
YZ 3 7 15 11
YZ 2 6 14 10
Half Subtractor:
D=-A®B
Br=A'B
INPUTS OUTPUTS
A D Br
0 0 0
0 1 1
1 1 0
1 0 0




Full Subtractor:

D=(A®B)®C
Br=AB+BCin+A’Cin

INPUTS OUTPUTS

A B Cin D Br
0 0 0 0 0
0 0 1 1 1
0 1 0 1 1
0 1 1 0 1
1 0 0 1 0
1 0 1 0 0
1 1 0 0 0
1 1 1 1 1

5.5 Theory and Description

In the Integrated Circuit’s (IC) inputs and outputs occur as voltage levels. These
voltage levels may be measured by some instruments and depending on the
predefined voltage ranges they are accepted as logic-1 or logic-0. The two digits in
the binary system, 1 and 0, are called bits, which is contraction of binary digit.
During our experiments, any measured voltage between 2.5 and 5.0 V will be
considered as logic-1 and the voltage between -0.5 and 0.5 V will be accepted as
logic-0. Due to the type of the ICs used, these ranges may vary considering the
supply voltage connected. Despite the difference in voltage levels, a basic
operation will be the same. As shown in Figure, each voltage range has an
acceptable deviation from each other by a transition region.
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Electronic digital circuits are also called logic circuits. Logic gates are the basic
building blocks for forming digital electronic circuitry. Logic circuits that perform
the logic operations of AND, OR, NOT (Inverter), NAND and NOR are shown
with their graphics symbols, algebraic functions and truth tables in Table. Digital
circuits, switching circuits, logic circuits and logic gates are used in the same
means. The operation principles of basic five logic gates can be explained as
follows:

The AND Gate: The AND gate is one of the basic gates from which all functions
are constructed. It is a multi-input circuit that may have two or more than two
inputs in which the output is a logic-1 only if all inputs are logic-1. The output
produces a logic-0 signal if any input is logic-0. The truth table, algebraic function
(Boolean equation) and graphic symbol of 2-input AND Gate are shown in Table.
The OR Gate: The OR gate is another of the basic gates from which all logic
functions are constructed. It is also a multi-input circuit that may have two or more
than two inputs in which the output is a logic-1 when any of the inputs is a logic-1.
Its output becomes logic-0 if all input signals are logic-0. The truth table, algebraic
function (Boolean equation) and graphic symbol of 2-input OR Gate are shown in
Table.

The INVERTER (NOT) Gate: The inverter (NOT circuit) performs the operation
called inversion or complementation. The inverter changes one logic level to the
opposite level. In terms of bits, the output is logic-0 when input is logic-1, and the
output is logic-1 when the input is logic-0. The truth table, algebraic function
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(Boolean equation) and graphic symbol of an INVERTER (NOT) Gate are shown

in Table.

The NAND Gate: The NAND gate is a popular logic element because it can be
used as a universal gate; that is, NAND gates can be used in combination to
perform the AND, OR and inverter operations. The NAND gate is simply AND
followed by INVERTER gate. Therefore, NAND gate produces a logic-0 output
only all inputs are logic-1. When any of the inputs is logic-0, the output will be
logic-1. The truth table, algebraic function (Boolean equation) and graphic symbol
of 2-input NAND Gate are shown in Table.

The NOR Gate: The NOR gate, like the NAND gate, is a useful logic element

because it can also be used as a universal gate, that is, NOR gates can be used in
combination to perform the AND, OR and inverter operations. Then it is simply
OR followed by INVERTER gate. The truth table, algebraic function (Boolean
equation) and graphic symbol of 2-input NOR Gate are shown in Table.

The NAND and NOR functions are the complements of AND and OR functions,
respectively. The NAND and NOR gates are extensively used as standard logic
gates.

Name Craphie Symbol Algebraic Funetion Tnith Tahle
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Generally, we will find that the simple gate functions AND, OR, NAND, NOR and
INVERTER are not enough by themselves to implement the complex requirements
of digital systems. The basic gates will be used as the building blocks for the more
complex logic that is implemented by using combinations of gates called
combinational logic. Combinational logic employs the use of two or more of the
basic logic gates to form a more useful, complex function. The systematic
reduction of logic circuits is performed using Boolean algebra.

Boolean algebra is the mathematics of digital systems. A basic knowledge of
Boolean algebra is indispensable to the study and analysis of logic circuits. This
experiment reviews the material and provides additional definitions and
information. Additionally, it demonstrates the relationship between a Boolean
function and the corresponding logic diagram. The complexity of the digital logic
gates that implement a Boolean function is directly related to the complexity of the
algebraic expression from which the function is implemented. The exact
implementation of many digital logic circuits will result in a circuit those functions
as expected. Nevertheless, many such circuits can be reduced to a simpler form by
the application of Boolean algebra and by Karnaugh mapping. The basic Boolean
reducing equations are given below.

ey O Y ) e

ST D D e
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Many times a complex logic circuit can reduce its simplest form or change its form
to a more convenient one to implement the expression most efficiently by using
these rules as a base. In simplification procedures, a variable and its complement
are treated as separate variables and logic equations can be expanded and
combined as in ordinary algebra using the priorities of ordinary algebra.

All Boolean expressions, regardless of their form, can be converted into either of
two standard forms: the sum-of-products for (SOP) or the products-of-sum form
(POS). Reductions can he made using the Boolean algebra simplification
techniques or Karnaugh maps which provide a graphical/visual means of logic
simplifications.

Half Subtractor:

Subtracting a single-bit binary value B from another A (i.e. A -B ) produces a
difference bit D and a horrow out bit B-out. This operation is called half
subtraction and the circuit to realize it is called a half subtractor. The Boolean
functions describing the half- Subtractor are:

S=A®B

C=A'B
Full Subtractor:

Subtracting two single-bit binary values, B, Cin from a single-bit value A produces
a difference bit D and borrow out Br bit. This is called full subtraction. The
Boolean functions describing the full-subtractor are:

D=(x®y)®Cin

Br=A’B + A’(Cin) + B(Cin)

5.6 Self Learning Exercise-|

Q.1 Whatis digital gate?

Q.2 What do you mean by universal gate?

Q.3 Whatis truth table?

Q.4 Make truth table of NAND gate?

Q.5  Whatis different between Ex-OR & Ex-NOR gate?
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5.7 Procedure

Simplify the Boolean expression and to build the logic circuit
1. Simplifying given expression using K-Map method
Y = ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD

;) AB AB AR
o) [
CD 1
CD 1
S N i i i 1]

After simplifying we get
Y = AB+CD
2. Insert the appropriate IC into the IC base.
3. Realization using Basic gates
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5. Realization using NOR gates

6. Make connections as shown in the circuit diagram.

7. Provide the input data via the input switches and observe the output on output
LEDs.

8. Verify the Truth Table

Half subtractor, full subtractor

e Check the components for their working.

o Insert the appropriate IC into the IC base.

e Make connections as shown in the circuit diagram.
o Verify the Truth Table and observe the outputs.

5.8 Observation
INPUTS OUTPUTS
A B C D Y
0 0 0 0
0 0 0 1
0 0 1 0
0 0 1 1
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0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0
1 0 0 1
1 0 1 0
1 0 1 1
1 1 0 0
1 1 0 1
1 1 1 0
1 1 1 1
5.9 Result

1. Simplified and verified the Boolean function using basic gates and universal
gates

2. The truth table of the half subtractor, full subtractor circuits is verified.

5.10 Discussion
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5.11 Precautions and Sources of Error

1. All the connection should be tight.

2. It should be care that the values of the components of the circuit is does not
exceed to their ratings (maximum value).

3. Before the circuit connection it should be check out working condition of all
the component.

4. The continuity of the connecting terminals should be checked before going.
5. Always disconnect the power supply before connecting or charging to your
circuit.
6. Digital lab kits and I1C’s should be handled with utmost care.
5.12 Self Learning Exercise -I1

Q.1 Draw the NAND gate?

Q.2 Draw the Ex-OR gate?

Q.3 Draw the EX-OR gate by using the NAND gate?
Q.4 Draw the EX-NOR gate?

Q.5 Draw the EX-NOR by using the NAND gate?
Q.6 What is D’Morgans theorem.

5.13 Glossary

Adder : Circuitry that performs the operation of adding two numbers.

AND Gate : A logic circuit that produces a HIGH output only when all of the
inputs are HIGH.

And-Or-Invert Gate (AOI) : An integrated circuit containing combinational logic

consisting of several AND gates feeding into An OR gate and then an inverter. It is
used to implement logic equations that are in the SOP format.

Boolean Equation : An algebraic expression that illustrates the functional
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operation of a logic gate or combination of logic gates.

Boolean Reduction : An algebraic technique that follows specific rules to convert
a Boolean equation into a simpler form.

Combinational Logic : Logic circuits formed by combining several of the basic
logic gates to form a more complex function.

Exclusive-NOR :A gate that produces a HIGH output for both inputs HIGH or
both inputs LOW.

Exclusive-OR : A gate that produces a HIGH output for one or the other input
HIGH, but not both.

Full-Adder : An adder circuit having three inputs, used to add two binary digits
plus a carry. It produces their sum and carry as outputs.

Gate : The basic building block of digital electronics. The basic logic gate has one
or more inputs and one output and is used to perform one of the following logic
functions: AND, OR, NOR, NAND, INVERTER, exclusive-OR, or exclusive-
NOR.

Half-Adder : An adder circuit used in the LS position when adding two binary
digits with no carry-in to consider. It produces their sum and carry as outputs.
Karnaugh Map : A two-dimensional table of Boolean output levels used as a tool
to perform a systematic reduction of complex logic circuits into simplified
equivalent circuits.

Negative-AND : A NOR gate equivalent operation in which there is a HIGH
output when all inputs are LOW.

Negative-OR : A NAND gate equivalent operation in which there is a HIGH
output when all inputs are LOW.

NAND Gate : A logic circuit in which a LOW output occurs if and only if all the
inputs are HIGH.

NOR Gate : A logic circuit in which the output is LOW when any or all of the
inputs are HIGH.

NOT : When reading a Boolean equation, the word used to signify an inversion
bar. For example, the equation X=A’B’ is read “X equals NOT AB”.

86



OR Gate : A logic circuit that produces a HIGH output when any of the inputs is
HIGH.

Universal Gates : The NOR and NAND logic gates are sometimes called
universal gates because any of the other logic gates can be formed from them.

5.14 Answers to Self Learning Exercises

Answers to Self Learning Exercise-1

Ans.1: Digital gates are hasically electronic components which are used for
switching and manipulating binary data.

Ans.2: The universal gates are those gate from which we can make any gate by
using them. The universal gates are- NAND & NOR

Ans.3: Truth table is a table from which we can get o/p of different gates.

Ans.4:

A B Output
0 0 1
0 1 1
1 0 1
1 1 0

Ans.5: The basic difference between this two gate is that Ex-OR gate gives output
when both the input is different & Ex-NOR gate give output when both input same.

Answers to Self Learning Exercise-1|
BDa
B

Ans.1:
A

Ans.2:
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Ans.3:

Ans.4:

Ans.5:

Ans.6: D’Morgans theorem is theorems through which we can easily manipulate
and reduce the given equation.

5.15 Viva Questions

Q.1
Q.2
Q.3

Q4
Q5

Q.6
Q.7

Writes D’Morgan’s theorem equations.

Solve following example by using D’Morgans theorem.
Solve following example by using D’Morgans theorem

(A+B+C)’

Solve following example by using D’Morgans theorem.
(ABC)’ (AB)’

Who invent the D’Morgans theorem?

De Morgan theorem is used for what?

Draw the example of De Morgan theorem?
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Q.8 What are the applications of adders?

Q.9 What is a half subtractor?

Q.10 What s a full subtractor?

Q.11 What are the applications of subtractors?

Q.12 Obtain the minimal expression for above circuits.
Q.13 Realize a full subtractors using two half subtractors
Q.14 For what De Morgan theorem is used?

Q.15 What is the Universal gates?

Q.16 Types of universal gate?

5.16 Answers to Viva Questions

Ans.l: (A+B)=A’'B’
A’B’= (A+B)’
Ans.2: (ABC)=A'+B’+C’
Ans.3: (A+B+C)’=A’B’'C’
Ans.4: (ABC)’ (AB)'=(A’+B’+C’) (A™+B’)
Ans.5:  The law is named after Augustus De Morgan (1806-1871)
Ans.6:  This theorem is useful for solving the different bullion expressions.

Ans.7:
A — :}AB I: -
AR
B —

.. .Is equivalent to . . .

A
iy
L+ B
B -
B
AB = A + B
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Ans.14: De Morgan theorem may be thought of in terms of breaking a long bar
symbol.

Ans.15: The universal gates are the gate by help of which we can make other all
gates.

Ans.16: There are two universal gates

1.NAND  2.NOR
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UNIT-6
Flip Flops

Structure of the Unit

6.1 Aim

6.2  Apparatus

6.3  Diagram

6.4  Model Graph

6.5 Theory and Description

6.6  Self Learning Exercise-I

6.7 Procedure

6.8  Observation

6.9 Graph

6.10 Result

6.11 Discussion

6.12 Precautions and Sources of Error

6.13 Self Learning Exercise-II

6.14 Glossary

6.15 Answers to Self Learning Exercises

6.16 Viva Questions

6.17 Answers to Viva Questions
References and Suggested Readings

6.1 Aim

(I) To construct and verify the truth tables of SR flip flop, JK flip flop, Dand T
flip - flop.

(if) Design a synchronous counter using JK Flip Flop to count up to 6, and verify
it’s truth table.
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6.2 Apparatus

IC 7473 JK flip flop, IC 7400NAND gate , IC 7404 NOT gate, Patch cards,
Connecting wires, IC bread board trainer, Power supply, AND gate (IC 7408) as
required.

6.3 Diagram

1. S-R FLIP-FLOP using NAND gate

1
IR T
Ot

CLE | 7400M o
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5
74000
7400

2. S-R FLIP-FLOP using NOR gate




3. J-K FLIP- FLOP
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6. Synchronous counter using JK flip flop
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6.4 Model Graph

RS Flip-flops

Figure 7: RS Flip-flop timing diagram
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JK Flip-flops

Figure 8: JK Flip-flop timing diagram

D Flip-flops

Figure 9: D Flip-flop timing diagram
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T Flip-flops

Figure 10 T Flip-flop timing diagram
6.5 Theory and Description

Digital electronic circuit is classified into combinational logic and sequential logic.
Combinational logic output depends on the inputs levels, whereas sequential logic
output depends on stored levels and also the input levels. The storage elements
(Flip -flops) are devices capable of storing 1-bit binary info. The binary info stored
in the memory elements at any given time defines the state of the Sequential
circuit. The input and the present state of the memory element determines the
output. Storage elements next state is also a function of external inputs and present
state.

Primary inputs . ) Primary outputs
> Combinational >

; | Logic Circuit

Secondarvé Secondary
iﬂput5§ outputs

Memory
Elements N

| FSR——
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Flip-flops are synchronous bistable devices. The term synchronous means the
output changes state only when the clock input is triggered. That is, changes in the
output occur in synchronization with the clock. A flip-flop circuit has two outputs,
one for the normal value and one for the complement value of the stored bit. Since
memory elements in sequential circuits are usually flip-flops, it is worth
summarizing the behavior of various flip-flop types before proceeding further. All
flip-flops can be divided into four basic types: SR, JK, D and T. They differ in the
number of inputs and in the response invoked by different value of input signals.

SR Flip-Flop:

The fundamental latch is the simple SR flip-flop, where S and R stand for set and
reset  respectively. It can be constructed from a pair of cross-
coupled NOR logic gates. The stored bit is present on the output marked Q.

Normally,in  storage.  mode, the  Sand  Rinputsare both low,
and feedback maintains the outputs in a constant state, withQand the
complement of Q. If S (Set) is given with high while R is held low, then the Q
outputis forced high, and stays high even after S returns low; similarly, if R
(Reset) is given with high while S is held low, then the Q output is forced low, and
stays low even after R returns low. SR not face any decision if both R=S=1 So it
also called undeterminant state.

. Q
FF REE
CLE >
| Q
g

Figure 11: RS Flip-flop symbol

JK-Flip-Flop:

The JK flip-flop augments the behavior of the SR flip-flop (J = Set, K = Reset)
by interpreting the S = R =1 condition as a “flip“ or toggle command. Specifically,
the combination J = 1, K = 0 is a command to set the flip-flop; the combination J =
0, K=1isa command to reset the flip-flop; and the combinationJ =K =1is a
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command to toggle the flip-flop, i.e., change its output to the logical complement
of its current value.

—U
CLE——

—
K

Figure 12: JK Flip-flop symbol
D-Flip-Flop:

The Q output always takes on the state ofthe D inputat the moment of a
rising clock edge. (Or falling edge if the clock input is active low) It is called the
D flip-flop for this reason, since the output takes the value of the D input or Data
input, and Delays it by one clock count. The D flip-flop can be interpreted as a
primitive memory cell, zero-order hold, or delay line.

CLE > i

Figure 13: D Flip-flop symbol

T-Flip-Flop:

If the T inputis high,the T flip-flop changes state (“toggles”) whenever the
clock input is strobed. If the T input is low, the flip-flop holds the previous value.

T——  FF Q

—> i

L

Figure 14: T FlipFlop symbol
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This behavior is described by the characteristic equation: A T flip-flop can also be
built using a JK flip-flop (J & K pins are connected together and act as T) or D
flip-flop.

6.6 Self Learning Exercise-|

Q1
Q.2
Q.3
Q4
Q5

What is a latch?

What is a Flip- Flop?

Differentiate between a latch and a Flip-Flop.

Differentiate between combinational and sequential circuits.

What happens to the JK Flip Flop if the J input is treated as an inverter is
wired between J and K inputs?

6.7 Procedure

S R flip-flop:
1. Theinput S, R is given to NAND gates and clock pulse is applied between the
other two terminals and NAND gates.

2. The input of the one NAND gate is connected to the other gate and vice versa
to form SR latch.

3. The output of the NAND gate whose input is S, is connected to the input of the
other NAND gate.

4. The output of the NAND gate whose input is R, is connected to the input of the
other NAND gate whose output is ‘Q1’.

J K flip-flop:

1. Connections are made as per the circuit diagram.

2. The inputs J1 and K1 are given to the pin numbers 14 and 3 of IC 7473.
3. Clock pulse CP1 is applied at the pin 1.

4. Vcce and ground connections are given to the pin4 and 11.
5. The outputs Q1 and Q1 bar are connected to pin 12 and 13.
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D flip-flop

1. Connections are made per the circuit diagram.

2. ANQT gate is connected between the inputs J and K.
3. From JK flip flop we can obtain the D flip flop.

T flip-flop

1. Connections are made as per the circuit diagram.

2. From J K flip flop, we can obtain the T flip-flop by shorting the two inputs J
and K.

Synchronous counter using JK Flip Flop

1. Connect the circuit as per diagram shown.
2. Switch ON the Kit and note down the output.
3. Verify output sequence with truth table.

6.8 Observation
(TRUTH TABLES)
S-RFLIP-FLOP
Q) Inputs Outputs
S R Q(t+1)
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
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J-K FLIP-FLOP

Q) Inputs Outputs
J K Q(t+1)
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
D FLIP-FLOP
QM) D Q(t+1)
0 0
0 1
1 0
1 1
T FLIP-FLOP
QM) D Q(t+1)
0 0
0 1
1 0
1 1
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Synchronous Counter Using JK Flip Flop

Present state | Next state Output

Qa| Qe [Qc |Qn Qe |Qc [Ja [Ka|ds [Kg |Jo [K

6.9 Graph

Plot Timing diagrams.

6.10 ResiJIt

() Study and verify truth tables of various Flip Flops.
(if) Designed synchronous counter using JK Flip flop and verify it’s truth table.

6.11 Discussion

6.12 Precautions and Sources of Error

1. Allthe IC’s should be checked before use the apparatus.
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All' LED’s should be checked

All connection should be tight.

Always connect ground first and then V.

The circuit should be off before change the connections.

After completing the experiment switch off the supply to apparatus.

6.13 Self Learning Exercise-I|

Q.1 How isaJK Flip Flop made to toggle?
Q.2 Whena JK Flip Flop is in a no change condition?

Q.3 Which is the basic sequential building block in which the output follows the
data input as long as the enable input is active?
Q.4 Define the characteristic of a Flip Flop.

Q.5 How many stable states a Flip Flop has?
6.14 Glossary

Binary : The basic counting system used in computer logic. Two values are
available - 0 and 1. A zero is normally represented by a 0 Volt signal, and a one by
a voltage of approximately 5 Volts - these levels are dependent upon the type of
|logic used.

Binary Code : A coding scheme that communicates information by using a series
of "1s" and "Os" that are represented, respectively, by the digital "ON" and "OFF"
states.

Scan Design :A design technique in which the internal registers or flip-flops of a
circuit can be chained, to allow an external circuit to easily read and write their
contents. When internal memory elements are not directly accessible from the
circuit's outside pins, testing is difficult because their state is unknown. With scan
design, a signal reconfigures the elements into a "scan chain” and their contents
can be read and if desired, altered.

Shift Register :Two or more bistable elements (flip-flops) connected in series.
With each tick of the clock, the output of stage n is shifted to stage n+l1.
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Applications include clock or signal delays, delay lines, linear-feedback shift
registers.

Clear : An input to a latch or FF used to make Q = 0. Clear State The Q = 0 state
of a flip-flop.

Clock : Digital signal in the form of a rectangular pulse train or a square wave.
Clock Skew :Arrival of a clock signal at the clock inputs of different flip-flops at
different times as a result of propagation delays.

Clock Transition Times : Minimum rise and fall times for the clock signal
transitions used by a particular IC, specified by the IC manufacturer.

Clocked D Flip-Flop : Type of flip-flop in which the D (data) input is the
synchronous input.

Clocked Flip-Flops : Flip-flops that have a clock input.

Clocked J-K FLip-Flop : Type of flip-flop in which inputs J and K are the
synchronous inputs.

Trigger : Input signal to a flip-flop or one-shot that causes the output to change
states depending on the conditions of the control signals.

Truth Table : Logic table that depicts a circuit's output response to the various
combinations of the logic levels at its inputs.

6.15 Answers to Self Learning Exercises

Answers to Self Learning Exercise-
Ans.1: Storage elements that operate with signal levels are referred to as latches.
Ans.2: Storage elements controlled by a clock transitions are called Flip Flops.
Ans.3:
Latch Flip Flops

A latch checks all its inputs continuously | Flip Flop samples its inputs and
and changes its outputs accordingly at | changes its outputs only at a time as
any time. determined by a clocking signal.

No Clock Is used A clock is used
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Ans.4:

Combinational circuits Sequential circuits

A circuit whose output is dependent only | It depends on present and past
on the inputs at that instant history of the inputs.

Easy to design Harder to design

More expensive circuit Cheaper circuit

Ans.5: Answer 5 JK Flip Flop becomes D Flip Flop

Answers to Self Learning Exercise-1|
Ans.l: IfJ=1and K=1
Ans.2: 1f J=0 and K=0
Ans.3: D latch

Ans.4. The algebraic description of the next state of the Flip Flop is called
characteristic equation,
Ans.5: 2 stable states.

6.16 Viva Questions

Q.1  Define synchronous counters.

Q.2 Whatis truth table?

Q.3 What is flip-flop?

Q.4 How many types of flip-flop are used?

Q.5 What is disadvantage of SR flip-flop?

Q.6 What is disadvantage of JK flip-flop?

Q.7 To remove race around condition what we use?
Q.8 What is race around condition?

Q.9 What are the characteristic equation for T flip-flop?
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Q.10 What does meant by memory?

Q.11 Define sequential circuits?

Q.12 Define combinational circuits?

Q.13 What is the difference between RS and JK flip flops
Q.14 Which gate is used in SR flip flops to a JK flip-flop?
Q.15 D flip-flop is used for?

Q.16 What is full form of T flip-flop?

Q.17 Explain about setup time and hold time, what will happen if there is setup
time and hold time violation, how to overcome this?

6.17 Answers to Viva Questions

Ans.1: A counter in which each flip-flop is triggered by the output goes to

previous flip-flop. As all the flip-flops do not change states simultaneously
in asynchronous counter, spike occur at the output. To avoid this, strobe
pulse is required. Because of the propagation delay the operating speed of
asynchronous counter is low. This problem can be solved by triggering all
the flip-flops in synchronous with the clock signal and such counters are
called synchronous counters.

Ans.2: Truth table is a table from which we can get output of different gates.
Ans.3: Flip-flop is a 1 bit storing element,

Ans.4: 4 types of flip-flop, S-R, -K, D, T

Ans.5: When both the input is one then it gives invalid output.

Ans.6: Race around condition.

Ans.7: Master slave Flip-flop.

Ans.8: When pulse width is more than signal width then for signal change of pulse

width many number of times signal changes its state that is called race
around condition.

Ans.9:Q=TQ+QT’
Ans.14: NAND Gates
Ans.15: Providing delay.
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Ans.16: Toggle flip-flop
Ans.17: For Synchronous flip-flops, we have special requirements for the inputs

with respect to clock signal input there are Setup Time

Setup Time: Minimum time Period during which data must be stable before
the clock makes a valid transition. E.g. for a positive edge triggered flip-flop
having a setup time of 2ns so input data should be Stable for 2ns before the
clock makes a valid ftransaction from zero to  one.
Hold Time: Minimum time period during which data must be stable after the
clock has made a valid transition. E.g. for a posedge triggered flip-flop, with
a hold time of 1 ns. Input Data (i.e. R and S in the case of RS flip-flop)
should be stable for at least 1 ns after clock has made transition from 0 to 1
Hold time is the amount of time after the clock edge that same input signal
has to be held before changing it to make sure it is sensed properly at the
clock edge.

Whenever there are setup and hold time violations in any flip-flop, it enters
a state where its output is unpredictable: this state is known as metastable
state (quasi stable state); at the end of metastable state, the flip-flop settles
down to either “1” or “0". This whole process is known as metastability.
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UNIT-7
Schmitt Trigger Circuit using 1C-741

Structure of the unit
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References and Suggested Readings

7.1 Aim

To study a Schmitt trigger circuit using 1C-741.

1.2 Apparatus

Two transistors connected in circuit as Schmitt Trigger, two power supplies,
CR.O., AF.(Audio frequency function) generator, rheostat resistance base
multimeter and connections wire.

7.3 Diagram

Figure 7.1; Experimental Schmitt Trigger Circuit Used.
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Figure 7.2: Circuit diagram for U.T.P. and L.T.P. measurement.

Figure 7.3: Circuit diagram for measuring L.T.P. (R.B. in T; circuit).
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Figure7.4: Circuit diagram for decreasing U.T.P. (R.B. in T, circuit).

Figure 7.5: Circuit diagram for differentiated output.
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Figure 7.7: Expected Waveforms.

7.4 Formula

The formula which is established for determining the Hysteresis is given by:
Ve =V, =V
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vV, =V
Vp = 1A Z(Aﬁ_l)

Here v,, = Hysteresis.
Now after solving this above given formula, we have a new formula, which is
given as:
v, = VecRe(Re, — Riy)
(RL1 + RE)(RL2 + RE)
Here v..= Common collector voltage

7.5 Theory And Description

An emitter coupled bistable circuit triggered by the amplitude of the input
voltage is called a Schmitt Trigger. The principle can be understood as follows:

The two curves on the facing page represent idealized of an amplifier, (i)
without feedback, (ii) with feedback (positive). But here we are interested in the

case (iii) for the input voltage between v, and v . There are three possible values
of v,,.., one of which lies on dotted curve. Since this state is not stable, the circuit
assumes a bistable character. The difference between the thresholds is known as
hysteresis v,,.

Vi = Vi, = Vi

V,—V.
Vp = 1A Z(Aﬁ_l)

Figure 7.1 shows one way of building a Schmitt trigger, when Q1S on Q. is
off and vice versa. Assume that the input voltage, V;,,, is initially set to OV under
this condition, no base current flows in Q. Therefore there is no collector current
in Q. The bhase of Q, is connected to a voltage divider formed by 33k
and 25k resistors. The voltage at the top of the divider is enough to turn on the
base and saturate Q.. With Q. saturated, the collector and emitter are effectively
shorted together as shown in above given figure 7.2. The voltage drop across Ry

VecRE

is———. If we raise the input voltage above the value of voltage drop
RL2+RE

across R, base current follows in Q. The voltage at Q; collector decreases.
This drop is coupled to the base of Q, bringing @, out of saturation. The drop

2

113




in Q, current reduces the voltage from emitter to ground. Since V. has been

reduced, Q, is turned “ON” hard. The increase in Q, current drops the collector
voltage even further and we have regeneration. The regeneration continues

until Q, saturates and Q, cuts off. With Q, cut off, there is no current

through r,,,. With @, saturated emitter to ground voltage is—<<E_ To bring @,
RL1+RE

out of saturation the input voltage must be reduced to about—<<“E_ This
RL2+RE

causes @,to conduct. With @, conducting emitter voltage increases causing the
current in @, to decrease further. This raises the collector voltage of ¢, and again
we have regenerative action. The circuit is back in the original state. The value
of v;,, that causes output to jump from a low to a high state is called U.T.P. and the
value of v;,, that causes the output to jump from high state to allow state is called
L.T.P.

Formula which is used for the hysteresis is given below:
The critical input level where output stage changes are

Vee—0.2 Vee—0.2
(RL1+RE) (RE) and (RLZ +RE) (RE)

Their difference IS v,

V. = VecRE(RLy —RL,)
H (RL1+RE)(RL2+RE)
Here v,.= supply voltage
R, Ry, Is the load resistances and

V= Hysteresis
7.6 Self Learning Exercise -1

Q.1 Give the brief description of transistor which is used in Schmitt trigger
biasing.
Q.2 Give the brief theory of Operational amplifier.

1.7 Procedure

1. Connect the equipment as shown in the circuit diagram.
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No

Now switch ON the power supply.

3. After that we apply the input sine wave using function generator.
4. Now connect the channel-1 of CRO at the input terminals and Channel-2 at the

9.

output terminals.

Now observe the output square waveform corresponding to input sinusoidal
signal.

Overlap both the input and output waves and note down reading of voltages at
positions on sine wave where output changes its state. These voltages denote
the Upper threshold voltage and the Lower threshold voltage (see EXPECTED
WAVEFORMS above).

Verify that these practical threshold voltages are almost same as the theoretical
threshold voltages calculated using formulas given in the THEORY section
above.

On the basis of the readings sketch the waveforms by noting down the
amplitude and the time period of the input V;,, and the output 1/,

At last we compare the theoretical & practical values of UTP & LTP.
7.8 Observation
7.8.1 Readings For Hysteresis Determination
S.NO. Rg L.T.P. U.T.P. Vg(VOLTS) OUTPUT
(in Q) VOLTS VOLTS T T VOLTAGE
ON’ ‘OFF
on off
1 300
2 400
3 500
4 600
5 700
6 800
7 900
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7.8.2 Reduction Of Hysteresis
Rz = 470 Q
Vout when T,ON' =
Vou: when T,0FF' =

S.NO. Rg When R is in emitter of T; WhenR is in emitter of T
(in Q)

U.T.P. L.T.P. Vy U.T.P. L.T.P. Vy

300

400

500

600

700

800

~N| O O Bl W N

900

7.8.3 For Rise And Fall Times
R =
C =
R, =
Ry =
Vi =
Von =
Vo =
These all values for 1 kHz sine wave input.

7.9 Calculation

7.9.1 For Determination Of Hysteresis Curve

S.No. Ry Vy(Volts Rg
(in Q) (RL1 + RE)(RLZ +Rg)
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7.8.2 For Rise And Fall Times:

t, =08 RC

SSIRSIESTIRS

7.10 Result

ForalkHzinputpulserisetimet, =  pus

Pulse fall time ¢, = s
Percentage Error:

% _ Experimental value — Standard value « 100
oerror = standard value

7.11 Discussion

71.12 Precautions And Sources Of Errors

1. The burnt sections of the bread-board should not be used.

2. V.. and ground terminals of the power-supply should be connected correctly
to the respective pins of the 741 IC.

3. The IC should not be inserted and taken out carefully from the bread-hoard to
avoid the breaking of its legs.

4. Avoid the use of long connections wires. Make the connections neatly on a
bread-board.

5. The input offset voltage is very small, and therefore has been ignored. It can,
however, introduce error if input signal is small.
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7.13 Self Learning Exercise -1

Q.1 Give the Characteristics of an ideal OP-Amp.
Q.2 Give short note on the 1C-741.

Q.3 In an inverting OP-Amp the input resistor (r,) IS 3k and feedback

resistor (R;) is12 kq. The input is 500 my. Calculate the input impedance
of the amplifier.

7.14 Glossary

Slew-rate: It is defined as the maximum rate of change of the output voltage with
respect to time.
CMRR: The ability of an OP-AMP to reject a common mode signal is expressed

by its common mode rejection ratio. It is the ratio of differential voltage gain to the
common-mode voltage gain.

Output offset voltage: It is the d. c. voltage appearing at the output terminal
when the two input terminals are grounded.

Input offset current: The input offset current is the difference between the two
input currents driven from a common source.

Input offset voltage: The input offset voltage is the differential input voltage that

must be provided between the inverting and non-inverting terminals of the OP-
AMP to get zero output voltage.

7.15 Answer to Self Learning Exercises

Answer to Self Learning Exercise-|

Ans.1:  In the circuit of Schmitt Trigger, we have a transistor biasing which is
Common Base configuration. The description of common base configuration is
given below:

Common Base Configuration: Here the base terminal is common to both input as
well as output terminals a shown in below given figure .

Here the emitter terminal is taken as input and collector terminal is taken as Output
terminal.
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Figure : Circuit for drawing characteristics of (p — n — p) transistor in Common
Base Configuration.

Characteristics Properties of Common Base Configuration:-

The circuit to draw the characteristics of the transistor in C.B. configuration is
shown in Figure2. Here the emitter base junction is forward bias by battery v, and
the corresponding input voltage and current is read by the voltmeter v, and
ammeter ..

The collector base junction is reverse biased by batteryv.. and the
corresponding output voltage and current is read by the voltmeterv,, and
ammeter 1.

Input Characteristics:-

The input characteristics are drawn by noting voltage v, and corresponding
current 1 keeping V5 constant. The characteristics curves are as shown in

figure 3.

Figure 2: Input characteristic Common Base Configuration
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They are similar to the forward biased diode characteristics and represented by
[Veg, Igly, = constant

The inverse of slope of characteristics curve
1 [AVEB]

slope - Al

This above formula gives input resistance which is denoted as &;.

The shape of the curve can be easily explained by the fact here the emitter
junction behaves like forward biased diode so0 on slightly increasing the
voltage v,,, the 1;increases a lot. Also there exists a cut in voltage v below which
emitter current is very small or zero. Cut in voltage is 0.2 V and 0.7 V for
germanium and silicon respectively. The curves shift towards left on
increasing v, it is due to the early effect that current increases for same value
of V.

Output Characteristics:-

The output characteristics are drawn by noting the output voltage v, and
corresponding collector current 1., keeping emitter current 7, constant.

The characteristics are as shown in Fig 3 and represented by

Vcp=constant

(VCB J IC)IC=Constant

So we get different curves for different values of 1.
The family of characteristics is divided into three regions.
Active Region: -
It is customary to plot v, along (+ve) X-axis although the values of v, are
negative for p — n — p transistor.

For the first curve when 1, = o i.e. when input terminals are open, the collector

current 1, = 1., the reverse saturation current (which is of the order of uA for
Germanium and nano Amperes for Silicon) of the diode.

Suppose now that input circuit is on and 1, is flows then a fraction of it ai;
would flow towards collector region and collector currentz. in this case
ISCal; + I,) and it is independent of collector voltage since 1., is very small
and 1, mainly depends on 1, S0 that curves appear to be practically flat. They have
very small slope and its value gives 'n,’ Or (‘'1/r,").
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The forward biasing of emitter-base junction allows the series combination
of vz and v, to inject majority carriers (holes in case of p — n —p transistor)
through the emitter towards base. The doping of the base is less than that of emitter
or collector so that not many recombination’s of holes with electrons take place.
This property is further reduced by the fact that then base region is much narrower
than either emitter or collector region, so the majority carriers (holes) do not
remain for long time in the base region. Roughly 98% of the holes injected into the
base are swept away towards the collector region. Thus the collector current is
relatively independent of the voltage v., applied across the collector-base junction
and thereby the output characteristics representing collector current in C.B.
configuration appear flat or parallel to x — axis.

Figure 3: Output characteristics Common Base Configuration.

Saturation region. The region to the left of origin O, v, = 0 and above 1, = 0
region characteristics is known as Saturation region, where both emitter and
collector junctions are forward biased. Here v is positive for p — n — p transistor
so the forward biasing of collector is responsible for large change in collector
current for small change in v, and 1. increases exponentially with voltage.

Cut of f Region: The characteristic forr; =0 passes through origin but is
otherwise similar to the other characteristics. This characteristic does not coincide
with (X-axis) voltage axis although in diagram it appears so, since, the gap is too
small to be shown on the scale chosen. The region below the 1, = o characteristic
for which both emitter and collector junctions are reverse biased is called cut off
region.
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Ans.2:  The use of diodes, transistors, tubes, etc. in various electronic devices
has been made quite efficiently. In spite of their efficient use, the circuits using
these devices have become quite cumbersome and costly. With the introduction of
space technology and computers the need for miniaturization has been strongly
felt. These days it has been possible to have a package of large number of
transistors, diodes, resistors etc. on a very small chip. For this a monolithic
integrated circuitry has been introduced with which a complete circuit without the
use of external connecting wires can be manufactured on a silicon chip. In addition
to reduction in size and weight, it has been possible to have high accuracy and
reduction in cost price also.

An important setup in this direction is the introduction of operational amplifiers
better known as OP-Amp which is the fundamental building block. It is high gain
direct amplifier whose response characteristics are extremely controlled by
negative feedback. It is used for accomplishing many linear as well as nonlinear
functions and that is why it is called operational amplifier.

The basic block of the operational amplifier is Differential Amplifier.
Differential Amplifier:-

It is a basic unit of operational amplifier having differential input. In a broad
way it amplifies the difference of two input signals. If the two input signals are v,
and v, respectively then an ideal differential amplifier will give an output voltage

vy =As(v; —vy)
Where 4, is the gain of the amplifier.

The efficiency of a differential amplifier is measured by the ratio of 4, and 4...
This ratio is called common mode rejection ratio (CMRR).

We can write as
_voltage gain for dif ference signal
CMRR = voltage gain for common mode signal
_ | Aa
S

In Decibel we can written as
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d

il
A,

CMRR (p) =20 logqo [

An OP-Amp is a high gain, direct coupled differential linear amplifier whose
response characteristics are externally controlled by negative feedback. It is widely
used in Computers, can perform mathematical operations such as summing,
integration, and differentiation. Its input impedance is very high and output
impedance is extremely low and its gain depends on the feedback ratio only.

Answer of Self Learning Exercises-11
Ans.1: The characteristics of an ideal OP-Amp is given below:
1. Infinite Voltage Gain,
2. Infinite Bandwidth,
3. Infinite Input Impedance,
4. Zero Output Impedance,
5. Perfectly Balanced Circuit,
6. Perfectly Stable Circuit.

Symbolically it has three leads other than power supply and ground leads as
shown in given figure Terminal leads 1 and 2 function as two input ports and
terminal 3 acts as output.

Infinite input impedance means that none of the input terminals draw any
current i.e. 1, = I, = 0. Zero output impedance means that any amount of current
can be drawn without disturbing input voltage.

Terminal 1 is labeled (-)ve and terminal 2 is labeled as (+)ive. It means that
if a signal is applied at terminal 1, it will be inverted at output i.e., appear as 180
out of phase with respect to input whereas if a signal is applied at terminal 2, it will
not be inverted at output. On account of this function terminal 1 is
called Inverting Terminal and terminal 2 1s called Non — Inverting Terminal.
|ts symbol is shown in below given figure

|ts equivalent circuit is shown in figure
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Figure : OP — Amp (a) Symbol OP — Amp (b) (c) (i) (it) Equivalent circuit

The magnitude of the output signal at terminal 3 is proportional to the
difference of the two-input signals which is also called error voltage applied
between terminals 1 and 2 respectively.

vy % (v — v3)
vy = A(v; — v,) = A(v;) where v; = (v, — v,)

Here constant ‘A’ is called the voltage gain of the OP-Amp and v; = (v, — v,)

is called the error voltage.

Now another figure of OP-Amp is given below (fig 1 d) which is known as
Block Diagram. The input stage is a differential amplifier followed by more stages
of gain and a class B pushpull Emitter Follower because a differential amplifier is
the first stage.

Figure 1 (d) Block diagram
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Figure 1 (e) Equivalent Circuit

|t determines the input characteristics of the OP-Amp. In most OP-Amps the
output is single ended as shown in figure 1(e). With positive and negative supplies,
the single ended output is designed to have a quiescent value of zero. This way a
Zero input results into a zero output.

Ans.2: The 741 OP-Amp has become an industry standard due to its varied uses
some modifications. It has different versions numbered 741, 741 A, 741 C, 741 E
and 741 N. These differ in their voltage gain, temperature range, noise level efc.
the 741 C stands is the least expensive and most widely used. (Here C stands for
commercial grade)

Figure 1(d) shows a block diagram of an OP-Amp in general. The input stage is a
differential amplifier followed by more stages of gain, and a class B push pull
Emitter follower.

The first stage is differential amplifier. So it determines the input
characteristics of the OP-Amp. In most OP-Amp the output is single ended as
shown figure 1(a). With positive and negative supplies, the single ended output is
designed to have a quiescent value of zero. This way the zero input voltage ideally
in zero output.

For instance some do not use a class B push pull output and others may have
double ended output. The block diagram 1(d) a shown captures two important
features that apply to typical OP-Amps, the differential input and single ended
output.

Ans.3:(i)Voltage gain of inverting amplifier

A‘()leQ—()4—4' itud
;= TR0 - = 4 in magnitude

Where (-)ive sign represents phase of 180",
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(if)Output voltage of the amplifier
Vo = Af(vi)
Vo =4x500%x1073 =2V
(iii)Input Impedance R, = R, = 3kQ

7.16 Viva Questions

Q.1 Whatis an op-amp?

Q.2 Mention some applications of op-amp.

Q.3 Draw the symbol of op-amp.

Q.4 What are the packages of IC-741?

Q.5 Mention some features of op-amp.

Q.6 What s the value of supply voltage for an op-amp stand for?

Q.7 What is the output voltage of an inverting amplifier?

Q.8 What is the output voltage of a non-inverting voltage?

Q.9 When is the open-loop gain and closed loop gain of an OP-AMP?
Q.10 What is the input offset current?

7.17 Answer to Viva Questions

Ans.1: An OP-AMP is a high-gain, direct-coupled differential amplifier whose
gain is controlled by negative feedback from the output to the input.

Ans.2: Op-amps are used as video and audio amplifiers, oscillators, and in
communication electronics; for example Non-inverting amplifier, Inverting
amplifier, Integrator Differentiator Low Pass, High Pass, Band pass and Band
Reject Filters etc.

Ans.3: The symbol of op-amp is given below:
+""::1:

N
>

‘v'_'“—; /J:/‘R .

ee

_ﬂ.",‘ ont
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Ans.4: IC741 is available in three packages: 8-pin metal can, 10-pin flat pack and
8 or 14-pin DIP.
Ans.5: The features of operational amplifier are given as:

1. No External frequency compensation is required.

2. Short circuit Protection,

3. off Set Null Capability,

4. Large Common mode and differential \oltage ranges,

5. Low Power Dissipation, No-Latch up Problem.
Ans.6: The value of supply voltage is +18 V.

Ans.7: The output voltage of an inverting amplifier is given below:
%:—%w
Here negative sign represents the 180" phase shift which occurs between the
input and output.
Ans.8: The output-inverting amplifier is
_ Ry
o= (142w,
Ans.9: The open-loop gain of an OP-AMP is the gain without negative feedback
while the closed loop gain is the gain with negative feedback.
Ans.10: The input offset current is the difference between the two input currents

driven from a common source. The input offset current for IC741 is 20nA.

