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Pre-requisite Network Analysis, Electronic Semester 10Y
Devices and Circuits

Course Objectives:

e List various types of feedback amplifiers, oscillators and large signal Amplifiers.

Explain the operation of various electronic circuits and linear ICs.

Apply various types of electronic circuits to solve engineering problems

Analyse various electronic circuits and regulated power supplies for proper understanding
Justify choice of transistor configuration in a cascade amplifier.

e Design electronic circuits for a given specification.

Course Outcomes (CO):

COl. List various types of feedback amplifiers, oscillators and large signal amplifiers

CO2. Explain the operation of various electronic circuits and linear ICs

CO3. Apply various types of electronic circuits to solve engineering problems

CO4. Analyze various electronic circuits and regulated power supplies for proper understanding
COs5. Justify choice of transistor configuration in a cascade amplifier

CO6. Design electronic circuits for a given specification

UNIT -1 | Multistage Amplifiers

Classification of amplifiers, different coupling schemes used in amplifiers, general analysis of cascade
amplifiers, Choice of transistor configuration in a cascade amplifier, frequency response and analysis
of two stage RC coupled and direct coupled amplifiers, principles of Darlington amplifier, Cascode
amplifier.

UNIT - 1I | Feedback Amplifiers and Oscillators

Concepts of Feedback, Classification of Feedback Amplifiers, Transfer Gain with Feedback, General
Characteristics of Negative-Feedback Amplifiers, Effect of Feedback on Amplifier characteristics,
Analysis of a feedback Amplifiers - Voltage — Series, Current-Series, Current-shunt and Voltage—
shunt.

Oscillators: Sinusoidal Oscillators, Conditions for oscillations, Phase-shift Oscillator, Wien Bridge
Oscillator, L-C Oscillators (Hartley and Colpitts).

UNIT - III | Large Signal Amplifiers (Power Amplifiers)

Introduction, Classification, Class A large signal amplifiers, Second - Harmonic Distortion, Higher -
Order Harmonic Generations, Transformer Coupled Class A Audio Power Amplifier, Efficiency of
Class A, Class B, Class AB Amplifiers, Distortion in Power Amplifiers, Class C Power Amplifier.

UNIT - IV | Operational Amplifier

Introduction, Block diagram, Characteristics and Equivalent circuits of an ideal op-amp, Various
types of Operational Amplifiers and their applications, Power supply configurations for OP-AMP
applications, Inverting and non-inverting amplifier configurations. The Practical op-amp:
Introduction, Input offset voltage, Offset current, Thermal drift, Effect of variation in power supply
voltage, common-mode rejection ratio, Slew rate and its Effect, PSRR and Gain—bandwidth product,
frequency limitations and compensations, transient response.

UNIT - V | Applications of OP-AMPs and Special ICs

Adder, Integrator, Differentiator, Difference amplifier and Instrumentation amplifier, Converters:
Current to voltage and voltage to current converters, Active Filters: First order filters, second order
low pass, high pass, band pass and band reject filters, Oscillators: RC phase shift oscillator, Wien
bridge oscillator, Square wave generator.

Special Purpose Integrated Circuits: Functional block diagram, working, design and applications of
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Timer 555 (Monostable & Astable), Functional block diagram, working and applications of VCO566,
PLL565, Fixed and variable Voltage regulators.

Textbooks:

e Millman, Halkias and Jit , “Electronic Devices and Circuits” , 4™ Edition , McGraw Hill
Education (India) Private Ltd.,2015.

e Salivahanan and N. Suresh Kumar, * Electronic Devices and Circuits”,4"Edition,McGrawHill
Education(India)Private Ltd.,2017.

e Ramakanth A. Gayakwad, “Op-Amps& LinearICs” 4"Edition, Pearson, 2017.

