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5.1 Introduction

When the power requirement to drive the load is in terms of several Watts rather than
mili-watts the power amplifiers are used. Power amplifiers form the last stage of
multistage amplifiers. If we consider the example of Public address systems where,
microphone output or a CD player output is to be driven across loudspeakers then these
signals undergo series of small signal amplifiers. The output of small signal amplifiers
intern acts as input to Power amplifiers. The output of Power amplifier drives the
loudspeaker.

Electrical
. Signal
Audio
signal Microphone mV Small signal \V/ Power —
— (Transducer) > Amplifier » Amplifier o
stages stage

\

Figure 5.1 Public Address Systems

The power amplifier makes use of power transistors for signal amplification.
Power amplifiers are classified depending upon the operating point (Q point) of operation
and nature of output waveforms they produce. Basically, amplifier classes represent the
amount the output signal variation over one cycle of operation for a full cycle of input
signal. Power amplifiers are classified as CLASS A, CLASS B, CLASS AB, CLASS C
and CLASS D Power amplifiers.

POWER
AMPLIFIER \
/
CLASS A CLASS B CLASS AB CLASS C
CLASSD

Figure 5.2 Classification of power amplifiers

5.2 Classification of Power Amplifiers:

5.2.1 CLASS A Power Amplifier

Here the Q pt & input signal are selected such that the output signal is entire 360°
amplified version of the input. This power amplifier is widely used for amplification of
audio signals. Here Q pt is selected such that both Positive & Negative half cycle of the
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ac input are amplified. The efficiency of class A Power amplifies is between 25% to
50%.

Operating Curve

Operating
Foint

[ Class & Amplifier Classification k
Input
C:-——- Signal

Figure 5.3 CLASS A Power Amplifier
5.2.2 CLASS B Power Amplifier

Here Q pt & input signal are selected that output signal is obtained for only one
half of input signal. Usually class B operation is very much necessary for large signal
amplification. Here Q pt is set at the x-axis. To have full cycle output, two class B
operations—one to provide output on the positive output half-cycle and another to
provide operation on the negative-output half-cycle are necessary. The combined half-
cycles then provide an output for a full 360° of operation. This type of connection is
referred to as push-pull operation, which is discussed later in this section. Efficiency of
class B power amplifiers is more than 75%.

Operating Curve
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Input
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I

Figure 5.4 Class B Operation
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5.2.3 CLASS AB Power Amplifier

Here Q pt & input signal are selected such that output signal is obtained for more than
180° but less than 360°. The ‘Q’ pt of class AB amplifiers is above the x-axis but below
the midpoint of operation. Efficiency of class AB power amplifiers is more than class A
& less than class B.

Operating Curve

Unused
Area Output

Signal

" [ Bias

Figure 5.5 Class AB Operation

5.2.4 CLASS C Power amplifiers

Here ‘Q’ pt & input signal are selected such that output signal is present for less than
1800 of input cycle. Class C power amplifies are not suitable for audio frequency
amplification. These are useful in tuned circuits of all communication transmitters &
receivers.

Operating Curve

Unused

Area Output Signal

less than 1807

A

Input %
Signal

Figure 5.6 Class C operation
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5.2.5 CLASS D power amplifiers

The class D amplifiers make use of digital signals to provide power amplification.
The major advantage of class D operation is that the amplifier is on (using power) only
for short intervals and the overall efficiency can practically be very high, as described in
the next sections.

5.3CLASS A Power amplifiers

Class A power amplifiers can be classified as Directly coupled CLASS A power
amplifiers & transformer coupled CLASS A power amplifiers

5.3.1 Directly coupled class A power amplifiers

The Figure 5.7 shows directly coupled class A amplifier. Where load resistance
Rc to be driven is present at collector of the transistor amplifier. The Common Emitter
Amplifier Circuitry is modified to act as class A power amplifier.

Load

Cx /
' ) L: Power
‘(_) transistor

Figure 5.7 Directly coupled Class A Power Amplifiers Figure 5.8 Output Characteristics

The design equations are shown as below:

Vce-1gRe-Vee=0

ls :V“;;’BE S — 1)
lcq =Blp  -----mmmmmmmmmmmm oo 2)

Vce-IcRe -Vee=0



&
Learning

Derivation of Efficiency of Class A Power Amplifier

Output Power:

The ac power delivered to the load can be expressed in a number of ways. The ac power
delivered to the load R may be expressed using rms signals as

Pac =Vl = IPRL  —mmmmmmmmmmmmmmmmmmmcmceeee (4)
Where V. & I are the rms values of the output voltage
1 I -1 .
]C — ~m_ __ T max min - - (5)
V2 242
V V.. —V.
Vc - m — max min _ _ . (6)
J2 22
2 2
Pac =Vclc = Yk _ Ln By _ Vo el (4
2 2 2R,
Input Power:

