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Transistors

Introduction

When a third doped element is added to a crystal diode in such a way that two pn junctions are
formed, the resulting device is known as a transistor. The transistor—an entirely new type of elec-
tronic device—is capable of achieving amplification of weak signals in a fashion comparable and
often superior to that realised by vacuum tubes. Transistors are far smaller than vacuum tubes, have
no filament and hence need no heating power and may be operated in any position. They are me-
chanically strong, have practically unlimited life and can do some jobs better than vacuum tubes.

Invented in 1948 by J. Bardeen and W.H. Brattain of Bell Telephone Laboratories, U.S.A.; tran-
sistor has now become the heart of most electronic applications. Though transistor is only slightly
more than 54 years old, yet it is fast replacing vacuum tubes in almost all applications, In this chapter,
we shall focus our attention on the various aspects of transistors and their increasing applications in
the fast developing electra ics industry.

(NJiO..l Transistor

- ( A transistor consists of two pnjunctionsforzned by *sandwiching either p-type or n-type semicon-
ductor between a pair of opposite types. Accordingly ; there are two types of transistors, namely;

(I) n-p-n transistor	 (ii) p-n-p transistor)
An n-p-n transistor is composed of two n-type semiconductors separated tiy a thin section ofp-

type as shown in Fig. 10.1 (1). However, ap-n-p transistor is formed by two p-sections separated by
a thin section of n-type as shown in Fig. 10.1 (ii).
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Fig. 10.1

In each type of transistor, the following points may be noted:

*	 In practice, these three blocksp, n, p are grown out of the same crystal by adding corresponding impurities
in turn.
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178	 Principles of Electronics

.-41lhesc are two pn junctions. Therefore, a transistor riay he regarded as a combination of two
diodes connected hack to back.

(ii) There are three terminals, taken from each type of semiconductor.
(iii) The middle section isa very thin layer. This is the most important factor in the function ofa

transistor.
Orci (?fthe name "Transistor". When new devices are invented, scientists often try to devise a

name that will appropriately describe the device. A transistor has two pn junctions. As discussed
later, one junction is forward biased and the other is reverse biased. The forward biased junction has
a low resistance path whereas a reverse biased lunction has a high resistance path. The weak signal is
introduced in the low resistance circuit and output is taken from the high resistance circuit. There-
fore, a transistor iran.jrs a signal from a low resistance to high resistance. The prefix trans' means
the signal transfer property of the device while 'istor' classifies it as a solid element in the same
general family with resistors.

JM.2 Naming the Transistor Terminals

"1' ',A transistor (pnp or npn) has three sections of dopcd ' icoriductors. The section on one side is the
emitter and the section on the opposite side is the collector. The middle section is called the base and
forms twojunctions between the emitter and collector.

() .rnitter. The section on one side that supplies charge carriers (electrons or holes) is called
the emitter. The emitter is a! ways forward biased w.r.t. base so that it can supply a large number of

nlajority carriers. In Fig. 10.2 (i), the emitter (1?-type) of pnp transistor is forward biased and sup-
plies hole charges to its junction with the base, Similarly, in Fig. 10,2 (ii), the emitter (n-type) of npn
transistor has a forward bias and supplies free electrons to its junction with the base.

(ii) C1Iector. The section on the other side that collects the charges is called the collector. The
collector is always reverse biased. Its function is to remove charges from its junction with the base.
In Fig. 10.2 (i), the collector (p-type) ofpnp transistor has a reverse bias and receives hole charges
that flow in the output circuit. Similarly, in Fig. 10.2 (ii), the collector (n-type) of npn transistor has
reverse bias and receives electrons.
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Fig. 10.2

(iii) B 'se. The middle section which forms two pn-junctions between the emitter and collector
is called the base. The basc-emitterjunction is forward biased, allowing low resistance for the emit-
ter circuit. The base-collector junction is reverse biased and provides high resistance in the collector
circuit.

Holes if emitter isp-type and electrons if the cmittc is il-type.
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/ 10.3Jome Facts about the Transistor,-

Before discussing transistor action, it is important that the reader may keep in mind the following
facts about the transistor

(i) The transistor has three regions, namely ; emitter, base and collector. The base is much
thinner than the emitter while *collector is wider than both as shown in Fig. 10.3. However, for the
sake of convenience, it is customary to show emitter and collector to be of equal size.

(ii) The emitter is heaviIyped so that it can inject a large number of charge carriers (electrons
or holes) into the base.Tbase is 1ightly dopedand very thin ; it passes most of the emitter injected
charge carriers to the collector. The collector is moderately doped.

BASE	 BASE
EMITTER J, COLLECTOR	 EMITTER .1. COLLECTOR

(i)	 (ii)
Fig. 10.3

(iii) The transistor has two pnjunctions i.e. it is like two diodes. Thej!ction. between ernittr
and base may be called emitter-base diode or simply the emitter diode. The junction between the

(iv) The emitter diode is always forward biased whereas collector diode is always reverse bi-
ased-

(v) The resistance of emitter diode (forward biased) is very small as compared to collector
diode (reverse biased). Therefore, forward bias applied to the emitter diode is generally very small
whereas reverse bias on the collector diode is much higher.

Transistor Action
The emitter-basejjinction of a traP__tori s forward biased whereas collector-base junction is reverse
biased. If for a moment, we ignore the presence of emitter-base junction, then practically" no
current would flow in the collector circuit because of the reverse bias. However, if the emitter-base
junction is also present, then forward bias on it causes the emitter current to flow. It is seen that this
emitter current almost entirely flows in the collector circuit. Therefore, the current in the collector
circuit depends upon the emitter current. If the emitter current is zero, then collector current is nearly
zero. However, if the emitter current is ImA, then collector current is also about ImA. This is
precisely what happens in a transistor. We shall now discuss this transistor action for npn and pnp
transistors.
?'v'(i) Wiirkng of npn transistor. Fig. 10.4 shows the npn transistor with forward bias to emitter-
base jn ,%iion and reverse bias to col lector-base junction. The forward bias causes the electrons in the
n-type emitter to flow towards the base. This constitutes the emitter current I. As these electrons

*

	

	 During transistor operation, much heat is produced at the collector junction. The collector is made larger
to dissipate the heat.
In actual practice, a very little current (a few ).LA) would flow in the collector circuit. This is called
collector cut off current and is due to minority carriers.
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tlow.through the p-type base, they tend to combine with holes. As the base is lightly doped and very
thin, therefore, only a few electrons (less than 5%) combine with holes to constitute base current
The remainder (**more than 95%) cross over into the collector region to constitute collector current
I( •. In this way, almost the entire emitter current flows in the collector circuit. It is clear that emitter
current is the sum of collector and base currents i.e.
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Basic connection of epa transistor
Fig. 10.4

(ii) Working of pnp transistor. Fig. 10.5 shows the basic connection of a pip transistor. The
forward bias causes the holes in the p-type emitter to flow towards the base. This constitutes the
emitter current !j;. As these holes cross into n-type base, they tend to combine with the electrons. As

0- P o—$ 1 0	 I'

Or P 0-+ 0- P

LL cçU
Fig. 10.5

the base is lightly doped and very thin, therefore, only a few holes (less than 5%) combine with the
electrons. The remainder (more than 95%) cross into the collector region to constitute collector

0	 The electrons which combine with holes become valence electrons. Then as valence electrons, they flow
down through holes and into the external base lead. This constitutes base current I.

' The reasons that most of the electrons from emitter continue their journey through the base to collector to
form collector current are: (1) The base is lightly doped and very thin. Therefore, there arc a few holes

which find enough time to combine with electrons. (ii) The reverse bias on collector is quite high and
exerts attractive forces on these electrons.
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current It.. III 	 way, almost the entire emitter ctirr' 	 lows in the collectorcircuit. II may be noted
that current conduction within pnp tran sistqPif1ivjlesI lowcvcr, in the external cornectmgwires,
the current is still by clecuons. 	 -

Importance of transistor action. The input circuit (ic. emitter-base junction) has low resis-
tance because of forward bias vhcreas output circuit (i.e. collector-base junction) has high resistance
due to reverse bias. As we have seen, the input emitter current alnwM eiiirc!' (lows in the collector
circuit. Therefore, a transistor transfers the input signal current from a low-resistaiicc r.- ircuit to a
high-resistance circuit. This is the key factor responsible for the amplifying capability of the transis-
tor. We shall discuss the amplifying property of transistor later in this chapter.

W5 Transistor Symbols

In the earlier diagrams, the transistors have been shown in diagrammatic hrm. However, for the sake
of convenience, the transistors are represented by schematic diagrams. The symbols used for npn and
pnp transistors are shown in Fig. 10.6.

IC
4— 	4—(E) 	 COLLECTOR (C)is

EMITTER p
BASE (B)

(i)

YCOLLECTORiEMITTER

(E) 	 (C)JB

(ii)
Fig. 10.6

Note that emitter is shown by an arrow which indicates the direction of conventional current flow
with forward bias. For npn connection, it is clear that conventional current flows out of the emitter as
indicated by the outgoing arrow in Fig. 10.6 (1). Similarly, for pnp connection, the conventional
current j. ws into the emitter as indicated by inward arrow in Fig. 10.6 (ii).

Transistor as an Amplifier	 /'
'A transistor raises the strength of a weak signal and thus acts as an amplifier. Fig. 10.7 sbws the
basic circuit of a transistor amplifier. The weak signal is applied be emitter-base junction and
output is taken across the load R. connected in the collector circuit. In order to achieve faithful
amplification, the input circuit should always remain forward biased. To do so, a d.c. voltage VEF is
applied in the input circuit in addition to the signal as shown. This d.c. voltage is known as bias'

*	 It may be recalled that biasing is also necessary in vacuum tube amplifiers for faithful amplification (see
Chapter 5). The reader may find the detailed discussion on transistor biasing in Chapter II.
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oltaec and it'. r .tnitiidc is such that it always 	 IE
keeps the input circuit forward biased regard-
less ut thu polar itj @1 the signal

As the input circuit has low resistance,
iherelore, a small change iii signal voltage SIGNAL	 Rc 5 k) OUTPUT
causes an apprcciahtc change in em iucr current. 	 18

This caiIsL's almost the *same change in collec-
tar curTent due to transistor action. 'the collec- 	 L.	 intor current Ilowiug through it 	 load resis-
tance R produces a large voltage across it. 	 VEE	 Vc8

thus, a weak signal applied in the input circuit 	
Fig.appears in the ampl i lied loi ni in the collector

circuit. It i in this wathat a raiisistor acts as an amplifier.
.Uiisration. (be action of a transistor as an amplifier can be made more illustrative if we

consider typical circuit values. Suppose collector load resistance R = 5 k). Let us further assume
that a change oft). IV in signal voltage produces it change of I mA in emitter current. Obviously, the
change in collector current would also be approximately I mik. This collector current flowing through
collector load R( . would produce a voltage 5 KI x I mA = S V. Thus, a change ofQ.l V in the signal
has caused a change ol 5 \/ in the output circuit. In other words, the transistor has been able to raise
the voltage level-of c signal from 0.1 V to 5 V i.e. voltage amplification is 50,

ExaW	 common base transistor arnpl/Ier has an input resistance of20 .0 and outpu(
resistance of 	 £2 The collector load is I kQ If a signal of 500 mV is applied benveen emitter
a base, find the voltage amplification. Assume a to be nearly one.
- Solution. * * Fig. 10.8 shows the conditions of the problem. Note that output resistance is very

high as compared to input resistance. This is not surprising because input junction (base to emitter)
of the transistor is forward biased while the output junction (base to collector) is reverse biased,

Fig. 10.8

Input current,	 = Signal =	 :5 mA. Since cçs nearly l , output current,I(.=IE25mA.

Output voltage, V 	 = 1 R1 = 25 mA x I kQ = 25 V

* The reason is as follows. The collector-base junction is reverse biased and has a very high resistance-of the
order of mega ohms. Thus collector-base voltage has little effect on the collector current. This means that
a large resistance R1 can be inserted in series with collector without disturbing the collector current relation
to the emitter current viz, 1g.. ci!,. + Therefore, collector current variations caused by a small base-
emitter voltage fluctuations result in voltage changes in R( . that arc quite high—often hundreds of times
larger than the emitter-base voltage.

** The d.c, biasing is omitted in the figure because our interest is limited to amplification.
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Voltage amplification, A = ----
V

' 	
2V- - -----	 50-	 signal	 500 mV

Comments. The reader may note that basic amplifying action i produccd h; traiisllrring
current from a low-resistance to a high-resistance circuit. Consequently, the name transistor is given
to the device by combining the two terms given in bold letters below:

Transfer + Resistor —+ Transistor

0.7 Transistor Connections
There are three leads in a transistor viz., emitter, base and collector terntinals. llowevet. when a
transistor is to be connected in a circuit, we require four terminals; two for the input and two for the
output. This difficulty is overcome by making one terminal of the transistor common to both input
and output terminals. The input is fed between this common terminal and one of the other two
terminals. The output is obtained between the common terminal and the Lenlaining tejininal. Ac-
cordingly; a transistor can be connected in a circuit in the following three ways

(i) common base connection (ii) common emitter connection
(iii) common collector connection
Each circuit connection has specific advantages and disadvantages. Ii may be noted here that

regardless of circuit connection, the emitter is always biased in the forward direction, while the-col-
lector always has a reverse bias.

-10.8 Common Base Connection
In this circuit arrangement, input is applied between emitter and base and OUiut is taken trom collec-
to and base. here, base of the transistor is common to both input and output circuits and hence the
name common base-connection. In Fig. 10.9 (1), a common base npn transistor circuit is shown
whereas Fig. 10.9 (ii) shows the common basepnp transistor circuit.

.-....	 'C	 1E,--'.'

" /Curret amplification factor (a).

Fig. 10.9

 It is the ratio of output current to input current. In a
common base connection, the input current is the emitter current 1, and output current is the collector

/ current
- /	 The ratio of change in collector current to the change in emitter current at constant collector-

\\ 	 base voltage V.8 is known as current amplification factor i.e.

at constant V	 7/AlE

•	 If only d.c. values are considered, then a = 'C'1F•
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It is clear that current amplification factor is less than unity. This value can be increased (but
lint more than unity) by decreasing the base current. This is achieved by making the base thin and
doping it lightly. Practical values of a in commercial transistors range from 0.9 to 0.99.

. Expression for collector current. The whole of emitter current does not reach the collec-
I is because a small percentage of it, as a result of electron-hole combinations occurring in base

eL gives rise to base current. Moreover, as the collector-base junction is reverse biased, therefore,
some leakage current flows due to minority carriers. It follows, therefore, that total collector current
consists of: '...'r L

EOODC
Vr'CBO

B
I/.• +

It is clear that if I, = 0 (i.e., emitter circuit is open), a small 	 Fig. 10.10
leakage current still flows in the collector circuit. This 	 is abbreviated as I /ll)' meaning collec-
tor-base current with emitter open. The '(•B(l is indicated in Fig. 10.10.

'C	 Cr + 'C/n)

4. = 	 F
I( S 	 a (/. + '/1) + '(/10

I( (I - (X) = a	 + I(/J()

or	 !—--I +	
,/7T::- 

J	
i•5 vec	 r 1

Relation (1) or (ii) can be used to find /.. It is 	 clear froui these relations ttiat the collector
current of a transistor tan be controlled by either the emitter or base current.

Fig. 10,11 shows the concept 6f 	 In CB configuration, a small collector current flows even

	

when the emitter current is zero. This is the leakage collector current (i.e. the collector current when	 -
emitter is open) and is denoted by	 When the emitter voltage V is also applied, the various
currents are as shown in Fig. 10.11 (ii).

(z) That part of emitter current which reaches the collector
terminal i.e. •a!

(.i) The leakage current I,,.,,. This current is due to the move-
ment-of minority carriers across base-collector junction on account
of it being reverse biased. This is generally much smaller than cx

Total collector current, I.

Now

or

EMITTER OPEN

1r

IE	 a

VEEI.

vcc

(i)	 (ii)
Fig. 10,11

Re

cc

At first sight, it might seem that since there is no current gain, no voltage or power amplification could be
possible with this arrangement. However, it may be recalled that output circuit resistance is much higher
than the input circuit resistance. Therefore, it does give rise to voltage and power gain.

**	
IX =	 -	 .. I(=aI

	In other words, a I., 	of emitter current reaches the collector terminal.
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(ii) Above knee voltage, I( is almost constant. However, a small increase in I. with increasing
V( ./; is caused by the collector depletion layer getting wider and capturing a few more majority carri-
ers before electron-hole combinations occur in the base area.

(iii) br any value of V( .J; above knee voltage, the collector current I. is approximately equal to
X I.

Output resistance. It is the ratio of change in collector-emitter voltage (A V,.,,.)  to the change in
collector current (J.) at constant 1,q

Output resistance, r, = 
A/i. 

at constant

It may be noted that whereas the output characteristics of CB circuit are horizontal, they have
noticeable slop for the CE circuit. Therefore, the output resistance of  CE circuit is less than that of
CB circuit. s value is of the order of 30 k.

-10 )^^ 
ommon Collector Connection

In this circuit arrangement, input is applied between base and collector while output is taken between
the emitter and collector. Here, collector of the transistor is common to both input and output circuits
and hence the name common collector connection. Fig. 10.25 (I) shows common collector npn
transistor circuit whereas Fig. 10.25 (ii) shows common collector pnp circuit.

Rc[OUTPUT

SIGNAL

LL L__.

RC	 I
OUTPUT

SIGNAL	 I()
Fig. 10.2 5

(1) Current amplification factory. In common collector circuit, irui cwrcni Li1 biSC
current i,, and output current is the emitter current 1,. Therefore, current ampliIication in ilis circuit'
arrangement can be defined as under

The ratio of change in emitter current(Al,) to the change in base current (Al.) is known as
7current amplification factor in common collector (CC) arrangement i.e.

AIR

This circuit provides about the same current gain as the common emitter circuit as Al,,..

However, its voltage gain is always less than 1.
Relation between y and a

yr

cL=

All"
Al

Al(.

AI).

10]

..(ii)



Now	 In + It-.

or	 AI, = Al11 +

- Al,. --
SI,ist i iH1 ing thc valuc of Al 11 in ep. (I), we gel,

-	 Al,..

I )ivi.! n t' the numerator and denominator o RI IS. by A/,, we get,

	

Al,.	 1
L\I,;AI( -- 1—a
Al,	 A/,,
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(QU = . LJ

L,-,pi cssion for collector current
We know l,. = a /,, 1('/r()	 (See Art. 10.8)

A ISO	 I,. = I, + l.	 I,, + (a I,; + 1(80)

1,, (1 - a) = fl +

or	 / = I
—a	 I — u

or	 - *(13 + 1) l + ( 13 + I)
(iii) Applications. The common collector circuit has very high input resistance (about 750 kf)

and very low output resistance (about 25 Q). Due to this reason, the voltage gain provided by this
circuit is always less than 1. Therefore, this circuit arrangement is seldom used for amplification.
1 lowever, e t relatively high input resistance and low output resistance, this circuit is primarily
used for i up aricc matching i.e. for driving a low impedance load from a high impedance source.

0.	 omparison of Transistor Connections
The comparison of various characteristics of the three connections is given below in the tabular form.

	

S. No.1 Characteristic I Common base	 I Common emitter I Common collector

I.	 Input resistance

2. Output resistance

3. Voltage gain
4. Applications

Low (about 100 fl) 	 Low (about 750 [) Very high (about
750 ki)

Very high (about	 High (about 45 kfl) I Low (about 50 fl)
450 kfl)
about 150
For high frequency
applications

about 500	 less than I
For audio frequency For impedance
applications	 matching

10.14 Commonly Used Transistor Connection
Out ul the three transistor connections, the common emitter circuit is the most efficient. It is used in

'	 ji- ----	 .- . ji + I	 -a- + I =
	I-a	 I — u	 I—ct
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about 90 to 95 per cent of all transistor applications. 1 tic main reasons for the widespread use of this
circuit arrangement are

(1) High current gain. In a common emitter connection, l( is the o'lput current and 1,, is the
input current. In this circuit arrangement, collector current is given by

13 + f( fl)
As the value of 13 is very large, therefore, the output current !( is much more than the input

current I,,. Hence, the current gain in CE arrangement is very high. It may range from 20 to 500.
(ii) High voltage and power gain. Due to high current gain, the common emitter circuit has the

highest voltage and power gain of three transistor connections. This is the major reason for using the
transistor in this circuit arrangement.

(iii) Moderate output to input impedance ratio. In a common emitter circuit, the ratio of
output impedance to input impedance is small (about 50). This makes this circuit arrangement an
ideal one for coupling between various transistor stages. However, in other connections, the ratio of
output impedance to input impedance is very large and hence coupling becomes highly inefficient
due to gross mismatching.

^^40.15 Transistor as an Amplifier in CE Arrangement
Fig. 10,26 shows the common emitter npn amplifier circuit. Note that a battery V is connected in
the input circuit in addition to the signal voltage. This d.c. voltage is known as bias voltage and its
magnitude is such that it always keeps the emitter-base junction forward *biased regardless of the
polarity of the signal source.

Operation. During the positive half-cycle of the "signal, the forward bias across the emitter-
base junction is increased. Therefore more electrons flow from the emitter to the collector via the
base. This causes an increase in collector current. The increased collector current produces a greater
voltage drop across the collector load resistance Re .. However, during the negative half-cycle of the
signal, the forward bias across emitter-base junction is decreased. Therefore, collector current de-

s	 If d.c. bias voltage is not provided, then during negative half-cycle of the signal, the emitter-base junction
will be reverse biased. This will upset the transistor action.
Throughout the book, we shall use sine wave signals because these arc convenient for testing amplifiers.
But it must be realised that signals (e.g. speech, music etc.) with which we work are generally complex
having little resemblance to a sine wave. However, fourier series analysis tells us that such complex signals
may be expressed as a sum of sine waves of various frequencies.

I
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creases. This results in the decreased output voltage tin the opposite direction). Hence, an amplified
output is obtained across the load.

Analysis of collector currents. When no signal is applied, the input circuit is forward biased by
the battery V,. Therefore, a d.c. collector current l, flows in the collector circuit. This is called zero

signal collector current. When the signal voltage is applied, the forward bias on the emitter-base
junction increases or decreases depending upon whether the signal is positive or negative. During the
positive half-cycle of the signal, the forward bias on em iucr-base junction is increased, causing total
collector current i to increase. Reverse will happen for the negative half-cycle of the signal.

Fig. 10.27 shows the graph of total collector current t,. versus time. From the graph, it is clear
that total collector current consists of two components, namely

(1) The d.c. collector current I. (zero lignal collector current) due to bias battery VBR. This is
the current that flows in the collector in the absence of signal.

(ii) The a.c. collector current i due to signal.
Total collector current, l( . =	 +

The useful output is the voltage drop across collector load R ( . due to the a.c. component i.. The
purpose ofzero signal collector current is to ensure that the em it(cr-base junction is forward biased at
all times. The table below gives the symbols usually employed for currents and voltages in transistor
applications.

S. No. I Particular

l.	 Emitter current
2. Collector current
3. Base current
4. Collector-emitter voltage
5. Emitter-base voltage

Instantaneous a.c.

ic

ib

vc&.

V,.h

d.c.	 Total

IC	 ic
'B

V(

VEB	 VFB

16 Transistor Load Line Analysis

In the transistor circuit analysis, it is generally required to determine the collector current for various
collector-emitter voltages. One of the methods can be to plot the output characteristics and determine
the collector current at any desired collector-emitter voltage. However, a more convenient method,
known as load line method can be used to solve such problems. As explained later in this section, this
method is quite easy and is frequently used in the analysis of transistor applications.

'C
4

CC A

RC

R:	

0 

NLIB

VCE 	l5pA10 p
Jill	

'.J YCE
vCCvcc

(i)	 (ii)
Fig. 10.28
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d.c. load line. Consider a common emitter npn transistor circuit shown in Fig. 10.28 (i) where

no signal is applied. Therefore, dc c. conditions prevail in the circuit. The output characteristics.

this circuit are shown in Fig 10.28 (ii).

The value of collector-emitter voltage VCE at any lime is given by

V	 Vc—IcRc

As V- and RC are fixed values, therefore, it is a first degrecequation and can be represented by
a straight line on the output characteristics. This is known as d.c. load line and determines the locus

Of VCE - 'c points for any given value of R. To add load line, we need two end points of the straight

line. These two points can be located as under:

(1) When the collector current lC = 0, then collector-emitter voltage is maximum and is equal to

vcc i.e.

Max. VCE = VCC

= V	 (.• I=O)

This gives the first point B (OB = V( .c) on the collector-emitter voltage axis as shown in Fig.

10.28 (ii).

(ii) When collector-emitter voltage V = 0, the collector currentas maximum and is equal to

VCCIRC i.e.

VCE = VCC

or	 0 = V—icRc

Max.! = Vcc/Rc

This gives the second point  (OA = V/Rc) on the collector current axis as shown in Fig. 10.28

(ii). By joining these two points, d.c. *load line AB is constructed.

Importance. The current ('a) and voltage (V) conditions in the transistor circuit are repre-

sented by some point on the output characteristics. The
same information can be obtained from the load line. 	 'c()
Thus when IC is maximum (= V/R( .), then VCE = 0

as shown in Fig. 10.29. If /C = 0, then VCE is maxi-	
v

mum and is equal to Va. For any other value of col-	 A

lector current say OC, the collector-emitter voltage V	 C

= OD. It follows, therefore, that load line gives a far
more convenient and direct solution to the problem. 	 c ---- Q

Note. Ii we plot tlìe load line on the output characteris-
tic of the transistor, we can investigate the behaviour of the
transistor amplifier. It is because we have the transistor out-
put current and voltage specified in the form of load line
equation and the transistor behaviour itself specified im-
plicitly by the output characteristics.

- 10.17 Operating Point
/ The zero signal values of I and Vca are known as the operating point.

It is called operating point because the variations of I and Vi7E take place about this point when

signal is applied. It is also called quiescent (silent) point or Q-point because it is the point on Ic — VCF

characteristic when the transistor is silent i.e. in the absence of the signal.

a	 Why load line? The resistance RC connected to the device is called load or load resistance for the circuit
and, therefore, the line we have just constructed is called the load line.
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Suppose in the absence of signal, the base current is 5 pA.
then I. and I"', ,. conditions in the circuit must be represented
by some point on l, 5 pA characteristic. But l and V
Conditions in the circuit should also be represented by some
point on the d.c. load line AD. The point Q where the load line
and the characteristic intersect is the only point which satisfies
both these conditions, Therefore, the point Q describes the
actual state of affairs in the circuit in the zero signal conditions
and is called the operating point. Referring to Fig. 10.30. for
I = S iA the 	 Fern cionat value, are''''

V = OCVolts	 0	 C	 C'E

l. = OD m 	 Fig. 10.30

It follows, therefore, that the zero signal values of l ( and V( .J; (i.e. operating point) are deter-
mined by the point where d.c. load line intersects the proper base current curve.

Example 10.y4. For the circuit shown in Fig. 10.31 (), draw thed.c. load line.

Solution, the collector-emitter voltage V( . is given by
= V.1 . - ! R.

When i( . = 0
= V. = 12.5 V

This locates the point B of the load line on the collector-emitter voltage axis.

IC

'C

5 mA

0	 12 5V  VCE

V= 12.5 V

(1)

	

	 (ii)
Fig. 10.31

When Vc . = 0

Ic = V( .( .IR( . .. 12.5 V12.5 M = 5 mA
'lliis locates the point A of the load line on the collector current axis. By joining these two points,

	

we get the d.c. I	 line AB as shown in Fig. 10.31 (ii).

	

Example 0 . In the circuit diagram shown in Fig. 10.32 (i) if V(.(. = I2V and R(. = 6 W
draw the dc. Jo 	inc. What will be the Qpoint if zero signal base current is 20A andfl = 50?

Solution. The collector-emitter voltage VCE is given by
=

When I. = 0, Vt .,. = V( .( . = 12 V. This locates the point B of the load line. When V( .E = 01 1
= 12 V/6 kQ = 2 mA. This locates the point 4 of the load line. By joining these two points,

load line AD is constructed as shown in Fig. 10.32 (ii).
Zero signal base current, I = 20 pA = 0.02 mA

VBB



2 mA

,	 R=6k2

I m

lIlf I

NO SIGNAL

(i)
Fig. 10.33

-	 (ii)
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C)

)QB
"88	 Vccl2V	 0	 6V	 12V

(I)	 (ii)
Fig. 10.32

Zero signal collector-emitter voltage is

VCE =	 - I. R. = 12 - I mA x 6 kfl = 6 V
:. Operating point is 6 V, 1 mA.
Fig. I0.32(ii) shows the Qpoint. Its co-ordinates are I= I mAand VCE=6V..
Example 

)V'
 In a transistor circuit, collector load Is 4 k47 whereas quiescent current (zero

signal collector current) is imA.
(i) What is the operating point 	 = 10 V?
(ii) What will he the operating point (R = 5 k1?
Solution.	 V,. = 10V,! = I mA
(i) When collector load R = 4 k)

= V( .( .— IcRC = 10—ImAx4k) = 10-4 = 6V
Operating point is 6 V, I mA.

(ii) When collector load R	 5 kf
Vcr. = V(.(.—i(R(.= I0-1mA5M = 10-5 = 5V

Operating point is 5 V, I mA.