Reference Books:

e Millman and Taub, Pulse, Digital and Switching Waveforms, 3™Edition, TataMcGraw-Hill
Education, 2011.

e J. Milliman, C.C. Halkias and Chetan Parikh, “Integrated Electronics”, 2"Edition, McGraw
Hill, 2010.
David A. Bell, “ Electronic Devices and Circuits”, 5"edition,OxfordPress,2008.

e D. Roy Choudhury, “LinearIntegratedCircuits”,2"Edition, New Age International
(p)Ltd,2003.
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UNIT 1l
LARGE SIGNAL AMPLIFIERS
(POWER 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

Power amplifier
Microphone ™ Loud speaker
(Human speaker)

—

Number 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 order 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.. 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.



> Figure 5.6

Waveforms representing closs 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 Q point is shifted on X-axis i.e. transistor is biased
to cut-off.

Due to the selection of Q point on the X-axis, the transistor remains, in the acﬁve
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 cyclc) of the input signal. In other words, the angle of the collector current flow
is 180° 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 operation
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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: In 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 shows the calss C tuned amplifier.



> Figure 5.9
Class C tuned omplifier

Wee The LC parallel circuit is a

parallel resonant circuit. This

circuit acts as a load

Paralle! = L impedance. Due to class C

'm""'"' [ Ce operation, the collector current
L = -

consists of a series of pulses

/|

W containing harmonics i.e. many

Vin )Q J other frequency components

R, alongwith the fundamental

F frequency component of input.

I The parallel tuned circuit is

designed to be tuned to the

~Ves » 2 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 class AB operation

Geeator than

180"

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.
Pp Table 5.1

Class A B C AB

Operating 360 180° Less than 180° | 180° 1o 360°

Cycle

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

Q point below the centre of
load line

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

Distrotion Absenl Present Highest Present

No distortion More than class A

Key Point: It is important to note that class C operation is never used for audio
frequency amplifiers.

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 513

Large signal class A amplifier

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 Ry
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 ohms to 16 ohms. The beta of the transistor used is
less than 100.

Key Point: This is called directly coupled, as the load Ry 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.
P Figure 5.14

Graphical represeniation of class A amplifier

Applying Kirchhoff's voltage law to the circuit shown in the Fig. 5.13, we get
Ve = LkR.+%
le Ry = = \ex+V%c

o - ]

The equation is similar to equation (1) of section 7.3 and thus the slope of the load line
i.l—-il-'_-whﬂeﬁw\'-mterceptb%&.

L
The change is because the collector resistance R¢ is named as load resistance R, 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 Ry decides the d.c. base-bias current
lag- The expression is obtained applying KVL to the B-E loop and with Vg = 0.7 V.

" Wmrrwr ¥wTspgErTeT—y W TR EIRTE W WOTE WU TER S g mm i iwm e - -

v fan w02 o (2)
. n Rs

The corresponding collector current is then,

lco = B Ino e (3)
From the equation (1), the corresponding collector to emitter voltage is,
Veeo = Vec —leg R .- (4)

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



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 I . Hence d.c. power input is,

Poc = Yec-leo 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 varies 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,

Vmin = Minimum instantaneous value of the collector (output) voltage
Ve = Maximum instantaneous value of the collector (output) voltage
and V,, = Peak to peak value of a.c. output voltage across the load.
e = Vo=V .. (6)
Now Vp, = Amplitude (peak) of a.c. output voltage as shown in the Fig. 5.14.

.‘.sz-\—;izw R

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 I, = Peak to peak value of a.c. output (load) current

A e & Fow = Lo .. (8)

Now I, = Amplitude (peak) of a.c. output (load) current as shown in the Fig. 5.14

1= ep _ Tmax T . (9)
e m 2 2

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

Ve
3 .. (10)

= Im
s = 75 - (11)

Viga =



Hence we can write,
Ves = Ims RL e (12)
ie. Vm = InRy e (13)
The a.c. power delivered by the amplifier to the load can be expressed by using r.m.s
values, maximum ie. peak values and peak to peak values of output voltage and current.

i) Using r.m.s values

Pe = Vs Toms . (14)

or P. = I} RL .. (15)
_ Vam

or P = R—L' .. (16)

il) Using peak values

Pe = Von loms =% . 'T';
P = ola e (17)
or P = f"LZEL ... (18)
or Py = 2\31 .. (19)
iii) Using peak to peak values
F%)
P = V,,zl,., ) 2 y 2
. L .. (20)
or Pe = 'f”:‘ - @)
or P = g‘ﬁ—L - (22)

But as Vpp = Vimax = Vmin and lpy = I = I ig; from equation (20), the a.c. power can
be expressed as below, for graphical calculations.

