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B.Tech. — Electronics & Communication Engineering HM 23 Regulations AITS

II Year B.Tech. —II Semester

(23HPC0408) ELECTRONIC CIRCUITS ANALYSIS

Course Objectives:
e Understand the characteristics of Differential amplifiers, feedback and power
amplifiers.
e Analyze the response of tuned amplifiers
e Categorize different oscillator circuits based on the application
e Design the electronic circuits for the given specifications and for a given application.

Course Outcomes:

e Understand the characteristics of differential amplifiers, feedback and power
amplifiers. (L2)

e Examine the frequency response of multistage and differential amplifier circuits using
BJT & MOSFETs at low and high frequencies. (L3)

e Investigate different feedback and power amplifier circuits based on the application.
L4

e Derive the expressions for frequency of oscillation and condition for oscillation of RC
and LC oscillator circuits. (L4)

e Evaluate the performance of different tuned amplifiers (L5)

e Design analog circuits for the given specifications and application. (L6)

UNIT 1

Multistage & Differential Amplifiers: Introduction, Classification of Amplifiers, Distortion in
amplifiers, Coupling Schemes, RC Coupled Amplifier using BJT, Cascaded RC Coupled BIT
Amplifiers, Cascode amplifier, Darlington pair, introduction to the MOS Differential Pair,
Small-Signal Operation of the MOS Differential Pair, and The BJT Differential Pair, and
other Non ideal Characteristics of the Differential Amplifier.

UNIT 11

Frequency Response: Low-Frequency Response of the CS and CE Amplifiers, Internal
Capacitive Effects and the High-Frequency Model of the MOSFET and the BJT, High-
Frequency Response of the CE, Emitter follower, CS, CD, fp,fT and gain bandwidth product.

UNIT III

Feedback Amplifiers: Introduction, The General Feedback Structure, Some Properties of
Negative Feedback, The Four Basic Feedback Topologies, Series—Shunt, Series—Series,
Shunt—Shunt, Shunt—Series.

Oscillators: General Considerations, Phase Shift Oscillator, Wien-Bridge Oscillator, LC
Oscillators, Crystal Oscillators, Illustrative Problems.
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UNIT IV

Power Amplifiers: Introduction, Class A amplifiers (Series fed, Transformer coupled, Push pull),
Second Harmonic distortion, Class B amplifiers (Push pull, Complementary symmetry), Crossover
distortion and Class AB operation, Class C amplifiers, Power BJTs.

UNIT V

Tuned Amplifiers: Introduction, single Tuned Amplifiers — Q-factor, frequency response, Double
Tuned Amplifiers — Q-factor, frequency response, Concept of stagger tuning and synchronous tuning.

Multivibrators: Analysis and Design of Bistable, Monostable, Astable Multivibrators and Schmitt
trigger using Transistors.

Textbooks:
1. Adel.S.SedraandKennethC.Smith,‘‘MicroElec‘[ronicCircuits,”6th Edition, Oxford
University Press, 2011.
2. J.Millman,H.TaubandMothikiS.PrakashRao-Pulse,Digital and Switching Waveforms
—2nd Ed., TMH, 2008.
3. Millman, CChalkias,“Integrated Electronics”,4th Edition, McGraw Hill Education
(India) Private Ltd., 2015.

References:
1. Behzad Razavi,“Fundamentals of Micro Electronics”,Wiley, 2010.
2. Donald A Neamen, “Electronic Circuits —AnalysisandDesign,”3rdEdition, McGraw
Hill (India), 2019.
3. Robert L. Boylestad and Louis Nashelsky, “Electronic Devices and Circuits Theory”,
9th Edition, Pearson/Prentice Hall, 2006.
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UNIT I

POWER AMPLIFIERS AND TUNED AMPLIFIERS
POWER AMPLIFIERS: Types, Class A large signal Amplifiers, Transformer Coupled Audio
power amplifier- Efficiency, Class B Amplifiers, Efficiency, Complementary Symmetry push
pull amplifier, Crossover Distortion.
TUNED AMPLIFIERS
Introduction, Single Tuned Amplifier, Double Tuned Amplifiers, Effect of Cascading Single
tuned amplifiers on Band width, Staggered tuned amplifiers, Stability of tuned amplifiers.

POWER AMPLIFIERS:
5.1 Concept of Large Signal Amplification
Consider a public address system (P.A.) or amplifying system as shown in the Fig. 5.1.
P Figure 5.1
Amplifying or P, A. system

l=— \ioltage amplifiers Power amplifier

Microphone™ ™ 1| Loud speaker

{(Human speaker)

MNumber of stages

The system consists of many stages connected in cascade. Hence basically it is a
multistage amplifier. The input is sound signal of a human speaker and the output is
given to the loud speaker which is an amplified input signal. The input and the
intermediate stages are small signal amplifiers. The sufficient voltage gain is obtained by
all the intermediate stages. Hence these stages are called voltage amplifiers.

But the last stage gives an output to the load like a loud speaker. Hence the last stage
must be capable of delivering an appreciable amount of a.c. power to the load. So it must
be capable of handling large voltage or current swings or in other words large signals. The
main aim is to develop sufficient power hence the voltage gain is not important, in the last
stage. Such a stage, which develops and feeds sufficient power to the load like
loudspeaker, servomotor, handling the large signals is called Large Signal Amplifier or
Power Amplilic..

Power amplifiers find their applications in the public address systems, radio receivers,
driving servomotor in industrial control systems, tape players,” T.V. receivers, cathode ray
tubes etc.

5.2 Features of Power Amplifiers

The various features of power amplifiers are,

1. A power amplifier is the last stage of multistage amplifier. The previous stages
develop sufficient gain and the input signal level or amplitude of a power
amplifier is large of the arder of few volts.

2. The output of power amplifier has large current and voltage swings. As it
handles large signals called power amplifiers.

3. The h-parameter analysis is applicable to the small signal amplifiers and hence
can not be used for the analysis of power amplifiers. The analysis of power
amplifiers is carried out graphically by drawing a load line on the output
characteristics of the transistors used in it.

1



4, The power amplifiers i.e large signal amplifiers are used to feed the loads like loud
speakers having low impedance. So for maximum power transfer the impedance
matching is important. Hence the power amplifiers must have low output
impedance. Hence common collecter or emitter follower circuit is very common in
power amplifiers. The common emitter circuit with a step down transformer for
impedance matching is also commonly used in power amplifiers.

5. The power amplifiers develop an a.c. power of the order of few watts. Similarly
large power gets dissipated in the form of heat, at the junctions of the transistors
used in the power amplifiers. Hence the transistors used in the power amplifiers
are of large size, having large power dissipation rating, called power transistors.
Such transistors have heat sinks. A heat sink is a metal cap having bigger surface
area, press fit on the body of a transistor, to get more surface area, in order to
dissipate the heat to the surroundings. In general, the power amplifiers have bulky
components.

6. A faithful reproduction of the signal, after the conversion, is important. Due to
nonlinear nature of the transistor characteristics, there exists a harmonic distortion
in the signal. Ideally signal should not be distorted. Hence the analysis of signal
distortion in case of the power amplifiers is important.

7. Many a times, the power amplifiers are used in public address systems and many
audio circuits to supply large power to the loud speakers. Hence power amplifiers
are also called audioamplifiers or audio frequency (A.F.) power amplifiers.

5.3 Classification of Large Signal Amplifiers

For an amplifier, a quiescent operating point (Q point) is fixed by selecting the proper
d.c. biasing to the transistors used. The quiescent operating point is shown on the load
line, which is plotted on the output characteristics of the transistor. The position of the
quiescent point on the load line decides the class of operation of the power amplifier. The
various classes of the power amplifiers are :

i} Class A ii) Class B iii) Class C and iv) Class AB

5.3.1 Class A Amplifiers
The power amplifier is said to be class A amplifier if the Q point and the input signal
are selected such that the output signal is obtained for a full input cycle.

Key Point: For this class, position of the Q point is approximately at the midpoint of
the load line.

For all values of input signal, the transistor remains in the active region and never
enters into cut-off or saturation region. When an a.c. input signal is applied, the collector
voltage varies sinusoidally hence the collector current also varies sinusoidally. The collector
current flows for 360° (full cycle) of the input signal. In other words, the angle of the
collector current flow is 360° i.e. one full cycle.

The current and voltage waveforms for a class A operation are shown with the help of
output characteristics and the load line, in the Fig. 5.6.
. As shown in the Fig. 5.6, for full input cycle, a full output cycle is obtained. Here
signal is faithfully reproduced, at the output, without any distortion. This is an important
feature of a class A operation. The efficiency of class A operation is very small.



P Figure 5.6

Waveforms representing class A operation

5.3.2 Class B Amplifiers

The power amplifier is said to be class B amplifier if the Q point and the input signal
are selected, such that the output signal is obtained only for one half cycle for a full input
cycle.

Key Point: For this operation, the () point is shifted on X-axis i.e. transistor is biased
te cut-off.

Due to the selection of Q point on the X-axis, the transistor remains, in the active
region, only for positive half cycle of the input signal. Hence this half cycle is reproduced
at the output. But in a negative half cycle of the input signal, the transistor enters into a
cut-off region and no signal is produced at the output. The collector current flows only for
180° (half cycle) of the input signal. In other words, the angle of the collector current flow
is 1807 i.e. one half cycle.

The current and voltage waveforms for a class B operation are shown in the Fig. 5.7.
As only a half cycle is obtained at the output, for full input cycle, the output signal is
distorted in this mode of operation. To eliminate this distortion, practically two transistors

are used in the alternate half cycles of the input signal. Thus overall a full cycle of output
signal is obtained across the load. Each transistor conducts only for a half cycle of the

input signal.
The efficiency of class B operation is much higher than the class A operation.

P Figure 5.7

Waveforms representing class B operotion
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5.3.3 Class C Amplifiers

The power amplifiers is said to be class C amplifier, if the Q point and the input
signal are selected such that the output signal is obtained for less than a half cycle, for a
full input cycle.

Key Point: For this operation, the Q point is to be shifted below X-axis.

Due to such a selection of the Q point, transistor remains active, for less than a half
cycle. Hence only that much part is reproduced at the output. For remaining cycle of the
input cycle, the transistor remains cut-off and no signal is produced at the output. The
angle of the collector current flow is less than 180°

The current and voltage waveforms for a class C amplifier operation are shown in the
Fig. 5.8.
> Figure 5.8

Waveform representing class C operation
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Key Point: [n class C operation, the transistor is biased well beyond cut-off. As the
collector current flows for less than 180% the output is much more distorted and hence
the class C mode is never used for A.F. power amplifiers.

But the efficiency of this class of operation is much higher and can reach very close to
100%.

Applications : The class C operation is not suitable for audio frequency power
amplifiers. The class C amplifiers are used in tuned circuits used in communication areas
and in radio frequency (RF) circuits with tuned RLC loads. As used in tuned circuits, class
C amplifiers are called tuned amplifiers. These are also used in mixer or converter circuits
used in radio receivers and wireless communication systems.

The Fig. 5.9 shuws the calss C tuned amplifier.



P> Figure 5.9
Class C tuned amplifier

The LC parallel circuit is a

parallel resonant circuit. This

circuit acts as a load
Parallel impedance. Due to class C
resonant c L

circuit operation, the collector current
== Ce consists of a series of pulses

] containing harmonics i.e. many

[ other frequency components

REC gRL " a[nngwilh the fundamental

° frequency component of input.

l The parallel tuned circuit is

designed to be tuned to the

= fundamental input frequency.

Hence it elliminates the

harmonics and produce a sine

wave of fundamental component of input signal. As the transistor and coil losses are

small, the most of the d.c. input power is converted to a.c. load power. Hence efficiency of

class C is very high.

5.3.4 Class AB Amplifiers

The power amplifier is said to be class AB amplifier, if the Q point and the input

signal are selected such that the output signal is obtained for more than 180° but less than
360°, for a full input cycle.

Key Point: The Q point position is above X-axis but below the midpoint of a load line.
The current and voltage waveforms for a class AB operation, are shown in the

Fig. 5.10.
P Figure 5.10

Waveforms representing closs AB operation
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The output signal is distorted in class AB operation. The efficiency is more than class
A but less than class B operation. The class AB operation is important to eliminate cross
over distortion.

In general as the Q point moves away from the centre of the load line below towards
the X-axis, the efficiency of class of operation increases.



5.5 Comparison of Amplifier Classes

The comparison of various amplifier classes is summarized in Table 5.1.

P Toble 5.1
Class A B c AB

Operating 360° 180° Less than 180° | 180° to 360°

Cycle

Position of Centre of load line On X axis Below X axis | Above X-axis bul

Q point below the cenire of
load line

Efficiency Poor, 25% to 50% Better, 76.5% High Higher than A but
less than B 50% to
78.5%

Distrotion Absent Present Highest Present

Mo distortion More than class A

Key Point: [t is important to note that class C operation is never used for audio
frequency ampilifiers.

This class is used in special areas of tuned circuits, such as radio or communications.

5.6 Analysis of Class A Amplifiers

The class A amplifiers are further classified as directly coupled and transformer
coupled amplifiers. In directly coupled type, the load is directly connected in the collector
circuit. While in the transformer coupled type, the load is coupled to the collector using a
transformer called an output transformer. Let us study in detail the various aspects of the
two types of Class A amplifiers.

5.7 Series Fed, Directly Coupled Class A Amplifier

P Figure 5.13
Large signal class A amplifier

oW A simple fixed-bias circuit can be used as
a large signal class A amplifier as shown in
the Fig. 5.13.

The difference between small signal
version of this circuit is that the signals
handled by this large signal circuit are of the
order of few volts. Similarly the transistor
used, is a power transistor. The value of Rp
is selected in such a way that the Q point lies
= at the centre of the d.c. load line.

The circuit represents the directly coupled class A amplifier as the load resistance is
directly connected in the collector circuit. Most of the times the load is a loudspeaker, the



impedance of which varies from 3 to 4 ochms to 16 ohms. The beta of the transistor used is
less than 100.
Key Point: This is called directly coupled, as the load R, is directly connected in the
collector circuit of power transistor.

The overall circuit handles large power, in the range of a few to tens of watts without
providing much voltage gain.

The graphical representation of a class A amplifier is shown in the Fig. 5.14.
» Figure 5.14

Graphical representation of class A amplifier

T ot
Applying Kirchhoff’s voltage law to the circuit shown in the Fig. 5.13, we get
Yec = IcRp+ e
Ic Ry = =V +V%c

S Xec
Ic = [ RL] Vee + Re .. (1)
The equation is similar to equation (1) of section 7.3 and thus the slope of the load line
is — —— while the Y-intercept is ec |
RL RL

The change is because the collector resistance Rc is named as load resistance Ry in
this circuit. The Q point is adjusted approximately at the centre of the load line.

5.7.1 D.C.Operation

The collector supply voltage V¢ and resistance Rg decides the d.c. base-bias current
Iag- The expression is obtained applying KVL to the B-E loop and with Vge = 0.7 V.

e w g —— e e e e g s -

e = Mec-07 e
w = w Ra

The corresponding collector current is then,

lco = P Iao .. (3)
From the equation (1), the corresponding collector to emitter voltage is,
Veeg = Mec —leg R o (4)

Hence the Q point can be defined as Q (Mg, leo )



5.7.2 D.C.Power Input

The d.c. power input is provided by the supply. With no a.c input signal, the d.c.
current drawn is the collector bias current oy . Hence d.c. power input is,

Poc = Vec-lcg e (5)

It is important to note that even if a.c. input signal is applied, the average current
drawn from the d.c. supply remains same. Hence equation (5) represents d.c. power input
to the class A series fed amplifier.

5.7.3 A.C. Operation

When an input a.c. signal is applied, the base current varies sinusoidally.