The power to an amplifier is provided by the DC supply. With no input signal, the dc
current drawn is the collector bias current, lcq. Therefore power then drawn from the

supply is
DC power Pgy. = Vee lco (8)

Efficiency can be expressed as,
n=Output Power/Input Power

= Pac/Pdc
7 :&: (Vmax _Vmin)(lmax_ Imin) """""""""""""""""""" (9)
P 8Vee ICQ

To derive maximum efficiency, it is assumed that Class A is operating at its Full
efficiency, the voltage and current waveforms are as shown in figure 5.9.
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Figure 5.9 Output characteristics at maximum efficiency

We can observe from the above diagram that,
For maximum efficiency,

Vmax :VCC &Vmin = 0 (10)

| =21 g & |

max min —

Therefore, maximum efficiency,
Ve 2l

Mnan = =250)  -eeeeeemeeeeeeneneeeeeeees (12)
8Vcc ICQ

Advantages of directly coupled class A amplifier,

1. Circuit is simple to design.
2. Used as audio signal amplifier.
3. Less costly.

Disadvantages:

1. Efficiency is less

2. Transistor’s output impedance is large.

3. Typical load impedance is very low (loud speakers having resistances only from
5-16Q) therefore, Impedance mismatch exists and maximum power transfer
cannot be achieved. Efficiency is limited to 25%.

Problems

1) A class A power amplifier operates from a DC source and applied sinusoidal signal
generates a peak 9mA. Calculate Ico, Vceq, Poc, Pac, 1

Assume B=50, Vge =0.7V. It is given that applied signal generates peak base current of
9mA..



@\/
Learning

To calculate DC Power,
Applying KVL to BE loop we get,

Vce-1gRe-Vee=0

lg = V“R;BVBE =12.87mA

ICQ =ﬁIB=643.5mA

KVL to CE loop,
Vce-IcRc-Vee=0
VCEQ= VCC - ICRC =9704V

Therefore, DC input power, Poc=Vclco
Ppc=12.87TW

AC output power= *rms.RL
=i"crms.Rc

It is given that,

ibm: IMmA.

iem=Blipm

Icm=45mA

iZCRM5:453;nA = 0.3184

Pac=(0.318)*X16=1.618W

_m __ 1618
=2 X100% = o = 12.57%
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5.3.2 Transformer Coupled Class A Power Amplifier

Disadvantages associated with directly coupled class A amplifier can be over-
come by my making use of transformer at the output. In case of directly coupled class A
amplifier output impedance of amplifier is large. The typical loads such as loudspeaker
have very low input impedance 5 to 16Q, due to this impedance mismatching maximum
power transmission to the load cannot be achieved. If transformer is used as a impedance
matching device then maximum power transfer to the load and efficiency of up to 50%
can be achieved.

#‘('('

Figure 5.10 Transformer coupled class A Power amplifier

Impedance transformation property of the transformer

R,

Figure: 5.11 Transformer windings

We know that Turns ratio, n=ﬁ = (13)
Nn L

Also, Yoo (14)

At secondary, load resistance can be expressed as, R=2-—— —(15)

Iz
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Reflected impedance at the 1° side of the transformer can be expressed as

| _V:
R\ =2
Iy

NMya
:((1%12 =GR

It can be seen that impedance at the 2° gets reflected at the 1° by the square of
turn’s ratio. This makes impedance matching possible.

DC operation: Applying KVL to CE loop, we get In an ideal transformer, there is
no primary drop. Thus the supply voltage appears as the collector-emitter voltage of the
transistor. Winding offers no resistance.

When the values of the resistance Rg and Vcc are known, the base current at the
operating point may be calculated by the equation,

. = Vcc _VBE ~ Vcc
5T R SR e, (18)
B B
? ac
loadline ¢ loadline (V.= V.,) "
- € ;
_________ e e o
£ ’ fas
B0 . d .
Collet;llz;rh:;menl/ ‘;o) Iy,
D ! k=)
- v t
v

Collector voltag

'
1 Collector voltage
r variation

|
Vv,
1

Figure 5.12 Output Characteristics of transformer coupled Power A Power
Amplifiers

Efficiency of transformer coupled Class A Power Amplifier can be expressed as,
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(g)power p
Efficiency n= % =2 - —— (19)
(E)power Ppc
DC Power, Poc=Vcc*lco -----===========mmmmmmmmmmmm - (20)
Q
AC Output power can be derived as,
. 2 14
PAC(pnmary):thMsR'L:Vl;:fMLs = VleMsllRMgzvngl.IlTI; = % .............. (21)