- (Visax “Vm)'auu: "[lnia) (22]
8

Pac




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 ie. accepting the d.c. power input The

generalised expression for an efficiency of an amplifier is,
%n = =——x100 e (24)

Now for class A operation, we have derived the expressions for P,. and P, hence
using equations (5) and (23), we can write

= (VM _vum)ﬂmn _I!I'Hn)
BVeclca

%N X100 s )

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. 5.15, 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 ond current swings

lcy

Vmax = Vec and Vpin =0

Lo = 2800 80 Tom -n} for maxisum swing

10



Using equation (25) we can write,
_ Vee-0@lg-0) 0 2%clko
T T iVl B ko
= 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.

= 100

Py = Power dissipation

ie. | Py =Py -Pu .. (26)

The maximum power dissipation occurs when there is zero a.c. input signal. When a.c.
input is zero, the ac. power output is also zero. But transistor operates at quiescent
condition, drawing d.c. input power from the supply equal to V¢ Io. 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 Ieg - (20

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



P 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 I cq
i) Quiescent voltage Vceg
iii) D.C. input power Ppc
iv) A.C. output power Py

v) Efficiency.
Assume B = 50 and Vg = 0.7 V.

P Figure 5.16
© 20V
160
1.5k02 v
o
° “—j Q
Solution :
_ Vec=Vee _ 20-07 _
i) Icq Isq = Rn = 15x10% - 1287 mA

lecq = Pxlpg =50x12.87 = 643.50 mA
i) Veeg Vee = lcoRe +Vesg
Z Veeg = Vec-IegRL = 20-64350x1073 x 16 = 9.70 volts
iii) Ppc Poc = Vecxleg = 20x643.5x1077 = 12.87 watt
iv) P,. Peak current ip= 9 mA
ic = Pip=50x9 =450 mA (peak)

feia @ “% ’ %=318.19m1\ T

5 Pae = IinsRp =(318.19%x10-%)2 x 16 = 1.619 watt.

v) Efficiency n = %xlm-%ﬁélgnlw-lz.ﬂ%

Ans. : Iog = 6435 mA, Vegg = 97 V, Py = 1287 W, P, = 1619 W, n = 1258%

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 ochms 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 output 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
» Figure 5.17
Transformer with load

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

While analysing the transformer, it is
vy Ny N, Vo SR =load assumed that the transformer is ideal and

l l 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 tums on secondary
V, = Voltage applied to primary

V, = Voltage on secondary

I, = Primary current

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

~n = Tums ratio = -::—3 - (1)
1

Some times it is specified as-r:l-’-:lorﬂ-'-:l.
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.

B % " :: - e (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.

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

N Py . e
“f = geg e (3)

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 R\.

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

. Vi o )
R = 12 and Ri =7
but v, =g‘;v,mdl,=%‘;ll:z

N, N, I 2 g2

w " (%)
T N T o (@)
BRI 1

The R 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 Ry 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 Ry ohms.

14



P> Figure 5.18
Transformer coupled class A amplifier

I NyN, v
Vi
Loud speaker
= B
C
o—|{ Q
Vin

1 |

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

B = N3 /Ny.

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 dc. 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,
Vo-%e = 0
ie. " Vee = Ver ... drop across winding is zero
This is the d.c. bias voltage Vg for the transistor.
So Vewo = Ve . (5)

Hence the d.c. load line is a vertical straight line passing through a voltage point on
the X-axis which is VCHJ = Vcc .