Assuming that the nonlinear distortion is absent, the nature of the collector current
and collector to emitter voltage also vary sinusoidally as shown graphically in the
Fig. 5.14.

The output current i.e. collector current varies around its quiescent value while the
output voltage i.e collector to emitter voltage wvaries around its quiescent value. The
varying output voltage and output current deliver an a.c. power to the load. Let us find
the expressions for the a.c. power delivered to the load.

5.7.4 A.C.Power Output

For an alternating output voltage and output current swings, shown in the Fig. 5.14,
we can write,

Vimin = Minimum instantaneous value of the collector (output) voltage
Vmax = Maximum instantaneous value of the collector (output) voltage
and V,, = Peak to peak value of a.c. output voltage across the load.
‘e V", = Vm -Vm e (6)
Now V, = Amplitude (peak) of a.c. output voltage as shown in the Fig. 5.14.

. _ Ve _ Vinax = Viin e (D)
S S S

Similarly we can write for the output current as,
Imin = Minimum instantaneous value of the collector (output) current
I max = Maximum instantaneous value of the collector (output) current
and |, = Peak to peak value of a.c. output (load) current
lp = Tmax —Imin ... (8)
Now |, = Amplitude (peak) of a.c. output (load) current as shown in the Fig. 5.14

I max —1 min - (9}
2

i lm =

:
NE

Hence the r.m.s. values of alternating output voltage and current can be obtained as,

- vm
Vs = 7 . (10)
Im
s = w {11}



Hence we can write,
Vs = Imm Rir - (12)
ie. Vo = Ia Ry .. (13)
The a.c. power delivered by the amplifier to the load can be expressed by using r.m.s
values, maximum i.e. peak values and peak to peak values of output voltage and current.

i) Using r.m.s values

Pee = Vims Toms . (14)
or P = Iins Ry - (15)
_ Van
or P, = R, .. (16)
ii) Using peak values
V I
Pe = Vs | == —
™ %7
Vi I
Pe = 25 - (17)
or P = -Ial“uzﬁl'- .- (18)
_ Vi
or P = IR, ... (19)

iii) Using peak to peak values

e F)F)

o = sy
Vi 1
Pe = B .. (20)
2. R
or P = “’g : . (@1
V2
or P = 3-];-": v (22)

But as Vpp = Vinax = Viin and Iy = Iinax = Inis from equation (20), the a.c. power can
be expressed as below, for graphical calculations.

P, = (Vinax = m-mI)E[[ max _Imin) . {22]




5.7.5 Efficiency

The efficiency of an amplifier represents the amount of ac. power delivered or
transferred to the load, from the d.c. source i.e. accepting the d.c. power input. The
generalised expression for an efficiency of an amplifier is,

% = Pa 2100 .. (24)
Pac

Now for class A operation, we have derived the expressions for P, and Py, hence
using equations (5) and (23), we can write
% = (Vmax = Vinin ) T max ~I'min) x 100 ... (25)

8Veelen

The efficiency is also called conversion efficiency of an amplifier.

5.7.6 Maximum Efficiency

For maximum efficiency calculation, assume maximum swings of both the output
voltage and the output current. The maximum swings are shown in the Fig. 5.15.

From the Fig. 515, we can see that the minimum voltage possible is zero and
maximum voltage possible is V¢, for a maximum swing. Similarly the minimum current is
zero and the maximum current possible is 2 I, for a maximum swing,

P Figure 5.15
Maximum voltage and current swings

Vmax = Vee and Viin =0

) (S =21cQ and Ipmin =0} for maximum swing

10



Using equation (25) we can write,

.  (Vee-0(lcg-0) . 2Vcleg
/ol]m = BV(rICQ x100 = mx

100

= 25%

Key Point: Thus the maximum efficiency possible in case of directly coupled
series fed class A amplifier is just 25%.

This maximum efficiency is an ideal value. For a practical circuit, it is much less than
25%, of the order of 10 to 15%.
Key Point: Very low efficiency is the biggest disadvantage of class A amplifier.
5.7.7 Power Dissipation

As stated earlier, power dissipation in large signal amplifier is also large. The amount
of power that must be dissipated by the transistor is the difference between the d.c. power
input Py and the a.c. power delivered to the load P,.

Py
do: | W Bt ... (26)

Power dissipation

The maximum power dissipation occurs when there is zero a.c. input signal. When a.c.
input is zero, the a.c. power output is also zero. But transistor operates at quiescent
condition, drawing d.c. input power from the supply equal to Vec Igg. This entire power
gets dissipated in the form of heat. Thus d.c. power input without a.c. input signal is the
maximum power dissipation.

(Pg)max = Ve leg w (27)

Key Point: Thus value of maximum power dissipation decides the maximum power
dissipation rating of the transistor to be selected for the amplifier.

5.7.8 Advantages and Disadvantages
The advantages of directly coupled class A amplifier can be stated as,
1. The circuit is simple to design and to implement

2. The load is connected directly in the collector circuit hence the output transformer
is not necessary. This makes the circuit cheaper.

3. Less number of components required as load is directly coupled.
The disadvantages are :

1. The load resistance is directly connected in collector and carries the quiescent
collector current. This causes considerable wastage of power.

2. Power dissipation is more. Hence power dissipation arrangements like heat sink
are essential.

3. The output impedance is high hence circuit cannot be used for low impedance
loads, such as loudspeakers.

4. The efficiency is very poor, due to large power dissipation.

11



mmp Example 5.1 : A series fed class A amplifier shown in Fig. 5.16, operates from D.C.
source and applied sinusoidal input signal generates peak base current 9 mA. Calculate :
i) Quiescent current Icg
ii) Quiescent voltage Vegg
iti) D.C. input power Ppc
iv) A.C. output power P,

v) Efficiency.
Assume f§ = 50 and Vgg = 0.7 V.

P Figure 5.16
: © 20V
186Q
1.5k
Vo
o——‘ Q
vh CC
Solution :
P Vee = Vae 20-0.7
1 1 = = = 12.87 mA
D Teq BQ Rp 15%103 =
Icg = Pxlpg =50x12.87 = 643.50 mA
ii} VI.'.'EQ VC‘C = |(_‘QR1 +v¢m
S Vegg = Vee-lcoRL = 20-643.50x1073 x 16 = 9.70 volts
iii) Ppc Poc = Vecxlog = 20x6435x10 = 12.87 watt

iv) Py. Peak current ip= 9 mA
ic = Pip =50x9 =450 mA (peak)

i
<o) 60 31510 A =10

i'ﬂﬂ"ﬂ'l G J—z' ﬁ
L Pae = IinsRy =(31819x1073)2x16 = 1.619 watt.

E’inﬂﬂ = L?Exlm = 1258 %

Poc 12.87
Ans. : lpg = 6435 mA, Vg =97 V, Ppe = 1287 W, P, = 1.619 W, n = 12.58%

1}

v) Efficiency 1

12



5.8 Transformer Coupled Class A Amplifier

As stated earlier, for maximum power transfer to the load, the impedance matching is
necessary. For loads like loudspeaker, having low impedance values, impedance matching
is difficult using directly coupled amplifier circuit. This is because loudspeaker resistance is
in the range of 3 to 4 ohms to 16 chms while the output impedance of series fed directly
coupled class A amplifier is very much high. This problem can be eliminated by using a
transformer to deliver power to the load.

Key Point: The transformer is called an owtput transformer and the amplifier is
called transformer coupled class A amplifier.

Before studying the operation of the amplifier, let us revise few concepts regarding the
transformer.

5.8.1 Properties of Transformer
P Figure 5.17

Transformer with load

Consider a transformer as shown in
the Fig. 5.17 which is connected to a load
of resistance R .

While analysing the transformer, it is
assumed that the transformer is ideal and
there are no losses in the transformer.
Similarly the winding resistances are
assumed to be zero.

Let N, = Number of turns on primary
N, = Number of turns on secondary
V, = Voltage applied to primary
V, = Voltage on secondary

I, = Primary current

i) Turns Ratio : The ratio of number of turns on secondary to the number of turns on
primary is called turns ratio of the transformer denoted by n.

» n = Turns ratio = % o (1)
1

Some times it is specified as 24 :1or i 4 8
N N,
ii) Voltage Transformation : The transformer transforms the voltage applied on one
side to other side proportional to the turns ratio. The transformer can be step up or step
down transformer.
Vi N,
= = —==n v (2
In the amplifier analysis, the load impedance is going to be small. And the transformer
is to be used for impedance matching. Hence it has to be a step down transformer. Hence

13



number of turns on primary are more than the secondary and turns ratio is less than
unity, for such a step down transformer.

ili) Current Transformation : The current in the secondary winding is inversely
proportional to the number of turns of the windings.

. N _ 1
| 8 & gl oss. ()

iv) Impedance Transformation : As current and voltage get transformed from
primary to secondary, an impedance ‘seen’ from either side (primary or secondary) also
changes.

Now the impedance of the load on secondary is R, as shown in the Fig. 5.17. The
primary and secondary winding resistances are assumed to be zero. This load impedance
Ry, gets reflected on the primary side and behaves as if connected in the primary side.
Such impedance transferred from secondary to primary is denoted as Rj.

Now using the equations (2) and (3) and the Fig. 5.17, we can write,

Rew Yt ana oY
but v, .—.-g-‘z-vzand 'n=’:—f'2
N,
— ¥
R = N; . = -N—Iluﬁz Ry ;_—.E.'-_-,
L ‘&[ NZ 11 le n?
N (%)
. ry <R (N P wr (4)
TR TR AN,

The Ry is the reflected impedance and is related to the square of the turns ratio of the
transformer. Remember that for a step down transformer, the secondary voltage is less
than the primary. And high voltage side is always high impedance side. Hence Ry is
always higher than R, for a stepdown transformer.

Key Point: In the amplifier analysis, the load is on secondary while the active device,
the transistor is on primary. Hence in all the calculations related to the transistor, the
reflected load impedance R must be considered rather than actual load impedance R .

5.8.2 Circvit Diagram of Transformer Coupled Amplifier

The basic circuit of a transformer coupled amplifier is shown in the Fig. 5.18. The
loudspeaker connected to the secondary acts as a load having impedance of R ohms.

14



» Figure 5.18
Transformer coupled class A amplifier

L

The transformer used is a step down transformer with the turns ratio as

R = N2/N1.

5.8.3 D.C. Operation

It is assumed that the winding resistances are zero ohms. Hence for d.c. purposes, the
resistance is 0 Q. There is no d.c. voltage drop across the primary winding of the
transformer. The slope of the d.c. load line is reciprocal of the d.c. resistance in the
collector circuit, which is zero in this case. Hence slope of the d.c. load line is ideally
infinite. This tells that the d.c. load line in the ideal condition is a vertically straight line.

Applying Kirchhoff’s voltage law to the collector circuit we get,
V-V = 0
ie. " Vee = Ve ... drop across winding is zero
This is the d.c. bias voltage Vegg for the transistor.
So Veee = Vo w (5)

Hence the d.c. load line is a vertical straight line passing through a voltage point on
the X-axis which is VCL.C,I = V{-.C :

The intersection of d.c. load line and the base current set by the circuit is the quiescent
operating point of the circuit. The corresponding collector current is I¢q.

The d.c. load line is shown in the Fig. 5.19.
5.8.4 D.C Power Input

The d.c. power input is provided by the supply voltage with no signal input, the d.c.
current drawn is the collector bias current I.

Hence the d.c. power input is given by,
So Poc = Y leo - (6)

The expression is same as derived earlier for series fed directly coupled class A
amplifier.

15



5.8.5 A.C. Operation
For the ac. analysis, it is necessary to draw an a.c. load line on the output

characteristics.

For a.c. purposes, the load on the secondary is the load impedance R; ohms. And the
reflected load on the primary i.e. R| can be calculated using the equation (4). The load

line drawn with a slope of [l;—l] and passing through the operating point i.e. quiescent
L

point Q is called a.c. load line. The d.c. and a.c. load lines are shown in the Fig. 5.19.

P> Figure 5.19

Load lines for transformer coupled closs A amplifier

AC.

I
€1 loadline  te—p C. load line
Siope= E—:, (Veea=Veo) Tas
L ]Bzz IHG
— lg;
= Veg

The output current i.e. collector current varies around its quiescent value l¢g, when a.c.
input signal is applied to the amplifier. The corresponding output voltage also varies
sinusoidally around its quiescent value Vegg which is Ve in this case.

5.8.6 A.C. Output Power

The a.c. power developed is on the primary side of the transformer. While calculating
this power, the primary values of voltage and current and reflected load Ry must be
considered. The a.c. power delivered to the load is on the secondary side of the
transformer. While calculating load voltage, load current, load power the secondary
voltage, current and the load Ry must be considered.

Let V,

I

Hence the a.c.

P
I’

I rms

a

ac

= Magnitude or peak value of primary voltage

= R.M.S value of primary voltage

= Peak value of primary current

= R.M.S value of primary current.

power developed on the primary is given by,

S I v (7)
= B_.RL e (8)

1rms
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P V;zmu (9)

- R'l,.
Vlm llm V;m llm

P, = —_—= .. (10

ad 2 2 2 ( )
17 RL

Ppe = 22— .. (11)

P, = —m_ .. (12)

= 2 Ry

Similarly the a.c. power delivered to the load on secondary, also can be calculated,
using secondary quantities.

Let V,m = Magnitude or peak value of secondary or load voltage
Vi = RMS value of secondary or load voltage
l,, = Magnitude or peak value of secondary or load current.
Lme = RM.S. value of secondary or load current
V2
P = Varus bams = By R1 = —,’{ﬂL‘i ... (13)
or P = V3m2l2m = Ig'"zkl = 2‘?{: o (14)

Powcr delivered on primary is same as power delivered to the load on secondary,
assuming ideal transformer. Primary and Secondary values of voltages and currents are
related to each other through the turns ratio of the transformer.

Key Point: [n practical circuit, the transformer can not be ideal. Hence the power
delivered to the load on the secondary is slightly less than power developed on the
primary. In such case, the transformer efficiency must be considered for calculating
various parameters on the primary and secondary sides of the transformer.

The slope of the a.c. load line can be expressed in terms of the primary current and
the primary voltage.

The slope of the a.c. load lilne is,

G Lezag i .. (15

RL ~ Vin et

The generalised expression for a.c. power output represented by the equation (24) in

section (5.7), can be used as it is for transformer coupled amplifier. The expression is
mentioned again for the convenience of the reader.

- (vmnx "vmin )(lmax = lmin ) (16)

" Px 8

Key Point: The a.c. power calculated is the power developed across the primary
winding of the output transformer. Assuming ideal transformer, the power delivered to
the load on secondary, is same as that developed across the primary. If the transformer
efficiency is known, the power delivered to the load must be calculated from the power
developed on the primary, considering the efficiency of the transformer.

17



5.8.7 Efficiency
The general expression for the efficiency remains same as that given by equations (24)
and (25) in section 5.7.

o/ot] = ES—X](I):(me_v'"i")(Im—Imia) % 100

Pac 8Vcclca
5.8.8 Maximum Efficiency
Assume maximum swings of both the output voltage and output current, to calculate
maximum efficiency, as shown in the Fig. 5.20.
P Figure 5.20

Maximum voltage and current swings

Icd

“e— D.C. load line

................

lm= 0 0

Vm-

From the Fig. 5.20, assuming that the Q point is exactly at the centre of the load line,
for maximum swing we can write,

Vmin = 0 and Vi =2 Ve

Imio = 0 and Imax =2lcg } for maximum swing

Using equation (25) of section 5.7,
2V —0) (2l - 0)
Yo Nmax = B Vee Toon = 100
4 Ve leg
—.-.—-—..—.—-Hl L
3y b

Key Point: Hence maximum possible theoretical efficiency in case of transformer
coupled class A amplifier is 50%.