Oy—j2 _Varms® _
Pac(27)=1"2rms. RL="p == = Varmslzrus

_Vom Iom _ Vomlom
—f . E _ 5 e (22)

Assuming lossless Transformer,
AC power at 1°=AC Power at 2°

PAc(lo):PAc(ZO)

) _Vpplpp
ACMAX— 8

=(Vcemax-Veemin) (Iemax-lemin)/8

:(ZVCC—O)(ZICQ—O)

=VeCl€Q i (23)

current and voltages as shown in Figure 5.13.
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Figure 5.13 Output Characteristics of transformer coupled Power A Power
Amplifiers at maximum efficiency

Maximum efficiency of class A amplifier can be expressed as

_ (V¢c—0)(2Icg-0) _ Veclco

Nmax = 8 5 (24)

Nmax = 50%

1) A transformer coupled class A amplifier has a loudspeaker of 8Q connected across its
secondary. The Q pt of collector current is 140mA. The turns ratio of the transformer is
3:1. The collector supply voltage is 10V. If the transformer is lossless, calculate power
delivered to the 1° of the transformer, rms load current, rms 1° current 1 and power
dissipation. The power delivered to the load is 0.48W




3%

Learn

®

Ing

Solution:

It is given that, Pac(sec)=0.48W, lco=140mA, R -8Q

N2 /N1=1/3=V2/V1=11/12
Transformer is lossless,

Therefore, PAc(l*):PAc(z*):O.48W

VorMs>
Pac(sec)=—"""
Ry,
V2R|\/|5:1.96V
We know that, 2288 — Nz
VirmMs Ni
VlRM5:1'96*3:5.88V

1

|2RMS:V2:::VIS = 0.2454

Output Power, Ppoc=Vcclco

=10*140*10°=1.4W

Therefore, Efficiency, nziﬁ
D

C
=248 L 100%

T 14

=34.29%

Power dissipation

It is the amount of power that is dissipated as heat across the power amplifier.

PDZPD(;-PAC =1.4-0.48=0.92W

In Class A power amplifier, maximum power dissipation occurs when applied AC signal

is zero. Pgmax=Ppc=Vcclco

Drawbacks of Class A power amplifier

e Less Efficiency of 25-50%.
e Power dissipation is high, therefore less reliability.

e Directly coupled class A power amplifier cannot be employed to drive low

impedance loads such as loud speaker.
e Total harmonic distortion is very high.

e The output transformer is subjected to saturation problem due to the dc

current in the primary.
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5.4 Class B power amplifier

In class B power amplifier, output waveform is present only for 180° of the input cycle.
This is because Q pt is biased at x-axis, therefore negative half cycle is clipped and only
the Positive half cycle appears at the load. If we make use of 2 class B amplifiers, each
for 180° conduction, than full power will be applies to the load. There are 2 categories of
class B amplifiers. (i) Transformer coupled Push-Pull class B Power Amplifier and

(if) Complimentary Symmetry Class B Power Amplifier

1) Transformer coupled Push-Pull class B Power Amplifier

Push-Pull Power Amplifier: These make of two identical npn or pnp transistors whereas
complementary symmetry makes use of 1 pnp and 1 npn transistors. As shown in the
Figure 5.14, push pull PA makes use of two centre tapped transformers, one is called as
driver transformer as it drives input to the circuitry, another is a output transformer which
acts a impedance matching device and couples the power to the load. The center tapped
end of the driver transformer is connected to the ground and the center tapped output
transformer is connected to Vcc. The 2 transistors Q; and Q, should be both either pnp or
npn. During positive half cycle end A becomes Positive with respect to end B, therefore
Q1 gets forward biased and Q; gets reverse biased. Q1 conducts and Positive half cycle is
connected to the load by making use of output transformer. During negative half cycle,
end B becomes positive with respect to A. therefore Q. gets forward biased and Q; gets
reverse biased. Q. conducts and negative half cycle is connected to the load by making
use output transformer. Amplified output appears for entire 360° of the input cycle.

Figure 5.14 Class B Power Amplifier
Derivation of efficiency of Class B Power Amplifier

We know that Efficiency of Power Amplifier can be expressed as,
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DC Operation

Applying KVL to output,

Vee-Vee=0

Therefore; Vec=VeE covveveeeviieeciiiiieees (26)

DC load line is straight line as shown in the output characteristics.

Here each transistor conducts only for half cycle. Therefore it can be treated as half wave
rectifier.