References And Suggested Readings

1. AText Book of Physics Practical by R. Glazebrook,
2. B. Sc. Practical Physics by C. L. Arora,
3. Practical Physics by G. L. Squires.
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UNIT-8
Half Wave & Full Wave Rectifiers

Structure of the Unit
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8.1 Aim

Implement the following circuits to study the ripple characteristics:
(i) half wave rectifier
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(i) full wave rectifier
(ii1) half wave rectifier with shunt capacitor filter
(iv) full wave rectifier with shunt capacitor filter

8.2 Apparatus

Diodes (say1N4001), resistors (of about 2.2k ) ,capacitors (of about 100uF ),
center tapped transformer (about 12V AC step down transformer) ,bread board(or
trainer board for rectifier circuit with capacitor filter) ,connecting wires,

oscilloscope, multimeter etc.
8.3 Diagram

. ==~ Channel 1 of CRO _-7 Channel 2 of CRO

4 ’ “

7

Step down ,'/

N
~
~

D / 1 1
Transformer,  NJ 1 R ; n !
s LA ” .
I
: : Ly !
| L !
ACinput @ K RL§ Vou 1
at primary coil Vi =Vysinot H
220V,50Hz S /
7 S/
L,/ ,
Y// -
L S
Figure 8.1 Half wave rectifier
T *ghannel 1of CRO
Step down '/’ D ! ,~Channel 2 of CRO
1
Transformer! | 1| ' " N :'
T i !
' . ! L 1
v, =V sinat R, Vou !
ACinput at E e -
primary coil @ v N & -
220V,50Hz 3 —
DZ
1

Figure 8.2 Full wave center tapped rectifier
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Step down
Transformer

Y
(]
+

D
L1
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P pp——
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Figure 8.3: Half wave rectifier with shunt capacitoFfiIter
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Iy t+

ACinput
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'/
L
[

Dz
T ™
Figure 8.4: Full wave center tapped rectifier with shunt capacitor filter
8.4 Formula
(i) Half Wave rectifier without Filter

DC output voltage across the Load resistor ( i.e. ideal theoretical value of

calculated dc output voltage) = (v, ). :\% (in Volts)

wherev =+2(v_) is the peak value of the input voltage to half wave rectifier
at the secondary side of the transformer.

Theoretical value of ripple factor r, =1.21

. . Y
Value of ripple factor (practical value) r =~

dc

130



wherev_ =Output ac Voltage at the load & v _= Output dc Voltage at the
|load

Ripple frequency (in Hz) of output voltage at load f. =Ti

Here T =Time period (in seconds) of ripple output voItarge at load.
(if) Full Wave Rectifier Circuit without Filter
DC output voltage across the Load resistor ( i.e. ideal theoretical value of

calculated dc output voltage) = (v, ). = 2\;4 (in Volts)

wherev: =v2(v_) is the peak value of the input voltage to full wave rectifier
at the secondary side of the transformer from one end to center tap.
Theoretical value of ripple factor r. =0.48
: . Vv
Value of ripple factor (practical value) r e

dc

Ripple frequency (in Hz) of output voltage at load f, =Ti

Here T =Time period (in seconds) of ripple output voItarge at load .
(i) Half Wave Rectifier Circuit with Shunt Capacitor Filter

1 1 0289
23fRC fRC
where C is the capacitance of shunt capacitor (in Farads )
R, is the load resistance (in Ohms).

f =frequency(in Hz) of the input voltage at the input side of the rectifier i.e. at
the secondary side of the transformer.

Theoretical value of ripple factor r. =

T =%:Time period of the input voltage at the input side of the rectifier i.e. at

the secondary side of the transformer.
(iv) Full Wave Rectifier Circuit with Shunt Capacitor Filter
1 1 0144
4/3fRC fRC
f =frequency(in Hz) of the input voltage at the input side of the rectifier i.e. at
the secondary side of the transformer

Theoretical value of ripple factor r. =
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8.5 Model Graph

Vm
Input (at the

secondary side

of transformer)
0

\Y
Output

without
Filter
0

m
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with
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Filter Of-mmmmmmmmdmm e > t

Figure 8.5: Half wave rectifier input -output waveforms
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Filter

0

Y
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Figure 8.6: Full wave rectifier input -output waveforms
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C =constant

R, = constant

0 0
R

Figure 8.7(a) Ripple factor versus
load resistance graph for half wave
rectifier circuit with shunt capacitor
filler at a given value of shunt
capacitance.

C =constant

O
Figure 8.8(a) Ripple fattor versus
load resistance graph for full wave
rectifier circuit with shunt capacitor
filtler at a given value of shunt
capacitance

C
Figure 8.7(b) Ripple factor versus
shunt capacitance graph for half
wave rectifier circuit with shunt
capacitor filter at a given value of
load resistance.

R, = constant

0]
Figure 8.8(b) Ripple f4tor versus
shunt capacitance graph for full
wave rectifier circuit with shunt
capacitor filter at a given value of
load resistance.

8.6 Theory and Description

Halt Wave Rectifier:

By rectification process ,ac current is converted into dc current (unidirectional
current though it may not be constant). AC mains voltage is connected to the
primary side of a step down transformer (figure 8.9). During the positive half
cycle, potential of point A with respect to B is positive and diode is in forward
bias. The diode D is in conducting state in forward bias, current flows through the
load resistor and there will be output voltage across the load (figure8.5).
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ACinput @ % R, Vou

1 1 -

Figure 8.9
DC output of the half wave rectifier is given by

\Y
vV, =-"=0318V =31.8% of input peak voltageV_

T
If we consider cut off voltage of Si diode ,then v, = 0.318(v_ -0.7)
The output frequency is the same as the input frequency i.e. f, =
Negative half cycles of the input signal to rectifier are absent from the output
signal at load resistor. Waveforms have half wave signals and there is
unidirectional load current.

Full Wave Rectifier:

Full wave rectifier is equivalent to two half wave rectifiers as shown in figure
(8.10). During the positive half cycle ,diode D, is forward biased and diode D, is
reverse hiased. Hence conduction takes place through the diode D, during positive
half cycle and diode D, is nonconducting. During negative half cycle diode D; is
nonconducting and D, is conducting.

The load current always flows in the same direction in each half cycle of
the input voltage and load voltage has the same polarity. For same peak output
voltage, the output dc current through the load in a full wave rectifier is twice that
in a half wave rectifier,

Dl
A N °

+ L i i o

%RL Vom

@ %:; T * _
D2
- N
- B

) Figure 8.10

DC output of full wave rectifier is given as
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2V’
V, =—"=0.636V’ =63.6% of inputpeak voltageV’

where v! isnthe peak value of the input voltage to full wave rectifier at the
secondary side of the transformer from one end to center tap. If we consider the cut
off voltage of Si diode, then

V, =0636(V/ -0.7)
The output frequency of the full wave signal is double the input frequency i.e.
f =2f

(o]

Half Wave Rectifier with shunt capacitor filter:

The outputs of a half wave and full wave rectifier have ripple components. The
fluctuations of the output voltage across the load resistor is reduced by using
filters. A shunt capacitor filter can be constructed by placing a capacitor C in shunt
with the load resistor (figure 8.3).

A

Output Vi
with
capacitor RN ‘ . . ,
t G 1 T t, ﬂ
2
Figure 8.11

The conduction of the diode and charging up of the capacitor continue from time t,
to t, (figure 8.11).The charging continues until the input voltage reaches its peak
value V,,. Thus the diode allows charge to flow into the capacitor when the input
voltage (at the secondary side of the transformer) exceeds the capacitor voltage.
After reaching the input voltage at its maximum value it starts to decrease .\When
the input voltage falls below that of the capacitor, and diode gets nonconducting
state and capacitor discharges through the load resistor from t, to t, (See
figure 8.11) .If R, C time constant is much greater than the time period at (See
figure 8.11), rate of discharging of capacitor is negligible and ripple becomes
small. From t, to t, capacitor charges again and process is repeated for forthcoming
input cycles. Here almost all the ripple components are bypassed by the capacitor.

Usually electrolytic capacitor having large capacitances (of the order of pF ) are
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used for this purpose. Full wave rectifier with capacitor filter can also be
explained.

8.7 Self Learning Exercise-|

Q.1 What s the theoretical value of ripple factor for an ideal full wave rectifier ?

Q.2 Identify the polarity of the following capacitor for biasing.
1

Q.3 What symbol is used for an oscilloscope ?

Q.4 Consider the voltage drop across the Si diode for the given circuit and peak
voltage across the secondary ends is V., .What is the peak value of the
output voltage for given half wave rectifier ?

Stepdown i hiode
Transformer N

Y
[
+

ACi npUt @ Vpeak RL § Vout

at primary coil
220V,50Hz

8.8 Procedure

(i) Half Wave Rectifier Circuit without Filter

1. Make the connections as per circuit diagram 8.1 to implement the half wave
rectifier.

2. Connect the circuit to an appropriate power source and turn it on.

3. Measure the ac voltage at the input side of the half wave rectifier (i.e. voltage
at the secondary side of the transformer) by multimeter.

4. Measure the output dc voltage V,, and ac voltage V,, by connecting digital
multimeter across the load resistor.

5. Trace the waveform of the input voltage (at the secondary side of the
transformer) using CRO.
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6. Trace the waveform of the output voltage at load resistor using CRO.

7. Vary the load resistance (say 1k to 10k ) and note down V, and V,, ,then
trace the output waveforms with CRO. Note that Power supply should be turned
off while connecting or disconnecting the components , wires etc.

(if) Full Wave Rectifier Circuit without Filter

1. Make the connections as per circuit diagram 8.2 to implement the full wave
rectifier and repeat the step 2 of part (i).

2. Measure the ac voltage at the input side of the full wave rectifier (i.e. at
secondary side of transformer from one end to center tap).
3. Repeat the procedural steps from 4 to 7 of the part (i).

(i) Half Wave Rectifier Circuit with Shunt Capacitor Filter

(i) A: Half wave rectifier circuit with shunt capacitor filter at a given value of

shunt capacitance:-

1. Make the connections as per circuit diagram 8.3 to implement the half wave
rectifier with shunt capacitor filter at given value of capacitance.

2. Repeat the procedural step 2 and from 4 to 7 of the part (i) at the given value
of shunt capacitance.

(i) B: Half wave rectifier circuit with shunt capacitor filter at a given value of

load resistance:-

1. Make the connections as per circuit diagram 8.3 to implement the half wave
rectifier with shunt capacitor filter at given value of load resistance.
2. Repeat the procedural steps 2 ,4,5 and 6 of the part (i)

3. Note down V, and V,, across the load ,then trace the output waveforms with
CRO.
4. Repeat the above step 3 [of part (iii)B] for different values of shunt capacitance.

(iv) Full Wave Rectifier Circuit with Shunt Capacitor Filter

(iv)A: Full wave rectifier circuit with shunt capacitor filter at a given value of
shunt capacitance:-
1. Make the connections as per circuit diagram 8.4 to implement the full wave

rectifier with shunt capacitor filter at given value of capacitance.
2. Repeat the procedural steps 2 and from 4 to 7 of the part (i) at the given value
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of shunt capacitance.

(iv)B: Full wave rectifier circuit with shunt capacitor filter at a given value of

load resistance:-

1. Make the connections as per circuit diagram 8.4 to implement the full wave
rectifier with shunt capacitor filter at given value of load resistance.

2. Repeat the procedural steps 2 ,4,5 and 6 of the part (i).

3. Note down V, and V,, across the load ,then trace the output waveforms with
CRO.

4. Repeat the above step 3 [of part (iv)B] for different values of shunt capacitance.
8.9 Observations
Here (v, ) =(V,.) = Inputac voltage to half wave (at the secondary side of the

transformelF).

(V) =(vr.) = Inputac voltage to full wave rectifier (secondary voltage from
the one end to the center tap).

r = Ripple factor

T_=Time period of ripple output voltage at load (by CRO)

[Symbol abbreviations used in tables are given in section 8.4 (Formula)]
(i) Half Wave Rectifier without Filter

S. |Input voltage| R, Output Voltage f
No. | (Volts) | (k) (Volts) (Hz)
(V..) | Vm
dc value ac valug r. Ve | ¢ 2L
vV v =121 " Vo | T T,
(VdC)T:7m de ac
1.
2.
3.
4,
b,
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(if) Full Wave Rectifier without Filter

S. |Inputvoltage R, Output Voltage " f
No. | (Volts) (kQ) (Volts) (Hz)
(V) |V
dcvalue |ac valug cVe | g

v v, |v

dc ac

(Vec):

T

(iif) Half Wave Rectifier with Capacitor Filter

Using CRO, trace for any fixed value of the input ac voltage ( at the secondary side
of transformer) :

Time period of the input ac voltage T=............. S

Frequency of the input ac voltage f=................ Hz

Observation at fixed value of capacitance:

Capacitance C=............... M=
S. | R Output Voltage .

No. | (k) (Volts)
\) \Y) 1 1 \Y)

dc ac - __ac
" r
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Observation at fixed value of load Resistance:

Load Resistancer, =................. kQ
S. |c Output Voltage .
No. | (uF) (Volts)
vV, V_ o1 1 oV
' 43fRC | » Vv
1.
2.
3.
4,
5.

(iv) Full Wave Rectifier with Capacitor Filter

Using CRO Trace for any fixed value of the input ac voltage at the secondary side
of transformer :

Time period of the input ac voltage T=............. S

Frequency of the input ac voltage f=................ Hz

Observation at fixed value of capacitance:

Capacitance C=............... M=
S. | R Output Voltage .

No. | (k) (Volts)
\) \Y)

dc ac

-
[EEN
<

-
Il
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Observation at fixed value of Load Resistance;

Load Resistancer, =................. kQ
S. | ¢ |OutputVoltage(Volts) .
NO. | (wF) |V, Vae =t 1 Ve
' 43fRC | vV
L.
2.
3.
4,
5.
8.10 Graph

Obtain the required traces using CRO.
For Half wave rectifier with shunt capacitor filter:

Plot the graph between ripple factor r (practical value) and load resistance R, at the
given value of shunt capacitance.

Plot the graph between ripple factor r (practical value) and shunt capacitance C at
the given value of load resistance.

For Full wave rectifier with shunt capacitor filter:

Plot the graph between ripple factor r (practical value) and load resistance R, at the
given value of shunt capacitance.

Plot the graph between ripple factor r (practical value) and shunt capacitance C at
the given value of load resistance.
8.11 Calculations
Halt Wave Rectifier with Capacitor Filter:-
At fixed value of capacitance:

1 1 0289
2J3fRC fRC

R, = oo , =




At fixed value of Load resistance:

o1 1 0289 _
't 2J3fRC fRC

Full Wave Rectifier with Capacitor Filter:-

At fixed value of capacitance:

L1 10144
: 't 4J/3fRC fRC

At fixed value of Load resistance:

1 1 0144
4/3fRC fRC

8.12 Result

1. Half wave rectifier without filter has been implemented.
Theoretical value of ripple factor=1.21
Theoretical and practical values of ripple factor are almost equal.
Obtained traces are consistent with theory.

{1&;4 Precautions and Sources of Error

. Circuit components (diodes, capacitors etc.) must be connected with correct
polarities otherwise diodes ,capacitors may burn up. Be careful about
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1.

identification of the primary and secondary sides of the transformer because
at the primary side voltage is about 220 Volts which is dangerous.

Current limiting series resistor should be used to prevent from damaging of
components.

Power supply should be turned off while connecting or disconnecting the
components , wires etc.

Circuit should be assembled in systematic and arranged manner because
improper connections cause overheating of diodes due to short circuit. While
taking observation with multimeter /CRO terminals should be connected
properly.

Jumper wires used for experiment should not be in broken state. Passing of
jumping wires over the circuit components and unnecessary twisting of wires
should be avoided. Arrangement of components (diodes, resistors, capacitors
etc.) on the bread board should be such that short wire connections are needed.
Connections should be intact.

The ratings of the diodes , capacitors etc. must be appropriate. The peak voltage
at the secondary of the transformer (i.e. at the input end of the rectifier ) must
be sufficiently lower than the reverse breakdown voltage of the diode.

Ranges and polarities of components must be appropriate.

8.15 Self Learning Exercise-I1

Q.1 Whatis the cut in voltage for Ge diode ?
Q.2 What is the maximum efficiency of a half wave rectifier?
Q.3 “Ripple factor may be decreased by increasing C in case of half wave

rectifier with shunt capacitor filter”. Do you agree with this statement ?

Q.4 “Foragood filter ripple factor should be high .”ls this statement true?
Q.5 What do you mean PIV ?

8.16 Glossary

CRO: Cathode Ray Oscilloscope
PIV: Peak Inverse Voltage
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8.17 Answers to Self Learning Exercises

Answers to Self Learning Exercise-1
Ans.1:0.48

Ans.2: _|_+

Note that due to incorrect polarity ,capacitor may explode.

Ans.3:

Ansd4: (v, -07)v Here 0.7V is the voltage drop across the diode while the
diode is conducting.

Answers to Self Learning Exercise-l1
Ans.1: 0.3V

Ans.2: 40.6%

Ans.3: Yes ripple factor r=

Ans.4: No

Ans.5: The PIV (Peak inverse voltage) is the maximum value of the voltage that
the diode can withstand before breakdown when it is reverse biased.

N
2J3 fRC

8.18 Viva Questions

Q.1 Foragood filter whether circuit should be L section filter or Tt section filter ?
Q.2 What is the DC output voltage for half wave rectifier if the peak voltage at
the input end of the rectifier is V, ?

Q.3 Which curve represents the poor voltage source ?
V,

out 4

Load Current
144




Q.4 Explain the operation of a half wave rectifier with shunt capacitor filter.

Q.5 Draw the circuit diagram of L -Section filter for half wave rectifier.

Q.6 Explain the working of full wave rectifier.

Q.7  Draw the circuit diagram of » section filter for full wave rectifier.

Q.8 Draw the circuit diagram of a full wave bridge rectifier and draw its output
waveforms.

Q.9 What are the main advantages and disadvantages of bridge rectifier over the
center tapped rectifier?

Q.10 Consider output waveforms of a half wave rectifier with shunt capacitor
filter where two different values of shunt capacitances are used one by one.
(i) Which of the following circuit has low ripple?
(if) Which of th\e circuit has low value of Capacitance C.

A

Output Vi

with
capacitor
Filter

ol

Q.11 What is the approximate DC value of the following pulsating output voltage

waveform of a half wave rectifier with C filter .Assume that time constant
R.C is much greater than at.
A

Output
with
capacitor
Filter

of

Q.12 Compare the half wave rectifier, full wave center tapped rectifier and full
wave bridge rectifier on parameters such as number of diodes, ripple factor,
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output ripple frequency and output peak voltage. Consider here v is the

peak value of the input voltage at the secondary side of the transformer from
its one end to another end, frequency of input voltage is f_and voltage drop

across the Si diode in conducting state is 0.7V.
8.19 Answers to Viva Questions
Ans.1: Tt section filter

AnSZ Vdc = V_p = 0318Vp
T

Ans.3: The curve A represents the poor voltage source as output at the source
begins to drop as current is drawn .

Ans.: Step down b
Transformer {>|—’WIX_W R o +
0
| .
i
! "y
1
H 1
A?mput . @ v, =V, sinwt i RL§ Vou
at primary coil . C T
220V,50Hz '
:
T 1 ® _
AnS-Y: Step down D

Transformer |\1|
Y LA

H L
V' s c C RV,
ACinput Vi ZVnsinot —"\ —"\ -
at primary coil (U % Yy

220V ,50Hz E

D,

—
Ans.8: DC output voltage across the Load resistor ( i.e. ideal theoretical value of

calculated dc output voltage)=(v,. ). = 2\2“ (in volt)

wherev =+2(v_) is the peak value of the input voltage to rectifier at the
secondary side of the transformer.
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Step down
Transformer

ACinput
at primary coil rx) %
220V,50Hz

Input (at the
secondary side
of transformer)

0

Output
(without
Filter)

> t

0

Note that input to rectifier (at the secondary side of transformer) and output
to the rectifier (at the load) do not have common ground point.

Ans.9: Main advantages: In case of Bridge rectifier ,the output voltage is twice
that of the center tapped rectifier for the given same value of secondary
voltage. Also peak inverse voltage is one half in comparison with center
tapped.

Main disadvantages:

Bridge rectifier requires four diodes and there is forward voltage drop
across two diodes. This forward voltage drop across the diodes cannot be
neglected particularly at low voltages such as below 5 Volts.
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Ans.10: (i) Circuit B having shunt capacitancec, has low ripple.
(if) Circuit A having shunt capacitancec, .

Ans.1l:v

=v_ -0.5
peak r

Output output

V k
where v = %and f =T1 is the frequency of the input voltage.

L

H - Vpeak
Note that in case of full wave rectifier v = S

L

Ans.12:
Type of No. of Ripple Output Peak Output
rectifier diodes factor ripple Voltage(volt)
required frequency

Half Wave 1 121 f V_-07
Full Wave 2 0.48 21, Va 07

Center Tapped 2
Full Wave 4 0.48 21, V -14
Bridge
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UNIT-9
Solving Boolean Expressions

Structure of the Unit

9.1 Aim

9.2 Apparatus

9.3  Diagram

9.4  Formula (Truth Table)

9.5  Theory and Description

9.6  Self Learning Exercise-I

9.7 Procedure

9.8 Observations

9.9 Result

9.10 Discussion

9.11 Precautions and Sources of Error

9.12 Self Learning Exercise-Il

9.13 Glossary

9.14  Answers to Self Learning Exercises

9.15 Viva Questions

9.16 Answers to Viva Questions
References and Suggested Readings

9.1 Aim

(A) Solve the following Boolean expression into simplified form and realize the
logic circuit
R=(X+y+2)(X+V+7)(X+y+2)(x+V+2)(Xx+y+Z)(x+y+2)

(B) Realize the logic circuit from following truth table
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Output R
0

P R o o o o x
| o O k| k| o ol
R o | o k| o k|l o N
| o o o | | KLk

(C) For the following K-map construct the truth table and realize the simplified
logic expression .

yz
x \ 00 01 1 10
0 1
1 1 1

(D) Realize the Togic diagram for Boolean function
Y = (A + B)([B +C) (C + D) by NOR Gates only.

9.2 Apparatus

Power supply, Digital logic trainer, connecting leads [or Bread hoard, DC supply
of 5 Volts ,connecting wires, LEDs, 1C7408 (AND), IC 7404 (NOT), IC 7432
(OR), 1C 7400 (NAND), IC 7402 (NOR) as required ]

9.3 Diagram
(AY Diagram:

X

x|
+
N

z

Figure 9.1

R=(X+y+2)(X+V+Z)(X+y+z)(X+V+2)(X+Y+Z)(X+y+2)=X+7
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(B) Diagram:

z

O
y
\‘ *Dii(y+z)+yz
y+12
r >(y+z)7
X DO =

Figure 9.2

R=Xy+Xz+yz=X(y+2)+Yyz

(C) Diagram:

« X+Y
Do
Z

Figure 9.3

(D)Diagram:

Figure 9.4
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9.4 Formula/Truth Table

(A) From DeMorgan’s Theorem

Truth Table
X Z Output

R=X+7

1

0 0
0 1
1 0
1 1

1
1
0

(B) K-map is shown in diagram corresponding to table (of Aim B).

yz
X 00 01 11 10
0 1 [ o1
1 il:

OUIPULR = yz + Xz + Xy
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(C)Truth Table (From th given K map of Aim C)

Output R
0

>

| P O O O O
= = O O | k| O O
| Ol P O b O kb O N

Ol | O k| O —, O

Vz

x

o
o
o
|
|
|
[
o

1 1!

JE S |

=TT T r--"-"
[ %) WS N PR

| N |
1

From K-map output R = yz + xz
(D)Truth Table

A B C D Output Y
(A + B)(B +C) (C + D)

O O O O O o o
| P P O O O O
— O O | k| O O
O = O k| O | O
O O O | O | -
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N e L T B =)
= P R R o o o o -
= P O O k| k| o o -
| O Rk O k| o k| o -
| o o o o o o o -

Y= (A+B)(B+C)(C+D)

=Y=(A+B)(B+C)(C+D) X=X
Using De Morgan's theorem

Y=A+B+B+C+C+D

Y=A+B+B+C.C+D

=F.G Let F=A+B+B+C
=FG G= C+D=C4+D
Y=F+G
9.5 Theory and Description

The laws ,theorems of Boolean Algebra and Karnaugh maps (K maps) are used for
simplification of Boolean expressions. Circuit designers usually use a simplified
logic expression for implementation of logic circuit. De Morgan’s theorems are
useful for simplification of logic expressions.

De Morgan's Theorems

()| A+B=AB

The complement of the sum of variables is equal to the product of the
complements of the variables.
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A+B+C=AB.C

A+B+C+..+F=ABC...F
(i) | AB=A+B
The complement of the product of variables is equal to sum of complements of the
variables.

ABC=A+B+C

ABC.F=A+B+C+...+F

There are integrated circuits (IC) for logic functions. The Institute of
Electrical and Electronics Engineers (IEEE) along with American National
Standards Institute (ANSI) provides the different types of symbols for logic gates.

IEEE/ANSI Standards:-

In this convention, a rectangular symbol is used for all devices, For inversion
operation, an small triangle is used instead of an small bubble.

A —| 1 Ny

NOT Gate : IEEE/ANSI Standard
The symbol 1" inside the block means that NOT Gate has only one input.

A_
>1 — Y

B_

OR Gate : IEEE/ANSI Standard

The symbol =1 inside the block means that output is 1 when one or more than
one input is 1.

A_
& Y

B_

AND Gate : IEEE/ANSI Standard
The symbol ‘&' means that output is 1 when all the inputs are 1.
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A
>1 By

B_

NOR Gate ; IEEE/ANSI Standard

A_
& Ny

B_

NAND Gate ; IEEE/ANSI Standard

A_

B_

XOR Gate : IEEE/ANSI Standard
Symbol =1 indicates that the output is 1 only when one of its input is 1

A_

a0 DNy

B_

XNOR Gate : IEEE/ANSI Standard
9.6 Self Learning Exercise-|

Q.1 How many row entries would a six variable logic function require ?

Q.2 Showthat co+CDF=CD+F

Q.3 Realize a digital circuit for logic operation
Y=AB+A.B+A+B . Alsowrite the truth table.

Q.4 Implement the NAND function using NOR Gates.

Q.5 State the expression for Y in terms of input variables for given logic
diagram.
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A , j_

. )

9.7 Procedure

(A) For implementation of the Boolean expression

R=(X+V+2)(x+V+7)(X+y+2)(x+V+2)(x+y+7)(x+y+z) into
simplified form and realization the logic circuit :

For Trainer board Arrangement

L.

2.
3.
4,
5.

Obtain the simplified form of the given Boolean function by Boolean algebra
or K map

Make the connections as per the circuit diagram.

Connect the circuit to an appropriate power source and turn it on.
Observe the output on LED for each input combination.

Write down the corresponding logic level in the observation table.

For Breadboard Arrangement

L.

Obtain the simplified form of the given Boolean function by Boolean algebra
or K map.

Insert ICs 7404 (Hex inverter Gate) and IC 7432 (Quad 2 input OR Gate)
in the breadboard.

Before you wire the circuit for logic gate, we should label the associated Chip
Pin Number on the circuit diagram.

Assemble the connection (using components, connecting wires eftc.) to
implement the circuit illustrated in figure 9.1

Connect output to LED with correct polarity and connect a series current
limiting resistor (about 270€2) to LED to limit the current and prevent burn out.
For IC 7404 (14 pin IC) and 1C 7432 (14pin IC), Pin 7 corresponds to ground
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(OV) and Pin 14 corresponds to V. (+5V DC supply).

7. Turn on the power and observe output at LED indicator corresponding to all
possible combinations of inputs (via input switches). Write down
corresponding outputs in the observation table and verify the truth table.

8. Ifthere is any mismatched result, troubleshoot result.
9. Turn off the power and disconnect the circuit connections.

For other parts of experiment, use appropriate circuit diagrams (appropriate
|Cs, etc.) to demonstrate remaining experiments of this unit.

9.8 Observation
(A) Observation:
Truth Table (Figure 9.1)
X Z Output
R=X+7
(B) Observation:
Truth Table (Figure 9.2)

X |y Z | OutputR
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(C) Observation:
Truth Table (Figure 9.3)
X |y z | OutputR

(D) Observation:
Truth Table (Figure 9.4)
A B C D Output Y

(A + B)(B +C) (C + D)
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9.9 Result

(A) The simplified form of the Boolean function
R=(X+y+2)(X+V+7)(X+y+2)(x+V+2)(Xx+y+Z)(x+y+2) ISR=X+7.
Logic circuit of the Boolean expression R =x +z has been implemented and
truth table has been verified.

9.11 Precautions and Sources of Errors
1. Circuit components (LED etc.), power supply must be connected with correct
polarities.

2. DC supply voltage must not exceed the value of 5 Volts otherwise it will
damage the ICs used during the experiment.

LED indicator should be used with series current limiting resistor.

Power supply should be turned off while connecting or disconnecting the
components, wires etc.

5. Insertion and removal of the ICs should be done gently to avoid the bending of
the pins of 1Cs.
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6. Arrangement of IC chips on the breadboard should be such that short wire
connections are needed.

7. Circuit should be assembled in systematic and organized fashion because
improper connections cause overheating of ICs due to short circuit.

8. Jumper wires used for experiment should not be in broken state.
9. All connection should be tight before switching on the power supply. Avoid
using long wires.

9.12 Self Learning Exercise-I|

Q.1 Identify the operation of following logic circuit

A
Y
BD

Q.2 What s the final simplified expression for following Boolean expression

A(B+AB)+ABC+AB
Q.3 Realize the logic diagram corresponding to the following Boolean

expression without simplifying them. Use only “ two input AND Gates, two
input OR Gates, and NOT Gates”.

Y =(A+B)(ACD)(CD+CD)
Q.4 Simply the following expression

R=XYyZ+XYZ+Xyz+XyzZ

9.13 Glossary

LED : Light Emitting Diode
IC: Integrated Circuit

9.14 Answers to Self Learning Exercises

Answers to Self Learning Exercise-1
Ans.1: 2°=64
Ans.2: Use Boolean algebrarule A+ AB=A+B
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Ans.3:

| o o I
| Ol | o




Y=AB+A+B=AB A+B
Y=AB(A+B)=A®B

Answers to Self Learning Exercise-1|
Ansl: Yy=A+B=AB=AB ieAND Gate
Ans.2: A(B+AB)+ABC+AB

= AB+AAB+A(BC+B)

= AB+ AB+ A+ (BC+B)
=A(B+B)+A+BC+B

=A1+A+BC+B
=1+BC+B =1
Ans.3: Y = (A+B) (ACD)(CD + CD)

:g;;D

\ ACD
¢ _J

Ans.4: K-map is given below

Output R =7

yz
X 00 01 11 10

_____________

_____________
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9.15 Viva Questions

Q.1 Logic state 1 ina positive logic system corresponds to
A) Zero Voltage

(
(B) Positive Voltage
(
(

C) Relatively higher voltage level
D) Relatively lower voltage level

Q.2 Showthat A@eB=AAB ABB
Q.3 Apply De Morgan's theorem on following Boolean Expression

ABCD
Q.4 Simplify the following Boolean expression v =A'BC + ABC+A'B
Q.5  Simplify the following expression
XyZt +xyzt +Xyzt +xyzt
Q.6 Realize the logic diagram corresponding to the following Boolean

expressions without simplifying them. Use only" two input AND Gates, two
input OR Gates, and NOT Gates.

Y = (AB+C) (C+AB)
Q.7 For given logic diagram, express the output Y in terms of input variables A

Aand B. {>CL
_ }IDL}:}Y

B Ir
Q.8  Draw the Pinout diagram of IC 7400 quad 2 input NAND Gate
Q.9 Write the simplified expression for following K-map and implement the

logic circuit. yz
X 00 01 11 10
0|1
1|t !
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Q.10 Write the main logic gate IC Pin out numbers.

9.16 Answers to Viva Questions

Ans.1: (C) Relatively higher voltage level

Ans.2: AAB ABB =A AB+ ABB

=AAB+ABB
=(A+B)(AB) =A®B

Ans.3: ABCD=(A+B)C D

=(A+B)C D

(A+B+C)D

>|

( +C)D

B
B +C

I
>
o

1
|
O

B+C)+
+D

1l
I J>|‘
o
m Ol

I
>

+B)C+

(A+B)C+D

| Ol

=AC+BC+D
Ansd:Y=ABC+ABC+AB
=BC(A+A)+AB
=BC+AB
Ans.S: R=xyzT+xyzT +xyzT+xyzT
=xyt(z+2)+Xyt(z+72)
=xyt +Xyt
=yt (x+X) =yt
Ans.6:
Y = (AB+C) (C+AB)
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Ans.7:

B

Here X =AB AB &Y=AB AB
Ans.8:

1 J?l 141 Ve

2 l J } ,7 13

3 l ﬂ 12

4 11

6 l ﬂ 9

GND |7’ 8
Ans.9:
yz
x\ 00 01 11 10
0 1
[
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<|
N

7

D
(= D
B

Ans.10: Some of available IC Gates

IC No. | Description

7400 | Quad 2 input NAND Gate
7402 | Quad 2 input NOR Gate
7404 | Hex inverter Gate

7408 | Quad 2 input AND Gate
7432 | Quad 2 input OR Gate
7486 | Quad XOR Gate

References and Suggested Readings

L.
2.

3.

M. Morris Mano, Digital design (Fourth edition 2008), Pearson Education

M. Morris Mano, Digital logic and Computer Design (2002) Prentice - Hall
India

Malvino and Brown, Digital computer Electronics (Third edition 2001), Tata
McGraw Hill)

R.P. Jain, Modern Digital Electronics(Second edition2002), Tata McGraw Hill.

5. Albert Paul Malvino,Donald P. Leach,Goutam Saha, Digital Principles and

oo

Applications (Eighth Edition 2014), McGraw Hill Education.

Jacob Millman Christos C. Halkias ,Integrated Electronics (Second Edition
2011) , Tata McGraw Hill.

Tony R.Kuphaldt ,Lessons in Electric circuits, Volume IV -Digital ,Fourth

Edition(openbookproject.net/electric circuits)
Goodheart-Willox Co.,Inc
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UNIT-10
Half Adder & Full Adder

Structure of the Unit

(A) Half Adder

10.1A  Aim

10.2A  Apparatus

10.3A  Diagram

10.4A  Formula (Truth Table)
10.5A  Theory and Description
10.6A  Procedure

10.7A  Observations

10.8A Result

10.9A Discussion

10.10A Precautions and Sources of Error
10.11A Self Learning Exercise-!
(B) Full Adder

10.1B  Aim

10.2B  Apparatus

10.3B  Diagram

10.4B  Formula (Truth Table)
10.5B  Theory and Description
10.6B  Procedure

10.7B  Observations

10.8B  Result

10.9B  Discussion

10.10B Precautions and Sources of Error
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10.11B Self Learning Exercise-I|

10.12  Glossary

10.13  Answers to Self Learning Exercises

10.14  Viva Questions

10.15  Answers to Viva Questions
References and Suggested Readings

Part A : Half Adder

10.1A Aim

Implement and verify the half adder circuit using
(I) XOR gate and AND gate
(1) NAND gates only
(111) NOR gates only

10.2A Apparatus

Power supply, Digital Togic trainer ,connecting leads [or Breadboard , DC supply
of 5 Volts, connecting wires, LEDs, IC 7486 (XOR), 1C7408 (AND), 1C7400
(NAND), IC7402 (NOR) as required].

10.3A Diagram
(I) Implementation of half adder using XOR and AND gates

Inputs
Outputs

o —p
B

Figure 10.1A
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(1) Implementation of half adder using NAND gates
D
X x_y — Sum
y ) ] S=x®y
O
9 y

Xy
Figure 10.2A

M Carry
L C=xy

(111) Implementation of Half adder using NOR gates
y X

X+Yy
q
ﬁ:ﬁ )=
%y

X

X y Figure 10.3A
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+7:;.§:xy:C

Il
|

r

q=X+Yy+r=X+y+Xxy

=(x+Y)(%y)
=(X+Yy)(y)=x®y
S=x®y
10.4A Formula (Truth table)
Truth Table of Half Adder
Inputs Outputs
X y C (Carry) S (Sum)
0 0 0 0
0 1 0 1
1 0 0 1
1 1 1 0
S=sum=x@y=xy+Xy
C =carry = xy
10.5A Theory and Description
Half Adder :

A half adder is a combinational circuit that performs the addition of two singal bit
numbers and produces a 2-bit numbers.

We usually denote symbols x and y to the inputs. Symbols S (or ) for sum and C
(or C,,;) for carry to the outputs can be assigned .The truth table of the half adder is
shown in section 10.4A. The S represents the least significant bit (LSB) of the sum
and C represents the most significant bit (MSB).The simplified Boolean function for
the two outputs can be expressed as

S=sum=x@y=xy+Xy

C =carry = xy
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Half adder block symbol is shown below

X C
HA
y S
Figure 10.4A
10.6A Procedure

(1) For implementation of Half Adder using XOR gate and AND gate (see figure
10.1A)

6. Make the connections as per the circuit diagram.

7. Connect the circuit to an appropriate power source and turn it on.

8. Observe the outputs on LEDs for each input combinations.

9. Write down the corresponding logic levels in the observation table.

For Breadboard Arrangement

1. Insert IC 7408 (AND Gate) and IC 7486 ( XOR gate) in the breadboard.

2. Before you wire the circuit for logic gate, we should label the associated Chip
Pin Number on the circuit diagram.

3. Assemble the connection (using components, connecting wires etc.) to
implement the circuit illustrated in figure 10.1A.

Connect outputs to LEDs with correct polarities and connect a series current
limiting resistor (about 270¢) to LED to limit the current and prevent burn
out.

For IC 7408 (14 pin IC) and IC 7486 (14pin IC), Pin 7 corresponds to ground
(OV) and Pin 14 corresponds to V. (+5V DC supply).

Turn on the power and observe outputs at LED indicator corresponding to all
possible combinations of inputs (via input switches). Write down
corresponding outputs in the observation table and verify the truth table.

7. If there is any mismatched result, troubleshoot result.
8. Turn off the power and disconnect the circuit connections.
For other parts of experiment, repeat the above steps using appropriate circuit

~

o1

(op}
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diagrams (appropriate ICs, etc.) to demonstrate remaining experiments of this unit.

10.7A Observation

(I) Implementation of half adder using XOR and AND gates (see figure 10.1A)
Truth Table of Half Adder

Inputs Outputs
C (Carry) S (Sum)

| P O O X
| O R O <<

(1) Implementation of half adder using NAND Gates only (see figure 10.2A)

Truth Table of Half Adder
Inputs Outputs
X y C (Carry) S (Sum)
0 0
0 1
1 0
1 1
(1) Implementation of half adder using NOR Gates only (see figure 10.3A)
Truth Table of Half Adder
Inputs Outputs
X y C (Carry) S (Sum)
0
1
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10.8A Result

(I) Half adder has been implemented using XOR gate and AND gate and truth
table of Half adder has been verified.

10.10A Precautions and Sources of Error
1. Circuit components (LED etc.), power supply must be connected with correct
polarities.

2. DC supply voltage must not exceed the value of 5 Volts otherwise it will
damage the ICs used during the experiment.

LED indicator should be used with series current limiting resistor.

4. Arrangement of IC chips on the breadboard should be such that short wire
connections are needed.

5. Power supply should be turned off while connecting or disconnecting the
components, wires etc.

6. Circuit should be assembled in systematic and organized fashion because
improper connections cause overheating of I1Cs due to short circuit.

7. Jumper wires used for experiment should not be in broken state.
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8. Insertion and removal of the ICs should be done gently to avoid the bending of
the pins of 1Cs

9. All connection should be tight before switching on the power supply.
10.11A Self Learning Exercise-|

Q.1  Write the basic rules for binary addition.
Q.2 Write the truth table of a half adder.
Q.3 What are outputs p and g for given circuit ?

y X

_\/___> Dc }p
) O—
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Part I1; Full Adder

10.1B Aim
Implement and verity the tull adaer circult using
(I) Two AND gates, two XOR gates and one OR gate
(1) Two half adders and one OR gate
(111) NAND gates only

LlO.ZB Apparatus

ower supply, Digital Togic frainer, connecting Teads [or Bread board, DC supply
of 5 Volts ,connecting wires, LEDs, 1C7486 (XOR), 1C7408 (AND), IC 7400
(NAND), IC 7432 (OR) as required ]

PRV N N NN

10.3B Diagram

(I) Implementation of full adder using two AND gates, two XOR gates and one
OR gate

X Yy 3
A ) Xy
—\V—

Carry
Xy+(X@y)z
I: (x®y)z
\J 3D Sum
)D ~ XOydz
X®y

Figure 10.1B
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(1) Implementation of full adder using two half adders and OR gate

________________________________________________________

X | Xy Xy + pz
| HA %
y — XBY=p Pz =

z HA L p@z

________________________________________________________ : Sum

HA

X N

J d Carry
y —/ Xy +(X®y)z

D E E..........................................E (X@ y)z
: Sum
XOydz

) HA
Figure 10.2B

(1) Implementation of full adder using NAND gates only

| D
I

L 1 Y ) T s
D |

Figure10.3B

zy

:
:

Y
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10.4B Formula (Truth table)

The truth table of the full adder is shown below

Inputs Outputs
X |y | z C S
(Ci)

070 O 0 0
010 1 0 1
011 0 0 1
011 1 1 0
110 0 0 1
110 1 1 0
111 0 1 0
111 1 1 1

Carry C =xy+yz+ xz=Xy+Xyz +Xyz

SUM S =XYZ+XYZ+XYZ+Xyz=x®y®dz

10.5B Theory and Description

Full adder is a combinational circuit that performs the addition of three bits at a
time and this circuit needs three binary inputs and two binary outputs. We assign
symbols x, y and z to three inputs. Input z is also called ‘Carry In' because it comes
from a previous lower significant position. The two outputs are denoted by the
symbols S for sum and C for carry out. The S represents the least significant bit
(LSB) of the sum. Block diagram of full adder is given below.

X

y
z

The truth table of the full adder is shown in section 10.4B

FA
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K Map for Sum S

yz
X 00 01 11 10

S=XYZ+XYZ +XYZ+XYyz

K Map for Carry C
X v 00 01 11 10
0 1
1 1 1 1
C=xy+yz+xz

Implementation of full adder (see figure 10.3B) using NAND gates can be
explained as:

p = @x =x_y+§=xy+i
= xy+§(l+y):xy+§+§y:y(x+i)+? =y +X
Similarly 9 =Yy +X

r=pq=(y+x)(y+x)

< |l
X

= Y+X+Y+X = 7;+
r=y x+yX
t=rz=(yx+yX)z
=(yX+yX +z
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C=(xy)t= x=y+t_
=Xy + XY+ XY +Z
=Xy + XYyXY Z
= xy+()_(+§/)():(+§/)z
= xy+(Y+V)(x+y)z
= xy+( XX+X y+7 x+yy)z
= Xy+Xyz+XYyz
= x(y+y)+Xyz
= x(y+2)+Xyz |- 4+4B=4+B ]
= Xy+Xz+X Yz
xy+z(x+xy)
=xy+z(x+y)
C=Xxy+xz+yz

Here U=t g v=tz

S =EE =tr+tz :tr+tz:t(r+z)

= (xy+% y+7) (xy+yx+z )
= Xy XY+XY YX+XyZ+XY XY+XYYX+XYZ+XYZ+YyX 7+27

S=Xyz+Xyz+XYyZ+XyZ
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10.6B Procedure

(1) For implementation of Full Adder using two AND gates , two XOR gates and
one OR gate (refer figure 10.1B)

1. Make the connections as per the circuit diagram.

2. Connect the circuit to an appropriate power source and turn it on.
3. Observe the outputs on LEDs for each input combination.

4. Write down the corresponding logic levels in the observation table.

For Breadboard Arrangement

1. Insert IC 7408 (AND Gate) ,IC 7486 (XOR gate) and IC 7432 (OR gate) into
the breadboard.

2. Before you wire the circuit for logic gate, we should label the associated Chip
Pin Number on the circuit diagram.

3. Assemble the connection (using components, connecting wires etc.) to
implement the circuit illustrated in figure 10.1B

Connect output to LEDs with correct polarities and connect a series current
limiting resistor (about 270¢) to LED to limit the current and prevent burn
out.

. For IC 7408 (14 pin IC), IC 7486 (14 pin IC), IC 7432 (14 pin IC), Pin 7
corresponds to ground (OV) and Pin 14 corresponds to V,, (+5V DC supply).

6. Turn on the power and observe outputs at LED indicators corresponding to all
possible combinations of inputs (via input switches). Write down
corresponding outputs in the observation table and verify the truth table.

If there is any mismatched result, troubleshoot result.
8. Turn off the power and disconnect the circuit connections.