10.18 Practical Way of Drawing CE Circuit
The common emitter circuits drawn so far can be shown in another convenient way. Fig. 10.33 shows

+vCC	 _vCC

Transistors

Current amplification factor, 3 = 50
Zero signal collector current, J( = f3 18 = 50 x 0.02 = I mA

'C
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the practical way ol drawing CE circuit. In Fig 10 .33 W. the practical way of drawing common
chillier npn circuit is shown. Similarly, Fig. 10.33 (ii) shows the practical way of drawing common
crnitter pup circuit. In our further discussion, we shall often use this scheme of presentation.

10.19 Output from Transistor Amplifier 	 +Vcc

A transistor raises the strength of a weak signal and thus acts as
an amplifier. Fig. 10.34 shows the common emitter amplifier.	 RcOUTPUT

There are two ways of taking output from this transistor connec-
tion. The output can be taken either across R. across termi-
nals I and 2. In either case, the magnitude of output is the same.
This is clear from the following discussion 	 lB

(i) First method. We can take the output directly by put- OUTPUT
ting a load resistance R in the collector circuit i.e.	 SIGNAL

Output = voltage across Rc= i R	 . (i)
	This method of taking output from collector load is used 	 2

only in single stage of amplification. 	 FIg.10.34
(ii) Second method. The output can also be taken across terminals I and 2 i.e. from collector

and emitter end of supply.

Output = Voltage across terminals I and 2

= Vc—iR
As VCC
 is a direct voltage and cannot pass through capacitor C, therefore, only varying voltage

R. will appear across terminals I and 2.
Output = -	 ...(ii)

From exps. (i) and (ii), it is clear that magnitude of output is the same whether we take output
across collector load or terminals I and 2. The minus sign in exp. (ii) simply indicates the phase
reversal. The second method of taking output is used in multistages of amplification.

10.20 Performance of Transistor Amplifier

The performance of a transistor amplifier depends upon input resistance, output resistance, effective
collector load, current gain, voltage gain and power gain. As common emitter connection is univer-
sally adopted, therefore, we shall explain these terms with reference to this mode of connection.

(i) Input resistance. It is the ratio of small change in base-emitter voltage (EsVBE) to the
resulting change in base current (MB) at constant collector-emitter voltage i.e.

Input resistance, R. =
AlB

The value of input resistance is quite small because the input circuit is always forward biased. It
ranges from 500 ci for small low powered transistors to as low as 5 Q for high powered transistors, In
fact, input resistance is the opposition offered by the base-emitter junction to the signal flow. Fig.
10.35 shows the general form of an amplifier. The input voltage V85 causes an input current 'B'

\Input resistance, R. = --
VBF
---. = 

V85
 --

M8	 'B

Thus if the input resistance of an amplifier is 5(X) ci and the signal
voltage at any instant is I V, then,

Base current, th = 500ci = 2 mA

BE	 Rim

AMPLIFIER
Fig. 10.35

A
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18. The output impedance of a transistor is ........

(I) high	 (ii) zero
(iii) low	 (iv) very low

19. In a transistor, /(. = 100 mA and / j; =

100.5 mA. The value of 13 is ........

(1) 100	 (ii) 50
(ii,) about I	 (iv) 200

20. In a transistor if 13 = 100 and collector cur-
rent is 10 mA, then 1,, is ........
(i) 100 m (ii) 100,1 m 

(iii) 110 mA	 (iv) none of the above
21. The relation between 13 and a is ........

(1) j3 =	 (ii) 13 =I-u	 a

(iii) 
13 = j---	

(iv) p =

22. The value of 13 for a transistor is generally

(1) I	 (ii) less than I
(iii) between 20 and 500
(iv) above 500

23. The most commonly used transistor arrange-
ment is ....... . arrangement.
(z) common emitter
(ii) common base
(iii) common collector
(iv) none of the above

24. The input impedance of a transistor con-
nected in ..........arrangement is the highest.
(i) common emitter
(ii) common collector
(iii) common base
(iv) none of the above

25. The output impedance of a transistor con-
nected in .........arrangement is the highest.
(i) common emitter

(1') common collector
(iii) common base
(iv) none of the above

26. The phase difference between the input and
output voltages in a common base arrange-
ment is .........

(i) 180°	 (ii) 90°

	

(iii) 270°	 (iv) 0°
27. The power gain of a transistor connected in

arrangement is the highest.
(i) common emitter
(ii) common base
(ill) common collector
(iv) none of the above

28. The phase difference between the input and
output voltages of a transistor connected in
common emitter arrangement is ........
(1) 0°	 (ii) 180.

	

(iii) 90°	 (iv) 270°
29. The voltage gain of a transistor connected

in ........arrangement is the highest.
(I) common base (ii) common collector

(iii) common emitter
(iv) none of the above

30. As the temperature of a transistor goes up,
the base-emitter resistance ........
(i) decreases	 (ii) increases

(iii) remains the same
(iv) none of the above

31. The voltage gain of a transistor connected
in common collector arrangement is .......

	(i) equal	 to I	 (ii) more than 10
(iii) more than 100 (iv) less than 1

32. The phase difference between the input and
output voltages of a transistor connected in
common collector arrangement is ........

	

(i) 180°	 (ii) 0°

	

(iii) 90°	 (iv) 270°
33. I. = f31,+ ........

	

() '('B()	 (ii) I-.
(iv) a

34. I( = _a_ I, + ........

	

(I) i'(/ ( )	 ( ii) '('1k)

(iii) I	 (iv) (1 - a) I

35. j	_a	 11, + .......

	

1-u	 I - a

	

( 1) 1(*BO	 () 'CEO

(iii) I-	 (iv) 
'F

36. BC 147 transistor indicates that it is made



1.
6.

11.
16.
21.
26.
31.
36.
41.

(ii)
(ii)

(ii)
(ii:)
(iv)
(iv)
(ii)

3.
8.

13.
18.
23.
28.
33.
38.
43.

(iii)
(ii)

(1)
(i)
(ii)

(1)

(iv)
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of
(I) germanium	 (ii) silicon

(iii) carbon	 (iv) none of the above
= (........) '('Ba

(i) 13	 (,) l+ej
I + 13	 (iv) none of the above

38. A transistor is connected in C13 mode. If it
is now connected in CE mode with same bias
voltages, the values of 1F, I, and /c will
(i) remain the same
(ii) increase
(iii) decrease	 (iv) none of the above

39. lfthe value of cz is 0.9, then value of 3 is ........
(1) 9	 (ii) 0.9

(iii) 900	 (iv) 90
40. In a transistor, signal is transferred from a

circuit.
(1) high resistance to low resistance
(ii) low resistance to high resistance
(iii) high resistance to high resistance
(iv) low resistance to low resistance

41. The arrow in the symbol of a transistor indi-
cates the direction of.........
(1) electron current in the emitter

(ii) electron current in the collector
(ii:) hole current in the emitter
(iv) donor ion current

42. The leakage current in CE arrangement is
that in CD arrangement.

(1) more than	 (ii) less than
(ii:) the same as	 (iv) nonef the above

43. A heat sink is generally used with a transis-
tor to ........
(1) increase the forward current
(u) decrease the forward current
(iii) compensate for excessive doping
(iv) prevent excessive temperature rise

44. The most commonly used semiconductor in
the manufacture of a transistor is ........
(1) germanium	 (ii) silicon

(iii) carbon	 (iv) none of the above
45. The collectorbasc junction in a transistor

has ........
(i) forward bias at all times
(ii) reverse bias at all times

(ii,) low resistance
(iv) none of the above

Answers to Multiple-Choice Questions

2. (iv)

7. (I)
12. (ii)
17. (iii)
22. (ii:)
27. (1)
32. (ii)
37. (iii)
42. (1)

4. (1)

9. (ii)
14. (,)
19. (iv)
24. (ii)
29. (iii)
34. (1)

39. (iv)
44. (ii)

5. (iv)
10. (iv)
15. (iv)
20. (ii)
25. (iii)
30. (s)
35. (1)

40. (II)
45. (ii)

Chapter Review Topics

I. What is a transistor? Why is it so called?
2. Draw the symbol of npn and pnp transistor and specify the leads.
3. Show by means of a diagram how you normally connect external batteries in (i) pnp transistor (ii) npn

transistor.
4. Describe the transistor action in detail.
S. Explain the operation of transistor as an amplifier.
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(ii) Output resistance. It is the ratio of change in collector-emitter voltage ( V( ./ ) to the
resulting change in collector current (M( .) at constant base current i.e.

Output resistance, R0 = ---

The output characteristics reveal that collector current changes very slightly with the change in
collecto r-emitter voltage. Therefore, output esistance of a transistor amplifier is very high— of the
order of several hundred kilo-ohms. The physical explanation of high output resistance is that collec-
tor-base junction is reverse biased.

(iii) Effective collector load, ills the total load as seen by the ac. collector current.
In case of single stage amplifiers, the effective collector load is a parallel combination ofR and

as shown in Fig. 10.36 (1).
Effective collector load, RAC . = R. JIRO

=

	

R, - RO 	
R.

R(.+R)

It follows, therefore, that fora single stage amplifier, effective load is equal to collector load R(..
However, in a multistage amplifier (i.e. having more than one amplification stage), the input

resistance R r of the next stage also comes into picture as shown in Fig. 10.36 (ii). Therefore, effective
collector load becomes parallel combination of R( ., R, and R i.e.

Effective collector load, RA( . = R(	 R0

= R.IIR = _____

As input resistance R. is quite small (25 Q to 500	 therefore, effective load is reduced.
+ Vcc	 + VCC

TWO STAGE
(I)	 (ii)

Fig. 10.36

(iv) Current gain. his the ratio of change in collector current	 to the change in base
current (AIR) i.e.

*	 As output resistance R0 is several times R, therefore, RC can be neglected a5rcernpared to R0.

x

Ac-- Ro
•e R R0 = R as already explained.
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Current gain, 3 =
Alif

The value of P ranges from 20 to 500. The current gain indicates that input current becomes
times in the collector circuit.

(v) Voltage gain. Ills the ratio of change in output voltage (LWCF) to the change in input
voltage (AV,,,,,.) i.e

LW.
Voltage gain,A,. = Al

Change in output current x effective load	 - -
Change in input current x input resistance

= Al( . X 
R4(. = !L. ---- = x —i-

A/ R x R,	 Al/1	 R,	 R,

.x
For single stage. RA( . 	 R ( .. However, for multistage, RA( . = R

	
R where R, is the input
+ 

resistance of the next stage.
(vi) Power gain. It is the ratio of output signal power to the input signal power i.e.

2(Al) x R, .	 (AJ	 AJ. x RAe
Power gain, A 

(Al11)2 x R,	 ENJj)	 Al11 x

current gain x voltage gain

Example 10.17. A change of 200 mV in base-emittc, voltage causes a change of 100 pA in the
base current. Find the input resistance of the transistor.

Solution. Change in base-c mifler voltage is
200 mV

Change in base current, All, = 10 1) tA
V1,.

Input resistance R = A___L.. . = 200rnV= 2 kQ
A/ 11 	l00iA

Example 10.18. If the collector current changes from 2 mA to 3mA in a transistor when collec-
tor-emitter voltage is increasedfrom 2 V to /OV, what is the output resistance?

Solution. Change in collector-emitter voltage is
= 10-2 = 8V

Change in collector current is
AI. = 3-2 = I mA

LW.. 8V
Output resistance, R() = _.KJ L- =	 = 8 kI

Example 10.19. For a single stage transistor amplifier, the collector load is R. = 2kfl and the
input resistance R, = 1kt If the current gain is 50, calculate the voltage gain of the amplifier.

Solution. Collector load, R( . = 2 k)

Input resistance, R, = I k

Current gain, D = 50

Voltage gain, A =	 X	 = 13 x --	 [. For single stage, RAC

= 50x(2/I)100
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,JO.21 Cut off and Saturation Points

Fig. 10.37 (i) shows CE transistor circuit while Fig. 10.37 (ii) shows the output characteristcs along
with the 	 load line.

CV ut o . The point where the load line intersects the f, 0 curve is known as cutff. At this
point, 1, = an only small collector current (i.e. collector leakage current 1 exists. At cut off, the
base-emitter junction no longer remains forward biased and normal transistor action is lost. The
collector-emitter voltage is nearly equal to V(( . i.e.

=

(i)

/	
Fig. 10.37

Saturation. The point where the load line intersects the =	 curve is called satura-
lion. At	 , e base current is maximum and so is the collector current. At saturation,
collector-base junction no longer remains reverse biased and normal transistor action is lost.

I	 —v	 —v((sat) --	 ' (E -	 (E(wl) -	 lee

If base current is greater than 'fl(sat)' then collector current cannot increase because collector-base
junctionJ, .no longer reverse-biased,

(j?( ctive regio . The region between cut off and saturation is known as active region. In the
active region, tfectcifbase junction remains reverse biased while base-emitter junction remains
forward biased. Consequently, the transistor will function normally in this region.

Note. We provide biasing to the transistor to ensure that it operates in the active region. The reader may
find the detailed discussion on transistor biasing in the next chapter.

Example 10.20. Find	 and VCE(CW$fl.O,for the circuit shown in Fig. 10.38 (i).

Solution As we decrease R, base current and hence collector current increases. The increased
collector current causes a greater voltage drop across R; this decreases the collector-emitter voltage.
Eventually at some value of R, Vt .,. decreases to At this point, collector-base junction is no
longer reverse biased and transistor action is lost. Consequently, further increase in collector current
is not possible. The transistor conducts maximum collector current ; we say the transistor is satu-
rated.

/	 = V(.(- 
_*V knee = V.JL..	 rn	

= 20 m 
RC('(cat)	 R.	 lk

is 0.5 V for Ge transistor and IV for Si transistor. Consequently, 	 can be neglected as compared
to V1 . 1 . (' 20 V in this case).
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As we increase R 11 , base current and hence collector current decreases. This decreases the volt-
age drop across R ( .. This increases the collector-emitter voltage. Eventually, when1,, = 0, the emit-
ter-base junction is no Longer forward biased and transistor action is lost. Consequently, further
increase in V( .J. is not possible. In fact, VT nowequals to

= 20 V

-f 20 V

IC

20 mA

VCE
N

0	 20V

(i)	 (ii)

Fig. 10.38

Figure 10.38 (ii) shows the saturation and cut off points. Incidentally, they are end points of the
d.c. load line.

Note. The exact value of	 = Vt .,.. - j(I() R( .. Since the collector leakage current 'CEO is very small,
we can neglect 1(b() R ( . as compared to J'..

10.22 Power Rating of Transistor
The maximum power that a transistor can handle without destruction is known as power rating of
the transistor.

When a transistor is in operation, almost all the power is dissipated at the reverse biased collec
tor-base junction. The power rating (or maximum power dissipation) is given by

PD = Collector current x Collector-base voltage

= I(.x V(.8

P1) = I( . x

[.	 = Vç8 + V i:. Since Vflj; is very small, V(.

While connecting transistor in a circuit, it should be ensured that its power rating is not exceeded
otherwise the transistor may be destroyed due to excessive heat. For example, suppose the power
rating of a transistor is 300 mW. In order to avoid the destruction of the transistor, the product

x I. should not exceed 300 mW,

Example 10.21. The maximum power dissipation ofa transistor is 100mW. If Vc, = 20V, what is
the maximum collector cyrrent that can be allowed without destruction of the transistor?

Solution.	 PI)	 Vi .,. x

100 m 20Vxl.

The base-emitter junction conducts about the same current as the collector-base junction (i.e. 1;

However, VEF is very sia1l (0.3 V for Ge transistor and 0.7 V for Si transistor). For this reason, power
dissipated at the base-emitter junction is negligible.
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100 mW
20V = 

SmA

Thus for V( . J. = 20V, the maximum collector current allowed is 5 mA. If collector current ex-
ceeds this value, the transistor may be burnt due to excessive heat.

Note. Suppose the collector current becomes 7mA. The power produced will be 20 V x 7 mA = 140 mW.
The transistor can only dissipate 100 mW. The remaining 40 m will raise the temperature of the transistor and
eventually it will he burnt due to excessive heat.

10.23 Semiconductor Devices Numbering System

From the time semiconductor engineering came to existence, several numbering systems were adopted
by different countries. However, the accepted numbering system is that announced by Proelectron
Standardisation Authority in Belgium. According to this system of numbering semiconductor de-
vices

(I) Every semiconductor device is numbered by five alpha-numeric symbol, comprising either
two letters and three numbers (e.g. BF 194) or three letters and two numbers (e.g. BFX63). When two
numbers are included in the symbol (e.g. BFX63), the device is intended for industrial and profes-
sional equipment. When the symbol contains three numbers (e.g. BF194) ,the device is intended for
entertainment or consumer equipment.

(ii) The first letter indicates the nature of semiconductor material. For example:
A germanium, B = silicon, C = gallium arsenide, R = compound material (e.g. cadmium sul-

phide)
Thus AC 125 is a germanium transistor whereas BC 149 is a silicon transistor.

(iii) The second letter indicates the device and circuit function.
A = diode	 B = Variable capacitance diode

C = A.F. low powered transistor
E = Tunnel diode
C = Multiple device
K = Hall-effect device
M = Hall-effect modulator
Q = Radiation generating diode
S = Low power switching transistor
U = Power switching transistor
Y = Power device

10.24 Transistor Lead Identification

There are three leads in a transistor viz, collector, emitter and base. When a transistor is to be con-
nected in a circuit, it is necessary to know which terminal is which. The identification of the leads of
transistor varies with manufacturer. However, there are three systems in general use as shown in
Fig. 10.39.

(i) When the leds of a transistor are in the same plane and unevenly spaced [See Fig. 10.39
(i)], they are identified by the position and spacings of leads. The central lead is the base lead. The
collector lead is identified by the larger spacing existing between it and the base lead. The remaining
lead is the emitter.

(ii) When the leads of a transistor are in the same plane but evenly spaced [See Fig. 10.39 (ii),

O = A. F. power transistor
F = H.F. low power transistor
H = Magnetic sensitive diode
L = H.F. power transistor
P = Radiation sensitive diode
R Thyristor (SCR or triac)
T = Thyristor (power)
X = diode, multiplier
Z = Zener diode
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the central lead is the base, the lead identified by dot is the collector and the remaining lead is the
emitter.

B

()	 (ii)	 (iii)
Fig. 10.39

(iii) When the leads of a transistor are spaced around the circumference of a circle [Sec Fig.
10.39 (iii)], the three leads are generally in E-B-C order clockwise from a gap.

10.25 Transistor Testing
An ohmmeter can be used to check the state of a transistor i.e., whether the transistor is good or not.
We know that base-em itter junction of  transistor is forward biased while collector-base junction is
reverse biased. Therefore, forward biased base-emitter junction should have low resistance and
reverse biased collector-base junction should register a much higher resistance. Fig. 10.40 shows the
process of testing an npn transistor with an ohmmeter.

(I) The forward biased base-emitter junction (biased by internal supply) should read a low
resistance, typically 100 Q to I U2 as shown in Fig. 10.40 (I). If that is so, the transistor is good.
However, if it fails this check, the transistor is faulty and it must be replaced.

(i)	 (ii)

Fig. 10.40

(ix) The reverse biased collector-base junction (again reverse biased by internal supply) should
be checked as shown in Fig. 10.40 (ii). If the reading of the ohmmeter is 100 kn or higher, the
transistor is good. If the ohmmeter registers a small resistance, the transistor is faulty and requires
replacement.

Note. When testing a pnp transistor, the ohmmeter leads must be reversed. The results of the tests, how-
ever, will be the same.
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10.26 Applications of Common Base Amplifiers
Common base amplifiers are not used as frequently as the CE amplifiers. The two important

applications of CB amplifiers arc (I) to provide voltage gain without current gain and (ii) for imped-
ance matching in high frequency applications. Out of the two, the high frequency applications are far
more common.

(I) To provide voltage gain without current gain. We know that a CB amplifier has a high
voltage gain while the current gain is nearly 1 (i.e. 4, I). Therefore, this circuit can be used to
provide high voltage gain without increasing the value of circuit current. For instance, consider the
case where the output current from an amplifier has sufficient value for the required application but
the voltage gain needs to be increased. In that case, CB amplifier will serve the purpose because it
would increase the voltage without increasing the current. This is illustrated in Fig. 10.41. The CB
amplifier will provide voltage gain without any current gain.

LOW A,	 HIGH A,

	

I	 GB	 I
	INPUT	 r	 AMP-	 AMPLIFIER	 ,LIFIER 	

OUTPUT

SUFFICIENT A 1 	 A 1

Fig. 10.41

	

(ii) For impedance match-	 SOURCE	 LOAD

	

ing in high frequency applica- 	 1
	tions. Most high-frequency volt- 	 I	 I

	age sources have a very low out-	 = 25 c	 Z. = 8 kc

	

put impedance. When such a	
Ill

	low-impedance source is to be 	 I_

connected to a high-impedance

	

load, you need a circuit to match	
Fig. 10.42

the source impedance to the load impedance. Since a common-base amplifier has low input imped-
ance and high output impedance, the common-base circuit will serve well in this situation. Let us
illustrate this point with a numerical example. Suppose a high-frequency source with internal resis-
tance 25 Q is to be connected to a load of 8 k) as shown in Fig. 10.42. If the source is directly
connected to the load, small source power will be transferred to the load due to mismatching. How-
ever, it is possible to design a CB amplifier that has an input impedance of nearly 25 ) and output
impedance of nearly 8 k1. If such a CB circuit is placed between the source and the load, the source
will be matched to the load as shown in Fig. 10,43.

SOURCE	 BUFFER	 LOAD

I;I Z,=8kQ

-- - - - - - - i	 L - - - - - - - J 	 J
CB CIRCUIT

Fig. 10.43
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Note that source impedance very closely matches the input impedance of CB amplifier. There-
fore, there is a maximum power transfer from the source to input of CB amplifier. The high output
impedance of the amplifier very nearly matches the load resistance. As a result, there is a maximum
power transfer from the amplifier to the load. The net result is that maximum power has been trans-
ferred from the original source to the original load. A common-base amplifier that is used for this
purpose is called a buffer amplifier.

Multiple-Choice Questions

I.	 A transistor has ........
(i) one pn junction
(ii) twopnjunctions

(iii) three pnjunctions
(iv) four pnjunctions

2. The number of depletion layers in a transis-
tor is ........
(i) four	 (ii) three

(iii) one	 (iv) two
3. The base of a.transistor is .......doped.

(1) heavily	 (ii) moderately
(iii) lightly	 (iv) none of the above

4. The element that has the biggest size in a
transistor is ........
(i) collector	 (ii) base

(iii) emitter
(iv) collector-base junction

5. In a pnp transistor, the current carriers are

(i) acceptor ions (ii) donor ions
(iii) free electrons (iv) holes

6. The collector of a transistor is ........doped.
(1) heavily	 (ii) moderately

(iii) lightly	 (iv) none of the above
7. A transistor is a .........operated device.

(i) current	 (ii) voltage
(iii) both voltage and current
(iv) none of the above

8. In an npn transistor . ....... are the minority
carriers.
(1) free electrons (is) holes

(iii) donor ions	 (iv) acceptor ions
9. The emitter of a transistor is ........doped.

(i) lightly	 (ii) heavily
(iii) moderately	 (iv) none of the above

10. In a transistor, the base current is about
of emitter current,
(i) 25%	 (ii) 20%

(iii) 35%	 (iv) 5%
II. At the base-emitter junction of  transistor,

one finds ........
(i) reverse bias
(ii) a wide depletion layer

(iii) low resistance
(iv) none of the above

12. The input impedance of a transistor is
(i) high	 (ii) low

(iii) very high	 (iv) almost zero
13. Most of the majority carriers from the emit-

ter .........
(1) recombine in the base

(ii) recombine in the emitter
(iii) pass through the base region to the col-

lector
(iv) none of the above

14. The current 'B S ........

(:) electron current
(ii) hole current
(iii) donor ion current
(iv) acceptor ion current

15. Ina transistor.........
(i) I( J ) +I	 (ii) 'B'('E

11( 1fi	 (iv) Ij/(_+IjJ
16. The value of a of a transistor is ........

(1) more than I	 (ii) less than I
(iii) I	 (iv) none of the above

17. I( -.- a/F + .........
(0 '	 (

ii) 'CEo

(iii) 'C R0)
	 (iv) 5 'II
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6. Name the three possible transistor connecElons

7. Define a. Show that it is always less than unity.

. Draw the input and output characteristics of CII c000CCIiofl. What do you inter from thcs character-
istics 7

9_ Define P. Show that	
=

10. How will you determine the input and output characteristics of CE connection experimentally 7

H. Establish the following relations

(t) 1 = a IF + 'CBO	 to) l(_ = _____ lfi -1- - ICBO
	1—cs	 I — a

(in) 1c = 'B + 'CEO	 ' = I —a

(v) 'F = (+ 1) la + (P + 1)'090

12. How will you draw d.c. load line on the output characteristics of a transistor? What is its importance?

13. Explain the following terms (i) voltage gain (ii) power gain (iii) effective collector load.

14. Write short notes on the following: (i)advantages of transistors (ii) operating point (iii) d.c. load line.

Problems

1. In a transistor if I = 4.9mA and 'E = 5mA, what is the value of a?	 [0.981

2. In a transistor circuit, I = I mA and I. = 0.9mA. What is the value of I?	 10.1 mA]

3. Find the value of 0 if ci = 0.99.	 [1001

4. In a transistor, 3 = 45, the voltage across 5ki2 resistance which is connected in the collector circuit is
5 volts. Find the base current.	 (0.022 mA]

S. In a transistor, I = 68 jA, i = 30 mA and = 440. Find the value of a. Hence determine the value
of /(--	 [0.99 ; 29.92 mA]

6. The maximum collector current that a transistor can carry is 500 mA. If P=300, what is the maximum
allowable base current for the device? 	 (1.67 mAl

7. For the circuit shown in Fig. 10.44, draw the d.c. load line.

'C

Discussion Questions

1. Why is a transistor low powered device?

2. What is the significance of arrow in the transistor symbol?

3. Why is collector wider than emitter and base 7

4. Why is collector current'slightly less than emitter current?

5. Why is base made thin?

RC 5 
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Transistor Biasing

Introduction

The basic function of transistor is to do amplification. The weak signal is given to the base of the
transistor and amplified output is obtained in the collector circuit. One important requirement during
amplification is that only the magnitude of the signal should increase and there should be no change
in signal shape. This increase in magnitude of the signal without any change in shape is known as
faithful amplification. In order to achieve this, means are provided to ensure that input circuit (i.e.
base-emitter junction) of the transistor remains forward biased and output circuit (i.e. collector-base
junction) always remains reverse biased during all parts of the signal. This is known as transistor
biasing. In thi	 apt , we shall discuss how transistor biasing helps in achieving faithful amplifica-

tion.

11 1	 f̂ul mplification

The process of raising the strength of a weak signal without any change in its general shape is known

as faithful amplification.
The theory of transistor reveals that it will function properly if its input circuit (i.e. base-emitter

junction) remains forward biased and output circuit (i.e. collector-base junction) remains reverse
biased at times. This is then the key factor for achieving faithful amplification. To ensure this, the

followi g basic onditions must be satisfied:

1)
Pr er zero signal collector current

i)	 inimum proper base-emitter voltage (VBE) at any instant

(iii) Minimum proper collector-emitter voltage (V) at any instant

The conditions (i) and (ii) ensure that base-emitter junction shall remain properly forward biased

during all parts of the signal. On the other hand, condition (iii) ensures that base-collector junction

shall remain properly reverse biased at all times. In other words, the fulfilment of these conditions
will ensure that transistor works over the active region of the output characteristics i.e. between

saturation to cut off.

'14 Proper zero signal collector current. Consider an npn transistor circuit shown in Fig. II.

(i). During the positive half-cycle of the signal, base is positive w.r.t. emitter and hence base-emitter
junction is forward biased. This will cause a base current and much larger collector current to flow in
the circuit. The result is that positive half-cycle of the signal is amplified in the collector as shown.
However, during the negative half-cycle of the signal, base-emitter junction is reverse biased and
hence no current flows in the circuit. The result is that there is no output due to the negative half-

212
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cycle of the signal. Thus we shall gel an amplified output of the signal with its negative half-cycles
completely cut off which is unfaithful amplification.

IC = IC + iC

VCC	 VBB	 V(
UNFAITHFUL	 FAITHFUL

AMPLIF5AIION	 AMPLIFICATIO4

L/41)	 (ii—'

Fig. 11.1

Now, introduce a battery source V, in the base circuit as shown in Fig. 11.1 (ii). The magnitude
of this voltage should be such that it keeps the input circuit forward biased even during the peak of
negative half-cycle of the signal. When no signal is applied, a dc. current I- will flow in the collector
circuit due to V as shown. This is known as zero signal collector current It.. During the positive
half-cycle of the signal, input circuit is more forward biased and hence collector current increases.
However, during the negative half-cycle of the signal, the input circuit is less forward biased and
collector current decreases. In this way, negative half-cycle of the signal also appears in the output
and hence faithful amplification results. It follows, therefore, that for faithful amplification, proper
zero signal collector current must flow. The value of zero signal collector current should be atleast
equal to the maxImum collector current due to signal alone i.e.