PDC_vcchC_vCCZ’M @ ................... (27)

Current flowing through half wave rectifier is Ipc, therefore overall DC current IDC=ZITM
Output power, Pac(1°)=Vrumslrms

:VlRM52 VimIim _ V1M11M

RLI _I RMSRL - NG \/— 2

Oy_
Pac(27)= Varmslorms
_VZZRMS_IZ R _Vomlaom
=——==|"rmMsRLI=—""=—
RL 2

For a lossless transformer,

PAC(l) PAC(ZO)_VPPIPP__VPP

(VPP) _Vpp® (ZVM)2 Vi?
8 8

R, )8R, SR, _ 2R,

Efficiency:

n=Pac/Pdc
2
M ory)
S——_
N 2Veepryy 4Vee

For max efficiency:
Vm=Vcc
Ntax = EZ—EC 78.55%

Power dissipation of class B power amplifier

2Veelm VM2

We know that Power dissipation, Po=Ppc-Pac =——— R
L

2
pp=2Yecm _Vm© (28)

TRy, 2Ry,
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To calculate the condition for max power dissipation is dvﬁ =0
M

_2Vee _ 2Vm

T mR, 2Ry
V_M _ 2Vcc
Ry, - TR},
Therefore, VM = ZV“ is the condition for max power dissipation.
Sub VM— in (28)to get max power dissipation

_2Vec  2Vec  2Veenz 1
PD_ TRy, * T ( T ) 2TRy,
_Vicc _ 4V?cc
_TL'ZRL T[ZRL
2
Therefore, Maximum Power dissipation, PDMAXZZ,TVZRCC ———————— (29)
L
2
Power dissipation of each transistor is PD:ZRC‘; ....................... (30)
L

Problems:
1) Calculate the efficiency of class B amplifier for a supply voltage of V¢c=24V with the
output load of i) V(p)=22V ii) V. (p)=6V

Solution: Efficency, (i) n=78.5(“;—M) =78.5(22/24)=71.95%
cc
Vm=6V, (ii) n =78.5*6/24=19.625%

2) For a class B amplifier providing a 20 V peak signal to a 16Q2 loud speaker and a
power supply of Vcc=30V. Calculate DC input power, AC output power and its
efficiency.

Solution: Vy=20V; R =16 Q

. 2VecV 2%30%20
DC mput power =—£HM=

=23.87TW

TRL T*16

PAC— _12 5W
n =24€ = 52.37%
Ppc
3) For a class B PA using a supply voltage of V¢c=30V and driving a load of rR; =16 Q,

determine max power dissipation and power dissipation of each transistor
Solution: Maximum efficiency, Vcc=Vwm

PDc(max)-@ = 35.81W
L
PAC(max)-— = 28.125W
PD(max)- = 11.396W

Each tran3|stor Ppo(max)=5.698W
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i) Complimentary-Symmetry Class B Power Amplifier

Complimentary-symmetry makes use of npn and pnp transistors. Compared to a push pull
configuration, this circuitry provides many advantages.

1) No transformers are used; hence circuitry is less bulky and less costly.

2) Matched pair of npn and pnp are used in common collector configuration. CC
configuration has high input impedance; therefore impedance matching is achieved in the
circuitry itself.

3) Frequency response is improved as transformers are absent.

:""II""I:E
| i
A 9
-
V Ry
In ] l 'I.r'._n
) ﬂz J_
'ﬁ—vm
Figure 5.15 Complimentary Symmetry Class B Power Amplifier
Operation:

The basic circuitry of Complimentary-symmetry configuration is driven by dual power
supply of +Vcc and —Vcc. Here Q1 is an npn and Q2 is pnp transistor. During Positive
half cycle Q1 gets forward biased and conducts when input voltage becomes >0.7V, Q1
conducts and Positive half cycle appears across the load. During negative half cycle Q2
gets forward biased when the applied voltage becomes more negative than -0.7V, Q2
conducts and negative half cycle appears across the load, therefore output is present for
entire 360° of the input cycle.
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There are 2 disadvantages associated with circuitry
1) Circuitry requires dual power supply.
2) Cross over distortion is present in the output.

Cross over distortion:

b vr,

Crossover

j,f distortion

e

Figure 5.16 Cross over distortion in Class B Power Amplifier

In both transformers coupled push pull and complimentary symmetry configurations
distortion is present at the zero crossings of the half cycle. This itself is termed as cross
over distortion. In class B, There is no biasing done to ensure that transistor are on
before an AC signal is applied. Typically transistors require a forward bias of 0.7V to
turn on, therefore none of the transistors are on during zero crossing of half cycle.