~

o1

For other parts of experiment, repeat the above steps using appropriate
circuit diagrams (appropriate 1Cs, etc.) to demonstrate remaining experiments of
this unit.
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10.7B Observations

(1) Implementation of full adder using two AND gates, two XOR gates and one
OR gate (figure 10.1B):
The truth table of the full adder

Inputs Outputs
X |y | z C S
(Ci)
010 O
010 1
011 0
011 1
110 0
110 1
111 0
111 1

(1) Implementation of full adder using two half adders and OR gate (figure
10.2B):
The truth table of the full adder

Inputs Outputs
X |y C S
(Ci)
010 O
010 1
011 0
0(1] 1
110 0
110] 1
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(1) Implementation of full adder using NAND gates only(figure 10.3B):
The truth table of the full adder

Inputs Outputs
X |y | z C S
(Ci)

070 O

010 1

011 0

011 1

110 0

110 1

111 0

111 1

10.8B Result

(I) Full adder has been implemented using two XOR gates, two AND gates and
one OR gate and truth table of the Full adder has been verified .
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10.10B Precautions and Sources of Errors

L

Circuit components (LEDs etc.), power supply must be connected with correct
polarities.

DC supply voltage must not exceed the value of 5 Volts otherwise it will
damage the ICs used during the experiment,

LED indicator should be used with series current limiting resistor.

4. Arrangement of IC chips on the breadboard should be such that short wire

connections are needed.

Power supply should be turned off while connecting or disconnecting the
components, wires etc.

Circuit should be assembled in systematic and organized fashion because
improper connections cause overheating of 1Cs due to short circuit.

7. Jumper wires used for experiment should not be in broken state.

Insertion and removal of the ICs should be done gently to avoid the bending of

| the pins of 1Cs

All connection should be tight before switching on the power supply.

10 11B Self Learning Exercise-1|

Q.1
Q.2
Q.3

How many inputs and outputs are used in full adder circuit ?
What do you understand by nibble ?
|dentify the IC that is used for logic function XOR.

10.12 Glossary

ALU : Arithmetic Logic Unit

IC:

Integrated circuit

Full adder : A logic circuit which can add 3 bits ata time
Half adder : A logic circuit that performs the addition of 2 bits
LED: Light Emitting Diode
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10.13 Answers to Self Learning Exercises
Answers to Self Learning Exercise-1

Ans.1: 0+0=0,0+1=1,1+0=1,1+1=10
Ans. 3: y X
- p =Xy
— U~ | K’
=D

q = (X+Y)X_y =X+Yy +W =XV+XYy
Answers to Self Learning Exercise - 11
Ans.1: Three inputs and 2 outputs
Ans.2: Itis a combination of four bits.
Ans.3: I1C 7486
10.14 Viva Questions

Q.1 State the main drawback of half adder.
Q.2 Write the truth table of full adder.
Q.3 What will be outputs of a half adder when both inputs are 15?

Q.4 Sum S for a half adder is given by S =(C +Xy) where carry C=xy. I
this statement true?
Q.5 Write the outputs p and q of the following circuit

Inputs
Outputs

T

e




Q.6 Identify the IC which is used for logic function AND.

Q.7 Whatis full form of ALU ?

Q.8 Is full adder combinational circuit ?

Q.9 Whatis the order of typical supply voltage that is applied to IC ?
Q.10 Full adder has outputsum S=x®y®z.

Then prove that XOYy®z=XYZ+XYyZ+XYyz+Xyz

10.15Answers to Viva Questions

Ans.T: Carry bit cannot be added form previous stage.
Ans.3: Sum equals 0 with a carry of 1
Ans.4: Yes,

S=xy+Xy=xXy X ¥
=xy(X+7) =xy(x+y)=x®y
Ansb: p=x®y =Xy

Ans.6: IC 7408
Ans.7: Arithmetic logic Unit

Ans.8: Yes ,because combinational circuit produces the same output irrespective

of the order of inputs.
Ans.9: About 5 volt

References and Suggested Readings

1. M. Morris Mano, Digital design (Fourth edition 2008), Pearson Education
2. M. Morris Mano, Digital logic and Computer Design (2002) Prentice - Hall

India

3. Malvino and Brown, Digital computer Electronics (Third edition 2001), Tata

McGraw Hill

4. Albert Paul Malvino,Donald P. Leach,Goutam Saha, Digital Principles and

Applications (Eighth Edition 2014), McGraw Hill Education.
5. http://ammini.edu.in/content.aspx?pageid=362
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UNIT-11

Decoder, Multiplexer and Demultiplexer

Structure of the Unit

111 Aim

112 Apparatus

11.3  Diagram

114 Theory and Description

11.5
11.6

11.7

11.8

11.9

11.10
11.11
11.12
11.13
11.14
11.15

11.4.1 Theory For Decoder

11.4.2  Theory for Multiplexer and Demultiplexer
11.4.3  Circuit Description for Multiplexer and Demultiplexer
Self Learning Exercise-|

Procedure

11.6.1 For Decoder

11.6.2 For Multiplexer and Demultiplexer
Observation

11.7.1  For Decoder

11.7.2  For Multiplexer

11.7.3  For Demultiplexer

Result

Discussion

Precautions and Sources of Error

Self Learning Exercise -II

Glossary

Answers to Self Learning Exercises

Viva Questions

Answers to Viva Questions
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References and Suggested Readings
11.1 Aim

To study (a) The operation of decoder using IC 74138,
(b) The operation of multiplexer and demultiplexer.

11.2 Apparatus

Decoder 74138 Trainer kit (for decoder operation), Multiplexer and demultiplexer
trainer kit (for their operation), Adapter (+5V / 350mA), Set of Patch Cords.

11.3 Diagram

I'r Y

DECODER OUT ey

Q0 GND

15
14
13
12
10

9

7

IC 74138
DECODERIC
13
(Y
7805

"

4% INa00T

+5/ #— 16
L

n
o
= = ©@ f:}—“
2 ST =
s <l o] ¢ © 3 —
[ ]

1N} =
= = = = =]
1N} @ o
) - — @
2 — O —
| - ~ CET b2
= e
S| - a2 2a=]| - o @ - s
=T w &

o =

) I—ll =

ce
L A

Figure 11.1: Circuit Diagram of Decoder.
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Figure 11.2: Circuit Diagram of Multiplexer and Demultiplexer.
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11.4 Theory and Description

11.4.1 Theory for Decoder

The process of converting binary number into its corresponding decimal number is
called decoder; i. e. decoder can identify or recognize a particular code. A variety
of decoder circuits can be designed for specific purposes, e.g. (i) Decoder can be
used to indicate the number of input variables that are true or false, (ii) Decoder

can be used to indicate majority or minority variables states,(iii) Decoders can be
used as code convertors.

A binary code of n bits is capable of representing up to 2" distinct elements of
coded information. A decoder is a combinational circuit that converts binary
information from n input lines to a maximum of 2" unique output lines. If the n-bit
coded information has unused combinations, the decoder may have fewer than 2"n
outputs.

A group of bits among which the legal combinations of values are only those
with a single high '1' bit and all the others low '0". A similar implementation in
which all bits are 1" except one '0' is sometimes called one-cold. A simple decoder
circuit is a binary to one-hot or one-cold converter. One-to-four-line demultiplexer
when E is taken as a data input line and A and B are taken as the selection inputs.

The single input variable E has a path to all four outputs, but the input information
is directed to only one of the output lines, as specified by the binary combination
of the two selection lines

The 74138 is a high speed 1 of 8 Decoder. This device is ideally suited for high
speed bipolar memory chip select address decoding. The multiple input enables
Parallel expansion to a 1 of 24 decoder using three 74138 devices or to a 1 of 32
decoder using four 74138 devices and demultiplexer. Demultiplexer outputs are
indicated by the LEDS. By synchronizing the Multiplexer address and
demultiplexer address the input Channel on the multiplexer is connected directly to
the corresponding output Channel. A multiplexer or demultiplexer is something
like a 1 pole 8 way Switches.
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Figure 11.3: General Decoder Diagram.

A, 1 ) —x=adua

Decoding logic for producing a HIGH
owtput when 1011 is on the inputs

Figure 11.4: Decoder for Binary pattern 1001.
11.4.2 Theory for Multiplexer and Demultiplexer

To send multiple Data streams from one place to other, multiplexing of signals
process is used. Multiplexing is the process of sending of number of separate
signals over the same channel, simultaneously without interference between them.

The basic idea of multiplexing is to transmit two or more analog messages or
digital signals concurrently over a single communication channel, thus sharing
what might be an expensive resource. As an example in the telephone industry, a
number of phone calls can be carried on a single wire. Another example is a home
stereo system remote control that allows one to select between a CD player, a DVD
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player, or cable TV. Sound systems having digital output can carry several
channels over a single fiber optic cable. In electronics, a multiplexer, or MUX for
short, is a device that performs this multiplexing function— forwarding the
selected input into a single channel. In this lesson we will study digital
multiplexing in which the number of inputs is a power of two (2, 4, 8, 16, ...)and
there is one output. We will see how to select one of the inputs and send it down
the single output channel.

A multiplexer has 2™ data inputs, n control inputs,1 output. A multiplexer routes
(or connects) the selected data input to the output. The value of the control inputs
determines the data input that is selected.

Demultiplexer is always found in 1 of 2 and 1 of 4 line demultiplexer, 1 of 8
Decoder from demultiplexer. A demupltiplexer is a circuit that gives the binary
information from one end to another as an output at a unique channel (one-line or
multiple one) according to a unique combination of the channel selector inputs at
an input at one-line.

11.4.2.1 Circuit Description for Multiplexer and Demultiplexer

The 74151 is a High Speed 8 Input Digital Multiplexer. It provides in one package,
the ability to select one line of data from up to eight sources. 8 logic input switches
are provided on the Trainer to Set either zero or 1 level on the corresponding input
channel. At any time, which input is selected in the output depends upon the output
of address generator output at that instant. The 74161 / 74163 are high speed
Synchronous Modulo -16 Binary Counters. They are Synchronously Resettable for
application in Programmable dividers and have two types of Count Enable inputs
plus Terminal Count Output for versatility in forming synchronous multistage
counters. 3 output bits are used as address inputs to the 8 - to - 1 Line Multiplexer
74151,

The 74138 is a high speed 1 of 8 Demultiplexer. This device is ideally suited for
high speed bipolar memory chip select address decoding. The multiple input
enables Parallel expansion to a 1 - of - 24 decoder using three 74138 devices or to
a 1 - of -32 decoder using four 74138 devices and demultiplexer. Demultiplexer
outputs are indicated by the LEDS. By synchronizing the Multiplexer address and
demultiplexer address the input Channel on the multiplexer is connected directly to
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the corresponding output Channel. A multiplexer or demultiplexer is something
like a 1 pole 8 way Switches.

11.5 Self Learning Exercise-I

Q.1 Give the brief description of Decoder.
Q.2 Give the simple theory of Multiplexer.

11.6 Procedure

11.6.1 For Decoder

1. First of all connect the adopter to the circuit and switch on the trainer.

2. Then connect patch chord at the line between Bounce less pulser and CP of
address generator (IC 74163).

3. Connect the address outputs Q,, @, and Q,t0 Inputs of Ay, A4, and A, Of
Decoder (IC 74138).

4. Now we change the output of address generator from 000 to 111 in a definite
sequence. By pressing the push button switch from Bounce less pulsar switch.
Observe the status on address LEDS 4,, A4, and A,.

Now we will select data in switch to ‘1’ position.

Suppose if the output of the address generator is 000, now channel ‘0" of
Decoder (IC74138) is activated. This can be observed by LED indicators of
decoder output.

7. By the changing the address generator output and observes output of decoder
respectively.

8. Now we will verify the table which indicates for each address location, which
output is activated and also indicates how the state of decoder output
changes.(In Observation)

11.6.2 For Multiplexer

1. First of all connect the adapter and Switch on the trainer.

2. Now we set all input switches of IC 74151 multiplexer in ‘0" position.
3. Here the clock is internally connected to the address generator.
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4. The output of the address generator changes from 000 to 111 in definite
sequence by pressing the push button switch and then observes the status on
Address LEDs 4, , 4, and 4,.

5. Now we consider that if the output of the address generator is 000, channel 0
of IC 74151(Multiplexer) is activated. This can be observed by LED
indication at the output of IC 74151,

6. Now if we change the status on Channel 1 that will change the output status of
the multiplexer output. In this position, all other channels are inactive. Change
the input status of other channels which are not reflected in the output.

6. The same action will occur for different address settings.

. S0, change the address to corresponding to Channel 4 (100). Observe that
whatever input (1 or 0) in Channel 4 is reflected at the output. Any data (1 or
0) at all other channels are ignored.

8. Now we will verify the table which indicates for each address location, which
output is activated and also indicates how the state of decoder output changes.
(In Observation)

11.6.3 For Demultiplexer

1. First of all we connect A, to A, A4 104, andA, toA, and thenA,must be
low through ground.
Connect multiplexer output to input of demultiplexer.

Now verify the table which indicated for each address which channel is
activated and how the state of channel changes. (In Observation)

11.7 Observation

11.7.1 For Decoder
ADDRESS CHANNEL SELECTED
A, Ay A DECODER O/P
0 0 0 0
0 0 1 1
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0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
11.7.2 For Multiplexer
ADDRESS SELECTED CHANNEL SELECTED
A, Aq A PARALLEL DATA INPUT
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
11.7.3 For Demultiplexer
ADDRESS SELECTED CHANNEL SELECTED
Aq A PARALLEL DATA OUT
0 0 0
0 1 1
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1 0 2
1 1 3
11.8 Result

Result is given on the basis of verification of truth tables.

11.10 Precautions and Sources of Errors

(1)  The IC should be inserted and taken out carefully from the circuit because
its legs are very weak and break quickly.

(2)  The input should be connecting in correct place otherwise the circuit will
not give us output.

(3) It should be remembered that the longer leg of the LED is the anode or
positive and should be connected to the terminal 3 and the shorter leg or the
cathode should be connected to the ground.

(4)  Care should be taken to connect the circuit because it is so typical to
connect.

(5)  Circuit should checked by the teacher before connecting the adapter with
circuit.
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11.11 Self Learning Exercise -I1

Q.1 Give some uses of Decoder.
Q.2 Give the brief theory of Demultiplexer.

11.12 Glossary

Decoder: A process which converting binary form into its corresponding decimal
number is known as Decoder.

Multiplexer: It is used to select one out of many input data lines and to transmit
data on the selected line.

Demultiplexer : These have dual role. They may be used to activate one of the2™

outputs by state of the n — bit control signal at the input.
IC: It means integrated circuit which is made on a small chip having all
components such as resistance, capacitor, junction diode etc.

11.13 Answers to Self Learning Exercises

Answers to Self Learning Exercise-1

Ans.1: As well as numbers are conveyed by means of binary levels or pulse trains
in digital systems. As an example, 4-bits of a character are reserved to convey
instructions in order to cater to 16 different instructions. With the information
coded in binary form with a multi-position switch operated in accordance with
this code, a particular line is excited to each of the 16 codes. This process, of
identifying a particular code, is known as decoding.

If decoding is needed only during certain intervals of time, an additional input,
called a strobe, is added to each NAND gate, with all the strobe inputs connected
together, and excited by a binary signal S. In this case the strobe input can be
used along with a decoder having any number of inputs or outcrops.

Ans.2:A multiplexer is a device which would select one output of N input data
sources and transmit the selected data a single information channel.

The conversion of a demultiplexer into a multiplexer by(i) adding a NAND
gate whose inputs comprise all N outputs and(ii) augmenting each NAND gate
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with an individual data input. The logic system for 4-to-1-line data selector
multiplexer, is shown in below given figure 1.

Figure: 4 to 1 line Multiplexer.

Here, the same decoding configuration is used in the multiplexer, is used in
the multiplexer. Now, if the select code is 01 thenX; would be appearing at the
outputY; but, if the address is 11, then Y would be X5, etc. As long as the

system stays enabled (S = 0). Multiplexers are also available for choosing 1
of 8 or 1 of 16 data sources; the latter comprises a 24-pin IC, 16-data inputs, a 4-
bit select code, a strobe input, one output and a power-supply lead, extended
from the four 4-input AND gates to the sixteen 6-input AND circuits. Selection
of 1 out of 32 information sources would be possible by interconnecting two 16-
data input multiplexers.

Answers to Self Learning Exercise-1|
Ans.1: There are some uses of Decoder which is given as:
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(1)Decoder can be used to indicate the number of input variables that are true or
false.

(2) Decoders can be used to indicate majority or minority variable states.
(3) Decoders can be used as code convertors.

Ans.2: In a demultiplexer, a binary signal is transmitted on one of the N lines, the
particular line being selected by means of an address. Conversion of a decoder
into a demultiplexer can be made by suitable connections. If the data signal is
applied at S, the output would be the complement of this signal and would
appear only in the addressed line, since the output is 0 if all inputs are 1.

Figure: Conversion of Decoder into a demultiplexer.

The system can be cascaded with that indicated in above Figure, so as to apply
an enabling signal of a demultiplexer. With both the data and enable inputs being
0, the data will appear on the line with the desired code. On the other hand, if the
enable input is 1, the data would be inhibited from appearing on any line, so that
all inputs would remain at 1.

11.14 Viva Questions

Q.1 WhatisIC?

Q.2 What component use in an IC as a capacitor ?

Q.3 WhatisRC?

Q.4 InanIC, what will you measure in output ?

Q.5 Whatare electrolytes ?

Q.6 What is the topic about LED at which scientists awarded from Nobel prize?
Q.7 WhatisLED?

Q.8  What is Decoder ?
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Q.9 Give the disadvantages of IC ?

Q.10 Give the reason for the emitting of light from diode ?
Q.11 How can you increase the emitting light ?

Q.12 What is the output voltage of an inverting amplifier ?
Q.13 What is the output voltage of a non-inverting voltage ?
Q.14 What is the input offset current ?

11.15 Answers to Viva Questions

Ans.1: It is a small integrated circuit which make on a chip where all components
of circuit are present.

Ans.2: When depletion layer is form in a p-n diode present on chip then the
boundaries of layers is used as a capacitor.

Ans.3: A RC is circuit made by the coupling of resistance and capacitance by
which we find a fine amplify voltage. The coupling of capacitor is known as
cascade and i.e. it is known as RC coupled amplifier.

Ans.4: Inan IC circuit, we measure the power as an output at different resistance.

Ans.5: Those substances which on dissolving in a solvent convert into ions are
known as electrolytes.

Ans.6: When LED discovered it emits blue light. After some time by invention
Scientists are invented that it emits white light having much luminescence
by mixing of Gallium Nitride in Gallium Phosphate solution.

Ans.7: It is a light emitting diode which having much of luminescence. When we
connect a p-n junction diode in a forward bias, we get LED.

Ans.8: A process which converting binary form into its corresponding decimal
number is known as Decoder.

Ans.9: The main disadvantage of IC is that it destroys easily because of only one
component. If any one component is going to be destroying, the whole IC is
destroying.

Ans.10: LED emits light in the form of energy. Here energy produces by the
recombination of the charge carriers.
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Ans.11: We can increase the amount of light emitting by the increase in the
forward current.

Amount of Light < Forward current.
Ans.12: The output voltage of an inverting amplifier is given below:
R
%:—éw

Here negative sign represents the18o® phase shift which occurs between the

input and output.
Ans.13: The output-inverting amplifier is

= (1+ %),

Ans.14:The input offset current is the difference between the two input currents

driven from a common source. The input offset current for IC741 is 20nA.

References and Suggested Readings
1. AText Book of Physics Practical by R. Glazebrook

2. B.Sc. Practical Physics by C. L. Arora,
3. Practical Physics by G. L. Squires.
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12.1 Aim
To study the digital timing circuit with the use of IC 555.

12.2 Apparatus
An IC (555) which is used, resistance, power supply, capacitance and input source
and connection wires.

12.3 Diagram
| \ / |
qxw& \ g Ve
b“f]f]”‘ 2 4 Mddmae.
Aeset 4 5| Cemhel \)@U'Oﬂﬂ\_

Figure 12.1: pin connection of 555 Timer.
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Figure 12.2: Free running Multivibrator.
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Figure 12.3: Monostable Multivibrator.
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Figure 12.4: For Long duration Timer.

12.4 Formula

There are mainly three types of use of IC 555 timer which is:
As free running multivibrator:

Then frequency is defined by the formula which is;
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144
(R, + 2R,)C

As Monostable multivibrator:
The delay of monostable is given by expression

T =11R,C
As a long duration timer:

The time delay generated by circuit is given by the expression
T=11RC

12.5 Theory and Description

The IC 555 timer is used in three ways which is of following type:

1. Afree running multivibrator
2. A monostable multivibrator
3. Along duration timer

IC timer 555 is a very accurate reliable ad simple device which may be used in
a variety of applications like precision timing, pulse generation, sequential timing,
time delay generation pulse width modulation, pulse position modulation and
linear ramp generation. Some of the features which make this device very useful

are timing from u sec through hours, output and supply TTL compatible and
temperature stability better than 0.00590 per©°C. The Pin diagram of 555
timer is given in fig. 12.1.

Internally the timer 555 timer consists of two comparators one flip flop and on
output stage. All the timings are however set by external resistances and
capacitances. Besides these a control voltage applied at pin 5 may also vary the
timing of resulting waveform.

12.5.1 Operation As A Free Running Multivibrator:

The circuit diagram for IC 555 for a free running operation is as shown in fig.
12.2. Referring to the layout of the experimental set up (fig 12.2), the following
connection are required to be made:
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1. Connect power supply by joining 2to 4 & 110 3.

2. Connect Ry, R,, and C in seris arrangement and then connect to 4.
3. Join7to8

. Connect CRO to 6 &4.

5. All accept wire are in ground mode.

~

The frequency of oscillation is a function of R, R, and C is given by:
_ 1.44
F =R+ 2r)C
|t may further be seen that frequency of oscillation can be varied by adjusting
the potentiometer, for using this feature also join 13 & 14

12.5.2 Operation as A Monostable Multivibrator:
Figure 12.3 shows the schematic diagram for monostable operation using 555.
Here an external trigger source is required. This is however, built in present

experiment set up referring to lay out diagram in fig. 12.1. The following
connections should be made.

1. Connect power supply by joining 1 to 3 and 2 to 4.
2. Connect R, (between 9 and 10), R, (between 1 and 12 and 8 to 11), and

C, and C, as indicate in the figure 12.3 .
3. Now connect CRO to 6 &4 and by the two voltage overlapping we find the
pattern in CRO.

The delay of monostable is given by the expression,
T=11R,C

12.5.3 Operation as A Long Duration Timer:

The basic circuit for this case is shown in figure 12.4. Following connections are
necessary in this circuit or lay out diagram of experiment set up as shown in figure
12.1.

1. Connect power supply by joining 1 to 3 and 2 to 4.
2. Connect R, (between 9 and 10), R,  (between 10" and 11),
and C; and C, (between 11 and 12 and between 4 and 13 respectively).
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3. Connect 7 to 8 for manual triggering.
4. Connect 6 to 5 for LED indication.

The time delay generated by circuit is given by the expression:
T=11RC
Where R and C are the total of resistance and capacitor.

12.6 Self Learning Exercise -

Q.1  Give the theory of Operational amplifier
Q.2 Give the working procedure of the Astable multivibratior.

12.7 Procedure

12.7.1 Study of a Free Running Multivibrator

For the study of the free running multivibrator, we follow the below given
points:

(i) Make the connections as explained in theory, set R, = 10 kQ, R, =
4.7 kQ,C = 0.047 uF \voltage control potentiometer should be minimum.

(ii) See the waveform on a CRO and measure its frequency.

(iii) Compare the experimentally obtained frequency with the theoretical results
computed from values of R, R, and C.

(iv)Change the values of R, Ryand set R, = 4.7 kQ, R, = 10 kQ.
(v) Repeat (ii) and (iii).

(vi) For the setting as in(iv), measure the frequency for different values of
voltage control potentiometer setting and note down the voltage in each value.

(vii) Plot a graph between the voltage and frequency obtained in(vi). Comment
on linearity of this plot.

12.7.2 Study of Monostable Multivibrator

(i) Make the connections as explained in theory, set R, = 4.7 kQQ, C =
0.047 uF.
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(ii) See the waveform on a CRO, complete the pulse width of this waveform and
compare with theoretically obtained results.

(iii) Vary the trigger frequency control potentiometer and observe the waveform

on CRO.

12.7.3 Study of a Long Duration Timer

(i) Make the connections as explained in theory, setR; = 4.7 MQ,C =

10 uF.

(ii) Momentarily press the ‘Manual Control’ and observe that the LED indicator
glows for a fixed period.

(iii) Measure this period with a stop watch and compare with theoretical result.
(iv) Repeatabove R, = 1 MQ,C = 10 uF.

A A

12.8 ébservétion

12.8.1 For Astable Multivibrator

S. R, | R, | C |Amplitudes Pulse |Time | Time
No. width | period | period
observed | theoretical
12.8.2 For Monostable Multivibrator
S.NO. |R C Amplitude | Pulse Time Time
width period period
observed | theoretical
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12.9 Calculation

12.10 Result

Observed time period:

Theoretical time period:
Percentage Error:

Experimental value — Standard value
Yoerror = x 100

standard value

12.12 Precautions and Sources of Errors

1. The output of power supply should not exceed 9V.

2. In case of monostable frequency of oscillator should not be change it should
have fixed value.

3. It should be observed that theoretical value and experimental value should be
almost same.
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12.13 Self Learning Exercise -I1

Q.1 Give the Characteristics of an ideal OP-Amp.
Q.2 Give the working procedure of Monostable multivibrator.

12.14 Glossary

CMRR: The ability of an OP-AMP to reject a common mode signal is expressed

by its common mode rejection ratio. It is the ratio of differential voltage gain to the
common-mode voltage gain.

Output offset voltage: It is the d. c. voltage appearing at the output terminal
when the two input terminals are grounded.

Input offset current: The input offset current is the difference between the two
input currents driven from a common source.

Multivibrator: An electronic circuit that generates square waves is known as a
multivibrator.

12.15 Answers to Self Learning Exercises

Answers to Self Learning Exercise-1

Ans.1: An important setup is the introduction of operational amplifiers better
known as OP-Amp which is the fundamental building block. It is high gain direct
amplifier whose response characteristics are extremely controlled by negative
feedback. It is used for accomplishing many linear as well as nonlinear functions
and that is why it is called operational amplifier.

The use of diodes, transistors, tubes, etc. in various electronic devices has been
made quite efficiently. In spite of their efficient use, the circuits using these
devices have become quite cumbersome and costly. With the introduction of space
technology and computers the need for miniaturization has been strongly felt.
These days it has been possible to have a package of large number of transistors,
diodes, resistors etc. on a very small chip. For this a monolithic integrated circuitry
has been introduced with which a complete circuit without the use of external
connecting wires can be manufactured on a silicon chip. In addition to reduction in
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size and weight, it has been possible to have high accuracy and reduction in cost
price also.

The basic use of the operational amplifier is Differential Amplifier.

Differential Amplifier:
It is a basic unit of operational amplifier having differential input. In a broad way it
amplifies the difference of two input signals. If the two input signals are v, and
v, respectively then an ideal differential amplifier will give an output voltage
Vo = Ag(v1 — v7)

where A, is the gain of the amplifier.

The efficiency of a differential amplifier is measured by the ratio of A, and
A_. This ratio is called common mode rejection ratio (CMRR).
We can write as

voltagegainfordif ferencesignal

CMRR = , .
voltagegainforcommonmodesignal
_ |Aa
P = A,

In Decibel we can written as

Aqg

il

An OP-Amp is a high gain, direct coupled differential linear amplifier whose
response characteristics are externally controlled by negative feedback. It is widely
used in Computers, can perform mathematical operations such as summing,
integration, and differentiation. Its input impedance is very high and output
impedance is extremely low and its gain depends on the feedback ratio only.
Ans.2: For the working of astable multivibrator we make following connections
and follow the method:

(1) Connect T, to T3&T5 to T,. This connects V.. to astable multivibrator
check the supply voltage by a multimeter. It should be nearly 9V. Keep band
switch in anyone position and note the value of capacitor associated.

CMRR (p) = 20 logy, [
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(2) Connect a CRO across T, &T. A waveform similar to V,, V. infigure will
be seen on CRO screen. Trace this waveform.

(3) Measure the time period and amplitude of this waveform with the help of
CRO scales.

(4) Connect the CRO across Ts&T, and again trace the waveform seen at the
base terminal. Measure its amplitude on CRO screen. Compare its shape with those
given figure.

(5) Repeat steps 2, 3 and 4 for other two positions of the band switch i.e. for the
other capacitor value.

(6) Next connect CRO across T; s & T . Measures the time-period of T of this
input waveform from CRO scale.

(7) Trace the waveform available at terminal T;5. Compare these waveform to
those in figure.

(8) Repeat steps 5,6, 7 for all the three settings of the bandwidth in astable
multivibrator.

+V

Y

Figure: Astable Multivibrator
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Answers to Self Learning Exercise-1|

Ans.1: The characteristics of an ideal OP-Amp is given below:
1. Infinite Voltage Gain,

2. Infinite Bandwidth,

3. Infinite Input Impedance,

4. Zero Output Impedance,

5. Perfectly Balanced Circuit,

6. Perfectly Stable Circuit.

Symbolically it has three leads other than power supply and ground leads as
shown in given figurel. Terminal leads 1 and 2 function as two input ports and
terminal 3 acts as output.

Infinite input impedance means that none of the input terminals draw any

current i.e. I; = I, = 0. Zero output impedance means that any amount of
current can be drawn without disturbing input voltage.

Terminal 1 is labelled (-)ve and terminal 2 is labelled as (+)ive. It means that

if a signal is applied at terminal 1, it will be inverted at output i.c., appear as 180°
out of phase with respect to input whereas if a signal is applied at terminal 2, it will
not be inverted at output. On account of this function terminal 1 is

called InvertingTerminal and terminal 2 is called Non —
Inverting Terminal. Its symbol is shown in below given figure 2.
|ts equivalent circuit is shown in figure 1.

Figure : OP — Amp (a) SymbolOP — Amp
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Figure : (b) (c) (i) (ii) Equivalent circuit
The magnitude of the output signal at terminal 3 is proportional to the

difference of the two-input signals which is also called error voltage applied
between terminals 1 and 2 respectively.

vy X (v; — V)
vy = A(v; — v,) = A(v;)wherev; = (v; — v,)
Here constant ‘A’ is called the voltage gain of the OP-Amp and v; =
(v, — v,) iscalled the error voltage.

Now another figure of OP-Amp is given below (fig 1 d) which is known as
Block Diagram. The input stage is a differential amplifier followed by more stages
of gain and a class B pushpull Emitter Follower because a differential amplifier is
the first stage.
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Figure 1 (d) Block diagram

Figure 1 (e) Equivalent Circuit

|t determines the input characteristics of the OP-Amp. In most OP-Amps the
output is single ended as shown in figure 1(e). With positive and negative supplies,
the single ended output is designed to have a quiescent value of zero. This way a
Zero input results into a zero output.

Ans.2: This generates voltage pulses and extended waveforms but require one
driving pulse for generation of each cycle of waveform. First of all connect set up
to a.c. mains and then connect the power supply terminals to the univibrator and
free running multivibrator circuits with proper polarities.

Now measure the dc voltage with the help of a multimeter at the collector of both

the transistor in monostable circuit, it will almost be equal tol/... Record these
voltages in the observation table. Connection the output | of free running
multivibrator to the input of univibrator (for this we connect ground terminal of
free running to the ground terminal of univibrator). For the wave form of apply
signal connect an oscilloscope at univibrator output.
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12.16 Viva Questions

Q.1 Whatis Chip?

Q.2 What is a photo mask ?

Q.3 On which factor, multivibrator depends ?

Q.4 What is astable multivibrator ?

Q.5 What is a monostable multivibrator ?

Q.6 What is bistable multivibrator ?

Q.7 How many stages are present in multivibrator ?

Q.8 What is the output voltage of an inverting amplifier ?
Q.9 Whatis the output voltage of a non-inverting voltage ?
Q.10 What is differentiating Circuit ?

Q.11 What is integrating circuit ?

Q.12 What is clipping circuit ?

Q.13 What are the threshold and control voltages in a 555 timer ?

12.17 Answers to Viva Questions

Ans.1: Several hundred 1dentical ICs are made at a time on a thin water several
hundred centimeters wide, and the wafer is subsequently sliced into
individual ICs called chips. The terms chip, silicon chip, microchip and IC
are synonymous.

Ans.2: A photo mask is the actual size of the chip, replicated many types to fit on a
round silicon wafer up to 12 inch in diameter.

Ans.3: A multivibrator is a switching circuit which depends for operation on
positive feedback.

Ans.4: A multivibrator which generates square wave of its own without any
external triggering pulse is known as an astable or free running
multivibrator.

Ans.5: A multivibrator in which one transistor is always conducting and the other
is non-conducting is called a monostable multivibrator.
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Ans.6: A multivibrator which has both states stable is called a bistable
multivibrator.
Ans.7: It is basically a two stage amplifier with output of one feedback to the input
of the other.
Ans.8:The output voltage of an inverting amplifier is given below:
R
f
Vo =——=V,.
0 Rl l
Here negative sign represents the 180" phase shift which occurs between
the input and output.

Ans.9: The output-inverting amplifier is

Ry
VO = (1 + R_) Vi'

i
Ans.10:A circuit in which output voltage is directly proportional to the derivative
of the input is known as a differentiating circuit.

d
Output < T (Input)

Ans.11: A circuit in which output voltage is directly proportional to the integral of
the input is known as an integrating circuit.

Output < J Input

Ans.12: The circuit with which the waveform is shaped by removing a portion of
the applied wave is known as a clipping circuit.

Ans.13: In a 555 timer, the non-inverting input of the upper op amp is called the
threshold voltage whereas its inverting input is the control voltage. The
former must be greater than the latter to set the RS flip-flop.

References and Suggested Readings
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13.1 Aim

To design and implement of;
1. 2-bit magnitude comparator using logic gates
2. 8-bit magnitude comparator using IC 7485.

13.2 Apparatus

Logic gates, TTL IC 7485 2-bit comparator, NPN transistor, volt-ohm-
milliammeter, LED, Resistor 150 ohm, 470 ohm, 1 k ohm.

13.3 Diagram

Figure 13.1: Basic Block Diagram of n-Bit Magnitude Comparator.
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Figure 13.2: Logic gate diagram of 2-bit magnitude comparator.
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Figure 13.3: Design of 8-hit magnitude com'parator using 1C 7485.
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13.4 Formula mJ
3

\We Choose Tor the comparator i design AND, NAND and OR gate, SO We USe
Boolean equation of the all the three gate which are:

Y = A.B for AND gate

Y = AB for NAND gate

Y =A+B for OR gate.

13.5 Theory and Description

13.5.1 Theory for 2-Bit Comparator

Comparison is most basic arithmetic operation that determines if one number is
greater than, equal to, or less than the other number. Comparator is most
fundamental component that performs comparison operation. This brief present
comparison between different logic styles used to design 2-Bit magnitude
comparator. Comparison between different designs is calculated by simulation that
is performed at 90nm technology.

The circuit, for comparing two n-Bit numbers, has 2n inputs & 2" entries in
the truth table, for 2-Bit numbers, 4-inputs & 16-rows in the truth table, similarly,
for 3-Bit numbers 6-inputs & 64-rows in the truth table. The logic style used in
logic gates basically influences the speed, size, power dissipation, and the wiring
complexity of a circuit. Circuit size depends on the number of transistors and their
sizes and on the wiring complexity. The wiring complexity is determined by the
number of connections and their lengths. All these characteristics may vary
considerably from one logic style to another and thus proper choice of logic style is
very important for circuit performance. In order to differentiate all four designs,
simulations are carried out for power, Delay, Power Delay Product at varying
supply voltages from 0.6v to 1.4v in step of 0.2v. Simulations are performed at
90nm technology in Tanner EDA Tool.

13.5.2 Theory for 8-Bit Comparator

These advanced Schottky devices are capable of performing high-speed
arithmetic or logic comparisons on two 8-bit binary or two’s complement words.
Two fully decoded decisions about words P and Q are externally available at two
outputs. These devices are fully expandable to any number of bits without external
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gates. To compare words of longer lengths, the P > QOUT and P < QOUT outputs
of a stage handling less significant bits can be connected to the P > QIN and P <
QIN inputs of the next stage handling more significant bits. The cascading paths
are implemented with only a two-gate-level delay to reduce overall comparison
times for long words. Two alternative methods of cascading are shown in
application information.

The latch is transparent when P latch-enable (PLE) input is high; the P-input
port is latched when PLE is low. This provides the designer with temporary storage
for the P-data word. The enable circuitry is implemented with minimal delay times
to enhance performance when cascaded for longer words. The PLE, P, and Q data
inputs utilize pnp input transistors to reduce the low-level current input
requirement to typically -0.25 mA, which minimizes dc loading effects.

13.6 Self Learning Exercise-I

Q.1 What are logic gates ?
Q.2 What are Decoder ?
Q.3 What are Encoders and Decoders ?

13.7 Procedure

13.7.1 For 2-Bit Magnitude Comparator

For the procedure of the 2-hit magnitude comparator, we should follow the
below given process:

1. Using figure 13.2 first we should complete NAND gate and then after getting
the output we send it into NAND gate, then we should get an final output which
IS gives us A>B.

2. And after that process we form a combination of OR gate and then it connect to
AND qgate. It should be noted that this combination is also connect with the
above logic gate, then we should get a final value which is A=B.

3. Now at last we form a combination should be form same to the first
combination and it should be noted that this is also connect with the above two
combination and then we should get a final value which is A<B.
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13.7.2: For 8-Bit Magnitude Comparator:
VHDL program for an 8-hit comparator with IF_THEN_ELSE statement.

VHDL Design Part:
The entity section declares A and B as 8-bit vector. Three separate outputs are

declared:
A<B = alessthanb:;
A =B = aequalb;
A > B = agreater thanb.

l l e “Process” the following siatements
PROVESS (a h) - e e a ot _._._.ui

| o | | maors.

PP o LLFaVau U
DL ™ = WUl

result < = "000"

l Yy ¥ r

[ ENDIF

agh < = result (2)
I |

| aeb <=result(l) |

| alb<=result (0) |
¥

| END PROCESS |

Go to according the above given flowchart, we can form the 8-bit magnitude
comparator.
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13.8 Observation

13.8.1 Table for the 2-bit magnitude comparator:

2-Bit  Magnitude Comparator Compares two numbers each having two
bits 4, 4, and B, B,. For this arrangement truth table should have 4 inputs & 16
entries:

INPUT OUTPUT
A, | 4, | B, | B, |[A>B |AB [A<B

13.8.2 Table for the 8-bit magnitude comparator:

Table is same as the table of the 2-hit magnitude comparator but only difference
is that there is only change in the component of the applying signals:

INPUT OUTPUT
A | A, B, B, |A>B |A-B |A<B
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13.9 Calculation

A>B.=AB,’ +AB,A’B, +AB,’AB,
=AB,+AB, (A, B, +AB,)
=AB/+tAB, X.

A=B:=A’A/B,/B, +A’AB, B, +AA,’B,B,+AAB,B,
= (A)By+AB) (Ag'By +ABy)
= XX,

A<B:=A/B,+A,B,A,'B,'+A,’B,AB,
=A/Bi+Ay'By(A B, +AB))
=A’BtA,/B, X..

13.10 Result




13.12 Precautions and Sources of Errors

T TTShouTd be noted that every Boolean equation 1S VEriied.

2. Every connection should be checked by teacher.
3. Every reading is taken by very precise manner.

4,

|t should be clear between the forward bias and the reverse bias.

5. Connection of gates should be make vary precisely because it is so sensitive.

13.13 Self Learning Exercise-I1

01

Q.2
Q.3
Q4

Explain about setup time and hold time, what will happen If there IS setup
time and hold tine violation, how to overcome this?

Difference between one hot and binary encoding?

What is a p-n junction diode? State and explain some of its applications.

Identify each of these logic gates by name, and complete their respective
truth tables
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Q.5 Give the Properties of the Digital electronics.

13.14 Glossary

Bit: A binary digit is known as bit.

Logic Gates: Logic gates are the basic elements that make up a digital system. The
electronic gate is a circuit that is able to operate on a number of binary inputs in order to
perform a particular logical function,

Digital Circuit: Digital circuits are electronics that handle digital signals — discrete

bands of analog levels - rather than by continuous ranges as used in analog
electronics.

IC: Integrated Circuits

13.15 Answer to Self Learning Exercises

Answer to Self Learning Exercise-|

Ans.1: Logic gates (or simply gates) are the fundamental building blocks of digital
circuitry. As their name implies, they function by "opening” or "closing” to admit
or reject the flow of digital information. Gates implement electronically simple
logical operations on Boolean (Bool’s algebra) variables, i.e. variables that can
have only one of two states (0/1, low/high, false/true). From an electrical point of
view and for the TTL (transistor-transistor-logic) family of digital electronics, any
voltage in the range 0-0.7 V and in the range 2,5-5 V, represent logic states 0 and
1, respectively. In the following figure the accepted electronic symbols for
different gates are shown, along with their corresponding "truth tables" and their
symbolic logical expressions. All variables (X, A, B, ...) are Booleans.
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The most typical logical operations are implemented by AND and OR gates.
The logical expression for the AND operation is “if A is true AND B is true then X
is true”, and for the OR operation is “if A is true OR B is true then X is true”. The
inverted logic AND and OR gates are commonly known as NAND (Not AND) and
NOR (Not OR) gates. A XOR (Exclusive-OR) gate implements the logical
expression “if A is different than B then X is true”, hence sometimes this gate is
called “inequality comparator”.

The buffer and the inverter are not gates but their use is closely associated with
them. A buffer doesn’t change the logic state of its input. It is only occasionally
used for increasing the fan-out, i.e. the capability of the output of one gate to drive
a number of other gates. The inverter is much more important and it is used for
inverting a logic state, i.e. for performing the logical operation of negation (NOT).
The logical expressions for a buffer and an inverter are “X is A” and “X is NOT
A’ respectively. AND, OR, NAND and NOR gates can have more than 2 inputs.
In this case their truth tables are extended to all inputs combinations and their
corresponding expressions as well. For example, the logical expression for a 4-
input AND s “if A is true AND B is true AND C is true AND D s true then X is
true”. The corresponding expression for a 3-input NOR gate is “if A is true OR B
is true OR C is true then X is false”

Ans.2: Decoders are circuits with two or more inputs and one or more outputs,
resulting by combining various types of gates. Their basic function is to accept a
binary word (code) as an input and create a different binary word as an output. A
typical decoder is the so-called full adder (3 inputs-2 outputs) implementing the
addition of two one-digit numbers (A, B;) taking into consideration the status of
any previous carry (Cy,), resulting into the sum (S;), and generating a new carry
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(C.). The addition of two 1-digits numbers and the corresponding truth table of full
adder are shown below:

U, U1, 1, 2 BiiCial Si: O
0" 1 0 1 A Hi U UoiofuiL
oo 1 ol a0 . a - :iofl1:c
00 ©1 01 1 'R R
! . : Fll 4 - iolol

e 1k

EES G g 17 i11:1

N full adders can be cascaded to form a unit for the addition of two N-digits
binary numbers. Decoders with any type of truth table can be constructed by using
simple or complicated combinations of gates. Implementation of Bool’s algebra
rules generally simplifies the overall design. Simple and useful decoders are the so-
called “2-to-4” and “3-to-8” decoders.

Ans.3: Encoders are logic circuits which change a set of signals into a code using
certain logic. It has a set of input signals of which only one line is active at a
certain instant of time.

Decoders are logic circuits which accept a set of inputs that represent a binary
number and activate only the output that corresponds to the input number. It
produces only one output as high for an input set.

Encoding and Decoding is done for the safe transmission of data. Now a days,
data is encrypted using 128-bit encryption. It may have 2 to the power of 128
possible combinations. This is widely regarded as immune to brutal force attacks
from hackers simply because it would take too long to crack.

Answer to Self Learning Exercise-I1

Ans.1: For Synchronous flip-flops, we have special requirements for the inputs
with respect to clock signal input there are Setup Time: Minimum time Period
during which data must be stable before the clock makes a valid transition. E.g. for
a positive edge triggered flip-flop having a setup time of 2ns so input data should
be Stable for 2ns hefore the clock makes a valid transaction from zero to one.
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Hold Time: Minimum time period during which data must be stable after the clock
has made a valid transition. E.g. for a posedge triggered flip-flop, with a hold time
of 1 ns. Input Data (i.e. R and S in the case of RS flip-flop) should be stable for at
least 1 ns after clock has made transition from 0 to 1 Hold time is the amount of
time after the clock edge that same input signal has to be held before changing it to
make sure it is sensed properly at the clock edge. Whenever there are setup and
hold time violations in any flip-flop, it enters a state where its output is
unpredictable: this state is known as metastable state (quasi stable state); at the end
of metastable state, the flip-flop settles down to either ‘1’ or ‘0’. This whole
process is known as metastability.

