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A Power amplifier in a stereo, radio or television system is
intented to deliver a large voltage and current into a low impedance

load such as a loud speaker.

The power amplifiers are classified into :
1. Class A power amplifier
2. Class B power amplifier
3. Class AB power amplifier
4. Class C amplifier

5. Class D power amplifier



1. Class A Power amplifier :~

In class A power amplifier, the Q-point is located at the
centre of the load line as shown in the figure, so that the output
signal varies over the full cycle of the input signal.

So collector current flows for 360° (FULL Cycle) of the input
signal.
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2. Class B Power amplifier :-

In class B power amplifier, the Q-point is located at cut-
off region of the load line as shown in the figure, so that the output

signal varies over one half cycle of the input signal.

So collector current flows for 180° (HALF Cycle) of the | input

signal.
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3. Cluss'A;'B ﬁowér"ﬁmpl'i'ﬁ'er 3=

In class AB power amplifier, 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. !
The efficiency of class AB amplifier is Iﬁore than Class A but less

than Class B amplifier.
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4. Class C Power amplifier :~

In class C power amplifier, the transistor is biased bélow
cut-off region as shown in figure. The Q-point of the transistor
remains in active region for less than a half cycle. So only that
much part is reproduced at the output. For the remaining cycle of
the input, the transistor remains in cut-off region.

S0 the collector current flows for less than 180°.
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5. Class D Power amplifier - put current

A class D amplifier is another class of power amplifier,
which is designed to operate with PULSE (digital) signals, which

are ON for a short interval and OFF for a longer interval.

The overall efficiency of Class D amplifier is very HIGH.




~ < Comparision of power amplifiers :-

No distortion

class A

Class A B C AB
Operating " - Less than More than 180° &
cycle Se0 18.0 180° less than 360°
Position of Ceﬁtre of . Below X- Above X-axis but
. On X-axis . below the centre of
Q-point load line axis -
5 load line.
\\\rl /&' "N‘;— /\‘\J—:..
%_‘):l: 0 >x| o 7y © 7
Input-Output v \/ N \/
waveforms || .° ™o Vo Ve
360" o /-\ N O\ \ \ 4
o " .
\J 7 x YRS e x| ° J >k
More than class A
Poor i.e 25% Better '
E: H ? H. h la
fficiency to 50% 8. 5% ig and Less than Class
B amplifier
Absent Present |
Distortion More than Highest Present




Class-A Power amplifier :-

Depending on how the load is connected at the amplifief
output, we have two types of class A power amplifiers as given below :
1. Series-fed directly coupled Class A power amplifier.

2. Transformer-coupled Class A power amplifier.



1. deries~-ted directly coupled Class A power amplifier :~
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AC Analysis :~
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Properties of Transformer :~ 5
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R Explain the operation of the transformer coupled class-A power

amplifier. Prove that the maximum power efficiency is 50%.
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Expression for AC O/P power :-
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Class B-POWER AMPLIFIERS

Class- B powes Ampliputs -
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2. Draw the circuit diagram and explain the operation with relevant
waveforms of class-B push pull amplifier. Also show that the
maximum conversion efficiency of class-B push-pull amplifier is

78.5%.
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‘Comparision of Push Pull and Complementary symmetry circuits =

S1 | Complementary
Pu Class B :
No. sh Pull symmetry class B
Bith he dranaistors aie Transistors are complementary
1. type i.e. one n-p-n and other
either p-n-p or n-p-n.
p-n-p.
The transformer is used to
2. |connect the load as well as |The circuit is transformer less.
input.
The impedance matching is | 11€ impedance matching is
3. possible due to the output possible due to common
. collector circuit.
4, | Frequency response is ponr Frequency response is improved
5 Due _tc_: transformers, the As transformer less, the circuit!
+ | circuit is bulky, costly and is not bulky and less costly.
heavier. |
Dual power supply is not . .
6. required. Dual power supply is required.
7 | The eﬂ'icien.cy is higher | The efficiency is higher than
" | than class A i.e 78.5% the push pull i.e >78.5%
8. | Circuit is complicated Circuit is simple.
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Expression for % harmonic distortion :-
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15.5 DISCRETE TRANSISTOR VOLTAGE REGULATION &

Two types of transistor voltage regulators are the series voltage regulator and the shunt
voltage regulator. Each type of circuit can provide an output dc voltage that 1s regulated or
maintained at a set value even if the input voltage varies or if the load connected to the

output changes.