Elimination of Cross over distortion:
To eliminate cross over distortion, some modifications are done in the basic circuits of

class B amplifier circuit.
i) Transformer coupled Push-pull Configuration:

3 +"u'm

Figure 5.17 Transformer coupled Class B Power Amplifier free from Cross over distortion
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Here push pull configuration is modified with the biasing circuitry so that it is free from
cross over distortion. The forward bias of base to emitter junctions for both the transistors
is provided by making use of a diode. The voltage drop across diode is equal to cut-in
voltage of both the transistors. Therefore both the transistors conduct for full cycle
making the circuit free from distortion.

Shift in Q pt: Due to forward bias supply Q pt shifts upwards on the DC load line

characterizes. The circuit operation will be class AB instead of a class B operation. But
shifts in Q pt can be neglected as it is very small.

e

Shift in
Q point

-\
0 CE

Figure 5.18 Change in Output characteristics of Class B Power Amplifier

5.4.1 Complimentary-Symmetry Circuits free from cross over distortion:

Here, Complimentary-Symmetry circuit is modified so that it is free from cross over
distortion. The transistor Q1 should be provided with 0.7V across to its Base to emitter
terminals and Q2 is -0.7V. This can be achieved by making value of resistances adjusting
such that voltage drop across R2 is 1.4V therefore both the transistors conduct for full
cycle eliminating cross over distortion at the output. The circuitry is show in Figure 5.19.
It has a disadvantage with respect to change in temperature i.e. as the temperature
increases, resistance associated with R2 increases and behavior of base to emitter
junctions of Q1 and Q2 is opposite to it. This can be further nullified by making use of 2
diodes. The behavior of diode and p-n junction with respect to temperature and other
external factors remains same. The modified circuitry is shown in Figure 5.20.
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*+Vee

Vin

:"'vg_n_

Figure 5.19 Class B Power Amplifier free from cross-over distortion

-
vee

Vin

a=Vcee
Figure 5.20 Modified Class B Power Amplifier free from cross-over distortion
Complimentary—symmetry circuit with single supply version

The drawback of dual power supply of Complimentary—symmetry configuration can be
removed by making use of single supply. But fixed power supply of VCC is shared as
VCC/2 by both the transistors.

o4V eg

Figure 5.21 Complimentary—symmetry circuit with single supply version
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Quasi — Complimentary Push pull configuration

"VC-G
-]

Figure 5.22 Quasi — Complimentary Push pull configuration

In order to provide high current output Complimentary—symmetry configuration can be
modified by making use of additional npn transistors. So the above circuitry shows Quasi
— Complimentary configuration where high gain npn transistor Q1 and Q2 are connected
in a Darlington Configuration providing high current output during Positive half cycle.
Q2 and Q4 forms a feedback pair providing high current output during negative half
cycle. This is the most popular circuit of class B configuration.

Note: The formula derived for push pull configuration is applicable to all the circuits of
class B amplifiers. In case of single supply version Vcc should be considered as Vcc/2 in
all calculations.

1) Calculate output power, power dissipation, power handled by each transistor and
circuit efficiency for an input of +12Vrus

Solution: Peak input voltage =v2 Vrus=v2*12=17V, Vcc=+25V,R =40

DC input power, Ppc=Vcclpe :z@:ZV:TfVM:N.G?:W
L

AC output power, PAC:ZZTM = 36.125W
L
PD:PD(;-PAC:31.625W
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Power handled by each transistor, Pp/2 =15.8W
n= ﬁﬁ «100% = 53.4%

DC

2) For the same circuit shown calculate maximum input power, max output power and
power dissipation

Max input power, Vy=Vcc
= 99.46W

TR,

2
Pac=CE = 31.654W

2Ry,

Power dissipation, Ppc-Pac=21.335W

5.5 Distortion in Power amplifiers
Any amplifier is subjected to three types of distortions,
1) Amplitude distortion 2) Frequency distortion and 3) Phase distortion.

Typically power amplifier should be free from all these distortions, human errors are not
sensitive to phase of the signal, therefore phase distortion can be neglected as well as
frequency distortion. Amplitude distortion is a major source of distortion in power
amplifiers.

Amplitude distortion (Harmonic Distortion)

It is caused due to harmonics present in the output signal. Hence it is referred to as
harmonic distortion. If the desired freq component is coswt, the output contains
harmonics which are multiples of fundamentals at freq ‘w’ i.e. output contain cos 2wt,
cos3wt........ cosnwt. Refer Figure 5.23. As the order of harmonic increases with coswt,
the amplitude of harmonics decreases. Therefore net output is resultant of all these
harmonics.

Harmonic distortion caused by n™ harmonic component can be expressed as

Dp=28 4 1000 — — — — — — — — (31)

|41l
Where A, is the amplitude of the n™ harmonic component and A is the amplitude of
fundamental harmonic component.