Ans.2: Common classifications used to describe the state encoding of an FSM are
Binary (or highly encoded) and One hot. A binary-encoded FSM design only
requires as many flip-flops as are needed to uniquely encode the number of states
in the state machine. The actual number of flip-flops required is equal to the ceiling
of the log-base-2 of the number of states in the FSM.A one hot FSM design
requires a flip-flop for each state in the design and only one flip-flop (the flip-flop
representing the current or “hot” state) is set at a time in a one hot FSM design. For
a state machine with 9- 16 states, a binary FSM only requires 4 flip-flops while a
one hot FSM requires a flip-flop for each state in the design FPGA vendors
frequently recommend using a one hot state encoding style because flip-flops are
plentiful in an FPGA and the combinational logic required to implement a one hot
FSM design is typically smaller than most binary encoding styles.

Since FPGA performance is typically related to the combinational logic size of
the FPGA design, one hot FSMs typically run faster than a binary encoded FSM
with larger combinational logic blocks.

Ans.3: A p-n junction is a metallurgical junction formed at the boundary between a
p-type and n-type semiconductor created in a single crystal of semiconductor by
doping. It acts as a diode as is a two-terminal electronic component with
asymmetric transfer characteristics. The following are some of its applications:-

Rectifiers: A rectifier is an electrical device that converts alternating current (AC),
which periodically reverses direction, to direct current (DC), which flows in only
one direction.
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The types of rectifiers are-
I. Half wave rectifier- Uses one p-n junction,
ii. Full wave rectifier- Uses two p-n junction.

Signal diodes: These diodes are used in circuits that mix signals together (mixers),
detect the presence of a signal (detector), and act as a switch “to open or close a
circuit”.

Tunnel diodes: Very high frequency applications using the tunnel diode are
possible because the tunnelling action occurs so rapidly that there is no transit time
effect and therefore no signal distortion. Tunnel diodes are also used extensively in
high-speed switching circuits because of the speed of the tunnelling action.

Zener diodes: It is very highly doped acts as a voltage regulator and operates under
reverse bias in the breakdown region.

Ans.4: Answer is given by the figure:
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Ans.5: An advantage of digital circuits when compared to analog circuits is that
signals represented digitally can be transmitted without degradation due to noise.”
For example, a continuous audio signal transmitted as a sequence of 1s and 0s, can
be reconstructed without error, provided the noise picked up in transmission is not
enough to prevent identification of the 1s and 0s. An hour of music can be stored
on a compact disc using about 6 billion binary digits.

In a digital system, a more precise representation of a signal can be obtained
by using more binary digits to represent it. While this requires more digital circuits
to process the signals, each digit is handled by the same kind of hardware, resulting
in an easily scalable system. In an analog system, additional resolution requires
fundamental improvements in the linearity and noise characteristics of each step of
the signal chain.

Computer-controlled digital systems can be controlled by software, allowing
new functions to be added without changing hardware. Often this can be done
outside of the factory by updating the product's software. So, the product's design
errors can be corrected after the product is in a customer's hands.

Information storage can be easier in digital systems than in analog ones. The
noise-immunity of digital systems permits data to be stored and retrieved without
degradation. In an analog system, noise from aging and wear degrade the
information stored. In a digital system, as long as the total noise is below a certain
level, the information can be recovered perfectly.

Even when more significant noise is present, the use of redundancy permits
the recovery of the original data provided too many errors do not occur.

In some cases, digital circuits use more energy than analog circuits to
accomplish the same tasks, thus producing more heat which increases the
complexity of the circuits such as the inclusion of heat sinks. In portable or battery-
powered systems this can limit use of digital systems.

For example, battery-powered cellular telephones often use a low-power analog
front-end to amplify and tune in the radio signals from the base station. However, a
base station has grid power and can use power-hungry, but very flexible software
radios. Such base stations can be easily reprogrammed to process the signals used
in new cellular standards.
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Digital circuits are sometimes more expensive, especially in small quantities.

Most useful digital systems must translate from continuous analog signals to
discrete digital signals. This causes quantization errors. Quantization error can be
reduced if the system stores enough digital data to represent the signal to the
desired degree of fidelity. The Nyquist-Shannon sampling theorem provides an
important guideline as to how much digital data is needed to accurately portray a
given analog signal.

In some systems, if a single piece of digital data is lost or misinterpreted, the
meaning of large blocks of related data can completely change. Because of the cliff
effect, it can be difficult for users to tell if a particular system is right on the edge
of failure, or if it can tolerate much more noise hefore failing.

Digital fragility can be reduced by designing a digital system for
robustness. For example, a parity bit or other error management method can be
inserted into the signal path. These schemes help the system detect errors, and then
either correct the errors, or at least ask for a new copy of the data. In a state-
machine, the state transition logic can be designed to catch unused states and
trigger a reset sequence or other error recovery routine.

Digital memory and transmission systems can use techniques such as error
detection and correction to use additional data to correct any errors in transmission
and storage.

On the other hand, some techniques used in digital systems make those
systems more vulnerable to single-bit errors. These techniques are acceptable when
the underlying bits are reliable enough that such errors are highly unlikely.

A single-bit error in audio data stored directly as linear pulse code
modulation (such as on a CD-ROM) causes, at worst, a single click. Instead, many
people use audio compression to save storage space and download time, even
though a single-bit error may corrupt the entire song.

%13.16 Viva Questions

.1 State some of applications of buffer?
Q.2 Define Digital Systems.
Q.3 What is meant by hit?
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Q.4 What s the best example of digital system?
Q.5 Define Radix.

Q.6 Define Nibble and Byte.

Q.7  List the number systems?

Q.8  Define binary logic.

Q.9 Whatare Logic gates?

Q.10 What are the basic digital logic gates?

13.17 Answers to Viva Questions
Ans.T: (a) They are used to Introduce small delays.

b) They are used to eliminate cross talk caused due to inter electrode
capacitance due to close routing.
¢) They are used to support high fan-out,
Ans.2: A system which processing discrete or digital signal is called as Digital
System.
Ans.3: A binary digit is called bit.
Ans.4: Digital computer is the best example of a digital system.
Ans.5: It specifies the number of symbols used for corresponding number system. .
Ans.6: i). In binary number a group of four bits.
if). A group of 8 bits are called Byte.
Ans.7: i) Decimal Number system
i) Binary Number system
iii) Octal Number system
Iv) Hexadecimal Number system
Ans.8: Binary logic consists of hinary variables and logical operations. The variables are
designated by the alphabets such as A, B, C, x, Y, z, etc., with each variable

having only two distinct values: 1 and 0. There are three basic logic
operations: AND, OR, and NOT,

Ans.9: Logic gates are the basic elements that make up a digital system. The
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electronic gate isacircuit that is able to operate on a number of binary inputs in order to
perform a particular logical function,

Ans.10: The three basic logic gates are:
1.AND gate 2.ORgate 3. NOT gate.

References and Suggested Readings

T Tokjeim R.L; Digital Principles; McGraw Hill Book.
2. TTL Logic Data Book.

3. Digital Technology by Nashelsky L.

4. Digital Circuits and Systems by Douglas V. Hall.
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UNIT-14
Colpitt Oscillator
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141 Aim

142 Apparatus
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14.1 Aim

To study the characteristics of the Colpitt’s Oscillator.

14.2 Apparatus

CRO, VTVM, an A. C. milli or microvoltmeter, a transistor,Resistance.
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14.3 Diagram

|
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Figure 14.2: Common collector colpit oscillator
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figure 14.3: Commom base.

14.4 Formula

We know that for the oscillator, we have a Barkausean condition, which is

Z+—2 =0

1+ au

Here
Z is the impedance of coupling output network,

R, anode slope resistance and
p amplification factor of the valve and

« is the feedback factor i.e.
_ feedback voltage

a
output voltage
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14.5 Theory and Description

It is basically a CE amplifier with a feedback path through C,. It is similar to
Hartley oscillator except that it employees tapped capacitor C, and C, in place of
tapped inductor. The two capacitors C, and C, in series from the voltage divider.
The voltage developed across C, serves as feedback voltage. The feedback factor
(feedback fraction) m is given by C,/C,

At lower frequencies the output voltage V, is 180° out of phase with the input, but
at higher frequencies a phase shift takes place at the LC-network and at a certain
higher frequency V, is in phase with the input. This in-phase output voltage V, is
fed back to the input through C... The R.F. Choke prevents the R.F. currents from
flowing to the battery. The resistance R, and R, are for maintaining the bias.

The output voltage of the oscillator is sinusoidal because the resonant tank
circuit offers high impedance only to the component of current with fundamental
frequency.

The frequency of oscillation is given by,
F= 1/2nV(LC)
Where, C=C,C,/(C,+C))

As the source of D.C. supply is switched on, there is a sudden rise in collector
current which initiates oscillations in the tank circuit. These oscillations are
sustained by the positive feedback and the amplifying action of the transistor. The
output may be taken by inductive coupling to L.

14.6 Self Learning Exercise -
Q.1 Defermine the
(i) Operating frequency and
(if) Feedback fraction for Colpitt’s oscillator having
C, =0.001 and C, =0.01and L =15 uH
Q.2 InaColpitt oscillator
C; =30pF and C, = 60pFand L =10 uH,
Find the operating frequency of the oscillator.
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14.7 Procedure |
. el an oSCiiator and note a.c. operating conartons. AISO note conaitions o

sustained oscillations and expected frequency range.

2. Inorder to measure the output voltage, either use a calibrated CRO or calibrate
its y-direction in terms of known a.c. voltage and plot a calibration curve for a
definite gain of Y-amplifier provided CRO. However, voltage output of audio
frequency oscillations is of the order of volts while that of radio frequency
oscillations is usually quite low of order milli or micro volt. Hence the
sensitivity of CRO is also to be kept in mind before using it.

3. Alternately low voltage output of oscillator may be connected at the input of
FET and the output current may be measured by a sensitive ©A having a bridge

rectifier, say made by point contact rectifiers. If the wA has been precalibrated
in terms of known input, the unknown input voltage may be found. Measure the
Y trace length on scope screen and reduce it to volts.

4. In order to find the power output of oscillator, directly measure its value with
the help of calibrated output meter. The open circuit output current of the
oscillator may also be measured by connecting a suitable ammeter with a bridge

rectifier. Similarly, V may be measured and power P = VI and Z = V/I
may be computed.

5. Inorder to determine the internal impedance of the oscillator, first measure its
open circuit output voltage, say V, by CRO. Next connect a known non
inductive variable resistance at its output and also connect the measuring
voltage instrument CRO across it. Adjust resistance so that the reading becomes

half of the open circuit value, say 1V/2. Read the resistance R, this is equal to
the internal impedance of the oscillator.

6. In order to note the wave shape, frequency and voltage amplitude of the wave of
the oscillator, connect its output at y-deflection of CRO and give it a suitable
gain. Work the internal time base which gives X-deflection. Adjust time base
frequency and gain so that one complete wave is displayed on screen. Read the
time base frequency, this is equal to the frequency of the unknown wave.
Measure peak to peak voltage corresponding to this wave and note it. Trace the
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wave on graph paper. If the number of waves on screen are an integer, say n,
where n=2, 3, 4, 5... Then unknown frequency is the product of time base

frequency and n.

1.

Repeat experiment for different oscillator frequencies and plot the variations

graphically. The dial attached with the gang capacitor of the resonant circuit is
calibrated in terms of frequency.

L14.8 Observation
Table 1: Circuit parameters for optimum operating conditions.
Valve specifications Load | Gain | Feedback | Coupling and frequency control
Ry | A | factora
Valve | Ry |1 | gm | KQ
hm L|L | M Range | R C
uH uH | =VIT | FC | ko | pF
uH pF
Table 2: Experimentally observed values.
S. Output values Peak to | Frequency | Wave
No.. peak of wave shape
Voltage | Cyrrent 7 | Power Impedance | voltage
Volt Amp. Watt KQ Volt Hz
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14.9 Calculations

Calculation is based on the formula which is given by

Z+ =
1+ au
14.10 Result
Percentage Error:
Experimental value — Standard value
Yerror = x 100

standard value

14.11 Discussion

14.12 Precautions and Sources of Error

1. It should be noted that the output and the input should be in same phase.
2. Circuit should be checked first checked by teacher.
3. All the connections should be well connected.

14.13 Self Learning Exercise -I1

Q.1 Give the Limitations of LC and RC Oscillators.
Q.2 What are transistors? Give the theory of Field effect transistor.
Q.3 Give the theory of one Power supply filter.
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14.14 Glossary

Impedance: In LCR circuit the ratio of total voltage with the total current, is
known as Impedance.

Inductance: The property of an electric conductor or circuit that causes an
electromotive force to be generated by a change in the current flowing.
Capacitance: The ability of a system to store an electric charge.

Resistance: A measure of the degree to which conductor opposes an electric
current through that conductor.

Feedback Circuit: The feedback circuit supplies a part of collector energy to the
tank circuit in correct phase to aid the oscillations i.e. it provides positive feedback.
Frequency of oscillations: The frequency of oscillations in the tank circuit is

determined by the constants of the circuit L and C. The actual frequency of
oscillations is the resonant frequency of the tank circuit given hy:

1
fr = 21\VLC

14.15 Answers to Self Learning Exercises

Answers to Self Learning Exercise-1
Ans.1:(i) operating Frequncy:
The operating frequency of the circuit is always equal to the resonant frequency of

the feedback network. As noted previously, the capacitors C; and C, are in
series

_ (C;¢; 0.001x0.01
Cr = C,+C, 0.001+0.01
=909 x 10712 F
Operating frequency is given by

f:

= 0.09 x 10~4uF

1 1
21 /LC; 2mV15x 909 x 1018
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f=1361kHz
(ii) Feedback fraction:
_C; 0001
my, — C_z - W =0.1
Answer 2: operating Frequncy: The operating frequency of the circuit is
always equal to the resonant frequency of the feedback network.

The capacitors C; and C, are in series
_ (CiC; 30x60
- C,+C, 30+60
Operating frequency is given by
1 1
f 2mVLC  2mV10 % 20 x 10718
f=11.25 MHz
Answers to Self Learning Exercise-1|

Ans.1: The LC and RC oscillators discussed so far have their own limitations. The

major problem in such circuits is that their operating frequency does not remain
strictly constant. There are two principal reasons for it

=20 x 107 1%F

(i) As the circuit operates, it will warm up. Consequently, the values of resistors
and inductors, which are the frequency determining factors in these circuits, will
change with temperature. This causes the change in frequency of the oscillator.

(ii) If any component in the feedback network is changed, it will shift the
operating frequency of the oscillator.

However, in many applications, it is desirable and necessary to maintain the
frequency constant with extreme low tolerances. For example, the frequency
tolerance for broadcasting station should not exceed 0.002% i.e. change in
frequency due to any reason should not be more than 0.002% of the specified
frequency. The broadcasting stations have frequencies which are quite close to
each other. In fact, the frequency difference between two broadcasting stations is
less than 1%. It is apparent that if we employ LC and RC circuits, a change of
temperature may cause the frequencies of adjacent broadcasting stations to overlap.
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Ans.2: Transistor is a semiconductor device consisting of two p — n junctions
placed back to back, one under a forward bias and the other under a reverse bias. A
forward-hiased p — njunction offers a low resistance, while a reverse-biased one
offers high resistance. Therefore, a small signal applied across the forward-biased
junction would appear with a much higher voltage across the reverse-biased
junction. The device can thus act as an amplifier.

Transistor classified in two types:

(1) Unipolar transistor,
(2) Bipolar transistor.

A unipolar transistor is a device in which the current flows due to the majority
carriers.

A bipolar transistor is a device in which both majority and minority carriers play
significant roles.

Field Effect Transistor: A filed effect transistor is a semiconductor electronic
device in which the current is controlled by the variation of an electric field and is

carried by majority carriers only. The FET is an unipolar device because current is
flow from only one type of carrier.

There are two types of FET: (1) Junction field-effect transistor (JFET), (2)
Metal-oxide-semiconductor field-effect transistor (MOSFET).

There are two type of classes of JFET
: n —channel JFET and

p —channel JFET.

An n-channel JFET consists of lightly doped n-type semiconductor bar, with
heavily-doped p-type regions diffused on both sides (fig.1 a). These regions are
internally connected and are called ‘Gate” G. The n-type region between the two
gate-regions is called the ‘channel’. Terminals are attached through ohmic contacts
to both the ends of the channel. One of them is called the ‘Source” S and the other
is called the ‘Drain’ D. During operation, majority carriers enter the channel
through the source S and leave it through the drain D. The current is controlled by

the gate which is always reverse — biased and hence draws very small
current.
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The Fig. 1(b) shows the symbol of the n-channel JFET. The arrow at the gate
terminal points in the direction in which the conventional current would flow if the
gate junction were forward-biased.

0
I/onmc CONTACT 0
o

*— n-TYPE BAR

— {)

_ s
SYMBOL OF
n-CHANNEL JFET
S

®)

6 O——y—~4P

n-CHANNEL
-

Figure 1(a) ,(b)

The p-channel JFET is similar in construction except that it uses a p-type
semiconductor bar with n-type regions diffused on hoth sides Fig. 2(a).

D

. 0
p-TYPEBAR 1?
g
G Qr—rg——yh % G
- 8
SYMBOL OF
l p-CHANNEL JFET
s
Figure 2(a),(b)
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In this case, the majority charge carriers which flow through the p-channel are
“holes”. The symbol of p-channel JFET is shown in figure 2(b), the arrow points
out, like that in an n-p-n transistor.

Ans.3: Filter circuits are employed to reduce the rectifier output ripple. This is

achieved by either by passing the ac output components around the load by a shunt
capacitance, or limiting their magnitude to a low value in the load by a series
inductance or a combination of these two for more efficient circuits.

The circuit arrangement of the capacitor filter is shown in below given
figure 1(a). The capacitance is so chosen that X, << R, and alternating
currents find a low-reactance shunt in C.

Only a small alternating current component passes in C. Only a small alternating

current component passes in R, producing a small ripple voltage. The capacitor
alters the conditions under which the diode operates.

ly
T
vle | tle
ILnput v C == R
Figure 1(a)

When the diode output voltage is increasing, the capacitor stores energy, by

charging to the peak to the input cycle as shown in Figure 1(b). With falling
source-voltage, the diode disconnects the source from the load at the instant when
the source voltage starts to fall faster than the capacitor voltage can fall, as
determined by the time constant of C and the load. The capacitor continues to
maintain the load voltage at a higher value and lower ripple than if the capacitor
were not present. The diode delivers a charging pulse of current in each cycle and
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then disconnects source from the load. The circuit is excited by repeated current
transients as shown in figure 1(c).

ol

Figure 1(b)
X _
»
A A
e' 92 “-’-r---
Figure 1(c)

Similarly we can define for full-wave circuit, whose circuit is given below in

figure 2.
o 'C‘B%
Input % : l" - T i

Figure 2(a)
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(b)

wt

Figure 2(c)

14.16 Viva Questions
Q. What is rectification?
Q.2 What is rectifier?
Q.3 What is tank circuit?
Q.4 What is audio frequency generator?
Q.5 Define Dissipation factor.
Q.6 Define quality factor.

Q.7 What should be the minimum voltage gain in a phase shift oscillator so as to
maintain oscillations?
Q.8  What are Filter circuits?

Q.9  What are Power amplifiers?
Q.10 What is feedback?
14.17 Answers to Viva Questions

Ans.1: A process by which the alternating current Is changes Into direct current
known as Rectification.
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Ans.2: An electronic circuit in which input is alternating current and output is
direct current.

Ans.3: An electronic circuit which produces electrical oscillations of any desired
frequency is known as an oscillatory circuit or tank circuit.

Ans.4: An electronic device which supplies the frequency ranging from 20 Hz to
20 kHz.

Ans.5: It is the reciprocal of the ‘Quality’Q, i.e. the dissipation factor is the ratio
of the resistance to reactance. Hence

D =

| =

1

Q
Here X is the reactance.

Ans.6: The quality factor is a dimensionless parameter that describes how under
damped an oscillator or resonators is and it is also defines as well as a
resonator’s bandwidth relative to higher frequency of resonator.

For the loss of low energy, we have the quality factor large.
X
Q= R

Ans.7: The minimum voltage gain in a phase shift oscillator be 29 so that the
condition SA = 1 is satisfied and self-sustained oscillations start.

Ans.8: A filter circuit is a device which removes the a.c. component of rectifier
output but allows the d.c. component to reach the load.

Ans.9: A transistor amplifier which raises the power level of the signals that have
audio frequency range is known as transistor audio power amplifier.

Ans.10: The process of injecting a fraction of output energy of some device back
to the input is known as feedback.
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UNIT-15
Applications of Operational Amplifier

Structure of the Unit
15.1 Aim

15.2 Apparatus
15.3 Diagram
15.4 Formula

15.5 Theory and Description

15.6 Self Learning Exercise-|

15.7 Procedure

15.8 Observation

15.9 Calculations

1510  Result

15.11  Discussion

15.12  Precautions and Sources of Error

15.13  Self Learning Exercise-II

15.14  Glossary

15.15  Answers to Self Learning Exercises

15.16  Viva Questions

15.17  Answers to Viva Questions
References and Suggested Readings

15.1Aim

(I) To study the inverting, non inverting, addition, Integration and differentiation
properties of an OP-amp.

(if) To study the operational amplifier in (a) Inverting mode, (b) non inverting
mode (c) addition, (d) Integration and (e) Differentiation amplifier.
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15.2 Apparatus

Operational amplifier (741 or 741C), audio frequency oscillator, oscilloscope, DC
voltage supply, non sinusoidal (alternating) input signal, CRO, VTVM, different
resistances and cords for connection etc.

15.3 Diagram
(A)  Inverting Amplifier

I, R,
AN
+VCC
Iin Rih I 1
< IE 741
2 4
'Vcc
Ein EO
O

Fig. 15.1: Inverting Amplifier
(b)  Non-Inverting amplifier:-

RI'
]
+VCC
Iin Fein I 1 i
S IE 741
2
O 'Vcc
E R, E,

Fig. 15.2: Inverting Amplifier

252




(c)  Addition:-

Em@i/\/\/\/\/\/\/—ml

R

Em3<}—/\/\/\/\/\/\/ Rm3

RO
o *+Vee
S 741

1.

|

Fig. 15.3: Operational Amplifier As An Adder.

(d)  Differentiation:-

1002

Input wave form

10K

10K

+Vee

cC

Output wave
Form

Fig. 15.4: OP-amp Differentiation
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(e)  Integration:-

10002 (ﬁ“f
11 o
Input wave _/\/\_
form
E, output  Eo
10ke2 wave
MWWy form

Fig. 15.5: OP-amp Integrator

L:SA Formula
.

e voltage gain of Inverting OP-amp is

Eo _ Rf
AVO ) Ein - Rin (1)
The voltage gain of Non-inverting is

Eo _ Rf
AV, == =1t 2)

in n

The output voltage is equal to the sum of the individual input voltages; this
process is called scaling of variables.

E, =—&[Em+Em2+ ....... +Ein]
IfR. =R,
Eo = [Einl + Ein2 T + Einn] (3)

15.5 Theory And Description

Operational amplifier (in brief Op. Amp.) is a direct coupled amplifier whose gain
is very high (A=75000). This amplifier can be used to solve many linear and non
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linear mathematical equations. Operational amplifier can also be used to perform
mathematical operations like summation, subtraction, differentiation, integration
etc. It is also used extensively in design of many electronic circuits e.g. voltage
regulation phase change, wave generation, time base circuits and filter circuits and
therefore, it is called operational amplifier. Its actual circuit configuration is very
complex, it consists of many electronic devices and elements but because of
integrated chip circuit e.g. 1.C. 741 operational amplifiers are available in very
small size. Only several terminals are accessible through which connections are
made for application circuits. These terminals called pins are identified through
numbers say 1 to 8 and in manufacturers manual it is specified that which pin
connects the outside circuit at which point (Se Fig. 15.6) e.g., pin 2 is inverting
terminal. The connections are made through the connecting leads. 1.C. Operational
amplifier is easily available, versatile and cheap.

Operational amplifier consists of two input terminals and one output terminal. This
amplifier amplifies the difference of voltages (V, = V, - V,) between input
terminals. In Fig. 15.7 block diagram of operational amplifier circuit is shown.,

Two inputs 1 and 2 are represented by - or +, which does not represent the negative
or positive signals but these are representing the inverting (-) and non-inverting (+)
terminals, respectively. Meaning of Negative sign at terminal is that the output
would be with opposite polarity as compared to the polarity of input signal. For
this input, the phase change produce by the Op. Amp is 180°. So this terminal or
end is known as inverting input terminal. Positive sign at the terminal 2 indicates
that the polarity of signal voltage at input does not change at output terminal i.e.
input voltage at terminal 2 and output voltage at 0 are in same phase. Therefore,
terminal 2 is known as non-inverting input terminal.

-VCC

Non Inverting 4

Inverting (2

Offset
Null

Fig. 15.6 View of base plane of Op- Amp.
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The value of output voltage V, at terminal 1 and 2 is directly proportional to
difference of input voltage (V,-V,) i.e.

Vo (V- V))
or Vo=Ag (Vi-Vy) (1)
Proportionality constant A, is known as voltage gain of operational amplifier for

difference signal input. For an ideal operational amplifier this gain is infinity for all
signal frequencies.

In fig. 15.6 the pin diagram of operational amplifier is shown. According to this
pin 2 and 3 are inverting and non-inverting inputs, respectively. Pin 4 and 7 are for
supply voltage. Pin 6 is for output and pin 1 and 5 are for offset adjustments.
Generally, pin 1, 5 and 8 are not used. Position of pin 1 is represented by specific
mark like dot, Notch etc.

o - Y=A

' 2 RL§ E0

Fig. 15.7: Block Diagram Of Operational Amplifier
(1-inverting terminal, 2 - Non- inverting terminals)
Operational amplifier is a high gain amplifier. The general use of this in its ideal
condition is because of following characteristics -
1 Infinite voltage gain
2 Infinite band width
3. Infinite input impedance
4. Zero output impedance
5 Complete balance (atV, =V,, V,=0)
6. Stability in characteristics with change in temperature and voltage.
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Practical operational amplifier is not an ideal one but the behavior is very close to
above mentioned characteristics.

Operational amplifier has many applications but here we are studying the
characteristics of an Operational amplifier in (a) Inverting mode (b) Non-inverting
mode and their applications as (a) adder amplifier, (b) Integration and (c)
differentiation.

(a)  Characteristics of Operational amplifier in Inverting mode operation:-

A basic inverting operational amplifier circuit is shown in Fig. 15.1 R, is input
resistance and R is feedback resistance. Non inverting terminal is grounded. The
input signal (here d. c.) is applied at inverting terminal through a resistor R, Ry
connected across the inverting terminal and output provides the feedback.

Since the terminal 1 is virtual ground, the current I, flowing through the resistance
R, will be-

E =IR, 0)

n n n

Besides this, because of infinite input impedance, the value of | becomes zero,
applying Kirchhoff’s Current Law (KCL) at node A, we get

l-+1., +1,=0 (- 15=0)
le=-1, ®)

The equivalent circuit of Operational amplifier is shown in Fig. (15.1). It is quite
obvious from fig. (15.1), that

E, =R =-1;,R; (4)
From eqn. (2) and (4) we get the gain of Operational amplifier in inverting mode
A, 8S.

o A, - :0 — FF:f (5)

So the voltage gain (A,;,) of inverting amplifier depends upon ratio of feedback
resistance R;and input resistance R;,. It does not depend upon the open loop gain
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(A) of the amplifier. Negative sign in eq. (5) represents that output voltage (E,) and
input voltage (E;,) are in opposite phase.
(b)  Non Inverting amplifier:

A basic non-inverting operational amplifier circuit is shown in Fig. (15.2). in this
circuit feed-back resistance R; is connected at inverting input (-) like inverting
amplifier. From this terminal 1, R, is connected with ground. Input signal E;, is
connected with non-inverting input (+).

Some part of the output voltage (E,) is applied at the negative terminals of
input ends with the help of voltage divider. As input current is not flowing at the
input ends and because Eq = 0, applying KCL at terminal 1.

E,-E, E

T 6
R.
E = n_E
or in Rin N Ef 0
_ EO _ Rf
or Avninv - E. =1+ R. (7)

So, voltage gain of non-inverting amplifier is positive i. . output voltage and input
signal are in same phase. Clearly, without change in phase, sufficient gain can be
obtained by this. Here, voltage gain depends only upon the ratio of R, and R;.

(c)  Summing Amplifier or Adder Amplifier:

Operational amplifier can be used for the addition of input signals. An adder
amplifier circuit is shown in Fig. 15.3.

When more than one input signals are taken at the inverting input end then addition
of all input signals are obtained in opposite phase at the output end. This is also
same like inverting amplifier but here more than one input signals are applied at
the inverting input end.

At the junction point S of inverting end, total addition of current is zero.

E
0 _
L.+, +l.+..+In +—=0
f
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or inl + in2 + Ein3 +. 4+ Einn —___0
inl Rin2 Rin3 R, Rif

or EO:[Einl[:f ]+Emz[;f ]+Em3[:f ]+ ..... ] (8)

I.e., the value of output voltage is algebraic sum of input voltages, along with
measured weight coefficient by Ry, Fig. (15.3) shows circuit for use of operational
amplifier as an adder.

i Ri, =Ry =Ry, =..=R, =R,

EO:—|:E.1+E-2+R-3+ ..... +Einn] 9)
From eq. (8) and (9) it is quite clear that op. amp can be used as both simple adder
and proportionate adder.
(d)  Differentiator:
A differentiator in an Op-amp is a circuit that performs the output wave form
which is derivative of input wave form.

In this circuit a capacitor is connected to the inverting terminal of Op-amp.
Negative feedback is provides with the resistance R;when the input voltage varies
as the capacitor charges or discharges, because of virtual ground capacitor passes
through the feedback resistor.

By Kirchhoff’s current law equation's becomes
=1+ g

=1 (-~ 1g=0)
V, -V,

d
C,—(V, -V,)=
1dt( in 2) .

But Ais very large then V, = V,=0

d -V
C,—(V. )=—>2
Hence 1dt( |n) Rf
d
V., =-R,C,—V.
0 f¥1 dt in
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Hence the output voltage is proportional to the differentiation of input voltage.

We have a negative sign which indicates the input is given at the inverting
terminals.

(e) Integrator:
For an integrator OP-amp acts in inverting configuration. An integrator is a circuit

that produces an output voltage wave form is the integration of the input voltage
wave form.

A resistance R, is connected to the inverting terminal of the OP - amp and feed
back is provided by C;capacitor.

By writing Kirchhoff’s current equation at node V, we get
=1+ g
l,=1; (~~ Ais very large then IB~0)

V., -V d
'”R—iZ:Cf a(vz _Vo)

Aisvery large then V, =V, =0

\V/ d
Then = —C, —(-V

1 t
[V, dt+C
R.Ci %

So output is equal to the negative integration of input voltage.
15.6 Self Learning Exercise-1

V, =-

Q.1 Why this circuit is known as operational amplifier?
Q.2 What are main features of operational amplifier circuit?
Q.3 Mention different uses of operational amplifier?

Q.4 If some e.m.f sources are connected in series then voltage between first and

last end will be sum of voltages, then what is the utility of operational
amplifier as an adder?

Q.5 What are the main characteristics of an ideal operational amplifier?
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15.7 Procedure

© OO0 N — O
~

10.
11,

12,

13.

14,

For inverting amplifier:
Connect a circuit of an inverting operational amplifier according to Fig. 15.1.
Fix the theoretical voltage gain of an amplifier by choosing the value of R;
and R,
Apply voltage (E;,) at input ends, order of this should be 200 mV. For every

input voltage (E;;) note down the corresponding value of output voltage (E,)
in table 1.

Calculate the experimental voltage gain by knowing the ratio of E,/E;, and
compare this with theoretical voltage gain.

Display the input and output signals on the screen of CRO and see that input
and output waves are having a phase difference of .

By changing the value of R; repeat steps from 2 to 5.

For Non Inverting Amplifier:

Connect a circuit of non-inverting amplifier according to Fig. 15.2

Fix the theoretical voltage gain by choosing the value of R, and R;,.

By applying the input voltage (E;,) observe the value of corresponding output
voltage (E,).
Calculate the voltage gain by both theoretical and observed values.

Phase relationship (coherence) between output and input can be seen on the
screen of CRO by applying input or output waves at two channels of CRO.

For an addition OP-Amplifier:

Make a circuit of an adder amplifier according to Fig. 15.3 In this circuit
apply two or three different input signals.

At different values of R, R;,, and R,z observe the value of output voltage
(Eo) by VTVM or milli voltmeter,

With the help of eq. 9 calculate the theoretical value of E, and compare it
with observed value.
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(d) Differentiator:

15. Make circuit connections as shown in Fig. 15.4. Give the input from
oscillator as triangular wave may be fed. The output of the differentiator will
be square wave of triangular wave .

(e) Integrator:

16.  Make circuit connections as shown in Fig. 15.5. Give input of 1KHz observe
the output. It will be integration of the input.

15.8 Observation

(@)  Number of used operational amplifier = 741
(b)  Value of used DC bias voltage = .......... Volt.
(@)  Table 1: gain for an Inverting amplifier:-
WhenR;=.... KQ, R, = ....KQ
Then theoretical voltage gain
A- 2; R
S.No. | Input Voltage (E;,) | Output Voltage (E,) | Observed Voltage gain
In volts in volts (EJ/E;)
1
2
3
4
5
6
7
(b)  Table 2: Gain for non inverting amplifier.

WhenR;=.... KQ, R, =...KQ
Then theoretical voltage gain
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S.No. | Input Voltage (E;,) | Output Voltage (E,) | Observed Voltage gain
Volts Volts (EJ/E;)

1

2

3

4

5

6

7

8

9

10

(c)  Table 3: For an adder amplifier

WhenR,=R,=........ KQ,R'=......KQand R,

Then we calculate amplification = R—F T

1

Now voltage gain for adder configuration is unity.
Output voltage will be the sum of two input voltage.

. KCQ.

S.No. | Input Voltage 1 (E;) | Output Voltage 2 (E,) | Observed Voltage
(volts) (volts) (E;=E., + E.)
(Volts)
1
2
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(d)  Differentiator:

Here if we give input wave from in the form of saw-tooth wave then we get
differentiated output wave form in the form of square wave.

IAVAVANESS VIS

(e) Integrator:

Here if we give input pulse wave in the form of square wave then we get
integrated output pulse wave in the form of saw tooth wave.

_ S AvAvAu

15.9 Calculations

For an inverting operational amplifier

Theoretical voltage gain A = - EF T,

Practical voltage gain A = - E TP

n

Average observed voltage gain=- ..............




Percentage error =- ............. %
For non- inverting operational amplifier

Theoretical voltage gain A, =1+ EF CI.

Practical Voltage gain A, = E S e
Average observed voltage gain =+ ....................
Percentage error = ................. %

15.10 Result

1. For inverting and non-inverting amplifier the observed value of voltage gain is
obtained almost equal to theoretical value according to the table 1 and 2.

2. By increasing the value of R; voltage gain of inverting amplifier is varying
from unity to infinity.

3. It is clear from table 3 that the total sum of input signals is equal to output
signal.

4. In this configuration saw tooth wave is differentiated to square wave form,
5. In this configuration square wave is integrated to saw tooth wave form.

15.11 Discussion

15.12 Precautions and Sources of Error

1. Connect the wires carefully and correctly in different configurations.

2. Input and output voltages should be measured properly and least counts should
also be taken in care.
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3. Input voltage supply should be given in limits otherwise OP-amp reaches the
saturation state.

Input offset current is measured with intense care.
Use the CRO very carefully.
Input resistance must be greater and output resistance must be lesser.

15 13 Self Learning Exercise - 1

Q.1  Whatis the formula for Inverting Amplifier?

Q.2 What is the formula for non-inverting Amplifier?

Q.3 Why OP AMP Call direct coupled high differential circuit?

Q.4 Whatis the output Differentiator and Integrator?

Q.5  What are the assumptions made from ideal OP Amp Characteristics?

15.14 Glossary

Amplifier: A device that increases the strength of an electrical signal by drawing
energy from a separate source to that of the signal.

Common Mode Rejection Ratio: The ratio of difference mode gain A, to
common mode gain A is called

CMRR(dB):ZOIog%

Cc

Input Offset Current: Difference between the currents into the two input
terminals.
Differential: The result of Mathematical differentiation.

15.15 Answer To Self Learning Exercises

Answer To Self Learning Exercise - |

Ans.1: Operational amplifier is a direct coupled amplifier whose gain is very high.
This amplifier can be used to solve many linear and non linear mathematical
equations. OP-AMP can also be used to perform mathematical operations like
adder, differentiation, integration etc. It is also used extensively in design of
many electronic circuits, therefore it is called operational amplifier.
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Ans.2: A simple operational amplifier is a direct coupled amplifier whose
characteristics are controlled by feedback.
Ans.3: There are many uses of operational amplifier like-addition. Subtraction,

differentiation, integration, buffer amplifier, impedance matching and
analytical solutions of different mathematical equations, log amplifier.

Ans.4: In first situation sources are effectively not in open circuit but in close
circuit. So the voltage between first and last ends is equal to sum of terminal
voltages of sources. But when operational amplifier will work as an adder then
sources are in open circuit and output voltage is equal to sum of all the input
emfs.

Ans.5: For an ideal operational amplifier R;, = =, R, = 0 voltage amplifier.

A = -= frequency Band width BW= =, halance CMRR =« and no change
on characteristics due to temperature.

Answer To Self Learning Exercise-1
Ans.1: The formula for inverting amplifier in given as - Ry/R;,
Ans.2: The formulas for noninverting amplifier is given as 1+ R/R;,.

Ans.3: OP AMP is called direct coupled because the input of one OP AMP is
inserted into the input of another OPAMP. It is called high gain differential
circuit because the difference of the two inputs is amplified.

Ans.4: It we give the sinusoidal input in differentiator we will get the output of

differentiator as a square output. If we give Sinusoidal input in integrator we
will get the output of integrator as a ramp output.

Ans.5: (i) The current drawn by either of the input terminals (non inverting /
inverting) is negligible.
(if) The potential difference between the inverting and non-inverting input
terminals is zero.

15.16 Viva Questions

Q.1 What are charactertics of ideal OP AMP?
Q.2 What are the main features of IC741?
Q.3 What do you mean by input biased current?
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Q.4 What do you mean by differential input resistance?

Q.5 What do you mean common mode rejection ratio (CMMR)?

Q.6 What do you mean by supply voltage rejection ratio Q (SVRR)?

Q.7 What do you mean by output resistance of an OP-amp?

Q.8 What do you mean by slew rate of an OP - amp?

Q.9 What do you mean by gain band width product of an OP - amp?

Q.10 What do you mean by an open loop configuration f an OP-amp?

Q.11 How many configurations in close loop form op-amp can be used ?

Q.12 What do you mean by voltage follower?

Q.13 What are the areas of application of non-linear Op-amp circuits?

Q.14 What happens when the common terminal of V+ and V- sources is not
grounded?

Q.15 In practical OP-amps, what is the effect of high frequency on its
performance?

Q.16 What is the need for frequency compensation in practical OP-amps?

Q.17 Define slew rate.

Q.18 What is amplifier?

Q.19 What is perfect balance in OP AMP?

Q.20 Which OP AMP don't have feedback loop?

15.17 Answers to Viva Questions

Ans.1: An ideal OP-amp would have the following characteristics:-

(i) Infinite voltage gain (if) Infinite input resistance
(iil) Zero output impedance (iv) Infinite input impedance
(v) Infinite slew rate (vi) Infinite CMRR

Ans.2: The main features of IC741 are
(i) No external frequency compensation required.
(ii) Short circuit protection.
(ii1) Offset null capability.
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(iv) Large common mode and differential voltage range.
(v) Low power consumption.
(vi) No latch up problem.
Ans.3: Input biased circuit is the average of the current that flow into the inverting
and non-inverting input terminals of the OP-amps.
Ans.4. Differential input resistance is the equivalent resistance that can be

measured at either the inverting and non- inverting input terminal with the
other terminal connected to ground.

Ans.5: Common mode rejection ratio defines as it is the ratio of the differential
voltage gain to the common mode gain of an OP-amp.
CMMR = differential gain / common mode gain

Ans.6: The change in an OP-amp input-offset voltage caused by variation in
supply voltage is called supply voltage rejection ratio (SVRR).

Ans.7:The output resistance is the equivalent resistance that can be measured
between the terminal of the OP-amp and ground.

Ans.8: Slew rate is the maximum rate of change of output voltage per unit of time.

Ans.9: The gain band width of an op-amp is the "band width when the voltage gain
IS unity".

Ans.10: The open loop configuration of an OP-amp indicate the No connection,
exist between the output signal is not fed-back in any form into the input.

Ans.11: There are three open-loop op-amp configurations.
(i) Differential amplifier
(if) Inverting amplifier
(iif) Non-inverting amplifier.

Ans.12: The lowest gain that can be obtained from a non-inverting amplifier with

feedback is unity when the non-inverting amplifier is configured for unity, it is
called a voltage followers.

Ans.13: (i) Industrial Instrumentation
(if) Communication
(ii1) Signal processing.
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Ans.14: If the common point of the two supplies is not grounded, twice the supply
voltage will get applied and it may damage the OP-amp.

Ans.15: The open-loop gain of OP-amp decreases at higher frequencies due to the
presence of parasitic capacitance. The closed loop gain increases at higher
frequencies and leads to instability.

Ans.16: Frequency compensation is needed when large bandwidth and lower
closed loop gain is desired Compensating networks are used to control the
phase shift and hence to improve the stability.

Ans.17: The slew rate is defined as the maximum rate of change of output voltage

caused by a step input voltage. An ideal slew rate is infinite which means that
OP-amp's output voltage should change instantaneously in response to input
step voltage.

Ans.18: Amplifier is a device that makes sound louder and signal level greater.
Ans.19: Perfect balance is the characteristics of ideal OP AMP and if there is

some input applied then we will get the output zero. In this condition it is
known as perfect balance.

Ans.20: Comparator OP AMP don't have feedback loop.
References and Suggested Readings
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UNIT-16
Characteristics of Operational Amplifier

Structure of the Unit

16.1  Aim

16.2  Apparatus
16.3  Diagram
16.4  Formula

16.5  Theory and Description

16.6  Self Learning Exercise-|

16.7  Procedure

16.8  Observation

16.9  Calculations

16.10 Result

16.11  Discussion

16.12  Precautions and Source of Error

16.13  Self Learning Exercise-I|

16.14  Glossary

16.15  Answers to Self Learning Exercises

16.16  Viva Questions

16.17  Answers to Viva Questions
References and Suggested Readings

16.1 Aim

(i) To study of characteristics of an operational amplifier.

(if) To measure the input bias current, input offset current input offset voltage,
input and output voltage range, the slew rate and band width of OP amp.
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16.2 Apparatus
Perational ampltier DOX, Battery eliminator, resistance 00X, VOITMETEr, ammeter,

connecting wires etc.

16.3 Diagram
1. Input bias current and Input offset current.
+Vcce
o
eI

YWy
Vo
- AAA :

L
\AAAJ +
220K —f”"’

O
-Vcce

Fig. 16.1: Input bias and input offset current.
2. Input offset voltage

MW I~

YVVy +
100K /

o

-Vce

Fig. 16.2: Input offset voltage
3. Slew rate and band width:-

+Vcc
>
v
IVep
20KHz
(o)
-Vce

Fig. 16.3: Slew rate and band width

T~
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4. Input and output voltage ranges:-

+Vcc

IC741 Vo

-Vcc

Fig. 16.4: Input and output voltage range

5. Input Impedance:

O+Vcc
BN
e
O
Fig. 16.5: Input Impedance
6. Output Impedance:-
o+V(:(:
\: Ror
i +/ KO
O

-Vce

Fig.: 16.6: Output Impedance
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16.4 Formula

i) Inputbias current 1, =l e

(

(i) Input offset currentios =1, - 1|
(i) Input offset voltage V,, =V, / 1000
(iv)  Slewrate SR= av/aT

The maximum frequency at which the OP-amp can be operated without distortion
, SR
is f, =—.
(27Vp)
where SR = slew rate of OP- amp.
V, = Peak voltage of output sine wave.

16.5 Theory and Description

An op-amp 1S a high gain, direct coupled differential Tinear amplifier It response
characteristics are externally controlled by negative feedback from the output to
input, op-amp has very high input impedance, typically a few mega ohms and low
output impedance, less than 10022,

Op-amps can perform mathematical operations like summation integration,
differentiation, logarithm, anti-logarithm, etc., and hence the name operational
amplifier op-amps are also used as video and audio amplifiers, oscillators and so
on, in communication electronics, in instrumentation and control, in medical
electronics, etc.