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¢g. '

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 Ioq.

Hence the d.c. power input is given by,

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

amplifier.

15



5.8.5 A.C. Operation

For the a.c. analysis, it is necessary to draw an ac load line on the output
characteristics.

For a.c. purposes, the load on the secondary is the load impedance Ry 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 class A amplifier

The output current i.e. collector current varies around its quiescent value I, when a.c.
input signal is applied to the amplifier. The corresponding output voltage also varies
sinusoidally around its quiescent value Vg 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 R must be
considered. The ac. 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 Vi mn = Magnitude or peak value of primary voltage
A = RM.S value of primary voltage
I, m = Peak value of primary current
I e = RM.S value of primary current.
Hence the a.c. power developed on the primary is given by,
P.u.' - vlm\lllm - m
P & N RL v (8)

ac ms
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Pg o ll:'l'll won (9,

Vlrn l'lln “mllm
Fio & ianitet e (10)
12, Ry
Py = e (1)
T e (12)
= 2 R}

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

Let V,» = Magnitude or peak value of secondary or load voltage
\r

"

R.MS value of secondary or load voltage

2 rms

l,,, = Magnitude or peak value of secondary or load current.

Ly = RMS. value of secondary or load current

Vi
Pu' = V!mn I!m = ]'E‘run Rl. ® _ﬁ? . {13)
_ Vi i lgu Ry N Wzlll
or P. = 2 = 2 = ﬁ? son (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 tumns ratio of the transformer.

Key Point: In 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.

Msbpeoft!\ea.c,l?adlineis.

= dm
= E{- = “m - (15]
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.

(Vimax = Vinin ) (Lnax — L inin ) .. (16)

S Pe = 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.

%n = :;:ulm- {vm_:"\‘;c::: = Lmin ) x 100

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

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,

Vimin =0 and Vg =2 Vee

Imin = 0 and Imy =2Icg } R avivg

Using equation (25) of section 5.7,

2 - 0)(2lgg -0
B

‘\b:’oox =
W 100 = 50%

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

18



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

V“ = 0 fa.l'ldvm=2vcr
ie. Vim = peak value of primary voltage
Venax = Vinin

5 Vim = \ee for maximum output power.

Similarly from the maximum output current swing shown in the Fig. 520, we can say
that the peak value of the output current is magnitude wise equal to the biasing collector

current.

5 ljm = 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,

e Vnu
Ri T Too .. (15 a)
Key Point: This expression is applicable only in case of maximum power output
condition.
1Y Vi Vg
(P,c) max 7R,

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.

Py = Ppc-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.

o (Pg Jmax = Ve log - (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 ie.
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 dc. 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.

mmp 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 : Ry = 80Q,lcg = 140 mA, Ve =10V
P = 048 W

Therumntioare'peciﬁedus;-:l ie. 31

. N

.N—:=3

LN - ﬁn—-ﬂm
* Ry = —

8
= (0.333)° =20

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, = o=

5 048 =
Vi, = 3456
S Vime = 5.8787 V on primary.
But r.m.s. value of the load voltage is Vi,

s _ N _3
o Wi " W "1
5 e ﬁ;ﬂ--sgswmv

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

S M) = 58787 V
4. The power delivered to the load = 12

2rms

* Ry ... refer eq. 13.

- 048 = 12 x8

2rms

s 03 0.06

o 2

clame = 02449 A

This is the r.m.s value of the load current as the resistance value used is R and not
RL.
5. The r.m.s values of primary and secondary are related through the transformation
ratio.
. (II )ms = N: =
7 (I3 )rws N,
o) ms = (I3 )mms % n = 0.2449 % 0.333 = 0.0816A = 81.64 mA.
6. The d.c. power input is,
Poc = Vo log =10x140x107 = 14 W

7. %n = —?5-2100=2'i§x100=34.28%
Py 1.4

8. Py = Ppc=Pe =14-048=092W

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 ie. 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 i.e. 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
=Vec, 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 + \e¢.