The amplitude distortion due to 2" harmonic component can be expressed as
DF% £100% — — —— — — — — (32)

1
Where A; is amplitude of 2™ harmonic component..

Harmonic distortion caused by all the harmonics can be expressed as

D=(y/D% + D2 + ---D2) * 100% — — — — — (33)
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. Figure 5.17 Harmonic distortion in Class B Power Amplifiers

1) Calculate harmonic distortion component for an output signal having fundamental
component of 2.5V, 2" harmonic component of 0.25 and third harmonic component of

0.1V 4™ harmonic component of 0.05. Also calculate total harmonic distortion
Solution: We know that harmonic distortion caused by n™ component is % * 100%
1
Distortion caused by 2" component % * 100%
1

i) D,=0.25/2.5*100% =0.1=10%

i1)D3=0.1/2.5*100%=0.04=40%

iii)D4=0.05/2.5-100%=0.02=20%

Total distortion is given by,

D=(y/DZ + D? + --- D2) * 100%=,/(0.1)2 + (0.04)% + (0.02)2=0.1095*100%=10.95%

5.5.1 Analysis of 2" harmonic Distortion

2" harmonic component has the largest amplitude of all others harmonics these is the
major source of harmonic distortion. Harmonics are introduced due to non-linear
behavior of transistor as shown in figure 5.18. Transistor is a non-linear device. Output
quantity Ic can be related to Ig using the relation given by,

] Y ) CAO— (34)
where, G1 and G2 are constants of proportionality, ic and i, are instantaneous collector
and base currents respectively. Let ip= |;COSWt----=-===========-=--- (35)
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Linear

Non-Linear

0
Ig
Figure 5.18 Non-linear behavior of transistor
ic=G1(Imcoswt)+G(Imcoswt)?-----(36)

Gyl . Gol?
:Gllmcoswt+% + %cosZwt

Ic.=Ap+A;1C0SWt+A,C0S2Wt--------- (37)
ic=lcotAgtAicoswt+A,cos2wt---(38)

Where A0 is a constant which indicates a rectifying term. Ajcoswt is the derived
fundamental component A,coswt is the derived harmonic component which needs to be
calculated since the transistor is DC biased, the collector current can be expressed as in
eq(37). Collector current can be represented as shown in the figure 5.19.

Figure 5.19 Collector current waveform

Put wt=0 in eq(37)

lemax=lcotAotAr+Ag------------ (39)
Putting wt==

ic=lcqtAc-Az mmmmmmmmeee e (40)
Putting wt=m
lemin=lcotAo-Ar+Ag-----------m---- (41)

lemax-lemin=8A1

A :ICMAXZ_ICMIN
lemaxtlemin=2A0 +2lcq+2A;
WKT at wtzg

lc=I co— | CQ+A0

lemaxt+lemin=4A2 +21cq
A2:ICMAX+ICMIN+21CQ e (42)

4
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Harmonic distortion can be expressed as
Icmax*icmINt2Icq
D,= 142] _ 4
"4y T Iemax—Temin
2

1q I -1
D2=2( cmax+lemin)—leg (43)

Icmax—IcmIN

In terms of collector voltages harmonics distortion can be expressed as

1 174 -V
DZ:Z(VCEMAX+ cemin)Vegg (44)

Vecemax—VceMIN

Power output due to harmonics:
The input power can be expressed as

2
Pi:VRMSIRMS:VIV;IM = @ ————— (45)

Where, I, is peak value of current. The fundamental components power can be expressed

as Pl—A o (46)

Where A1 is the amplitude of fundamental component. The output power includes
fundamental component and all the harmonics. Therefore total output power can be
expressed as
A3R AZR
PO_ 12 1 + 428”1

oo o AL A”RL

A3 A%v
(1+ +A§+---+A—§
Pi= (1+D2 + D3 + -+ D}
S I (T 0 [ ——— 47
Where D, is harmonic distortion due to n"" harmonic distortion and D is total harmonic
distortion.
Problem
Q) For an harmonic distortion reading D,=0.1, D3=0.02, D4,=0.01 with fundamental
component of current as 4A and a load resistance of 8Q, calculate power output due to
harmonics, fundamental power and total harmonic distortion.
Solution: 1;=A;=4A, R=8Q
Py=P;(1+D?)
P|—(1+D2 + D? oot D2)=(0.1)*+(0.02)?+(0.01)?=0.0105

A1 L1, 0105)_ “0=64.67TW

5.6 Class C Power Amplifiers

In class C operation, the transistor is biased well beyond cutoff , therefore collector
current flows for less than 180° resulting in an output of all small pulse, therefore class C
is not suitable for audio frequency amplification instead it is employed as stable
frequency generator in all communication transmitter and receivers. Efficiency of class C
power amplifies is nearly 100%. The tuned LC circuit acts as a load for a class ¢ power
amplifiers. Class C amplifiers produce series of pulses including fundamentals and
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harmonics. LC circuit takes only fundamental frequency and results into oscillations;
therefore output is far from harmonics.