Circuit symbol and op-amp terminals

The circuit schematic of an op-amp is a triangle as shown below in Fig. 16.7 op-
amp has two input terminal. The minus input, marked (-) is the inverting input. A
signal applied to the minus terminal will be shifted in phase 180° at the output. The
plus input, marked (+) is the non-inverting input. A signal applied to the plus
terminal will appear in the same phase at the output as at the input +V,, denotes
the positive and negative power supplies. Most op-amps operate with a wide range
of supply voltages. A dual power supply of + 15V is quite common in practical op-

amp circuits. The use of the positive and negative supply voltages allows the
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output of the op-amp to swing in both positive and negative directions.

+Vcc

inverting input O 0 offset null

0 output

non-inverting O

(]
input offset null

-Vce

Fig. 16.7 Op-amp circuit symbol
Negative Feedback Control

The basic circuit connection using an op-amp is shown below in fig. 16.8

Rf
AWV

+VCC

R1

UA741

-

Vs
-VCC

Fig. 16.8 Op-arﬁp circuit connection in the inverting mode

An input signal, Vs is applied through resistor R, to the inverting input. The output
is then connected back to the same minus input through resistor R;. The plus input
Is connected to ground since the signal is essentially applied to the minus input the
resulting output is opposite in phase to the input signal Note that the output is
feedback to the minus input terminal (inverting input terminal) in order to provide
negative feedback for the amplifier This circuit arrangement is called inverting
amplifier.

For this amplifier, the output can be defined as

0

The minus sign indicates that the sign of the output is inverted as compared to the
input. The equation for gain of this amplifier is

oan-[ :
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Itis also possible to operate the op-amp is a non-inverting amplifier by applying

the signal to the plus input (non-inverting input terminal), as shown below in
fig. 16.9

R

W\/

+VCC

UA741

-

Vs
-VCC

Fig. 16.9 Op-amp_circuit connection in the non-inverting mode

Note that the feedback network is still connected to the inverting input. For this
amplifier circuit, that output of the amplifier is defined by

V, = [1+%va (3)

L R,
and its gain is Gain=1+—~ (4)
The op-amp transfer characteristics

The transfer characteristics of a typical op-amp are sketched in fig. 16.10 and it
shows three regions of operation, namely the linear region, the negative saturation
region and the positive saturation region.
VO
+VCC fom

+ve saturation

range of input for wWVsatl 7T

linear operation

& linear region

1 (V1-Vv2)

e -Vsat
-ve saturation

= -V/CC

Fig. 16.10 op-amp transfer characteristics
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In the linear region, the output voltage V, is linearly related to the difference in the
input voltage (V,-V,). The supply voltage limits the maximum value of the output
voltage. The OUTPUT voltage is normally 2 to 3 volts lower than the power

supply voltage, i..,[Vo| <[Veo|
aISO, VO = A (Vl - V2) (5)

Therefore [V ~Va)l <Mec ! A (6)
For Vi, = 15V and A = 10°, |V, -V, | <150uV.

Thus, for very high gain op-amps, the input voltages V, and V, are almost equal.
Unequal input voltages characterize the operation in saturation region. If V,>V, by
150, VO will be saturated at a negative voltage - V. Although the op-amp has
distinct non-linear characteristics bias as a linear devices under certain conditions
and the principles of linear circuit theory can be used to design and analyses
op-amp is operated in the linear region. Since the magnitude of the input voltage
for linear operations is quite small, op-amps are seldom used in open-loop
configuration. Feedback from output to inverting (-) terminal tends to extend the
range of input for linear operation.

Here R, is the differential input resistance, A V,, is the Thevenin voltage source
and R, is the Thevenin equivalent output resistance looking back into output
terminals. The output voltage V, is

Vo= AVy=A (V- V) (7)
Where A is the open-loop voltage gain of the op-amp, V, Is the differential input
voltage, and V, and V, are the voltages w.r.t ground potential at the non-inverting
and the inverting input terminals respectively.

Thus the op-amp amplifies the difference between the two input voltages. The
input voltages V, and V, can be either ac or dc voltages.

In the open-loop configuration, no connection exists between the output and input
terminals. When connected in an open-loop configuration, the op-amp works as a
high gain amplifier. Any input signal slightly above zero volts drives the output V,,
to saturation. For this reason, the op-amp is seldom used in open-loop
configuration for linear applications. The property of op-amp output saturating
under open-loop configuration is used in non-linear circuit applications of op-amp
as a voltage comparator.
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Op-amp characteristics

An ideal op-amp draws no current from the source and its response is also
independent of temperature. However, a real op-amp does not work this way.
Current is taken from the source into op-amp inputs. Also the two inputs respond
differently to current and voltage due to mismatch in transistors. A real op-amp
also shifts its operation with temperature. These non-ideal characteristics are:

1. Input bias current

2. Input offset current

3. Input offset voltage

4. Slew rate

5. Input and output voltage range

6. Input Impedance

7. Output Impedance

Input bias current

The op-amp's input is a differential amplifier, which may be made of BJT or FET.
In either case the input transistors must be biased into this linear region by
supplying currents into the bases. In an ideal op-amp, no current is drawn from the
input terminals. However, practically, input terminals conduct a small value of dc
current to bias the input transistors when base currents flow through external
resistances, they produce a small differential input voltage or unbalance; this

represents a false input signal. When amplified, this small input unbalance
produces an offset in the output voltage.

The input bias current shown on data sheets is the average value of base currents
entering into the terminals of an op-amp.
1L +1,
-t ®
For 741, the bias current is 500nA or less. The smaller the input bias current, the
smaller the offset at the output voltage.

Input offset current

The input offset current is the difference between the two input currents driven
from a common source.
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||os|: Ig_lg‘ (9)
It tells you how much larger one current is than the other. Bias current
compensation will work if both bias current 1; and 1, are equal. So, the smaller

the input offset current the better the OP amp. The 741 op-amps have input offset
current of 20nA.

Input offset voltage

Ideally, the output voltage should be zero when the voltage between the inverting
and non-inverting inputs is zero. In reality, the output voltage may not be zero with
zero input voltage. This is due to un-avoidable imbalances, mismatches, tolerances,
and so on inside the op-amp., In order to make the output voltage zero, we have to
apply a small voltage at the input terminals to make output voltage zero. This
voltage is called input offset voltage i.e., input offset voltage is the voltage
required to be applied at the input for making output voltage to zero volts. The 741
op-amp has input offset voltage of 5mV under no signal conditions Therefore, we
may have to apply a differential input of 5mV, to produce an output voltage of
exactly zero.

Slew rate

Among all specifications affecting the ac operation of the op-amp, slew rate is the
most important because it places a severe limit on a large signals operation. Slew
rate is defined as the maximum rate at which the output voltage can change. The
741 op-amp has a typical slew rate of 0.5 volts per microsecond (V/Hs). This is the
ultimate speed of a typical 741; its output voltage can change no faster than 0.5 V/
ns. If we drive a 741 with large step input, it takes 20us (0.5 V/usX10V) for the
output voltage to change from 0 to 10V.

Band Width

Slew rate distortion of a sine wave starts at a point where the initial slope of the
sine wave equals the slew rate of the op-amp. The maximum frequency at which
the op-amp can be operated without distortion is

¢ __SR

max — (vap) (10)
Where SR = Slew rate of op - amp,
VP = peak voltage of output sine wave.
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Frequency f_is called bandwidth of op-amp. The 741 op-amp has a bandwidth of
approximately 8 KHz. This means the undistorted band width for large signal
operation is 8 KHz.

Input and output voltage ranges

Maximum positive and negative input voltage applied to the op-amp for
undistorted output gives the input voltage range. Maximum positive and negative
undistorted output voltage of the op-amp gives the output voltage range.

Input Impedance

Input impedance is defined as the impedance seen by the source at the input of the
operational amplifier when output is short circuited, for an ideal OP-AMP it is
finite.

First of all we measure the output voltage E, for the input voltage E;, When
R;,= 0, thus we select the resistance R;, such that the output voltage falls to the half
value of input voltage, thus that value of R, is the required value of input
impedance of operational amplifier. Hence for finding the high input impedance of
operational amplifier we use Non-Inverting Configuration.

Output Impedance:

Output Impedance is defined as the impedance at the output of operational
amplifier when input is short circuited. For ideal operational amplifier is low. Here
output resistance is selected such that the voltage connected at output terminal or
output voltage becomes half the value of input voltage. Then that value of output
resistance is known as low output impedance of the operational amplifier, here we
use Non-Inverting configuration for the measurement of low output impedance of
OP-Amp.

16.6 Self Learning Exercise-1
Q. What is an operational amplifier?
Q.2 What is the voltage gain of an operational amplifier?
Q.3 What is the input impedance of an operational amplifier?
Q.4 What s the output impedance of an operational amplifier?
Q.5 What are the main features of an operational amplifier circuit?

280



16.7 Procedure

Input offset current:-
1. Connect the circuit of Figure 16.1

2. Using a DMM measure the dc voltage at the Negative terminal.
3. By ohm's law, calculate the input currents, I:and1;. Average these values to

find out the input bias current. Also, find the differences between these two
currents to know the input offset current.

Input offset voltage:

1. Connect the circuit of figure 16.2.

2. Measure the DC output voltage at pin 6 using multimeter.

3. Calculate the input offset voltage using the formula.
V.=V, /100

out

Slew rate and band width;

1. Connect the circuit of figure 16.3

2. Using an audio frequency oscillator, provide a 1V peak to peak square wave
with a frequency of 25 KHz.

3. With an oscilloscope, observe the output of OPAMP. Adjust the oscilloscope
timing the get a couple of cycles.

4. Measure the voltage change AV and time change At of the output wave from.
5. Calculate the slew rate using the formula.

SR- AVIAT
6. Set the Audio frequency oscilloscope at 1kHZ. Adjust the signal level to get
20v Peak to Peak out of the OP-amp.

7. Increase the frequency and watch the waveform somewhere above 10 kHz,
slew rate distortion will become evident. That maximum frequency f,,, at
which the op-amp can be operated is called band width of an op-amp.

Input and Qutput voltage ranges

1. Assemble the voltage follower circuit as shown in Fig. with R, = R,= 100 KQ.
Use op-amp dc power supply voltages of £9V.
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2. Apply 5V, 100 Hz sinusoidal inputs, Vs. Observe on a CRO the voltages at
the non-inverting input and output pins simultaneously. Increase the signal
amplitude until distortion is observed at the peak value of the output. Measure
the positive and negative input voltage peak valves. This gives the OP-amp
input voltage range.

3. Connect R, between the source and inverting input. Ground the non-inverting

input. Choose R, = 10kQ, R, = 100k2. Repeat observation of step 8 starting
with £0.5, 100 Hz sinusoidal inputs. Measure the positive and negative output
voltage peak values. This gives the Op-amp output voltage range.
Input Impedance:-
Connect the circuit of figure 16.5. For an ideal op-amp input impedance is very
high approx to infinity, hence called as high input impedance.
In practical it is found to be in range of mega ohms when output voltage falls to
half value of input voltage we measure it as high input impedance of the circuit.
Output Impedance:-

Connect the circuit of Figure 16.6. For an ideal op-amp output to low, hence called
as low input impedance.

In practical it is found to be in range of few ohms, when output voltage falls to half
value of input voltage. We measure it as low output impedance of the circuit.

In both the cases voltage gain is % which is critically not possible in op-amp but
we consider this condition for the measurements of high input impedances and
low-outputs impedances.

16.8 Observation
(). Input offset Current:

S. |DC voltage|DC voltage T A I Input bias Input

No | atthenon| atthe | ® 220K | ® 220K| current offset
inverting | inverting | :(mj current
terminal \/+terminal V- ° 2 los =15~ 13|
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o g &~ oWl N

(11). Input offset Voltage

S.No. V., V.= V_J1000
1
2
3
4
5
6.
(1) Slew rate and band width
S.No. AV AT SR =AV/AT BW
1
2
3
4
5
6

(V). Input Impedance

S.No.

Applied  Voltage
V,, (Volts)

Output  Voltage
V, (Volts)

Required resistance to
reduced v, half of V,
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3
4
5
6

(V). Output Impedance

S.No. | Applied Voltage | Voltage output | Required resistance to
V,, (Volts) V, (Volts) reduce V, to half of V,,
1
2
3
4
5
6
16.9 Calculations
l.  Input offset current
For I;,: Ry =220 KQ Vi
= 2;/0K T Amp.
For 15 : Ry =220 KQ Vi
= ZZW T Amp.
Input offset current 1, =15 = 15| = v Amp.
II.  Input offset voltage
Vo= oo, volt.
Vo= Moo= Volt.
1000

[1l.  Slew rate and band width.
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Slewrate SR=AVIAT=................

16.10 Result

L

Input offset current for 741 Op-amp configuration is measured to be
..................... Amp approx.

Input offset voltage is measured to be Vi, = ............. Volts.

Increase the frequency and measure the waveform somewhere above 10 kHz,
slew rate distortion will become evident. The maximum frequency at which
the Op-amp can be operated is called band width of an OP- amp.

In the measurement of high input impedance it is found to be in the range of
mega ohms.

Input impedance is selected when output voltage falls to half the input voltage.

When voltage varies from ............... volts to ............. volts then the high
input impedance varies from ....... to....... respectively.

In the measurement of low output impedance it is found to be in the range of
few ohms. Output impedance is selected when output voltage falls to half the
input voltage.

When voltage varies from ............. VolIts 10 ............. volts then the low
output impedance varies from .......... 0., respectively.

16.11 Discussion

16.12 Precautions and Sources of Error

1

2.

. Connect the wires carefully and correctly in different configurations.

Input and output voltages should be measured properly and least counts should
also be taken in care.
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3. Input voltage supply should be given in limits otherwise OP-amp reaches the
saturation state.

Input offset current is measured with intense care.
Use the CRO very carefully.
Input resistance must be greater and output resistance must be lesser.

16 13 Self Learning Exercise-II

Q1
Q.2
Q.3
Q4
Q5

Write the formula of Input oftset current?

Write the relationship between Q and bandwidth?
Define power supply voltage rejection ratio?
What is an Input offset current?

Define Input offset voltage?

16.14 Glossary

Amplifier — A device that increases the strength of an electrical signal by drawing
energy from a separate source to that of the signal.

Input

offset current - difference between the currents into the two input terminals.

Slew rate - when the input is over driven, such as with a square wave, the output
of the amplifier will slew at some maximum rate.

16.15 Answers to Self Learning Exercises

Ans.1:

Ans.2:
Ans.3:
Ans.4.
Ans.5:

Ans.1:

Answer To Self Learning Exercise -1
An operational amplifier is basically a differential amplifier used to
amplify the difference between two input signals.
The voltage gain is extremely high and ideally approaches infinity (A=co)
Input impedance of an operational amplifier is in finite,(Z;,=oo)
Output impedance of an operational amplifier is zero (Z,,= 0).

A simple operational amplifier is a direct coupled amplifier whose
characteristics are controlled by feedback.

Answer to Self Learning Exercise-11
los = ‘IE - Ié‘
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Ans.2:

FC — fC
B, f,—f,

w

Ans.3: It is defined as input offset voltage change per volt of supply voltage

change.

Ans.4: The input offset current |, is the difference of the current into the two

input terminals with the output at zero volt.

Ans.5: It is input voltage which must be applied across the input terminals to

obtain zero output voltage.

16.16 Viva Questions

01
Q.2
Q.3
Q4
Q5
Q.6
Q.7
Q.8
Q.9
Q.10
Q.11
Q.12
Q.13
Q.14

Q.15

Q.16
Q.17
Q.18

What are characteristics of ideal OP AMP?

What are the main features of 1C741?

What do you mean by input biased current?

What do you mean by differential input resistance?

What do you mean common mode rejection ratio (CMMR)?
What do you mean by supply voltage rejection ratio Q (SVRR)?
What do you mean by output resistance of an OP-amp?

What do you mean by slew rate of an OP - amp?

What do you mean by gain band width product of an OP - amp?
What do you mean by an open loop configuration f an OP-amp?
How many configurations in open-loop op-amp configuration?
What do you mean by voltage follower?

What are the areas of application of non-linear Op-amp circuits?

What happens when the common terminal of V+ and V- sources is not
grounded?

In practical OP-amps, what is the effect of high frequency on its
performance?

What is the need for frequency compensation in practical OP-amps?

Define slew rate.

What is amplifier?
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Q.19 What is perfect balance in OP AMP?
Q.20 Which OP AMP don't have feedback loop?

16.17 Answers to Viva Questions
Ans.1: An ideal OP-amp would have the following characteristics:-

(i)Infinite voltage gain (if) Infinite input resistance
(iif)Zero output impedance (iv) Infinite input impedance
(v) Infinite slew rate (vi) Infinite CMRR

Ans.2: The main features of IC741 are
()No external frequency compensation required.

ii)Short circuit protection.

ii1)Offset null capability.

iv)Large common mode and differential voltage range.

v)Low power consumption.(vi)No latch up problem.

Ans.3: Input biased circuit is the average of the current that flow into the inverting
and non-inverting input terminals of the OP-amps.

Ans.4. Differential input resistance is the equivalent resistance that can be

measured at either the inverting and non- inverting input terminal with the
other terminal connected to ground.

Ans.5: Common mode rejection ratio defines as it is the ratio of the differential
voltage gain to the common mode gain of an OP-amp.
CMMR = differential gain / common mode gain

Ans.6: The change in an OP-amp input-offset voltage caused by variation in
supply voltage is called supply voltage rejection ratio (SVRR).

Ans.7:The output resistance is the equivalent resistance that can be measured
between the terminal of the OP-amp and ground.

Ans.8: Slew rate is the maximum rate of change of output voltage per unit of time.

Ans.9: The gain band width of an op-amp is the "band width when the voltage gain
IS unity".

Ans.10: The open loop configuration of an OP-amp indicate the No connection,

AN TN N N
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exist between the output signal is not fed-back in any form into the input.
Ans.11: There are three open-loop op-amp configurations.

(i) Differential amplifier (ii) Inverting amplifier(iif) Non-inverting amplifier.
Ans.12: The lowest gain that can be obtained from a non-inverting amplifier with

feedback is unity when the non-inverting amplifier is configured for unity, it

is called a voltage followers,
Ans.13: (i) Industrial Instrumentation(ii) Communication (iii) Signal processing.

Ans.14: If the common point of the two supplies is not grounded, twice the supply
voltage will get applied and it may damage the OP-amp.
Ans.15: The open-loop gain of OP-amp decreases at higher frequencies due to the

presence of parasitic capacitance. The closed loop gain increases at higher
frequencies and leads to instability.

Ans.16: Frequency compensation is needed when large bandwidth and lower

closed loop gain is desired Compensating networks are used to control the
phase shift and hence to improve the stability.

Ans.17: The slew rate is defined as the maximum rate of change of output voltage
caused by a step input voltage. An ideal slew rate is infinite which means
that OP-amp's output voltage should change instantaneously in response to
input step voltage.

Ans.18: Amplifier is a device that makes sound louder and signal level greater.

Ans.19: Perfect balance is the characteristics of ideal OP AMP and if there is some
input applied then we will get the output zero. In this condition it is known
as perfect balance.

Ans.20: Comparator OP AMP don't have feedback loop.
References and Suggested Readings
1. Ram Kanth Gayakwad, OP- AMP and Linear Integrated Circuits, PHI
Learning private limited, 2011.
Gupta Kumar, Hand Book of electronics, Pragati Prakashan, 2014.
S.L. Kakani and K.C. Bhandari, A text book of electronics, 2e, New age
International (P) Limited Publishers, 2010.
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UNIT-17
LC Transmission Line

Structure of the Unit

17.1 Aim
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17.3  Diagram
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17.1 Aim

To study the LC transmission line in means of
(i)To study the characteristic impedance of lumped constant delay line.
(i) To study the voltage distribution along a lumped constant delay line in the
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case when it is (a) open circuit, (b) short circuit, (c) determination in Z, and hence
determine o, B and v,

17.2 Apparatus

A lumped constant delay line having 20 to 25 sections, signal generator, resistance
box and capacitors.

17.3 Diagram
A lumped delay (LC) transmission line can be shown as below:

|
—> /2 L2 L2 LI2 L2 L2 L/2
O N - - - - S B

V.n| C=— [sz C=—= Cc=% |vo
° ; - e

Secltion Secltlion
Figure 15:A lumped delay transmission line.
Here:
V,, is the input ac voltage provided by a signal generator at a selected frequency f;,

V,, is output voltage measured at the end of each section with the help of AC metre
or Vacuum tube voltmeter (VTVM).

17.4 Formula

()  Attenuation Constant and Phase Constant:

Equation of ac current and voltage passing through LC unidirectional (along z
direction ) transmission line can be given by as

d’i(z) . . _
dz? -V l(Z) =0
d*v(z) 2 _
and — —vv(2) =0

Here
v = Voltage measures at distance z of transmission line
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I = Current measured at distance z of transmission line

y = Transmission constant

Z= Series impedance

Y= Shunt admittance

We can define series impedance and shunt admittance as below
Z=R+jowl

and Y =G+ joC

Here:

R = Series resistance

G = Shunt conductance

L= Series inductance

C = Shunt capacitance

If transmission coefficient y is defined as

y=a+jp
Where Attenuation constant (a) and phase constant () for this transmission line
can be define as

a= % [(RG — w?LC) +/(R% + w?L?) + (G2 + wZCZ)F

1
P= 7
A LC transmission line will be an ideal transmission line if G= 0 and R= 0. For
low loss LC transmission line, it can be considered that R<<wLand G<<wC. In
this case the values of attenuation constant, phase constant, characteristic
impedance and phase velocity can be given by

a; = 2 |< neper/section
21\ L

B; = wvLC rad/section

v, = L section/second
P JIC

(86 wricy+ (T TG
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Zl':\/Z Q
c

(if) The characteristic impedance:

Transmission line mostly not ideal and the resistance of coil cannot be neglected.
The characteristic impedance of a transmission line can be calculated through

Zo= \Zoe X Zsc
Where, the impedance of open circuit transmission line can be given as
Zoc = Roc +jXoc
Where, the impedance of short circuit transmission line can be given as
Zsc = Rsc + jXc
Here, resistive part of open circuited and short circuited transmission line given by,

respectively,
Roc =—2and Ry, = =2

S

Reactive part of open circuited and short circuited transmission line given by,
respectively,

Voo Vos
Xoe :%andxsc :Ii

17.5 Theory and Description

In communications and electronic engineering, a transmission line is a specialized
cable or a structure designed to carry electric energy from one point to another.
Transmission lines are used for purposes such as connecting radio
transmitters and receivers with their antennas, distributing cable
television signals, computer network connections and high speed computer data
buses [1-4].Examples of transmission lines include wires, optical fibers, coaxial
cables, rectangular closed waveguides, and dielectric slabs.

()  Significances of the study of the transmission line: The loss of the
transferred signal through a transmission line is minimum if, at each terminal, the
line is matched to its characteristic impedance. Low frequency AC signals, and
audio signal, in which the direction of current changes several hundred times per
second can be carried by ordinary cable. However, for the higher frequency signals
such as signals in the radio frequency range, these ordinary cables cannot be used
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due to high power losses [1].Also, at the junction point of cables, the radio
frequency current reflects back and travel towards the source and It also prevents
the signal from reaching the destination which causes further loss [1, 2].

In order to carry high frequency electromagnetic signals, transmission lines are
constructed in a special such that the characteristic impedance matches at the end.
These special structures so called transmission lines possess uniform characteristic

/

e i 1

Figure 16: Different shapes of waveguide. (a) coaxial cable, (b) waveguide, and
(c) microstrip [5].

impedance due to their uniform cross sectional dimensions along their length.

The example of transmission line are: parallel line (ladder line, twisted
pair), coaxial cable, stripline, and microstrip [3, 4].

For long distance energy transfer the capacitances between current carrying
conductors and their surroundings cannot be neglected. Hence when the
wavelength of signal to be sent is larger than the spacing between the lines, the
analysis to decide appropriate type of transmission lines become necessary.

Waveguides are used to transfer the signals in microwave frequency range and
above because the power losses in transmission lines become very high. In the
terahertz region and above, the transmission through the waveguide also becomes
lossy. In that region optical methods, (such as lenses and mirrors), are used to
guide electromagnetic waves [4].

(i) Equations for Transmission Line: The transmission line can be analyzed
either Maxwell’s field equations or by the methods of distributed circuit theory [6].
By following uniformly distributed circuit theory, it is assumed that the parameters
of transmission line are distributed uniformly throughout the line. The parameters
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of a transmission line are defined per unit length of transmission line and these are:
Resistance (R) Inductance (L) Capacitance (C) Conductance (G). Resistance (R) is
defined as the loop resistance per unit length of the wire. Its unit is ohm/Km
Inductance (L) is defined as the loop inductance per unit length of the wire. Its unit
is Henry/Km Capacitance (C) is defined as the loop capacitance per unit length of
the wire. Its unit is Farad/Km Conductance (G) is defined as the loop conductance
per unit length of the wire. Its unit is mho/Km. Voltage and current equations for a
LC transmission line can be expressed using Kirchhoff’s law for one unit of the
transmission line. One section of a transmission line which is extended in the z
direction can be displayed as in figure 3.
(iii) .
i(z.t) RAz LAz {i(z, t) + %AZ}
o= N —0

v
v(z,t) CAz== GAz {v(z, t) + gAz}

—

AO
VO

Az
Figure 17: Unit section of a LC transmission line.

The circuit distribution theory involves one space variable in addition to time
variable. In the one unit of transmission line the input voltage is considered v(z, t)
and currenti(z,¢) [6]. If the change in voltage and current per unit length of

transmission line is a"(z’t) a"(z’t)*hen at the end of the unit section of length Az,

the values of voltage and current will be v + 2222 Az and i + 222 Az,
Employing Kirchhoff law for voltage we can write
vz t) = iz, t)RAz+LAza (Z Dt oz o) + a”(z 9rn

Rearranging this equation

av(z t) { R+ L di(z, t)}(l)
Slmllarly, usmg Kirchhoff’s Iaw for current

i(z,t) = GAz {v(z, t) + ov(z t) zZ¢+ CAZE{U(Z, t) + ov(z,t) AZ}

B ot 0z

VA
+ {i(z, t) + 0uz,t) Az}
0z
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Rearranging it we can obtain
(')L'(z t) { G+ ov(z, t)} (2)
at
On the other hand the Instantaneous line voltage and current can be expressed as
v(z,t) = v(z)el®t

= jov(z,t) 3)

ov(zt) _
ot

Similarly, the current

i(z,t) = i(z)e/®t

aléz ) = jwi(z,t) 4)

By using equations3 and 4 in equationsl and 2 we can write the space part of
voltage and current

dv(z) _
dz
—— = — (G +jwl)v(2) ()
Differentiating both equations w.r.t. z

d? di
de(ZZ): —(R + jwl) ;(ZZ)

Or XD = (R + jwL)(G + joC)v(z)
Similarly, we can obtain
d?i(2)
dz?
If we introduce y = /(R + jwL)(G + jwC), then we can write
d*v(z)
dz?

= —(R+jwl)i(2)
dl(Z)

=(R+jwl)(G +jwC)i(z)

— y?2v(2) =0
O i) =0 (6)

dzz - - -
These are voltage and current wave equations through transmission line.

Furthermore, y is propagation constant [7], which is itself a complex quantity and
can be expressed as below:

y = JR+JOL)(G +jwC) = a+iB (7)
Here, a is defined by attenuation constant and g is phase constant for voltage and

current waves propagating through the transmission line.
(iv)  Solutions of Equations for transmission line:

The voltage and current at any point z in a transmission line can be obtained by
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following the possible solutions for wave equations (6),
v(z) =vte "2+ pe¥?
i(z) =ite "2+ e¥” (8)
Here v+ is representing the voltage coefficient of voltage wave propagating toward
load while v~ is related to the wave reflected back. Similarly, i+and i-are current
coefficients of current wave propagating toward load and reflected back
respectively. These coefficients are also complex quantities.

Further we know that from equation 5

dv(z) _ _(R + jwl)i(2)

So, by using equation 8 in the ggove expression we can get
—yv*te Z +yv-e’* = —(R + jwl)i(z)
i) = BT v ymer
i(z) = Zio[v+e‘” —ve?’] 9)
Here Z, = @ is defined as characteristic impedance [6, 7]. Putting the

value of propagation constant

_  |RtjoL __ .
Zy= / GrioC R, xjwX, (10)

(v)  Attenuation and Phase constants: From equation 7, propagation constant
y = VR +jol)(G +jwC) = a+jB

So we can write

a+jB = J(R+jwL)(G + jwC)

a—jB = (R —jwL)(G - jwC)
Solving these two equations we can find the expression for attenuation and phase
constants [6, 8]

1

L [(RG — w?LC) +/(R? + w?L?) + (G2 + ooZCZ)]7

V2
B = \% [(—RG + w?LC) + /(R + w?L?) + (G2 + (»262)]E (11)
(vi)  Phase velocity: A plane wave can be represented in the form
= (Poej (wt—pBz+0)

a =
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The real Voltage wave in transmission line can be represented as
v(z,t) = v(z)e/*t
= |v(z)|e®e/®t
= |vtle % cos(wt — Bz + @*) + |v~|e*? cos(wt — Bz + @)
For a wavefront of voltage wave we can write
wt—pPz+0*=0

: __ dz
So phase velocity v, = —

1d
vy, = =0 (wt + 0F)

p dt

(vii)  Line Impedance :The complex ratio of voltage phasor and current phasor

at any point of transmission line is known as line impedance at that particular point

[6] Rin |
_,L/2 L/2 L/2 L/2 L/2 L/2 L/2

®— RB. P = = = - mh
Vin I ?IVS C— IC IC C=—/— IVO
S
° ° - — - —e—
z=0 z" “a d=0

I >
Figure 4: A LC transmission line of length 'I' is displayed with different parameters of the

line.
From equation Y we can Write Tor 10ad current (atz = 1)
1
= —[pte ¥l — p—p?!
I, Ze [vte vTe?]
Also 1, = —[v*e" +v e
L
Solving these two equations we can get
I
vt = EL[ZL + Zyle?!
I
v = EL[ZL —Zole™!

Using these values in equation 8 we can obtain
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0(2) = L@, + 20)erD + (2, — Z)e 719
() = 7B+ Z)er ) = (2, = Z)e 10}
From figure 4, It is clear that for any point in transmission line (z + d = 1)
o(d) = 2, + Zo)e " + (2, ~ Zo)e ™)
(@) = 2 A+ 2)e™ = (4~ Zo)e)

So, the line impedance at any point can be expressed as (here d is distance
measured from output terminals)
Z, = {(ZL +Z,)evt + (Z, - Zo)e_yd}
@ "o Z,+Z,)evd —(Z, —Z,)e 74
Here Z, is load impedance, while Z, is characteristic impedance. So, the line
impedance measured at input terminals (z,)i.e. at d=1 (here | is total length of
transmission line) will be

Z.= {(ZL +Z,)e' + (Z, - Zo)e_yl}
y NEZL+Zy)et = (Zy—Z,)e
Since e*"! = cosh(yl) = sinh (y1)
So impedance at the input terminals
7 = {ZL +Z, tanh(yl)}
s °\Z, + Z, tanh(yl)
(a)  If the output terminals are short-circuited (z, = o)the impedance is
;= {0 -Z, tanh(yl)}
s °1Z, — 0tanh(yl)
Z,. = Z,tanh(yl) (12)

(b)  If the output terminals are short-circuited (z, = wo)the impedance is

Z, tanh(yl)
Z 1- -z,

Z,.= lim ° L
oc Zj,—0 tanh(]/l) Zo 1

Z, tanh(yl)
Z,,= —0
°¢ ™ tanh(yl)
Z,. = Z,coth(yl) (13)

(c)  Characteristic Impedance:
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Zoe X Zs. = Z, coth(yl) x Z, tanh(yl)
Zo" = Zoc * Zse

Zy= Zoe X Zy (14)
17.6 Self Learning Exercise-I

Q.1 What do you understand by a transmission line?

Q.2 What do you understand by a distortion less transmission line?
Q.3 What is meaning of loss less transmission ling?

Q.4 How we can reduce the distortion in a transmission line?

Q.5 How can we obtain a low loss transmission line?

17.7 Procedure

. Connect the LC sections by connecting wire and make at least 20 segments LC
transmission line
ii. Connect the input terminals by a function generator.
iii. A voltage (V;,) with known frequency (f,,) should be applied on these input
terminals with the help of function generator
(A)  Tofind out characteristic impedance for given transmission line
Iv. Characteristic impedance can be measured by
= JZoc x Zs. Where z,, is line impedance for open circuit and is z,.line
impedance for short circuited.
v. Add a resistance R, and a Capacitor C,, at the input terminals of transmission
line with any arbitrary values as shown in figure below. The values of the
capacitor and resistance should be selected in the way that impedance by

capacitor (1/wC,,) is in order with resistance (R;,).

LI l5 Li2 L2 LI2 L2 L2 LI2 L2 I
o r. ‘-1: — NG mm%---——m0—|_>
VinI \IV C— IC IC C= IVO
° ® . Lo |
z=0 yAd
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A.1To find out line impedance for open circuit (z,,.):

vi. Open the output terminals of the transmission line i.e. z, =
vii. Measure the values of Vi and V and V.., note down in table 1.
viii. An another set of the measurements of these voltages can be taken by
changing the values of R;, and C,, (to use the average values of V,, and Vg,).
A.2 To find out line impedance for open circuit (z,.):
ix. Open the output terminals of the transmission linei.e. z, = ©
X. Measure the values of Vi and V.. and Vzc, note down in table 2.
xi. An another set of the measurements of these voltages can be taken by
changing the values of R;, and C,, (to use the average values of V, and Ve,).
(B) To find out the wave pattern and various line parameters
xil. Remove the R;,, C;, and connect the power supply from a signal generator at
input terminals of transmission line.

B.1: Measurements If output terminals are short

xiii. Short the output terminal with a conducting wire or conducting bar (Z, = 0).
xiv.  Measure the voltage at the end of each section with help of VTVM or ac
voltmeter,

xv.  Note down and plot the graph between number of sections and measured
voltage

B.2: If output terminals are open

xvi.  Letopen the output terminals i.e. Z, = Infinite.

xvii. Measure the voltage at the end of each section with help of VTVM or ac
voltmeter,

xviii. Note down and plot the graph between number of sections and measured
voltage

B.3: If output terminals are loaded with characteristic impedance (Z, = Z,)

xix.  Connect the resistance box at the output terminal and load these terminals
with a resistance equal to characteristic impedance of the transmission line. The
complex conjugate of calculated reactive impedance (capacitive or inductive) also
should be added.

XX.  Measure the voltage at the end of each section with help of VTVM or ac
voltmeter.
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XXI.

Note down and plot the graph between number of sections and measured

voltage

Calculate the values of a, 8 and v, from the plots and compare these values with
theoretical values.

17.8 Observation

e Inputvoltage (Vi) = .coovvvveeriieeinnn, Volt

o Frequency of current (fip)=.....ooovveeeiinnennn, Hz

e Total number of sections (n) = ...........

® L=, H/section
@ G F/section

Secti | Voltage across section of | Secti | Voltage across section of

on | lumped delay on | lumped delay

No. | (in Volts) No. | (in Volts)

(n) | line when load end in: (n) | line when load end in:
Open | Short | Terminate Open | Short | Terminate
Circut | Circuit | dwith Z, Circuit | Circuit | d with Z,

1 21

2 22

3 23

4 24

5 25

6 26

7 21

8 28

9 29

10 30
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11 31
12 32
13 33
14 34
15 35
16 36
17 37
18 38
19 39
20 40

(i) For open circuit

SNo. TR Q)  [Ve(Vol) [V (VoI [V (Volf) | Vi (Volt

(if) For short circuit

SNo. [R(Q) [Ve(Vol) [Ve (VoI [V (Volf) | Vi (Vol
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17.9 Graph

N2

Figure 5: Plot between measured voltages for each section of the given LC
transmission short-circuited, open circuited and line terminated with characteristic
impedance.

0.0 —
-0.2 -
-0.4 —
-0.6 —

-0.8

In(v_/V )

-1.0
-1.2

-1.4

T T T T T
0 rd 4 b ] 10 12 14 16 18 20
Section Number (n)

Figure 6: Plot between measured voltages for each section in the given LC
transmission line terminated with characteristic impedance for calculation of
attenuation constant
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17.10 Calculations

Model calculation :

A signal generator is used with frequency f;, = 1.5 KHz at input with V,, = 1.0 volt.
(L =4.8mH; C=0.47 uF)

()  To calculate impedance for open circuit (Z,,):

The current flowing through transmission line can be calculate by the ratio of input
resistance (a resistance added in the series of transmission line with help of a
resistance box) and the voltage drop across this resistance. Hence,

Vk

Let, any value of R, = 40Qand C,, = 2uF. The voltage measured across this
resistance Vy= 0.41 volt.

So the current following through transmission line
I, = 0.01025 Amp
Impedance for open circuit transmission line
Zoc = Roc +onc

Here, R, =2 and x,, = “¢

V..o and vy, can be measured by Phasor diagrams.

|f the measurements are in such a way that

V; =0.41 Volt, V. = 0.32 Volt, V, = 0.76 Volt, V,.= 0.78 Volt
If we take 0.1 volt =1 cm

Iy =

v

V,e= 0,78V V

V=041V

V=032V

| A
EVHO = 0.12 volt

V., = 0.75volt

V., = 0.75 volt and v,, = +0.12 volt (+ value showing inductive)

0.75

0.01025
0.12

0.01025

= 7317 Q
=11.7073 Q

SO, Ry =
and X, =
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Z,. = 73.17+j(11.7073) Q o
() To calcu(ate impedance for short circuit (Z,,):

The current flowing through transmission line
VR
Let, any value of R;, = 50 Q and C;, = 2 uF. The voltage measured across this
resistance V= 0.50 volt.
So the current following through transmission line

I, = 0.01 Amp
Impedance for open circuit transmission line

Zsc = Rsc +szc

Here, Ry =22 and X, = =2

V., and v,,can be measured by phaser diagrams

If measurements are in such a way that V; = 0.50 Volt, V. = 0.31 Volt, V,= 0.72
Volt, V,.=0.76 Volt

If we take 0.1 volt=1cm

V=050V 4 V= 076V V

V=031V V,=0.72V

Iy =

i A
| Vs = +0.06V
S g
V., =071V
V.s = 0.71 volt and Vp, = +0.06 volt
071
SO, Ree=7-
R, =710
and X, =%
0.01
X,. =60

ZSC = RSC +jXSC
Z,,= 71+j(6) O
(i) To calculate Characteristic Impedance (Z,):
Zg = ZOC x ZSC
Z2={7317+j(11.71)H{71 + j(6)}
72 = {5195.67 + j(1270.22) — 70.26}
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72 = {5125.41 + j(1270.22)}
Let, Z2 = a+ jb = ye'
Here it can be easily defined

y2 = a? + b?

b
0 = tan~?! (—)
a
.0
Z,= \Jye’z
S0,y2 = (5125.41)2 + (1270.22)2
y =5279.73
_ 1270.22
and 6 = tan 1( )
512541
6 = 0.2428¢

.0.2428

So, Z,= 5279.73¢ 2z

Z, = 72.66c0s(0.1214) + jsin(0.1214)
Z, = 72.1223 + j(8.7931)Q

It is characteristic impedance for given transmission line. We can terminate the

transmission line by a resistance with value of R=72.1223 Q and capacitor of
value C=12.06 uF. Since, 72.1223 is real part and can be treated as resistive part
while imaginary part 8.7991 is a reactive part and it should be capacitive (since the
imaginary part comes with plus sign and it indicating to inductive impedance and
its complex conjugate part i.e. capacitive with the same value should be added).
The value of capacitance can be calculated as follows

|Xc| = [, C
B 1

8.7931 = 2n x1.5%x 103 x C
C = 12.06 uF

(iv)  Phase velocity and phase constant:
From graph 2 = 7 sections
2
A = 14 sections
: __2m __ 2%3.14
So phase constant will be ===
B = 0.4486 rad/section
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It is experimental value of phase constant while it can compare with its theoretical
value for ideal LC transmission line
B; = wVLC (0.447 rad/section in this case when L = 4.8 mH and C = 0.47 puF)

phase velocity v, = fA=15x 103 x 14

v, =21 % 103 section/second

It is experimental value of phase constant while it can compare with its theoretical

value for ideal LC transmission line v, = —

VIt
(v)  Attenuation constant:
Voltage at the n™ section

‘/n e Vge—a‘l’l
1 (Vs
a= E In <7n)
The slope of curve plotted in figure provide the attenuation

_ 006767
20

a

a = 3.38 x 10~3Np/section
Or « =8.686 x 3.38 x 1023 decibel/section
a = 29.36 x 10~3 decibel/section

It is experimental value of phase constant while it can compare with its theoretical
value for ideal LC transmission line

_R[C
=757
17.11 Result

1. The graphs for a given LC transmission line in short circuited, open circuited
and Z, terminated are found as like the plot attached.

2. The values of characteristic impedance, attenuation constant, phase constant,
transmission coefficient and phase velocity are found

0T Q
A= i, Np/section
B rad/section
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17.13 Precautions and Sources of Error

. All the connections should be tight.
. The cords to make the joints of the T sections should be thick.

1

2

3. The internal dc resistance of coil (R) should be very less (R<<wL).

4. Check all the connecting wires before making the power supply on.

5. Frequency should not in MHz and GHz range in transmission line.

6. The determination of the values of Resistance and Capacitor for characteristic
impedance should be very carefully.

7. The input voltage and frequency should not be fluctuating during experiment.

17.14 Self Learning Exercise-I1

Q.1 Why there is standing wave pattern in study of LC transmission ling?

Q.2 What is the physical significance of characteristic impedance of the
transmission line?
Q.3 What is meaning of attenuation constant of the given transmission line?

Q.4 What do you understand by line parameters? Define the line parameters.
Q.5 What are the secondary constants of a transmission ling?

17.15 Glossary

Impedance: The total opposition to alternating current by an electric circuit, equal

to the square root of the sum of the squares of the resistance and reactance of the
circuit and usually expressed in ohms.
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Short circuited: Two terminals can be said shorted or short circuited electrically if
both terminals are connected by a connecting wire with zero resistance.
Pulse: Brief sudden change in a normally constant quantity.

Waveform: The mathematical representation of a wave especially a graph
obtained by plotting characteristics of the wave against time.

Phasor: Basically a rotating vector, simply called a “Phasor” is a scaled line
whose length represents an AC quantity that has both magnitude and direction
which is “frozen” at some point in time [11]. Inanalytic representation, which
decomposes a sinusoid into the product of a complex constant and a factor that
encapsulates the frequency and time dependence [12].

Equalizers: Equalizers in transmission are networks whose frequency and phase
characteristics are adjusted to be inverse to those of the lines, which result in a
uniform frequency response over the desired frequency band, and hence the
attenuation is equal for all the frequencies.

17.16 Answers To Self Learning Exercises

Answers To Self Learning Exercise-1

Ans.1: In communications and electronic engineering, atransmission lineis a
specialized cable or a structure designed to carry electric energy from one
point to another.

Ans.2: If the different frequencies that comprise a signal travel at different

velocities, that signal will arrive at the end of a transmission line distorted.
Transmission is said to be distortion-less if the input and output have identical
wave shapes.

Ans.3: A transmission line is lossless if attenuation constant is zero.

Ans.4: 1t can be proved easily that phase velocity is approximately constant if the
line is low-loss. So, distortion will be very less in low loss transmission line.

Ans.5: If R <<wL and G <<wC then we can consider a transmission line a low
loss transmission line.

Answers To Self Learning Exercise-I1
Ans.1: If transmission line is end with load not equal to characteristic impedance,
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the part of wave is reflected back from end terminals, gives standing wave
pattern.

Ans.2: The maximum power can be transferred if the transmission line is

terminated with its characteristic impedance.

Ans.3: :It defines the rate of reduction (in space) of the wave amplitude. It is

measured in Neper/m or dB/m (1Np = 8.636 dB)

Ans.4: The parameters of a transmission line are: Resistance (R) Inductance (L)

Capacitance (C) Conductance (G) these parameters are known as line
parameters Since the line constants R, L, C, G are distributed through the
entire length of the line, they are called as distributed elements. They are also
called as primary constants.

Resistance (R) is defined as the loop resistance per unit length of the wire. Its
unit is ohm/Km

Inductance (L) is defined as the loop inductance per unit length of the wire. Its
unit is Henry/Km

Capacitance (C) is defined as the loop capacitance per unit length of the wire.
Its unit is Farad/Km

Conductance (G) is defined as the loop conductance per unit length of the
wire. Its unit is mho/Km

Ans.5: The secondary constants of a line are: Characteristic Impedance and

Propagation Constant

17.17 Viva Questions

Q.1
Q.2
Q.3
Q4
Q5
Q.6
Q.7
Q8

What do you mean by a transmission line?
What is the use to study an artificial transmission line?
Give the example of transmission line in daily life.
Why the different shapes of transmission lines are required?
Is it possible that a single stand wire act as a transmission ling?
What is the reason of loss of power in a transmission ling?
|s attenuation constant depend on the length of transmission line?
What is Neper?
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Q.9 What do you understand by phase constant in the transmission ling?
Q.10 Define Propagation constant.