P Figure 5.25
Push pull class B omplifier




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
A The transistor Q; conducts for the
l_llo‘l positive half cycle of the input producing
positive half cycle across the load. While
Input | the transistor Q; conducts for the
| '-L—f":l & 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
= 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 Q2 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. 527.

P Figure 5.27
Waveforms for push pull closs B omplifier
i

s

| AN

AN
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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 N3. Hence the total
number of primary turns is 2N;. So turns ratio of the output transformer is specified as
2N;. So turns ratio of the output 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 \(gq = V¢ and
Icgg is zero. Hence the co-ordinates of the Q point are (Vgc, 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 !—x"l, 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,

|

loe = "':" 4 m lm - (1)

B e

" =

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

Pm = %-c x 't
Poc= 2% Im - @)
5.11.3 A.C.Operation

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

For the negative half cycle Q2 conducts. The path of the current drawn by the Q, is
shown in the Fig. 5.28 (b).

> Figure 5.28
—‘.:.’E.!__g +\
—_—
'
N
Q, !
v T
(a)Q4 conduction (b) Q, conduction

It can be seen that when Q; 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 Ny number of tums carry the current. Hence the reflected load on the primary
can be written as,
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R, = KL .. (3)

N»
where n = ﬂ!—

It is important to note that the step down turns ratio is 2N; : N; but while calculating
the reflected load, the ratio n becomes N:/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.
> Figure 5.29

Load lines for push pull class B amplifier

I

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

Ri Vi
R = )2 . @

where Im = Peak value of the collector current

5.11.4 A.C. Power Output
As I, and V, are the peak values of the output current and the output voltage
respectively, then

Vi
vV, B
™ 2
I
and |m = =2
J2
Hence the a.c. power output is expressed as,
Pe = Vim lrme =I5, Ri = - .. 5
Ry
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While using peak values it can be expressed as,

p o Valw IhRi _ V2 .. (6)
" 2 T IR,

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

(%)
%N = ..l.,!.‘_..x 100 = = 2
s Vecln

x |00

Vi
W= 3100 . @)

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 V¢ as
shown in the Fig. 5.30.
P Figure 5.30

Vi = Ve for maximum n

g LI
E .e ‘yol]m ﬂ-‘-ﬂ-—%-':-* 100
=785 %
. —— Key Point: Thus the maximum possible
T g theoretical efficiency in case of push pull class B

V=V,
P S i aximum ouiput amplifier is 78.5% which is much higher than
: voltage swing  the transformer 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 Vce(min) IS given then maximum collector voltage V., reduces by Vcg(min) and
becomes Vo, = Vee = 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.
V. I,n

2
.'.P‘ = ch—Pg'l-‘-%(-lm— 3
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S P2 =N — - (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, Vg, = 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 V,, and equating it to zero.

37 « 2% _2Ne 40
" dVe  ®RL 2R:

2 M . Vm
n= Ry, Ry
v, ,__% Ve ... For maximum power dissipation . (9)
This is the condition for maximum power dissipation. Hence the maximum power
dissipation is,
. 2 2% 4 %
{Pd }m n %C X 17 'L az 2 al'-
-t X5 2%
=’ Ry =? Ry
5 v& - (10)
(Ptl ) o ;i' -;R-;I:"

Key Point: For maximum efficiency, Vo = Voc 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.

Va
Now Pg = m
and Vi = Vec is the maximum condition.
Ve
Hmcqpu)m EY W o (11)
L
22 4 (Vi
- . o5 Ve
Now (Py)me = TR, uz(ZRL]
Podows = —3 (P Do . (12)
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This much power is dissipated by both the transistors hence the maximum power
dissipation per transistor is (Py Jamux / 2 .