Series Voltage Regulation

The basic connection of a series regulator circuit is shown in the block diagram of Fig.
15.12. The series element controls the amount of the input voltage that gets to the output.

Series
V, —  control V.
tunregulated element {regulated
input} ou put )
Sampling
circuit
Eelerence Comparator _ \
voltage circuit
FIG. 15.12

Series regulator block diagram.



The output voltage is sampled by a circuit that provides a feedback voltage to be compared
to a reference voltage.

1. If the output voltage increases, the comparator circuit provides a control signal to
cause the series control element to decrease the amount of the output voltage—thereby
maintaining the output voltage.

2. If the output voltage decreases, the comparator circuit provides a control signal to
cause the series control element to increase the amount of the output voltage.

Series Regulator Circuit A simple series regulator circuit is shown in Fig. 15.13. Tran-
sistor (| 15 the series control element, and Zener diode D5 provides the reference voltage.
The regulating operation can be described as follows:

Q)

1’ I i L"‘ﬂ
{unregulated u {regulated

vollage) R vollage)
! § Ry
aAv.

_— - —p

FIG. 15.13
Series regulator circuit.

1. If the output voltage decreases, the increased base-emitter voltage causes transistor (J
to conduct more, thereby raising the output voltage—maintaining the output constant.

2. If the output voltage increases, the decreased base-emitter voltage causes transistor
(), to conduct less, thereby reducing the output voltage—maintaining the output
constant.



EXAMPLE 15.8 Calculate the output voltage and the Zener current in the regulator circuit
of Fig. 15.14 for R; = 1 k{l.

2,15 =50
1':.I 1._.'”
20V B \".__! (regulated)
(unregulated) 290 0
y 4%
12V

- =

FIG. 15.14

Circuit for Example 15.8.

Solution:
V, =V, — Vgr = 12V - 07V = 11.3V
Vep =V, =V, =20V - 113V =87V
20V - 12V 8V
Ik="%00 “20n " 04mA
For R; = 1 k{1,
V, 113V
[ =—=——=113mA

R, 1kQ



Shunt Voltage Regulation

A shunt voltage regulator provides regulation by shunting current away from the load to
regulate the output voltage. Figure 15.20 shows the block diagram of such a voltage regu-
lator. The input unregulated voltage provides current to the load. Some of the current is
pulled away by the control element to maintain the regulated output voltage across the load.
If the load voltage tries to change due to a change in the load, the sampling circuit provides

g lswth
Vi —ANN 1 Vo =V

| w fsn l
Y + Control l' e

Control signad Sampling

element circuit R

{load)
Reference Comparator
voltage circuit Feedback

signal =

FIG. 15.20
Block diagram of shunt voltage regulator.



a feedback signal to a comparator, which then provides a control signal to vary the amount
of the current shunted away from the load. As the output voltage tries to get larger, for
example, the sampling circuit provides a feedback signal to the comparator circuit, which
then provides a control signal to draw increased shunt current, providing less load current,
thereby keeping the regulated voltage from rising.

Basic Transistor Shunt Regulator A basic shunt regulator circuit is shown in Fig. 15.21.
Resistor Rq drops the unregulated voltage by an amount that depends on the current sup-
plied to the load R;. The voltage across the load is set by the Zener diode and transistor
base-emitter voltage. If the load resistance decreases, a reduced drive current to the base of
(}; results, shunting less collector current. The load current 1s thus larger, thereby main-
taining the regulated voltage across the load. The output voltage to the load 1s

Vi = Vo + Ve (15.19)

e e 2 A it e
+ | R +‘
|
V
v, I il
i — —
(unregulated :
supply) | or
: Vag
P S
|
| Shunt regulator
|
FIG. 15.21

Transistor shunt voltage regulator.



EXAMPLE 15.11 Determine the regulated voltage and circuit currents for the shunt regu-
lator of Fig. 15.22.

I

£

—
Vi o—AAA
(+22Vy 1200

FIG. 15.22
Circuit for Example 15.11.

Solution: The load voltage is
Eq.(15.19): V;, =82V + 07V =89V
For the given load,

Vi 8OV

,I’L_R—L——lmn = 89 mA
With the unregulated input voltage at 22 V, the current through Ry is
ViV, 22V -840V

Rs 120

I = 109 mA

50 that the collector current 1s

Ie=1Is— I, = 109 mA — 89 mA = 20 mA