Q.11 Whatis a finite line?

Q.12 What is an infinite line?

Q.13 What is wavelength of a line?

Q.14 What is Impedance matching?

Q.15 What are standing waves?

Q.16 What are the types of line distortions?

Q.17 How to avoid the frequency distortion that occurs in the line?
Q.18 What is delay distortion?

Q.19 How the telephone line can be made a distortion less ling?
Q.20 How we can design an artificial transmission line?

17.18 Answers of Viva Questions

Ans.1: In communications and electronic engineering, a transmission lineis a
specialized cable or a structure designed to carry electric energy from one
point to another.

Ans.2: To analyze the behaviour of a transmission line in laboratory (in a limited
space)

Ans.3: Telephone cable, Electrical cable to transmit electrical energy from one city
to another, waveguide etc.

Ans.4: To transmit different frequencies ranges.

Ans.5: No, to send an electrical energy minimum two wires required.

Ans.6: Stray capacitances, resistance and stray inductance.

Ans.7: No, it is measured per unit length of transmission line.

Ans.8: The ratio of voltage can be represented in Neper

a= In<Vin)
VO'LLt

Ans.9: It is the rate of variation of the phase of the wave along the z coordinate
while keeping time constant.
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Ans.10: Propagation constant is defined as the natural logarithm of the ratio of the
input voltage (or current) to the output voltage (or current) of the line. It gives
the manner in the wave is propagated along a line and specifies the variation
of voltage and current in the line as a function of distance.

Ans.11: A finite line is a line, which is terminated, in its characteristic impedance
(Z1=Z,).

Ans.12: A transmission line can be said infinite if the input impedance is
equivalent to the characteristic impedance (Z=Z;) since the wave will never
reflected in this transmission line.

Ans.13: The distance, the wave travels along the line while the phase angle is

changing through 217 is called a wavelength of the transmission line.
Ans.14: For maximum power transfer, the impedances at input (impedance of

source) and output terminals (impedance of load) should be matched. This is
called impedance matching.

Ans.15: If the transmission line is not terminated in its characteristic impedance,
then there will be two waves traveling in opposite directions i.e. with TT° phase

along the transmission line which gives rise to standing waves having fixed
maxima and fixed minima.

Ans.16: Waveform distortion is of two types: a) Frequency distortion b) Phase or
Delay Distortion.

Ans.17: In order to reduce frequency distortion occurring in the line, a) The
attenuation constant o should be made independent of frequency. b) By using
equalizers at the line terminals which minimize the frequency distortion.

Ans.18: If the signal having more than one frequencies is transmitted through a
transmission line (as the phase velocity depends upon frequency), few
frequencies have low phase velocity received at output with some delay and
hence signal get distorted. This type of distortion is called phase distortion.

Ans.19: To make a distortion less line, the inductance value should be increased by
placing lumped inductors along the line.

Ans.20: If the frequency to transmit through a transmission line, and the length or
sections are already fixed, then first of all phase velocity is calculated
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(v, = F2)while keeping wavelength (A) less than 10 (to achieve at least four
loops of standing wave pattern in 20 sections). As we have phase velocity we

can calculated the value of L for given C (or vice versa) using v, = «%—c
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UNIT-18
Recovery Time of Diode

Structure of the Unit

18.1 Aim

18.2 Apparatus

18.3 Diagram

18.4 Formula

18.5 Theory and Description
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18.8 Observation
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18.17 Viva Questions

18.18 Answers To Viva Questions
References And Suggested Readings

18.1 Aim

To determine the recovery time of diode.

18.2 Apparatus

A diode for which the recovery time has to be determined (D,), fast switching
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diode (D,), signal generator, high resistance box, capacitor and micro ammeter.
18.3 Diagram

A circuit diagram to measure the reverse recovery time for diode D1 is shown as
below:

() vow® T,

Figure 18: Circuit diagram to determine reverse recovery time of diode D,.
D,: Diode for which reverse recovery time has to be measured
D,: Diode with comparatively fast recovery time

18.4 Formula

A pn junction diode possesses almost zero resistance and known as ON state of
the diode and if it does not conduct at all, it is OFF state. The time taken by diode
to switch from ON to OFF state is known as diode reverse recovery time.

The total reverse recovery time of a diode can be given by

trr = tsd + tr
Here, t, is storage delay time due to storage of charge and t, is recovery time as
shown in figure 2. 4

>

ty
Figure 2: Change in the reverse current with time flowing through diode D,
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Total reverse recovery time can be measured
_ TRy
I,
Here, 7= Average current flowing through micro ammeter.

R,; = Resitance to control reverse peak current
f = Frequency of rectangular ac signal
I, = Peak voltage value of rectangulatr ac signal

18.5 Theory and Descfiption

18.5.1: Diode: A diode is a semiconductor device with two electrodes called
the anode and the cathode. The semiconductor materials, which are used to make
the diode, are silicon, germanium, or selenium. Diodes in an electronic circuit used
as an auto switch which conduct the current in ON state and interrupt the flow of
current in OFF state. This application can be used in different way as rectifiers,
signal limiters, voltage regulators, switches, signal modulators, signal mixers,
signal demodulators, and oscillators.

A pn junction, formed by joining a p type semiconductor and an n type
semiconductor, is a crucial part of semiconductor devices and a diode possesses
one pn junction. In the absence of an external voltage at the junction, only
immobile ions are available due to recombination of mobile charge carriers (holes
and electrons). This region is known as depletion region or space charge region. A
potential is thus created at the junction due to immobile charges and is known as
potential barrier. This potential barrier does not allow the mobile charge carrier to
cross the junction in the absence of external field as shown in figure 3.

The |-V characteristic curve for this pn junction device show non-ohmic behavior
(shown in figure 4). This characteristic curve can be divided in two parts forward
and reverse biased characteristic curve. If the potential is higher at p side in
compare to n side, the diode is set in forward bias and if it reverses then diode is
said to be in reverse bias.

In the forward bias condition the potential barrier is lowered. The minor charge
carrier density in both p and n side follows exponential decay characteristics
(figure 7a). Since, a very large number of minority charge carriers are injected
across the junction and these injected minority carriers eventually recombine with
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the majority charge carries as they defuse further into the electrically neutral drift
region. The characteristic decay length is called the minority carrier diffusion

length [1, 2].

Metallurgica
Medallurgical

junction

T EE h  EmEy B
- W & T [ J Minc S _
= 7 e .
o T i
.(a) | ® (C)‘

Figure 3: Space change density the electric field and the electric potential inside a
p-n junction under (a) thermal equilibrium condition, (b) reverse biased condition,
(c) forward biased condition [1].

When the diode is in reverse bias, majority charge carriers attracts toward the
opposite terminals i.e. the hole from the p-side will get attracted towards the
negative terminal of the supply and electrons from the n-side are attracted towards
the positive terminal. This increased the area of the depletion region hence the
electric field at the junction will also be increased. Free minority charge carrier
densities (np in the p side and p in the n side) will be zero at the edge of the

depletion region on both sides. This gradient in minority carrier density causes a
small flux of minority carriers to defuse towards the depletion layer. Then they are
swept by the large electric field into the electrical neutral region of the opposite
side. This will cause a leakage current from the n side to the p side across the
junction. The generation of electron and hole pairs by thermal ionization process
also contributes to the leakage current. These two components of current together
is called the reverse saturation current I, of the diode. The Value of J is extremely
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sensitive to temperature variation but is independent of the reverse voltage
magnitude [1].
For a given diode, when the applied reverse voltage exceeds a threshold value, the
reverse current increases rapidly. The diode is said to have undergone reverse
break down. Reverse break down is caused by impact ionization or Avalanche
multiplication.

Carrier density gradients on either side of the junction are supported by a forward
current I (flowing from p side to n side) which can be expressed as
|4
Ir = Is(eZ_T - 1)
Here, | = Reverse saturation current (i A)

v = Applied forward voltage across the device (volts)
g = Charge of an electron

k = Boltzman’s constant

T = Temperature in Kelvin

Figure 4: I-V characteristics of a diode

The i-v characteristics of a p-n junction diode can be obtained as shown in Fig 4.

The Ohmic drop has been neglected while drawing these characteristics of the
semiconductor diode.
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18.5.2: Junction capacitances of a diode: A PN junction diode possesses two

types of capacitances:

(a)  Transition or space charge capacitances (C;): In case of reverse biasing of
the diode there are immobile space charges of opposite polarity around the
junction. This depletion region does not possess free charge carriers so it act like a
dielectric medium while free charge carriers (holes in p region and electrons in n
region) act like conducting plates, so it behave like as a capacitor. The width of
depletion region increases with the reverse voltage so this capacitance will be
reduced with the increment in reverse voltage. This type of capacitance is effective
in reverse biasing of diode.

(b)  Diffusion or storage capacitance (Cy): if the diode is forward biased the free
charge carriers diffused through the junction. These holes and electrons recombine
with each other across the junction. The density of electrons in p region is
decreased with distance and in same way the density of holes in n region decreased
with distance. So, we can say that with forward voltage there is accumulation of
free charge carriers due to diffusion and this accumulation is increased with
forward bias voltage. This gradient in concentration of free charge carriers behave
like a capacitor and give raise the diffusion capacitance (C,). This capacitance is
effective during the forward biasing of junction diode.

18.5.3: Switching Characteristics of A diode: A pn junction diode is used for
switching action in electronic circuits. If the potential on p is greater than n, the
diode possesses almost zero resistance (except resistance by material) and it is said
to be in ON state. In OFF state, it does not conduct at all. A practical diode takes
some time when it is switched from one state to another. The switching speed of a
diode is important since in most of the applications, diodes are used as a switch in
ac line.

Switching action of a junction diode is explained with following parameters in
time:

a.  Forward recovery time (t;)

The relaxation delay time(t,)

Storage delay time (t)

Reverse recovery time (t)

Total reverse recovery time (t.)

® oo o
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If a step voltage is applied to pn junction diode, the output across the diode can be
obtained as shown in figure 5 As soon as the step voltage is applied, the voltage
across the diode can grow to amplitude of applied voltage but it get down to steady
state voltage, steady voltage is actually the difference of peak voltage and voltage
drop at junction. The forward recovery time, t;, is the time from the switch on of
the voltage source to the time in which the voltage across the diode has dropped to
within 10% of the steady state value [2-4].

Vs(t)
3

W

v
—

Vo
Charge builds until the Diode turns on

Ei“si]erg“;rtlﬂ .......................................................... Voltage Peak
voltage
W = 0.1(Voltage Peak — Steady State Voltage)
I s Steady State
Voltage
t
-— fﬂ—_J
Figure 5: forward recovery time (t;) during the diode getting ON state [2].
Vs(t)
t
0
Vo
4 oltage dropped over the resistor.
---------------------------------------------- StEEId‘,I' StEtE
voltage
Cut off point
for voltage

ignal
sanal o e X V = 0.1(Steady State Voltage — Voltage(off)

"1

0 Voltage (off)

Figure 6: Relaxation delay time (t,) as the external power supply is switched off

[2].

321



When a voltage source is turned off, diode still conducts for few micro seconds
since the stored charge is still present, until it recombines or is dissipated over the
load resistance in the circuit. The relaxation delay time (t,) for the diode is
defined by the time in which the current value drops to 10% of the steady state
value as shown in figure 6. Forward recovery and relaxation delay both times in
junction diode are defined for a step voltage is applied and switched off [2].
Storage delay time (t,;) and reverse recovery time (t,) are defined for an abrupt
step voltage applied on diode in forward bias as well as in the reverse bias. When
the voltage is switched from forward bias to reverse bias, reverse recovery
switching will occur. During forward biasing of junction diode the minority charge
carriers were already gathered near the junction as shown in figure 7b.

5V

\4

-5V

Figure 7a

Figure 70 Figure 7c

Figure 7: Transition of Minority charge carrier distribution during switching from
forward to reverse biasing of PN junction diode (time taken in this transition is t.,)
[3].

As soon as the reverse voltage is applied this gathering of charge carriers leaves
the junction and become as shown in figure 7c. Time take to achieve this
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distribution known as storage delay time (t,;). During this period current flow as in
the same manner as applied due to movement of minority charge carriers to be in
redistribution (as per figure 7c) [2-4].

After achieving the distribution appropriated according to applied voltage the
capacitance of pn junction (C; = C, + C,) started to charge and the current flows
through diode to make it charge. This charging of junction capacitance occurs in
exponential manner; hence the current flowing through the diode during this period
reduces exponentially (as shown in figure 8b). Reverse recovery time is defined by
the time in which the voltage signal across the diode to rise 10% of the steady state
value from the reverse voltage experienced by the diode during the storage delay
period. The total reverse recovery time (t, =t +t.) is defined as the sum of
storage delay time and reverse recovery time.

Vs(t)

£y
S

v
-

Vr

1""Ft-e:i:h:r{t."

4+ Redistribution of minority charge carriers around the junction

Charging of junction capacitance

t

1 o T
! .:'. m‘]“\mhage F’Eﬂkl _ |Sleady State
1 1 !

Voltage|) |
1

1
(N} 1

Figure 8: A typical turn off behaviour of a power diode assuming controlled rate
of decrease of the forward current [2].
18.5.4: Salient features of reverse recovery characteristics: As it has already

been discussed, a pn junction diode is used as a switch in electronic circuits and
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most commonly in ac line. The reverse recovery time of the diode is very crucial
parameter to for its performance as an electronic switch. It should be very less. The
reverse recovery time becomes of extreme importance when frequency of ac is
very high. The diode with appropriate reverse recovery time is selected as per
frequency of ac line. Some salient features of this characteristic of pn junction are
given as below:

) Instead of dropping at zero as expected in reverse bias the increases in the
negative direction, which is known as peak reverse recovery current (l,). In
electronic circuits such as crimp - clamping, choppers, inverters etc., in addition to
the load current this current also flows to the main power switch therefore while
selecting the main switch for these electronic circuits the value of reverse recovery
peak current must be accounted.

A

Ie

Diode T
current (ip)

io [ 7 7 —
R : Time (t)
|rr ......
t1 ‘tsd tr o
te
A
Voltage
across diode

A _>
IV Ve Time (t)
r

Figure 9: Reverse recovery voltage and reverse recovery charge in a reverse
biased junction diode
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o |f the reverse current falls too sharply at the end of the reverse recovery period,
stray circuit inductance may cause dangerous over voltage (V) across the
device. It may be required to protect the diode using an RC snubber (see

glossary).

e The charge stored within the diode when instantaneous switched from a
specified forward current i (normally 0.5 A) to a specified reverse current iy
(normally 1.0 A) is known as reverse recovery charge (Q,).

e During the period t, large current and voltage exist simultaneously in the device.
At high switching frequency this may result in considerable increase in the total
power [0ss.

e |mportant parameters defining the turn off characteristics of Diode are, peak
reverse recovery current (i,), reverse recovery time (t,), reverse recovery
charge (Q,,) and the snappiness factor (S).

o Snappiness factor is defined as the ratio of recovery time and storage delay time

S:t_r
tsd

The snappiness factor S depends mainly on the construction of the diode (e.g. drift
region width, doping level, carrier life time etc.). Other parameters are interrelated
and also depend on S.

18.5.5: Fast recovery diode: For high frequency circuits, fast recovery diodes are
preferred. They offer significant reduction in both I, and t, (10% - 20% of a
rectifier grade diode of comparable rating). It is typical of a particular type of
diodes called “normal recovery” or “soft recovery” diode (S>1). In this case, the
total recovery time is a few tens of microseconds. While this is acceptable for line
frequency rectifiers (these diodes are also called rectifier grade diodes). High
frequency circuits (e.g PWM inverters, SMPS) demand faster diode recovery.
Diode reverse recovery time can be reduce by increasing the rate of decrease of the
forward current (i., by reducing stray circuit inductance) and by using snappy
recovery (5<<1) diode.

In case of very high frequency applications (>100KHZ), improvement in the
reverse recovery performance offered by normal fast recovery diode is not
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sufficient. If the required reverse blocking voltage is less (<100v) Schottky diodes
are preferred over fast recovery diodes. Compared to p-n junction diodes schottky
diodes have very little Turn OFF transient and almost no Turn ON transient. On
state voltage drop is also less compared to a p-n junction diode for equal forward
current densities. However, reverse breakdown voltages of these diodes are less
(below 200V) Power schottky diodes with forward current rating in excess of
100A are available [1, 2].

18.5.5: Measurement of diode reverse recovery time: Diode recovery time of
any pn junction diode can be measured by comparing it with fast recovery diode
by using rectangular shape ac current (with time period T of frequency f). In circuit
diagram shown in figure 1 if we assume and it is possible in practical way also,
that

> T>>t,
> <<t sot,~t (AS = tyt tr)
> forward recovery time t,=0
If a rectangular wave is implied on a diode then the reverse recovery charge can be
given by
T
Tr = ] d
Q fo ipdt
And diode current in reverse biasing can be given as (from figure 2)

t
iD = _Irrme brr

So reverse recovery charge

er =~y I rrm

(Since T>>1t,)
The average value of current per cycle can be given by

1 T

__ ol
—

T
So, reverse recovery time can be measured by
T




If the peak value of voltage of rectangular ac V, and frequency of this current is f
then reverse recovery time can be given by
_ TRy
trr - fVo

By knowing the peak voltage value and frequency of input current and measuring
the average value of current (across the capacitor) flowing through the diode in
reverse bias we can measure the reverse recovery time.

18.6 Self Learning Exercise-I

Q.1 What do you mean by ON state of diode?

Q.2 What do you mean by OFF state of diode?

Q.3 What is depletion region in a pn junction diode?
Q.4 What is space charge capacitance?

Q.5 What is diffusion capacitance?

18.7 Procedure

a.  Reverse recovery time as function of diode peak current
1. Connect the circuit as shown in figure 1.

2. Select any value of resistance R,

3. Select the rectangular output from signal generator.

4. Select the frequency of rectangular wave from signal generator.
5. Vary the peak voltage and measure the average current from micro-ammeter.
6. Calculate the reverse recovery time for the each value of frequency.
b.  Reverse recovery time as a function of frequency
1. Connect the circuit as shown in figure 1.

2. Select any value of resistance R,

3. Select the rectangular output from signal generator.

4. Select the output peak voltage of the supply.

5. Vary the frequency and measure the average current from micro-ammeter.
6. Calculate the reverse recovery time for the each value of frequency.
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18.8 Observations

) Peak inverse voltage of diode:
o Peak forward current of diode:

e  LoadResistance (Ry) = ........... Q
Reverse recovery time as Reverse recovery time as a
g, |function of diode peak|g | function of frequency
No. current No.
Frequency  of  rectangular Peak voltage input signal
wave current
Vo)= e, Volts
() I Hz (Vo
Peak | Average | Reverse Frequency | Average | Reverse
voltage | current | recovery of current | recovery
input | Measured | time rectangular | Measured | time
signal | py (t) wave by ()
(Vo) | ammeter | g current | ammeter | s
Volts | () () ()
HA Hz HA
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
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9 9
10 10
11 11
12 12
13 13
14 14
15 15
16 16
17 17
18 18
19 19
20 20
18.9 Graph

Model Graph:

Figure 10: Plot between Average current and peak voltage
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Figure 11: Plot between average current and frequency.

18.10 Calculations

Model Calculations:

Noting down the values:

>  Load Resistance (Rp) = ........... Q

> Peak voltage of input rectangular shape voltage (V) =
> Frequency of input signal (f) = .......... KHz
Measuring the value of average current by micro ammeter:

P T UA

Reverse recovery time can be calculated as:
7
rr T fVo

18.11 Result

a. Average current as a function of peak voltage is plotted in figure 10.
b. Average current as a function of frequency of rectangular wave is plotted in

figure 11.
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18.12 Discussion

18.13 Precautions and Sources of Error

8. All the connections should be tight.

9. The cords to make the joints of the T sections should be thick.

10. Reverse recovery time of fast diode should be very less (in nano seconds
range) in comparison to diode under test.

11. The function generator should supply constant voltage and stable frequency.

18.14 Self Learning Exercise-I1

Q.1 Why current flows through the diode while even it is reverse biased?
Q.2 Which are the parameters for a diode to be considered for an ac line?
Q.3 What is forward recovery time?

Q.4 What should be the value of forward recovery time for an ideal diode?
Q.5 Whatis relaxation delay time for a diode?

18.15 Glossary

Frequency: Number of occurrences of a repeating event per unit time.

Impedance: The total opposition to alternating current by an electric circuit, equal
to the square root of the sum of the squares of the resistance and reactance of the
circuit and usually expressed in ohms.

Pulse: Brief sudden change in a normally constant quantity.

Snappiness factor (S): Snappiness factor is defined as the ratio of recovery time
and storage delay time
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Snubber circuit: A snubber circuit, which is also known as capacitive protection
circuit (as shown in figure 12). It is used to restrict the reverse recovery voltage
(V,,). Snubber circuits increase the overall power loss in the circuit since the
energy stored in the snubber capacitor is dissipated in the snubber resistance during
turning ON of the diode.

Figure 12: RC Snubber circuits.

18.16 Answers To Self Learning Exercises

Answers To Self Learning Exercise-1

Ans.1: As the current flows through diode without experience of any resistance (or
very less) is known as ON state of diode.

Ans.2: If diode do not allow to pass any current and possesses infinite resistance
known as OFF state of diode.

Ans.3: What is depletion region in a pn junction diode?

Ans.4: See section 5.2

Ans.5: See section 5.2
Answers To Self Learning Exercise-I1

Ans.1: Leakage current due to recombination of minority charge carriers, charging
of junction capacitance, redistribution of charge carriers.

Ans.2: Important parameters defining the turn off characteristics of Diode are,

peak reverse recovery current (i), reverse recovery time (t,), reverse recovery
charge (Q,) and the snappiness factor S.

Ans.3: When voltage across the diode has dropped to within 10% of the steady
state value the junction is said to have recovered and time taken is known as
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forward recovery time, t;.
Ans.4: Zero

Ans.5: As the external power is switched off the diode is relaxed if current value is

within 10% of the steady state value and this time is called relaxation delay
time, t,;.

18.17 Viva Questions

Q.1 What is role of pn junction diode in an electronic circuit?
Q.2 Why there is capacitive effect found in a pn junction diode?
Q.3 What s transition capacitance in a pn junction diode?
Q.4 What s diffusion capacitance in a pn junction diode?
Q.5 When the transition capacitance is effective?

Q.6 When the diffusion capacitance is effective?

Q.7 What do you understand by switching time?

Q.8 What is forward recovery time?

Q.9 Whatis relaxation delay time?

Q.10 What is storage delay time?

Q.11 What is reverse recovery time?

Q.12 What is total reverse recovery time?

Q.13 What is reverse recovery charge storage?

Q.14 What is the reason of storage delay time?

Q.15 What is reason of recovery time?

Q.16 How can we reduce recovery time

Q.17 What do you mean by fast recovery diode?

Q.18 What is significance to study the reverse recovery time?

18.18 Answers to Viva Questions

Ans.1: As a electronic switch
Ans.2: Concentration gradient of mobile charge carriers across the pn junction.
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Ans.3: For answer see section 5.2
Ans.4: For answer see section 5.2
Ans.5: In reverse bias
Ans.6: In forward bias

Ans.7: A practical diode incurred some time when diode is switched from one
state to another.

Ans.8: When voltage across the diode has dropped to within 10% of the steady
state value the junction is said to have recovered and time taken is known as
forward recovery time, t;.

Ans.9: As the external power is switched off the diode is relaxed if current value is
within 10% of the steady state value and this time is called relaxation delay
time, t,,.

Ans.10: Storage delay time is defined for an abrupt step voltage applied on diode
in forward bias as well as in reverse bias. Time take in redistribution of
minority charge carriers is known as storage delay time (t).

Ans.11: After achieving the distribution appropriated according to applied voltage
the capacitance of pn junction started to charge and the current flows through
diode to make it charge. This charging of junction capacitance occurs in
exponential manner; hence the current flow through diode during this period
reduces in exponentially. If current value is within 10% of the steady state
value and this time is called recovery time (t).

Ans.12: The sum of storage delay time and recovery time is called as total reverse
recovery time.

Ans.13: The charged stored within the diode when instantaneous switched from a
specified forward current i (normally 0.5 A) to a specified reverse current i,
(normally 1.0 A) is known as reverse recovery charge

Ans.14: Time taken in redistribution of mobile charge carriers as the abrupt
switching voltage is applied to diode.

Ans.15: The junction capacitance is start to charge

Ans.16: Diode reverse recovery time can be reduce by increasing the rate of
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decrease of the forward current (i.e, by reducing stray circuit inductance) and
by using “snappy” recovery (S<<1) diode

Ans.17: The diode which has very less recovery timings in compare to time period
of applied ac voltage.

Ans.18: A diode as a electronic switch in ac line is selected as per proper Reverse
recovery time in compare to frequency of ac.

References And Suggested Readings
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UNIT-19
Ultra Sonic Interferometer

Structure of the Unit

19.1 Aim

19.2  Apparatus

19.3  Diagram

19.4  Formula

19.5 Theory and Description

19.6  Self Learning Exercise-1

19.7  Procedure

19.8  Observation

19.9 Calculations

19.10 Results

19.11 Discussion

19.12 Precautions and Sources of Error

19.13 Self Learning Exercise-2

19.14 Glossary

19.15 Answers to Self Learning Exercises

19.16 Viva Questions

19.17 Answers to Viva Questions
References and Suggested Readings

19.1 Aim

()  Determine the velocity of ultrasonic wave through different liquid by using
ultra sonic Interferometer.

(i) To calculate the compressibility of the given liquid.
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19.2 Appartus

Ultrasonic Interferometer, Sample liquid, high frequency efc.

19.3 Diagram
0
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—NMicrometer
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Reflector /s Crystal Current,
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19.4 Formula

From the knowledge of wave length (A) the velocity (v) can be obtained by the
relation

Velocity = wave length x Frequency
V=Axf

Compressibility B = where £ = density of liquid, v = Velocity

Jo
19.5 Theory and Description

There are three types of waves:-

()  Mechanical Waves: - They require medium to travel (like air/water, ropes
etc.) The mechanical waves are of two types:-

(@) Transverse Waves: - Medium particles move perpendicular to the
direction of wave propagation.

(b)  Longitudinal Waves: - Medium particles move parallel to the direction of
wave propagation.

When both transverse and longitudinal waves mixed in a medium then they are

called surface waves.

(i)  Electro Magnetic Waves: - They do not require any medium to travel.

(Like light waves, radio waves etc.)

(i) Matter Waves: - They are produced by electrons and matter particles.

Ultrasonic interferometer is a simple and direct device to determine the ultrasonic

velocity in liquids with a high degree of accuracy. The ultrasonic interferometer
consists of the following parts:-

(a)  High Frequency Generator.

(b)  Measuring Cell.

(A)  High Frequency Generator:- It is designed to excite the quartz crystal
fixed at the bottom of the measuring cell at its resonant frequency to generate
ultrasonic waves in the experimental liquid filled in the measuring cell. A
micrometer to observe the change in current and to control for the purpose of
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sensitivity regulation and initial adjustment of the micro meter are provided on the
panel of high frequency generator.

(b)  The measuring Cell:- It is a specially designed double walled cell for
maintaining the temperature of the liquid constant during the experiment. A fine
micrometer screw has been provided at the top which can lower or raise the
reflector plate in the liquid in the cell through a known distance. It has a quartz
crystal fixed at its bottom.

Ultrasonic:- Ultrasonic sounds refer to sound pressure with a frequency within
the human audible range (20Hz to 20 kHz). When an ultra sonic wave propagates
through a medium, the molecules in that medium vibrate over short distance in a
direction parallel to the longitudinal waves. During this vibration is transferred
among molecules. This cause the wave to pass through the medium wavelength.
Generation of Ultra-Sound:- Ultrasound can be produced by different methods.
The most common method include:-

(1) Mechanical Method:- In this method, ultrasonic frequencies up to 100 KHz
are produced. But this method is rarely used due to its limited frequency range.

(2) Piezo-Electric Generator:- This is the most common method used for the
production of ultra sound. When mechanical pressure is applied to the opposite
faces of certain crystals which are cut suitably, electric fields are produced. When
subjected to electric field, these crystals contract or expand depending on the
direction of field. Thus a property oriented rapid crystal to vibrate mechanically.
This vibration is largest when the crystal is at resonance and is used to produced a
longitudinal wave i.e. a sound wave.

(3) Magnetostriction Generator:- In this method the magnetostriction method is
used for the production of ultrasonic frequency ranging from 8000 Hz to 20,000
Hz.

Ultrasonic Interferometer:- In an ultrasonic interferometer the ultrasonic waves
are produced by piezoelectric method. In a fixed frequency variable path
interferometer the wavelength of the sound in an experimental liquid medium is
measured and from this one can calculate its velocity through that medium. The
apparatus consists of an ultrasonic cell which is a double-walled brass cell with
chromium plated surfaces having a capacity of 10ml. The double wall allows water
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circulation around the experimental medium to maintain it at a known constant
temperature.

The micrometer scale is marked in units of 0.01 mm and has an overall length of
25mm ultrasonic waves of known frequency are produced by a quartz crystal
which is fixed at the bottom of cell. There is a movable metallic plate parallel to
the quartz plate, which reflects the waves. The waves interfere with their
reflections and if the separation hetween the plates is exactly an integer multiple of
half wavelength of sound "Standing Waves" are produced in the liquid medium
under these circumstances "Acoustic resonance™ occurs. The resonant waves are a
maximum in ampere causing a corresponding maximum in the anode current of the
piezoelectric generator.

If we increase or decrease the distance by exactly one half of the wavelength (A/2)
or an integer multiple of one-half wave length, the anode current again becomes
maximum. If d is the separation between successive adjacent maxima of anode
current. then

A

d=" (1)
2
We have the velocity (v) of a wave is related to its wavelength A by the relation
v=Af (2)

Where f is the frequency of the ultrasonic wave then from equation 1 and 2 we can
write

v=2df (3)
The velocity of ultrasound is determined principally by the compressibility of
medium. For a medium with high compressibility the velocity will be less.

Adiabatic compressibility of a fluid is a measure of the fluid as a response to
pressure change .Compressibility is the reciprocal of bulk modulus and is usually

denoted by the . The adiabatic compressibility of the material of the sample can
be calculated using the equation.

1
p= 5
PV

(4)

341



Where p is the density of material of the medium and v is the velocity of the
ultrasonic wave in the medium.

Wave Interference: - When two or more waves from different sources are present

at the same time they interact with each other to produce a new wave. The new
wave is the sum of all the different waves. The interaction of all these waves
produce interference. If intensity of resultant waves increase after the interaction of
different waves the resultant wave formed represent constructive interference.

If intensity and amplitude of resultant wave is lower than the interfering waves it
called destructive interference.

When path difference A=nA

Imax = (a, + a,) * = Constructive Interference

When path difference A :(n+;j/1

... = (a, - &) = Destructive Interference.

19.6 Self Learning Exercise-1

Q.1  Whatare ultrasonic's Waves?

Q.2 What is Piezoelectric effect?

Q.3 What s inverse Piezoelectric effect?

Q.4 How are ultrasonic are produced?

Q.5  What are the properties of ultrasonic waves?

19.7 Procedure

Insert the quartz crystal in the socket.
Clamp to it with the help of a screw provided one of its side.

Unscrew the knurled cap of cell and lift it away from double walled
construction of cell. In the middle position of it pour experimental liquid and
screw the knurled cap.

4. Two chutes in double wall construction are provided for water circulation to
maintain desired temperature.
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5. Connect the high frequency generator with cell by co-axial cable provided
with the instrument.

6. For initial adjustment two knobs are provided on high frequency generator,
one is marked with 'Adj' the position of the needle on the ammeter is adjusted
and the knob marked 'Gain' is used to increase the sensitivity of the instrument
for greater deflection if desired.

7. The meter is used to notice the number of maximum deflections while
micrometer is moved up and down in liquid as described in the method.

8. Continue to increase the micrometer setting, nothing the reading at each
maximum count any no. of maxima and call it as n. subtract the reading at the
first maxima from the reading at the last maximum.

19.8 Observation

(i)  Density of Water=.................... Kg/m?®

(i)  Density of nitro benzene = ................ Kg/m?®
(iii)  Density of ACBIONE = .......ccvvvvrenene, Kg/m?,
(iv)  Leastcountof mainscale=................. cm.
(v)  Leastcount of vernierscale = ............... cm.
(vi)  Frequency of ultrasonic wave =............. MHz

Observation table for water:-

S.No. Anode Micro d'l(cm) ed' | Wavelength
Current | Meter d= A=2d
Reading d
(cm)
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Observation table for Nitrobenzene:-

S.No. | Anode Micro Meter d'llcm) |Y7 n Wavelen
Current | Reading d (cm) gth A=2d
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Observation table for Acetone :-

S.No.

Anode
Current

Micro Meter
Reading d (cm)

d'1(cm)

Wavelength
A=2d
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19.9 Calculations

()  For Water
(@) Velocity — v=Af

VS m/sec.
(b)  Compressibility 8 = 12
PV
S e m kg™ Sec’
(i) For Nitrobenzene
(@) Velocity — v=Af
VS m/sec
(b)  Compressibility 8 =
PV
s m kg™ Sec
(i) For Acetone
(@) Velocity — v=Af
VS misec
(b)  Compressibility 8 =
PV
B =i m kg™ Sec®

19.10 Result

The velocity and compressibility of given liquids at known frequency are as
follows:-

S.No. [ Liquid Velocity(m/sec) | Compressibility(mkg™ Sec’)
L Water
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2. Nitrobenzene

3. Acetone

19.11 Discussion

19.12 Precautions and Sources of Error

1. Do not switch on the generator without filling the experimental liquid in the
cell.

Remove experimental liquid out of cell after use. Keep it dried and cleaned.

Avoid sudden rise or fall in temperature of circulated liquid to prevent thermal
shock to the quartz crystal.

4. While cleaning the cell care should be taken not to spoil or scratch the gold
plating on the quartz crystal.

Give 15 seconds to generator to warm up before observation.
Keep micrometer open at 25 mm after use.

19 13 Self Learning Exercise-2

Q.1 Why ultrasonic waves inaudible to humans?

Q.2 Give important applications of ultrasound.

Q.3 What is the principle used for finding ultrasonic velocity using acoustic
grille?

Q.4 What is acoustic grille?
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19.14 Glossary

Acoustic - having to do with the energy of sound waves.

Crystal - The piezo electric element (s) in a stack which expands and contracts in
an alternating (charged) electrical field, thus inducing vibration.

Generator - that device which powers and controls the convertor of an
electronically driven ultrasonic device or system. Mechanical generators also have
been made.

Magnetostrictive- having to do with systems driven by the effect of certain
metals/ especially nickel, and certain other materials such as ytterbium compounds,
which expend and contract in an alternating magnetic field.

Piezoelectric - having to do with systems driven by the effect of certain crystals
such as lead- zironate titanate, and other materials which expand and contract in an
alternating electrical field.

Sonar - an underwater acoustic means of determining distance.

Stack - the most basic combination of transducer and amplifying elements together
forming a resonant body to be attached to (or including) a radiating surface or
horn.

Ultrasonic - having to do with frequencies of sound above normal human hearing,

generally accepted to be at 20 KHz to 2 MHz and above, but also extended down
to the 5 KHz to 20KHz range in certain processing applications.

19.15 Answer To Self Learning Exercise

Answer To Self Learning Exercise-1

Ans.1: Ultrasonic waves are sound waves, whose frequencies are greater than 20
KHz. Their wavelength in less than 1.65 cm. They exhibit all the properties of
sound waves and some additional properties.

Ans.2: When mechanical pressure is applied to one pair of opposite faces of a
quartz crystal, then the other pair of opposite faces develop equal and opposite
electrical charges on the crystal.
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Ans.3: The piezoelectric effect is reversible. If an electric field is applied to one
pair of opposite faces of quartz crystal, alternative mechanical expansion or
contraction (Pressure) is produced across the other pair of opposite faces of the
crystal.

Ans.4: Ultrasonic are produced by
() Galton's whistle
(i) Magnetostriction oscillator
(iil) Piezoelectric generator

Galton's whistle is primarily a mechanical device based on the principle of
resonance of air column. It can produce ultrasonic waves about 30 KHz.

A magnetostriction oscillator is based on the property of magnetostriction
exhibited by ferromagnetic materials. It can produce ultrasonic waves of 25
KHz.

Piezoelectric is also an electrical device, which makes use of the piezoelectric
property of quartz. It generators ultrasonic waves of high frequencies.

Ans.5: (i) Ultrasonic waves are longitudinal wave of high frequency (greater than

20 KHz). Owing to their short wave length they can travel long distances as a
sharp beam.

(i) They undergo reflection and refraction.

(i) They produced heating effect, mechanical effect and chemical effect.
(iv) They produce biological effect. Animals such as frogs and rats are killed
when subjected to ultrasonic waves.

Answer To Self Learning Exercise -2

Ans.1: Ultrasonic waves inaudible to humans, as their wave frequency is very high
and so they can't vibrate tympanic inner membrane in the human ear, which is
necessary for the hearing.

Ans.2: (a) Detection of defects in metals.
(b)Sonar for submarine detection, iceberg and other objects in the ocean.
(c)Brazing and cutting metals.
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(d)Diagnostic applications such as detection of tumors and defects in the human
body.
Ans.3: When ultrasound is passed through a liquid as kerosene in the tank, due to

changes in the pressure of the fluid acts as a speaker grille. Now, when
monochromatic light source passes through a speaker grille, it produces a variety
of orders of diffraction spectrum.

Ans.4: When ultra sonic waves passing through the liquid the liquid compression

and depression is formed. The compression as opaque and dilution function as
openings for light waves. This mechanism is called speaker grille.

19.16 Viva Questions

Q.1  What are mechanical waves?

Q.2 Define Transverse waves.

Q.3 What do you mean by electromagnetic waves?

Q.4 Define longitudinal waves.

Q.5  Define matter waves,

Q.6 What s the frequency range of ultrasonic waves?

Q.7 What is the formula for compressibility of liquid?

Q.8 What are the reference properties of the ultrasound?
Q.9  What s constructive interference?

Q.10 Write the formula of constructive interference?

Q.11 What is destructive interference?

Q.12 Write the formula of destructive interference?

Q.13 What is the path difference of constructive interference?
Q.14 What is the path difference of destructive interference?
Q.15 What s the formula velocity of a wave is related to its wave length?
Q.16 What is Piezoelectric generator?

Q.17 Define Magentostriction oscillator?

Q.18 What is Galton's whistle?
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Q.19 Piezoelectric effect is a reversible or irreversible.
Q.20 What are the examples of electromagnetic waves?

19.17 Answers To Viva Questions

Ans.1: They required medium to travel.

Ans.2: Medium particle move perpendicular to the direction of wave propagation.
Ans.3: They do not require any medium to travel.

Ans.4: Medium particle move parallel to the direction of wave propagation.
Ans.5: They are produced by electrons and matter particles.

Ans.6: 20Hz to 20 KHz

1

Ans.7: B=
oV
Ans.8: (i)They are very energetic
(i) They go through great distances.
(i) They are reflected, refracted and absorbed similar to regular sound waves.

(iv)When ultrasound is passed through a liquid, it produces a stationary wave
pattern and makes the liquid behave as auditory lattice.

(v)When an object is exposed to ultrasound for longer periods of time, giving the
effect of heating.

Ans.9: If intensity of resultant waves increases after the interaction of different
waves the resultant wave formed represent constructive interference.

Ans.10: 1., = (a,+,)°

Ans.11: If intensity and amplitude of resultant wave is lower than the interfering
waves it called destructive interference.

Ans.12: 1. = (a,+a,)°

Ans.13:A=nA
Ans.14: A=(n+)A
Ans.15: v = Af
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Ans.16: Piezoelectric oscillator is also an electric device, which makes use of the
piezoelectric property of quartz. It generators ultrasonic waves of high
frequencies.

Ans.17: A magnetostriction oscillator is based on the property of magnetostriction
exhibited by ferromagnetic material. It can produce ultrasonic waves of 25 KHz.

Ans.18: Galton's whistle is primarily a mechanical device based on the principle of
resonance of air column. It can produce ultrasonic waves about 30 KHz.

Ans.19: Piezo electric effect is reversible.

Ans.20: Light waves, radio waves etc.
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UNIT-20
Band Gap using Four Probe Method

Structure of the Unit
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20.1 Aim

(i) To study temperature variation of resistivity of a semi conductor material.
(if) To find the band gap of the semiconductors by using four probe method.
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20.2 Apparatus
A four probe arrangement In which connecting pins are available for
connecting wires, a constant power supply, milliammeter, a high resistance
voltmeter, oven, and thermometer.

20.3 Diagram
'Ihcrmom\et‘er Direct current source
Sarew fo adjust & meters to readI. and V.
‘ Il J the Level of ) i
dth /| e knob to control current
Four probe Digiel| | Z
J tube il §| /- range selector
S, four probes ||| o TITI 77777777 © forlorV
Sample ||[1orv 0O Q
/- O3<>[0] P mA on
oven off
temp control

Fig. 20.1 Experimental arrangement for resistivity measurement

‘20.4 Formﬁla

From the measured value of V and I resistivity p can be calculated using the
following relation

_V
P=y G:(ﬂwsls)
where G, (w/s) =5.89 (Note that Form of Formula depens on the type
of apparatus that made by manufacturer)
S = Distance between the consecutive probes
W = Thickness of crystals.
V. 2rs - \Lxl.256

P =1 580 | 5289

p :\I’ x 0.213  Thus p may be calculated for various temperatures.
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Forbidden gap of semi conductor

E, = M:?;O:% X[ Scope of straight line between log,,p and 103/T]
10~

where K = 8.617 x 10-5 eVK™
20.5 Model Graph

9

Log,y p |
/B B c
A()
*G)
o3 -1§ -1
¢ [
Alog p
Slope= AC_ 10
P 8 A(103/T)

A graph between log,,p and a straight line is obtained.
{520.6 Theory and Description

escription of four probe method study unit: Normally this apparatus has two
boxes, one in which current source, voltmeter and ammeter are arranged and
keeping the value constant of necessary current by using different knobs, different
range of voltmeter and ammeter reading scale can be selected or current and
voltage can be measured. Other one is an oven whose temperature can be changed
using a knob. This temperature can be measured with the help of thermometer. In
this oven a sample (standard or experimental crystal) can be put. In the cap of this
oven a four probe tube is arranged. By using screws the connecting pins can be
shifted slightly up and down. One or more semiconducting crystal sample can be
put in the oven and can be remove at the end of the experiment. It should be kept in
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mind that these crystals are very delicate so these can break if we tight the screw.
Contact of these with connecting pins should be done very carefully. It is very
important that surface of crystal should be completely pure and clear.

Theory and Formula For The Measurement of Resistivity :
According to Ohm's law if physical conditions (temperature, pressure) are constant
then the potential difference (V) at the ends of any material is directly proportional
to flow of current (I) between them
l.e. Vo |

or V=IR (1)
Where resistance R is dependent on the length of material, area of cross section
and nature of material in the following way—

= pl 2
R= 7 @
Here p is the resistivity of the material, | is length and A is area of cross section
v=Pll or ,_VA 3
50, L o= (3)

'A=J is also known as current density. Substituting this in equation (3)

P=H (4)
Conductivity o=1=' (5)
p V

Resistivity depends upon the characteristic properties and temperature of the
material for example:

()  For metals and conductors:
p:;‘: " (6)
Ne“r
Where m is the mass of electron, e is charge of electron, N is the number density of
free electron and T is relaxation time of electron i.e. the average time between two
collisions. Value of relaxation time (t) decreases by increasing temperature so that
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resistivity of conducting materials increases with the increases with the increase in
temperature.

(i)  For semiconductors: In semiconductors both electrons and holes

contributes in flow of current. In intrinsic semiconductor the value of current
density is given by the following formula:

J=nev, +p ey, (7)
Here n; and p; are electron and hole densities in intrinsic Semiconductor

respectively, e is electron charge and v,& v, are drift velocities of electrons and
holes respectively. Value of drift velocity is directly proportional to intensity E and

it is different for different carriers i.e. v, = E p, and v, = Ep, where p is the
mobility of charge carries. So equation (7) can be written in the following from:

J= e +pewy) | =V ®

On comparing with formula (4), it is clear that resistivity of semiconductor can be
written in the following form -

_AV _ 1

| 1
. +D.
n.em +p,em

1
p=1
(o2
p
Since for intrinsic semiconductors
Ni=p=n
p=— s 9)
ne(un +yp)

For intrinsic semiconductor electron and hole densities depends on temperature
and energy of forbidden energy band as follows -

n= AT 32 (5/7) (10)
Here A is a constant whose value depends upon the nature of material, T is
temperature (in Kelvin) k is the Boltzmann constant and E, is energy of forbidden
energy band. It is clear from eq. (9) and (10) that on increasing temperature no. of
carriers increases and resistivity decreases.