Zero signal collector current ^t max. collector current due to signal alone
Illustration. Suppose a signal applied to the base of a transistor gives a peak collector current of

I mA. Then zero signal collector current must be atleast equal to I mA so that even during the peak of
negative half-cycle of the signal, there is no cut off as shown in Fig. 11.2 (i).

If zero signal collector current is less, say 0.5 mA as shown in Fig. 11.2 (ii), then some part
(shaded portion) of the negative half-cycle of signal will b cut off in the output.

ic(mA)	 ic(mA)

2 m	
PEAKi=lmA

I mA

-ö

Fig. 11.2	
(ii)
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1 2 I'ioper niinimum hascernitter voltage. In order to achieve faithful amplification, the
base -eirriier vo!tagc i 1 fld houId not tall below 0.5V for germanium transistors and 0.7V for Sr
transistors it mv instant.

GERMANIUM	 SILICON

(i)	 (ii)Fig. 11.3
The base cur-rent is very small until the *input voltage overcomes the potential barrier at the

base-emitter unction. The value of this potential barrier is 0.5' for Ge transistors and 0.7V for Si
transistors as shown in Fig. 11.3. Once the potential harrier is overcome, the base current and hence
collector current increases sharply. Therefore, if base-emitter voltage VIE falls below these values
during any parr of the signal, that part will he amplified to lesser extent due to small collector current.
This will reult in unfaithful amplification.

\pil Proper minimum Vi--,,. at any instant. For faithful amplification, the collector-emitter
voltage VaF, should not fall below, 0.5V for Cie transistors and IV for silicon transistors. This is
called knee \'o(Ia8c (See Pig. 11.4).

(i)	 .	 (ii)

Fig. 11.4
When VCEis too low (less than 0.5V for Ge transistors and IV for Si transistors), the collector-

base junction is not properly reverse biased. Therefore, the collector cannot attract the charge carri-
ers emitted by the emitter and hence a greater portion of them goes to the base. This decreases the
collector cur-rent while base current increases. Hence, value of 3 falls. Therefore, if VCE is allowed
to fall below V,,, during any part of the signal, that part will be less amplified due to reduced P. This
will result in unfaithful amplification. However, when VCE is greater than VkJ,, the collector-base
junction is properly reverse biased and the value of 0 remains constant, resulting in faithful amplifi-
cation.

In practice, ac. signals have small voltage level (<0.1 V) and if applied directly will not give any collector
current,
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SIC

IC

2 mA

I mA

(ii)

2.5 kf)
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1 3i4isis ior Biasing çJ7

It has already been discussed that for faithful amplification, a transistor amplifier must satisfy three
basic conditions, namely : (:) proper zero signal collector current, (ii) proper base-emitter voltage at
any instant and (iii) proper collector-emitter voltage at any instant. It is the fulfilment of these conditions
which is ow, transistor biasing.

pt'fr flow of zero signal collector current and the maintenance of proper collector-emitter
\)/ jvoltgc during the passage of signal is known as transistor biasing.

The basic purpose of transistor biasing is to keep the base-emitter junction properly forward
biased and collector-base junction properly reverse biased during the application of This can
be achieved with a bias battery or associating a circuit with a transistor. The latter method is more
efficient and is frequently employed. The circuit which provides transistor biasing is known as bias-
ing circuit. It may be noted that transistor biasing is very essential for the proper operation of transis-
tor in any circuit.

Example 11.1. An npn silicon transistor has	 = 6 V and the collector load R = 2.5 kD..
Find:

(1) The rna.ximuni collector current that can he allowed during the application of signal for
faithful amplification.

(ii) The minimum zero signal collector current required.
Solution.	 Collector supply voltage, VCC= 6V

Collector load, R = 2.5 kiI
(i) We know that for faithful amplification, V should not be less than IV for silicon transistor.

Max. voltage allowed across R. = 6 - I = 5 V
Max. allowed collector current = 5 V/Ri	 5 V/2.5 k = 2 mA

Vcc = 6V

Fig. 11.5

Thus, the maimum collector current allowed during any part of the signal is 2 mA. If the
collector current is allowed to rise above this value, VC, will fall below I V. Consequently, value of

will fall, resulting in unfaithful amplification.

(ii) During the negative peak of the signal, collector current can at the most be allowed to be-
come zero. As the negative and positive half cycles of the signa( are equal, therefore, the change in
collector current due to these will also be equal but in opposite directiob.

Minimum zero signal collector current required = 2 mAJ2 = 1 mA
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During the positive peak of the signal ipoint A in Fig. I 1.5 (ii)]. 1 ( . = I + I = 2mA and during the
negative peak (point II).

IC 
= I-1=OmA

Example 11.2. A transistor employs a 4 kil load and VCC = 13V What is the maximum input
signal if P = / 00 ? Given Vk,, = IV and a  changc of IV in V causes a change of 5mA in collector
current.

Solution.
Collector supply voltage, V. = 13 V

Knee voltage, V	 = I V
Collector load. R 1 . = 4 k1

Max. allowed voltage across R	 13- I = 12V

12V	 l2V
Max. allowed collector current, i. =	 =	 3 mA

	

RC 	 4k

'c 3mAMaximum base current, i . =	 =30 pA

Now	 Collector "urrent 	 = 5 mA/V
Base voltage (signal voltage)

Base voltage (signal voltage) = Collector current 	
3 mA

-	 = mi	
= 600 mV

11.3 Inherent Variations of Transistor Parameters
In practice, the transistor parameters such as P, V11 are not the same for every transistor even of the
same type. To give an example. BC 147 is a silicon npn transistor with 13 varying from 100 to 600 i.e.
Ji for one transistor may be 1(0 and for the other it may be 600, although both of them are BC147.
This large variation in parameters is a characteristic of transi s tors. The major reason for these varia-
tions is that transistor is a new device and manufacturing techniques have not too much advanced.
For instance, it has not been possible to control the base width and it may vary, although slightly, from
one transistor to the other even of the same type. Such small variations result in large change in
transistor parameters such as 13, V etc.

The inherent variations of transistor parameters may change the operating point, resulting in
unfaithful amplification. It is, therefore, very important that biasing network be so designed that it
should be able to work with all transistors of one type whatever may be the spread in P or VE. In
other word se operating point should be independent of transistor parameters variations.

1	 tIMlisation

The collector current in a transistor changes rapidly when
(i) the temperature changes,
(ii) the transistor is replaced by another of the same type. This is due to the inherent variations

of transistor parameters.
When the temperature changes or the transistor is replaced, the operating point (i.e. zero signal

"c and VCE) also changes. However, for faithfulamplification, it is essential that operating point
remains fixed. This necessitates to make the operating point independent of these variations. This is
known as stabilisation.

The process of making operating point independent of temperature changes or variations in
transistor parameters is known as stabilisation.

0
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/

Once stabilisation is done, the zero signal I. and Vi .,. hccomc independent of temperature varia-
tions or replacement of transistor i.e. the operating point is fixed. A good biasing circuit always
ensures the stabilisation of operating point.

16'r stabilisation. Stabilisation of the operating point is necessary due to the following
r ons

(1) Temperature dependence of I.

(ii) Individual variations
(iii) Thermal runaway.

/'( Temperature dependence of !. The collector current I. for CE circuit is given by
VI	

'C =	 +	 =	 1,7 (3 + 1) 'CR0
The collector leakage current I is greatly influenced (especially in germanium transistor) by

temperature changes. A rise of 10°C doubles the collector leakage current which may be as high as
0.2 mA for low powered germanium transistors. As biasing conditions in such transistors are gener-
ally so set that zero signal J. I in therefore, the change in I due to temperature variations cannot
be tolerated. This necessitates to stab i lise the operating point i.e. to hold I. constant inspite of
temperature variations.

j) Individual variations. The value of andV DE are not exactly the same for any two transis-
tors even of the same t ype. Further, V itself decreases when temperature increases. When a
transistor is replaced b y another of the same t y pe, these variations criange the operating point. This
necessitates to stabilise the operating point i.e. to hold I. constant irrespective of individual varia-
lions in trans.isor parameters.

iü1hermal runaway. The collector current for a CE configuration is given by

IC = 3IR+(+l)IC80

The collector leakage current 'Cfl() is strongly dependent on temperature. The flow of collector
current produces heat within the transistor. This raises the transistor temperature and if no stabilisation
is done, the collector leakage current I., also increases. It is clear from exp. (i) that if I	 in-
creases, the collector current 1 increases by ( + I ) The increased I_ will raise the temperature
of the transistor, which in turn will cause F cao to increase. This effect is cumulative and in a matter of
seconds, the collector current may become very large, causing the transistor to burn out.

The self-destruction of an unstabilised transistor is known as thermal runaway.
In order to avoid thermal runaway and consequent destruction of transistor, it is very essential

that operating point is stabilised i.e. I is kept constant. In practice, this is done by causing l to
decrease automatically with temperature increase by circuit modification. Then decrease in 'B will
compensate for the increase in ( + 1) ICBO, keeping I. nearly constant. In fact, this is what is alays
aimed at while	 ' ing and designing a biasing circuit.

ntials of a Transistor Biasing Circuit

It has already been discussed that transistor biasing is required for faithful amplification.
The biasing network associated with the transistor should meet the following requirements

(i) It should ensure proper zero signal collector current.
(ii) It should ensure that VCE does not fall below 0.5 V for Ge transistors and I V for silicon

transistors at any instant.
(iii) It should ensure the stabilisation of operating point.
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11.6 Stabilit y Factor

It is desirable and necessary to kccp I ( constant in the face of variations of 1 C,90 (sometimes repre-
si-ntcd as The extent to which a biasing circuit is successful in achieving this goal is measured
by stability factor S. It is defined as under

The rate of cliwtgc of collector current1. w.r.r. the collector leakage current	 at constant
und I, is called stability factor i.e:

Stabilit y factor, S	
dl	

at constant l, and

The stability factor indicates the change in collector current I due to the change in collector
leaka ge current /(). Thus a stabilit y factor 50ofacircuit means that /changcs 50 times as much as
any change in ICO I In order to achieve greater thermal stability, it is desirable to have as low stability
factor as possible. The ideal value of S is I but it is never possible to achieve it in practice. Experi-
ence shows that values of S exceeding 25 result in unsatisfactory performance.

The g eneral expression of stabilit y factor for a C . E. configuration can be obtained as under:

* $ Differentiating above expression ic. Ct. 1., we get,

=

(1l11 (ç .4- I)	 [	 dl 0 —

di c	 S	
d1c	 S]

or	 I =	
'

3+l
0/	 S

11.7 of Transistor Biasing

In te 

t^Me i)ds

isistor amplifier circuits drawn so far biasing was done with the aid of a battery VIIB which
as separate from the battery V. used in the output circuit. However, in the interest of simplicity

arid econotit y . it is desirable that transistor circuit should have a single source of supply—the one in
the output circuit (i.e. V( ). The following are the most commonly used methods of obtaining transis-
tor biasing from one source of supply (I. e. Via..

./. (1) Base resistor method
' (ii) Biasing with feedback resistor
/( iii) Voltace-d i vidcr bias

n all these methods, the same basic principle is employed i.e. required value of base current (and
hence is obtained from V ( .( in the zero signal conditions. The value of collector load RC i s

selected keeping in view that VCE should not fall below 0.5 V for germanium transistors and I V for
silicon transistors.

For example, it ji = IOU and the ICIO signal collector current 1c is to be set at lmA, then 18 IS

made equal to l (J = 111(X) = 10 pA. Thus, the biasing network should be so designed that a base
current of It) pA flows in the zero signal conditions.

F1/10 = 1(0 
collector leakagc current in (B arrangement

Assuming 3 to be independent of l-
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A.

N
Fig. 11.6

TransIstor Biasi

I1.8 a R.es1'tor Method

In this method, a high resistance R (several hundred k) is
connected between the base and +ve end of supply for npn
transistor (See Fig. 11 .6) and between base and negativc.end
of supply for pup transistor, Here, the required zero signal
base current is provided by VCC and it flows through R. It is
because now base is positive wri. emitter i.e. base-emitter
junction is forward biased. The required value of zero signal
base current I (and hence 'c = f318 ) can be made to flow by
selecting the proper value of base resistor R8

Circuit analysis. It is required to find the value of RU
so that required collector current flows in the zero signal con-
ditions. Let 1. he the required zero signal collector current.

U -

Considering the closed circuit ABENA and applying Kirchhoffs voltage law, we get,

vCc =
I8 R8 =

R =

in R I? +

VCC_ V8

VCc - VBE

'B

or

(i)

As Va and 'B are known and VBE can be seen troni the transistor manual, therefore, value of R8
can be readily found from exp. (i).

Since VUE is generally quite small as compared to V, the former can be neglected with little
error. It then follows from exp. (i) that

R
/n

It may be noted that VCC is a fixed known quantity and I, is chosen at some suitable value.
Hence, R. can always be found directly, and for this reason, this method is sometimes callcdJixed-
bias method.

Stability factor. As shown in Art. 11 .6,
1.I+lStability factor, S =

(d18)
(dIi)

In fixed-bias method of biasing, i is independent of/c. so that dif/dIL =0. Putting the value of
d18 / d1. = 0 in the above expression, we have,

Stability factor, S = 13 + I
Thus the stability factor in a fixed bias is (13 + I). This means that IC changes ( 13 + I) times a

much as any change in1co, For instance, if 13 = 100, then S = 101 which means that 'c increases 10
Due to the large value of S in a fixed bias, it has poor thermal stability.

ptages:

(i) This biasing circuit is very simple as only one resistance R, is required.
(ii) Biasing conditions can easily be set and the calculations are simple.
(iii) There is no loading of the source by the biasing circuit since no resistor is employed across

base-emitter junction.
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Disadres
(i) This method provides poor stabilisation. It is because there is no means to stop a self-

Increase in collector current due to temperature rise and individual variations. For example, if
increases due to transistor replacement, then IC also increases by the same factor as 1. is constant.

(it) The stability factor is very high. Therefore, there are strong chances of thermal runaway.
Due to these disadvantages, this method of biasing is rarely employed.

Example 11,3. Fig. 11.7 (i) shows biasing with base resistor method. (i)Deterrnine the collector
current ic and collector-emitter voltage VCE. Neglect small base-emitter voltage. Given that 	 50.

V,	
(ii) If R8 in this circuit is changed to 50 k14 find the new operating point.
Solution.

+2V	 +9V

N

(1)

	

Fig. 11.7	
(ii)

In the circuit shown in Fig. 11.7 (i), l-iasing is provided by a battery V (= 2V) in the base circuit
which is separate from the battery (= 9V) used in the output circuit. The same circuit is shown
in a simplified way in Fig. 11.7 (ii). Here, we need show only the supply voltages, + 2V and + 9V. It
may he noted that negative terminals of the power supplies are grounded to get a complete path of
current.

(t) Referring to Fig. 11.7 (ii) and applying Kirchhoff 's voltage law to the circuit ABEN, we get,
I R8 + V,	 = 2V	 i?	 -	 =IV

As V,5 . is negligible,
2V	 2V

	

I = - =	 = 2OpA
R,	 l(X)kI

Collector current, i =P I, = 50 x 20 p A = 1000 p A = 1 mA
Applying Kirchhoff s voltage law to the circuit DEN, we get,

Ic,'c+ VCE = 9 JcRc
or	 lmAx2kQ+Vcr =
or	 VCE = 9-2=7V

(ii) When R. is made equal to 50 M. then it is easy to see that base current is doubled i.e.

= 40 pA.
Collector current, I. = ( 1 = 50 x 40 = 2000 p A	 2 mA
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CoIktor-emitter voltage, VCE =	 - 1 R. = 9 - 2 mA x 2 k = 5V

New crating point is 5 V, 2 mA.

e 11.4. Fig. 11.8 (i) shows that a silicon transistor with 13 = 100 is biased by base
resistor method. Draw the dc. load line and determine the operating point. What is she stability
factor?

Solution.	 V	 = 6 V, R8 = 530 k, R= 2 k

D.C. load line. Referring to Fig. 1 1.8 (i),

V = Vc—IcRc

When I = 0, VCE = VCC = 6 V. This locates the first point B (Oft = 6V) of the load line on

collector-emitter voltage axis as shown in Fig. 11.8 (ii).

When V = 0, I = VCCJRC = 6V/2 k = 3 mA. This locates the second point A (OA = 3mA)

of the load line on the collector current axis. By joining points A and B, d.c. load line AB is con-

structed (See Fig. 11.8 (ii)].

Fig. 11.8

Operating point Q . As it is a silicon transistor, therefore. YBE = 0.7V. Referring to Fig. 11.8 (i),

it is clear that

IBRB+ VBE = Vcc

or	
Vcc - V9 = (6 - 0.7) V

= 10 p
RD	 530 kQ

Collector current, I = 13I, = 100  10 = 1000 ilA = 1 mA

Collector-emitter voItage,V = V - tc Rc 6 - I mA x 2 k) = 6-2 = 4 V

Operating point is 4 V. 1 mA.

Fig. 11.8 (ii) shows the operating point Q on the d.c. load line. Its co-ordinates are Ic = I mA and

VCE=4V.

tability factor = 13 + I = 100 + I = 101

a	 e11.5. (i) A germanium transistor is to be operated at zero signal 1c = linA. If she
collector supply VCC = 12'v what is the value of R in the base resistor method ? Take 13 /00.

(7v'

	

	 (ii) If another transistor of the same batch with 13 = 50 is used, what will be the new value of
zero signal 'cf0' the same RB?
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Solution.	 V(.c	 2 V,	 3 = 100
As it i' a Ge transistor, thcrclore.

Vitt: = 0.3 V

(i) -	 Zero signal I = I mA

Zero signal	 =	 = I mAIlOC = 0.01 mA

Usiug the iclation, V(( .	 18 R3 + V.

R- V - V - 12— 03

	

H -
	 0.OlmA

= 11.7 V/0,01 mA = 1170 kfl

(ii) Nqw	 50

Again using the relation, V(( . = I, R8 +

• 1HV
CC -	 12 - 0.3

- R, 1170 

11.7 V/1170k = 0.01 mA

Zero signal 'c =	 = 50 x 0.01 = 0.5 mA
Comments. It is clear from the above example that with the change in transistor parameter , the

zero signal collector current has changed from I mA to 0.5mA. Therefore, base resistor method
cannot provide stabilisation.

Example 11.6. Calculate the values of three currents in the circuit shown in Fig. 11.9.
Solution. Applying Kit chhoffs voltage law to the base side and taking resistances in W and

currents in mA, we have,

+ V= IOV

Fig. 11.9

V cc= I,, R8 + V,, 1. + IE x I
or	 10 =

0/	 1 0 = l0(X)I8+(3I11+I,1)

M ,	 10 = I000IB +(I00I11 +Ifi) .
or	 10	 1101/B

10/1101	 0.0091mA

*	 Neglecting VBE as it is generally very small.
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Ic = 13 I = 100 x 0.0091 = 0.91 mA

Ai	
IE = 'C 'B = 0.91 - 0.0091 = 0.919 mA

Example 11.7. Design base resistor bias circuitJ'ora CE amplifier such that operating point is

CE = 8V and 'c = 2 mA. You are supplied with afixed 15V d.c. supply and a silicon transistor with
= 100. Take base-emitter voltage V8j. = 0.6V Calculate also the value of load resistance that

would be employed.

Solution. Fig. 11.10 shows CE amplifier using base resistor method of biasing.

V. = 15V;13=iO0;V.=(UN

	

•	 VCE8V;IC.2mA;RC.;Rfi_.

VCC = VCE+
	or	 15V = 8V+2niAxR

	

•	 R	
(15-8)V	

35kflC	 2mA

= 1j13 = 2/100 = 0.02 mA

V. = 18R8+V

R 
=	 .Y =	 = 720kL1

B	 0.02 mA

F1g.)lf(	 Fig. 11.11

U-" 11^ 1 ng with Feedback Resistor

In this method, one end of R. is connected to the base and the other end to the collector as shown in

ç Fig. 11.11. Here, the required zero signal base current is determined n by V. hut by the collector-

base voltage V.8. It is clear that V(.8 forward biases the base-c inittcr J unction and hence base current

18 flows through R8. This causes the zero signal collector current to how in the circuit.

Circuit analysis. The required value of R,1 needed to gic the zero signal current Ic can be

determined as follows. Referring to Fig. 11.1!,

V(C = */ R + I R, +

*	 Actually voltage drop across R C (1R + ') R.
However. l << I Therefore, as a reaconhle approximation. we can say that drop across R1. IcRc.



Fig. 11,12
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or F?	
- V1±!.(

II -

-	

(: 'C'B)

Alternatively,	 V1, = V1 + V.11

or	 V( It = VCP. - V,11.

V, 1 - V -r	 V,,,	
'CR8 =

	 -
-- -- where =

It can he shown mathematically that stability factor S for this method of biasing is less than
(3+ l)i.e.

Stability factor, S < ( + 1)
Therefore, this method provides better thernial stability than the fixed bias.

/71
(1)	 is a simple method as it requires only one resistance R8.

(ii) This circuit provides some stabilisation of the operating point as discussed below:
V 
CE - VBp+V(.s

Suppose the temperature increases. This will increase collector leakage current and hence the
total collector current. But as soon as collector current increases, decreases due to greater drop
across R. The result is, that V decreases i.e. lesser voltage is available across R8 . Hence the base
current 

'B 
decreases.7The smaller 1 R tends In decrease the collector current to original value.

Di	 cages
The circuit does not provide good stabilisation because stability factor is fairly high, though

it is lesser than that of fixed bias. Therefore, the operating point does change, although to lesser
extent, due to temperature variations and other effeco.

(ii) (This circuit provides a negative feedbackwhich reduces the gain of the amplifier as ex-
plained hereafter.(During the positive half-cycle of the signal, the collector current increases. The
increased collector current would result in greater voltage drop across R. This will reduce the base
current and	 cc llectorcurrcnt.)

E,oWl1.8. Fig. 11.12 shows a silicon transistor biased by feed back resistor method. Deter-
mine I operating point. Given that 3 = 100. 	 + V, = 20 V

Solution.	 Va.	 20V. R 13 = l00k), R	 I 
Since it is a silicon transistor, V,,,. = 0.7 V.
Assuming I to be in mA and using the relation,

RR - 
Vç . - V/iL. - /

I,
or	 I00 X111 =20_0.7_lOOx1Rxl
or	 2001k, = 19.3

19.3or	 = 200 - 0.096 iitA

Collector current, I = P 1 = 100 x 0.096 = 9.6 mA
Collector-emitter voltage is



Fig. 11.13
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Vc .E = VCC -
= 20-9.6mAxIkfI

= l0.4V

Operating point is 10.4 V, 9.6 mA.

2 Example 11.9. (1) It is required to set the operating point by biasing with feedback resistor at
1=J'& VcE =8V If 	 100, V.= 12V V8 =O.3 V. how will you do it

(ii) 
What will be the new operating point if P = 50, all other circuit values remaining the

same?

Solution.	 Vcc = 12V, V = 8V, I, = iotA

0 = 100, V = 0.3V

(i) To obtain the required operating point, we should find the value of R8.
Now, collector load is

R - Vcc — V,,	 - (128)V - 4k
C	 - ImA -

Lc ImA
Also	 18 = --	 -	 = 0,01 mAloo

Vcc—VBEill9RC
Using the relation, R. =

= 12-0.3—l00x0.01x4	
770 fl

0.01

(ii) Now 3 = 50, and other circuit values remain the same.

V. = VBE + 18 R8 + 111
 R-

or	 12 = 0.3 + I (R8 + R)

Or	 11.7 = /8(770+50x4)

or	 I = -1 1.7 V	
0.0 12 mA

970 kL'

Collector current, I. = 3I = 50x0.012 = 0.6mA
Collector-emitter voltage, V = V - 1R = 12 0.6 mA x 4 k = 9.6 V

New operating point is 9.6 V, 0.6 mA.
+vcc

Comments. It may be seen that operating point is changed
when a new transistor with lesser P is used. Therefore, biasing
with feedback resistor does not provide very good stabilisation.
It may be noted, however, that change in operating point is less
than that of base resistor method.

7 Example 11.10. It is desired to set the operating point at
2V. ImA by biasing a silicon transistor with feedback resistor
R8. If 0 = 100, find the value of R8.

Solution.

For a silicon transistor,

VBE	 0.7 V

'8 =
	 = l/I( = 0.01 mA
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Nv	 V(.f = voi. + V(it
or	 2 = 0.7 + V(11

= 2-0.7 = 13V

R	
1.3V	

130kL2
/i1,,/ '	' 	 /	 0.01 mA

Y it1,/vitage Divider Bias Method

This is the most widely used method of providing biasing and stabilisation to a transistor. In this
method, two resistnices R 1 and R 2 are connected across the supply voltage Vcc(See Fig. 11.14) and

W
provide biasing. The emitter resistance Rb provides stabilisation. The name "voltage divider' comes
from die voltage divider formed by R 1 and R. The voltage drop across R 2 forward biases the base-
eini(te junction. This causes the base current and hence collector current flow in the zero signal
conditions.

+ V(..c

Fig. 11.14
Circuit analysis. Suppose that the current flowing through resistance R 1 is 11. As base current

IR i; very siiiall. therefore, it can be assumed with reasonable accuracy that current flowing through R2
is also J.

(I) Collector current

R, + R2

Voltage across resistance R, is

V2 = 
( ; k; JR2

Applying Kirchhoff s voltage law to the base circuit of Fig. 11. 14,

V2 =

or	 V2 = VE+l(R(

or	 I =
L	

RE

Since 1 1'. ic
J - V2—V.

C	
RE
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It is clear from exp. (i) above that l does not fl depend upon P.Though l ( tlepeiith upon VHE
but in practice V2 >> VBESO that I. is practically independent ol V13 , Thus 1 in this circuit is almost
independent of transistor parameters and hence good stabilisation is ensured. It is due to this reason
that potential divider bias has become universal method for providing transistor biasing.

(ii) Colleetor-emitter voltage V. Applying Kirchholt's voltage law to the collector side,

V. = I- R. + vCt + 1E Rh
'c R+ VcF +IC R F	 (. 1E =I(-)

= 1c ( R + R1 ) + VCF

VCE = V - 1 (R + R)

Stabilisation. In this circuit, excellent stabilisation is provided by R Consideration of eq. (i)
reveals this fact.

V2 = V+!R

Suppose the collector current l. increases due to rise in temperature. This will cause the voltage
drop across emitter resistance RE to increase. As voltage drop across !?2 (i.e. 2) is *independent of

therefore, VBE decreases. This in turn causes l, to decrease. The reduced value of I, tends to
restore 1C to the original value.

Stability factor. It can be shown mathematically that stability factor of the circuit is given by

Ea

Stability factor, S
+ 1) ( Rr + R1)

RT 4 R,, + 0 R.

R.
+ k

(+lx
I +

R,.

R1 R.,
where R7

If the ratio RTIRE is verysniafl, then R.r/RF edn be neglected as compared to I and the stability
factor becomes

Stability factor =	 + I) x --- =

This is the smallest possible value of S and leads to the inaxiriruin possible thermal stability. r)i.ie
to design **considerations RJJR has a value that cannot he neglected as compared to I. in actual
practice, th cir it	 tbility factor around 10.

E	 e 1,.fI7 F11. /5(i) shows the voltage divider bias method. Diaw the d.c. load line
and	 mine the operating point. ASSUme the tran.si.,tor to be of silicon.

Solution.

d.c. load line. The collector-emitter voltage V( .f is given by

VCE = Vc(—Ic(Re+RF)
When I. = 0, VCE = V = 15V. This locates the first point B (08 = 15V) of the load line on the

collector-emitter voltage axis.

Voltage drop across R2 =

	

	 R2
R 1 + 14

** Low value of Ri can be obtained by making R, very small. But with low value of R2 . current drawn from
V will be large. This puts restrictions on the choice of Rr Increasing the value of ìç requires greater
VCC in order to maintain the same value of zero signal collector current, Therefore, the ratio R7IR cannot
be made very small from design point of view.
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When V< .,.. = 0, I- =	 = S mA
Rc+ RE 	 (I+2)kcI

This locates the second point A (OA = 5 mA) of the load line on the collector current axis. By
joining points A and B, the d.c. load toe All is constructed as shown in Fig. 11.15 (ii).

+ V,..= IS V

'C

(i)

	

	
(ii)

Fig. 11.15

Operating poinL For silicon transistor,

	

VaE	 0.7 V

	

Voltage across 5 kfl is

Vcc-V = --- x 5 =	 = v

	

2	 10-4-5	 10+5

V2 —V F 	 5-0.7	 4.3V
Emitter current, 'E = -	 - j-- = ---	 = 2.15 mA

Collector current is

	

1C - I£	 2.15mA

Collector-emitter voltage, VCE= V cc - (R + RE)

= 15 - 2.15 mA x 3 k = IS - 6.45 = 8.55 V

Operating point is 8.55 V, 2.15 mA.

Fig. 1l.15 (ii) shows the operating point Q on the load line. Its co-ordinates are I= 2.15 mA,

V=8.55V. 7

Example 11.12. Determine the operating point of the circuit shown in the previous problem by
/	 using Thevenin's theorem.