1]
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For practical circuit it is about 30 to 35%, which is still much more than the directly
coupled amplifier. For maximum efficiency, the power output is also maximum. For such
maximum output power condition, it is seen that

Viin = 0 fand Vi =2 Vee
i.e. Vim peak value of primary voltage
_ Vmax = Vinin

= ---—--2_—-=vcc

2 Vim = Ve for maximum output power.

Similarly from the maximum output current swing shown in the Fig. 5.20, we can say
that the peak value of the output current is magnitude wise equal to the biasing collector
current.

o 1y = lgg magnitude wise for maximum output power.

Hence the equation (15) written for the magnitude of the slope of the a.c. load line can
be modified as,

' Mm _ Mec
Rf = =8 ==X e (15
L lhl'l ICQ { i]
Key Point: This expression is applicable only in case of maximum power output
condition.
oy L T e
Ri

5.8.9 Power Dissipation

The power dissipation by the transistor is the difference between the a.c. power output
and the d.c. power input. The power dissipated by the transformer is very small due to
negligible (d.c.) winding resistances and can be neglected.

2Py o= Ppe—Pu .. (16)

When the input signal is larger, more power is delivered to the load and less is the
power dissipation. But when there is no input signal, the entire d.c. input power gets
dissipated in the form of heat, which is the maximum power dissipation.

- (g e = Ve Leg . (17)

Thus the class A amplifier dissipates less power when delivers maximum power to the
load. While it dissipates maximum power while delivering zero power to the load i.e.
when load is removed and there is no a.c. input signal. The maximum power dissipation
decides the maximum power dissipation rating for the power transistor to be selected for
an amplifier.
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5.8.10 Advantages and Disadvantages
The advantages of transformer coupled class A amplifier circuit are,
1. The efficiency of the operation is higher than directly coupled amplifier.

2. The d.c. bias current that flows through the load in case of directly coupled
amplifier is stopped in case of transformer coupled.

3. The impedance matching required for maximum power transfer is possible.

The disadvantages are,

1. Due to the transformer, the circuit becomes bulkier, heavier and costlier compared
to directly coupled circuit.

2. The circuit is complicated to design and implement compared to directly coupled
circuit.

3. The frequency response of the circuit is poor.

inmp  Example 5.4 : The loudspeaker of 8 €2 is connected to the secondary of the output
transformer of a class A amplifier circuit. The quiescent collector current is 140 mA,
The turns ratio of the transformer is 3:1. The collector supply voltage is 10V. If a.c.
power delivered to the loudspeaker is 0.48 W, assuming ideal transformer, calculate :

1. A.C. power developed across primary
2. RM.S. value of load voltage

3. RM.S. value of primary voltage

4. RM.S. value of load current

5. R.M.S. value of primary current
6. The D.C. power input

7. The efficiency
8. The power dissipation
Solution : R = 80, Igg = 140 mA, Ve = 10 V
P.e = 048 W
The turns ratio are speafiedasnl 11 ie 311
. N
S e 3
i o= N2 _ 1
Ln o= N, - = 0.3333
. rt = R
..RL - ‘-r'iri—
8
o e #7200
(0.333)2

1. As the transformer is ideal, whatever is the power delivered to the load, same is the
power developed across primary.
Py (across primary) = 048 W
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2. Using equation (9),

weget, P = ——

s 048 = Ams

Vit =

I
&
&

5 Vims = 5.8787 V on primary.
But r.m.s. value of the load voltage is V.,
so Mm _ N _3

[\ - N, 1

O e 2 (“;"" o 5'8;'87 = 19595 V

This is the r.m.s. value of the load voltage.

3. The r.m.s value of the primary voltage is (V, )m as calculated above.

W M)ms = SB787V

4. The power delivered to the load
+ 048 = 13 x8

2
l:mu- X RL

SI2 = 006
02449 A

[

o [

... refer eq. 13.

This is the r.m.s value of the load current as the resistance value used is Ry and not

RY.

5. The r.m.s values of primary and secondary are related through the transformation

ratio.

. (ll)mu - NZ_ -
..m-— N|-n—0.333

© ()ms = (I2)msx n =0.2449x 0.333 = 0.0816A = 81.64 mA.

6. The d.c. power input is,
Poc = Vec leg =10x140x103 =14 W

P .
7. 70"‘ - Fd-c-x 100 —‘17)(100—34-28/0
8. Pd = PDC = P.c =14-048=092 W

This is the power dissipation.
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5.10 Analysis of Class B Amplifiers

As stated earlier, for class B operation, the quiescent operating point is located on the
X-axis itself. Due to this collector current flows only for a half cycle for a full cycle of the
input signal. Hence the output signal is distorted. To get a full cycle across the load, a pair
of transistors is used in class-B operation. The two transistors conduct in alternate half
cycles of the input signal and a full cycle across the load is obtained. The two transistors
are identical in characteristics and called matched transistors.

Depending upon the types of the two transistors whether p-n-p or n-p-n, the two
circuit configurations of class B amplifier are possible. These are,

1. When both the transistors are of same type i.e. either n-p-n or p-n-p then the
circuit is called push-pull class B A.F. power amplifier circuit.

2. When the two transistors form a complementary pair ie. one n-p-n and other
p-n-p then the circuit is called complementary symmetry class B A.F. power
amplifier circuit. Let us analyse these two circuits of class B amplifiers in detail.

5.11 Push Pull Class B Amplifier

The push pull circuit requires two transformers, one as input transformer called driver
transformer and the other to connect the load called output transformer. The input signal
is applied to the primary of the driver transformer. Both the transformers are centre
tapped transformers. The push pull class B amplifier circuit is shown in the Fig. 5.25.

In the circuit, both Q; and Q, transistors are of n-p-n type. The circuit can use both Q;
and Q; of p-n-p type. In such a case, the only change is that the supply voltage must be
—Vee, the basic circuit remains the same. Generally the circuit using n-p-n transistors is
used. Both the transistors are in common emitter configuration.

The driver transformer drives the circuit. The input signal is applied to the primary of
the driver transformer. The centre tap on the secondary of the driver transformer is
grounded. The centre tap on the primary of the output transformer is connected to the
supply voltage + Vee.

P> Figure 5.25
Push pull class B amplifier

Push-pull circuit
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With respect to the centre tap, for a positive half cycle of input signal, the point A
shown on the secondary of the driver transformer will be positive. While the point B will
be negative. Thus the voltages in the two halves of the secondary of the driver transformer
will be equal but with opposite polarity. Hence the input signals applied to the base of the
transistors Q; and Q; will be 180° out of phase.

P Figure 5.26

Basic push pull operation

The transistor Q; conducts for the

E D positive half cycle of the input producing

positive half cycle across the load. While

Input the transistor Q; conducts for the

% = E"’E % negative half cycle of the input producing
negative half cycle across the load. Thus

[Q,] across the load, we get a full cycle for a

= - full input cycle. The basic push pull

operation is shown in the Fig. 5.26.

When point A is positive, the transistor Q; gets driven into an active region while the
transistor Q is in cut off region. While when point A is negative, the point B is positive,
hence the transistor Q, gets driven into an active region while the transistor Q, is in cut
off region.

The waveforms of the input current, base currents, collector currents and the load
current are shown in the Fig. 5.27.
P Figure 5.27

Waveforms for push pull class B omplifier

s
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Key Point: For the output transformer, the number of the turns of each half of the
primary is Ny while the number of the turns on the secondary is Na. Hence the total
number of primary turns is 2Ny. So turns ratio of the output transformer is specified as
2Ny. So turns ratio of the outpul transformer is specified as 2Ny : Nj.

5.11.1 D.C.Operation

The d.c. biasing point i.e. Q point is adjusted on the X-axis such that Vg = V¢ and
lcgg is zero. Hence the co-ordinates of the Q point are (Vge, 0). There is no d.c. base bias
voltage.

5.11.2 D.C.Power Input

Each transistor output is in the form of half rectified waveform. Hence if I, is the
peak value of the output current of each transistor, the d.c. or average value is [?"‘, due to
half rectified waveform. The two currents, drawn by the two transistors, form the d.c.

supply are in the same direction. Hence the total d.c. or average current drawn from the
supply is the algebraic sum of the individual average current drawn by each transistor.

I I 21
o = 2% g lmSom (1)
de ~ +

The total d.c. power input is given by,

Poc = Meox g

Pc= = V%c ln e @)

5.11.3 A.C.Operation

When the a.c. signal is applied to the driver transformer, for positive half cycle Q
conducts. The path of the current drawn by the Q, is shown in the Fig. 5.28.

For the negative half cycle Q; conducts. The path of the current drawn by the Q, is

shown in the Fig. 5.28 (b).
> Figure 5.28

(a) Q4 conduction (b) Q, conduction

It can be seen that when @ conducts, lower half of the primary of the output
transformer does not carry any current. Hence only N; number of turns carry the current.
While when Q; conducts, upper half of the primary does not carry any current. Hence
again only N; number of turns carry the current. Hence the reflected load on the primary
can be written as,
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Ry e (B

- N2
where n = N,

It is important to note that the step down turns ratio is 2N; : N3 but while calculating
the reflected load, the ratio n becomes Nz /N;. So each transistor shares equal load which
is the reflected load R} given by the equation (3).

The slope of the a.c. load line is —=1/R} while the d.c. load line is the vertical line
passing through the operating point Q on the x-axis. The load lines are shown in the
Fig. 5.29.

P Figure 5.29
Load lines for push pull class B amplifier

Ics
/ D.C. load line

The slope of the a.c. load line (magnitude of slope) can be represented in terms of Vy
and I, as,

|
RL  Va

R-'I. = -‘;i“- s (i]
where I, = Peak value of the collector current

5.11.4 A.C. Power Output
As Iy and Vy are the peak values of the output current and the output voltage

respectively, then

Ve =

o ERE P

and s =

Hence the a.c. power output is expressed as,
V2
- - (5)

Pi = Vims Irms =13, RpL = —%

Ry
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While using peak values it can be expressed as,

P = Vulm _ & RL _ V3 ... (B)
" 2 2 IR,

5.11.5 Efficiency
The efficiency of the class B amplifier can be calculated using the basic equation.

(‘-"mlm]
%n = S 100 = = -

=Veel
nc‘tm

= 100

Yo = = 100 e (7)

Ve
4 M

5.11.6 Maximum Efficiency

From the equation (7), it is clear that as the peak value of the collector voltage V,
increases, the efficiency increases. The maximum value of V,, possible is equal to Vi as
shown in the Fig. 5.30.

P> Figure 5.30
Ich
; Vi = Ve for maximum n
n -
S o Nmax = ZX%X 100

=785 %
-Vee Key Point: Thus the maximum  possible
03‘ Vo 3 Vee theoretical efficiency in case of push pull class B

: +—Maximum output @mplifier is 78.5% which is much higher than
voltage swing  the fransformer coupled class A amplifier.

For practical circuits it is upto 65 to 70%.

Key Point: Practically the collector-emitter voltage of transistor is neglected as small.
But if Vcg(min) is given then maximum collector voltage V o, reduces by Vg (min) and
becomes Vi = Ve = Veg(min) under maximum efficiency condition.

5.11.7 Power Dissipation

The power dissipation by both the transistors is the difference between a.c. power
output and d.c. power input.

2 Vi 1
2Py = Poe —Pue = S Ve L - 50
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; S22y Ve VR
Py =~ VW TETH .. (8)

Let us find out the condition for maximum power dissipation. In case of class A
amplifier, it is maximum when no input signal is there. But in class B operation, when the
input signal is zero, Vi, = 0 hence the power dissipation is zero and not the maximum.

Maximum power dissipation : The condition for maximum power dissipation can be
obtained by differentiating the equation (8) with respect to Vi, and equating it to zero.

dPy _ 2 Ve 2Vm

" qVa TIR W "0
2Mc _ Vm
“m R} Ry
Vi = % Ve ... For maximum power dissipation e (9

This is the condition for maximum power dissipation. Hence the maximum power
dissipation is,

2 2 Voo 4 %
Py dmax = ;t\éc";;'—.; = 3R,
.4 6.2 %
n? Ry =2 RY
2 Vi .. (10)
(Pd)mu=“'2-'§TL‘

Key Point: For maximum efficiency, Vo, = Vec hence the power dissipation is not
maximum when the efficiency is maximum. And when power dissipation is maximum,
efficiency is not maximum. So maximum efficiency and maximum power
dissipation do not occur simultaneously, in case of class B amplifiers.

V2
Now Pe = 2;{“1
and Vim = Ve is the maximum condition.
H P, = chc 11
ence(Pyc Jmax = IR, vos: LB 1)
2V, 4 (Vi
i > IR, | (] © o
Wowe: Cadws = STt nZ(zngJ
4
Py Jmax = T(Pu)mu . (12)
n
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This much power is dissipated by both the transistors hence the maximum power
dissipation per transistor is (Pg )max / 2 .

4
_Z{Px}m:
5 (Py )maxper transistor = e
. (Pg )maxper transistor = % (Pac ) max e (13)

This is the maximum power dissipation rating of each transistor. For example, if 10 W
maximum power is to be supplied to the load, then power dissipation rating of each

transistor should be u—zz x 10 i.e. 2.02 W,
5.11.8 Harmonic Distortion
Let the base input currents are sinusoidal in nature and given by,
ipy = lpgm cos wtand iy = - lgm cos wt
The negative sign indicates that both are 180° out of phase.

Due to nonlinear dynamic characteristics, the collector current of the two transistors
can be expressed in terms of harmonic components as,

"

ig lcg + By+ By cos wt+ B; cos 2wt+ By cos 3wt+.. e (14)
Now iy = = lgm cos ot = lpy, cos (ot + w)

Hence the collector current for the second transistor can be obtained by replacing ot
by wt + m, in the expression for i.

]

o leq + By + By cos (ot+ )+ By cos 2 (ot+ap)+ ...
leg + By — By coswt+B, cos 2ot — B; cos 3mt+... ... (15)

Mow the load current is the difference between the two. This is because, in the
primary of the transformer the two currents are in opposite direction.

1

DAL = g = e

(lcg + By + By coswt+ By cos 2wt+ By cos 3wt+..)

= (lpg + By — B) cos ot+ By cos 2wt -B; cos 3ot+.)

o T 2 B, cosmt+ 2 By cos 3wt +... ... (16)

It can be seen that the even harmonic components 2%, 4%, 6" and so on, get
eliminated. Similarly the d.c. component also gets eliminated. Hence the total distortion
is less and as d.c. component flowing is zero, there is no possibility of d.c. saturation of
the core. Hence the percentage harmonic distortion is only due to odd harmonics given by,

| By | | Bs|
% Dy = —-—xlﬂﬁ,%[)sz —x 100 ...
[ Byl | By
Hence the total harmonic distortion is,
% D = DI+DI+D+..x100 .. (17)

This is based on the assumption that the two transistors are exactly matched.
Otherwise even harmonics may be present in the output signal.
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5.11.9 Advantages and Disadvantages
The advantages of push pull class B operation are :
1. The efficiency is much higher than the class A operation.
2. When there is no input signal, the power dissipation is zero.
3. The even harmonics get cancelled. This reduces the harmonic distortion.
4

As the d.c. current components flow in opposite direction through the primary
winding, there is no possibility of d.c. saturation of the core.

o

Ripples present in supply voltage also get eliminated.
6. Due to the transformer, impedance matching is possible.

The disadvantages of the circuit are :

1. Two center tap transformers are necessary.
2. The transformers, make the circuit bulky and hence costlier.

3. Frequency response is poor.

mmp  Example 5.9 A class B, push pull amplifier drives a load of 16 Q , connected to the
secondary of the ideal transformer. The supply voltage is 25 V. If the number of turns
on the primary is 200 and the number of turns on the secondary is 50, calculate
maximum power output, d.c. power input, efficiency and maximum power dissipation
per transistor.