From above description it is clear for the evaluation of the value of resistivity
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either there should be a detail microscopic knowledge of the several properties
carrier density, carrier conductivity, relaxation time etc. For any actual material, it
is very difficult to write down the theoretical formula for these quantities because
their values depend very much upon presence of impurity and defects of crystals.
Or there can be an another method in which according to formula (3) one can find |

A, V, | and then, can calculate p. This is traditional experimental method. At
different temperatures taking observations of V and I, study can be done for the

dependence of resistivity p on temperature. For semiconductors by the same study,
calculation of forhidden energy band can be done from the eq. (9) and (10).

Four Probe Method - Commonly used method for the measurement of resistivity
(i.e., finding value of resistivity of a conducting material in the form of wire by
making electrical circuit with the help of voltmeter and ammeter and using ohm's
law) is not satisfactory for the evaluation of resistivity of semiconductors because
of following reasons:

1. Normally for the measurement of resistivity connecting wires are connected
with material. Generally conductor and semiconductor contacts are rectifying so
that at connecting terminals sufficient contact potentials are produced. So there

may be a change in actual value of V and the value of p will not be correct.

2. This effect will be more in extrinsic semiconductor because normally from the
contact point in any current carrying wire minority charge carriers inject from
conductor to semiconductor because of it conductivity of material will change.

These are the following advantages of four probe method in comparison to two
probe method -

() In the measurement of | and V the contact potential error will be negligible
since in four probe method the contact area between the probe and the material is
negligible.

(i) In most of the conductors the carrier density remains same in complete sample
whereas in semiconductors especially in extrinsic semiconductors there may be
different conductivity and carrier density at different regions. Actually use of
this difference is done for the construction of different semiconductor devices.
So there is a need of method in which the conductivity of material can be
calculated at any part. Four probe methods is such a method.
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(i) From this method resistivity of different shape sample material can be
calculated. Along with this in any given sample the resistivity can be calculated
at different parts i.e. to calculate actual resistivity from both sides of any p-n
junction, the semi conductor can cut into necessary small parts each one of them
is a device. In this way the value of resistivity of many device made on single
chip can be calculated.

Fig. 20.2 Four Probe Method for the measurement of resistivity

(iv)  Since in this method current is made to flow in the sample by two fine
probes and voltage is measured by two probes which are situated inside and all
four pins are quite close to each other therefore, from this method resistivity is
measured very accurately. Theoretically all the conditions of equation (1), See
Fig. 20.3 are full filled.

Potentiometer
or
Millivoltmeter

mA

Direct Y N
Current _@ 4

Source | «—\

Fig. 20.3 Four Probe Measurement Apparatus

(v)  Form this method study of the effect of temperature on resistivity can be
done and forbidden energy gap or band gap can also be found.
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Formula for Experiment:

From the measured values of V and | resistivity p can be calculated using the
following relation:

-V 2xs
=V 11
P I Gy (w/s) ( )

Theoretical Formula for determination of band gap and study of dependence of
resistivity on temperature.

From equations (9) and (10)
1

p:
ATglze_Eg/kTe(,un+,up)
Taking log of both sides
3 Eg
lo =lo —=lo +—=
Jep g(Ae.(ynﬂtp)J 200Dt

If it is assumed that there is no special change in carrier conductivity with
temperature and change in power as compare to exponential change is negligible
then in the above formula first and second term can be taken as constant. So

E
lo =9 _Jog.K 12
Jep KT Je ( )

Where K is constant
20.7 Self Learning Exercise-I

Q.1 Give definition of resistivity?

Q.2 What is the principle of measurement of resistivity?

Q.3 Give the effect of temperature on resistivity of conductor, semiconductor
and insulator?

Q.4 Why normal methods of resistance measurement are not proper for semi
conductors?

Q.5 What are the advantage of four probe method in comparison to other
methods?
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20.8 Procedure

L.

Carefully study the manual and observe the given study apparatus. Decide on
the basis of points explained above in the principle how to evaluate the value
of P. Note down the value of S and W.

Make the circuit as shown in Fig. 20.3 Outer probes are connected by direct
current source and inner probes are connected with voltmeter. In apparatus
these terminals are denoted by | and V and by using knobs on a single dial |
and V can be read alternately.

Put the sample in the oven carefully and with help of screw connect four probe
connecting pins with the sample (see fig. 20.1)

A thermometer, for the reading of temperature, which must be kept at a
constant value, is fixed properly inside the oven through the cap of oven.

Switch on the direct current source and put reading knob at | and flow proper
value of current (like 2 mA) through the sample. Note down the value of I.

Now put reading knob at V and note voltage reading.
Switch on the oven and note voltage and temperature at different temperatures.
Note the observations in observation table-1.

Draw a curve between log10p and 103/T.

10 Find forbidden gap of semiconductor by formula (12) from expression (12)

E,= ”‘i;i?oe’ x (Slope of straight line between log10p and 10°T.)

20.9 Observations

1.  Givensampleis..................
(which type of sample intrinsic silicon/intrinsic Ge/ extrinsic
semiconductor)

2. ST

Observation Table 1

Value of Constant Current=................... mA



S.No.

Temperature (TK)

Voltage V
(mV)

103/T

p(Formula 11)

log10 p
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Observation Table 2
Value of Constant Current=................... mA

S.No. | Temperature (TK) | Voltage V' | 103/T | p(Formula 11) | log10 p
(mV)
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Observation Table 3
Value of Constant Current=................... mA

S.No. | Temperature (TK) | Voltage V' | 103/T | p(Formula 11) | log10 p
(mV)
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20.10 Graph

Graph between log10p and 103/T

log10p
10°T [k™

01—
09—
08—
07—
06—

(31,0.65)

log 1 P

05— AC

BC

0.55 Slgpe = m
| 0325

=1.69

Slope=

04—
03—
02—

(2.775,0.1)
0.1 B

| | | | | | | | | |
23 24 25 26 27 28 29 30 3.1 3.2 33

3

107 rpres
= [K
T[:|

20.11 Calculations

()  Put the appropriate value of C in equation (11) and find the value of p and
calculate log10p at different temperatures.
(i)  Calculate the value of 10%T at each temperature.

(ili)  Draw the graph between log10p and 10°T.
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(iv)  From Formula (12)
Eg - (2><k><2.303
10~
20.12 Results
1. Resistivity of the given semi conductor changes with temperature according to
graph. Resistivity of semi conductors decreases with increase in temperature.
2. EnergybandgapE,=.............. eV of give semiconductor.
Standard value for Germanium Crystal E; = 0.69 eV

AN AN IM™N"

20.13 Dlscussmn

x slope of straight line between log10p and 10%T)

20.14 Precautions and Sources of Error

Current through the sample should not be large.

Surface should be tapped to minimize effect.

Probes should always toud the semi conductor.

Probe should not be pressed tightly one the material otherwise it will damage.
Four probe method is a collinear.

20 15 Self Learning Exercise-11
Q.1 Can we calculate forbidden energy band of semiconductor from this
method?
Q.2 Explain conductor, semiconductor and insulator on the basis of band
energy?
Q.3 Which one : germanium or silicon, has a lower forbidden energy gap?

Q.4 Where does Fermi level lie in an intrinsic semiconductor?
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Q.5 Which one : Ge or Si is more useful semiconductor material?
20.16 Glossary

Band gap, energy gap (E,) : Forbidden energy levels separating the valence and
conduction bands. No electrons are allowed to have energies at these levels.
Conduction band : The upper energy band in a semiconductor separated from the
valence band by the energy gap. The conduction band is not completely filed with
electrons hence; electrons are free to "Conduct".

Crystal : Solid featuring periodic spatial arrangement atoms throughout the entire
piece of materials.

Probe G : An electrode or other device that can be placed inside something to take
and convey measurements,

Resistivity: A measure of the resisting power of a specified material to the flow of
an electric current.

Valence band: the lower energy band in a semiconductor that is completely filled
with electrons at ok, electrons cannot conduct in valence band.

20.17 Answer to Self Learning Exercises

Answer to Self Learning Exercise-|

Ans.1: Resistance of a slab of material having unit length and unit area of cross
section is numerically equal to its resistivity.

Ans.2: If due to flow of current | in any small part or any slab of material the
potential difference between its ends is v then resistivity is directly

proportional to the ratio of V and I. It can denoted by p=VT p where p

depends upon the geometry of material.
Ans.3: Resistivity of conductor increases with temperature, resistivity of

semiconductor decreases with temperature and no effect is observed in the
resistivity of insulator with temperature.

Ans.4: Because conductor- semiconductor contact is rectifying and at the place of
contact sufficient contact potential is developed which leads to an error in

the measurement of p.
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Ans.5: In this actually the potential difference is measured between two points in

which current is flowing. In this method connection of probes is over a very
small region of material. From this method resistivity can be measured
between the different parts of materials. So this method is used to measure
the resistivity of those materials and devices in which the resistivity is
different at different parts.

Answer to Self Learning Exercise-11
Ans.1: Yes, this is described in the method.

Ans.2: The materials in which there is overlapping between conduction and

valence bands are known as conductor. The material in which there is a
small energy gap between conduction band and valence band are known as
semi conductor and materials in which the energy gap is very large are
known as insulator.

Ans.3: Germanium has lower forbidden energy gap of 0.7eV as compared to
silicon which has forbidden energy 1.1eV.

Ans.4:In an intrinsic semiconductor, Fermi level lies in the middle of the energy
gap.

Ans.5: Si is more useful because thermal agitation produces fewer electrons and
holes in Si than in Ge.

20.18 Viva Questions

Q.1 Whatis the resistance of a pure semiconductor at ok?

Q.2 What s the net charge on a sample of semiconductor?

Q.3 What is a semi conductor?

Q.4 At room temperature, if a voltage is applied across a pure semi conductor,
what is the direction of motion of electrons and holes?

Q.5 What type of conductor is pure germanium?

Q.6 What is valence band?

Q.7 What is conduction band?

Q.8 On band theory, how will you define conductor and Insulator?
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Q.9 What is the amount of impurity which is added in a pure semiconductor?
Q.10 What are holes?

Q.11 How resistivity of a semi conductor vary with temperature.

Q.12 Give three examples of semi conductors?

Q.13 What is the forbidden energy band gap of germanium semiconductor?
Q.14 What do you mean by the band gap energy?

Q.15 What s the lattice of the germanium semiconductor?

Q.16 What are intrinsic semiconductors?

Q.17 What is the forbidden energy band gap of silicon?

Q.18 Out of pure semiconductor and impure semiconductor, of which the
resistivity is affected more by the change in temperature?
Q.19 What are the order of resistivity of the semi conductor?

Q.20. What are the conductivity of a semi conductor?

20.19 Answers To Viva Questions
Ans.1: At 0K, the resistance of a pure semiconductor is infinite.
Ans.2: Zero.

Ans.3: A material which has electrical properties in between insulator and
conductor is called as a semiconductor. According to band theory of solids a
semiconductor is that material in which valence band and conduction band
are separated by a small gap (less than 5ev).

Ans.4: At room temperature, on applying a voltage across a pure semiconductor,
the electrons move towards the positive terminal (i.e. towards the higher
potential) and holes move towards the negative terminal (i.e., towards the
lower potential).

Ans.5: Pure germanium is a non-conductor of electricity due to covalent bonding.

Ans.6: Energy levels of an isolated atom are sharp and discrete. A very small

portion of a solid has millions of atoms very close to each other. These
atoms undergo mutual interaction as result energy levels of valence

electrons are modified. The energy levels of valence electrons from a group
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or a band known as valence band.

Ans.7:When atom absorbs energy, its valence electrons jumps to the higher orbit.
Conduction band is a hand of energy which arises when valence electrons
have absorbs some energy such that they are available for conduction of
electricity.

Ans.8: A conductor is a substance in which conduction and valence band at room

temperature overlap i.e. energy gap is zero. In insulator energy gap
(separation hetween conduction band valence band) is large.

Ans.9: In about 10° atoms of pure semi conductor, one atom of impurity is added
to make it a doped semiconductor.

Ans.10: Electron deficiency in the band is called as the holes. Holes are supposed
to be positive charged.

Ans.11: The resistivity of a pure semiconductor decreases with increase in
temperature and is gives as p = Ae /T

Ans.12: Silicon, Germanium and Gallium.

Ans.13: 0.72eV

Ans.14: It is the energy gap in which there is no allowed energy states of electrons

I.e. no electron can remain in this energy gap. All the energy states below
this energy gap are completely filled by the electrons, while the energy
states above this gap are allowed, but they are either completely empty or
partially filled. The lower completely filled energy band is called the
valence band and the upper completely empty or partially filled energy band
is called the conduction band. The energy gap between these two bands is
called the band gap energy.

Ans.15: Germanium has body- centered cubic lattice.

Ans.16: A pure semiconductor is called intrinsic semiconductor.
Ans.17: 1.1eV

Ans.18: Pure semiconductor.

Ans.19: 10° Q-m

Ans.20: 10° to 10 S/m.
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Study of Horn Antenna Characteristics
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21.1 Aim

(I) To study the radiation pattern of given pyramidal horn by plotting it on a polar
graph paper.
(if) To find the holy power beam width and calculate its gains.

21.2 Apparatus

Microwave power source, source of power supply, Frequency meter, calibrated
attenuator, pyramidal horn, tuned detector, indicating meter.

21.3 Diagram

Fig. 21.1 Wave guide horn antennas for E-H Plane horn
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Fig. 21.2. Set-up for measuring gain of a horn antenna
21.4 Formula

€am WIQth are formed 10 DE INVErSEly proportional 10 telr TeSpective
dimensions.

sozo 534,
O = and O ==

where o, and 9 e are respectlvely the beam widths of H and E plane radiation
patterns of a pyramidal horn.

A, Is free space wavelength

a and b are respectively the broad and small dimensions of the wave guide

2rab
7%

21.5 Model Graph

Gain (G) is given by 6=

OA

Main Lobe
With Gain

l

Half Power
Band Width

Radiated Power in db
E—
®
X
7’

Lobe for \
Zztfﬁéfpi%f «—— Side Lobe
(Spherical) k /

<—ﬁ Back Lobe
S @
Fig. 21.3(a) Antenna radlatlon pattern :Polar Plot

375



Level above first
side lobe

First Side Lobe

Power radiated

| I I
50°  40° 30° 20° 0° 20° 30°  40° 5|o°
Angular Displacement (b)

Fig. 21.3(b) Antenna radiation pattern :Linear plot.
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21.6 Theory ar{dRDesc'rib'tion

In microwave communications, the transmission and reception of microwave
power to/from space, is a primary necessity. The process is affected by an
impedance transformer between the space and source, known as antenna. The basic
characteristics of an antenna are expressed in terms of field pattern, directivity,
bandwidth and gain. A transmission line shall act as an antenna if its output end is
well matched to space. For example, if ends of a wave- guide are flared or tapered
in such a way that fields of the propagating E-M wave expand in an ordinary
manner thereby making the mismatch between guide and space a minimum, it will
act as an antenna. Such antenna because of having shapes like horns are known as
horn antennas.

E-M HORNS

Horn antennas of EM horns may have various types of designs. When a circular
waveguide is flared in a conical shape we have conical horn. In case of a
rectangular waveguide, however, we can either flare broader side to have H-plane
or H-sectorial horn, the flaring being parallel to magnetic field, or flare smaller
side to have E-plane or E-sectorial horn, the flaring being parallel to the electric
field. When both the sides of a waveguide are flared, we shall have a pyramidal
horn Fig. 21.1 or E-H horn,
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RADIATION PATTERN : BEAM WIDTH

The basic source of radiations a short dipole and theoretically it radiates equal
power in all the directions and so it is called an isotropic radiator. A practical
antenna, however, does not radiate isotropically. The figure giving distribution of
E-M fields around the antenna in the space around is called as radiation field
pattern or simply radiation pattern. Practically, it is a diagram (most commonly
polar) of the field strength, or the power intensity as a function of the aspect angle
at a constant distance from the radiating antenna. The radiation pattern may be
from E- or H-plane depending upon which field is parallel to the ground, but the
general characteristics are the same. Further, if we have identical receiving and
transmitting antennas and also the common polarization of the radiation, the
receiving and transmitting radiation patterns shall also be identical. A typical field
pattern, shown in Fig. (21.2), consists of several lobes, viz. main lobe, side lobes
and back lobe. The major portion of the radiated power is concentrated in the main
lobe and it is desired for a good antenna to have minimum power in the side lobes
and in the back lobe. The angle (in a polar radiation pattern) between the two
points on the main lobe where power intensity is half the power intensity at the
maximum, is known as 3 db beam width or simply beam width of an antenna and it
defines its basic directive characteristics. Beam widths are found to be inversely
proportional to their respective dimensions.

o 2% o g - A

Where and are o, ande ¢ are respectively the beam widths of H and E plane

radiation patterns of a pyramidal horn, A, is free - space wavelength and a and b
are respectively the broad and small dimensions of the waveguide. To measure ¢ ,,
and o . experimentally, two identical horns are placed in the same orientation and
in line. One is excited to microwave power while power received by the other is
detected at various angles from the lines keeping the distance between the horns
the same. The radiation pattern may then be plotted and ¢, o) may be
determined.

Another important characteristic of an antenna is its gain. It measures the directive
character of a given antenna and is defined as the ratio of the power that must be
radiated (or received) by an isotropic antenna to deliver particular field strength in
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the desired direction to the power that must be radiated by actual antenna to obtain
the same field strength in the same direction. In other words, it is the power
intensity at the maximum of the main lobe compared to the power intensity from
an imaginary unidirectional (isotropic radiator) antenna, with the same power fed
to the antennas. For pencil-beam antennas (E-M horns) the gain can alternatively
be defined as a ratio of the surface area of the isotropic radiator (sphere) to the
radiation area (area over which the power density in the beam is at least half the
power density on the beam axis) of the beam.
Thus gain G is given by

G = Avrea of the spherical radiator 2)

Avrea of actual radiator

At microwave frequencies antenna dimensions being comparatively large (in terms
of wavelengths), it can be assumed that all the power supplied to antenna is
radiated. Then, using reciprocity theorem one can find that the maximum power
transmitted by an antenna is given by

2,2
Pras = 222 ®

4807
Where G is gain of the antenna, E is the intensity of radiated electric field and 4,
is free-space wavelength. If we consider this power to be confined in a section of
the wave front having area A called capture area or intercept area or absorption
cross-section of the receiving antenna, and considering an isotropic dipole situated
on the earth's surface, then power radiated by it per unit area is E%/120 (the surface
being spherical). The capture area or aperture is thus (using definition)

-1
A= GE2/102 E? = %
48071'2 1207 4
or  Gain,G= “°*
4o
Capture area A is generally smaller than the actual aperture area. In case of
pyramidal horn it is found to be 50 percent of the actual area, i.e.,

A:ib
2
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Thus, G = Z’T;b (4)
10

Equation (4) suggests theoretical measurement of gain. Also it indicates that (i)
gain is independent of the power level and (ii) gain is the same when antenna is
used as a receiver or transmitter. Consider two-horn antennas, one as receiver and
another as transmitter, then the power at a range (distance) r from the transmitting
antenna is

P, G,/ 4nr?
P, in power transmitted, G,, is gain of the transmitter. The capture area of the

2
Greco
Ar

receiving antenna is . Thus power received by the receiving antenna

2

p = RrGtr Grec/o
rec 2X 4

Arr T

When two horns are identical,
G,=G,. =G, s0

2,2
C % X Ptr: I:)rec
(47”’)2

Or G =47 [Frec (5)
20 \ Rr

Equation (5) suggests the experimental measurement of the gain of an antenna.

In case two identical horns are not available, Equation (6) cannot be used. Under
these conditions, too, we can measure gain. From Equation (1) and (4), we have
G= 27rab: 2r B 2r
W2 toto OH,OE
a b 80 53

_ 27x80x53 13325.71 (6)
00y  OgoH

Thus knowing o and op experimentally, gain can experimentally be
determined.

In Equation (5), the accuracy of gain measurements depends upon the selection of
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the proper value of r. When antennas are having different apertures and r is small,
then there happens to be a phase lag between central and circum part of the
radiated field causing error in gain measurement. The condition to minimize this
error is

2
rmin> Zf 7(3-)
(0]
When D is the aperture of the large antenna. Further, when the antennas are large,
the intensity of the radiated field received at the edges of the antenna is small as
compared to the centre. The effect is minimized when the separation happens to be
rmin >2 D/ﬂo 7 (b)

Antennas are of equal apertureiotherwise rmin>[1+d

(0]

reflection and the interactions with other bodies, the separation should be optimum.

'min >2a2/10 7(C)
Thus choosing r,,;, as per above conditions, best results for gain may be obtained.
(tin Slightly greater than 2D% 4 ) ).

21.7 Self Learning Exercise-I

Q.1 Whatis an antenna?

Q.2 Why an oscillating dipole radiates in space isotropically?
Q.3 Name Various types of antennas.

Q.4 Whatis E-H Horn antenna?

Q.5  Define beam width.

21.8 Procedure

Antenna Radiation Pattern Plotting

1. Set up the equipments as shown in the fig. 21.2 keeping the axis of both
antennas in same axis line.

2. Energize the Microwave source for maximum output at desired frequency with
square wave modulation by tuning square wave amplitude and frequency of
modulating signal of Gunn Power Supply and by tuning the detector.

j. Further, to avoid mutual
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Also tune the S>S Tuner in the line for maximum output (If S.S. Tuner is in
the set up).

Obtain full scale deflection (0dB) on normal dB scale (0-10 dB) at any
convenient range switch position of the VSWR Meter by gain control knob of
VSWR meter or by variable attenuator.

Turn the receiving horn to the left in 20 or 50 steps up to 40° -50° and note the
corresponding VSWR dB reading in normal dB range. When necessary change
the range switches to next higher range and add 10 dB to the observed value.

Repeat the above step but this time turns the receiving horn to the right and
note down the readings.

Draw a relative power pattern i.e. output V/S angle.

From diagram determine 3dB- width (beam width) of the horn antenna can be
measured.

Gain Measurement

L.
2.

Set up the equipments as shown in fig. Both horns should be in line.

Keep the range dB switch of VSWR meter at 50 dB position with gain control
full.

Energize the Gunn Oscillator for maximum output at desired frequency with
modulating amplitude and frequency of Gunn Power Supply and by tuning of
detector.

Obtain full scale deflection in VSWR meter with variable attenuator.

5. The transmitting horn by detector mount and change the appropriate range db

position to get the deflection 'ON scale (do not touch the gain control knob)
Note and record the range db position and deflection of VSWR Meter.

Calculate the difference in dB between the power measured in step 4 and 5.
Example

Suppose that a deflection of 5dB on 20dB range dB position was obtained
in step 5, the difference between 4 and 5 is 50 - (20 - 5) =25 dB

Convert the dB into power ratio. As for above example it will come 316 which
will P, P, calculate gain by following equation.
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_4zS |PF
“ T \R
In our above example suppose operating frequency us 9 GHz, 4, = 3.33 cm
where C is velocity of light and is 3 x 10° cm/ sec and distance between

G

antennas is 150 cm. (Suppose).
7. Convert G into dB in above example G db =10 log 318 = 15.02 dB
8. The same set-up can be used for other frequency of operation.

21.9 Observation

Beam Voltage = .........coovevennns Volts

Beam Current=.............ccceevee mA

Reflector Voltage = .........cccvveenn Volts

Broad dimension of wave guide (a) = ................... CM
Small dimension of wave guide (b) = ...........c....... CM
Free space wave length 4, S e CM

Observation Table :-

For H Plane

S.No. | Angular Position Output Power Output Power
deflection left (uA) | deflection right (uA)

00

20

40

60

80

10°

12°

14°

O OO N O Ol & Wl DO -

16°
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10 18"
11 20°
12 22"
13 24
14 26"
15 28"
16 30°
17 32°
18 34
19 36"
20 38"
21 40°
For E- Plane :-
S.No. | Angular Position Output Power Output Power
deflection left (uA) | deflection right (uA)
1 0°
2 2
3 4
4 6°
5 8’
6 10°
7 12"
8 14°
9 16"
10 18"
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11 20°
12 22°
13 24
14 26"
15 28"
16 30°
17 32’
18 34
19 36
20 38"
21 40°
21.10 Graph
For H- Plane :-
Angular Position
Output Left (uA)
Input Right (uA)
For - E Plane :-
Angular Position
Output Left (uA)
Input Right (1A)
Scale
ONxaxislem=................

Onyaxis1cm=




ForHPlane =lcm=2°
Scale
OnAC lem=4pA
OLet  ORignt

4 2 0 2 4 4
10 8 \6 \ NN 8 10 12
2 g NN TS 24

ov uo
a|ess
aue|d 3404

21.11 Calculations

Theoretical values of Beam width of a horn antennas
a=98cm, b-78cm, 4, =29718cm
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For H plane oy =8O;0 =8OXS'§718

53], 53x2.9718
a 78

G = 27ab_2x3.14x7.8x9.8

fo (29718
From polar graph experimental values of beam width of a horn antennas
For H- Plane

24,260

ForEplane o -20.193

=53.36

and power gain

OH = orererinenns Half band angle i. e. angle corresponding to 3db)
For E- Plane
OF = ovvivrneainns (Angle corresponding to 3 db points)
Power gain G = 1332>71 =
00y

Thus knowing o and op experimentally, gain can experimentally be

determined.
Theoretical Gain - Experimental Gain

Percentage error = : :
Theoretical Gain
Percentage error = .............o.oo.. %
21.12 Result

The radiation power pattern for E- plane and H- plane for the pyramidal horn
antenna are shown in polar graph.

By experimentally, the values of beam width for the half angle for E and H plane
are
OE = ooieieeannn, OH = e respectively.

Theoretical value of the power gain = 53.36
Percentage error = ................. %

21.13 Discussion




21.14 Precautions and Sources of Error

The sensor should be parallel to the cross-section of antenna.

2. Do not see directly inside the horn antenna because power out of horns may
damage retina of eye.

3. Materials present in the vicinity of the experimental set up should be
absorbing ones. It's advised to perform this experiment in open space.

4. Angular displacement of 20 must be given properly.
5. While modulating repeller should never become positive with respect to
cavity.
21.15 Self Learning Exercise-I1
Q.1  Whatis power gain?
Q.2 Write the formula of power gain.
Q.3 What do you mean by isotropic radiator?
Q.4 Write the formula of beam width of a horn antenna for E and H plane.
Q.5  Whatis the purpose of an antenna?

21.16 Glossary
Antenna: For the transmission and reception ot electromagnetic Waves.

Antenna power gain: Antenna's maximum radiation intensity in a stated direction
to the maximum radiation intensity of a reference antenna with identical power
applied to both.

Attenuation: Loss in power of electromagnetic signals between transmission and

reception points.
Band Width: A range of consecutive frequencies comprised of a band over which
an antenna shall perform without the need of any adjustment.

Directivity: The theoretical characteristic of an antenna to concentrate power in
only one direction. Whether transmitting or receiving.
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Gain: Gain is the practical value of the directivity of an antenna. It takes into
account the efficiency of the complete structure.

Radiation pattern: The graphical representation of the relative field strength
radiated from an antenna in a given plane, plotted against the angular distance from
a given reference.

Isotropic: (of an object or substance) having a physical property which has the
same value when measured in different directions.

21.17 Answers to Self Learning Exercises

Answers to Self Learning Exercise-1

Ans.1:In microwave communications, the transmission and reception of
microwave power to and from space, is primary necessity. The process is
effected by an impedance transformer between the space and source, known
as antenna.

Ans.2: The basic source of radiation is a short dipole and theoretically it radiates
equal power in all the directions and so it is called an oscillating dipole
radiates in space isotropically.

Ans.3: Conical antenna, H-Plane sectorial, E-Plane sectorial antenna.

Ans.4: When hoth sides the sides of a wave guide are flared we shall have a
pyramidal E-H horn antenna.

Ans.5: The angle between the two points on the main to be where power intensity
is half the power intensity at the maximum is known as beam width.

Answers to Self Learning Exercise-1|

Ans.1: It is defined as the ratio of the power that must be radiated (or received) by
an isotropic antenna to deliver a particular field strength in the desired
direction to the power that must be radiated by actual antenna to obtain the
same field strength in the same direction.

Ans.2: G= 27ab

75

Ans.3: The basic source of radiation is a short dipole and it radiates equal power in
all the directions and it is called on isotropic radiator.
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Ans.4: 6y = X

804, 53/,

and o= 5

Ans.5: An antenna is an electrical device which converts electric power into radio

waves. It is usually used with a radio transmitter or radio receiver. In
transmission, a radio transmitter supplies an electric current oscillating at
radio frequency to the antenna's terminals, and the antenna radiates the
energy from the current as electromagnetic waves. In reception, an antenna
intercepts some of the power of an electromagnetic wave in order to produce
a tiny voltage at its terminals that is applied to a receiver to be amplified.

21.18 Viva Questions

Q.1
Q.2
Q.3
Q4
Q5
Q.6
Q.7
Q8
Q.9

What is a radiation pattern?

What are the two types of radiation Pattern?

Define radiation efficiency.

What is the error introduced in direction finding of loop antenna?
What is the radiation resistance of multi turn loop antenna?

What is the principle of a pattern multiplication?

What is the general effect of earth on antennas.

What is the isotropic source?

What is the difference between transmitting and receiving patterns?

Q.10 Describe the dipole antenna.

Q.11 What are the uses of antenna?

Q.12 Where horn antennas are used?

Q.13 Define horn antenna.

Q.14 What are their advantages?

Q.15 They can operate over a wide range of frequencies, why?

Q.16 Define gain of horn antenna.

Q.17 What happened if a simple open-ended wave guide were to be used as an

antenna, without the horn?

Q.18 What is meant by an antenna polarization?
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Q.19 List some important applications of antennas.
Q.20 What are the maximum power transmitted by an antenna?

21.19Answers to Viva Questions

Ans.1: An antenna radiation pattern 1S a mathematical function or a graphical

representation of the radiation properties of the antennas a function of space
co-ordinates.

Ans.2: (i) Field Pattern
(i) Power Pattern
Ans.3: Radiation efficiency = Maximum Power gain / directivity.

Ans.4: Antenna or vertical effect or night effect or Aeroplane effect or
polarization error.

31,200 (NA) (2N)
(2G)

where 2 N = Number of turns,
G = Wave length,

A = effective area.
Ans.6: In case of isotropic antenna arrays the total field of the antenna array is

simply the vector sum of those of individual radiating sources. In case of
non isotropic, but similar sources is the multiplication of the individual
source patterns and the pattern of an array of isotropic point sources, each
located at the phase centre of individual sources and having relative
amplitude and phase, where as the total phase pattern is the addition of the
phase patterns of the individual sources and that of the array of isotropic
point sources.

Ans.T: Effect of earth modifies the following:
1. Currents flowing in reflecting surface.

2. Radiation pattern.
Ans.8: An isotropic radiator is a theoretical point source of electromagnetic or
sound waves which radiates the same intensity of radiation in all directions.

Ans.5: Radiation resistance =
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Ans.9: In the process of transmitting, one of the primary considerations of an
antenna is efficiency. Noise in not a primary consideration in transmitting
antenna design or deployment. On the receiving end, efficiency is of
vanishing important. Contrary to popular opinion, a beverage antenna is
extremely efficient but it's also a very effective antenna because of its low
noise properties.

Ans.10: A dipole antenna is a straight electrical conductor measuring half wave
length form end to end and connected at the center to a radio frequency feed
line. This antenna also called a doublet, is one of the simplest types of
antenna, and constitutes the main radio frequency radiating and receiving
element in various sophisticated types of antennas. The dipole is inherently
a balanced antenna because it is bilaterally symmetrical.

Ans.11: They are used as feeders for larger antenna structures such as parabolic
antennas, as standard calibration antennas to measure the gain of other
antennas, and as directive antennas for such devices as guns, automatic, and
micro wave radiometers.

Ans.12: A horn antennas are widely used as antennas at UHF and microwave
frequencies, above 300 MHz.

Ans.13: A Horn antenna is an antenna that consists of a flaring metal waveguide
shaped like a horn to direct the radio waves.

Ans.14: Their advantages are moderate directivity (gain) Low SWR, broad band
width, and simple construction and adjustment.

Ans.15: Since they don't have any resonant elements, they can operate over a wide
range of frequencies, a wideband width. The useable bandwidth of horn
antennas is typically of the order of 10 : 1 and can be up to 20 :1.

Ans.16: Horns have very little loss, so the directivity of a horn is roughly equal to

its gain. The gain G of a horn antenna is the ratio of the radiated power
intensity along its beam axis of the intensity of an isotropic antenna with the
same input powers.

Ans.17: If a simple open-ended wave guide were to be used as an antenna without
The horn, the sudden end of the conductive walls causes an abrupt
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impedance of free space, 377 ohms.
Ans.18: The polarization of an antenna is the polarization of the wave radiated by

the antenna. At a given position, the polarization describes the orientation of
the electric field.

Ans.19: Wire antenna, travelling wave Antenna, Micro strip Antennas.

2.2
Ans.20; P = GE}E’
4807
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22.1 Aim

3. To determine the plateau and optimal operating voltage of a Geiger-Muller
counter.

4. To determine the resolving time of a GM counter.

5. To investigate the statistics related to measurements with a Geiger counter.
Specifically, the Poisson and Gaussian distributions will be compared.

22.2 Apparatus

e Set-up for ST-350 Counter

e  GM Tube and stand

e  shelf stand,

e serial cable, and

e asource holder

e Radioactive Source (e.g., Cs-137, Sr-90, or Co-60).

22.3 Diagram
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GM Tube

( \ Tarraslnbme (‘
Source U™ / Amplifierr ~ Scaler
R
HV Supply
22.4 Formula

Let n,, n, and n,, be the true counts (sample plus background), with sources S,, S,
and (S, 1S,), respectively. Let m;, m, and m,, represent the corresponding
observed rates. Also let n, and m, be the true and measured background rates with
both the sources removed. Assuming the nonparalyzable model, the dead time T is
given by

_X(-v1-2)
Y

Where

X =mm, —m,m,

Y =mm,(m, +m,) —mym,,(m, +m,)
:Y(ml +m,—m, —m,)

VA vE

22.5 Model Graph

Determination of Operating Voltage:
Model graph between count/minute and voltage is plotted here.
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22.6 Theory anld“Desc.rib.tion

Geiger-Miiller (GM) counters were invented by H. Geiger and E.W. Miiller in
1928, and are used to detect radioactive particles. A typical GM Counter consists
of a GM tube having a thin end window (e.g. made of mica), a high voltage supply
for the tube, a scalar to record the number of particles detected by the tube, and a
timer which will stop the action of the scalar at the end of a preset interval.

The sensitivity of the GM tube is such that any particle capable of ionizing a single
atom of the filling gas of the tube will initiate an avalanche of electrons and ions in
the tube. The collection of the charge thus produced results in the formation of a
pulse of voltage at the output of the tube. The amplitude of this pulse, on the order
of a volt or so, is sufficient to operate the scalar circuit with little or no further
amplification. The pulse amplitude is largely independent of the properties of the
particle detected, and gives therefore little information as to the nature of the
particle. Even so, the GM Counter is a versatile device which may be used for
counting alpha particles, beta particles, and gamma rays, albeit with varying
degrees of efficiency.

Principle of the Method:

All nuclear radiations, whether they are charged particles or gamma rays, it will
lonize atoms/molecules while passing through a gaseous medium. This ionizing
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property of a nuclear radiation is utilized for its detection. Geiger-Muller counter,
commonly called as GM counter or simply as Geiger tube is one of the oldest and
widely used radiation detectors. It consists of a metallic tube with a thin wire
mounted along its axis. The wire is insulated from the tube using a ceramic feed-
through. The central wire (anode) is kept at a positive potential of a few hundreds
of volt or more with respect to the metallic tube, which is grounded. The tube is
filled with argon gas mixed with 5-10% of ethyl alcohol or halogens (chlorine or
bromine).

When an ionizing radiation enters the Geiger tube some of the energy of the
radiation may get transferred to a gas molecule within the tube. This absorption of
energy results in ionization, producing an electron-ion pair (primary ions). The
liberated electrons move towards the central wire and positive ions towards the
negatively charged cylinder. The electrons now cause further ionization by virtue
of the acceleration due to the intense electric field. These secondary ions may
produce other ions and these in turn still other ions before reaching the electrodes.
This cascading effect produces an avalanche of ions. In an avalanche created by a
single original electron many excited gas molecules are formed by electron
collisions in addition to secondary ions. In a very short time of few nanoseconds
these excited molecules return to ground state through emission of photons in the
visible or ultraviolet region. These photons are the key element in the propagation
of the chain reaction that makes up the Giger discharge. If one of these photons
interacts by photoelectric absorption in some other region of the tube a new
electron is liberated creating an avalanche at a different location in the tube. The
arrival of these avalanches at the anode causes a drop in the potential between the
central wire and the cylinder. This process gives rise to a very large pulse with
amplitude independent of the type and energy of the incident radiation. The pulse
is communicated to the amplifier through an appropriate RC circuit, and then to a
counter which is called as scaler. Suitable arrangements are made to measure the
counts for a preset time interval. The schematic diagram of the G-M tube and the
associated electronic components is given in Figure.

Dead Time;

In nearly all detector systems, there will be a minimum amount of time that
separates two events in order that they may be recorded as two separate pulses. In
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some cases the limiting time may be set by processes in the detector itself, while in
other cases the limit may arise due to the delays associated with the electronics.
This minimum time separation is usually called the dead time of the counting
system. Because of the random nature of radioactive decay, there is always some
probability that a true event will be lost because it occurs too quickly following a
preceding event. Two models of dead time are in common use, categorized on the
basis of paralyzable and nonparalyzable response of the detector. The fundamental
assumptions of the two models are illustrated in Figure.

Dead T ]
Li\-'e — | | | |

Paralyzable
N NN AN A
Events 1n detector Time —_—
Dead
bve 7 1 | | | | | |
Nomnparalyzable

At the center of the figure, a time scale is shown on which six randomly spaced
events in the detector are indicated. At the bottom of the figure is the
corresponding dead time hehavior of a detector to be nonparalyzable. A fixed time

T is assumed to follow each true event that occurs during the “live period” of the
detector. True events that occur during the dead period are lost and assumed to
have no effect whatsoever on the behavior of the detector. In the example shown
the nonparalyzable detector would record four counts from the six true events. In
contrast, the behaviour of a paralyzable detector is shown along the top line of
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Figure. The same dead time t is assumed to follow each true interaction that
occurs during the live period of the detector. True events that occur during the dead

period are not recorded but they extend the dead time by another period t
following the lost event. In the example shown, only three counts are recorded for
the six true events. The two models predict the same first order losses and differ
only when true event rates are high. They are in some sense two extremes of
idealized system behavior, and real counting system will often display a behavior
that is intermediate between these extremes. The detailed behavior of a specific
counting system may depend on the physical processes taking place in the detector
itself or on delays introduced by the pulse processing and recording electronics.

If the system dead time is t, and the measured count rate is m, then the true count
rate n predicted by the two models can be expressed as

Nonparalyzable Model
m

- 1-mr

Paralyzable Model

n

m=ne"™
You may show that for low counting rates (n << 1/t ) both models give the same
expression for n. In the present experiment we will utilize the nonparalyzable
model in the calculation of true counts and the dead time .

Setting up the equipment
Note that: Dangerous voltages can exist at the GM and SCINT connectors. Ensure

that the high voltage is set to zero or that the instrument is OFF before connecting
or disconnecting a detector.

1. Connect the ST360 to its AC adapter.
2. Connect a GM tube to the GM connector via a BNC cable.

3. Enter the HIGH VOLTAGE mode and set the high voltage to the recommended
value for the GM tube.

4. Place the radioactive source close to the GM tube’s window.

399



5. Using the Operating Mode information described above, set the unit up to
perform the desired function.

6. Press the COUNT button to start data acquisition, the STOP button to halt data
acquisition (providing Preset Time is not being used), and the RESET button to
reset the time and data to zero.

Operating Plateau for the Geiger Tube

The purpose of this experiment is to determine the voltage plateau for the Geiger
tube and to establish a reasonable operating point for the tube. Model graph 1,
shows count rate vs. voltage curve for a typical Geiger tube that has an operating
point in the vicinity of 500 V.

Measurement of Resolving (Dead) Time t

A commonly used method for dead time measurements is known as two source
method. The method is based on observing the counting rate from two sources
individually and in combination. Because the counting losses are nonlinear, the
observed rate due to the combined sources will be less than the sum of the rates
due to the two sources counted individually, and the dead time can be calculated
from the discrepancy.

Statistics of Radioactive Decay Process (Counting Statistics)

Statistics of radioactive decay process (Counting statistics) Radioactive decay is a
random process. Consequently, any measurement based on observing the radiation
emitted in a nuclear decay is subject to some degree of statistical fluctuations.
These inherent fluctuations are unavoidable in all nuclear measurements. The term
counting statistics includes the framework of statistical analysis required to process
the results of nuclear counting experiments and to make predictions about the
expected precision of quantities derived from these measurements.

Although each measurement (number of decays in a given interval) for a
radioactive sample is independent of all previous measurements (due to
randomness of the process), for a large number of individual measurements the
deviation of the individual count rates from the average count rate behaves in a
predictable manner. Small deviations from the average are much more likely than
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large deviations. These statistical fluctuations in the nuclear decay can be
understood from the statistical models utilizing Poisson distribution or Gaussian
(Normal) distribution. If we observe a given radioactive nucleus for a time t and
define the success as “the nucleus decays during the process” then the probability

of success “p” is given by (1 - e™'). The Poisson distribution applies when the
success probability p is small and the number successes (i.e. number of counts
measured) is also small (say < 30). In practical terms, this condition implies that
we have chosen an observation time that is small compared with the half life of the
source. When the average number of successes becomes relatively large (say > 30)
we can utilize the Gaussian model of distribution. Since in most of the cases the
count rates are reasonably large (few tens of counts per second) the Gaussian
model has become widely applicable to many problems in counting statistics. On
the other hand the Poisson distribution is applicable in the case of background
counts. The details of experimental, Poisson and Gaussian distributions are given
below.

Experimental Distribution Function

We assume that we have a collection of N independent measurements of the same
physical quantity. In this particular case the quantity is the number of counts
recorded by the detector in a specific time interval. We denote the result of these N
MEASUrEMENtS as Yy, Yo, Vg veervvveernnns Vieoreon Y

The experimental mean is given by

iYi

V: i=1

N

The data set is conveniently represented by a frequency distribution function F(y).
The value of F(y) is the relative frequency with which the number appears in the
collection of data. By definition

F(y)= number of occurrence of the value y [=(y)]/number of measurements [=N]

A plot of F(y) versus y gives the frequency distribution of the data (The number of
occurrences can also be calculated by choosing a suitable interval for the values of
y). The standard deviation of the distribution is given by
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=2 2007

Notes regarding o, andy

Remember that above equation is applicable to the quantities directly measured in
the experiment and not to the derived quantities. To illustrate, in the present
experiment if you measure the number of counts for a preset time interval (say 30
s) and call ity,. Then Eq. is applicable to these counts only and not to the counting
rates calculated using these values. To determine the deviations for the derived
quantities proper error propagation methods should be used.

To be precise, y is the true mean value determined from a set having infinitely
large number of measurements and cannot be determined experimentally as such.
However for a reasonably large set of measurements the value of y can be set equal
f0y.

The Poisson distribution

As mentioned above it is applicable when p <<< 1 and the number of successes are
very few

(y)'e”

P(Y) ==~
y!

In this case the standard deviation is given by

o, = Jy
The Normal or Gaussian distribution

When p << 1 and the successes are large one can model the experimental data
using the Normal distribution which is also called Gaussian distribution (as per
R.D. Evans it is erroneous to call this as Gaussian because its derivation by Gauss
(1809) was antedated by those of Laplace (1774) and DeMoivre (1735)). This is
given by

_ 1 (y-y)y
SRR )

In this case the standard deviation is given by
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Gezﬁ

We will denote both o, and o as o,

Applications of Statistical Models In Nuclear Physics

There are two major applications of counting statistics in nuclear measurements.
The first application involves the use of statistical analysis to determine whether a
set of multiple measurements of the same physical quantity shows an amount of
internal fluctuation that is consistent with statistical predictions. In this case the
motivation is to determine whether a particular counting system is functioning
normally. The second application is more important in which we examine these
methods to make a prediction about the uncertainty one should associate with a
single measurement. The following procedure and analysis will give you a feel as
to how an experimental distribution in a nuclear counting experiment looks like
and how does it compare with theoretical distributions.