Solution. The circuit is redrawn and shown in Fig. It. 16 (i) for facility of reference. The d.c.

circuit to the left of base terminal B can be replaced by Thevenin's equivalent circuit shown in Fig.
11,16 (ii). Looking to the left from the base terminal B [See Fig. 11.16 (i)], Thevenin's equivalent

voltage E0 is given by:

-
	R2 	 ,ds)x5 = 5V

- R1+R2) 2
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Again looking to the left from the base terminal B [See Fig. 11.16 (I)], Thevenins equivalent
resistance R0 is given by

R
R, R2

0	 R1+R2

Fig. 11.16 (ii) shows the replacement of bias portion of the circuit of Fig. 11.16(i) by its Thevenins
equivalent.

+Vccl5V	 +Vcrl5V

/lJ
R 1 I0kfl	 I 

'8
S
B

I'

R2 	 2M
E VccR2
0 R 1 + R2

(i)

	

	 (ii)
Fig. 11.16

Referring to pig. 11.16 (ii), we have,
E0 = 18 R0 + YBE 	 !8R0 + VBE + ! R	 ( 'E

!8R0+ VfiE + P IB RE =!fi(Ro + I3RF) + VBt._.

E0 - VBEor	
'B = RO+RE

	Collector current, I =	 '8 
=

Dividing the numerator and denominator of R.H.S. by 13, we get,

	

-	 VBE

-

As 5 R0 /13 << RE, therefore, R0,113 may be neglected as compared to RE.

Eo —VBE

- = 
5-0.7

'C =
	 RE 	

2kU = 2.15 mA

VCE = VCc —lc(RC + RE) = 15-2.15mAx3kL1
= 15-6.45 = 8.55V

Operating point is 8.55 V, 2.15 mA.

Example 11.13. A transistor uses potential divider method of biasing. R, = 50 kfl, R2 = JO W
and RE= JkLl If V.= I2Vfind:

(i) the value of 1c given VSE = 0.1 V

(ii) the value of 1c; given VBE = 0.3V Comment on the result.

In fact, this condition means that I is very small as compared to I, the current flowing through R 1 and R,.
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Solution.	 R1 = 50k. R2 lOW, R,= I ku, V = 12 V

When V81. = I). I V

Voltage across R 2 , V2	
- R2	 v	 =	 ID x12 = 2V
R1+R2 CC	 50+10

.
Collector current, IC 

= 

V —V	
= 

2-01 
= 1.9 mA

(ii) When V, = 00 V

Collector current. I	 =I kQ
= 1.7 mA

Comments. From the above example, it is clear that although VBE varies by 300%, the value of Ic
changes only by nearly 10% 0̂ 1 s  explains that in this method, I is almost independent of transistor
parameter variations.

Example 1t..Calculate the emitter current in the voltage divider circuit shown in Fig. 11.17.

Also find the value of VCE and collector potential V.

+ Vcc 2O V

+	
Rc=lkfl

R1lokc1

"B

P__,

J
R210kc 	

1E J 

RE=5kQ

Fig. 11.17

Solution.

Voltage across R 2 , V2 = (--
	 1 j 20 j- j 'jio = 10C-C-- ) R-, =

Now	 V2 = VbF+IjRF

As y is generally small, therefore, it can be neglected.
- V2	 WV -

2 mA'E R	 5k11

Now	 IC = I E = 2mA

V E = Va - 1 (R( - + RE) = 20 - 2 mA (6 W)

= 20-12 = 8V

Collector potential. VC = Vcc lc Rc = 20 2 MA x 1 k

= 20-2 = 18V

11.11 Design Of Transistor Biasing Circuits

(For low powered trolsistors)
In practice, the following steps are taken to design transistor biasing and stabilisation circuits
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Step 1. It is a common practice to take RE = 500— l000i Greater the value of RE , better is the

stabilisation. However, if RE is very large, higher voltage drop across it leaves reduced voltage drop
across the collector load. Consequently, the output is decreased. Therefore, a compromise has to be
made in the selection of the value of RE.

Step 2. The zero signal current I is chosen according to the signal swing. However, in the
initial stages of most transistor amplifiers, zero signal I ImA is sufficient. The major advantages
of selecting this value are

(I) The output impedance of  transistor is very high at ImA. This increases the voltage gain.
(ii) There is little danger of overheating as I mA is quite a small collector current.
It may be noted here that working the transistor below zero signal l = 1 mA is not advisable

because of strongly non-linear transistor characteristics.
Step 3. The values of resistances R 1 and R 2 are so selected that current! 1 flowing through R 1 and

R2 is atleast 10 times 'B i.e. 1 ^! 10 !. When this condition is satisfied, good stabilisation is
achieved.

Step 4. The zero signal I. should be a little more (say 20%) than the maximum collector current
swing due to signal. For example, if collector current change is expected to be 3mA due to signal,
then select zero signal I 3.5 mA. It is important to note this point. Selecting zero signal !. below
this value may cut off a part of negative half-cycle of a signal. On the other hand, selecting a value
much above this value (say 15mA) may unnecessarily overheat the transistor, resulting in wastage of
battery power. Moreover, a higher zero signal I will reduce the value of R C (for same	 resulting
in reduced voltage gain.

Example 11.15. In the circuit shown in Fig. 11.18, the operating point is chosen such that I. =
2mA, Vc 3V If RC 2.2 kQ Vcc = 9V and 43 = 50, determine the values of R,, R2 and R. Take
VRF = 0,3V and 1 1 = 1018.

Solution.	 /	 RC = 2.2 M, V. = 9V,	 13 = 50

VaE 	 0.3V,	 /i = lOis

As!8 is very small as compared to !, therefore, we can assume with reasonable accuracy that!1
flowing through R 1 also flows through R2.	 + v.= 9 V

Base current, ! = 'c- = 
2 m 

= 0.04 mA
13	 50	

I	

2.2kc 4
Current through R1 & R2 is

I l = 10J =lOxO.04	 0.4mA

Now	 / =
I	 R1+R2

VCC	 9V —
22.5 k1R1+R2 -

	 0.4 mA -	 R211

Applying Kirchhoff s voltage law to the collector side of the
circuit, we get,

Vcc = 1c R VCE + 'C R.
or	 V. = 'c R1 + Vce + 'c RE

or	 9 = 2mAx2.2W+3+2rnAXRE

I'B

+11

	
VCE

RE

Fig. 11.18

'C1E)

RE 
=9-4.4- = 0.8 k = 800 L

2



1k

R0 = 3.3 kQ

'B

,E0=5V 2kQ

0 kS.

5 kc
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Voltage across R 2 , V2 = V, + V, = 0.3 + 2 mA x 0.8 kO
= 0.3+1.6= 1.9V

Resistance R2 = . V2 11 1 = 1.9V/0.4tnA = 4.75 kg
and	 R1 = 22.5-4.75 = 17.75k

Example 11.16. An npn transistor circuit (See Fig. , ! 1.19) has a = 0,985 and V, = 0.3 V. If V.

	

16 V. calculate R, and R to place Q point at I 	 2m4, V( .E = 6 volts.
Solution,	 a = 0.985, VBF=O.3V, V= 16V	 +V= 16V

=	 a	 -	 0.985	 = 66	 Il1—a - 1-0,985

Base current, I =	 = 2 mA = 0.03 mA	 ,	 RC
66	 RI:

Voltage across R2, V2 = VBE + V, = 0.3+2mAx2kfl
= 4.3V	 __-	 __

Voltage across R 1	 V( .( .— V2 = 16-4.3 = 11,7 V	
12

Current through R 1 & R2 is

=	 = 4.3 V = 0.215 mA
/?2 	 20 k	 R2 20 k	 k

Resistance R 1 =	

2
Voltage across R1 =	 11.7 V.:. 

Il	 0.215niA
= 54.4 k!Q	 Fig. 11-19

Voltage across R (. = Va.—	 Vg
= 16-6--2x2 = 6V

Collector resistance, R. 
= Voltage across R(. = 6V =

ic	2mA

Example 11.17. Calculate the exact value of emitter current in the circuit shown in Fig. 11.20
(i). Assume the transistor to be of silicon and P = 100.

Solution. In order to obtain accurate value of emitter current 'E' we shall replace the bias portion
of the circuit shown in Fig. 11.20 (i) by its Thevenin's equivalent. Fig. 11.20 (ii) shows the desired circuit.

+Vrr=ISV	 +V=I5V

Fig. 11.20
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Looking from the base terminal B to the IcR, Thevenins voltage E is-given by

	

E	 _ V =	 x15=5Vo --	 CC	 10+5

Again looking from the base terminal B to the left, Thcvenin's resistance R. is given by;

	

R	
P1!?2	 10x5 =	

= 3.3k1	o 	
R1+R2	 10+5	 15

Applying Kirchhoff's voltage law to the base-emitter loop ISee Fig. 11.20 (ii)],
E0 = 18 R0 + VRE + IERE

Since IE_.IC , therefore , 'B =

= !RO+VBE+lERF

= 1FREJ+VBF

= E - VBE = 5-0.7 	 (For Si transistor, VRE = 0.7 V)

13	
C	 100

4.3 V
= 2.033 kQ = 2.11 mA

Example 11.18. The potential divider circuit shown in Fig. 11.21 has the values as follows:

'F = 2mA, 'B = SOp.A, V,= 0.2V RE = ikLI, R2 = 10 kfI and Vcc = IOV Find the value of R,

+ Va = IOV

Fig. 11.21
Solution. In this problem, we shall consider that currents through R 1 and R 2 are different, al-

though in practice this difference is very small.
Voltage aCross R2 , V2 = V, - IF RE = 0.2 + 2 mA x I k2

= 0.2+2 = 2.2V

Current through R 2 , 12 =	 =10 k 91 = 0.22 mA



'C(max

'C(maxJ

0	 V

2

VCE

CE
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Current through R 1 , I = 12 + It, 	 0.22 + 0.05 = 0.27 mA

	

Voltage across R 1 . V 1	 V1 - V2	 10— 2.2 = 7.8 V
• 

R1 -
	

- 7.8V= 28.89 k
1 1 0.27 mA 

Example 11.19. Fig. 11.22 shows the potential divider method of biasing. What will happen if
(i) resistance R2 is shorted	 (ii) resistance R2 is open-circuited

	

(iii) resistance R 1 is shorted	 (iv) resistance R 1 is open '

Solution. (i) If resistance R2 is shorted, the base NJII be grounded. It will be left without
forward bias and the transistor will be cut off i.e., output will be zero.

(ii) If resistance R2 is open, the forward bias will be very high. The collector current will be
very high while collector-emitter voltage will be very low.

(iii) If resistance R 1 is shorted, the transistor will be in saturation due to excessive forward bias.
The base will be at Vcc and emitter will be only slightly below

(iv) If R 1 is open, the transistor will be without forward bias. Hence the transistor will be cut off
i.e. output will be zero.

MIM

Fig. 11.22	 Fig. 11.23

11.12 Mid-Point Biasing

When an amplifier circuit is so designed that operating point Q lies at the centre of d.c. load line, the
amplifier is said to be midpoint biased. When the amplifier is mid-point biased, the Q-point provides
values of I. and VCE that are one-half of their maximum possible values. This is illustrated in Fig.
11.23. Since the Q-point is centred on the load line;

Ic	.

	

2 C(rnax)'	 CE	 2
When a transistor is used as an amplifier, it is always designed for midpoint bias. The reason is

that midpoint biasing allows optimum operation of the amplifier. In other words, midpoint biasing
provides the largest possible output. This point is illustrated in Fig. 11.24 where Q-point is centred
on the load 'ine.



C(rn

Vc5

1B	 Rc2k -

R8 = 360 kL	
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CE (VOLTS)
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IC

vCC vCC

2
Fig. 11.24

When an ac signal is applied to the base of the transistor, collector current and collector- emitter
voltage will both vary around their Q-point values. Since Q-point is centred, l- and V(., can both
make the maximum possible transitions above and below their initial dc values. If Q-point is located

above centre on the load line, the input may cause the transistor to saturate. As a result, a part of the
output wave will be clipped off. Similarly, if Q-point is below midpoint on the load line, the input
may cause the transistor to go into cut off. This can also cause a portion of the output to be clipped.

It follows, therefore, that midpoint biased amplifier circuit allows the best possible ac operation of

the circuit.

Example 11.20. Determine whether or not the circuit shown in Fig. 11.25 (i) is midpoint biased.
+Vc=8V

(i)	 (ii)
Fig. 11.25

Solution. Let us first construct the dc load line.

I- m AC(nv.u)	 RC	 2k 

This locates the point A (QA = 4 mA) of the dc load line.

CE(.)	 = 8V

This locates the point B (OB = 8V) of the dc load line. By joining these two points, dc load line

Al? is constructed ISee Fig. II .25(U)].
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Operating point. Referring to Fig. I 1 .25 (i), we have,
8V-0.7V

=	 RB	 - 360 k	 = 20.28 PA

= 13 1, = 100 (20.28 pA) = 2.028 mA
Also	 V(.E = Vcc JR = 8 V (2.028 mA) (2 k g)) = 3.94 V
Since 

VIE
 is nearly one-half of V, the amplifier circuit is midpoint biased.

Note. We can determine whether or not the circuit is midpoint biased without drawing the dc
load line. By definition, a circuit is midpoint biased when the Q-point value of VCE is one-half of
Therefore, all that you have to do is to find the operating point Q of the circuit. If the Q-point value of
VCE is one-half of V, the circuit is midpoint biased.

Example 11.21. Determine whether or not the circuit shown in Fig. 11.26 is midpoint biased.

Solution. In order to determine whether the circuit is midpoint biased or not, we shalt first find
the operating point of the circuit.

Voltage across R2 is	 + v= toy
V

V	
CC xR

2	 R1+R2	
2

10	 x2.7 = LS4V	 12kf R	
Rc=62O1

12+2.7
Emitter current is

- V2_ VEE	 .

RE	
°	 U-----	 13=50

	= 1.84-0.7 = 6.33 mA	
2.7 M1
	 SILICON	 +

Collector current is
	

RE = 180!Q	 TCE

'C 'E = 6.33mA	 +
Collector-emitter voltage is

Vc	 V. Ic (R + RE)	
Fig. 11.26

10-6.33(0.62+0.18) = 4.94 V
Since Q-point value of VCE is approximately one-half of V (= 10 V), the circuit is midpoint

biased. Note that answer has been obtained without the use of a dc load line.

11.13 Which Value of 0 to be used?

While analysing a biasing circuit, we have to refer to the specification sheet for the transistor to
obtain the value of 13 . Normally, the transistor specification sheet lists a minimum value (13) and
maximum value (13) of 13. In that case, the geometric average of the two values should be used,

13av =	 13mar

Note. If only one value of 13 is listed on the specification sheet, we should then use that value.

Example 11.22, Find the value of Ifor the circuit shown in Fig. 11.27. Given that 13 has a
range of 100 to 400 when I.= JOmA.

Solution. Voltage across R2 is

xR =	 10	 xO.68 = 3.12V
- R1 + R2	

2	
1.5+0.68
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R1	 I.5kc2

o—HI

I
.R2680c

+ vcc= by

RC 260 Q

IC

)
SILICON

240 

T 
E . C

Fig.11.27

- V2 - VBE = 3.12 —0.7
Emitter current, 'E

- RE	
0.24 = 10 m

Collector current, Ic	 = 10 mA
It is given that P has a range of 100 to 400 when Q-point value of 'c is lOmA.

= ,J1mjn x	 = ,/100 x 400 = 200

- 10 mA	
4975 jiABase current, i9

-	 - 200+1

11.14 Silicon Versus Germanium

Although both silicon and germanium are used in semiconductor devices, the present day trend is to
use silicon. The main reasons for this are:

(i) SmallerIcHol At room temperature, a silicon crystal has fewer free electrons than a germa-
nium crystal, This implies that silicon will have much smaller collector cut off current ('CBo) than
that of germanium. In general, with germanium, 'CflO is 10 to 100 times greater than with silicon. The
typical values of lCB0 at 25°C (the figures most often used for normal temperature) for small signal
transistors are

Silicon	 0.01 pA to IpA
Germanium	 2 to 15 pA

(ii) Smaller variation of 'CBO with temperature. The variation of 1CB0 with temperature is less in
silicon as compared to germanium. A rough rule of thumb for germanium is that I, approximately
doubles with each 8 to 10°C rise while in case of silicon, it approximately doubles with each 12°C
rise.

(iii) Greater working temperature. The structure of germanium will be destroyed at a tempera-
ture of approximately 100°C. The maximum normal working temperature of germanium is 70°C but
silicon can be operated upto 150°C. Therefore, silicon devices are not easily damaged by excess
heat.

Example 1123. A small signal germanium transistor operating at 25°C has 1CB0 =5 MA,=

40 and zero signal collector current = 2mA.

(i) Find the collector cut- off current i.e. 
'CEO'
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(ii) Find the percentage change in zero signal collector current if the temperature rises to 55°C,
Assume 4'110 doubles with every 10°C rise.

(iii) What will he the percentage change in silicon transistor under the same conditions? Given
that 'ceo for silicon is 0. ipA at 25°C and lco doubles for every 10°C rise.

Solution.
(1)	 ICEO = (3 + l ) Iç	 (40 + 1) (5 pA) = 205 pA = 0.205 mA

(ii) Rise in temperature = 55 - 25 = 30°C

Since /( . ) douhlcs for every 10°C rise, the new 1.in Ge transistor at 55°C will be 8times that

at 25°C i.e.
Now	 'c = 8 x 5 = 40 PA

'cro = (3+ 1)' = (40+ 1)(40pA) = 1640 p = 1.64 mA

Zero signal collector current at 55°C
= 2+IM = 3.64rnA

Percentage change in zero signal collector current

= 364— 2 x 100 = 82 %

i.e.. Zen) signal collector current rises 82% above its original value due to 30°C risc in temperature.

(iii) With silicon transistor,
ICHO = 0.1 pAat 25°C and F = 40

'ao = (i+ l ) /	 (40+ 1) (0.1 MA)

= 4.1 PA = 0.0041 mA
A 30°C rise in temperature would cause 'CEO in silicon to increase 8 times.

Now	 Iç = 8 x 0.0041 = 0.0328 mA

Zero signal collector current at 55°C
= 2 + 0.0328 = 2.0328 mA

Percentage change in zero signal collector current

= 2---8---x100	 1.6%

i.e., increase in zero signal collector current is 1.6%.

Comments. The above example shows that change in zero signal collector current with rise in
temperature is very small in silicon as compared to germanium. In other words, temperature effects
very slightly change the operating point of silicon transistors while they may cause adrastic change in
germanium transistors. This is one of the reasons that silicon has become the main semiconductor
material in use today.

Example 11.24. A silicon transistor has lo = 0.02pA at 27°C. The leakage current doubles
for every 6°C rise in temperature. Calculate the base current at 57°C when the emitter current is
imA. Given that a 0.99.

Solution. A 30°C (57 - 27 = 30) rise in temperature would cause 'CR0 to increase 32 times.

At 57°C, 'cR0 = 32x0.02 = 0.64 pA

Now	 1C = a I +

= 0.99x 1+0.00064 = 0.9906 mA

= 'E'C 1-0.9906 = 0.0094mA = 9.4pA
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ç71l.15 Instantaneous Current and Voltage Waveforms
It is worthwhile to show instantaneous current and volt-
age waveforms in an amplifier. Consider a CE ampli-	 +	 20 V
fier biased by base resistor method as shown in Fig.
11.28. Typical circuit values have been assumed to
make the treatment more illustrative. Neglecting VBE,	

RC

it is clear that zero signal base current 1. = VCC./RB =	 I MCI
20 V/I M1 = 20 jA. The zero signal collector current
Ic = 018 = 100 x 20 iA 2mA. When signal of peak
current JO pA is applied, alternating current is super- 	 C,
imposed on the d.c. base current. The collector current 	 p = 100
and collector-emitter voltage also vary as the signal
changes. The instantaneous waveforms of currents and -
voltages are shown in Fig. 11.29. Note that base cur-
rent, collector current and collector-emitter voltage 	 RE=10 (

waveforms are composed of (i) the d.c. component aiJ
(ii) the a.c. wave riding on the d.c.

(1) At it/2 radians, the base current is composed
of 20 pA d.c. component plus 10 pA peak a.c. compo-
nent, adding 1o30 pA Le i5 = 20 + 10 = 30 1.iA. The corresponding collector current i= 100 x 30 pA
= 3 mA. The corresponding collector-emitter voltage is

VCE = Vcc —icRc = 20V-3mAx5kfl
= 20V-15V = 5V

Note that as the input signal goes positive, the collector current increases and collector-emitter
voltage decreases. Moreover, during the positive half cycle of the signal (i.e. from 0 to t rad), the
operating point moves from 20 pA to 20 + 10 = 30 pA and then back again i.e. operating point
follows the path Q to C and back to Q on the load line.

lB 40 pA

18=30i.iA

°9c2! 2'\
lOpA

,.,,( !	 =°I

PATH OF	 5 10 15 20 25	 vcE(VOLTS)
OPERATING	 ,.-i0 I	 I

POINT
LJc'1?c

VCEI	

L.11 VCC2i

I	 I

I	 I

Fig. 11.29
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(ii) 1)iirint the neg;tk'e half-cycle of the signal (from 7x to 2n rad.), the operating point goes
From 20 hA to 20— It) = 10 pA and then back again Le. the operating point follows the path Q to D
and hack to Q on the load line.

(iii) As the operating point moves along the path CD or DC due to the signal, the base current
varies continuously. These variations in the base current cause both collector current and collector-
emitter voltage to vary.

(iv) Note that when the input signal is maximum positive, the collector-emitter voltage v, maxi-
mum negative. In other words, input signal voltage and Output voltage have a phase difference of
180'. This is an important characteristic of CE arrangement

+ by

18 kR

0v 

4.7kR2	 I
+0v

1.1 kr1 RE	 CE

+ V = IOV

18k R1 2

JR

l.5k

.07V

1.1 k

4.7kfl	 2

	 TCE
I

Fig. 11.30	 Fig. 11.31

Example 11.25. What fault is indicated in Fig. 11.30 ? Explain your answer with reasons.

Solution. Since V8 (i.e.. base voltage watt. ground) is iero, it means that there is no path for
current in the base circuit. The transistor will be biased off i.e.. 1 = 0 and 'E = 0. Therefore, V =
WV (. /C RC = 0) and vE =0. The obvious fault is that R 1 is open.

Example 11.26. What fault is indicated in Fig. 11.31? Explain your answer with reasons.

Solution. Based on the values of R 1 , R2 and VCC , the voltage V8 at the base seems appropriate.
In fact it is so as shown below:

Voltage at base, V = Voltage across R2

= V^c xR =	 10 x4,7 = 2.07 V
R1+R2	 2	 18+43

The fact that V = + 10 V and VE V8 reveals that ! = 0 and 'E = 0. As a result, l drops to
zero. The obvous fault is that RE is open.

Multiple-Choice Questions

in1. Transistor biasing represents ........condi-
tions.
(i) a.c.

(ii) d.c.

(iii) both a.c. and d.c.
(iv) none of the above

2. Transistor biasing is done to keep
the circuit.

(i) proper direct current

(ii) proper alternating current

(iii) the base current small
(iv) collector current small

wil-
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3. Operating point represents ........

(1) values of /C and VCE when signal is ap-
plied

(ii) the magnitude of signal

(iii) zero signal values of /C and VCE

(iv) none of the above

4. If biasing is not done in an amplifier circuit,
it results in ........

(i) decrease in base current

(ii) unfaithful amplifica'tion

(iii) excessive collector bias

(iv) none of the above

5. Transistor biasing is generally provided by
a........

(1) biasing circuit (ii) bias battery

(iii) diode	 (iv) none of the above

6. For faithful amplification by a transistor cir-
cuit, the value of VEE should ..........for a sili-
con transistor.

(1) be zero

(ii) be 0.01 V

(iii) not fall below 0.7 V

(iv) be between 0 V and 0.1 V

7. For proper operation of the transistor, its col-
lector should have .........

(i) proper forward bias

(ii) proper reverse bias

(iii) very small size

(lv) none of the above

8. For faithful amplification by a transistor cir-
cuit, the value of VcE should ........for sili-
con transistor.

(1) not fall below 1 V

(ii) be zero

(iii) be 0.2 V

(iv) none of the above

9. The circuit that provides the best stabilisation
of operating point is ..........

(i) base resistor bias

(ii) collector feedback bias

(iii) potential divider bias

(iv) none of the above

10. The point of intersection of d.c.and ac. load
lines represents .........

(i) operating point (ii) current gain

(iii) voltage gain	 (iv) none of the above

11. An ideal value of stability factor is ........

(i) 100	 (ii) 200

(iii) more than 200 (iv) I

12. The zero signal I is generally ......mA in
the initial stages of a transistor amplifier.

(i) 4	 (ii) 1

(iii) 3	 (iv) more than 10

13 If the maximum collector current due to sig-
nal alone is 3 mA, then zero signal collector
current should be atleast equal to .........

(i) 6 mA	 (ii) 1.5 mA

(iii) 3 mA	 (iv) I mA

14. The disadvantage of base resistor method of
transistor biasing is that it ........

(i) is complicated

(ii) is sensitive to changes in 3

(iii) provides high stability

(iv) none of the above

15. The biasing circuit has a stability factor of
50. If due to temperature change,
changes by I hA, then 'c will change by ........

(i) 100 l.LA	 (ii) 25 RA

(iii) 20 hA	 (iv) 50 p.A

16. For good stabilisation in voltage divider bias,
the current I flowing through R 1 and R2

should be equal to or greater than ........

(i) 10 is	 (ii) 3
(iii) 2 'B	 (iv) 4 'B

17. The leakage current in a silicon transistor is
about .........the leakage current in a germa-
nium transistor.

(i) one hundredth (ii) one tenth

(iii) one thousandth (iv) one millionth

18. The operating point is also called the ........

(i) cut off point

(ii) quiescent point

(iii) saturation point

(iv) none of the above

19. For proper amplification by a transistor cir-
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cult, the operating point should be located
at ........of the d.c. load line.
(1) the end point
(ii) middle
(iii) the maximum current point
(iv) none of the above

20. The operating point ........on the a.c. load
line.
(i) 41so lies	 (ii) does not lie

(iii) may or may not lie
(iv) data insufficient

21. The disadvantage of voltage divider bias is
that it has ........
(1) high stability factor
(ii) low base current
(iii) many resistors
(iv) none of the above

22. Thermal runaway occurs when ........
(i) collector is reverse biased
(ii) transistor is not biased
(iii) emitter is forward biased
(iv) junction capacitance is high

23. The purpose of resistance in the emitter cir-
cuit of a transistor amplifier is to ...........
(i) limit the maximum emitter currcn(
(ii) provide base-emitter bias
(iii) limit the change in emitter current
(iv) none of the above

24. In a transistor amplifier circuit, V= V.8 +

(1) VIE	 (ii) 2 VIE
(Iii) 1.5 VilE	 (iv) none of the above

25. The base resistor method is generally used
in.........
(i) amplifier circuits
(ii) switching circuits
(iii) rectifier circuits
(iv) none of the above

26. For germanium transistor amplifier, VCE
should .........for faithful amplification.
(i) be zero
(ii) be0.2V

(iii) not fall below 0.7 V
(iv) none of the above

27. In a base resistor method, if the value of
changes by 50, then collector current will
change by a factor of ........
(i) 25	 (ii) 50

(iii) 100	 (iv) 200
28. The stability factor of a collector feedback

bias circuit is ........that of base resistor bias.
(1) the same as	 (ii) more than

(iii) less than	 (iv) none of the above
29. In the design of a biasing circuit, the value

of collector load RC is determined by ........
(i) V consideration
(ii) V consideration
(iii) 1. consideration
(iv) none of the above

30. If the value of collector current / incretses,
then value of V	 ........
(i) remains the same
(ii) decreases
(iii) increases,
(iv) none of the above

31. If the temperature increases, the value of VilE

(1) remains the same
(ii) is increased
(iii) is decreased
(iv) none of the above

32. The stabilisation of operating point in po-
tential divider method is provided by ........
(i) RE consideration
(ii) RC consideration
(iii) VCc consideration
(iv) none of the above

33. The value of VBE ............
(i) depends upon 1C to moderate extent
(ii) is almost independent of I
(iii) is strongly dependent on I.
(iv) none of the above

34. When the temperature changes, the operat-
ing point is shifted due to .......
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(i) change in 'CR0
(ii) change in
(iii) change in the values of circuit resis-

tances
(iv) none of the above

35. The value of stability factor for a base-re-
sistor bias is ........

(1) RB ((3 + 1)	 (ii) ([3 + 1) RB

(iii) ([3 + I)	 (iv) I - (3
36. In a practical biasing circuit, the value of R 

is about ........
(i) l0 k.	 (ii) I MI

(iii) 100 k1	 (iv) 800
37. A silicon transistor is biased with base re-

sistor method. If 0 = 100, VRE = 0.7 V. zero
signal collector current I. = I mA and
= 6 V, what is the value of base resistor RB?

243

(i) 105 ki	 (ii) 530 k
(iii) 315 kfl	 (iv) none of the above

38. In voltage divider bias, VCC = 25 V ; R 1 =
I0k1;R2 =2.2k ; RC =3,6 k) and RE=
I k. What is the emitter voltage?
(i) 6.7 V	 (ii) 5.3 V

(iii) 49 V	 (iv) 3.8 V
39. In the above question, what is the collector

voltage?
(i) 1I.3V	 (ii) 14.8V

(iii) 7.6 V	 (iv) 9.7 V
40. In voltage divider bias, operating point is

3V,2mA. IfVCC=9V,RC=2.2kfl,what
is the value of RE?