2 (P)

- &C / max

2. (P4 )maxper transistor = -'-‘-2——2-—--
2

= (Pyg ) maxper transistor = = (Poc ) inax ... (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 —2!- x 10 i.e. 2.02 W,
n
5.11.8 Harmonic Distortion
Let the base input currents are sinusoidal in nature and given by,
iy = Ipm cos ot and iy = = lgm cos ot
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,

et = leg+ Bo+ By cos ot+ B, cos 2wt+ B, cos 3ot+.. .. (14)
Now ibl = = |lgm COS ot = lpy COS (ot + 7)

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

il = leg + Bg + By cos(wt+ )+ B, cos 2 (ot+np)+ ...
= lcg + By ~ By cosmt+B; cos 2wt ~ By cos 3mt+... .- (15)

Now 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.

< iI. ” iet"id
= (lgg + By + B; cos ot+ B; cos 2mt+ By cos 3mt+...)

= (lgg + Bg — By cos wt+ B; cos 2mt— By cos 3wt+.)

2 By cosol+2 By cos Il +... e (26

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,

_ | Byl | Bs

YDy = —x100, % = —=x100 ..
T B D= 18"

Hence the total harmonic distortion is,

% D = /D+D}+Dj+..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 Disaodvantages

The advantages of push pull class B operation are :

The efficiency is much higher than the class A operation.

When there is no input signal, the power dissipation is zero.

The even harmonics get cancelled. This reduces the harmonic distortion.

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.

5. Ripples present in supply voltage also get eliminated.

Ll v

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, = 16 Q oo =25V
Now 2N; = 200 Ni =50
N = 100

50
n = ﬁrﬂmﬂ_o.s
16

R'L::._.'a:

= 640

i) (Pac ) max

ii) Pe = = Vclm
Now — = Ry

and Vin = . refer equation (4)
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;%z' % (P Jmax fOr each transistor

iv) (P ) max

2 . 48828

22
= 0984 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 symmetry 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%c. 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

rae, M
hall cycle

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

(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

_1VE 1VE . o
(Pac Jmmax Sy or 3R depending upon type of the circuit.

If Vig is given then as common collector circuit has unity gain, Voy = Viy and then voltage across Ry
is same as Vin. The peak value of Vig is Vin and Vi = Ve in such a case.

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

But if supply given is Voo = 12V, 20 V then it is single supply version and in such a case use
b
Vc(-:%fgfum+Vcc}:.r%"aé‘l’,-ix—‘-lOVctc.ﬂwﬁngkwpplymimisdbammﬂx

2
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. one npn
or npn, other pnp.
2 The transformer is used to connecl the load as| The circuit is transformeriess.
wel as inpul.
3 The impedance matching is possible due to the| The impedance malching is possible due lo
output transformer. common collector circuil,
4 Frequency response is poor. Frequency response is improved.
5. Due to transformers, the circuit s bulky, coslly] As transformeriess, the circuil is not bulky and
and heavier. costly.
6. Dual power supply is not required. Dual power supply is required.
7. | Efficiency is higher than dass 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
02V 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.

P> Figure 5.36
Cross-over distortion
Input '
signal

w\/
transistors
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 537
Use of Diode

=] c-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 cycle, eliminating the
cross-over distortion.

P Figure 5.38

Q IO
x Slight shift
in Q point

> Vee

0

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.

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

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 @ 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 14 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 R, 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. 540.

P Figure 5.40

Use of pair of diodes

°+Vee

Vin R
o —Voc

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

Single supply version of complementary symmetry class B amplifier

o+Vee

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

as Vool2, while calculating the various parameters of the circuit.
-
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UNIT IV
OPERATIONAL AMPLIFIER
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tnput bias current (nA)

5-7

EFFECT OF VARIATION 1y
ON OFFSET VOLTAGE

—

B

POWER SUPPLY VOLTAGES

In the preceding section we studi

offset current thermal drifts

verting amplifiers. As we have
also susceptible to the changes
ously, because the op-amp is capable of
changes in its supply voltages. This seet
tion in supply voltages + Ve and - Vep
turn, the effect of changes in V,,, 1, . ar