Solution : R, = 162 Voo =25V
MNow 2N = 200 N2 =50
N1 = 100
_ N2 _ 50 _
: n =N T10 -0
: Ry 16
2 R = =
L n 2 (05)2
= H4 0

For maximum power output, Vi, = V¢

Ve (25)2

1
— — TR ==

= 4.8828 W
i) Py = 2 Vo 1
e = T ¥c im
Now  “m _ gy
Im
and Vm = Voo ... refer equation (4)

Vec 25
I = ¢ =2 _ 03906 A
R, ~ 62

Poc = =x25x0.3906

= 62169 W
DC
= 78.5%
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2

iv)  (Pg ) max = % (Pye Ymas fOr each transistor

2

= ek 4.8828

= 09894 W=1W

5.12 Complementary Symmetry Class B Amplifier

As stated earlier, instead of using same type of transistors (n-p-n or p-n-p), one n-p-n
and other p-n-p is used, the amplifier circuit is called as complementary symmetry class B
amplifier. This circuit is transformer less circuit. But with common emitter configuration, it
becomes difficult to match the output impedance for maximum power transfer without an
output transformers. Hence the matched pair of complementary transistors are used in
common collector (emitter follower) configuration, in this circuit.

Key Point: This is because common collector configuration has lowest output
impedance and hence the impedance matching is possible.

In addition, voltage feedback can be used to reduce the output impedance for

matching.
P Figure 5.32

Complementary symmaetry class B amplifier

The  basic  circuit  of
complementary symmetry class-B
amplifier is shown in the Fig. 5.32.

The circuit is driven from a
dual supply of V. The
transistor Q; is n-p-n while Q, is
of p-n-p type.

In the positive half cycle of
the input signal, the transistor Q;
gets driven into active region and
starts conducting. The same signal
gets applied to the base of the Q;

but as it is of complementary type, remains in off condition, during positive half cycle.
This results into positive half cycle across the load Ry. This is shown in the Fig. 5.33.
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P Figure 5.33
Positive half cycle operation

e,
half cycle

Vin

Q, OFF

During the negative half cycle of the signal, the transistor Q; being p-n-p gets biased
into conduction. While the transistor Q; gets driven into cut off region. Hence only Q,
conducts during negative half cycle of the input, producing negative half cycle across the
load R, as shown in the Fig. 5.34 (a). =

Thus for a complete cycle of input, a complete cycle of output signal is developed
across the load as shown in the Fig. 5.34 (b)

P Figure 5.34

-

-— =

Q, ON [ Q, OFF,
Q, OFF ! Q, ON !

(a) Negative half cycle operation {b) Load voltage waveform

5.12.1 Mathematical Analysis

All the results derived for push pull transformer coupled class B amplifier are
applicable to the complementary class B amplifier. The only change is that as the output
transformer is not present, hence in the expressions, Ry value must be used as it is,
instead of R}..
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5.12.2 Advantages and Disadvantages
The advantages are :
1. As the circuit is transformerless, its weight, size and cost are less.
2. Due to common collector configuration, impedance matching is possible.

3. The frequency response improves due to transformerless class B amplifier circuit.

The disadvantages are :
1. The circuit needs two separate voltage supplies.
2. The output is distorted to cross-over distortion.

Key Point: While solving the problems on class B large signal amplifiers, given
power is to be assumed maximum unless and otherwise specified and use
VZ. va
(Pac Yinui =-3; <¢ o 1 £C depending upon type of the circuit.
3R, 2R

If Vin is given then as common collector circuit has unity gain, Vou = Vin and then voltage across Ry
15 smme as Vin, The peak value of Vin 8 Vin and Vip # Ve in such a case.

If supply given is dual such as Voo = £ 12V, £ 20V ele. , it is dual supply version.

But if supply given is Vgo =12 V, 20 V then it is single supply version and in such a case use

2
Voo = }f { given + Ve ) ie 1—2"- =6V, —‘..’:x-} = 10 V ctc. The single supply version is discussed in the
section 5.16.
5.13 Comparison of Push Pull and Complementary Symmetry
Circuits
P Table 5.2
Push Pull Class B Complementary Symmetry Class B
1. Both the transistors are similar either pnp Transistors are complementary type i.e. ong npn
or npn, other pnp.
2 The transformer is used 1o connect the load as| The circuit s transformeress.
well as inpul.
3. The impedance matching is possible due to the| The impedance malching is possible due lo
oulpul transformer, common collector circuil.
4, Frequency response is poor. Frequency response is improved.
5. Due to transformers, the circull is bulky, coslly| As Wransformerless, the circuilt is not bulky and
and heavier. coslly.
B. Dual power supply is not required. Dual power supply is required.
7. Efficiency is higher than class A The efficiency is higher than the push pull.
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5.14 Cross-Over Distortion

For a transistor to be in active region the base emitter junction must be forward
biased. The junction cannot be made forward biased till the voltage applied becomes
greater than cut-in voltage (V,) of the junction, which is generally 0.7 V for silicon and
0.2V for germanium transistors. Hence as long as the magnitude of the input signal is less
than the cut in voltage of the base emitter junction, the collector current remain zero and
transistor remains in cut-off region,

Hence there is a period between the crossing of the half cycles of the input signal, for
which none of the transistors is active and the output is zero. Hence the nature of the
output signal gets distorted and no longer remains same as that of input. Such a distorted
output wave form due to cut-in voltage is shown in the Fig. 5.36.

Such a distortion in the output signal is called a cross-over distortion. Due to
cross-over distortion each transistor conducts for less than a half cycle rather than the
complete half cycle. The part of the input cycles for which the two transistors conduct
alternately is shown shaded in the Fig. 5.36. The cross-over distortion is common in both
the types of class B amplifiers.
> Figure 5.36

Cross-over distortion

Input

-mt

Dutput
Signal

fransistors

OFF
5.15 Elimination of Cross-Over Distortion

To eliminate the cross-over distortion some modifications are necessary, in the basic
circuits of the class B amplifiers. The basic reason for the cross over distortion is the cut in
voltage of the transistor junction. To overcome this cut-in voltage, a small forward biased
is applied to the transistors. Let us see the practical circuits used to apply such forward
biased, in the two types of class B amplifiers.
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5.15.1 Push Pull Class B Amplifier

P Figure 5.37
Use of Diode

0 *Vcc

The forward biased across the base-emitter junction of each transistor is provided by
using a diode as shown in the Fig. 5.37.

The drop across the diode D is equal to the cut-in voltage of the base-emitter junction
of the transistor. Hence both the transistors conduct for full half cvcle, eliminating the
cross-over distortion.

P Figure 5.38

I

Q _
Slight shift
in Q point

Due to the forward biased provided to eliminate the cross over distortion, the Q point
shifts upwards on the load line as shown in the Fig. 5.38. Hence the operation of the
amplifier no longer remains class-B but becomes class AB operation.

ol

But as the amplifier handles the large signals in the range of volts, compared to these
signals the shift in Q point is negligibly small.

Key Point: For all the practical purposes, the operation is treated as class B operation
and all the expression derived are applicable to these modified circuits.
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5.15.2 Complementary Symmetry Class B Amplifier

P Figure 5.39

Use of potential divider

e

Ce

o+

condenser

R

0 -V (i o

In push pull, transformer
coupled type, the drop
across forward biased one
diode is sufficient, to
provide necessary cut in
voltage. But in case of
complementary  symmetry
circuit, base emitter junctions
of both Q and Q. are
required to provide a fixed
bias. Hence for silicon
transistors a fixed bias of 0.7

+ 0.7 = 1.4 V is required. This can be achieved by using a potential divider arrangement as

shown in the Fig. 5.39.

But in this circuit, the fixed bias provided is fixed equal to say 1.4 V. While the
junction cut-in voltage changes with respect to the temperature. Hence there is still
possibility of a distortion when there is temperature change. Hence instead of R3, the two
diodes can be used to provide the required fixed bias. As the temperature changes, along
with the junction characteristics, the diode characteristics get changed and maintain the
necessary biasing required to overcome the cross-over distortion when there is temperature
change. The arrangement of the circuit with the two diodes is shown in the Fig. 5.40.

P Figure 5.40

Use of pair of diodes

EUBE=2VD

'*VCG

Y

ﬂ'—vcc

5.16 Complementary Symmetry Single Supply Version

The main disadvantage as seen earlier of complementary amplifier is the use of dual
supply. But in practice the circuit can be modified by grounding - V- terminal. The



resulting circuit is called single supply version of complementary symmetry class B
amplifier as shown in the Fig. 541.
P Figure 5.41

Single supply version of complementary symmetry class B amplifier

oWee
Ré
I
i Q4

Vi, @ I

__ ..
AR
_|;n

Key Point: All the expression derived for dual supply version are still applicable to
single supply version. Only change required is that the value of Vec must be taken

as Veol2, while calculating the various parameters of the circuit.
|
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TUNED AMPLIFIERS
3.1 Introduction:

To amplify the selective range of frequencies, the resistive load Rc is replaced by a
tuned circuit. The tuned circuit is capable of amplifying a signal over a narrow band of
frequencies centered at f. The amplifiers with such a tuned circuit as a load are known as tuned
amplifier.

I

0
N|
PR

Fig. 3.1 Tuned circuit

ain{c.'E}1 ideal

< response

30 dB

U 1‘.'.}{5
Fig. 3.2 Freguency response of a tuned
amplifier
The
Fig. 3.1 shows the tuned parallel LC circuit which resonates at a particular frequency. The
resonance frequency and impedance of tuned circuit is given as,

-

1

_f_ e i e e . (1
and Z, = - 2)

The response of tuned amplifiers is maximum at resonant frequency and it falls sharply
for frequencies below and above the resonant frequency, as shown in the Fig. 3.2. In the Fig.
3.2, 3 dB bandwidth is denoted as and 30dB bandwidth is denoted as S. The ratio of the 30dB
bandwidth (S) to the 3 dB bandwidth (B) is known as Skirt selectivity.

At resonance, inductive and capacitive effects of tuned circuit cancel each other. As a
result, circuit is like resistive and cos ¢ = 1 i.e. voltage and current are in phase. For frequencies
above resonance, circuit is capacitive and for frequencies below resonance, circuit is inductive.
Since tuned circuit is purely resistive at resonance it can be used as a load for amplifier.

3.1.1 Coil Losses:

As shown in the Fig. 3.1, the tuned circuit consists of a coil. Practically, coil is not purely
inductive. It consists of few losses and they are represented in the form of leakage resistance in
with the inductor. The total loss of the coil is comprised of copper loss, eddy current loss and
hysteresis loss. The copper loss at low frequencies is equivalent to the d.c. resistance of the
coil. Copper loss is inversely proportional to frequency. Therefore, as frequency increases, the
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copper loss decreases. Eddy current loss in iron and copper coil are due to currents flowing
within the copper or core based by induction. The result of eddy currents is a loss due to heating
within the inductors copper or core. Eddy current losses are directly proportional to frequency.
Hysteresis loss is proportional to the area enclosed by the hysteresis loop and to the rate at
which this loop is transversed. It is a function of signal level and increase with frequency.
Hysteresis loss is however independent of frequency.

As mentioned earlier, the total losses in the coil or inductor is represented by inductance in
series with leakage resistance of the coil. It is shown in the Fig.3.3

3.1.2 Q Factor:

Quiality Factor (Q) is important characteristics of inductor. The Q is the ratio of reactance
to resistance and therefore it is unitless. It is the measure of how ‘pure’ or ‘real’ an inductor is
(i.e. the inductor consists only reactance). The higher the Q of an inductor, the fewer losses
there are in the inductor. The Q factor also can be defined as the measure of efficiency with
which inductor can store the energy. The dissipation factor (D) that can be referred to as the
total loss within a component is defined as 1/Q. The fig. 3.4 shows the quality factor equations
for series and parallel circuits and its relation with dissipation factor.

Series circuit inductive impedance
R, [—5 w LE
A LT =
Rg
FParailel circuit Inductive admittance
Lp =
oo L
m Lp
Ot o
RD
ATAVAVA

Fig. 3.4 CQuality factor sguations

e tion Q = : mL,,_ - Ky
Quality factor equation Q = - R, ol

3.1.3 Unloaded and Loaded Q:

Unloaded Q is the ratio of stored energy to dissipated energy in a reactor or resonator.
The unloaded Q or Qu, of an inductor or capacitor is X/Rs, where X represents the reactance
and Rs represents the series resistance. The loaded Q or Q, of a resonator is determined by
how tightly the resonator is coupled to its terminations.

Y
A
g

—

= N A —

N

Fig- 3.5 Tuned load circuit
Let us consider the tuned load circuit as shown in the Fig. 3.5. Here, L and C represent tank
circuit. The internal circuit losses of inductor are represented by R, and Rc represents the
coupled in load.
For this circuit we can write,
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@, L w, L
R = ——and Rc = =—
° Qg Qp
where Qu is unloaded Q and Q. is loaded Q.
The circuit efficiency for the above tank circuit is given as,
+ FF R QL o
R = —x100 %
2 (Re+R, Qu+0Q

From above equation, it can be easily realized that for high overall power efficiency, the
coupled-in load Rc should be large in comparison to the internal circuit losses represented by
R, of the inductor.

The quality factor Q. determines the 3 dB bandwidth for the resonant circuit. The 3 dB
bandwidth for the resonant circuit is given as,

f
BW =
Q.
Where f; represents the centre frequency of a resonator and BW represents the bandwidth.
If Q is large, bandwidth is small and circuit will be highly selective. For small Q values,
bandwidth is high and selectivity of the circuit is lost, as shown in the Fig. 3.6.

A
Voltage l
gam | + """"""""" -
| 3dB : ~“—Response
| L for low Q
I Response
i : : 1 forhighQ
f - : N
t —e = Freguency
o] Tifiz T frp Ty

Fig. 3.6 Variation of 3dB bandwidth with variation in
quality factor

Thus in tuned amplifier Q is kept as high as possible to get the better selectivity. Such tuned
amplifiers are used in communication or broadcast receivers where it is necessary to amplify
only selected band of frequencies.

3.1.4 Requirements of Tuned Amplifier:

The basic requirements of Tuned Amplifiers are:

1. The amplifier should provide selectivity of resonant frequency over a very narrow band.

2. The signal should be amplified equally well at all frequencies in the selected narrow band.
3. The tuned circuit should be so mounted that it can be easily tuned. If there is more than
one circuit to be tuned, there should be an arrangement to tune all circuit simultaneously.

4. The amplifier must provide the simplicity in tuning of the amplifier components to the
desired frequency over a considerable range of band of frequencies.
3.1.5 Classification of Tuned Amplifier:
We know that, multistage amplifiers are used to obtain large overall gain. The cascaded
stages of multistage tuned amplifiers can be categorized as given below:
1. Single Tuned Amplifiers
2. Double Tuned Amplifiers
3. Stagger Tuned Amplifiers
These amplifiers are further classified according to coupling used to cascade the stages of
multistage amplifier. They are,
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1. Capacitive Coupled
2. Inductive Coupled
3. Transformer Coupled
3.2 Small Signal Tuned Amplifier:

A common emitter amplifier can be converted into a single tuned amplifier by including a
parallel tuned circuit as shown in the Fig. 3.7. The biasing components are not shown for
simplicity.

=N A

A\

)|
i
O
L —
Wy
3

Fig. 3.7 Single tuned transistor amplifier

Before going to study the analysis of this amplifier, the practical assumptions to simplify
the analysis are:

Assumptions:
1. RL<<Rc
2. ey =0

With these assumptions, the simplified equivalent circuit for a single tuned amplifier is shown in
Fig 3.8.
L C

Fig. 3.8 Equivalent circuit of single tuned amplifier

Where Ceq = C' + Cpe + (1 + gm RL ) Cvc and C’ is the external capacitance used to tune the
circuit, (1 + gm RL ) Cypcis the Miller Capacitance. rs represents the losses in the coil. The series
RL circuit in Fig. 3.7 is replaced by the equivalent RL circuit in Fig 3.8 assuming coil losses are
low over the frequency band of interest, i.e. the coil Q is high.