(i) 2000	 (ii) 1400 !a
(iii) 800 Q	 (iv) 1600 fl

Answers to Multiple-Choice Questions

1.

6.
11.

16.

21.

26.

31.

36.

(ii)

(iv)
(i)

(iv)

2.
7.

12.
17.
22.

27.

32.

37.

(i)
(ii)
(ii)

(ii)
(ii)
(i)
(ii)

3.
8.

13.
18.
23.
28.
33.

38.

(i)

(ii)

(ii)
(iv)

4.

9.

14.
19.
24.

29.

34.

39.

(ii)

(ii)
(it)
(1)

(i)
(i)
(i)

5.

10.

15.

20.
25.
30.

35.

40.

(0
(i)
(iv)
(i)
(ii)
(ii)

Chapter Review Topics

1. What is faithful amplification ? Explain the conditions to be fulfilled to achieve faithful amplification
in a transistor amplifier.

2. What do you understand by transistor biasing 7 What is its need?
3. What do you understand by stabilisation of operating point?
4. Mention the essentials of a biasing circuit.
S. Describe the various methods used for transistor biasing. State their advantages and disadvantages.
6. Describe the potential divider method in detail. How stabilisation of operating point is achieved by

this method 7
7. Mention the steps that are taken to design the transistor biasing and stabilisation circuits.
8. Write short notes on the following

(1) Operating point	 (ii) Stabilisation of operating point

Problems

1. An npn silicon transistor has V. = 5NV and the collector load R, = 2 kU. Find
(i) the maximum collector current that can be allowed during the application of signal for faithful

amplification
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(ii) the minimum zero signal collector current required	 ((1) 2mA (ii) imA]
2. Fig. 11.32 shows biasing with base resistor method. Determine the operating point Assume the

transistor to be of silicon and take 0 = 100.	 [' = 0.93 mA, Vc = 173V1

3. Fig. 11,33 shows biasing by base resistor method. If it is required to set the operating point at lmA,
6 V, find the values ofR and R8. Given (3=150, V8 = O.3 V.	 tRzz3kL1,R8=0.3MC]

+IOV	 +20V
	 + vcc =9 V

Mg. 11.32	 FIg. 1133

4. A transistor amplifier is biased with feedback resistor R8 of 100 kf2. If V C = 25 V. R	 1 kQ and 13
= 200, find the values of zero signal I and V.	 [1 = 16.2mA, V	 8.8V]

Mg. 	 FIg. 1135

S. Find the value of 'c for potential divider method if V = 9V, R = lk, R 1 39 kQ, R2 = 10 k,
RC = 2.7 kfl, VBE =0.l 5 V and (3=90.	 [1.5m4]

6. In an RC coupled amplifier, the battery voltage is 16V and collector load R C 4 kO. It is required to
set the operating point at I 1 mA, VCE = 10 V by potential divider method. If

V5 = 0,2 V and 1 = 101, 0 = 100, hod the various circuit values.

7. In the transistor circuit shown in Fig. 11.34, find the operating point. Assume the transistor to be of
silicon.	 10.5mA, V =

8. In a transistor circuit shown in Fig. 11.35, find the operating point. Assume silicon transistor is used.

	

(tr: 0.365mA, V4	 8.9V]

9. Determine whether or not the circuit shown in Fig. 11.36 is midpoint biased. 	 [Yes]

10. What fault is indicated in Fig. 11.37? Give reasons for your answet 	 IRclS open]



Discussion Questions

I. Why are transistor amplifiers always operated above knee voltage region?

2. What is the utility of d.c. load line?

3. Why have transistors inherent variations of parameters?

4. Why is ld : different from	 ?

S. Why has potential divider method of biasing become universal?

+ vcc

Fig. 11.37
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+ vcc= by

RC 3k

i8kcR

4.7kc1R2 
krRE

Fig. 11.36

VE = 0 V
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Single Stage Transistor Amplifiers

Introduction

)mV)-rrne. 
Fhcsc signals in he amplified thousands and millions times before the y will be strong

enough to operate indicating instruments. Therefore, electronic amplifiers are a Constant and impor-
tant i ngi edient of electronic systems.

used in the medical and scientific investigations generate signals in the microvolt (PV) and millivolt

millionth )fa volt at an tcnna_un)iJ the y are strong enough to fill a room with Sound. The transducers

tviu dccii ical signals. f-or Instance, radio receivers amplify very weak 
si gnalssom6 5 t few

signal and thus acts as an anipliflcr 	 all electronic equipments must include means for ainpli-

In the previous chiptcr it w;is of 	 that properly biased transistor raises the strength of a weak

Our purpose here will be to dISCUSS single stage transistor aniplitier. By a stage we mean a singletransisttn Wit h Its bias and auxiliary equipment, it may he emphasise d here that a practical amplifieris always a multistage amplifier i.e. it has a number oftagcs of a mplification. However, it is profit-
able to consider the multistage aniplifier in terms of single stages
c	 that are connected together. in this

hapter, c hal I confine our attention to single stage transistor amplifiers.

12.1 Single Stage Transisto1' Aniplifiei'
Whcn onl y one trapisi(or With associated circuit' is used for arnplying a weak signal, the circuit isas single stage transistor amplifier.

.\ single stage transistor amplifier has one transistor, hias circuit and other auxiliary components.Althoug
i h a practical amplifier consists of a number of stages, yet such a complex circuit can heconvenently split up into separate single staoes. By anal ysing carefully only a single stage and using

thi5 single stage analysis repeatedly, we can effectively analyse the
complex circuit. It follows, therefore, that single stage amplifier anal y-

cal	
+ V.	 —sis is of great value in u nderstanding the practical amplifier circuits

12.2 How 'Fransjstor Amplifies? 	 R1	 5 k	 OUTPUT

Hg. 12. I shows a single stage transistor amplifier. When a weak ac.
si:nal is gi 'ii o tIme base of transistor , a small base current (which is
ac.) smarts flowtng Duc to transistor action a much larger (P times
the base c urrent) i.e. curn'ri flows through the collector load R 1.. As O.IV	 I?	 Rthe valuc of R is quite high (usually 4-10 kQ), therefore, a large 	 L2V oltage appears across R,.  Thus, a weak signal applied in the base
circuit dppeus in amplified form in the collccor circuit. It is in this 	

Fig. '.1

246
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way that a traflsitor acts as an amplifier.
The action of transistor amplifier can be beautifully explained by rcfei rIng to Fig. 12.1. Suppose

-I ofO. IV in signal voltage produces-a change of"— iii A I II the collector current. Obviousl y , a
signal of only 0.1V applied to the base will give an output voltage 2 niA S kQ IOV. Thus, the
transistor has been able to raise the voltage level of the signal from 0. 1 V It 10V L c. vrCliarc anlpl i Fi-

cation or stage gain is 100.

12.3 Graphical Demonstration of Transistor Amplifier

The function of transistor as an anipliuier can also he explained graphically. Fig. 12.2 shows tilL'

output characteristics of a transistor in CE configuration. Suppose the i.ern signal base current is
10 pA i. c this is the base current for which the transistor is biased by the biasing nets ork. When an
a.c. signal is applied to the base, it makes the base, say positive in the first half-cycle and negative in
the second half-cycle. Therefore, the base and collector currents will increase in the first halt-cycle
when base-emitter junction is more forward-biased. However, they will decrease in the second half-
cycle when the base-emitter junction is less forward biased.

IC

SIGNAL

OUTPUT	 CURRENT
CURRENT	 2 rriA	 20 p A

/IV 	 = ^ ^1 A.............. ......	 0.5 mA -

	

L -1B -
V(7'

IV 2V 3V 4V 5V	 -

Fig. 12.2

For example, consider a sinusoidal signal which increases or decreases the base current by 5 pA
in the two hall-cycles ol'the signal. Referring to Fig. 12.2, it is clear that in the absence of signal, the
base current is lOpA and the collector current is I mA. However, when the signal is applied in the
base circuit, the base current and hence collector current change continuousl y . In the lirst hall-cycle
peak of the signal, the base current increases to 15 pA and the corresponding collector current is
1.5 mA. In the second half-cycle peak, the base current is reduced to 5 pA and the corresponding
collector current is 0.5 mA. For other values of the signal, the collector current is inbetween these
values i.e. 1.5 mA arid 0.5 mA.

It is clear from Fig. 12.2 that 10 pA base current variation results in ImA (1,000 pA) collector
current variation i.e. by a factor of 100. This large change in collector current flows through collector
resistance R1 .. The result is that output signal is much larger than the Input signal. Thus, the transistor
has done amplification.

12.4 Practical Circuit of Transistor Amplifier

It is important to note that a transistor call faithful amplification oniv if proper assocei
circuitry is used with it. Fig. 12.3 shows a practical single stage transistor amplifier. The various
circuit elements and their functions are described on the next page
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(i) Biasing circuit. The resistances R 1 I?, and R,, form the biasing and stabilisation circuit,
The biasing circuit oust establish a proper operating point otherwise a part of the negative half-cycle
of' [lie signal iil;ky he cut off' in the output.

(ii) Input capacitor An electrolytic capacitor C,, ( 10 I: ) is used to couple the signal to
the base of the transistor. It it is not used, the signal source resistance will conic across R2 and thus
change the bias. The capacitor C allows only ac. signal to how but isolates the signal source from

+ vcC

f t 	 c2

+ i,	
C

Ifl=!B+IbI	
I(

SIGNAL

RE

Fig. 12.3

(iii) Emitter bypass capacitor C f.. An emitter bypass capacitor CE ( l00tF) is used in paral-
lel with RE to provide a low reactance path to the amplified a.c. signal. If it is not used, then amplified
ac. signal flowing through R,. will cause a voltage drop across it, thereb y reducing the output voltage.

(iv) Coupling capacitor C. The coupling capacitor C ( : ( lOrF) couples one stage of ampli-
fication to the next stage. (fit is not used, the bias conditions of the next stage will be drastically
changed dtc to the shunting effect of R. This is because RC will come in parallel with the upper
resistance R 1 of the biasing network of the next stage, thereby altering the biasing conditions of the
latter. In short, the coupling capacitor C isolates the d.c. of one stage from the next stage, but allows
the passage of a.c. signal.

Various circuit currents. It is useful to mention the various currents in the complete amplifier
circuit. These are shown in the circuit of Fig. 12.3.

(i) Base current. When no signal is applied in the base circuit, d.c. base current 'B flows due
to biasing cirit. When a.c. signal is applied, ac. base current 1h also flows. Therefore, with the
application of signal, total base current iH is given by;

ill = in +
(ii) Collector current. When no signal is applied, a d-c. collector current I. flows due to

biasing circuit. When ac. signal is applied, a.c. collector current IC also flows. Therefore, the total
collector current i. is given by;

ic = 1C+i(
where	 1,= 1318 = zero signal collector current

S	 It may be noted that a capacitor offers infinite reactance to d.c. and blocks ii completely whereas it allows
ac, to pass through it.
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= pi ,, = collector current due to signal.

(iii) Emitter current. When no signal is applied, a d.c. emitter current I, flows. With the

application of signal, total emitter current 'E is given by

It is useful to keep in mind that

=ih +

Now base current is usually very small, therefore, as a reasonable approximation,

and	 r

12.5 Phase Reversal
In common emitter connection, when the input signal voltage increases in the positive sense, the

output voltage increases in the negative direction and vice-versa. In other words, there is a phase

diffrcncc of 180 0 between the input and output voltage in CE connection. This is called phase

reversal . *	 -

The phase difference of] 80 0 between the signal voltage and output voltage in a common emitter

amplifier is known as phase reversal.

tTJ\t
Fig. 12.4

Consider a common emitter amplifier circuit shown in Fig. 12.4. The signal is fed at the input
terminals (i.e. between base and emitter) and output is taken from collector and emitter end of supply.

The total instantaneous output voltage vCJ7 is given by-,

S *V	 -v	 R	 I
CE	 CC 1CC

When the signal voltage increases in the positive half-cycle, the base current also increases. The

result is that collector current and hence voltage drop increases. As VCC is constant, therefore,

output voltage VCE 
dccrcases. In other words, as the signal voltage is increasing in the positive half-

This is so if output is taken from collector and emitter end of supply as is always done. However, if the

output is taken across R, it will be in phase with the input.

Reactance of C. (= I OjF) is negligible at ordinary signal frequencies. Therefore, it can be considered a

short for the signal.
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cvsfe. the output \J(h,if_!c is lucre sing in the tiegalive sense Ic output is It'll) out ol phase with the
Input, it lidIos. therefore. lhal ti	 c ' oiinuiti etulUer implitier, the positive half-cycle of the signal

is .itit1ihtitl Iis'gItiVe lu.ilt-.. y ck' ill ThC output and vice-versa. It ma y he noted that anuphflca-
tuiri is not affected by thus phase reversal.

The tact of phase reversal can he readily pros cd mathematically. Thus tlilferentiattng exp. (IL
\VC et.

h1.1 = 0 - di,

or	 J1'1.1. =	 ulI R.

The uieiliul I c sign shows that output voltage is I 8(P' out of phase with the input signal voltage.

U raphiciri demonstration. The fact of phase reversal in CE connection can he shown graplii-
call, V. 	 the help of output characteristics and load line. (See Fig. 12.5).

Ic

/
/

/

'c (MAX)
pA,'

/

i__,,,	 I/,	
Sp

10 p

A

/

(MIN)

'
I)	 I	 I

'cr (MIN)	

e (MAX)

Fig. 12.5

In Fig. 12.5, All is the load line. The hase current lliietuatc.s between, say ± 5 pA with lOftA as

the zero signal base current. From Use figure, it is clear that when the base current is tutaxirnum in the
positive direction, 5('F becomes maximum in the negative direction (point G in Fig. 12.5). On the
other hand, when the base current is tilaxittiulti in the negative directioit, v.1. is maximum in the
Positive sense (point H in Fig. I 2.Sj. Thus, the input and output voltages arc in lase opposition or
equivalently, the transistor is said ii produce a I )(t° phase reversal of output voltage wr,L. signal
voltage

Note. No phasc icversal of Y dueice occurs ill coutunuuu base and common collector amplifier. The ac.
uutput voltage is in phase with the mi., input stgn.it. For all three amplifier configurations, input and output

currents arc in ptiirsc.

Example 12.1. Illustrate the phemmienon iuf'phu.ce reversal in CE amplifier  assuming typical
circuit values.

Soluon. In every type of ampliticr, the input and output currents are in phase. However,

common emitter amplifier has the unique property that input and output voltages are 1800 out of
phase, even though the input and nittput currents are in phase. This point is illustrated in Fig. 12.6.
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Here it is assumed that Q-point value of I = It) pA, ac si g nal peak value is 5 pA nd P = 100. This
means that input current varies by 5 iA both above and below a JO pA de level. At any instant, the
output current will be 1(0 times the input current at that instant. Thuc when the input current is
It) pA, output current is i. 00 x 10 pA = I mA. However, when the input current is 15 IA, then
output current is i. = 100 x 15 pA = 1.5 mA and so on. Note that input and output currents are in phase.

Fig. 12.6

The output voltage, v. =	 - iC RC
(I) When signal current is zero (i.e., in the absence of signal), i = I mA.

= Va .—	 = 1 0 V - I mAx 4 k2 = (N
(ii) When signal reaches positive peak value, i.	 1.5 nA.

= V( c_icR ( .	 lOV — 1,5niAx4kQ = 4V
Note that as ( increases from 1 mA to 1 .5 mA, i'. decreases ft urn (N to 4V. Clearl y , output

voltage is ISO' out of phase from the input voltage as shown in Fig. 12.6.

(iii) When signal reaches negative peak, i = 0.5 mA.

V,. z 	 rn= t. ( R. = IOV-0.SAx4kc^ = XV

Note that as ic decreases from I 5 mA to 0.5 mA, v. increases from 4 V to 8 V. Clearl y, output
voltage is 180* out of phase from the input voltage. The following points may he noted caret'uIlv
about CE amplifier

(a) The input voltage and input current are in phase.

(h) Since the input current and output current are in phase, input voItae and output current ale
in phase.

(c) Output current is 180' out of phase with the output voltage (V( .). 7here/o'. input VO!tO,iL'
and output vu/toe are 180° out of p/io.re.

12.6 D.C. And A.C. Equivalent Circuits

Ina transistor amplifier, both d.c. and ac. conditions prevail. The d.c. sources sut up d.c currents and

voltages whereas the ac. source (i.e. signal) produces fluctuations in the transistor currents and volt -
ages. Therefore, a simple way to anal y se the action oa transistor is to split the anal y sis into two parts
viz, a d.c. analysis and an ac. analysis. In the d.c. anal y sis, we consider alt the d.c. sources at the same
time and work out the d.c. currents and voltages in the circuit. On the other hand, for ax. analysis, we
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consider all the a.c. sources at the same time and work out the a.c. currents and voltages. By adding
the d.c. and a.c. currents and voltages, we get the total currents and voltages in the circuit. For ex-
ample, consider the amplifier circuit shown in Fig. 12.7. This circuit can be easily analysed by
splitting it into d.c. equivalent circuit and ax equivalent circuit.

+ vcc

Fig. 12.7

(i) D. C. equivalent circuit. In the d.c. equivalent circuit of a transistor amplifier, only d.c.
conditions are to be considered i.e. it is presumed that no signal is applied. As direct current cannot
flow through a capacitor, therefore, all the capacitors look like open circuits in the d.c. equivalent
circuit. It follows, therefore, that in order to draw the equivalent d.c. circuit,
the following two steps are applied to the transistor circuit : 	

+ VCC

(a) Reduce all ac. sources to zero.
(b) Open all the capacitors. 	 Rl
Applying these two steps to the circuit shown in Fig. 12.7, we get the 	 ,

d.c. equivalent circuit shown in Fig. 12.8. We can easily calculate the d.c.
currents and voltages from this circuit.

(ii) A.C. equivalent circuit. In the a.c. equivalent circuit ofatransis- R
tar amplifier, only ac. conditions are to he considered. Obviously, the d.c. 	 2

voltage is not important for such a circuit and may he considered zero. The
capacitors are generally used to couple or bypass the ac. signal. The de-
signer intentionally selects capacitors that are large enough to appear as 	 Fig. 12.8
short circuits to the a.c. signal. It follows, therefore, that in order to draw
the a.c. equivalent circuit, the following two steps are applied to the transistor circuit

(a) Reduce all d.c. sources to zero (i.e. VcC 0).
(h) Short all the capacitors.
Applying these two steps to the circuit shown in Fig. 12.7, we get the a.c. *equivalent circuit

Note that R 1 is also in parallel with transistor input so far as signal is concerned. Since R 1 is connected
from the base lead to VCC and V. is at "ac ground", R 1 is effectively connected from the base lead to
ground as far as signal is concerned.

RC

IC

IE

)

R



Fig. 12.10
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shown in Fig. 12.9. We can easily calculate the a.c. currents and voltages from this circuit.

Fig. 12.9

It may he seen that total current in any branch is the sum of d.c. and a.c. currents through that
branch. Similarly, the total voltage across any branch is the sum of d.c. and a. c. voltages across that
branch.

Example 12.2. For the transistor amplifier circuit .chown in Fig. 12.7, determine:

(i) d. c. load and a. c. load
(ii) maximum collector-emitter voltage and cotiector current under d-c. conditions

(iii) ,ncLimum collector-emitter voltage and collector current when ac. signal is applied

Solution. Refer back to the transistor amplifier circuit shown in Fig. 12.7.

(i) The d.c. load for the transistor is Thcvcnin's equivalent resistance as seen by the collector
and emitter terminals. Thus referring to the d.c. equivalent circuit shown in Fig. 12.8, Thevenin's
equivalent resistance can be found by shorting the voltage source (i.e. Va.) as shown in Fig. 12.10.

Because a voltage source looks like a short, it will bypass all other resistances except R C and RE

which will appear in series. Consequently, transistor amplifier will see a d.c. load of R + RE i.e.

d.c.load = Rc+RE



254	 Principles of Electronics

Referring to the ac. equivalent circuit shown in Fig. 12.9, it is clear that as far as ac. signal is
concerned, resistance R( appears in parallel with R 1 . In other words, transistor amplifier sees an ac.
load equal to R. Il R1 i.e.

ac. load I?	 = R II R 
=	 R.R L

A(	 (.	 C
R1.

(it .) Referring to dc. equivalent circuit of Fig. l2,

VCC = VCE + 'c ( R + R1-)

The maximum value of Vc.( will occur when there is no collector current i.e. IC = 0.
Maximum Vct, =

The maximum collector current will flow when V = 0.

Maximum I 
C - Rc+RE

(w) When no signal is applied, V and 1c are the collector-emitter voltage and collector current
respectively. When ac. signal is applied, it causes changes to take place above and below the oper-
ating point Q (i.e. VC[__ and J.

Maximum collector current due to ac. signal = *J.

Maximum positive swing of ac. collector-emitter voltage

= IcxRAc

Total maximum collector-emitter voltage
= V	 1ccCE

Maximum positive swing of ac. collector current

= VCF!RAc

Total maximum collector current

= 1c 4- V(/1R(

12.7 Load Line Analysis

The output characteristics are determined experimentally and indicate the relation between V,, and
I. However, the same information can be obtained in a much simpler way by representing the
mathematical relation between I C and V1. graphically. As discussed before, the relationship between

and i. is linear so that it can be represented by a straight line on the output characteristics. This
is known as a load lame. The points lying oil load line give the possible values of VCE and I in the
output circuit. As in a transistor circuit both d.c. and ac. conditions exist, therefore, there are two
t y pes of load hues, namel y d.c. load line and ac. load line. The former determines the locus of I
and V ( . 1. in the zero signal conditions and the latter shows these values when the signal is applied.

(1) (i.e. load line. It is the line on the output characteristics of a transistor circuit which gives
the values of I. and V corresponding to zero signal or d.c. conditions.

Consider the transistor amplifier shown in Fig. 12.11. In the absence of signal. d.c. conditions
prevail in the circuit as shown in Fig. 12.12 (i). Referring to this circuit and applying Kirchhoff's
voltage law,

CE

*	 For faithful amplification.



RL

Single Stage Transistor Amplifiers
	

255

or
	

V(/ = "(C - I (R e . + RL)
	

(i)

(... IE c)
-I-

Fig 12.11

As for a given circuit. V and ( R + RE) are constant, therefore, it is a first degree *equation and
can be represented by a straight line on the output characteristics. This is known as d.c. load live and
determines the locus of VCE and I points in the zero signal conditions. The d.c. load line can be
readily plotted by locating two end points of the straight line.

The value of V(T will he maximum when I. = 0. Therefore, by putting 1, = 0 in exp. (1), we get.

Max, Va.. = Va.
This locates the first point B (013 = V ) of the d.c, load line.

The value of I. will be maximum when V . =

Max. 1 = 
Va.

This locates the second point  (OA = VCLJR ( . + RE) of thcd.c. load line. By joining points A and
B, d.c. load line AB is constructed [Sec Fig. 12.1 (ii)].

Alternatively. The two end points of the d.c. load line can also he determined in another way.

	

11 cf. + I i.. (R e. + RE)	 V(..

Dividing throughout by Va., we have,

'C	 =1
k/cc	 ( VCC 	 + R)

The equation ol' a line having Intercepts a and b on x-axis and y axis respectively is given by

=
a	 /)

Ciunparitig eqs. (r) and (ii), we have,

Intercept on x-axis = Va

*	 This equation is known as load line equation 5111Cc it relates the coticctor-cmittcr voltage (VCE) to the
collector current (Ic ) flowing through the load.
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Fig. 12.12

With the construction of d.c. load line on the output characteristics, we get the complete informa-
tion about the output circuit of transistor amplifier in the zero signal conditions. All the points show-

ing zero signal !. and VCE will obviously lie on the dc. load line. At the same time I and VCE

conditions in the circuit are also represented by the output characteristics. Therefore, actual operat-
ing conditions in the circuit will be represented by the point where d.c. load line intersects the base

current curve under study. Thus, referring to Fig. 12.12 (ii). if 'B 
= 5 pA is set by the biasing circuit,

then Q (i.e. intersection of 5 pA curve and load line) is the operating point.

(ii) a.c. load line. This is the line on the output characteristics of a transistor circuit which

gives the values of i and VCE when signal is applied.
Referring back to the transistor amplifier shown in Fig. 12.11, its a.c. equivalent circuit as far as

output circuit is concerned is as shown in Fig. 12.13 (i). To add ac. load line to the output character-
istics, we again require two end points—one maximum collector-emitter voltage point and the other
maximum collector current point. Under the application of a.c. signal, these values are (refer to

example 12.2)

Max. collector-emitter voltage = VCE + IC	 This locates the point C of the a.c. load line on

the collector-emitter voltage axis.

Fig. 12.13



Fig. 12.14

C

CE

0	 8.55V

(i)

5 mA

2.15 mA

VCE

Fig. 12.15
(ii)

0	 9.62V

19.25 mA
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Maximum collector cur-rent = 	
Vc-

RA C
R. R

where	 RAC	 RCIIRL = RC
C	 L

This locates the point Dofa.c. load line on the collector-current axis, By joining points C and D,

the a.c.load line CD is constructed [See Fig. 12.13 (ii)].

Example 123. For the transistor amplifier shown in Fig. 12. 14, R, = JO k g ), R2 5 U. RC =

I k, R= 2k and R=

(i) Draw d.c. load line (ii) Determine the operating point (iii) Draw ac. load line.

Assume VEE = 0.7 V.

Solution. (1) d.c. load line:

To draw d.c. load line, we require two end points viz maximum VCFpolnt and maximum lpolnt.

+ V= 15 V

Maximum V	 = 15 V [See Art. 12.7]

This locates the point B (OR = 15 V) of the d.c. load line.

Maximum 1 =
	 V	 =	 ISV	

= 5	 [See Art. 12.71
R.+R	 (1+2)k1

This locates the point fl (OA = 5 mA) of the d.c. load line. Fig. 12.15 (i) shows the d.c. load line AB.
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(0) fltrating poillf Q. lie: oli;ue sio	 Is,	 s k2	 V	 V = S V

+ l is'1

V,, 1 	(5	 4)7) V
= 2.15 mA

2.15 ni\

Now	 VCL	 V. —/(. (R C +R E ) = 15-2.15mi\x3kc2
= K.55 V

Oprraliii g 1)01111 Q is 8.55 V, 2.15 mA. This is shown on the d.c. load line.
a.c. load line. To draw u.c. load Ii tic. we rcqtitrc two end points viz. maximum collector-

ciIittcr uIi:irc po;iii anil iteixirtiuni collector current point when signal is applied.

lxi
Iu load. I? V. = /?(. II K, =
	

= 0.5 ki

\laxitnuin eo1lectsrrcnutIer voltage

	

+ i, A' ,..	 [See example 12.2]

= 8.55 • 2.15 mA x 0.5 kil = 9.62 volts
This locates the point C (f/C 1 ),62 V) on the 1G axis.

111111111	 illeeti,r currii4 = i	 -F Y7JR0.

2.15 + (8.55 V/P.S k2) = 19.25 mA
lht ii,..oitcs the point 1)(()D= 9 2SmA) oti the i,. axis. By joining points C.' and D, ac, load line

(.1) is coii.triii-ted (See Pie. 12.15 (h)j.

Exariiple 12.4. in the trana;st ' .' r i,m1ilhlicrs/ioe',m in Pig. 12.14, R. it) k, R, = 3OkQ and V1._<_

= 20V Tee ialuc.1 K, and R, are such vo as Lo /ix f/It' operating point at JOY ItnA. Draw the d.c, and

ac. low! lines. A5.ruoie K 1 . iv tiegitgmble.

Solution. d.c. load line. i t t draw load line, two end points 1:. maximum V point and
Fii.i.\itmfluin I point ire nce '.icil. Masisnu':ii V1 =20 V. This locales the point 8(08 = 20V) of the d.c.
loud line oil the V, ., axis.

M;iiinuiit I,.	 ----- =
	

= 2 niA
II	 . K,.	 It) k12

This locates the point A (0.4 2 ritA ) on the I. axis. 0y joining points A and B, the d.c. load line
Allis constructed (Sec Fit. 12.16).

a.c. load linc. To draw ac. load line, we require two end points viz m11\Imnum collector-emitter
voltage point and maximum collector, current point when signal is app!

lOx 30
'I 	 load, Rfl( =II R1 = 11) f 30 = 7.5 ki

Maximum col Ie.ctor-ein itter voltage

= VCF + 1CRAC

= 10+1 inAx7.5kL = 10+7.5 = 17.5 V

This locates the p0mm f.) ( OD = 7.5 V) on the v CE axis.

* Voltage across series combination of K 1 and R, is IS V. Applying voltage divider theorem, voltage across
R.. = 5 V.
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Maximum collector current - I( • V( 1:1R ' 4

= I mA + 10 \"17.5 k1 = I mA ± 1.33 mA = 2.33 mA
This locates the point ('(OC 2.33 mA) on the I ( axis. B joining points and 0, ac. load line

CD is constructed (See Fig. 12.16).