Once we select the specific v

given op-amp amplifier, we

times these voltages may change as a result of p

s voltage ang input

4s well as nonin-
ins liy, and 1, values are
' i ages V(_-( and - V;.;'. Obvi-
an}pl:f)flng de inputs, it is scﬁ;sitivc to
Onis concerned with the effy .

cct of varja-
on the values of Vios Iin, and Iy and. in
1

oy and Iy on output offset voltage,
alues for supply voltages +
do not change ther.

o g¢ of invertin
mentioned before, the v "

in the supply vol

; Vecand =V, ina
deliberately. However, some-
oor regulation and filtering. A

poorly regulated power supply gives different values depending on the size and

type of load connected to it. On the other hand, a

poorly filtered power supply has

a ripple voltage riding on some specific dc level.

Figure 5-27(a) shows the input bias current versus supply voltage cyrve for
the LHO00I op-amp. A glance at output offset voltage V,,, [Equation (5-16)]
reveals that for a given value of Rr any change in [ causes a change in V,,,.
However, you will recall that we can use the Ry, resistor to minimize the effect of

I3 or of changes in it on the

output offset voltage V,,.

Even though input bias currents change due to the change in supply volt-
ages, the input offset current should remain relatively constant because it is

LH0001 op-amP- {

sec. 57 Effectof Ve

riation in Powe

| I | ]
e 8- =
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] 1
% —
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i I T +125°C
L T,= +125°C 1 1 =
| L 15 20
P ]
; 5 1:’ 15 o cupply voltage (V)
(b}
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age for
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np ! * ot Lio 2 ;
. =27 (a) el curre > ctor.)
Flg“rc 5 amp. (b} ll]put Uﬂ.h N- [ionill Sc"lu(llldll
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the absolute value of the difference between twr.]) mﬂltftthb::; Cl.l:rel:ns [see Fig
5-27(b)). Thus, in practice, if we use  proper vaiue & '7e fou feSistor jp , e
amplifier circuit, there will be a |:|egllgtble change 1 i generateq “lpurl
offset voltage due to the change in supply VO"agelsl- 2 , manufaclurers do
not furnish curves like those in Figure 5-27 for all op ?mps. |

Recall that the supply voltages f:hange because of poor regulatiop and fje,
ing. For a given op-amp any change in the values of fhe supply Volta:ges resultg
a change in the input offset voltage, V:’hI.Ch in turn cau?es a change in the Oltpy
offset voltage. The change in op-amp’s :_nput offset voltage caused by "'ariations
in the supply voltages is generally specified on the data sheets by a varigy, of
terms: The input offset voltage sensitivity, the power .SupP]y rejection ragi_ "
power supply sensitivity, and the suppiy voltage rejection ratio are some o
them. All these terms are equivalent since they convey .thc same iﬂfﬂrmatic.n
These terms are expressed either in microvolts per volt or in decibels, For exam:
ple, the supply voltage rejection ratio (SVRR) for the uA741 is AV, /AV = 150
wV/V maximum, and it is typically 20 log (AV/AV},) = 96 dB for the LM3¢7
where AV is the change in supply voltages +V¢e and —Vgg, and AV, is lhe':
resulting change in the input offset voltage.

Given a supply voltage rejection ratio in microvolts per volt, we can ob-
tain an equivalent value in decibels (dB), or vice versa. For instance, SVRR
(AVi,/AV) of 150 uV/V is equivalent to

20 log (SVIRR) = 20 log (m) = 20 log (EO_;'ILW) = 20 log G%)

= 76.48 dB
Similarly, an SVRR of 96 dB is equivalent to 15.85 1V/V as follows.
20 log(1/SVRR) = 96 dB,

SVRR - 10
_ |
SVRR = To7%
= 15.85 uV/V

Note that the higher the value of SVRR in decibels, the lower is the change in
Input offset voltage due to the change in supply voltages or, in other words, the

etter for op-amp performance. In fact,
$ d be zero.