EJE =1

r

[

Q
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The conditions for equivalence are most easily established by equating the admittances of the
two circuits shown in the Fig. 3.9.

4
Y e

r

C

oL
rZ+w? 1l vt 12

£ 1 . .
Y, = "[,;'i_i;i‘+j£‘;i 4 u{;al,l >> rf from equation (1)
1 1
Yo, & e
2 R, joL

. Therefore, equating Y, and Y, we get,
"

@12 jaL - R, juL

P

L . B

R, @2 \

P ; - Wi —

' q@\l?' - :_ = B =%

- b e
T w2 r.Q?

R, = 1, Z=nlQ, oL = Q. r_ from equation (1) ... (2)

Looking at Fig. 3.8 we have,

R = & [ R 8

The current gain of the amplifier is then

e o ion -gmR - —gmR 4
! 7 1+4j(oRC-R/wLl) ~ T+jo,RC(0/ 0, —w, / 0 el
1
2
where w5 = 1

We define the Q of the tuned circuit at the resonant frequency wo to be
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B = s HE .5

= *ng
1+K2ﬂmfﬁ%“ﬂ%ffﬁ

At W

Il

©, , gain is maximum and it is given as,

Ay 5 = B R .6)

The Fig. 3.10 shows the gain versus frequency plot for the single tuned amplifier. It shows the
variation of the magnitude of the gain as a function of frequency.

Al

e

¥
I
I
1
1
]
|
1
i
[l
ay

Fig. 3.10 Gain versus frequency for single tuned amplifier
At 3 dB frequency,

£
g
e,

_ BuR )
5l = J2 (7)
.. At 3 dB frequency
1+iQ e/ e,)-(0, /0] = 2
| Ha-2) - ‘ .
1tQ{E'w) ¢ (8)

This equation is quadratic in w? and has two positive solutions, wy and wi. After solving equation
(8), 3 dB bandwidth is given below:

BW=fu—-fL=wo/21mQi =1/ 21mRC (since Qi = woRC) e (9)
]
BW = ———
2nRC
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iy Example 3.1 : Design a single tuned amph'ﬁ;r for following specifications :
1. Centre frequency = 500 kHz '
2. Bandwidth = 10 kHz

Assume {ransistor parameters : g, = 004 S, b, = 100, C,, = 1000 pF and
Cyr. = 100 pF. The bias network and the input resistance are adjusted so that v, = 4 IQ
and R, = 510Q.

Solution : From equation (9) we have,

1
BY = 5we
1 1
RC = Z7BW = Zaxioxio’
= 15912 x 107°
From equation (3) we have,
R = iR, |1y,
where r; = 4k
h, 100 -
Ly, = e —m_ZDDOQ
_ .
k, = Quml= 1,.C
R = 4 x 10° | 2500 | Qc
o
c.
2ax10x10°" xR
C = = 5
2nX10x10°% x| 4x10°{| 2500} 2
[ 11250011 znxsmxméxc}

The typical range for Q, is 10 to 150. However, we have to assume Q such that value
of C, should be positive. Let us assume Q = 100.

= = 1
2nx10x10%| 1538.5|| m}
R S - 1
2nx10x103 1 : l
| 1538.5+2ﬂ X3000x C |
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Solving for C we get,

C = 0.02 pF
We have,
C=0C+C, +1+g,R)C,
C:‘l = C = [Cb’c =} [:1 + B R]_) cbrc]
= 0.02 x 107 —[1000 x 10" 2+ (1 + 0.04 x 510) x 100 x 10"
C’ = 0.01686 uF
We have,
W, = b
N 72
1
L &= 4

@IC  (@rx500x10%)% x0.02x10
= 5uH
From equation (2) we have,

R,

wL Q, = 27 % 500 x 10° x 5 % 10 © x 100
= 1570 Q
R =.5; | R [l 1,
= 4 x 10% || 1570 | 2500
= 777 £}
We have mid frequency gain as,

Aimaxy = —8m R=(-004) (777) = - 31

3.3 Single Tuned Capacitive Coupled Amplifier:

+

|

Fig. 3.13 Single tuned capacitive coupled
transistor amplifier
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Single Tuned multistage amplifier circuit uses one parallel tuned circuit as a load in
each stage with tuned circuits in all stages tuned to same frequency. Fig 3.13 shows a typical
single tuned amplifier in CE configuration. As shown in Fig.3.13, tuned circuit formed by L and C

acts as collector load and resonates at frequency of operation. Resistors Ri, R> and Re along
with capacitor Ce provides self bias for the circuit.

Th'e

C
U’I Mye Cb';:': Vb'e gmvb'& gﬂﬂé ;: G =] §Rr
R a
| '.1 __..1(Next stage)

Fig. 3.14 Equivalent circuit of single tuned amplifier

The Fig. 3.14 shows the equivalent circuit for single tuned amplifier using hybrid =
parameters.

R

As shown in the Fig. 3.14, R, is the input resistance of the next stage and R, is the
output resistance of the current generator g, Vi, The reactances of the bypass capacitor Ce
and the coupling capacitors C are negligibly small at the operating frequency and hence
these elements are neglected in the equivalent circuit shown in the Fig. 3.14.

The equivalent circuit shown in Fig. 3.14 can be simplified by applying Miller's
theorem. Fig. 3.15 shows the simplified equivalent circuit for single tuned amplifier.

Fig. 3.15 Simplified equivalent circuit for single tuned amplifier
Here C, and C,, represent input and output circuit capacitances, respectively. They can
be given as,
C,=C, +C,, (1-A) where A is the voltage gain of the amplifier. ...(1)
(A-1 . b .
Ceg = Cps RT}F C where C is the tuned circuit capacitance. v (2)

The g, is represented as the output resistance of current generator g, V..

i 1
gm:a'=hoe_gmhre=hoe:R_ - (3)

o
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The series RL circuit is represented by its equivalent
] parallel circuit. The conditions for equivalence are most

easily established by equating the admittances of the two
§Ro circuits shown in Fig. 3.16.

Admittance of the series combination of RL is given

D
b

: !
Fig. 3.16 o
g o R+joOL

Multiplying numerator and denominator by R - joL we get,

R-joL _ R joL

¥ =i = -
R* +0’L’ R 40?2 R? +@l12

R _ jw'l
R+l of? +w?l?)

l ]

R, joL,

2 22 ;
where R = R—tI?L _ e (@)

and L, = E%j— ... {5)

Centre frequency
The centre frequency or resonant freq‘uency is given as,

1

f,. A ‘,.(6)
: Z‘EJLP ch
RZ+w?12
where LF = Ta
L
and ch = Cp. (j’;—l]+ L& A7)
= ot C

Therefore, C,_,
capacitance.

, 1s the summation of transistor output capacitance and the tuned circuit

Quality factor Q
The quality factor Q of the coil at resonance is given by,

2 = mR—l .-(8)
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where o, is the centre frequency or resonant frequency.

This quality factor is also called unloaded Q. But in practice, transistor output
resistance and input resistance of next stage act as a load for the tuned circuit. The quality
factor including load is called as loaded Q and it can be given as follows :

The Q of the coil is isually large so that L >> R in the frequency range of operation,

From equation (4) we have,

R? + @12 e
Ry = =—g—=Rp—7
As LY 551, R, = [”'RL .0)

From equation (5) we have,

R+e’l) R
LD = e =t .-.w——+]_.
@’L a?L
= L “oL>>R .. (10)
From equation (9), we can express K, at resonance as,
272
R = w;L
P R
; o 1L
- 0 Q,L +wQ=—— 5 )

R

Therefore, Q, can be expressed interms of R;, as,

-R"I
Q = ..(12)

mrl_

The effective quality factor including load can be calculated looking at the simplified
equivalent output circuit for single tuned amplifier.

where Ry = Ry [| Ry || R;

T
QLA TCCQ %Lf'- ?Fﬂ-

Fig. 3.17 Simplified output circuit for single tuned amplifier

Susceptance of inductance L or capacitance C

Effective quality factor Qyy = Conductance of shunt resistance R,

(itL or »,Cy R, . (13)

47



Voltage gain (A,)
The voltage gain for single tuned amplifier is given by,
Tpre Rt

ik, = g, :
Tty oy, 1+2iQ 8
WhEIE Rt = ROHRP”RJ
8 = Fraction variation in the resonant frequency
T
Ay (at resonance) = -g mXRt
A | 1

v

' A L.(at resonance) l ||1+(25Q iCF)2
’ =

3 dB bandwidth :
The 3 dB bandwidth of a single tuned amplifier is given by,

1
Bl = 5 <

e - .. =
= TmQ,, 7 Q= o Ry Ceq
;

r

Q eff

Tw=2nf

. (14)

... (15)

... (16)

e Example 3.2 : A single tuned RF amplifier uses a transistor with an output resistance of
20 K, output capacitance of 15 pF and input resistance of next stage is 20 kQ. The tuned
circutt consists of 47 pF capacitance in parallel with series combination of 1 uH inductance

and 2 Q resistance. Calculate
i) Resonant frequency

i1) Effective quality factor
iii) Bandwidth of the circuit

Solution : i) Resonant frequency f, is given as,
1

= 2n LT,

i
2n./1 uHX (15 pF+ 47 pF)

H

20.2 MHz
i) Effective quality factor is given as,
Qe = 0,Cee Ry
= 2nf, C xR, lIR, [IR;)

w2 (2rx202x10%)2 (1x107°)2
where R z = s

P R F
= 8054 O
Qe = 2mx202x10°x(15pF+ 47 pF)xX (30K || 8.054 K || 20K)

11

40.52
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iii) Bandwidth of the circuit is given as,

BW =

il

£, _ 202x 10
Q. 4052

498.5 kHz

inmp Example 3.3 : A single tuned transistor amplifier is used to amplify modulated RF carrier
of 600 kHz and bandwidth of 15 kHz. The circuit has a total output resistance, R, =20 xQ
and output capacitance C, = 50 pF. Calculate values of inductance and capacitance of the

tuned cifrcuit.
Solution : Given: f,
BwW

i) We know that,
Qetr

Ceq

N i

ii) We know that,

If

600 kHz

15 kHz

20 kQ

50 pF

(50 pF + C

£, _ 600kHz
BW 15 kiz

40

©,Cq Ry
Qeﬂ' == 2 40
w. R, 2ax600x10°%x20x10°
530.5 pF
(B0 pF + O)

= 5305 pF — 50 pF
= 480.5 pF

1
2r JLC,,
1 _ 1
(2nf,)? €, (2mx600x10°)%x 530.5x 10

132.6 nH
3.4 Double Tuned Amplifier:

o Voo

T 88

Fig. 3.18 Double tuned amplifier
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Fig 3.18 shows double tuned RF amplifier in CE configuration. Here, voltage developed
across tuned circuit is coupled inductively to another tuned circuit. Both tuned circuits are tuned
to the same frequency. The double tuned circuit can provide a bandwidth of several percent of
the resonant frequency and gives steep sides to the response curve. Let us analyze the double
tuned circuit.

Analysis:
N
i gh
E
|
|
l l
(a)
R, R,
* —AAAA— — M —e T
9V gﬂg ~=C; L % ELZ =C Vv, %H,
. 4 - M & .l.
(b)
H AAA— T W—«MN,—-—IT-
A C1 R'I'I L1—M LQ“M REE
18m V4 B, i
I;;:%}:h f\.) V. ) %M ( 5 o V,
- iy I
1 4
. ¥ —
(c)

(c)
Fig. 3.19 Equivalent circuits for double tuned amplifier
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The Fig. 3.19 (a) shows the coupling section of a transformer coupled double tuned amplifier.
The Fig. 3.19 (b) shows the equivalent circuit for it, in which transistor is replaced by the current
source with its output resistance (Ro). The Ci and L; are the tank circuit components of the
primary side. The resistance R; is the series resistance of the inductance L;. Similarly on the
second side L, and C; represent the tank circuit components of the secondary side and R:
represents resistance of the inductance L,. The resistance R; represents the input resistance of
the next stage.

The Fig. 3.19 (c) shows the simplified equivalent circuit for the Fig. 3.19 (b). In simplified
equivalent circuit the series and parallel resistances are combined into series elements.
Referring equation (9) we have,

@ I w12
RP = e le. R = —-R-l-!_----

where R represents series resistance and R, represents parallel resistance.

Therefore we can write,

vl B
w? 14
Ry = ;’i Z'E'Rz

1

In the simplified circuit the current source is replaced by voltage source, which is now

in series with C;. It also shows the effect of mutual inductance on primary and secondary
sides.

L
We know that, Q = “’YT

Therefore, the Q factors of the individual tank circuits are

o L. @ L
Q, =—RlandQ2: g
11

(1)

Ry

Usually, the Q factors for both circuits are kept same. Therefore, Q, = Q, = Q and the
resonant frequency @? = 1/L; C, = 1/L,C,.

Looking at Fig. 3.19 (c). the output voltagr.—j_: can be given as,

%, = me it - @
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To calculate V_/V; it is necessary to represent I, interms of V,. For this we have to
find the transfer admittance Y;. Let us consider the circuit shown in Fig. 3.20. For this
circuit, the transfer admittance can be given as,

Z,-Z; Z,-2 o
1o AN MWW ——<
_.-.11 -—-52
v, Z; v, §ZL
T s 5
Fig. 3.20
Wi Iy .. Iy = A
Vi Lz, Zy
Zf

T e Fr

Vo Z=
Where Z — ._.;I by Z: — —1—..__ and
AL 1 N
L -7,
lﬁﬁ' - i a Zo + Z.l.

The simplified equivalent circuit for double tuned amplifier is similar to the drcuit
shown in Fig. 3.20 with
) Zf = j(ﬂrM

\

, 1
Ru T ] ((l)l_q ‘-""“"“J

IN
I

oG

F 1]
Z. +Z = g1l wl, ——
L Ry, ]\ 274G,

The equations for Z;, Z; and 7, + Z; can be further simplified as shown below.
Z = joM=jo kT T,

where, k is the coefficient of coupling.
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Multiplying numerator and denominator by ®,1, for 7, we get,

Zi = Wi‘]ﬂ)r L-l.(it-]-——l-—- -—-—,—]I

_ o L". : @ mr\ — m-'L
= Q +j0, Li{?ﬂT —'m'—J Q—-— R, and rL—-{t} C
= -EO———L—1+]UJ L, (26) 2 2 Moo b -B=28
Q o o
o, 1, ,
= ———+(1+j2Qb
g i2Q0)
747, = Ry+ilol,— 1)
~0 L 22 i.\ p {DCZJ
By doing similar analysis as for Z; we can write,
T2 = Q R (147208)
Then
Yy = & - s
' 22-2, Z,+2Zy) Zi=Z (Zo+Zy)/Z;
1
Yr = —
£ n, Ll
(142082 2 (17]205}j
. v Q-
}mrk\ll“l LZ ]0) fo: it
r Dafiq L2
- k 2
Y = Q e

o I, L; [4Q5— (1+KQ? - 4Q2 87)]

Substituting value of {12! ie. V. X Yq we get,

et o C1 | o JL L [4Q8-j(1+K2Q? -4 Q% 8%)]

|

V]

] §m
wV. = %
1 oC;
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0.5

g AN

Magnitude

0.1 £ P
20 1485 10 -D5 0 0.5 0 1.9 2.0
Qs
Fig. 3.21
r

v, oo ek .
= __'i). = - (JJ‘;‘ L L e ! (2 i

L

o, C = L
= Ii.m,.w..g%’.*,..(_‘)_f_‘_/rfl—i; kQ* } o {8)
4Q06-j(1+K20Q%2-40Q2%5?%)
Taking the magnitude of equation (4] we have,
Al = gu0 T2 Q- - -6

JI+K2QT-4Q252+16Q? 87

The Fig. 3.21 shows the universal response curve for double tuned amplifier plotted
with kQ as a parameter.