+Vec

Vaa

Figure 5.20 Class C Power Amplifier

5.7 Class D Power Amplifier:

Class D power amplifiers make use of digital techniques to provide
amplification for Analog Signals. Typical Class D power amplifier switches are shown in
Figure 5.22. Figure 5.21 shows the block diagram of Class D Power Amplifier.
Comparator compares instantaneous saw tooth waveform amplitude with input signal. If
difference is positive comparator output switches the Class D power amplifier. Amplifier
output will be Pulse which will be on as long as comparator output being positive
difference. This output is fed to low-pass filter which recovers the original signal back.

Converts digital
back to sinusoidal
Sawtooth _
generator /

Low-pass

Comparator —  Amplifier —— filter

— Feedback

Figure 5.21 Block Diagram of Class D Power Amplifier
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Input

Figure 5.22 Class D Power Amplifier Switches

Sawtooth (chopping) wavefonm

Input wavelorm

e

+5 W / Digital wavelorm
“ J:“:[MH—L
1]

4

Figure 5.23 Class D Power Amplifier Waveforms
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6 Voltage Regulators

6.1 Introduction

Voltage regulators are the important constituents of any power supply. All the Regulated
DC Power supplies and Switched-Mode Power supplies make use of voltage regulators.
Voltage regulator is used for two reasons:-
1. To regulate or vary the output voltage of the circuit.
2. To keep the output voltage constant at the desired value in-spite of variations in the
supply voltage or in the load current.

Figure 6.1 shows the block diagram of typical Power supply. Input ac voltage is stepped
down by making use of Transformer. Full wave rectifier converts the incoming ac into a
pulsating DC. Further filter smoothens out the pulsating DC. This Pulsating DC is
regulated by making use of IC regulator. Output of regulator is a constant DC which is
fed to load.

A AWA NN
g, e ey ey

\

Transformer Rectifier Filter IC regulator Load

230 V rms

Figure 6.1 Block diagram of Power Supply

6.2 Series voltage regulator

Here the control element transistor/control element is connected in series with the
input. Output is fed back to a sampling circuit which samples a part of output and
couples it to comparator. Comparator compares the reference voltage with output of
sampling circuit. 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
there by regulating the output voltage.
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VOLTAGE CIRCUIT

Figure 6.2 Block diagram of series voltage regulator
Courtesy: www.CircuitsToday.com
6.2.1 Simple Series Voltage Regulator Circuit

Here transistor is in series with the load. Such a circuit is also named an emitter follower
voltage regulator. It is called so because the transistor used is connected in an emitter
follower configuration. The circuit consists of an N-P-N transistor and a zener diode. As
shown in the figure below, the collector and emitter terminals of the transistor are in
series with the load. Thus this regulator has the name series in it. The transistor used is a
series pass transistor. Circuitry is shown in Figure 6.3.

The output of the rectifier that is filtered is then given to the input terminals and
regulated output voltage Vout is obtained across the load resistor R.. The reference
voltage is provided by the zener diode and the transistor acts as a variable resistor, whose
resistance varies with the operating conditions of base current. The main principle behind
the working of such a regulator is that a large proportion of the change in supply or input
voltage appears across the transistor and thus the output voltage tends to remain constant.
The output voltage can thus be written as,

Vout=VZ—VEe.coooovvvviinnnn, (48)
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Figure 6.3 Simple Series Voltage Regulator Circuit

When the input supply voltage Vin increases the output voltage Vout also increases. This
increase in Vout will cause a reduced voltage of the transistor base emitter voltage Vbe as
the zener voltage Vz is constant. This reduction in Vge causes a decrease in the level of
conduction which will further increase the collector-emitter resistance of the transistor
and thus causing an increase in the transistor collector-emitter voltage and all of this
causes the output voltage Vout to reduce. Thus, the output voltage remains constant. The
operation is similar when the input supply voltage decreases.

An improved series regulator circuit is shown in Figure 6.4. Resistors R1 and
R2 act as a sampling circuit, with Zener diode Dz providing a reference voltage, and
transistor Q2 then controls the base current to transistor Q1 to vary the current passed by
transistor Q1 to maintain the output voltage constant

Q,

Figure 6.4 Improved Series Voltage Regulator Circuit
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6.2.2 Series Voltage Regulator Circuit using op-amp

Here Zener diode provides a constant reference voltage at non-inverting
terminal of op-amp. Output voltage is sampled via potential divider network and is fed to
inverting terminal. Depending on variation in output voltage the output voltage of op-
amp changes and in-turn transistor’s control voltage changes. This ensures constant
output voltage (Refer Figure 6.5).