Comments The reader may see that the operating Point lies on both a.c. and d.c. load lines. It is
not surprising because signal is ac. and it becomes zero after every half-c ycle. When the signal is
zero, we have the exact d.c. conditions. Therefore, key point to keep in mind is that the point of
intersection of d.c. and a.c. load lines is the operating point Q.

Example 12.5. In a trwistcr wnphjlcr, the operating loin! Q isJl.xedat 8v, l,nA. Whe,m ac.
Signal is applied, !he collector current and collector-emitter voltage change about this point. During
the positive peak of signal, I ( • = 1.5 ,n4 and v. = 7 V and during negative peak. i. = 0. 5m.4 and V(.E

PV. Show this phenomenon with the help ofa.c. load line.
IC (MM



Fig. 12.18

Vin

¶
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Solution. Fig. 12. 1'? shOWs the Whole lnt 	 s. When no signal is applied.	 = 8 V and i. =

I mA This is represented by the operating point Q on the ac. load line. During the positive half-

cycle of ac. signal, i swings from 1 mA to 1.5 nA and vCL 
swings from 8 V to 7 V. This is

represented by point A on the ac. load line. 1)urin the negative half-cycle of the signal, i swings

from I mA to 0.5 mA and VCF 
swings from 8 V to 9 V. This is represented by the point B on the a.c.

load line.
The following points may be noted
(1) When ac. signal is applied, the collector current and collector-emitter voltage variations

take place about the operating point Q.

(ii) When a.c. signal is applied, operating point moves along the ac. load line. In other words,
at any instant ofa c. signal, the co-ordinates of collector current and collector-emitter voltage are on

the ac. load line.

12.8 Voltage Gain
The basic function of an amplifier is to raise the strength of an a.c. input signal. The voltage gain of
the amplifier is the ratio of ac. output voltage to the ac. input signal voltage. Therefore, in order to
find the voltage gain, we should consider only the ac. currents and voltages in the circuit. For this
purpose, we should look at the ac. equivalent circuit of transistor amplifier. For facility ofreference,the

a c. equivalent circuit of transistor amplifier is redrawn in Fig. 12.18.

It is clear that as far as ac. signal is concerned, load R C appears in parallel with RL. Therefore,

et'f.ctive load for ac. is given by

ac. load, R	 RC 11  R = R x R 
1.

C	 L

Output voltage, V	 = ic RAC

Input voltage. Vi. = h R1

Voltage gain, A,	 V /V.
vu	 Ut

= c R A C = x RAC

	

i, R 	 Rin

Incidentally, power gain is given by;

AP =
	 =

i

1.-=13



'C 	
IRI. = 0.5 k

P 4SIGNAL
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Example 12.6. In the circuit shown in Fig. 12. 19, find the voltage gain. Given that = 60 and

input resistance R i,, = 1 kI2.

+lOV

Fig. 12.19

Solution. So far as voltage gain of the circuit is conccrned, we need only PNA C, P and R

Effective load, RAC = RC 11RL

RCxRL =	 = 0.4k
2+0.5

=	
6xft4kil = 24Voltage gain	 I kil

Example 12.7. In the circuit shown in Fig. 12.19, if 	 10 M, RL= 10 M, R , 2.5kI. 3

100,find the output voltageforan input voltage of ImV ,:,n.s.

Solution. Effective load, R	 = Rc XR 1 = iOxIO - 5 k
AC

Rc+RL	 10+10 -

Voltage gain = x	 = I 00 x	 = 200

V
or	

'	 = 200

V , =200xV=200xlmV=200mV

Example 12.8. In a transistor ampIifier,  when the signal changes by 0.02V the base current

changes b y JO i4 and collector current by ImA. If collector load R = 5 k12 and R L = 10 kg).. find: (i)

current gain (ii) input impedance (iii) ac. load (iv) voltage gain (v) power gain.

Solution. Al = 10 1iA, L\IC = lmA. A VRE 0.02 V, R = 5 k, R 1 = 10 kQ

A/C
Current(0	 Current gain,	 = -	 == 104)

W13	 10 l.LA



I 111V

(r. ni . s.

1 I
0
	 vi,',,

IIl i..IpRS Ut	 t.I(,. IrUtUCS

.	 0.02 V
lripu i )j)cdaricc,	

\/ 	 0 j.LA	
= 2 k1

R xR	 SXU)
ac. load. R,	 =	 =	 = 3.3 ki l?.+R1	 5+10

Voltage gain. A , = [L<	 = l(X)x	 = 165

(v( Power gain, A = current gain >< vollage gain 	 (JO x 105 = 16500
Example 12.9. in 17g. 12.20, the transistor has = 50. Find the output voltw,'c if input resis-

((/ore	 = 0.5 M.

+30V

Fig. 12.20

Solution.	 = SO, P = 0.5 kI

R.xR	 3>.n

	

a.c.Ioad, R .	 R.IIR = _..L____± = .....- = 2ki
"	 R. + R1 	 3+(,

Voltage gain =	 x RA( JR,,, = 50 x 2/0.5 = 2(X)

or ,	- 	 2(X)

Output voltage.	 = 2(X) x V,.,, = 200 x (1 m y ) = 2(H) mV

Example 12.10. Fig. 12.21 shows a transistor circuit. The manufacturer of the Circuit shows

Ilicit (1/heCtOr potential is to be + OV The voltage measured a! point B ha technician isfowul to be
+ .IV Is the circuit operating properly ?

Solution. The voltage at point B is equal to the voltage across R , , Now total voltage V F across
the series combination ofR and R 2 is a V. Therefore, using voltage divider method, we have,

V = 'voltage across

R
= ---1---xV. = —xO = 2V

R1±R.	 !
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Fig. 12.21

The circuit is not operating properly. It is because the voltage at point B should be 2 V instead of
4 V.

p

12.9 A.C. Emitter Resistance
The ac or dynamic resistance ot crnittcr-basejunction diode ot a transis-
tor is called ac emitter resistance. It is defined as the change in base-
emitter voltage divided by change in corresponding emitter current (See
Fig. 12.221 	 VBE0

R -
(4C -

E

For instance, suppose an ac base voltage change of I mV produces 	 Fig. 1222

an ac emitter current change of 50 pA. Then emitter diode has an ac resistance of

R 
= l,nV 

= 20
50 pA

12.10 Formula For AC Emitter Resistance
It can he shown mathematically that the ac resistance of emitter diode is given by

- 25rnV
'IC	 J 1:

where	 1,. = dc emitter current (= V1R J ) at Q point

Note the significance of this formula. It implies that ac emitter resistance can be found simply h
substituting the quiescent value of emitter current into the equation. There is no need to have the
characteristics available. It is important to keep in mind that this formula is accurate naly for small
igual operation. It is it usual practice to represent ac emitter resistance by rr'.

2
r	

5mV
=

I.	 1 E

The subscript e indicates emitter. The lowercase r is used to indicate an ac :Is1ce. -1
prime shows that it is an internal resistance.

Example 12.11. Determine the ac emitter rcsista,icc for the traiisistor C!rnlur 	 /
/2.23.
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+ V= IOV

4(1

(3=()

SILICON

H

2 kU

IOkI' R,	

CE

Fig. 12.23

	.Soluti o n. 'Voltage across R, V, =	 Vx R =	 x 10 = 2 V
± R,	 40+10

Voltage across R,, VF = V2 - V,, E. = 2 - 0.7 = 1.3 V

	

Lmitter current. I =	 = 0.5 mA
R,.	 2 kU

.1(. emitter resistance, re'	
- 25 mV	 25 mV
'--	 38.46 i

I E	 0.65 mA

121 .11 Voltage Gain in terms of AC Emitter Resistance

It can be shown that for a common-emitter amplifier, the voltage gain is equal to the ratio of total

collector resistance to total cw emitter resistance, Thus for the transistor amplifier shown in Pig.
2,24,

Fig. 12.24

R..
Voltage gain, A =
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where	 R = ac collector resistance
= ac emitter resistance = 25 mV/I,,.

Derivation. Fig. 12.24 shows the common emitter amplifier. The ac equivalent circuit ol the
amplifier is shown in Fig. 12.25. (i). Replacing the transistor by its *cc l u .klcnt circuit, we get the
circuit shown in Fig. 12,25 (ii). Note that current source is still connected between the collector and
base terminals while the diode between the base and emitter terminals. Further, the input currcnt is
the base current (ib) while the output current is stilt i.

A c 	 C

RC

	

I	 I	 Rcv
I	 out

p

Vrn	 I

	R111R2 '	 I

r	 I

i--p -

- EQUIVALENT CIRCUIT
OF TRANSISTOR

(i)

	

	 (ii)

Fig. 12.25

Note that input voltage (V 1 ) is applied across the diode and ç'. Assuming the diode to be ideal,

the ac emitter current is given by;

V

r

or	 Vn =

Assuming i = i, we have,
V,	 ç R,-

V	 iR	 R.
Voltage gain. A,	 = --4 = 4

	

u7 çç	 re

R
or	 A

r

Example 12.12. In the amplifier circuit shown in Fig. 12.24, R1 150 k2. R2 = 20 kQ R,7 =

12 k4 RE = 2.2 kO., V, = 20 V and = 200. Determine the voltage gain of the amplifier

Solution.	 V	
RC

The transistor equivalent circuit contains three components viz..

(i) A resistor r which represents ac emitter resistance.
(ii) A diode which represents the emitter-base junction of the transistor.,
(in) A current source which represents the current being supplied to R c from the collector of the transistor.

(i)
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25 'nY
v. herer' =

I:

In order to find / j . , we shall precced as under

	

Voltage across R, V, = 
-_V	

x R =
	 20	

x 2))	 2.5 V
R1 +R 2	 -	 150+20

Voltage across R 1 V, = V - VBF = 235 —0.7 = 1.65 V

	

Emitter current, ! = 
V.	 165V

2.2 k	
0.75 mA

RE

	AC em	
25 mV

 emitter resistance, r = 	= - 25 mV
 = 33.3

	

1E	 0.75 mA

Voltage gain, A =	 -	 ---	 = 360
33.3 Q

Example 12.13. If in the above example, a load of 6 k12 is connected to the collector terminal
through a capacitor what will he the voltage gain of the amplifier?

Solution. Amplifiers are used to provide ac power to the load. When load R 1 is connected to the
collector terminal through a capacitor, the total ac resistance of collector changes to

12 x 6

	

RAC	 RC II R1 = 12 W II 6 k12 =	 4 kQ
12+6

The value of ac emitter resistance remains the same.

	

RAC	 4k

	

Voltage gain, A., = --, = 33
	

120

Thus voltage gain of the amplifier is reduced from 360 to 120 when load is connected to the
circuit.

12.12 Input Impedance of An Amplifier

When one CL-' amplifier is being used to drive another, the input
impedance of the second amplifier will serve as the load resis-

	

tance of the first. Therefore, in order to calculate the voltage 	 Z (hr

	gain (A , ) of the first amplifier stage correctly, we must calculate 	 ___________________________
the input impedance of the second stage.	 Z

	The input impedance of an amplifier can be found h using 	
RR SILICON

	

the ac equivalent circuit of the amplifier as shown in Fig. 12.26.	 1	 2

zin = R 1 II R2llZjjJce1

where	 = input impedance of the amplifier

Z,	 = input impedance of transistor base	 Fig. 12.26
Now	

(h) = *
13 r'

The input impedance [Z] is alwa ys less than the input impedance of the base

=	 =	 . Since	 is approximately equal to 13, Z () = 13 ç'.

	

'h	 'b
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Example 12.14. Determine the input impedance of the amplifier  circuit shown in Fig. 12. 27
V= + 30 V

R ( lOkD

	

15 kQ	 R2	
7.5

45kf

fi^ 
CE

Fig. 12.27

__

Solution. Voltage acro.ssR v =	 30x R2 = 	 x 15 = 7.5 V

	

2' 2	 R1 +R	 45+15

= V2 —V8E = 7.5-0.7	 7.5V

VF
-	

7.5V 
= imA

- R,	 7.5k

= 25 mV/! = 25 mV/1 mA = 25.C2

= r = 200x25 = 5x103 1 = 5k

= R 1 II R 2 II Z (baud
= 45 kf IllS M115  k2	 3.45 kI

Voltage across R, VE

Emitter current, 'E
AC emitter resistance, r

Z
in dre)

z

12.13. Classification Of Amplifiers

The transistor amplifiers may be classified as to their usage,frcquency capabilities, coupling ,neih-

ods and mode of operation.
(i) According to use. The classifications of amplifiers as to usage are basically voltage wnpli-

fiers and power amplifiers. The former primarily increases the voltage level of the signal whereas the
latter mainly increases the power level of the signal.

(ii) According to frequenc y capabilities. According to frequency capabilities, amplifiers are

classified as audio amplifiers, radio frequency amplifiers etc. The former are used to amplify the
signals tying in the audio range i.e. 20 Hz to 20 kIiz whereas the latter are used to amplify signals
having very high frequency.

(iii) According to coupling ,nt't/iods. The output from a single stage amplifier is usually insuffi-
cient to meet the practical requirements. Additional amplification is often necessary. To do this, the
output of one stage is coupled to the next stage. Depending upon the coupling device used, the ampli-
fiers are classified as R-C coupled amplifier,v, transformer coupled amplifiers etc.

(iv) u4ccoriiiu'ig to mode of operation. The amplifiers are frequently classified according to their
mode of operation as class A. class B and class C amplifiers. This classification depends on the
portion of the input signal c y cle during which collector current is expected to flow. Thus, class A
amplifier is one in which collector current flows for the entire ac. signal. Class B amplifier is one in
which collector current flows for half-c y cle of input ac. signal. Finally, class C amplifier is one in
which collector ':urrent flows for less than half-cycle of ac. signal.

mom
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Example 12.15. What do you understand b y following amplifiers:

(i) Class A voltage amplifier	 (ii) Audio voltage amplifier

(iii) Class B power amplifier	 (iv) Class A traniformer coupled power amplifier ?

Solution. (1) Class A voltage amplifier means that it raises the voltage level of the signal and its
mode of operation is such that collector current flows for the whole input signal.

ii) Audit ' voltage amplifier means that it raises the voltage level of audio signal (i.e. one having
frequency range 20 Hi to 20 kI{7.) and its mode of operation is class A.

(iii) It means that this amplifier raises the power level of the signal and its mode of operation is
such that collector current flows for half-cycle of the signal only.

(iv) It uleans that power amplification is being done, coupling is by transformer and mode of
operation is class A.

12.14 Amplifier Equivalent Circuit
An amplifier can he replaced by an equivalent circuit for the purpose olanalysis. Fig. 12.29(i)shows
the amplifier circuit while Fig. 12.28 (ii) shows its equivalent circuit.

V = input signal voltage to the amplifier
= input signal current

R i,, = input resistance of the amplifier

A0 = voltage gain of the amplifier when no load is connected

12 = output current
V2 = output voltage across load RL

R,,, = output resistance of the ampifier
R1 = lead resistance

= voltage gain when load RL is connected

Fig. 12.28

Note that capability of the amplifier to produce voltage gain is represented by the voltage gen-
erator A 0 V 1 . The voltage gain of the loaded amplifier is A,.. Clearly, A will he less than A due to

voltage drop in R0..

12.15 Equivalent Circuit with Signal Source

If the signal source of voltage E, and resistance R, is considered, the amplifier equivalent circuit will

be as shown in Fig. 12.29.
Referring to Fig. 12.29, we have,

I
	 -Es

 R5+Rim
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V =1R =
" R. +R1

/ =2	
R0 +

A 11 R,

= R ( , U , + R1

•	 V —FR-- AJRL•	 2 - 2 1 - 
R01 + RL

Rout	 '2

269

(u)

Rin

Fig. 12.29

V 	 A0 R
LVoltage gain, A, =	 =

I	 oUI	 1.

- 
Current gain, A = 12- -

t	 R,,, +
lR 	 (1 2 1?)!

Power gain, A,, = ------ = (11R,,,)11

= ±_ =
V1 ! 1	 y/)

= A, x Ai

Note. The use of such equivalent circuit is restricted to the signal quantities only. Further, in dr;iwing the
equivalent circuit, it is assumed that exact linear relationship exists between input and output signals I.e. the

amplifier produces no waveform distortion.

Example 12.16. An amplifier has an open circuit voltage gain of 1000, an input resistance of
2 kl and an output resistance of 10.. Determine the input signal voltage required to produce an
output signal current of 0.SA in 40. resistor connected across the output terminals.

'I	
R0,=lc	

12

V 1	 2k0.R.	 RL=4Q

Fig. 12.30



270	 Principles of Electronics

Soliiiori. liu. 12. 	 ,t]U\V, H. cquivi)urii 	 ii' ijii	 tic amplifier. I lcrc :1	 1000.

ISce Art. 12.151

1000 2000
4 x 10

I + 4

,	 - -----	 L25	 10A
4x10	 4x10

Now	 V	 l R,, = (1.25 I0h):s 2000 - 2.5 x 10 V - 25mV

Example 12.17. An amplifier has an open circuit voltage gain of 1000, an output resistance of
/ SQ and an input resistance of 7kQ. his supplied/rem a signal source of c. m.f / Om V and internal
resistance 3k-Q. The £2n,plflcr feeds a load of 35 Q. Determine (i) the magnitude of output voltage
and () power gain.

R= 3 k2	 5

'Jvvv.	 .v	 -

7k g 	A V 1 = IOW V1	
V.	 R1= 35

Fig. 12.31

-	 I 0 ASolution. (1)	
= 1k	 3000 +7000

l R 	
01 x 7000	 7 10 V

=	 =	 = 700
r V1	/?,, + R1 	15+35

	

= 700 V 1	700 x 7 x	 = 4.9 V

(ii)	 Output power, "2 
S 

V 2 = -(4.9) = 0.686 W
R1,	 35

V, 2	 (7 x 10.3)2	 -9
Input power. P1=
	

= 7x10 W

Power gain, A = -- =	 = 98x 106
P	 7x10

Example 12.18. An amplifier, when loaded hr 2 kQ resistor, has a voltage gain of 80 and a
current gain of /20. Determine the necessary signal voltage and current to give an output voltage of
11'. What is the power gain of the amplifier?

Solution.	 A. =	 = 80

V 1 -=	 =- 1/80	 0.0125 V = 12.5 mV

A. =
	 .R, 	

... (See Art. 12.15]
k. +
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R,,+R1
	 [Sec Art. 12.151

A,	 k,

Yi
	 2

Hg. 12.32

2
120	 in

R,0 = 120 x 2/0 = 3 kc

1 1 = V/R = 12.5 mV/3 kI2 = 4.17 piA

Power gain = A x A = 0 < 120 = 960

Multiple-Choice Questions

1. A single stage transistor amplifier contains
and associated circuitry.

(I) two transistors (ii) one transistor
(iii) three transistors
(iv) none of the above

2. The phase difference between the output and
input voltages of a CE amplifier is ..........

(i) 1801	 (ii) 00

(iii) 90°	 (iv) 2700

3. It is generally desired that a transistor should
have .......input impedance.
(i) low	 (ii) very low

( iii) high	 (iv) very high
4. When an ac. signal is applied to an ampli-

her, the operating point moves along ........

(i) d.c. load line	 (ii) a.c. load line
(iii) both d.c. and a.c. load lines
(iv) none of the above

5. If the collector suppl y is 10 V. then collec-
(or cut off vohage under d.c. conditions is

(i) 20 V	 (ii) 5 V
(iii) 2 V	 (iv) 10 

6. In the zero signal conditions, a transistor sees
load.

(i) d.c.	 (ii) ac.
(iii) both d.c. and d.0

(iv) none of the above
7. The input capacitor in an amplifier is the

capacitor.
(i) coupling	 (ii) bypass

(iii) leakage	 (iv) none of the above

. The point of intersection ofd.c. and ac. load
lines is called ......
(i) saturation point (ii) cut off point

(iii) operating point (iv) none of the above
9. The slope of a.c. load line is ..........that of

d.c. load line.
(i) the same as	 (ii) more than

(ii) less than	 (iv) none of the above
10. If a transistor amplifier draws 2 mA when

input voltage is 10 V. then its input imped-
ance is .........
(i) 20 kfl	 (ii) 0.2 kI

(iii) 10 k2	 (iv) 5 kQ
11. When a transistor amplifier is operating, the

current in any branch is ........

(1) sum of a.c. and d.c.
(ii) ac. only	 (Iii) d.c. only
(iv) difference of ac. and d.c.

12. The purpose of capacitors in a transistor am-
plifier is to ...........
(i) protect the transistor
(ii) cool the transistor
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U M C niple or bypass ac Ci)lflpOflCflt
(lv) provide biasing

13. In the d.c. equivalent circuit of a transistor
amplifier, the capacitors are considered

(c) short	 (ii) OCfl
( iii) partially short (iv) none of the above

14- ]it CL ampl I 6cr, voltage gain	 ..... X RAC

(i) a	 (ii) (1 +(X)

(iii) (1 +
15. In practice, the voltage gain of an amplifier

is expressed .......
(i) as volts	 (ii) as a number

	

in dl,	 (iv) none of the above
16. If the power and current gains of a transistor

amplifier are 165(X) and 100 respectively,
then voltage gain is ........
(t) 165	 (ii) 165 x io
/ii	 100	 (iv) none of the above

17. If R C and A L represent the collector resis-
tance and load resistance respectively in a
single stage transistor amplifier, then ac.
load is ..........
(i) l? L + RC 	(ii) RC II

(Id) R L - R	 (it') R

18. In it CE amplifier, the phase difference be-
tween voltage across collector load R C and
signal voltage is ........
(i) I01	(u) 270°

(iii) 90°	 (iv) 0°
19. In the ac. equivalent circuit of a transistor

amplifier, the capacitors are considered ........
(i) short	 (ii) open

(iii) partially open (iv) none of the above
20. In a single stage transistor amplifier, RC and

R 1 represent collector resistance and load
resistance respectively. The transistor see
a d.c. load of ........
(j) R + RL	 (ii) RC U RL

( iii) R 1 	 (Iv) R

21. The PUmOSC of d.c. conditions in a transis
tor is to .......
(I) reverse bias the emitter
(ii) forward bias the collector

(rii) Set up operitu1g. point
(iv) none of the.hove

22. An amplifier has a power gain of TOO. Its
db gain is........

i	 10 db	 (ii) 20 (1/)
(iii) 40 d1	 (iv) none of the above

23. In order to get more voltage gain from a tran-
sistor amplifier, the transistor used should
have ...........
(1) thin base	 (ii) thin collector

(iii) wide emitter	 (iv) none of the above
24. The purpose of a coupling capacitor in a tran-

sistor amplifier is to ...........
(i) increase the output impedance of

transistor
(ii) protect the transistor
(iii) pass a.c. and block d.c.
(iv) provide biasing

25. The purpose of cinittcrcapaCitor (i.e. capaci-
tor across R,..) is to ........

I) avoid voltage gai ii drop
(ii) forward bias the emitter
(iii) reduce noise in the amplifier
(iv) none of the above

26. The ratio of output to input impedance of a
CE amplifier is .........
(I) about I	 (ii) low

(iii) high	 (iv) moderate
27. If a transistor amplifier feeds a load of low

resistance (e.g. speaker), then voltage gain
will be ........
(i) high	 (ii) very high

(iii) moderate	 (iv) low
28. If the input capacitor of a transistor ampli-

fier is short-circuited, then .......
(i) transistor will be destroyed
(ii) biasing conditions will change
(iii) signal will not reach the base
(iv) none of the above

29. The radio wave picked up by the receiving
antenna is amplified about ........times to
have reasonable sound output.
(i) 1000	 (ii) a million

(iii) 100	 (iv) 10000
30. A CE amplifier is also called ........circuit.

(i) grounded emitter
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(ii) grounded base
(iii) grounded collector
(it') none of the above

31. The (i.e. load of a transistor amplifier is gen-
erally .......that of ac. load.
(1) the same as	 (ii) less than

(iii) 11)0! C than	 (ii') none of the above
32. The value of collector load R. in a transis-

tor amplifier is ........the output impedance
of the transistor.
(i) the same as	 (ii) less than

(iii) more than	 (iv) none of the above
33. A single stage transistor amplifier with col-

lector load RC and emitter resistance R has
a d.c. load of ............
(i) R	 (ii) R	 RE

(iii) R - R,.	 (iv) R. +R,..

34. In transistor amplifiers, we generally use
capacitors.

(z) electrolytic 	 (ii) mica
(iii) paper	 (iv) air

35. A single stage transistor amplifier with no
load sees an ac. load of ........
(i) R 1 + R	 (ii) R

(iii) R C II RE.	 (it) R/ R1.
36. The output power of a transistor amplifier is

2/3

more than the input power because the addi-
tional power is supplied by ........
(i) transistor	 (ii) biasing circuit

(iii) collector supply
(iv) none of the above

37. A transistor converts ........
(i) d.c. power into LC. power
(it) ac. power into d.c. power
(iii) high resistance into low resistance
(o) none (if the above

38. A transistor amplifier has high output irn-
pcdance because .......
(i) emitter is heavily doped
(ii) collector has reverse bias
(iii) collector is wider than emitter or base
(iv) none of the above

39. For highest power gain, one would use
configuration.
(i) CC	 (ii) CB

(iii) C!'	 (iv) none of the above
40. CC configuration is used for impedance

matching because its ............
(i) input impedance is very high
(i' i nput I npcdatice is low
(iii) output impedance is very low
(is') none of the above

Answers to Multiple-Choice Questions

	

1. (ii)
	

2. (i)
	

3.	 4. (ii)
	

5. (iv)

	

6. (i)
	

7. (i)
	

8.	 9. (ii)
	

10. (iv)

	

11. (i)
	

12. (iii)
	

13.	 (ii)
	

14. (iv)	 15. (iii)

	

16. (1)
	

17. (ii)
	

18. (iv)
	

19. (i)
	

20. (iv)

	

21. (iii)
	

22. (ii)
	

23. (i)
	

24. (iii)
	

25. (i)

	

26. (iv)
	

27. (iv)
	

28. (ii)
	

29. (ii)
	

30. (i)

	

31. (iii)
	

32. (ii)
	

33. (iv)
	

34. (i)
	

35. (ii)

	

36. (iii)
	

37. (i)
	

38. (ii)
	

39. (iii)
	

40. (i)

Chapter Review Topics

1. What do you understand by single .stagc. transistor amplifiers
2. Explain with the help of output characteristics how the variations in base current affect collector

current variations. Assume the base currcnt varies sinusoidally.
3. Draw the circuit of a practical single stage transistor :imptilicr. Explain the function of each compo-

nent.
4. Show the various currents and voltages in a single stage transistor amplifier.
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Fig. 12.33

I R1
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_. Show tli;it the output voltage of  single stage COMIT10 ri emitter triiisisiur arnplihcr is 180°out of phase
with the input voltage.

(. What do you understand b y dc and ac. load h nes 7 [low will YOU construct them oil 	 output
characteristics 7

7. Draw the d.c. and a.c. equivalent circuits of a transistor amplifier.
S. Derive an expression for the voltage gain of a transistor amplifier front its ac. equivalent circuit.
9. Write short notes on the following

(it	 phase reversal	 (ii) d.c. and ac. load lilies

operating fx)int	 (iv) classification of amplifiers.

Problems

1. In transistor amplifier, the collector current swings from 2 mA to 5 mA as the base current is changed
From 5 pA to 15 pA. Find the current gain.	 -	 [300}

2. A transistor amplifier employs a 4 k2 as collector load. If the input resistance is I k), determine the
voltage gain. Given = 1(8), g, = 11) mA/volt and signal voltage = 50 mV. 	 [1.041

3. Fig 12.33 shows the transistor amplifier. If R. = 4 kl, R E = 5 k2 and V = 30 V. draw the d.c. load
Ii lie.

4. Find the operating point for Fig. 12.33. V CC = 30 V. R 1 = 20 k, R = 20W. R. = 4 W. RE = 5 k
113.2V, 1.85mM

5. For the circuit shown in Fig. 12.33, find the voltage gain if = IOU, R = 3 k, RL = 6 kU and R11 =

2W	 [1001

6. In the circuit shown,in Fig. 12.33, V 1.= 30 V, R, =2kil,R 2 = I k, R= 2 kl, RL =2 kQ , R E = I

Draw the d.c. and ac. load lines.
7. A voltage-divider, biased circuit has an emitter voltage of 2 V and an emitter resistor of 4.7 kQ. What

L1 Iis the ac resistance of emitter diode ? 	 158.7

8. A transistor amplifier has a dc collector current of 5 mA. What is the ac resistance of the base if
3=200	 11o(Ql

9. Determine the voltage gain for the amplifier circuit shown in Fig. 12.34.
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Fig. 12.34
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10. \VhLL is he inpui Impedance ol the ;iriipliticr circuit shown in Fig. 12.34 3 	 11.75 kiI

Discussion Questions

1. Does phase reversal affect amplification ?
2. Why does ac load differ from dc load 3
3. What is the importance of load line analysis 7
4. Why is ic load line steeper than dc load line?
S. What is the sign iii caricc of operating point 3
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Multistage Transistor Amplifiers

Introduction

the output from a single stage amplifier is usually insufficient to drive an output device. In other
words, the gain of a single amplifier is inadequate for practical purposes. Consequently, additional
amplification over two or three stages is necessary. To achieve this, the output of each amplifier stage
is coupled in some way to the input of the next stage. The resulting system is referred to as multi-
stage amplifier. It may he emphasised here that a practical amplifier is always a multistage amplifier.
For example, in a transistor radio receiver, the number of amplification stages may be six or more. In
this chapter, we shall focus our attention on the various multistage transistor amplifiers and their
practical applications.