The frequency deviation 8 at which the gain peaks occur can be found by maximizing
equation (4), i.e.

2Q8-7i (1+k*Q?-4Q28%) = 0 ... (6)
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As shown in the Fig. 322, two gain peaks in the frequency response of the double

tuned amplifier can be given at frequencies :

£ = fr(l—iwszaz—.l] and

20
f, = b1+ 50T .
Peaks
= Frequency

Fig. 3.22
AtKQ?=1,ic k= é, f; = f, = f. This condition is known as critical coupling. For

values of k < 1/Q), the peak gain is less than maximum gain and the coupling is poor.

At k > 1/Q, the circuit is overcoupled and the response shows the double peak. Such
double peak response is useful when more bandwidth is required.

The gain magnitude at peak is given as,

=0, L, kQ
|4,| = Bz eV e (®)
And gain at the dip at 8 = 0 is given as,
2kQ
SR e
IAdt | p| 1+k2Q2 (9)

The ratio of peak gain and dip gain is denoted as y and it represents the magnitude of
the ripple in the gain curve.

{A 202
_ [2e]_1+K0Q .. (10)
iAgl T 2kQ
Using quadratic simplification and choosing positive sign we get,

The bandwidth between the frequencies at which the gain is |A4| is the useful
bandwidth of the double tuned amplifier. It is given as,

BW = 2§ =42 (f,-f) 17
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At 3 dB bandwidth,

Y = *\.'E
kQ = y+¥7+1 =2+ 427 +1 = 2414
3dBBW = 28 =2 (f,-f)
= xfrf[_f (14—L @E—W—f (1“_1_ szQz_-[k
LFI\ 2Q~\f J IL ZQV :
£t
- ‘V{E!V['é-\ukzeé‘—l)|
k 4

= «ﬁ[%,/(l-’lm}z—l} = 3';;"

We know that, the 3 dB bandwidth for single tuned amplifier is 2f, / Q. Therefore, the 3 dB
bandwidth provided by double tuned amplifier (3.1fi / Q) is substantially greater than the 3 dB
bandwidth of single tuned amplifier.
Compared with a single tuned amplifier, the double tuned amplifier

1. Possesses a flatter response having steeper sides.

2. Provides larger 3 dB bandwidth.

3. Provides large gain-bandwidth product.

3.6 Effect of cascading Single Tuned Amplifier on Bandwidth:

In order to obtain a high overall gain, several identical stages of amplifiers can be used
in cascade. The overall gain is the product of the voltage gains of the individual stages. Let us
see the effect of cascading of stages on bandwidth.

Consider n stages of single tuned direct coupled amplifiers connected in cascade. We
know that the relative gain of a single tuned amplifier w.r.t. the gain at resonant frequency f; is
given from equation (14).

Al i 1
NERR ,....‘.......: l = #"'
A (at resonancc) | VT +(28Q4)?

Therefore, the relative gain of n stage cascaded amplifier becomes

| A, " | 1 n‘ L
gAv(at TESOnAnce), \/1+(25Qeff)2 } [1+(26Qeg)2]

~
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The 3 dB frequencies for the n stage cascaded amplifier can be found by equating

W
A (atresonance) /3
A, o | o b
A (atresonance) . . 22
( [1+(28Q,)7]2 ”F
" 1
[1+(25Qeﬁ]2]2 & 22
[1+(28Qu)?]" = 2
1

> -

Substituting for §, the fractional frequency variation, i.e.

8= %, "1
sz__iwgﬂ = t‘\jzﬁ—l
£ 4
2(¢-£)Qu = J_rf;w,/zﬁ = |

* . s ;
fof, w B a5
2Q o

Let us assume f; and f, are the lower 3 dB and upper 3 dB frequencies, respectively.
Then we have :

£ f.1
R -
f - £, ‘I‘ZQEE YV 2n ~ 1 and similarly,
g L1
f,-f = +=—= Wj2ﬂw|
: ! ZQeH
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The bandwidth of n stage identical amplifier is given as,

BW = fz“"fj=(f2“—frJ+(fr_f1}

jal

= BW, x,f;zF—l v 1)

where BW, is the bandwidth of single stage and BW  is the bandwidth of n stages.

mmp Example 3.4 : The bandwidth for single tumed amplifier is 20 kHz. Calculate the
bandwidth if such three stages are cascaded. Also calculate the bandwidth for four stages.

Solution : i) We know that,

e— e

|I 1 {1
BW, = BW; V27 —1=20x10% %27 -1

n

10,196 kHz

n

e w
[

i) BW, = 20x10%xy23-1 = 8.7 kHz

The above example shows that bandwidth decreases as mumber of stages increase.

3.7 Effect of cascading Double Tuned Amplifiers on Bandwidth:

When a number of identical double tuned amplifier stages are connected in cascade, the
overall bandwidth, of the system is thereby narrowed and the steepness of the sides of the
response is increased, just as when single tuned stages are cascaded. The quantitative relation
between the 3 dB bandwidth of n identical double tuned critically coupled stages compared with
the bandwidth A, of such a system can be shown to be 3 dB bandwidth for n identical stages
double tuned amplifiers is,

1
o ?]:

A, X 20—

LY

where A is the 3 dB bandwidth of single stage double tuned amplifier.
The above equation assumes that the bandwidth A; is small compared with the resonant
frequency.

mmp Example 3.5 ¢ The bandwidth for double tuned amplifier is 20 kHz. Calculate the

bandwidth if such three stages are cascaded.
Solution : We know that for double tuned cascaded stages,

!
BW, = BW, x (2"~ D)1

n

1

20 K (213 - 1)4

©14.28 kHz

It
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mmp Example 3.6 : A three stage double tuned amplifier system is to have a half power BW of
20 kHz centred on a centre frequency of 450 kHz. Assuming that all stages are identical,
determine the half power bandwidth of single stage. Assume that each stage couple to gel

maximum flatness.

Solution : We get maximum flat response when each stage is critically coupled. When
stages are critically coupled we have
BW_ = BW, x(2Vr -
BW

_ n
Bw“ L (21;‘11_1)[‘{4

For n =23
BW
BW, = ——— 2 —
K (21; %] _-J'_}IJH
3 20x10°
- (2!,-’3 =1 if4
= 28.01 kHz

3.8 Staggered Tuned Amplifier:

Double tuned amplifiers give greater 3 dB bandwidth having steeper sides and flat top.
But alignment of double tuned amplifier is difficult. To overcome this problem, two single tuned
cascaded amplifiers having certain bandwidth are taken and their resonant frequencies are so
that they are separated by an amount equal to the bandwidth of each stage. Since the resonant
frequencies are displaced or staggered, they are known as stagger tuned amplifiers. The
advantage of stagger tuned amplifier is to have better flat, wideband characteristics in contrast
with a very sharp, narrow band characteristic of synchronously tuned circuits (tuned to same
resonant frequencies). Fig 3.23 shows the relation of amplification characteristics of individual
stages in a staggered pair to the overall amplification of the two stages.

f, 1 fy
1.0 - 40 t-- :
g g 10
= £
E : : =
m 0.707 [--- R T E 0707 beserneen-
a ' @
2 B 2
= =
4 &
2z 7
{a) Response of individual stages . (b) Overall response of staggered pair
Fig. 3.23

The overall response of the two stage stagger tuned pair is compared in the Fig. 3.24
with the corresponding individual single tuned stages having same resonant circuits. Looking at
Fig 3.24, it can be seen that staggering reduces the total amplification of the centre frequency to
0.5 of the peak amplification of the individual stage and at the centre frequency each stage has
amplification that is 0.707 of the peak amplification of the individual stage. Thus the equivalent
voltage amplification per stage of the staggered pair is 0.707 times as great as when the same
two stages are used without staggering. However, the half power (3 dB) bandwidth of the
staggered pair is V2 times as great as the half power (3 dB) bandwidth of on individual single
tuned stage. Hence the equivalent gain bandwidth product per stage of a stagger tuned pair is
0.707 x V2 = 1.00 times that of the individual single tuned stages.
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The stagger tuned idea can be easily extended to more stages. In case of three stages
staggering, the first tuning circuit is tuned to a frequency lower than centre frequency while the
third circuit is tuned to higher frequency than centre frequency. The middle tuned circuit is tuned
at exact centre frequency.

S 5
g 10 _ Single tuned stages
& 0.707 AW
@ H
L‘;‘D: g 5 .......................... . f— ..................E-_ i 1.1;- S .
2 3-5 : ‘Eﬁ ; taggered tuned pair
o H i i s
0 Frequency

Fig. 3.24 Response of individually tuned and staggered tuned pair

Analysis:
Form equation (14), the gain of the single stage tuned amplifier can be written as,
A . (at resonance) - 1x ZlQﬁ
i ki # -
= l_q—}_X .whcre X=20Q,;0

Since in stagger tumed amplifiers the two single tuned cascaded amp]iﬁe.rs with
separate rescnant frequencies are used, we can assume that the one stage is funed to the
frequency f. + & and other stage is tuned to the frequency f, — 8 Therefore we have,

b =% +_6 
and frz‘:fr-ﬁl,_
According to these tuned frequencies the selectivity functions can be given as,
A (a[ri:‘s':mancc]: - 1_;&13(—1) #d
PR
A (atresonance),  1+j(X =1

The overall gain of these two stages is the product of individual gains of the two
stages.
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A A Ao

= = . S e e —— NI .
A, (at resonance) _ . coqed A, (at resonance) A, *(at resonance),
_ T
TOL+jX+D) T 14X
_ 1 5 1
T o2+2jX-XE 0 2- XD+ 25X)
| A e 1
\ SRS = T T gL
A, (at resonance) — Je- X4)2+(2X)°
1 1

JA— e XP e A+ X
Substituting the value of X we get,

? A |
W | _ 1 _ 1

|A, (atresonan = = ot e S
| " cascade VAT (ZQ4 0K 1416 Qe 0°

-

e I
2141Q}, 3

Applications of mixer or converter circuits
1. One of the most common applications for mixer is in radio receivers. The mixer is
used to convert incoming signal to a lower frequency where it is easier to obtain

the high gain and selectivity required.

2. Mixer circuits are used to translate signal frequency to some lower frequency or to
some higher frequency. When it is used to translate signal to Jower frequency it is
called down converter. When it is used to translate signal to higher frequency, it is
called up converter.

3.10 Stability of Tuned Amplifiers

In tuned RF amplifiers, transistors are used at the frequencies nearer to their unity
gain bandwidths (ie. fr), to amplify a narrow band of high frequencies centred around a
radio frequency. At this frequency, the inter junction capacitance between base and
collector; C,. of the transistor becomes dominant, i.e. its reactance becomes low enough tfo
be considered, which is otherwise infinite to be neglected as open circuit. Being CE
configuration capacitance Cp, shown in the Fig. 3.35 come across input and output circuits
of an amplifier. As reactance of C,_ at RF is low enough it provides the feedback path
from collector to base. With this circuit condition, if some feedback signal manages to
reach the input from output in a positive manner with proper phase shift, then there is
possibility of circuit converted to an unstable one, generating its own oscillations and can
stop working as an amplifier. This circuit will always oscillate if enough energy is fed back
from the collector to the base in the correct phase to overcome circuit losses.
Unfortunately, the conditions for best gain and selectivity are also those which promote
oscillation. In order to prevent oscillations in tuned RF amplifiers it was necessary to
reduce the stage gain to a level that ensured circuit stability. This could be accomplished
in several ways such as lowering the Q of tune circuits; stagger tuning, loose coupling
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)

L

Fig. 3.35 Tuned RF stage

between the stages or inserting a 'loser’ element into the circuit. While all these methods
reduced gain, detuning and Q reduction had detrimental effects on selectivity. Instead of
loosing the circuit performance to achieve stability, the professor L,A. Hazeltine
introduced a circuit in which the troublesome effect of the collector to base capacitance of
the transistor was neutralized by infroducing a signal which cancels the signal coupled
through the collector to base capacitance. He proved that the neutralization can be
achieved by deliberately feding back a portion of the output signal to the input in such a
way that it has the same amplitude as the unwanted feedback but the opposite phase.
Later on many neutralizing circuits were introduced. Let us study some of these circuits.
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3.10.1 Hazeltine Néutralization

The Fig. 3.36 shows one variation of the Hazeltine circuit. In this circuit a small value
of variable eapacitance Cy is connected from the bottom of coil, point B, to.the base.
Therefore, the internal capacitance Cp, shown dotted, feeds a signal from the top end of
the coil, point A, to the transistor base and the C, feeds a signal of equal magnitude but
opposite polarity from the bottom of coil, point B, to the base. The neutralizing capacitor,
Cn» can be adjusted correctly to completely nullify the signal fed through the C,_.

AN
/O
<

m;U
AV
_)

m('}

1=

Fig. 3.36 Tuned RF amplifier with Hazeltine neutralization

3.10.2 Neutrodyne Neutralization

The Fig. 3.37 shows typical neutrodyne circuit. In this circuit the neutralization

capacitor is connected from the lower end of the base coil of the next stage to the base of
the transistor.

In principle, this circuit functions in the same manner as the Hazeltine neufralization

circuit with the advantage that the neutralizing capacitor does not have the supply voltage
across it.

N

N:U
— AW ——p—— MW
S

o

A

O

\{J
£

0-——-‘
N .
R% T"
Fig. 3.37 Tuned RF amplifier with Neutrodyne neutralization
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3.10.3 Neutralization using Coil

The Fig.. 3.38 shows the neutralization of RF amplifier using coil. n tl'us circuit, L Part
of the tuned circuit at the base of next stage is oriented for minimum coupling to the other
windings. It is wound on a separate form and is mounted at right angles to the coupled
windings. If the windings atre properly polarized, the voltage across L due to. thaf
circulating current in the base circuit will have the proper phase to cancel the signal
coupled through the base to collector, C,. capacitance.

Vee

J

i P
T
i
]

i i e
1
1

e

T™

Fig. 3.38 Tuned RF amplifier using coil

Cn 4 §ﬂ

3.10.4 Rice Neutralization

The Fig. 3.39 shows the Rice circuit of neutralization. Tt uses a centre tapped coil in the

base circ'uit. With this arrangement the signal voltages at the ends of the tuned base coil
are equal and out of phase. '

| S
&
}_! ., o3 C
|

rll

Fig. 3.39 Tuned RF amplifier using Rice neutralization
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3.11 Advantages and Disadva~tages of Tuned Amplifiers
Advantages :

1) They amplify defined frequencies.

2) Signal to noise ratio at output is good.

3) They are well suited for radio transmitters and receivers.

4) The band of frequencies over which amplification is required can be varied.
Disadvantages :

1) Since they use inductors and capacitors as tuning elements,

costly. th“f’l circuit is bulky and
2) If the band of frequency is increased, design becomes complex. "

3) They are not suitable to amplify audio frequencies.

3.12 Applications of Tuned Amplifiers

The important applications of tuned amplifiers are as follows :

1. Tuned amplifiers are used in radio receivers to amplify a particular band of
frequencies for which the radio receiver is tuned.

2. Tuned class B and class C amplifiers are used as an output RF amplifiers in radio
transmitters to increase the oufput efficiency and to reduce the harmonics.