180 chap-

The Practical Op-Amp
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ulled initially. Suppose that, after the ¢
" 1y voltages change in value due to

ircuit is in o

Peration for a while, th
y : poor regulation. e, the
?:‘:lfe supply voltages results in a change in the input o ff:;f know that any change

ing 10 Equation (5-8), any change in i

volta{ge. And, accord-
output offset voltage. Therefore, usi

Voo = (l + Bf) Vi

R, (5-8)

where (1 + R,:ufz,) is a const.ant for given values of Ry and Rg. Therefore, the
average change in Voo per unit change in supply voltages can be

a=(1+ %)(%) (5-33)

Multiplying both sides of Equation (5-33) by AV, we get

- (1+ Z)(a) -
AV, = (1+ %) (Sae) av
= i Itage (volts)
where AV,, = change in output offset vo
' A?’ — change in supply voltages 4+ Vec and — Ve
| AV,

= supply voltage rejection ratio ( uVIV)

i nded.
therefore regulated supplies are recomme

EXAMPLE 5-11 ulled when the low dc supply is 20 V [see

i i ith time
AR -28(b)1s 1 : voltage varies Wit
The amphﬁtzr_);n gfs::sz of poor regulation, lo:; :1‘1:1 (put offset voltage caused
Figure 5-28(a))-

i nge in ¢ if Vio = 10mY
from 18 V to22 V. Determllnc (8; l::; t(1'::) %he output voltage Vo if Vi
(8] [age 1 )

by the change in 'smz‘flylj’ 0307 with SVRR = 96 d
dc. The op-amp 1S |
| d to its
V to 22 V, compare
in low dc voltage VfrOT }_81 o V) implies tha;{tg, cha_rLg:
riation d—Ves=—10V e i squiitc
~ SOLUTION E(:]l) T:: 2‘(;% (+ Vec ™ '-1"-1:2 :;;ply voltage rejection ratt
desired value _ V. _
: Itages That 1S,
in supply ‘:ﬁa < 15.85 uvIv. -
lent to 96 Q.‘f.‘ﬂ _ 1585
AV

supply Voltages on Offset Voltage 191
. na~waerl
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6-10.4 Difference between Bandwidth, Transient
Response, and Slew Rate

Table 6-2 is a summary of three important ac parameters of the op-amp: band
width, transient response, and slew rate. A clear idea of the differences b-etwecr;

these parameters is important in ac applications.

TABLE 6-2 SUMMARY OF AC PARAMETERS

Bandwidth Transient response Slew rate
A small-signal phenome- A small-signal phenome- A large-signal phenome-
non non non
Band.ot‘ frequepcies for That part of the total The maximum time rate
which the gain re- response before the of change of the out-
mains constant response reaches a put voltage
steady state :
Depends on compensat- Composed of overshoot Slew rate limiting de-
ing components and and rise time; rise pends on both fre-
closed-loop gain time is related to quency and ampli-
bandwidth and over- tude; often increases
shoot is a measure of with closed-loop gain
stability and power supply
voltages
If exceeded, results ina Affects settling time If c;ceed.ed,- results in
reduction of output distortion
voltage
SUMMARY

1. Frequency response is the manner in which the g_ain magnitude aqd the phase
angle between the input and output respond to different f:rcqucnmes. -

2. Compensating networks are used to control the phase shift and thus 1mprove
the stability of the op-amps. These networks are typlc_ally corn;_:osed t_)f resis-
tors and capacitors. The compcnsati.ng network is either designed into the
circuit or is added at designated terminals. . - ' .

3. Ininternally compensated op-amps, the com?ensatlng nct_work is designed into
the circuit. On the other hand, a compensating network is added externally in
noncompensated op-amps. Generally, open-loop noncompensated Op-amps
have wider bandwidths than those of compensatcd‘ op-amps.

4. Because of capacitances within the op-amp, the gain decreases ;T.nd the phase
shift between input and output voltages increases as frequency INCreases.

. ¥ s relatively constant at fre uencies below
alg 4 -loop gain of the oP amp 1S re q
5. ‘The open-loop BN O 15 @ cessively decreases at a rate of —20 dB/decade
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