13.1 Multistage Transistor Amplifier

.1 transistor circuit containing more than one Stage oJarnpliJIcatson isknown as multistage transis-

tor a rn plifier.
In a multistage amplifier, a number of single amplifiers are connected in *cascade arrangement

I.e. output of first stage is connected to the input of the second stage through a suitable coupling

device and so on. The purpose of coupling device (e.g. a capacitor, transformer etc.) is (i) to transfer
ac. output of one stage toihe input of the next stage and (ii)to isolate the d.c. conditions of one stage
from the next stage. Fig. 13.1 shows the block diagram of a 3-stage amplifier. Each stage consists of
one transistor and associated circuitry and is coupled to the next stage through a coupling device.
The name of the amplifier is usually given after the type of coupling used. e.g.

Name of coupling
	 Name of multistage amplifier

RC coupling
	 R-C coupled amplifier

Transformer coupling
	 Transformer coupled amplifier

Direct coupling
	 Direct coupled amplifier

INPUT I FIRST kil-d COUPL-	 I SECOND I	 I COUPL- _____ THIRD OUTPUT
STAGE  	 ING I	 1 STAGE I	 ING I	 I STAGE

Fig. 13.1

(i) In RC coupling, a capacitor is used as the coupling device. The capacitor connects the

*	 the term ca.scadcd means conncctcd in series.
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output of one stage to the input of the next stage in order to pass the a.c. signal on while blocking the
d.c. bias voltages.

(ii) In transformer coupling, transformer is used as the coupling device. The transformer cou-
pling provides the same two functions (ii:. to pass the signal on and blocking d.c.) but permits in
addition impedance matching.

(iii) In direct coupling or (i.e. coupling, the individual amplifier stage bias conditions are so
designed that the two stages may he directly connected without the necessity for d.c. isolation.

13.2 Important Terms

In the study of multistage amplifiers, we shall frequently come across the terms gain, frequency
response. decibel gain and bandwidth. The terms stand discussed below

(i) Gain. i/ic ratio of the output *electrical quwititv to the ulpul one of the amplifier is culled
its gain.

The gain of a multistage amplifier is equal to the product of gains of individual stages. For
instance, if C 1 . C, and C 1 are the individual voltage gains of a three-stage amplifier, then total voltage
gain G is given b'

=	 x G 2 x G1
IL is worthwhile to mention here that in practice, total gain C is less than G 1 x G2 x C-1 due to the

loading effect of next stages. 	 A

0
FREQUENCY
Fig. 13.2

(ii) Frequency response. The voltage gain of an amplifier varies with signal frequency. it is
because reactance of the capacitors in the circuit changes with signal frequency and hence affect the
output voltage. The curve between voltage gain and signal frequency of an amplifier is known as
frequenc y response. Fig. 13.2 shows the frequency response of a typical amplifier. The gain of the
amplifier increase.-; as the frequency increases from zero till it becomes maximum atf 1, called reso-
riarn frequency. If the frequency of signal increases hcyondf,, the gain decreases.

*	 Accordingly, it can he current gain or voltage gain or power gain.
This can he easily proved. Supporsc the input to first stage is V.

Output of first stage = Gi v

Output of second stage = ((; 1 V) U, = GGV

Output of third stage = (GG 2 V)G 1 = G10,GV

Total gain, C = Output of third stage

C 1 C-, U, V
or	 C =	 = GxC2xG
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The lie rformance of an anipi ificr depends to it considerable extent upon its frequency response.
While designing an amplifier, lippropriate steps must he taken to ensure that gain is essentially urn-
toriii over sonic specifted frequency range. For instance, in case of an audio amplifier, which is used
to atnplils speech or music, it is necessary that all the frequencies in the sounU spectrum (i.e. 20 Hz. to
20 LI lzl should be uniformly ainpli lied otherwise speaker will give a distorted sound output.

(iii) Decibel gain. Although the gain of an amplifier can he expressed as a number. Vet it is of
great practical importance to assign it a unit. The unit assigned is bel or decibel (db).

'Jiie common logarithm (log to the base 10) oJ poit'er gain is known as bell power gain i.e.

Power gain = log	 .a' hel

i bel = 10db
p

Power gain	 10 l(1u 	 11)

lout

	

AMPLIFIER	
I	

v	 RLOUt

Fig, 133
It the two powers ate developed in the same resistance or equal resistance, then,

V

	

P 1 = - =	 R

V2=	
=	 ?

	

V 2 IR	 V
	Voltage gain in rib = 10 log 10 -'---	 = 20 log,,,

	

VIR	 VU1

	Current gain in db = 10 log 10 	 = 20 log10

Advantages. The following are the advantages of expressing the gain in db

(a) The unit db is a logarithmic unit. Our ear response is also 'ogarithmic i.e. loudness of sound
heard hy ear is not according to the intensity of cound but according to the log of intensity of sound.
Thus if the intensity of sound given by speaker (i.e. power) is increased 100 times, our ears hear a
doubling effect (log 10 100 = 2) i.e. as if loudness were doubled instead of made 100 times. Hence,
this unit tallies with the natural response of our ears.

(1) When the gains are expressed in A. the overall gain of a multistage amplifier is the sum of
g ains of individual stages in db. Thus referring to Fig. 13.4,

V V
Gain as number =	 x

Vt	 V2

V2	V1
	Gain in db = 20 log 10	x

V,	 V2

= 20 login -+ 20 log,()

V
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1st stage ghin in dh + 2nd stage gain in dh

AMPLIFIERI	 I	 AMPLIFIER
1	 2	 Y3

Fig. 13.4
However, as( 'jtc gain is obtained by multiplying the gains of individual stages. Obviously, it

is easier to add than to multiply.
(iv) Bandwidth. The range of/requc'ncv over which the gain is equal to or greater than *70.7%

f the maximum gain is known as bandwidth.

0.707

The voltage gain of an amplifier changes with fre-
quency. Referring to the frequency response in Fig.
13.5, it is clear that for any frequency lying betweenf,
and)',, the gain is equal to or greater than 70.7% of the
maximum gain.' Therefore,J - f2 is the bandwidth. It
may be seen thatJ andJ are the limiting frequencies.
The former (/) is called lower cut-offfrequency and
the latter (,1) is known as upper cur-offfrequency. For
distortionless amplification, it is important that signal
frequency range must be within the bandwidth of the
amplifier.

The bandwidth of an amplifier can also be defined
in terms of db. Suppose the maximum voltage gain of
an amplifier is 100. Then 70.7% of it is 707.

GAIN

U	 fifrf2
FREQUENCY

Fig. 13.5
Fall in voltage gain from maximum gain

= 20 log 10 100— 20 log 10 70.7

-too20 log10	 A
70.7

= 201og101.4142db=3db
Hence bandwidth of an amplficr is the range offrequcncy at the limns of which its voltage gain

falls bly 3 dbfrom the maximum gain.
The frequency f1 orf2 is also called 3-dbfrequencv or half-power frequency.
The 3-dh designation comes from the fact that voltage gain at these frequencies is 3db below the

maximum value. The term half-power is used because when voltage is down to 0.707 of its maximum
value, the power (proportional to J') is down to (0.707)2 or one-half of its maximum value.

Example 13.1. Find the gain in dh in the following cases.
i,.i Voltage gain of30	 (ii) Power gain of 100

The human ear is not a very sensitive hearing device. It has been found that if the gain falls to 70.7% of
maximum gain, the car cannot detect the change. For instance, if the gain of an amplifier is 100, then even
if the gain falls to 70.7, the car cannot detect the change in intensity of sound and hence no distortion wilt
he heard. However, if thc gain falls below 70.7, the ear will hear clear distortion.
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solution.
(i) Voltage gain = 20 log 30 db = 29.54 dh

(ii) Power gain = 1 0.1og io I(X) db = 20 db

Example 13.2. hxpress tire following gains as a number

(() J'awr'r i,'ain of 4() dh	 (ii) Power gain of 43 (lb

Solution.
(1 l' wcr ear rr = 40 (lb = 4 bel

If we want to Ond the gain as a number, we should work from logarithm back to the orrgmal
number,

(;an = Antilog 4 = 10 = l0.04X)

(ii)	 Power gain	 43 di?	 4.3 be!
Power gain = Antilog 4.3 = 2 x 10" = 20,0(0

Alternativel y .	 10 log. ) 	 = 43 (lb

oI'	 log 	 43/10 = 4.3

= (I Q)4 
= 20,0(N)

In general, we have,

- In d/,/2()

V1
( l0)'

-
P2-- - (I vain in dh/)O

Example 13.3. A three-stage amplifier has a first stage W)ltogc gain of 100, second stage

voltage gain of 200 and third stage voltage gain of 400. Find the total voltage gain in dh

Solution.
First-stage voltage gain in db = 20 log 10 100 = 20 > 2 = 40

Second-stage voltage gain in (lb = 20 log 10 2(X) = 20 x 2.3 = 46
Third-stage voltage gain in dl, = 20 log 10 40)	 20 x 2.6 = 52

Total voltage gain = 40 + 46 + 52 = 138 db
Example 13.4. (i) A multistage amplifier employs five stages each of which has a power gain of

30. What is the total gain of the amplifier in db 7

(ii) If a negative feedback of 10 dh is employed, find the resultant gain.

Solution. Absolute gain of each stage = 30
No. of stages = 5

(i)	 Power gain of one stage in dh = 10 log 10 30	 14.77
Total power gain = 5 x 14.77 = 73.85 db

(it) Resultant power gain with negative feedback
= 73.95-10 = 63.85 db

It is clear from the above example that by expressing the gain in db, calculations have become
very simple.
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Example 13.5. In an amplifier the output power is 1.5 watts at 2 kHz and 03 watt at 20 Hz,

while the input power is constant at JO ntW Calculate h how many decibels gain at 2011 17 is below

that at 2 kHz ?

Solution.
il/ ' power gain at 2 kflz. At 2 kllz, the output power is 1.5 W and input power is U) rn'W.

5W1.
Power gain in iii) = 0 log 1>> 	= 21.76

0 iriW

(lb power gain at 20 lIz. At 2101i., the output power is 0.3 \V and input power is 10 niW.
0.3W

Power gain in (11) = 10 log1>>	
-	

= 14.77
10 mW

Fall in gain from 2 kHz to 20 lIz = 21.76— 14.77 = 6.99 db

Example 13.6. A certain amplifier has voltage gain of 15 db. If the input signal voltage is 0.8'

what is the output voltage ?

Solution.
tib voltage gain = 20 log 11) V2IV>

or	 15 = 20 log 10 V2/V1

or	 .SJ20 = log 10 V21V1

or	 0.75 = log 1> , V2/0.8

Taking antilogs, we get
Antilog 0.75 = Antilog (log 11) V210.8)

or	 i°'	 = V2/0.8
= 10015 x 0.8 = 4.5 V

Example 13.7. An amplifier has an open-circuit voltage gain of 70 (lb and an output resistance

of 1.5 kl Determine the minimum value of load resistance so that voltage gain is not more than

6 7db.

Solution.
A,> = 70 dh	 A = 67 ell)

A >> in db - A , in dh = 70 - 67 = 3 db

or 20 log 10 A 0 - 20 log 10 A, = 3

or	 20 log 10 .i. = 3

AO
or	 = (10) 3""' = 1.41

A

But	 __i._	 .	 [See Art. 12,151
4

RL
1.41	 - 1.5+R,.

or	 R1 = 3.65 kU

Example 13.8. Art 	 a resistive load of Ikl has a voltage gain of 40 db. if the

input signal is 10 mn : find (I) output voltage (ii) load power.
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Solution.

(if	 = (J) lhO(J = ( l0 .i2o =

V	 I(flx V = I(X)> 10 mV	 I (XX) niV = IV

(ii)	 Load p( ,- 	
V

cr =
	 = (l1000 =	 W = I MW

Example 13.9. In an anjIifie,; the ,naxi,nunr voltage gain is 2000 and occurs at 2 kHz. ItfalLc
to 1414 at 10 kHz and 50 lIz. Find

(i) Bandwidth (ii) Lower cut-offfrequency (iii) Upper cur-offfrequcncy.

Solution.

if Referring to the frequency response in Fig. 13.6, the maximum gain is 2000. Then 70.7% of
this gain is 0.707 x 2(00 = 1414. It is given that gain is 1414 at 50 1 1 and to kHz. As bandwidth is
the range of frequency over which gain is equal or greater than 70.7 17r of maximum gain.

Bandwidth = 50 Hz to 10 kHz
(u) The frequency (on lower side) at which the voltage gain of the amplifier is exactly 70.7% of

the maximum gain is known as loit'cr cn-oft requencv. Referring to Fig. 13.6, it is clear that
I ower cut-off frequency = 50 Hz

(i'm) The frequency (on the higher side) at which the voltage gain of the amplifier is exactly
70.7- of the maxiinuin gain is known as upper ut-oflfrccjucnv. Referring to Fig. 13.6, it is clear that:

Upper cut-oil frequency = 10 kHz

J) lii	 10 klIz.
FREQUENCY

Fig. 13.6

Comnmcrm!s. As bandwidth of the amplifier is 50 lix to ID kHz, therefore, it will amplify the
signal frequencies lying in this range without any distortion. However, if the signal trequncy is not
in this range, then there will be distortion in the output.

13.3 RC Coupled Transistor Amplifier
This is the most popular type of coupling because it is cheap and provides excellent audio fidel-

my over a wide range of frequency. It is usually employed for voltage amplification. Fig. 13.7 shows
two stages of an RC coupled amplifier. A coupling capacitor C,. is used to connect the output of first
stage to the base (i.e. Input) of the second stage and so on. As the coupling from one stage to next is

2000

1414

z
a
Wa
I-
-I
0
>

0
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achieved by a coupling capacitor followed by a connection to a shunt resistor, therefore, such ampli-
fiers are callcd resistance - CapaCitt1flCC coupled amplifiers.

The resistances R 1 , R, and R,.. form the biasing and stabilisation network. The emitter bypass
capacitor offers low reactance path to the signal. Without it, the voltage gain of each stage would be
lost. The coupling capacitor C. transmits ac. signal but blocks d.c. This prevents d.c. interference
between various stages and the shifting of operating point.

+ Vc

Fig. 13.7

Operation. When a.c. signal is applied to the base of the first transistor, it appears in the ampli-
lied form across its collector load R. The amplified signal developed across R is given to base of
next stage through coupling capacitor The second stage does further amplification of the signal.
In this way, the cascaded (one after another) stages amplify the signal and the overall gain in consid-
erably increased.

It may be mentioned here that total gain is less than the product of the gains of uidividual stages.
It is because wn a second stage is made to follow the first stage, the effective load resistance of first
stage is reduced clue to the shunting effect of the input resistance of second stage. This reduces the
gain of the stage which is loaded by the next stage. For instance, in a 3-stage amplifier, the gain of
first and second stages will be reduced due to loading effect of next stage. However, the gain of the
third stage which has no loading effect of subsequent stage, remains unchanged. The overall gain
shall be equal to the product of the gains of three stages.

Frequency response. Fig. 13.8 shows the fre-
quency response of a typical RC coupled amplifier. It
is clear that voltage gain drops off at low (<50Hz) and
high (>20 kHz) frequencies whereas it is unifono over
mu/-frequenc y range (50 Hz to 20 kHz). This behaviour

LUof the amplifier is briefly explained below :
(1) At low frequencies (< 50 Hz), the reactance

of coupling capacitor C. is quite high and hence very
small part of signal will pass from one stage to the next
stage. Moreover. CF cannot shunt the emitter rcsis-	 0	 50 Hi.	 20 kllz

tance RE effectively because of its large reactance at 	 FREQUENCY

low frequencies. These two factors cause a falling of 	 Fig. 13.8
voltage gain at low frequencies.
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Cu I Al 11O'I( fn'iuem (('V ( 2)) kIt,), the icaci,inc(' Of ( is very small and it behaves as a short
circuit. Plus 111L reasr's the loading cltecl of next stage and serves to reduce the voltage gain- More-
over, at high requcncv. capacitive reactance of base-emitter unction is low which increases the base
current. This reduces the current amplification factor 3. Due to these two reasons, the voltage gain
drops off at high ftcquencv.

(iii) .41 i,iicl frequeicie.v ( 0 liz. to 20 ki Ii), the voltage gain of the amplifier is constant. The
effect of coupling capadito; in this Irequcncy range is such so as to maintain a uniform voltage gain.
Thus, as the frequency increases in this range, reactance of CC decreases which tends to increase the
gain. However, at the same time, lower reactance means higher loading of first stage and hence lower
gain. These two f;ietcirs almost cancel each other, resulting in a uniform gain at mid-frequency.

Advantages

Ci) It has excellent frequency response. The gain is constant over the audio frequency range
which is the region of most importance for speech, music etc.

(ii) It has lower cost since it employs resistors and capacitors which are cheap.
(iii) The circuit is very compact as the modern resistors and capacitors are small and extremely

light.

Disadvantages
(i) The RC coupled amplifiers have low voltage and power gain. It is because the low resis-

tance presented by the input of each stage to the preceding stage decreases the effective load resis-
tance (R,, ) and hence the gain.

(ii) They have the tendency to become noisy with age, particularly in moist climates.
(iii) Impedance matching is poor. It is because the output impedance of RC coupled amplifier is

several hundred ohms whereas the input impedance of it speaker is only a few ohms. Hence, little
power will he transferred to the speaker.

Applications.
The RC coupled amplifiers have exccllent audio fidelity over it range of frequency. There-

fore, they are widely used as voltage amplifiers e.g. in the initial stages of public address system. If
other t ype of coupling (e.g. transformer coupling) is employed in the initial stages, this results in
frequency distortion which may he amplified in next stages. However, because of poor impedance
in;ttchi ng, RC coupling is rarely used in the final stages.

Example 13.10. A .rinle stage amplifier has a voltage gain ofóO. The collector load R	 500
and the input impedance is IkI. Calculate the overall gain when two such stagcsare cascaded

thmug/i R-C coupling. (ommi',it ini the result.

Solution. The gain of second stage remains 60 because it has no loading effect of any stage.
However, the gain of first stage is less than 60 duc to the loading cffect of the input impedance of
second stage.

Gain of second stage = 60

500xl(X)0 	
333 QEffective load of first stage = R 1 . II R,,, =	 -

5(X)+i0(M) -

Gain of first stage = (it!)x 333/5(X) = 39.96

Total gain = (iO x 39.96 = 2397

Ciimnie',mt.r The gain of individual stage is 60. But when two stages are coupled, the gain is not

60 x 6)) = 36(X) as night he expected rather it is less and is equal to 2397 in this case. It is because the
first stage has it effect of the input impedance of second stage and consequently its gain is
reduced. However, the second stage has no loading effect of an y subsequent stage. Hence, the gain
of second stage remains 60.
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Example 13.11. Fig. 13.9 shows two-stage RC coupled atrtplifler if the input resistance R 1 of

each .sta'c is lkIl. find . ( i) voltage gain of jirst stage (u) voltage gain of second stage (iii) total

voltage gain.
+ 15V

R 1,=lkQ	 R.,=lk

Fig. 13.9
Solution.

R 1 = I k1	 3= 1(X)	 R = 2 kfl

(i) The first stage has a loading of input resistance of second stage.

kffcctive load of first stage, R ,1 = Rc II km = 2 x I= 0.66 kQ

Voltage gain of first stage = [3 x RAC / R, = 100 x 0.66 Il 	 66

(ii) The collector of the second stage sees a load of only R. (= 2 kQ) as there is no loading effect
of any subsequent stage.

Voltage gain of second stage
= [3xR.Ik,1 = 100x211 = 210

Total voltage gain = 66 x 200 = 13200

Example 13.12. A single stage amplifier has collector load R. = 10 k12; input resistance RJh =
1k2 and [3 = 100. Ifload R 1 = 100f, find the voltage gain. Comment on the result.

Solution. Effective collector load, R4 = Rc II R = 10 kCl Il 1(X) 91 = 100 1

Voltage gain =	 100  
1000 

10
in

Comments. As the load (e.g. speaker) is only of tOo ohms, therefore, effective load of the
amplifier is too much reduced. Consequentl y, voltage gain is quite small. Under such situations, we
can use  transfirmerto improve the voltage gain and signal handling capability. For example. if the
output to X00) 2 load is delivered through a step-down transformer, the effective collector load and
hence voltage gain can he increased.

Example 13.13. Fig. 13.10 shows a 2-stage RC coupled amplifier. What is the biasing potential
for the second stage ? If the coupling capacitor C. is rep/aced hY a wire, what would happen to the
circuit ?

10 kQ 11 1(X) Q is essentially 1(X) Q.



Principles 01 Electronics

Solution. Re jerri ng to Fig. 13. 10, we have.

Voltage acro's R V =	 x R = ----- x 2.2	 3.6 V4	
20

	

4	 ?	 R1+R4	 10+2.2

Thus biasing potential for the second stage is 3.6 V.
When the coupling capacitor C. is replaced by a wire, this changes the entire picture. It is

because now R C of the first stage is in parallel with R3 of the second stage as shown in Fig. 13.11(i).
The total resistance of R (= 3.6 k1) and R 1 (= 10 k) is given by;

	

R	
R3RC = lOx 3.6 = 2.65

R + RC	 10+3f)

+ V(-,C= 20 V

	1 0 k R1	 RC= 3.6 M
10k1 R 3 	 RC= 4kca

Cc

jH Q,

CE 

2.2 kn JR4 
I knj. Rr	 CF

Fig. 13.10

The circuit shown in Fig. 13.11 (i) then reduces to the one shown in Fig. 13.11 (ii). Referring to
Fig. 1111 (ii), we have,

	

-i- V= 20V	 + VCC 20V

R ( =36kQ	 I0kfl.R3	 R4kI
	

Rr4kQ

Q2
	

Q2I

	

2.2kfR4	

kc21RE	 Cr

	(i)	 (u)
Fig. 13.11

Voltage across R4 . V =	
V(-C'	 x R4 

= -20	 x 2.2 = 9.07 V4	 R.q + R4	 2.65+ 2.2

Thus the biasing potential of second stage is drastically changed. The 9.07 V at the base of Q2
would undoubtedly cause the transistor to saturate and the device would he rendered useless as an
amplifier. This example explains the importance of dc isolation in a multistage amplifier. The use of

2.2 kfl

CE
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coupling capacitor allows each amplifier stage to maintain its independent biasing potential while
allowing the ac output from one stage to pass on to the next stage.

Example 13.14. Fig. 1312 shows a 2-stage RC coupled amplifier  Find the voltage gain of (i)
first stage (ii) second stage and (iii) overall voltage gain.

Solution. (i) Voltage gain of First stage. The input impedance of the second stage is the load
for the first stage. In order to find input impedance of second stage, we shall first find r (ac emitter
resistance) for the second stage.

+ V= 15 V

	

15 kQ A' 3	5kQ R7

Q2

l3 = 200

2.5 kf2	 A'6

1 kfl R	 CE	

!CE

Fig. 13.12

	

1	 5

	

22 k2 R	 1<0 R c

3i2l

RL=10k

	Voltage across R6	
R3±R6 

X R6 
= 15 +2.5 

X 2.5 = 2.14 V

Voltage acrossR 8 = 2.14 —0.7 = 1.44 V

1.44Vl.44V

	

Emitter current in R I =	 =	 = 1.44 mA

	

-	 R8	 1 
25 mV	 25 mV

	

r for second stage =	 =	 = 17.4
IE	 1.44 mA

Similarly, it can he shown that r for the first stage is 19.8 Q.

	

ZIfl , Tf ) for second stage =	 x r for second stage = 20) x (17. 4 2) = 3.48 ki2

Input impedance of the second stage. 7m = R 5 II R6 II Z(/.,,,,()

= 15 kill 2.5 kIl II 3.48 kI = 1.33 kl
Effective collector load for first stage is

RAC = A' 1 lIZ = 5 kl 11.33 kl = 1.05 kfl
R	 1.05 kl

	

Voltage gain of first stage = 	 ,	 ..'	 - = -	 = 53
I for first stage	 19.8 12

(ii) Voltage gain of second stage. The load P. (= 10 kl) is the load for the second stage.
Effective collector load for second stage is

R 1 = A',! R1 = 5kl 1110 kl = 3.33 U2

Voltage gain of second stage = -, . 	R
	 = 3. 3 3kl = 

191.4
r for second stage	 17.4 l

(iii) Overall voltage gain. Overall voltage gain = First stage ,min x Second stage gain
= 53x 191.4 = 10144
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13.4 Transformer-Coupled Amplifier
The main reason for low voltage and l)I' gain of RC coupled amplifier is that the effective load
(R Al') of each stage is *decreased due to the low resistance presented by the input of each stage to the
preceding stage. If the effective loud resistance of each stage could be increased, the voltage and
power gain could he increased. This can he achieved by transformer coupling. By the use of **im
petlance-changing properties of transformer, the low resistance of a stage (or load) can he reflected as
a high load resistance to the previous stage.

Transformer coupling is generally employed when the load is small. It is mostly used for power
amplification. Fig. 13.13 shows two stages of transformer coupled amplifier. A coupling transformer
is used to feed the output of one stage to the input of the. next stage. The primary P of this transformer
is made the collector load and its secondar y S gives input to the next stage.

Operation. When an ac. signal is applied to the base of first transistor, it appears in the ampli-
fied form across primary P of the coupling transformer. The voltage developed across primary is
transferred to the Input of the next stage by the transformer secondary as shown in Fig.] 3.13. The
second stage renders amplification in an exactl y similar manner.

Frequency response. The frequency response of a
tratisformer coupled amplifier is shown in Fig. 13.14. It is
clear that frcqucncy response is rather poor i.e. gain is con-
stant only over a small range of' frequency. The output
voltage is equal to the collector current multiplied by reac-
tance of primary. At low frequencies, the reactance of pri-
mary begins to tall, resulting in decreased gain. At high
frequencies, the capacitance bctwccri turns of windings acts
as a bypass condenser to reduce the output voltage and
hence gain. It follows, therefore, that there will be dispro-
portionate amplification of frequencies in a complete sig-

* The input impedance of an amplifier is low while its output impedance is very high. When the y arc
coupled to make a multisuigc amplifier, the high output impedance of one Stage comes in parallel with the
low input impedance of next state. Hence effective load( RAC) is decreased.

** The resistance on the secondary side of a transfrnior reflected on the primary depends upon the turn ratio
of the transformer.
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nal such as music, speech etc. Hence, transformer-coupled amplifier intrnduccsfrequencvdistortion.
It may he added here that in a properly designed transformer, it is possible to achieve a fairly

constant gain over the audio frequency range. But a transformer that achieves afrcqucncy response
comparable to RC coupling may cost It) to 20 times as much as the inexpensive RC coupled ampli-
fier.

Advantages
(i) No signal power is lost in the collector or base resistors.
(ii) An excellent impedance matching can he achieved in a transformer coupled amplifier. It is

easy to make the inductive reactance of primary equal to the output impedance of the transistor and
inductive reactance of secondary equal to the input impedance of next stage.

(iii) Due to exceieiu impedance matching, iranstornier coupling provides higher gain. As a
matter of tact, a single stage of properly designed transformer coupling can provide the gain of two
stages of RC coupling.

Disadvantages
(i) It has it poor frequency response i.e.thc gain varies considerably with frequency.
(ii) The coupling transformers are bulk y and fairly expensive at audio frequencies.
(iii) Frequency distortion is higher i.e. tow frequency signaU arc ICSS airipiified as compared to

the high frequency signals.
(iv) Transformer coupling tends to introduce */ i ,wz in the output.
Applications. Transformer coupling is mostly employed for impedance matching. In general,

the last stage of a multistage amplifier is the power stage. here, it effort is made to
transfer maxi nun power to the output device e.g. a loudspeaker. For maximum power transfer, the
impedance of power source should he equal to that of load: Usuall, the impedance of an output
device is a few ohms whereas the output impedance of transistor is several hundred times this value.
In order to match the impedance, a step-down transformer of proper turn ratio is used. The imped-
ance of secondary of the transformer is made equal to the load impedance and primary impedance

equal to the output impedance of transistor. Fig. 13.15 illustrates the impedance matching by a step-
down transformer. The output device (e.g. speaker) connected to the secondary has a small resistance

There are hundreds ol turns of primary and secondary. These turns will multiply an induced c.rn.f. from
nearby power wiring. As the transformer is connected in the base circuit, therefore, the induced hum
voltage A ill appear ii, anlplified form in the output
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P 1 TIre load /?	 jcarlrlg on the primary side will be:

1]
lor IitiiIcC, suppose the tr,insforriicr has turn ratio N,, N5 :: 10 : 1. Ii!?, = CX) Q then load

appearing on the Primary is
= (())2 

1(X) 12 = 10 
Thus the II RI on the primary side is comparable to the output impedance of the transistor. This

results in nui\iniuni power transfer from transistor to the primary of transformer. This shows that low
aloe (It load resistance (e.g. speaker) can be "stepped-up" to a more tavourable value at the collector

ansi slur bV using appropriate turn ratio.