3. Tuned amplifiers are used in active filters such as low pass, high pass and band
pass to allow amplification of signal only in the desired narrow band.
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UNIT IV
MULTIVIBRATORS

TRANSISTOR AS A SWITCH

A transistor can be used as a switch. It has three regions of operation. When both Emitter-
to-base and collector-base junctions are reverse biased, the transistor operates in the cut-off
region and it acts as an open switch. When the emitter base junction is forward biased and the
Collector base junction is reverse biased, it operates in the active region and acts as auf amplifier.
When both the emitter-base and collector-base junctions are forward biased, it Operates in the
saturation region and acts as a closed switch. When the transistor is switched! from cut-off to
saturation and from saturation to cut-off with negligible active region, the transistor is operated
as a switch. When the transistor is in saturation, junction voltages are'i very small but the
operating currents are large. When the transistor is in cut-off, the currents* are zero (except small
leakage current) but the junction voltages are large.

In Below Figure the transistor Q can be used to connect and disconnect the load RL from
the source Vcc When Q is saturated it is like a closed switch from collector to emitter and when Q

is cutoff it is like an open switch from collector to emitter.

le

Saturation paint
g = fglsat)

Ip = Ig(sat)

N

\E{-uﬂ' point

o Ig=0

Voo Pee

(b)

Vep ~ Ve
Ry

Referring to the output characteristics shown in Figure (b), the region below the IB=0

and IB =

curve is the cut-off region. The intersection of the load line with IB = 0 curve is the cut-off point.
At this point, the base current is zero and the collector current is negligible. The emitter diode
comes out of forward bias and the normal transistor action is lost, i.e, VCE(cut-off) = Vcc. The

transistor appears like an open switch.

AITS. KADAPA Dent. of ECE



The intersection of the load line with the IB = IB(sat) curve is called the saturation point. At
this point, the base current is IB(sat) and the collector current is maximum. 'At saturation, the
collector diode comes out of cut-off and again the normal transistor action is lost, i.e. Ic(sat) = Vcc
/ Ri. IB(sat) represents the minimum base current required to bring the transistor into saturation.
For 0 < IB < IB(sat), the transistor operates in the active region. If the base current is greater than
IB(sat), the collector current approximately equals Vcc / RL and the transistor appears like a closed

switch.

TRANSISTOR SWITCHING TIMES

When the transistor acts as a switch, it is either in cut-off or in saturation. To consider the
behaviour of the transistor as it makes transition from one state to the other, consider the circuit
shown in below figure (a) driven by the pulse waveform shown in Figure (b). The pulse waveform
makes transitions between the voltage levels V2 and V1. At V2 the transistor is at cutoff and at V
the transistor is in saturation. The input waveform v; is applied between the base

and the emitter through a resistor RB.

Figure a) Transistor as a Switch b) input waveform c) the response of collector current versus
time
The response of the collector current ic to the input waveform, together with its time
relationship to the waveform is shown in Figure (c), The collector current does not immediately
respond to the input signal. Instead there is a delay, and the time that elapses during this delay,

together with the time required for the current to rise to 10% of its maximum (saturation) value

(Ics = Vec / RL)) is called the delay time td. The current waveform has a nonzero rise time t r, which
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is the rise time required for the current to rise from 10% to 90% of Ics- The total turn-on time TON
is the sum of the delay time and the rise time, i.e. TON = td + tr.

When the input signal returns to its initial state, the collector current again fails to
respond immediately. The interval which elapses between the transition of the input waveform
and the time when Ic has dropped to 90% of Ics is called the storage time ts. The storage interval
is followed by the fall time ly, which is the time required for 7C to fall from 90% to 10% of Ics- The
turn-off time tOFF is defined as the sum of the storage and fall times, i.e. TOFF = tr + tf We shall
now consider the physical reasons for the existence of each of these times.

The delay time

There are three factors that contribute to the delay time. First there is a delay which
results from the fact that, when the driving signal is applied to the transistor input, a non-zero
time is required to charge up the junction capacitance so that the transistor may be brought, from
cut-off to the active region. Second, even when the transistor has been brought to the point
where minority carriers have begun to cross the emitter junction into the base, a nonzero time is
required before these carriers can cross the base region to the collector junction and be recorded
as collector current. Finally, a nonzero time is required before the collector current can rise to
10% of its maximum value. Rise time and fall time. The rise time and fall time are due to the fact
that, if a base current step is used to saturate the transistor or to return it from saturation into
cutoff, the collector current must traverse the active region. The collector current increases or
decreases along an exponential curve. Storage time The failure of the transistor to respond to the
trailing edge of the driving pulse for the time interval ts, results from the fact that a transistor in
saturation has a saturation charge of excess minority carriers stored in the base. The transistor

cannot respond until the saturation excess charge has been removed.

MULTIVIBRATORS

Multi means many; vibrator means oscillator. A circuit which can oscillate at a number of

frequencies is called a multivibrator. Basically there are three types of multivibrators:

1. Bistable multivibrator
2. Monostable multivibrator
3. Astable multivibrator
Each of these multivibrators has two states. As the names indicate, a bistable
multivibrator has got two stable states, a monostable multivibrator has got only one stable state

(the other state being quasi stable) and the astable multivibrator has got no stable state (both the
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states being quasi stable). The stable state of a multivibrator is the state in which the device can
stay permanently. Only when a proper external triggering signal is applied, it will change its state.

Quasi stable state means temporarily stable state. The device cannot stay permanently in this

state. After a predetermined time, the device will automatically come out of the quasi stable

state.

Multivibrators find applications in a variety of systems where square waves or timed
intervals are required. For example, before the advent of low-cost integrated circuits, chains of
multivibrators found use as frequency dividers. A free-running multivibrator with a frequency of
one-half to one-tenth of the reference frequency would accurately lock to the reference
frequency. This technique was used in early electronic organs, to keep notes of different octaves
accurately in tune. Other applications included early television systems, where the various line

and frame frequencies were kept synchronized by pulses included in the video signal.

BISTABLE MULTIVIBRATOR

A bistable multivibrator is a multivibrator which can exist indefinitely in either of its two
stable states and which can be induced to make an abrupt transition from one state to the other
by means of external excitation. In a bistable multivibrator both the coupling elements are
resistors (dc coupling). The bistable multivibrator is also called a multi, Eccles-Jordan circuit (after
its inventors), trigger circuit, scale-of-two toggle circuit, flip-flop, and binary. There are two types
of bistable multivibrators:

1. Collector coupled bistable multivibrator

2. Emitter coupled bistable multivibrator

There are two types of collector-coupled bistable multivibrators:
1. Fixed-bias bistable multivibrator

2. Self-bias bistable multivibrator

A FIXED-BIAS BISTABLE MULTIVIBRATOR

The Figure below shows the circuit diagram of a fixed-bias bistable multivibrator using
transistors (inverters). Note, that the output of each amplifier is direct coupled to the input of the

other amplifier.
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In one of the stable states, transistor Q[ is ON (i.e. in saturation) and Q2 is OFF (i.e. in cut-
off), and in the other stable state Qj is OFF and Q2 is ON. Even though the circuit is symmetrical, it
is not possible for the circuit to remain in a stable state with both the transistors conducting (i.e.
both operating in the active region) simultaneously and carrying equal currents. The reason is that
if we assume that both the transistors are biased equally and are carrying equal currents /[ and 72
and suppose there is a minute fluctuation in the current 1\~—let us say it increases by a small
amount—then the voltage at the collector of Qi decreases. This will result in a decrease in voltage
at the base of Q2. So Q2 conducts less and /2 decreases and hence the potential at the collector
of Q2 increases. This results in an increase in the base potential of Qi. So, Qi conducts still more

and /[ is further increased and the potential at the collector of Qt is further reduced, and so on.

So, the current /\ keeps on increasing and the current /2 keeps on decreasing till Q( goes into

saturation and Q2 goes into cut-off. This action takes place because of the regenerative feedback
incorporated into the circuit and will occur only if the loop gain is greater than one. A stable state
of a binary is one in which the voltages and currents satisfy the Kirchhoff's laws and are consistent
with the device characteristics and in which, in addition, the condition of the loop gain being less
than unity is satisfied.

The condition with respect to loop gain will certainly be satisfied, if either of the two
devices is below cut-off or if either device is in saturation. But normally the circuit is designed
such that in a stable state one transistor is in saturation and the other one is ir cut-off, because if
one transistor is biased to be in cut-off and the other one to be in active region, as the
temperature changes or the devices age and the device parameters vary, the quiescent point

changes and the quiescent output voltage may also change appreciably Sometimes the drift may
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be so much that the device operating in the active region may gc into cut-off, and with both the

devices in cut-off the circuit will be useless.

Selection of components in the fixed-bias bistable multivibrator

In the fixed-bias binary shown in Figure 4.1., nearly the full supply voltage Vcc will appear
across the transistor that is OFF. Since this supply voltage Vcc is to be reasonably smaller than the
collector breakdown voltage SVce. Vcc restricted to a maximum of a few tens of volts. Under
saturation conditions the collector current /c is maximum. Hence RC must be chosen so that this
value of C (= VCC/"G) does not exceed the maximum permissible limit. The values of R1, R2 and
VBB must be selected such that in one stat>le state the base current is large enough to drive the
transistor into saturation whereas in the second stable state the emitter junction must be below
cut-off. The signal at a collector called the output swing Vw is the change in collector voltage
resulting from a transistor going from one state to the other, i.e. Vw = VCi - IC2- If the loading
caused by Rl can be neglected, then the collector voltage of the OFF transistor is Vcc. Since the
collector saturation voltage is few tenths of a volt, then the swing Vw = Vcc, independently of RQ-
The component values, the supply voltages and the values of /CBO, h”, VBE(sat), and VCE(sat) are
sufficient for the analysis of transistor binary circuits.

Loading

The bistable multivibrator may be used to drive other circuits and hence at one or both
the collectors there are shunting loads, which are not shown in Figure 4.1. These loads reduce the
magnitude of the collector voltage VC1 of the OFF transistor. This will result in reduction of the
output voltage swing. A reduced VC[ will decrease VB2 and it is possible that Q2 may not be
driven into saturation- Hence the flip-flop circuit components must be chosen such that under the
heaviest load, which the binary drives, one- transistor remains in saturation while the other is in
cut-off. Since the resistor R/ also loads the OFF transistor, to reduce loading, the value of R]
should be as large as possible compared to the value of Rc. But to ensure a loop gain in excess of
unity during the transition between the states, R* should be selected such that For some
applications, the loading varies with the operation being performed. In such cases, the extent to
which a transistor is driven into saturation is variable. A constant output swing V\v =V, arid a
constant base saturation current /B2 can be obtained by clamping the collectors to an auxiliary
voltage V < Vcc through the diodes DI and D2 as indicated in Figure 4.2. As Qi cuts OFF, its
collector voltage rises and when it reaches V, the "collector catching diode" D| conducts and

clamps the output to V.
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Standard specifications
In the cut-off region, i.e. for the OFF state

Vg {(cut-off) : < 0 V for silicon transistor
< - 0.1V for germanium transistar

In the saturation region, i.e. for the ON state

Vgg (sat} : 0.7 V for silicon transistor

0.3 V for germanium transistor
Veg (sat) : 0.3 V for silicon transistor

0.1 V for germanium transistor

The above values hold good for n-p-n transistors, For p-n-p transistors the above values
with opposite sign are to be taken.

Test for saturation _
To test whether a transistor is really in saturation or not evaluate the collector current i¢ and
the base current iy independently.
If iy > iy (min), where ig (min) = ic/hgg (min} the transistor is really in saturation.
If iy < ip (min), the transistor is not in saturation.

Test for cut-off

To test whether a transistor is really cut-off or not, find its base-to-emitter voltage. If Vgg
is negative for an n-p-n transistor or posiiive for a p-n-p transistor, the transistor is really
cut-off. '
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MONOSTABLE MULTIVIBRATOR

Monostable Multivibrators have only one stable state (hence their name: "Mono"), and
produce a single output pulse when it is triggered externally. Monostable multivibrators only
return back to their first original and stable state after a period of time determined by the time
constant of the RC coupled circuit.

Monostable multivibrators or "One-Shot Multivibrators" as they are also called, are used
to generate a single output pulse of a specified width, either "HIGH" or "LOW" when a suitable
external trigger signal or pulse T is applied. This trigger signal initiates a timing cycle which causes
the output of the monostable to change its state at the start of the timing cycle and will remain in
this second state, which is determined by the time constant of the timing capacitor, CT and the
resistor, RT until it resets or returns itself back to its original (stable) state. It will then remain in
this original stable state indefinitely until another input pulse or trigger signal is received. Then,
Monostable Multivibrators have only ONE stable state and go through a full cycle in response to

a single triggering input pulse.

THE COLLECTOR COUPLED MONOSTABLE MULTIVIBRATOR

The below Figure shows the circuit diagram of a collector-to-base coupled (simply called
collectorcoupled) monostable multivibrator using n-p-n transistors. The collector of Q2 is coupled
to the base of Qi by a resistor R} (dc coupling) and the collector of Qt is coupled to the base of Q2
by a capacitor C (ac coupling). Ci is the commutating capacitor introduced to increase the speed
of operation. The base of Qi is connected to -VBB through a resistor R2, to ensure that Q! is cut
off under quiescent conditions. The base of Q2 is connected to VCc through R to ensure that Q2 is
ON under quiescent conditions. In fact, R may be returned to even a small positive voltage but
connecting it to Vcc is advantageous. The circuit parameters are selected such that under
quiescent conditions, the monostable multivibrator finds itself in its permanent stable state with
Q20N (i.e. in saturation) and Q! OFF (i.e. in cut-off)- The multivibrator may be induced to make a
transition out of its stable state by the application of a negative trigger at the base of Q2 or at the
collector of Q|. Since the triggering signal is applied to only one device and not to both the
devices simultaneously, unsymmetrical triggering is employed. When a negative signal is applied
at the base of Q2 at t ~ 0, due to regenerative action Q2 goes to OFF state and Qi goes to ON

state. When Q, is ON, a current /i flows through its Rc and hence its collector voltage drops

suddenly by /\RC This drop will be instantaneously
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transmitted through the coupling capacitor C to the base of Q2. So at t = 0+, the base voltage of
Q2is

Vap(sat) — 1R

The circuit cannot remain in this state for a long time (it stays in this state only for a finite time T)

because when Qt conducts, the coupling capacitor C charges from Vcc through the conducting

transistor Qi and hence the potential at the base of Q2 rises exponentially with a time constant
(R + R,)C =~ RC,

including the resistance Rc. When it passes the cut-in voltage Vy of Q2 (at a time t = T), a

where RO is the conducting transistor output impedance

regenerative action takes place turning Q| OFF and eventually returning the multivibrator to its
initial stable state. The transition from the stable state to the quasi-stable state takes place at t =
0, and the reverse transition from the quasi-stable state to the stable state takes place at t = T.
The time T for which the circuit is in its quasi-stable state is also referred to as the delay time, and
also as the gate width, pulse width, or pulse duration. The delay time may be varied by varying

the time constant t(= RC).