22.7 Self Learning Exercise-I
Q.1 What is ionizing radiation?
Q.2 What is Radioactivity?
Q.3 What are the Three Types of Radioactivity?
Q.4 Is Radioactivity Good or Bad?

22.8 Procedure
Operating Voltage for the Geiger Tube

a. After setting up the equipment as described above place a y source (137Cs,
90Sr, or 60Co) in the lead castle at a suitable distance from the window of the
Geiger tube.

b. Find the voltage at which the GM tube just starts counting (~400V). Starting
from this voltage take the number of counts N(V) for 30 s, thrice at each
voltage V, in steps of 20 volts. You will go over a plateau and should stop
increasing the voltage as soon as the number of counts starts increasing very
rapidly.
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C.

Plot N(V) versus V. Choose a voltage on the central region of the plateau of
N(V) vs. V curve. Perform all subsequent measurements (described below and
in the next experiment) at this voltage.

Measurement of resolving (dead) time <

d.

€.

f.

To find the dead time we have to use two vy sources say S, (*'Cs) and S, (*Co).
While performing the experiment as per the steps given below, care must be
exercised not to move the source already in place and consideration must be
given to the possibility that the presence of a second source will scatter
radiation into the detector which would not ordinarily be counted from the first
source alone. In order to keep the scattering unchanged, a dummy second
source without activity is normally put in place when the sources are counted
individually.

Keep source S, in one of the pits in the source holder made for this purpose.
Keep a dummy source in the second pit. Record the counts for a preset time
(say 300 s).

Without removing source S, remove the dummy source from the second pit and
keep the source S, in its place. Record the number of counts for the combined
sources S, and S, for the same preset time as in b,

Remove source S; and measure the counts due to source S2 alone, for the same
preset time as in b,

Remove source S, as well and record the background counts for the same
period.

Calculate the count rates in all the cases.

The statistics related to measurements with a Geiger counter

a.
b.

Set the operating voltage of the Geiger counter at its proper value.

Don’t put any source in the lead castle. Also remove all the sources in the
vicinity of the castle.

Take 100 independent readings of the background counts for a preset time of 10
S. (To set Preset time 10 sec. follow step b of initial procedure).

Save the data by pressing STORE key. While taking 100 independent reading
set ITERATION (Step c of initial procedure) to 1.
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g.

Place one of the y sources (*'Cs or ®Co) far enough away from the window of
the Giger tube so that approximately 2000 counts are recorded in a time period
of 30 s. Take 100 independent readings of the counts for a preset time of 30 s.
Save the data by pressing STORE key. While taking 100 independent reading
set ITERATION (Step e of initial procedure) to 1.

Transfer the data on PC and plot the required function.

Analysis of Background counts (data set ¢ above)

d.

Determine frequency of occurrence v(y) which is the number of measurements
in which y =0, 1, 2, 3, 4 ....counts have been observed and plot the

experimental distribution v(y) versus y.
Calculate the average number of counts y and the Poisson distribution

p(y)=(7)y#

Compare this distribution with the experimental distribution.

Calculate o, and oy, and compare. The comparison gives clue to the reliability

of the measuring equipment. If o, is larger than o, it means that additional
fluctuations have been introduced by the apparatus, such as spurious counts due
to voltage surges, sparks in the tube or change of the background during the
course of the experiment which can occur when you handle the sources (move
from one place to another) while the measurements are going on.

Determine the actual number of intervals for which the absolute value of the
deviation from the average is larger than the standard deviation and the

probable error 0.67450. Compare with theory.

Analysis of the counts taken with the source data set (¢) above

Carry out the analysis following steps h to k above. However, in this case use
Gaussian distribution. Also, in order to represent the distribution in the best
possible manner, frequency of occurrence may be calculated by choosing
equally spaced, non-overlapping, contiguous intervals for the counts. The width
of the interval can be anywhere from 2 to 10 counts or more depending on the
data set.
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22.9 Observation

Operating voltage for the Geiger tube.

Voltage (V) Counts

Count rate

Measurement of resolving (dead) time <

T Error (%)

Data Sheet for Statistics Lab

Run

Counts
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Data set Mean Gaussian Poission
Background
Cs-137

22.10 Graph
Plot the required graph.

22.12 Result

1. The Optimal Voltage of the given Geiger Muller Counter is = ------ Volts

2. Counts Per Seconds Vs Voltage given graph has been drawn to identify the
plateau region of the GM counter.

3. The Dead time of the GM counter is = ------ Seconds
22.13 Discussion

22.14 Precautions and Sources of Error

1. While performing an experiment with one radioactive source other sources
should not be present nearby. They should be put behind the lead shield.
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2. Handle the radioactive sources with care. Don’t touch in bare hand to the
center of samples.

3. While handling the liquid radioactive samples please use hand gloves.

Don’t put your mobile near to the detector. It may add some counts to the
signal.

22.15 Self Learning Exercise -1

Q.1 What is a Gamma Ray?

Q.2 What are the Properties of a Gamma Ray?

Q.3 Where do Gamma Rays come from?

Q.4 How can the Direction of a Gamma Ray be Changed?

L22.16 Glossary

Radiation :Energy emitted by atoms In a changing State. Radiation can take Its
form as electromagnetic waves, heat, light, X-rays, Gamma rays, or streams of
alpha particles, beta particles, neutrons or protons.

Background radiation: The radiation of man's natural environment originating
primarily from the naturally radioactive elements of the earth and from the cosmic
rays. The term may also mean radiation extraneous to an experiment.

Geiger counter: A Geiger-Miiller detector and measuring instrument. It contains
a gas-filled tube which discharges electrically when ionizing radiation passes
through it and a device that records the events.

lonizing radiation: Radiation that is capable of producing ions either directly or
indirectly.

Scaler: An electronic instrument for counting radiation induced pulses from
radiation detectors such as a Geiger-Muller tube.

22.17 Answers to Self Learning Exercises

Answers to Self Learning Exercise-1

Ans.1: lonizing radiation is energy that is given off by unstable atoms as they
decay. In a nuclear power reactor core, radioactive uranium atoms split into
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smaller radioactive atoms (like cesium, strontium, ioding) which give off
alpha, beta and gamma radiation. These particles and waves have sufficient
energy to cause damage to DNA and cells if they are get into the environment
and our bodies.

Ans.2: Sometimes the nucleus of an atom is unstable. A change will occur in
the nucleusto make it more stable. The changeis called adecay. When
anucleus decays it will emit (give out) some particles or waves. Emitting
particles or waves from  the nucleusis  called radioactivity.  Radioactive
decay is arandom process which gives out heat. The particles or waves that
are emitted are called radiation. The same word radiation is also used for
some electromagnetic waves which have not come from radioactive decay.

Ans.3:There arethree types of radioactivity, called alpha, beta and gamma.
A radioactive nucleus will emit either an alpha particle or a beta particle or
a gamma ray. After an alpha particle or a beta particle has been emitted from a
nucleus, the atomic number of the atom will have changed. The atom will
have changed intoa different element.An alpha or beta emittermight also emit
gamma radiation.

Ans.4.  Radioactivitycan  be  both harmful and useful. ~ For  example,
the rate of decay (called the half-life) can be used to find out how old things
are.The energy released froma nucleus during fission canbe used togenerate el
ectricity. Radioactivity can cause damage to living cells leading to cancer.

Answers to Self Learning Exercise-1|

Ans.1: Agamma ray (also written asy-ray) is an electromagnetic wave. It is at
the small wavelength end of the electromagnetic spectrum. A gamma ray has
nomassand no charge. It is written y. Emittingagamma ray makes

no difference to  the mass number or the atomic number but will make
the nucleus more stable.

Ans.2: (i) A gamma ray has no charge (see above).

(i) Agamma ray has no mass. Of the three types of radioactivity a gamma
ray is the least likely to collide with other atoms which means that (a) gamma
rays have  the most penetrating  abilityand  are noteasily  absorbed.
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Many centimeters of lead or a few meters of concrete will absorb most gamma
rays but some will still get through.

(b) gamma rays are the least ionising radiation.

Ans.3:Gamma raysare likely to beemittedat thesame timeas alpha
particles or beta particles but some isotopes only emit gamma rays.

Ans.4: Unlike an alpha particle or a beta particle, a gamma ray is not deflected by
a magnetic or electric field because it has no charge.

22.18 Viva Questions

Q.1 Whatis an Alpha Particle?

Q.2 What are the Properties of an Alpha Particle?

Q.3 Where do Alpha Particles come from?

Q.4 How can the Direction of an Alpha Particle be Changed?
Q.5 Define lonization?

Q.6 What are the ionization radiations you know?

Q.7 What is known as GM Region?

Q.8 What s the expression for the voltage developed in a GM counter?
Q.9 What is Efficiency of an ordinary GM Counter?

Q.10 What are Efficiency affecting factors?

Q.11 What is a Dead Time of Counter?

Q.12 What is a Beta Particle?

22.19 Answers to Viva Questions

Ans.1: Analpha particle (also written as oc-particle) consists of 2 protons and 2
neutrons. An alpha particle is the same thing as the nucleus of a helium atom.
It is written,He*.

Ans.2:Analpha particle has apositive charge  because the 2 protons have
a positive charge. Analpha particle has by far the most mass of the three
types of radioactivity. It~ is  thetypemost  likely to collide with
other atoms which means that alpha particles have the least penetrating
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ability of thethree types and are easily absorbed by paper, skin or
a few centimeters of air. alpha particles are the most ionising of the three types.

Ans.3: Alpha particlesare  most likely to be emitted during the decay of

heavy nuclei which  have  alarge number of protons and neutrons. ~ After
an alpha particle has been emitted the atomic number and the mass number
changes and a new element is made.

Ans.4: The positive charge on the alpha particle means that it will be deflected by
amagnetic  fieldor anelectric field (like the charged droplets in
an inkjet printer). An alpha particle will be deflected less than a beta particle
because thealpha particle has abigger mass. Analpha particle has
a positive charge and will be deflected in the opposite direction from
a beta particle which has a negative charge.

Ans.12: A beta particle (also written as [3-particle) is the same as an electron. It is

often called ahighenergy electron because it isvery fast moving.
A beta particle comes from the nucleus of anatom! It has a charge of -
1 and very little mass (only 1+ 1840 as big as a proton). It is written ,¢°

Theeshows that theparticleis anelectron. A beta particleis given
amass number  of zero because the massisvery small compared to
a proton or a neutron.
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Radiation Detectors and Measurement by Glenn F. Knoll.

The Atomic Nucleus by R.D. Evans.

Introduction to Experimental Nuclear Physics by R. M. Singru.
Instruction Manual of G.M. Counting System.
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23.1 Aim

1. To determine the efficiency of a Geiger-Muller counter.

2. To investigate the relationship between absorber materials (atomic number),
absorption thickness and backscattering.

3. To verify the inverse square relationship between the distance and intensity of
radiation.

4. To investigate the attenuation of radiation via the absorption of beta particles.

23.2 Apparatus

e  Set-up for ST-350 Counter

e GM Tube and stand

e shelf stand,

e serial cable, and

e asource holder

o Radioactive Source (e.g., Cs-137, Sr-90, or Co-60).

23.3 Diagram
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23.4 Formula

1. Efficiency of a Geiger-Muller counter :

To find the disintegration rate, change from micro Curies (uCi) to disintegrations
per minute (dpm). The disintegrations per minute unit is equivalent to the counts
per minute from the GM tube, because each disintegration represents a particle
emitted.

The conversion factor is;
1 Ci =222 x10% dpm

1 mCi = 2.22 x10° dpm

Multiply this by the activity of the source and you have the expected counts per
minute of the source. We will use this procedure to find the efficiency of the GM
tube, by using a fairly simple formula. You want to find the percent of the counts
you ohserve versus the counts you expect, so you can express this as

% Efficiency = r(100)/CK
In this formula, r is the measured activity in dpm, C is the expected activity of the
source in uCi, and K is the conversion factor.

2. Absorption of gamma rays in materials:
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When gamma rays pass through a foil a certain fraction of them is removed from
the primary beam. If N is the number of gamma rays which enter a medium the
number that emerge through thickness x is

N=Nge™

where p is called as the absorption coefficient of the medium. We therefore have
INN=-pux+InN,

A plot of InN vs. x is thus a straight line where the slope gives . Find p for Al
and Cu using Cs-137 and Co-60 source.

w is also called as linear attenuation coefficient. The absorption of gamma rays in
matter can also be characterized by mass absorption coefficient (., ). Then

N =N, et
0

where s, is the mass attenuation coefficient ( m*g™) and p,
is the mass per unit area of the absorber.

23.5 Model Graph

Ip
Straggeling
Extrapolated range
range

¥
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23.6 Theory and Description

Efficiency Of A Geiger-Muller Counter:

From earlier experiments, you should have learned that a GM tube does not count
all the particles, which are emitted from a source (like, dead time). In addition,
some of the particles do not strike the tube at all, because they are emitted
uniformly in all directions from the source. In this experiment, you will calculate
the efficiency of a GM tube counting system for different isotopes by comparing
the measured count rate to the disintegration rate (activity) of the source.

Absorption Of Gamma Rays In Materials:

The probability of interaction is given in terms of the total cross-section o which is
the summation of individual cross-sections related to the photoelectric effect, the
Compton effect and the pair production and is written as

G = Ot L0, t0y,

The factor Z in the second term embodies the assumption that all the atomic
electrons contribute individually (and incoherently) to Compton scattering. For

gamma ray energies above K-shell ionization energy of the atom, the Compton
effect is more dominant and for the purpose of the present experiment the first and

the third terms of above equation can be neglected. The cross-section o is related
to the absorption coefficient p by

where n, is the number of electrons per unit volume in the material. Using above

equation find the value of o, (express it in the units of barn (1 barn = 10°% m?).
Compare the values obtained for Cu and Al and give your comments on the
findings.

Data:

Density of Aluminum: 2.7 x 10° kg m*®, Z =13.

Density of Copper: 8.92 x 10° kg m™®, Z=29.

Avogadro Number : 6.023 x 10% molecule per kg mole .
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Radiation is emitted from a source in all directions. The radiation emitted within
the angle subtended by the window of the GM tube is the only radiation counted.
Most radiation is emitted away from the tube but it strikes matter. When it does so,
the direction of its path may be deflected. This deflection is known as scattering.
Most particles undergo multiple scattering passing through matter. Beta particles
especially may be scattered through large angles.

Radiation scattered through approximately 1800 is said to be backscattered. For
Geiger counters, the fraction of radiation emitted away from the GM tube that
strikes the material supporting the sample. It is deflected toward the tube window
and is counted.

A beta particle entering matter undergoes a series of collisions with mostly nuclei
and sometimes orbital electrons. A collision between particles does not occur in the
same manner we picture

them in the macroscopic world. There are very little contact collisions, but instead
the term, collision, refers to any interaction, Coulombic or otherwise. (A
Coulombic interaction is an electrical attraction or repulsion that changes the path
of the particle’s motion.) A collision may be elastic or inelastic, but in either 50
case the result is not only a change in direction but usually a decrease in the energy
of the beta particle as well (inelastic).

In the first part of the experiment, we will investigate the effect of the size of the
nucleus on backscattering since this would seem most likely effect the number of
backscattered beta articles. This can be determined by using absorbers as backing
materials. Even though the metal pieces you will use are called absorbers, in this
experiment, they will also be used to deflect radiation upward into the GM tube.
To eliminate any other effects, the absorbers will be the same thickness but
different atomic number (and thus different sized nuclei). In the second part of the
experiment, you will use absorbers of the same material (atomic number) and
different thickness. This is a common experimental technique, fixing one variable
and varying another to investigate each one individually

Normally when we think of thickness, we think of linear thickness that can be
measured in a linear unit such as inches or centimeters. However, in nuclear and
particle physics, thickness refers to areal thickness. This is the thickness of the
absorbers in mg/em?. The absorptive power of a material is dependent on its

417



density and thickness, so the product of these two quantities is given as the total
absorber thickness, or areal thickness. We determine areal thickness with the
equation

Density (mg/cm®) x thickness (cm) = Absorber thickness (mg/cm?)
You will determine the dependence that absorber thickness has on backscattering.

Inverse Square Relationship Between The Distance And Intensity Of
Radiation:

As a source is moved away from the detector, the intensity, or amount of detected
radiation, decreases. You may have observed this effect in a previous experiment.
If not, you have observed a similar effect in your life. The farther you move away
from a friend, the harder it is to hear them. Or the farther you move away from a
light source, the harder it is to see. Basically, nature provides many examples
(including light, sound, and radiation) that follow an inverse square law.

What an inverse square law says is that as you double the distance between source
and detector, intensity goes down by a factor of four. If you triple the distance,
intensity would decrease by a factor of nine. If you quadruple the distance, the
intensity would decrease by a factor of 16, and so on and so on. As a result, if you
move to a distance d away from the window of the GM counter, then the intensity
of radiation decreases by a factor 1/d%

Absorption Of Beta Particles:

Beta particles are electrons that are emitted from an atom when a neutron decays
by the weak force. The neutron (n) becomes a proton (p), an electron (¢), and an
anti-neutrino. When an electron originates in the nucleus, it is called a beta
particle.

Unlike alpha particles which are emitted from the nucleus with the same energy
(~5 MeV), beta particles are emitted with a range of energies lying between 0 MeV
and the maximum energy for a given radioactive isotope. The velocity of a beta
particle is dependent on its energy, and velocities range from zero to about
2.9 x 10° m/s, nearly the speed of light. So the beta particles do not all have the
same Kinetic energy and thus they do not all have the same range. When the range
varies over different values, this is called range straggling. It represents the
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different energy losses all of the beta particles have given their different initial
values. Model graph shows a typical absorption curve for beta particles, which
illustrates the range straggling.

23.7 Self Learning Exercise-I

01
Q.2
Q.3
Q4

How is Radioactivity Measured?
What is a Geiger-Miiller Tube?
What is Background Radiation?
What is External Radiation?

23.8 Procedure

Efficiency Of A Geiger-Muller Counter:

d.

g.

Setup the Geiger counter as you have in the previous experiments. Set the
Voltage of the GM tube to its optimal operating voltage, which should be
around 900 Volts.

Set Runs to zero and set Preset Time to 60 to measure activity in cpm.

First do a run without a radioactive source to determine your background
level.

Next, place one of the radioactive sources (Po-210, Sr-90, Co-60) in the top
shelf and begin taking data.

Repeat this for each of your other two sources. Remember that the first run is a
background number.

(OPTIONAL) From the Preset menu, change the Preset Time to 300, and take
data for all three sources again.

Save your data to disk or to a data table before exiting the ST350 program.

Absorption Of Gamma Rays In Materials :

d.

Setup the Geiger counter as you have in the previous experiments. Set the
Voltage of the GM tube to its optimal operating voltage, which should be
around 900 Volts.

From the Preset menu, set Runs to zero and set Preset Time to 60.
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g.

First do a run without a radioactive source to determine your background
level.

Next, place the radioactive source in the second shelf from the top and take
data.

Place an absorber piece, or disk, in the source holder and place the source
directly on top of it.

Repeat this for all of the various absorbers (different materials) including the
unknown. (Plastic is poly-carbonate** — Z = 6, Aluminum - Z = 13, Copper -
Z=29,Tin-Z=50,and Lead - Z =82)

Record the data to a file on disk or into a data table.

Thickness Dependence

h.

Repeat 1-5 Setup the Geiger counter as you have in the previous experiments.
Place the source on a different thickness of the absorber and insert into the
second shelf.

Repeat for at least three other absorber thicknesses and record the data to a
file.

Inverse Square Relationship Between The Distance And Intensity Of
Radiation:

d.

Setup the Geiger counter as you have in the previous experiments. Set the
voltage of the GM tube to its optimal operating voltage, which should be
around 900 Volts.

From the Preset menu, set Runs to zero and set Preset Time to 30.

First do a run without a radioactive source to determine your background
level.

Next, place the radioactive source in the top shelf and begin taking data. In
this position, the source is 2 ¢cm from the GM tube’s actual detector
components.

Move the source down one shelf each time and take another run. You should
see the data accumulating in the Data window. After all ten shelves have been
used, save the data onto disk or record in a data table. Remember that the first
run is a background number,
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Absorption Of Beta Particles:

a.  Setup the Geiger counter as you have in previous experiments. Set the Voltage
of the GM tube to its optimal operating voltage, which should be around 900
Volts.

. From the Preset menu, set Runs to zero and set Preset Time to 60.

c. First do a run without a radioactive source to determine your background
level.

d. Next, place the radioactive source in the second shelf from the top and begin
taking data.

e. Place an absorber piece in the top shelf and take another run of data.

f.  Repeat this minimum of 5 more times with absorbers of increasing thickness.

23.9 Observation
Efficiency of a Geiger-Muller counter
Source Counts Corr. Counts | Expected Efficiency
Counts
Absorption of gamma rays in materials
Element (2) Counts Corr. Counts % backscattering
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Thickness
(mg/cm?)

Counts

Corr. Counts

% backscattering

Inverse square relationship between the distance and intensity of radiation

Counts

Corr. Counts

Distance

1/d?
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Absorption of beta particles

Counts Corr. Counts Thickness In (counts)
23.10 Graph
Plot the required Graph
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23.11 Calculations

23.12 Result
1. The Efficiency of a GM counter is = ------ (%)
2. The background scattering of a GM counter is = ------ (%)

23.14 Precautions and Sources of Error

1. While performing an experiment with one radioactive source other sources
should not be present nearby. They should be put behind the lead shield.

2. Handle the radioactive sources with care. Don’t touch in bare hand to the
center of samples.

3. While handling the liquid radioactive samples please use hand gloves.

Don’t put your mobile near to the detector. It may add some counts to the
signal.
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23.15 Self Learning Exercise -1

Q.1 What is the Most Harmful Type of External Radiation?

Q.2 What s Internal Radiation?

Q.3 What is the Most Harmful Type of Internal Radiation?

Q.4 What Safety Precautions are needed when working with Radioactivity?

23.16 Glossary

Radiation : Energy emitted by atoms in a changing state. Radiation can take its
form as electromagnetic waves, heat, light, X-rays, Gamma rays, or streams of
alpha particles, beta particles, neutrons or protons.

Background radiation: The radiation of man's natural environment originating
primarily from the naturally radioactive elements of the earth and from the cosmic
rays. The term may also mean radiation extraneous to an experiment.

Geiger counter: A Geiger-Miiller detector and measuring instrument. It contains a
gas-filled tube which discharges electrically when ionizing radiation passes
through it and a device that records the events.

lonizing radiation: Radiation that is capable of producing ions either directly or
indirectly.

Scaler: An electronic instrument for counting radiation induced pulses from
radiation detectors such as a Geiger-Muller tube.

23.17 Answers To Self Learning Exercises

Answers To Self Learning Exercise-1
Ans.1: Radioactivity is measured in Becquerels, symbol Bg.
1 Bg =1 decay per second.

A Geiger-Miiller tube displays the amount of radioactivity in Bg.
Ans.2: A Geiger-Miiller tube detects the ions which are formed by radioactivity.

The tube is filled with argon gas and has a very thin piece of mica at the end. It
is called a mica window, and it lets all types of radioactivity penetrate through
it, even alpha particles. Below is a picture of a Geiger-Miiller tube.
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Thetubeis filled withargongas. When anelectronis knocked off
anargonatom,  apositive  ionis  formed.  Theion is attracted to
the negative inside lining of thetube. When the ion collides with
the tube it collects an electron and becomes an argon atom again.

The electron that was knocked off is attracted to the central positive wire.
When theelectron collides with  the positive ~ wire,  thetiny
amount of electricity causes a click from the loudspeaker of the counter.

The counter has a digital display of the number of clicks per second. This is
thesameas  the  number  of radioactive wavesor particles that
have entered the tube and made ions in one second.

The Geiger-Mller tube and  the counter together  are  often  called
a Geiger counter. ~ The count rate (reading) ~ obtained ~ from  a
Geiger counter depends ~ on  thedistance of  the tube from  the
radioactive source. ~ Thecloserthetubeis to  the  source, the
more  radioactivity will enterit ~ and  the higher the reading will  be.
The reading is also affected by the background count.

Ans.3:  Radioactive nuclei (the source of radioactivity) are all around us.
Radioactive nuclei come from both natural and man made sources.

Natural radioactivity is found in the air, the ground and the sea. Everything
living is radioactive and food is  also radioactive.  Radioactivity comes
from rocks, particularly granite. Radiation also comes from space. Some
comes from the Sun. Some comes from other galaxies in Space as gamma
ray bursts. These bursts may come from a distant star during a supernova.

Someman  made  radioactivityin  the environment comes  from
nuclear weapons testing  and accidents at nuclear power stations. All of
this radioactivity is ~ called the background radiation. ~ The level of
this radiation (called the background count) is low. If you switch on a Geiger
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counter it will detect this background radiation and give
a reading in Becquerels (Bq) for the level.

Ans.4: Radiation that has come from radioactive sources outside of the body is

called external radiation. All three types of radioactivity are harmful and
safety precautions must always be taken.

Answers To Self Learning Exercise-I1

Ans.1:0f the three types of radioactivity, alpha particles are the least harmful form
of external radiation. Alpha particles can not penetrate through the skin and so
will not cause damage to the cells of internal organs of the body. This does not
mean thatalpha particles are safe. Alpha particles can cause cancer of
the skinand in some cases this can be fatal. Both beta particles and gamma
rays will penetrate through all of the tissues in a body and can cause damage to
the cells of any internal organs. Beta particles are more ionising than gamma
rays and will cause more damage for the same exposure and intensity.
People who work with radioactivity must follow special safety precautions and
wear a film badge.

Ans.2:  Radiation which has come from radioactive sources inside of the body is

called internal radiation. All three types of radioactivity are harmful and
safety precautions must always be taken.

Ans.3:0f the three types of radioactivity, alpha particles are the most harmful form
of internal radiation. Alpha particles can not penetrate through body tissue and
so will be absorbed by the cells which are near to the radioactive source. This
can cause damage and lead to cancer of the internal organs of the body. For
example, granite  rock contains radium-224 which decays ~ to  form
the gas radon-220. Radon-220 is analpha emitterand can be present in
some buildings which have been built on granite. People who live in
the buildings can breath in radioactive radon-220 which than continues to emit
alpha particles from inside the lings .This increases the risk of
getting lung cancer.

Both beta particles and gamma rays will penetrate through all
body tissuesand areless likelyto cause damage than alpha particles.
Beta particles are more ionising than gamma ~ raysand ~ will ~ cause
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more damage for  the same  exposure and intensity. Gamma  rays  are
the least harmful form of internal radiation. Gamma emitters with a short half-
life are the most suitable for use as medical tracers.

Ans.4. Safety Precautions in School.

Radioactive sourcesthat are used inschool are usually very weak. They
can only be used in the presence of an authorized teacher. They are kept in
a sealed container except when they are being used
in an experiment or demonstration. They are immediately returned to
the container when the experiment or demonstration is finished. When using
the radioactive source it should be

1. Handled with tongs or forceps, never with bare hands.

2. Kept at arms length, pointing away from the body.

3. Always kept as far as possible from the eyes.

Hands must be washed after the experiment and definitely before eating.
Safety Precautions in Industry.

Radioactive sourcesthat are used inindustry may bevery strong and
additional precautions must be followed. Fully sealed protective suits can be
used which prevent any direct contact with radioactive materials. The suit can
be lead lined to prevent any penetration by alpha particles or beta particles.
Robots that are operated by remote control can be used to deal with very
contaminated areas or high intensity gamma emitters. People who work
with radioactive sources wear a film badge.

23.18 Viva Questions

Q.1
Q.2
Q3
Q4
Q5
Q6

Where do Beta Particles come from?

How can the Direction of a Beta Particle be Changed?

Which counter is more sensitive ionization chamber or GM Counter?
What is the Expression for finding the dead time of a counter?

What Element would be formed if Bismuth emitted a Beta Particle?
What are the Properties of a Beta Particle?
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23.19 Answer To Viva Questions

Ans.1:Beta particles may  be emitted from  the nucleus during the decay of
either big or small nuclei.

Ans.2:  The negative charge on the beta particle means that it will be deflected
by amagnetic fieldor an electric field (like the charged droplets in
an inkjet printer). A beta particle will be deflected more than an alpha
particle (because of its smaller mass) and in the opposite direction (because of
Its negative charge).

Ansb: it would have amass number 212 and atomic number 84.
This element is polonium.

Ans.6:

1. A beta particle has a negative charge because it is an electron.

2.A beta particle has less mass than analpha particle but - more mass than
agamma ray. See thethree typesof radioactivity. This means that
(1) beta particles have more penetrating ability than alpha particles
but less penetrating ability than gamma rays.

(if) beta particles are less ionising than alpha ~ particles but  more
jonising than gamma rays.
References and Suggested Readings

Particle Physics by A. Kamal 2014

Engineering Physics, by Raghuvanshi, G. S. Raghuvanshi.
Nuclear and particle physics by B. R. Martin 2006.

Nuclear Energy by Raymond L. Murray, 2000.

R.R. Roy and B.P. Nigam: Nuclear Physics, 1979,

Radiation Detectors and Measurement by Glenn F. Knoll.

The Atomic Nucleus by R.D. Evans.

Introduction to Experimental Nuclear Physics by R. M. Singru.
Instruction Manual of G.M. Counting System.
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Cauchy Dispersion Relation
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24.1 Aim
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References and Suggested Readings

24.1 Aim

To verify the Cauchy’s dispersion relation and determine their constants.

24.2 Apparatus

Spectrometer, mercury lamp, prism and reading lens, spirit level.
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24.3 Diagram

Figure 24.1: The Spectrometer

Figure 24.2: Measurement of angle of Prism (A).

Figure 24.3: Position of prism on prism table
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Figure 24.4 (a): Verification Graph

Figure 24.4 (b): Verification Graph

24.4 Formula

Cauchy showed that the variation of the refractive index p with wavelength A
can be represented by the relation

u=A+B/A?
Where, A and B are two constants whose values are given by
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Uy — Uy

&Y
oA

Here, , and I, are the refractive indices for wavelength A, and A, respectively.
The value of |1 at a particular wavelength can be calculated by using the following

formula
_ (A+ 6,
Sin ( > )

()

and &,,= Angle of minimum deviation.

By knowing the values of A and B with the help of equations (2) and (3), the value
of W can he calculated at any other wavelength with the help of eqg. (1).The
calculated value is compared with the help of eq. (1). The calculated value is
compared with the experimental value. An agreement between theoretical and

experimental value of i for certain value of A verifies the Cauchy’s dispersion
relation.

B =

and

M:

where A = Angle of prism

24.5 Theory and Description

Dispersive power of a substance is usually denoted by the symbol w to
define it. Consider there wavelengths A;, A, and A, respectively in the blue.

Suppose the polychromatic light beam is passed through a prism of very small
refracting angle A.

Lets,,5, and 6, be the angle of deviation for the ray of light of
wavelength 1, 1, and 2. The angular separation is (s, — 8z) between the
emergent rays of these colours. Therefore for small value of angle of prism
deviations are given as-

6p = (up —1)A
by = (uy — 1A
6r = (ur —1)A
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The angular dispersion is therefore-

8 —O0r = (up — DA — (ugp — DA = (up — ug)A
and

6p—0r _ (#B=HR)A _ (UB—HR) _

Oy (uy—-1)A (uy—1)
This is a dispersive power of a substance.

Now we adjust the prism at normal incidence. The following procedure is adopted:

(i) luminate the slit of the collimator with the given source of light. Collimator
and telescope are arranged in a line and the image of the slit is focussed on the
vertical cross wire. The reading of the telescope is noted on the circular scale

with the help of one of the vernier attached to it. Let this reading be 6.

(i) The telescope is now rotated through 90° i.e. the new reading of the telescope

is (6 + 90°). In this position, the telescope and collimator are mutually
perpendicular. Now the telescope is clamped.

(i) Mount the prism on the prism table and rotate the prism table so that the
reflected is seen on the cross wire of the telescope. The face of the prism now

makes an angle 45° with the collimator axis. Note down the position ¢ of the
prism table on the circular scale with the help of one of the verniers attached to
the prism table.

(iv) Turn the prism table from this position through 45° i.e. its reading is

(¢ + 45°). Now the prism face is exactly normal to the direction of the
incident light. The angle of incidence in this position is zero. Read both the
verniers of the prism table.

Schuster’s Method of Focusing:

It is the method of focusing the telescope and the collimator simultaneously,
when it is not possible take the spectrometer out of the lab. Place the prism
coincide with the centre of the prism table and its ground surface is parallel to one
of the parallel lines present of the prism table. Ideally the prism should be inscribed
within the circle drawn on the prism table. Turn the prism table such that entire
light from collimator falls on the one reflecting face and the image is viewed. From
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the telescope on the other side. A spectrum with naked eyes and bring the telescope
in front of your eyes. On rotation of prism table spectrum moves in one direction
and often sometimes it stops and retraces its path. This particular position where
the spectrum stops is called position of minimum deviation. Now fixed the
telescope at the position which greater than that of minimum deviation position.
Rotate the prism table towards the telescope (move refracting edge towards the
telescope) and focus the spectrum. Now rotate the prism table in the opposite
direction (move refracting edge towards the collimator) till the image is again
visible through the telescope. Focus the collimator. Repeat the process three or
more times so that the collimator and telescope can be adjusted for parallel light. If
all the above operations have been performed correctly, you will find that spectrum
will always be in sharp focus, no matter in which direction the prism is turned.

The above process is known as Schuster’s method of focusing the telescope and
collimator.

24.6 Self Learning Exercise -1

Q.1 Give the analysis of elliptically polarized light using Babinet compensator.

Q.2 A shift of 200 fringes is observed when movable mirror of Fabry-Perot
interferometer is shifted by 0.0295 mm. Calculate the wavelength used.

24.7 Procedure

1. Adjustment of Spectrometer:

(A) The axis of the telescope and that of the collimator must intersect the
principal vertical axis of rotation of the telescope.

This adjustment is done by the manufacturer and can only be tested in the
laboratory. For this purpose a pin is mounted vertically in the centre of prism
table and observing its image in the telescope tube without eyepiece and for a
wide slit in the collimator. If the image appears in the middle, then the
adjustment is perfect otherwise the image is made in the centre by using the
screws supporting the telescope and collimator till the pin appears in the middle.

(B) Prism table should be leveled.
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(i) The prism table is leveled with the help of three screws supporting the prism
table. A spirit level is placed along the line joining the screws and the two
screws are moved till the air bubble appears in the middle. Now place the spirit
level along the line perpendicular to the previous line and adjust the third screw
such that again the air bubble appears in the middle. Here one thing should be
remembered that the first two screws should not be touched this time. The prism
table is now leveled.

(if) The second method which is generally used is optical leveling of the prism
table. In this method the prism is placed on the prism table with its refracting
edge at the centre of the prism table and one of its polished surface perpendicular
to the line joining the two leveling screws P and Q as shown in figure 24.3.

Now rotate the prism table in such a way that refractive edges AB and AC face
towards the collimator and light falling on the prism is usually reflected on the
both side as shown in figure 24.3 ().

The telescope is moved to one side to receive the light reflected from the
face AB and the leveling screws P and Q are adjusted to obtain the image in the
centre of the field of view.

Again the telescope is moved to the other side to receive the light reflected
from the face AC and the remaining third screw R is adjusted till the image
becomes in the central field of the view of the telescope.

The procedure is repeated till the two images from both the reflecting faces
are seen in the central field of the view of the telescope. The prism table is now
leveled.

(C) Telescope and collimator are adjusted for the parallel light by Schuster’s
Method:

First of all the prism is placed on the table and then adjusted approximately for
minimum deviation position. The spectrum is now seen through the telescope.
The prism table is rotated slightly away from this position towards collimator
and the telescope is brought in view. The collimator is well focussed on the
spectrum. Again rotate the prism table on the other side of the minimum
deviation position i.e. towards telescope and focus the telescope for the best
image of the spectrum. The process of focusing that collimator and telescope is
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continued till the slight rotation of the prism table does not make the image to go
out of focus. This means that both collimator and telescope are now individually
set for parallel rays.

2. Measurement of The Angle of Minimum Deviation:

(i) Place the prism so that its centre coincides with the centre of the prism table and
light falls on one of the polished faces and emerges out of the other polished
face, after refraction. In this position, the spectrum of light is obtained.

(i) The spectrum is seen through the telescope and the telescope and the telescope
is adjusted for minimum deviation position for a particular colour in the
following way:

Set up telescope at a particular colour and rotate the prism table in one
direction, of course the telescope should be moved in such way to keep the
spectral line in view. By doing so a position will come where the spectral line
recede in the opposite direction although the rotation of the table is continued in
the same direction. The particular position where the spectral line begins to
recede in opposite direction is the minimum deviation position for that colour.
Note the readings of two verniers.

(i) Remove the prism table and bring the telescope in the line of the collimator.
See the slit directly through telescope and coincide the image of the vertical
cross wire. Note the readings of two verniers.

(iv) The difference in minimum deviation position and direct position gives the
angle of minimum deviation for that colour.

(v) The same procedure is repeated to obtain the angles of minimum deviation for
other colours.

3. Measurement of The Angle of Prism A

(i) Determine the least count of the spectrometer.

(i) Place the prism on the prism table with its refracting angle A towards the
collimator and with its refracting edge A at the centre as shown in the figure
24.3. In this case some of the light falling on each face will be reflected and can
be received with the help of the telescope.
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(ii1) The telescope is moved to one side to receive the light reflected from the face
AB and the cross wires are focussed on the image of the slit. The reading of the
two verniers is taken.

(iv) The telescope is moved to other side in other side to receive the light reflected
from the face AC and again the cross wires are focussed on the image of the slit.
The readings of two verniers are noted.

(v) The angle through which the telescope is moved or the difference in the two
position gives twice the refracting angle A of the prism. Therefore, half of this
angle gives the refracting angle of the prism.

24.8 Observation

Least Count of the Spectrometer:

1. Table forangle A of the prism.

S. | Ve | Telescope reading | Telescope  reading | Diffe | Mean | A | Mean
No | mi | for reflection from | for reflection from | rence | value| | A
er | first face second face a~b | Of degr
MS VS [ToalMS |VvS |Tow |24 |2A | |ee
reading| reading | (a) | reading | reading| (y)
1 1w
V
2 |
V
3 |1
V

2. Table for the angle of minimum deviation (&,;,).

S. | Colo
No | ur

1er

Vern | Dispersed image

' Telescope in
minimum deviation
position

Direct image

Telescope reading for | Diffe

rence

a—~b

Mean
deviati
on
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MS | VS Total| MS VS Total
reading | reading | (a) | reading | reading (b) S m
1 | Violet | v,
V2
2 | Blue A
V2
3 | Green | 1,
V2
4 | Yellow| v,
V2

24.9 Calculations

1. Using the following formula, calculate i for each line

Tabulate the result like the following table.

S.NO. Colour of line Om u () from the table of
constants
1. Voilet 4047
2. Bluish green 4916
3. Green 5451
4, Yellow 5770
5. Red 6234

A(A)from the table of constants

2. A graph is now plotted between A (along the X axis) and & (along Y axis). The
graph is shown below-

3.Again draw a graph between A (along the X axis) and i (along the Y axis). The
graph is shown below-

From the graph of Fig.(2), we have
M=...RandA,= .. .A
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B .1111—1112 cm?
(z7)
and
_ B _ B _ 2
A—M1_E—Mz_g— - Cm

4.Using the above derived values of A and B and applying the Cauchy’s formula
for a particular wavelength ( say 5500 A) we calculate the theoretical value of
refractive index L i.e.

B —
(5500 x 10-8)2 SLRIIRIIT
From the graph of given fig.(2) The value of p=........ for wavelength 5500 A.

24.10 Result

1. Fig. (1) shows the variation of angle of minimum deviation with wavelength,

2. Fig. (2) shows the variation of refractive index of the material of the prism with
wavelength.

3. The value of p for a particular wavelength calculated by Cauchy’s formula is

nearly same as read on (A — ) graph for the same wavelength. Hence
cauchy’s formula is verified.

p=A+

Percentage Error:

o Experimental value — Standard value 100
= X
verror standard value

24.11 Discussion
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24.12 Precautions and Sources of Error

1. The telescope and collimator should be individually set for parallel rays.
Slit should be as narrow as possible.

3. While taking observations, the telescope and prism table should be clamped
with the help of clamping screws.

Both verniers should be read.

5. The prism should be properly placed on the prism table for the measurement
of angle of the prism as well as for the angle of minimum deviation.\

6. The width of the slit should be adjusted at its optimum value.

7. The slit should be free from dust particles otherwise black horizontal lines will
appear across the spectrum.

8. The mercury lamp should be placed on the axis of collimator to obtain the best
intensity.

24.13 Self Learning Exercise -1

Q.1 What are retarders? Give suitable diagram of wave plates.

Q.2 How can you determine the initial phase difference between any two
components of elliptical vibrations?
Q.3 How can be obtaining the interference phenomenon.

24.14 Glossary

Monochromatic light: A light having one wavelength is known as
Monochromatic light.

Circular fringes: Concentric circular fringes are produced with monochromatic
light when the interferometer is in normal position i.e. the image M} of M,
in G is exactly parallel to Mj .

Localized fringes: When the mirror M, and the virtual mirror M, are not exactly

parallel but reflected waves are intersecting near M, a wedge shaped air film is
formed hetween them. These are called as Localised fringes.
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White-light fringes: When the surfaces M; and M} are intersect then with a
white light source along the line of intersection we shall get central achromatic
bright fringe, known as White-light fringes.

Optic axis: A line passing through any one of the blunt corners and making equal
angles with three faces which meet there is the direction of optic axis.

Uniaxial Crystals: The crystals having one direction along which the two
refracted rays travel with the same velocity are called as uniaxial crystal.

Biaxial crystals: In these types of crystals, there are two optic axes along which
the refracted rays travel.

24.15 Answers to Self Learning Exercises

Answers to Self Learning Exercise-1
Ans.1: Analysis of Elliptically Polarizer light:

Using the compensator, we can determine the characteristics of elliptically
polarized light.

Let the compensator be placed hetween crossed polarizer N4 and analyzer N,

as shown in figurel. Let the transmission axis of polarizer be oriented at 45°
with respect to the optic axis of wedge ABC of the compensator. At midpoint
R the light emergent from the compensator is plane polarized in the same

plane transmitted by N and therefore it will be extinguished by the analyzer
N.. Similarly, at distances from the midpoint for which the retardation is 14,
21, 3, e, mA, and the emergent light is plane polarized in the same

plane as transmitted by N4 and hence will be extinguished by the analyzer. So
the field of view is crossed by a series of equidistant parallel dark bands.
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When we use white light source, the compensator is adjusted at that
position in which the central dark band under a cross wire and the micrometer
reading is noted. The micrometer screw is turned through an angle at which

the compensator introduces a phase difference of 7z/2 at cross wire. Then
elliptically polarized light is made to be incident on the compensator. The
central dark band is shifted with respect to the cross wire. The compensator is

rotated through an angle « in its own plane until the central dark band is on
the cross wire. The axes of the incident elliptically polarized light are parallel
to the optic axes of the wedge of the compensator.

Ans.2: Given that Shift let Ax = 0.0295mm, and

No. of fringes N=200
We know that from the Fabry-Parot interferometer, we have

_ 2Ax
TN
Now
_ 2x0.0295
A= 200
or
A = 29504

Answers to Self Learning Exercise-1|

Ans.1: Retarders are a class of optical elements that serve to change the state of
polarization of an incident wave. The operation of a retarder is very simple.
When plane polarized light is incident on a retarder, it splits the light into two
plane polarized light waves and one of the wave’s lags behind the other by a
known amount. Upon emerging from the retarder, the two waves superpose on
each other to produce a wave, which is of a different state of polarization. A
quarter wave plate and a half wave plate are two important retarders. As
calcite is brittle and difficult to handle in the form of thin slices, it is not
generally used to make retarding plates. Retarders are frequently made from
quartz but more often they are made using the biaxial crystal mica.
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Figure: Retarders

Ans.2: To determine the phase difference between any two elliptical vibrations
follow the points which are given below:

(1) Insert a Polaroid between the white light source and compensator obtained
a system of cowered band with central dark band. Rotate the compensator and
analyzer to get a fine system of coloured bands. Bring the central dark band
under the indicator line by working the screw. Note the reading of
micrometer.

(2) Insert a quarter wave plate between the compensator and Polaroid to get
elliptically polarized light. The central band shifts from the indicator line.
Now, the micrometer is worked again to bring the central band under the
indicator line. Note the reading find out the difference of two readings.

(3) Find the phase differen