\Y

Vv
Y out

o

\Y

Q

J.0 4

Figure 6.5 Op-amp Series Voltage Regulator

6.2.3 Over-current protection

Figure 6.6 shows how the series stabilizer can be protected against excessive current
being drawn by the load. This will prevent damage to the supply in the event of too much
current being drawn from the output, or even a complete short circuit across the output
terminals. Two components have been added, Q2 and Rp. The resistor Rp is a very low
value When the load current rises above a predetermined value, the small voltage
developed across Rp will become sufficient to turn Q2 on. As Q2 is connected across the
base/emitter junction of the main control transistor Q1, the action of turning Q2 on will
reduce the base/emitter voltage of Q1 by an amount depending on the amount of excess
current. The output current will not be allowed to increase above a predetermined
amount, even if a complete short circuit occurs across the output terminals.
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Figure 6.6 Current-Limiting Voltage Regulator Circuit

6.3 Shunt Voltage Regulator

The block diagram of a discrete transistor shunt voltage regulator is given in Figure 6.7.
As the name says the voltage regulation is provided by shunting the current away from
the load. The control element shunts a part of the current that is produced as a result of
the input unregulated voltage that is given to the load. Thus the voltage is regulated
across the load. Due to the change in load, if there is a change in the output voltage, it
will be corrected by giving a feedback signal to the comparator circuit which compares
with a reference voltage and gives the output control signal to the control element to
correct the magnitude of the signal required to shunt the current away from the load.

Lioas +
Vm RS('HCS LIShuﬂ VOUKE

O—"W\ N\ * <\)/L06d
UNR?S%?YED IShunt llhoad
=
CONTROL
CONTROL SIGNAL SAMPLING $Ruoad
ELEMENT CIRCUIT l
REFERENCE COMPARATOR| "Liopac™
VOLTAGE CIRCUIT

Figure 6.7 Block Diagram of Shunt VVoltage Regulator
Courtesy: www.CircuitsToday.com
If the output voltage increases, the shunt current increases and thus produces less load
current and maintains a regulated output voltage. If the output voltage reduces, the shunt
current reduces and thus produces more load current and maintains a regulated constant
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output voltage. In both cases, the sampling circuit, comparator circuit and control element
plays an important role.

6.3.1 Simple Shunt Voltage Regulator Circuit

The circuit consists of an NPN transistor and a zener diode along with a series resistor Rs
that is connected in series with the input supply. The zener diode is connected across the
base and the collector of the transistor which is connected across the output. The circuit
consists of an NPN transistor and a zener diode along with a series resistor Rs that is
connected in series with the input supply. The zener diode is connected across the base
and the collector of the transistor which is connected across the output.

The output voltage to the load is given by,

Vi =Vz+Vge
oA~ AAAS == == -
+ | R -+

: ‘VZ
\" | | IB
‘egulated :
upply) i +
: V
— |
O = = = S T

Figure 6.8 Simple Shunt VVoltage Regulator Circuit

6.3.2 Improved Shunt Voltage Regulator Circuit

The circuit of Figure 6.8 can be improved as shown in Figure 6.9. As the output voltage
tries to change, the current shunted by transistor Q1 is varied to maintain the output
voltage constant. Transistor Q2 provides a larger base current to transistor Q1 so that
larger load current can be handled.
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Figure 6.9 Improved Shunt VVoltage Regulator Circuit

6.3.3 Shunt Voltage Regulator using op-amp

Here Zener diode provides a constant reference voltage at non-inverting terminal of op-
amp. Output voltage is sampled via potential divider network and is fed to inverting
terminal. Depending on variation in output voltage the output voltage of op-amp changes
and in-turn transistor’s control voltage changes. This ensures constant output voltage
(Refer Figure 6.10).

"' - A M & Vn (= ‘/L)

Ry

L v k2
Figure 6.10 Shunt Voltage Regulator using op-amp
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6.4 Switching Regulators

Switching regulators make use of power electronics devices to provide a

constant and efficient dc supply. Basically, a switching regulator passes voltage to the

load in pulses, which are then filtered to provide a smooth dc voltage. Block diagram of 3

terminal switching voltage regulators is shown in Figure 6.11.

Load current

I

- IN OUT
Unregulated dc Voltage
input voltage Regulator
V, Regulated dc
GND p

!

ir

output voltage

+

|

Figure 6.11 Block diagram of Switching Regulators
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