Expression for the gate width T of a monostable multivibrator neglecting the reverse

saturation current /CBO

The below Figure (a) shows the waveform at the base of transistor Q2 of the monostable

multivibrator
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For t <0, Q2 is ON and so vB2 = VBE(sat). At t = 0, a negative signal applied brings Q2 to OFF state
and Q[ into saturation. A current | flows through Rc of Qt and hence vci drops abruptly by | ¢ volts
and so vB2 also drops by /\RC instantaneously. So at t - 0, vB2 = VBE(sat) - /}RC. For t > 0, the
capacitor charges with a time constant RC, and hence the base voltage of Q2 rises exponentially
towards VCc with the same time constant. At t = T, when this base voltage rises to the cut-in
voltage level Vy of the transistor, Q2 goes to ON state, and Qj to OFF state and the pulse ends. In

the interval 0 < t < 7", the base voltage of Q2, i.e. vB2 is given by

vz = Voo — (Voo — (Vpg(sat) — LRc)e™

VB2

Q, OFF | Q, ON

|
|
Q, ON 5 Q, OFF
]
L}

VB E(Siﬂ)

hRe

e 7 —t
t=0 _
Fig a) Voltage variation at the base of Q2 during the quasi-stable state
But I}Re = Ve = Vep(sat) (because at ¢+ = 07, voy = Ve and at ¢ = 07, vop = Vg(sat))
= Vee - [Vee — {Vea(sat) — (Ve — Veg(sat)) Fle™'”
= Vee ~ [2Vee — [Vas(sat) + Veg(sat)}le "
= T. '\’Bg -_— V}u
Vee — B2Vee = {Veg(sat) + Vgp(sat)}1e

_ 2 Ve — [Vep (sat) + Ve (sat)]
.VOC - V}'

In [2 [Vc i Veg (sat) -2F Vi (sat) ﬂ

Vee — V‘:’

_ _E/CE (Sat) + VBE (Sat)
2
Vee =V

Vee

TIn 2 + 7lIn
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Normally for a transistor, at room temperature, the cut-in voltage is the average of the saturation

junction
V. = Vg (sat) + Vg (sat)
£ 2

voltages for either Ge or Si transistors, i.e.

Neglecting the second term in the expression for T
| T=171In 2
T=(R+R)HCIn 2 =0693(R + R,)C

but for a transistor in saturation Ra « R.
Gate width, T=0.693RC

The larger the Vcc is, compared to the saturation junction voltages, the more accura the
result is. The gate width can be made very stable (almost independent of transistor characteristic

supply voltages, and resistance values) if Q1 is driven into saturation during the quasi-stab state.

Waveforms of the collector-coupled monostable multivibrator

The waveforms at the collectors and bases of both the transistors Q1 and Q2 are shown

below
: Ql OFF
? Qg ON

Faglaat)

cpisat)

Foglsat)

=0
"

Instant of
application of
triggering
signal

. '

+ Vpe(sat |

—— 1 CQungi
Stable state | siable  , Stable state

(a) atthe base of Q2, (b) at the collector of Q1, (c) at the collector of Q2, and (d) at the base of

Ql
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ASTABLE MULTIVIBRATOR

As the name indicates an astable multivibrator is a multivibrator with no permanent stable
state. Both of its states are quasi stable only. It cannot remain in any one of its states indefinitely
and keeps on oscillating between its two quasi stable states the moment it is connected to the
supply. It remains in each of its two quasi stable states for only a short designed interval of time
and then goes to the other quasi stable state. No triggering signal is required. Both the coupling
elements are capacitors (ac coupling) and hence both the states are quasi stable. It is a free
running multivibrator. It generates square waves. It is used as a master oscillator.

There are two types of astable multivibrators:

1. Collector-coupled astable multivibrator

2. Emitter-coupled astable multivibrator

THE COLLECTOR-COUPLED ASTABLE MULTIVIBRATOR

The below Figure shows the circuit diagram of a collector-coupled astable multivibrator using n-p-

n transistors. The collectors of both the transistors Qj and Q2 are connected to the bases

I Ve

of the other transistors through the coupling capacitors Cs and C2. Since both are ac couplings,
neither transistor can remain permanently at cut-off. Instead, the circuit has two quasi-stable
states, and it makes periodic transitions between these states. Hence it is used as a master
oscillator. No triggering signal is required for this multivibrator. The component values are

selected such that, the moment it is connected to the supply, due to supply transients one
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transistor will go into saturation and the other into cut-off, and also due to capacitive couplings it
keeps on-oscillating between its two quasi stable states.

The waveforms at the bases and collectors for the astable multivibrator, are shown in
below Figure. Let us say at t = 0, Q2 goes to ON state and Q] to OFF state. So, for t <0, Q2 was
OFF and Q1 was ON

=T

VB_F_(sat]
1

LY
Iy

‘d‘-:\

W e

P

=
I
+
ol

¥ oplsat)

— TE

t=T, (=T, + T

Fig: waveforms at the bases and collectors of a collector-coupled astable multivibrator

Hence for t < 0, vB2 is negative, vC2 = V¢, VB! = VBE(sat) and vcj = VCE(sat). The capacitor

C2 charges from Vcc through R2 and vB2 rises exponentially towards V cc. At t = 0, vB2 reaches

the cut-in voltage Vy and Q2 conducts. As Q2 conducts, its collector voltage Vc2 drops by /2/?c -

Acc~ VcE( sa O- This drop in vc2 is transmitted to the base of Qj through the coupling capacitor C2
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and hence vB1 also falls by /2/?c- Qi goes to OFF state. So, VB] = VBE(sat) - /2tfc, and its collector
voltage vcl rises towards VCc- This rise in vc] is coupled through the coupling capacitor C2 to the
base of Q2, causing an overshoot § in vB2 and the abrupt rise by the same amount 8 in VCL as
shown in Figure 4.51(c). Now since Q2 is ON, C\ charges from Vcc through R/t and hence VB] rises
exponentially. At t =7"], when VB! rises to VY, Qi conducts and due to regenerative action Qi goes
into saturation and Q2 to cut-off. Now, for t > T\, the coupling capacitor C2 charges from Vcc
through R2 and at / = 7", + 7"2, when vB2 rises to the cut-in voltage Vr, Q2 conducts and due to
regenerative feedback Q2 goes to ON state and Q| to OFF state. The cycle of events repeats and
the circuit keeps on oscillating between its two quasi-stable states. Hence the output is a square
wave. It is called a square wave generator or square wave oscillator or relaxation oscillator. It is a

free running oscillator.

Expression for the frequency of oscillation of an astable multivibrator

Consider the waveform at the base of Q; shown in Figure 4.54(d). At ¢ =
‘ ve1 = Vgg(sat) — LR¢

But I:Re = Ve — Veg(sat)

At t = 0, vg) = Vpe(sat) — Voo + Veg(sat)
For 0 < 7 < Ty, vp, rises exponentially towards Ve given by the equation,

. Vo = v = (v — v)e "

vpy = Vee = [Vee = (Vpe(sat) — Ve + Veg(sat)le ™, where 7, = RC)

At ¢ = T, when vy, rises ta V,, Q conducts '

V, = Vee — [2Vee — (Vag(sat) + Veg(sa)]le TVRIC

| o v - Vig (sat) + Vg (sat)]
2TURNEE . b 2

VCC_ ¥

Z[Vcc _ Vep(sat) + VBE(sat):l
R\C; In

_ Vg (sat) + Ve (sat)
Sz
VCC = V]/ E

T1=RC, In2 + R{C In

At room temperature for a transistor,

Ve (sat) + Vg (sat)
5
T; = R;Cl In 2 = 0.693R;C1

Vo=
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On similar lines considering the waveform of above Figure , we can show that the time T2
for which Q2 is OFF and Q1 is ON is given by The period of the waveform, The frequency of
oscillation, If Rf =R2=R,and Cs=C2=C, thenTI=T2=T.

T = 2 % 0.693RC = 1.386RC  and f= ——

1.386RC

The frequency of oscillation may be varied over the range from cycles to mega cycles by
varying RC. It is also possible to vary the frequency electrically by connecting R1 and R2 to an

auxiliary voltage source V (the collector supply remains +VCC) and then varying this voltage V.

THE EMITTER-COUPLED ASTABLE MULTIVIBRATOR

An emitter-coupled astable multivibrator may be obtained by using three power supplies
or a single power supply. The below Figure (a) shows the circuit diagram of a free-running emitter
coupled multivibrator using n-p-n transistors. Figure 4.64 shows its waveforms. Three power
supplies are indicated for the sake of simplifying the analysis. A more practical circuit using a
single supply is indicated in below Figure (b). Let us assume that the circuit operates in such a
manner that Q1 switches between cut-off and saturation and Q2 switches between cut-off and its

active region.

N
=

Fig a) Astable Emitter-Coupled Multivibrator
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Fig b) Emitter Coupled multivibrator

The waveforms at the base and collector are as shown below:

Vap - ¥y,
© P Fe

Yo YaNz

Yeoo: —pafiey

Vag — Vo + Vopisan

VEN2

V(_‘(_"i IHZRU 1 VTIEZ

Van — Vg + Voplsat) — v,

Yon2
Focs

Yooz = IcaRez

=i

Fig waveforms of the emitter-coupled astable multivibrator
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Advantages

1. Itis inherently self-starting.

2. The collector of Q2 where the output is taken may be loaded heavily even capacitively.
3. The output is free of recovery transients.

4. Because it has an isolated input at the base of Q1, synchronization is convenient.

5. Frequency adjustment is convenient because only one capacitor is used.

Disadvantages
1. This circuit is more difficult to adjust for proper operating conditions.
2. This circuit cannot be operated with T1 and T2 widely different.

3. This circuit uses more components than does the collector-coupled circuit.

Schmitt trigger

In electronics, Schmitt trigger is a circuit with positive feedback and a loop gain >1. The
circuit is named "trigger" because the output retains its value until the input changes sufficiently
to trigger a change: in the non-inverting configuration, when the input is higher than a certain
chosen threshold, the output is high; when the input is below a different (lower) chosen
threshold, the output is low; when the input is between the two, the output retains its value. This
dual threshold action is called hysteresis and implies that the Schmitt trigger possesses memory
and can act as a bi-stable circuit (latch). There is a close relation between the two kinds of circuits:
a Schmitt trigger can be converted into a latch and a latch can be converted into a Schmitt trigger.
Schmitt trigger devices are typically used in open-loop controller configurations for noise
immunity and closed loop negative feedback configurations to implement bi-stable regulators,
triangle/square wave generators, etc.

The original Schmitt trigger is based on the dynamic threshold idea that is implemented by
a voltage divider with a switchable upper leg (the collector resistors Rcl and Rc2) and a steady
lower leg (RE). T1 acts as a comparator with a differential input (T1 base-emitter junction)
consisting of an inverting (T1 base) and a non-inverting (T1 emitter) inputs. The input voltage is
applied to the inverting input; the output voltage of the voltage divider is applied to the non-
inverting input thus determining its threshold. The comparator output drives the second common
collector stage T2 (an emitter follower) through the voltage follower R1-R2. The emitter-coupled

transistors T1 and T2 actually compose an electronic double throw switch that switches over the
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upper legs of the voltage divider and changes the threshold in a different (to the input voltage)
direction.

This configuration can be considered as a differential amplifier with series positive
feedback between its non-inverting input (T2 base) and output (T1 collector) that forces the
transition process. There is also a smaller negative feedback introduced by the emitter resistor
RE. To make the positive feedback dominate over the negative one and to obtain a hysteresis, the
proportion between the two collector resistors is chosen Rcl > Rc2. Thus less current flows
through and less voltage drop is across RE when T1 is switched on than in the case when T2 is

switched on. As a result, the circuit has two different thresholds in regard to ground.

Schmitt trigger implemented by two emitter-coupled transistor stages

Operation:

Initial state. For NPN transistors as shown, imagine the input voltage is below the shared
emitter voltage (high threshold for concreteness) so that T1 base-emitter junction is backward-
biased and T1 does not conduct. T2 base voltage is determined by the mentioned divider so that

T2 is conducting and the trigger output is in the low state. The two resistors Rc2 and RE form
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another voltage divider that determines the high threshold. Neglecting VBE, the high threshold

value is approximately

Rp + R
The output voltage is low but well above the ground. It is approximately equal to the high
threshold and may not be low enough to be a logical zero for next digital circuits. This may require

additional shifting circuit following the trigger circuit.

Crossing up the high threshold:

When the input voltage (T1 base voltage) rises slightly above the voltage across the
emitter resistor RE (the high threshold), T1 begins conducting. Its collector voltage goes down and
T2 begins going cut-off, because the voltage divider now provides lower T2 base voltage. The
common emitter voltage follows this change and goes down thus making T1 conduct more. The
current begins steering from the right leg of the circuit to the left one. Although T1 is more
conducting, it passes less current through RE (since Rcl > Rc2); the emitter voltage continues
dropping and the effective T1 base-emitter voltage continuously increases. This avalanche-like
process continues until T1 becomes completely turned on (saturated) and T2 turned off. The
trigger is transitioned to the high state and the output (T2 collector) voltage is close to V+. Now,
the two resistors Rcl and RE form a voltage divider that determines the low threshold. Its value is

approximately

Rpg
Vir = o2,
RE T Rr:l

Crossing down the low threshold:

With the trigger now in the high state, if the input voltage lowers enough (below the low
threshold), T1 begins cutting-off. Its collector current reduces; as a result, the shared emitter
voltage lowers slightly and T1 collector voltage rises significantly. R1-R2 voltage divider conveys
this change to T2 base voltage and it begins conducting. The voltage across RE rises, further
reducing the T1 base-emitter potential in the same avalanche-like manner, and T1 ceases to
conduct. T2 becomes completely turned-on (saturated) and the output voltage becomes low

again.
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ELECTRONIC CIRCUITS ANALYSIS (HM23)
DEPT. OF ELECTRONICS & COMMUNICATION ENGINEERING
IMPORTANT QUESTIONS

PART-A 2MARKS

1) What is the coupling schemes used in multistage amplifiers?
2) What are the advantages of differential amplifier?

3) What are the types Frequency ranges?

4) What are the components of feedback amplifier?

5) Sketch ac load line in case of class a power amplifier.
6) Mention the efficiency of class B amplifier

7) Define cross over distortion.

8) What are the different types of tuned Amplifiers?

9) Define the Astable multivibrator.

10) Mention the application of bistable multivibrator.

11) Define the Barkhausen criterion.

12) What is feedback Amplifier?

13) Define Bandwidth.

14) Define cascode Amplifier.

15) Define bandwidth in terms of frequency response.

16) What are the three frequency regions in an amplifier's response?
17) What are the components of feedback amplifier?

18) Sketch ac load line in case of class a power amplifier

19) Mention the efficiency of class B amplifier

20) Define cross over distortion

21) What are the different types of tuned Amplifiers?

22) Define the Astable multivibrator

PART-B 10 MARKS

1.

2.

What is Darlington pair Amplifier and derive the analysis of Voltage gain, input Impedance and
Output impedance.

Draw the circuit diagram of TWO stage RC Coupled amplifier using BJT and explain it’s
Working operation with frequency response.

. With Neat diagram explain the BJT Differential Pair Amplifiers.
. What is Differential Pair Amplifiers with Neat diagram explain the BJT Differential Pair Amplifiers

And derive the expression for gain Ad &Acm.

. Derive the expression for Ad and CMRR by using small signal operation of the MOS differential pair

Amplifier.

6. What is frequency response? Explain with neat diagram low frequency response of CE Amplifier.
7.
8
9

Write the comparison among the characterizes of feedback amplifier

. Show that the bandwidth increases in negative feedback amplifiers
. Briefly explain about the high-frequency response of the CS amplifiers.

10. What is effect of negative feedback on output resistance and derive the expression for voltage Series

& Current series.



11 What are the different types of feedback amplifiers? Give their equivalent circuits.

12. Derive an expression for frequency oscillation of Hartley oscillator using transistor.

13. What is oscillator? Derive the expression for general equation of LC tuned oscillator.

14. Derive the expression for frequency of oscillation of Colpitts oscillator and explain its operation.

15. Explain Barkhausen criterion for oscillation in feedback oscillator.

16. Explain about collector coupled astable multivibrator.

17. With neat diagram explain the Class B Push pull amplifier.

18. Explain about Transformer coupled Class-A power amplifier and derive the Expression for
Efficiency

19. What is power amplifier? With neat sketch explain about MOS power transistors.

20. What is tuned amplifier? Explain in detail Double tuned Amplifier.

21. Explain the operation of single stage amplifier with neat diagram.

22. With neat diagram, explain and derive expression of the class a power amplifier.

23. Define multivibrator & explain about analysis, design of monostable multivibrator.