Example 13.15. A transformer coupling is used in the final stage of a multistage amplifier If
the o:': ,/,('dun cc of transistor is 1k11 and the vpeaker has a resistance of 1O.find the turn ratio
of iii  ir.. vformer so that ma.srmunz power is Iran cferred to the load.

Solution.
For rnaxmrmrurn power tr;tnsfer, the impedance ot the primary should be equal to the output imped-

ance of transistor and impedance of secondary should be equal to load impedance i.e.

Primary impedance = I kU = 10(X) Q
Let the turn ratio of the transformer he a ( N,, IN5),

Primary impedance = 	 x E.oa I impedance
N5)

= Primary impedance
N5 )
	 Load impedance

OF	 11 2 = 1 (X)01 10 = [00

n=.Ji=IO
A step-down transiormer with turn ratio 10 : I is required.

Example 13.16. Determine the necessary transformer turn ratio for transferring maximum
power to a 1611 load from a source that has an output impedance of 10 kIl. Also calculate the
voltage across the external load if the terminal voltage oft/re source is IOV rm.s.

Solution.
lur mnaximnuni power transfer, the impedance of the primary should be equal to the output irriped-

ance of time source.
Primary impedance, R,. 	 10 kIl = 10,(00 Q

Load impedance, RL = 16 Il

Let the turn ratio of the transfoniier he n ( = N /Ns).

*	 Suppose primary and secondary of trans tormer carry currents /P and I respectively. The secondary load R,
can be transferred to primary as R'L provided the power loss remains the same i.e.,

!, R = 12 R,

is 2	 (N t	 ( /	
NL)or	 R'L = I x RL = I -	 XRL

, P)	 tsj	 tP	 s
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(NA2
R = N 

s ) 
1.

(N 1,	 R	 0 ;:
or	

LJ =	 = -	
=25

or	 ,i' = 625

or	 II =1625 .-

V
Now	 —s- = - 

N

V	 N,

=
LS V1 . = L xto = 0.4V
N i l	 25

Example 13.17. The output resistance of :/w Iransistor shown in Fig. 13.16 is 3kl The pri-
nuiry of she transformer has a d.c. resistance / i() cz and the load connected across secondary is
31 Calculate the turn ratio of the transformer t'r sran.iferring ma.ximum power to the load.

+ vcc

Fig. 13.16

Solution.

D.C. resistance of primary, R,, = 30() Q

Load resistance. R L =

Let it =NP/N) be the required turn ratio. When no signal is applied, the transistor sees a load
of R,. (= 300 ) only. However, when ac. signal is applied, the load RL in the secondary is reflected
in the primary as n'Rj ; Consequently, the transistor now 'sees' a load of R in series with it RL.

For transference of maximum power,

Output resistance 01 t.ransistor = R + n2RL
or	 3000	 3(X) + it 	 3

3000 - 3(K)
or	 0 == 9(X)

n=,fi()() =30
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Example 13.18. A transolor uses transformer coupling jar amplif U aliofl. [he ()iJ)ut imped-

(11UC (if transistor is /() k2 while the input iniprilance oJ next stage is 2.5 k1. Determine the induc-
lance ofprirnan, and secondary oj the transforriier for perject iinpedtin(e marching at oti'cquency of
20011,-.

Solution.	 licquericv,f = 2(X)1Iz

Output impedarve of transistor = U) k1 = lO ii

Input impedance of next stage = 2.5 M= 2.5 < 101

Pri,nari, inductance. Consider the pi irriary side of thc translorrner. For perfect impedance match-

Output impedance of transistor = Primary impedance

	

or	 I O = 2 71 J.

Primary inductance, I.,, =	 = $ 11
2icx2(X)

,Scondarv inductance. Consider the secondar y side of transformer. For impedance matching,

Input impedance of next stage = Impedance of secondary

	

or	 2.5 x lO = 2 7EfL5

	Secondary inductance, L. 
= 2.5 x
	 = 211

2icx2(X)

Example 13.19. In the above example, find the number of primary and secondary turns. Given
that core section of the transformer is such that I turn gives an inductance of IOill.

Solution.
We know that inductance of a coil is directly proportional to thc square of number of turns of the

coil i.e.

L o N2

	or	 L=KN2

Now	 1. = 10 vt/i = IO H. N = I turn

lO	 = K(1)2

	

or	 K =

Primary inductance = KNP

	or	
8 = 105 

N,

Primary turns, N = V8 x 	 = 894

Similarly, secondary turns, N5 =	 = 447

13.5 Direct-Coupled Amplifier
There are many applications in which extremely low frequency (< 10 Hz) signals are to be

amplified e.g. amplifying photo-electric current, thermo-couple current etc. The coupling devices
such as capacitors and transformers cannot be used because the electrical sizes of these components
become very large at extremely low frequencies. Under such situations, one stage is directly con-

nected to the next stage without any intervening coupling device. This type of coupling is known as

direct coupling.

Circuit details. Fig. 13.17 shows the circuit of a three-stage direct-coupled amplifier, it uses
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complcmentary transistor. Thus, the first stage uses npn transistor the second stage uses pnp
transistor and so on. This arrangement makes the design very simple. The output from thecollector
of first transistor T1 is fed to the input of the second transistor T2 and so on.

+ vcc

Fig. 13.17

The weak signal is applied to the input of first transistor T 1 , Due to transistor action, an amplified

output is obtained across the collector load R C of transistor T1 . This voltage drives the base of the

second transistor and amplified output is obtained across its collector load. In this way, direct coupled
amplifier raises the strength of weak signal.

Advantages
(I) The circuit arrangement is simple because of minimum use of resistors.
(ii) The circuit has low cost because of the absence of expensive coupling devices.
Disadvantages
(1) It cannot be used for amplifying high frequencies.

(ii) The operating point is shifted due to temperature variations.

13.6 Comparison of Different Types of Coupling

S. No Particular	 RC coupling	 Transformer coupling	 Direct coupling

I,	 Frequency response	 Excellent in the audio Poor	 Best
frequency range

2.	 Cost	 Less	 More	 Least

3	 Space and weight	 Less	 More	 Least

4. Impedance marching	 Not good	 Excellent	 Good

5. Use	 For voltage	 For power amplification	 For amplifiying

amplification	 extremely low
frequencies

*	 This makes the circuit stable w.r.t. temperature changes. In this connection (i.e.. npn followed by pnp), the
direction of collector current increase P, when the temperature rises, is opposite for the two transistors.
Thus the variation in one transistor tends to cancel that in the other.



294	 Principles of Electronics

13.7 Difference Between Transistor And r1.Ul) Amplifiers
Although hoth transistors and grid-control ld tubes (e ,ç Mode. tctrodc and pentodc) can render the
job of amplification, they differ in the following respects

ti) The electron tube is a volLage driven device while transistor is a current operated device,
(ii) The input and output impedances of the electron tubes are generally quite large. On the

other hand, input and output impedances of transistors are relatively small.
(iii) Voltages for transistor amplifiers are much smaller than those of tube amplifiers.
(iv) Resistances of the components 0 a transistor amplifier are generally smaller than the resis-

tances of the corresponding components of the tube amplifier.
(i) The capacitances of the components of a transistor amplifier are usually larger than the

corresponding components of the tube amplifier.

Multiple-Choice Questions

I. A radio receiver has .........of amplification.
(i) one stage	 (ii) two stages

(iii) three stages
(iv) more than three stages

2. RC coupling is used for ..........amplification.
(i) voltage	 (ii) current

(iii) power	 (iv) none of the above
3. In an RC coupled amplifier, the voltage gain

over nod-frequency range .......
Ci) changes abruptly with frequency
(ii) is constant	 -

(iii) changes uniformly with frequency
iv) none of the above

4. In obtaining the frequency response curve
of an aiiipli tici, the ........

(1) amplifier level output is kept constant
(ii) amplifier frequency is held constant
(iii) generator frequency is held constant
(iv) gencratoroutput level is held constant

S. An advantage of RCcoupling scheme is the

(t) good impedance matching
(ii) economy

(iii) high efficiency (iv) none of the above
6. The best frequency response is of.........cou-

p1mg.
(i) RC	 (ii) transformer

(iii) direct	 (iv) none of the above
7. Transformer coupling is used for ........ am-m-

plification.p1ification.
(i) power	 (ii) voltage

(iii) current	 (iv) none of the above
8. In an RC coupling scheme, the coupling

capacitor C. must be large enough .......
(i) to pass d.c. between the stages
(ii) not to attenuate the low frequencies

(iii) to dissipate high power
(iv) none of the above

9. In RC coupling, the value of coupling ca-
pacitor is about .........
(i) lOOpF	 (ii) 0.1 iF

(iii) 0.01 .iF	 (iv) 10 pP
10. The noise factor of an ideal amplifier ex-

pressed in dl, is .........
(i) 0	 (ii) 1

(iii) 0.1	 (iv) 10
11. When a multistage amplifier is to amplify

d.c. signal, then one must use ........coupling.
(i) RC	 (ii) transformer

(iii) direct	 (iv) none of the above
12 . ........... coupling provides the maximum volt-

age gain.
(i) RC	 (ii) transformer

(iii) direct	 (iv) impedance
13. In practice, voltage gain is expressed .........

(1) in db	 (ii) in volts
(iii) as a number	 (iv) none of the above

14. Transformer coupling provides high effi-
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14. Transformer coupling provides high effi-
ciency because ........
(0 collector voltage is stepped up
(ii) d.c. resistance is low
(iii) collector voltage is st.epped down
(iv) none of the above

15. Transformer coupling is generally employed
when load resistance is ........
(i) large	 (ii, very large

(iii) small	 (iv) none of the above
16. If a three-stage arnplifu r has individual stage

gains of 10 db, 5 db and 12 db, then total
gain indb is ........
(i) 600 d	 (ii) 24 

(iii) 14 	 (iv) 27 d
17. The final stage of a inultistage amplifier uses

(i) RCcoupling
(10 transformer coupling
(iii) direct coupli ng
(iv) impedance ioupling

18. The ear is not sensitive to........
(1) frequency distortion
(ii) amplitude: distortion
(iii) frequency as well as amplitude distor-

tion
(iv) none of the above

19. RC coupling, is not used to amplify extremely
low frequeflcies because ........
(i) there i s considerable power loss
(ii) there is hum in the output
(iii) electrical size of coupling capacitor be-

core es very large
(iv) none of the above

20. In transistor amplifiers, we use ........trans-
former for impedance matching.
(1) step up	 (ii) step down

(iii) same turn ratio (iv) none of the above
21. The 1 ower and uppercut off frequencies are

al.o called ....... . frequencies.
(i) sideband	 (ii) resonant

(iii) half-resonant

295

(iv) half-power
22. A gain of 1,000.000 times in power is ex-

pressed by ........
(i) 30 db	 (ii) 6() db

(iii) 120 db	 (iv) 600 d
23. A gain of 1000 times in voltage is expressed

by...........
(i) 60 d	 (ii) 30 d

(iii) 120 db	 (iv) 600 d
24. I db corresponds to ...........change in power

level.
(1) 50%	 (ii) 35%

(iii) 26%	 (iv) 22%
25. I db corresponds to .........change in voltage

or current level.
(i) 40%	 (ii) 80%

(iii) 20%	 (iv) 25%
26. The frequency response of transformer cou-

pling is .........
(i) good	 (ii) very good

(iii) excellent	 (iv) poor
27. In the initial stages of a multistage ampli-

fier, we use .......
(i) RCcou*ng
(ii) transformer coupling
(iii) direct coupling (iv) none of the above

28. The total, gain of a multistage amplifier is
less than the product of the gains of indi-
vidual stages due to .......
(1) power loss in the coupling device
(ii) loading effect of next stage
(iii) the use of many transistors
(iv) the use of many capacitors

29. The gain of an amplifier is expressed in db
because ........
(1) it is a simple unit
(ii) calculations become easy
(iii) human ear response is logarithmic
(iv) none of the above

30. If the power level of an amplifier reduces
half, the4b gain will fall by .......
(i) 0.5 db	 (ii) 2 db
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(iii)	 10 1/1)	 (0') 3 (lb

31. A current amplification of 2(XX) is a gain of

(1) 3 db	 (ii) 66 db
(iii) 20 db	 (iv) 200 db

32. An amplifier receives 0.1 W of input signal
and delivers I S W of signal power. What is
the l ) O V C1 gain is (lb ?
(i) 21.8 (lb	 (ii) 13.6db

(iii) 9.5db	 (h') 17.4 db
33. The power output of an audio system is

18 W. For a person to notice an increase in
the output (loudness or sound intensity) of
the system, what must the output power be
increased to ?
(i) 14.2W	 (ii) 11.6W

(iii) 22.68 W	 (iv) none of the above
34. The output of a microphone is rated at - 52

db. The reference level is I V under speci-
fied sound conditions. What is the output
voltage of this microphone under the same
sound conditions ?
(i) 1.5 mV	 (ii) 6.2 mV

(iii) 3.9 mV	 (iv) 2.5 mV
35. RC coupling is generally confined to low

power applications because of ........
(i) large value of coupling capacitor
(ii) low efficiency

(iii) large number of components
(iv) noric of the above

36. The numl*r of stages that can be directly
coupled i. limited because ........
(i) changes iii temperature cause thermal

instability
(ii) circuit becomes heavy and costly
(iii) it becorne:; difficult to bias the circuit
(iv) none of the above

37. The purpose 1f RC or transformer coupling
is to ........
(i) block ac.
(ii) separate bias of one stage from another
(iii) increase thermal stability
(iv) none of the above

38. The upper or low ler cutoff frequency is also
called ........freqLenc:y.
(1) resonant	 (ii) sideband

(iii) 3 dh	 (iv) none of the above
39. The bandwidth of a single stage amplifier

is .......that of a mi iltistage amplifier.
(i) more than	 (ii) the same a;

(iii) less than	 iv) data insufficient
40. The value of emitter i:apacitor CEin a mul-

tistage amplifier is abut ............
(i) 0.1j.tF	 (ii) 100 p

(iii) 0.01 iF	 (iv) 50 g

Answers to Multiple-Choice Questions

	

1. (iv)
	

2. (1)
	

3. (ii)
	

4. (iv)
	

5.. (ii)

	

6. (iii)
	

7. (1)
	

8. (ii)
	

9. (iv)
	

10. (1)

	

11. (iii)
	

12. (ii)	 13. (i)
	 14. (ii)
	

15. (lit)

	

16. (iv)
	

17. (ii)
	

18. (i)
	

19. (iii)
	

20. (ii)
	21. (iv)
	

22. (ii)	 23. (i)
	

24. (iii)
	

25. (1)

	26. (iv)	 27. (i)
	

28. (ii)
	

29. (iii)
	

30. (iv)

	

31. (ii)	 32. (i)
	

33.	 34. (iv)
	

35. (if)

	36. (1)
	

37. (ii)
	

38.	 39. (1)
	

40. (iv)

Chapter Review Topics

1. What do you understand by multistage transistor amplifier? Mention its need.
2. Explain the following terms (1) Frequency response (ii) Decibel gain (iii) Bandwidth.
3. Explain transistor RC coupled amplifier with special reference to frequency response, advantages,

disadvantages and applications.



Multistage Transistor Amplifiers
	 297

4. With a neat circuit diagram, explain the working of transformer-coupled transistor amplifier.

5. How will you achieve impedance matching with transformer coupling'
6. Explain direct coupled transistor amplifier.

Problems

I. The absolute voltage gain of an amplifier is 73. Find its decibel gain.	 137db1

2. The input power to an amplifier is 15mW while output power is 2W. Fund the decibel gain of the
amplifier,	 121.25db]

3. What is the db gain for an increase of power level from 12W to 24W"	 13 dh

4. What is the db gain for an increase of voltage from 4mV to 8rnV ? 	 16 dl,]

5. A two-stage amplifier has first-stage voltage gain of 20 and second stage voltage gain of 400. Find the
total decibel gain.	 [78dh]

6. A multistage amplifier consists of three stages ; the voltage gain of stages are 60. 100 and 160.
Calculate the overall gain in db.	 [119.64db]

7. A multistage amplifier consists of three stages the voltage gains of the stages are 30, 50 and 60.
Calculate the overall gain in dh.	 199.IdbI

8. In an NC coupled amplifier, the mid-frequency gain is 2000. What will he its value at upper and lower
cut-off frequencies?	 1 1414J

9. A three-stage amplifier employs RC coupling. The voltage gain of each stage is 50 and R, = 5 kQ for
each stage. 11 input impedance of each stage is 2 k, find the overall decibel voltage gain. [80db]

10. We are to match a 16Q speaker load to an amplifier so that the effective load resistance is 10 k. What
should be the transformer turn ratio ?	 [25]

11. Determine the necessary transformer turn ratio for transferring maximum power to a 50 ohm load
from a source that has an output impedance of 5 k1. - Also find the voltage across the external load if
the terminal voltage of the source is WV r.m.s. 	 110, IV)

12, We are to match an U2 speaker load to an amplifier so that the effective load resistance is 8 k2. What
should be the transformer turn ratio ?	 (10)

Discussion Questions

1. 'Why does RC coupling give constant gain over mid-frequency range?
2. Why does transformer coupling give poor frequency response?
3. How will you get frequency response comparable to RCcoupling in a transformer coupling?
4. Why is transformer coupling used in the final stage of a multistage amplifier?
5. Why do you avoid RC or transformer coupling for amplifying extremely low frequency signals?

6. Why do you prefer to express the gain in db?
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Transistor Audio Power Amplifiers

Introduction

A practical amplifier always consists of  number of stages that amplify a weak signal until sufficient
power is available to operate a loudspeaker or other output device. The first few stages in this
multistage amplifier have the function of only voltage amplification. However, the last stage is de-
signed to provide maximum power. This final stage is known as power stage.

MICROPHONE
VOLTAGE I	 VOLTAGE POWERFIEjj AMPLIFIER F1AMPLIFIER

Fig. 14.1
The term audio means the range of frequencies which our ears can hear. The range of human

hearing extends from 20 Hz to 20 kHz. Therefore, audio amplifiers amplify electrical signals that
have a frequency range corresponding to the range of human hearing i.e. 20 Hz to 20 kHz. Fig. 14.1
shows the block diagram of an audio amplifier. The early stages build up the voltage level of the
signal while the last stage builds up power to a level sufficient to operate the loudspeaker. In this
chapter, we shall talk about the final stage in a multistage amplifier—the power amplifier.

14.1 Transistor Audio Power Amplifier

.4 transistor amplifier which raises the power level of the signals that have audio frequency range is
known as transistor audio power amplifier.

In general, the last stage of  multistage amplifier is the power stage. The power amplifier differs
from all the previous stages in that here a concentrated effort is made to obtain maximum output
power. A transistor that is suitable for power amplification is generally called apower transistor. It
differs from other transistors mostly in size; it is considerably larger to provide for handling the great
amount of power.

14.2 Difference Between Voltage and Power Amplifiers

The distinction between voltage and power amplifiers is somewhat artificial since useful power (i.e.
product of v.oltage and current) is always developed in the load resistance through which current
flows. The difference between the two types is really one of degree; it is a question of how much
voltage and how much power. A voltage amplifier is designed to achieve maximum voltage amplifi-

'298
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cation It is, however, not important to raise the power level. On the other hand, a power amplifier is
designed to obtain maximum output power.

1. Voltage amplifier. The voltage gain of an amplifier is given by
RC

=

In order to achieve high voltage amplification, the following features are incorporated in such
amplifiers

(i) The transistor with high 13 ( >100) is used in the circuit. In other words, those transistors are
niployed which hive thin base.

(ii) The input resistance Rof the transistor is sought to be quite low as compared to the collec-
tor load Re..

(iii) A rclatvely high load R( is used in the collector. To permit this condition, voltage amplifi-
ers are always operated at low collector currents ( I mA). If the collector current is small, we can
use large R( . ir the collector circuit.

2. Power amplifier. A power amplifier is required to deliver a large amount of power and as
such it has to handle large current. In order to achieve high power amplification, the following
features are i ncorporated in such amplifiers:

(I) Tb size of power transistor is made considerably larger in order to dissipate the heat pro-
du ced in the transistor during operation.

(ii) T'ne base is made thicker to handle large currents. in other words, transistors with compara-
tveIy smaller 13 are used.

(if) rransformer coupling is used for impedance matching.
The comparison between voltage and power amplifiers is given below in the tabular form

S. No.	 Particular	 Voltage amplifier	 Power amplifier

1.	 13	 High (> 100)	 low (5 to 20)

L.	 R	 High (4-1Ok)	 low (5to20))

3.	 Coupling	 usually R - C coupling	 invariably transformer coupling

4.	 Input voltage	 low (a few mV)	 High (2 —4 V)

5.	 Collector current	 low ( 1 mA)	 High (> 100 mA)

6.	 Power output	 low	 high

7.	 Output impedance	 High ( 12 k)	 low (200 )

Exam pie 14.1. A power amplifier operatedfrom 12 V battery gives an output of 2W. Find the
maximum collector current in the circuit.

Solution.
Let I be the maximum collector current.

Power = battery voltage x collector current
2 = 12x/(.

=	
= -A = 166.7 mA

12	 6

This example shows that a power amplifier handles large power as well as large current.

Example 14.2. A voltage amplifier operatedfrom a 12 V battery has a collector load of 4 kQ.

Find the maximum collector current in the circuit.
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Solution.
The maximum collector cur-rent will flow when the whole battery voltage is dropped across R.

M ax. coil ectorcurrent = battery voltage = 12V = 3mA
collector load	 4 k1

This example shows that a voltage amplifier handles small current.
Example 14.3. A power amplifier supplies 50 Wto an 8-ohm speaker Fina' (i) ac. output volge

(ii) (1.C. output current.

Solution.
(i) P = V2/R

ac. output voltage, V =	 = J50x8 = 20V

(ii) ac. output current, I = V/R = 20f	 2.5 A

14.3 Performance Quantities of Power Amplifiers

As mentioned previously, the prime objective for a power amplifier is to obtain maximurt i output power.
Since a transistor, like any other electronic device has voltage, current and power disspation limits,
therefore, the criteria for a power amplifier are: collector efficiency, distortion and powt 'rdissipation
capability.

(i) Collector efficiency. The main criterion for a power amplifier is not the power rain rather it
is the maximum a.c. power output. Now, an amplifier converts d.c. power from supply into a.c. power
output. Therefore, the ability of a power amplifier to convert d.c. power from supply into a.c. output
power is a measure of its effectiveness. This is known as collector efficiency and may be defined as
under:

The ratio of ac. output power to the zero signal power (i.e. d.c, power) supplied by th battery
of a power amplifier is known as collector efficiency.

Collector efficiency means as to how well an amplifier Converts d.c. power from the battery into
ac. output power. For instance, if the d.c. power supplied by the battery is IOW and a.c. output power
is 2W, then collector efficiency is 20%. The greater the collector efficiency, the larger is the ac. power
output. It is obvious that for power amplifiers, maximum collector efficiency is the desired goal.

(ii) Di!tortion. The change of output wove shape from the input wave shape of an amplifltT is
known as distortion.

A transistor like other electronic devices, is essentially a nonlinear device. Therefore, whenever
a signal is applied to the input of the transistor, the output signal is not exactly like the input signal i.e.
distortion occurs. Distortion is not a problem formall signals (i.e. voltage amplifiers) since trans-
tor is a linear device for small variations about the operating point. However, a power amplifier
handles large signals and, therefore, the problem of distortion immediately arises. For the compari-
son of two power amplifiers, the one which has the less distortion is the better. We shall discuss the
method o reducing distortion in amplifiers in the chapter of negative feedback in amplifiers.

(iii) Power dissipationcapabiIity. The ability of a power transistor to dissipate heat is known
as power dissipation capability.

As stated before, a power transistor handles large currents and heats up during operation. As iiny
temperature change influences the operation of transistor, therefore, the transistor must dissipate this
heat to its surroundings. To achieve this, generally a heat sink (a metal case) is attached to a power
transistor case. The increased surface area allows heat to escape easily and keeps the case tempera-
ture of the transistor within permissible limits.
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14.4 Cl assificatofl of lower Amplifiers
Transistor power amplifiers handle large signals. Many of them are driven so hard by the input large
signal that t:ollector current is either cut-off or is in the saturation rt..gion during a large portion of the
input cycle. Therefore, such amplifiers are generally classified according to their mode of operation
i.e. the portion of the input cycle during which the collector current is expected to flow. On this basis,
they are classified as:'

(1) class A power amplifier (ii) class 8 power amplifier (iii) class C power amplifier

(i) CIa;s A power aiipIi1ier. I/the collector curreniJlow.r at all times during the full cycle of
the signal, the power amp/tjicr is known as class A power amplifier.

+ Vcc

(1)

	

	 (ii)

Fig. 14.2

Obviously, for this to happen, the power amplifier must be biased in such a way that no part of the
signal is cut off. Fig. 14.2 (1) shows circuit of class A -sower amplifier. Note that collector has a
transformer as the load which is most common for all classes of power amplifiers. Ihe usc oftrans-
fort ncr permits impedance matching, resulting in the transference ot'maximum power to the load e.g.
loudspeaker.

Fig. 14.2 (ii) shows the class A operation in terms ofa.c. load line. lhe operating point Q is so
selected that collector current flows at all times throughout the full cycle ofthe applied signal. As the
output wave shape is exactly similar to the inptt wave shape, therefore, such amplifiers have least
distoti ion. However, they have the disadvantage of low power output and low collector efficiency
(about 5%).

(ii) Class B power amplifier. If the collector current Jiows univ during the positive half-cycle

[the input .signal, it is called  class B power amplifier.
n ;Iass B operation, the transistor bias is so adjusted that zero signal collector current is zero i.e.

no biasing circuit is needed at all. During the positive half-cycle of the signal, the input circuit is
forward biased and hence collector current flows. However, during the negative half-cycle of the
signal, tle input circuit is reverse biased and no collector current flows. Fig. 14.3 shows the class B
operation in terms of a.c. load line. Obviously, the operating point Q shall be located at collector cut
off voltagt. It is easy to see that output from a class B amplifier is amplified half-wave rectification.

In a cliss B amplifier, the negative half-cycle of the signal is cut off and hence a severe distortion
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occurs. I lowever, class I? amplifiers provide higher power output and collector efficiency (50— 60%).
Such amplifiers are mostly used tor power amplification in push-pull arrangement. In such an arrange-
mcnt, 2 transistors arc used in class II operation. One transistor amplifies the positive half, cycle of the
signal while the other amplifies the negative half-cycle.

4 Ic

A.C. LOAD LINE

[\QPOINT .

O	
YCE

JZ=

Fig. 14.3

(iii) Class C power amplifier. Ifihe collector currc'nt flows for less than half-cycle of the input
signal. ills ca/led class C power amplifier.

In class Caniplificr, the base is given some negative bias so that collector current does not flow
just when the positive half-cycle of the signal starts. Such amplifiers are never used for power ampli-
fication. However, they are used as tuned amplifiers i.e. to amplify a narrow band of frequencies near
the resonant frequency.

14.5 Expression for Collector Efficiency

For comparing power amplifiers, collector efficiency is the main criterion. The greater the coIlc;tor
efficiency, the better is the power amplifier.

Now	 Collector efficiency, TI 
= a.c. power output

d.c. power input

Pdc

where	 • P
= V

where V. is the r.m.s. value of signal output voltage and l is the r.m.s. value of output signal
current. In terms of peak-to-peak values (which arc often convenient values in load-line wcrk), the
ac. power output can be expressed as

** P
(Jc = 

[(0.5 x 0.707) Va. (P — P)] [(0.5 x 0.707) i (p -p)1

*	 Note that d.c. input power to the collector circuit of power amplifier is the product of collector supply V.
(and not the collcctor-emitter voltage) and the average (i.e. d.c.) collector current l(.

r.m.s. value = I [peak--to-peak  value*1 

	 -

= 0.5 x 0.707 x peak-to-peak value
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=	 - ) 
X 1

,(f' —p)

8

Collector Tj= 
V(e(pp)X I'(p_p)

14.6. Maximum Collector Efficiency of Series — Fed Class A Amplifier

Fig. 14.4 (0 shows a tscrics - fed class A amplifier. This circuit is seldom used for power amplification
due to its poor collector efficiency. Nevertheless, it will help the reader to understand the class A
operation. The d.c. load line of the circuit is shown in Fig. 14.4 (ii). When an ac signal is applied to'
the amplifier, the output current and voltage will vary about the operating point Q . In order to achieve
the maximum symmetrical swing of current and voltage (to achieve maximum output power), the Q
point should be located at the centre of the dc load line. In that case, operating point is I = VCcI2RC
and VCE = Vi2.

+IC

.icc Vcc
2

(0	 Fig. 14.4
	 (ii)

Maximum v, ,.,, ) = V(.c
Maximum 1C(p-p) = Vc(IRC

	

V . .	 Xl	 V	 2

Max. ac output power,	 = '	 ')	 " -	 = CC X V
" 

CC / R =
8	 8	 8 R

(v	 v2
	D.C. power supplied. P, = V 'c V.	 =

)C	 . C

	

f)	 2

Maximum collector 	 = -->-xlOO = ------ • xlo()	 25%
V /2

Thus the maximum collector efficiency of a clasA series-fed amplifier is 25%. In actual practice,
the collector efficiency is far less than this value.

Example 14.4. Calculate the (1) output power (ii) input power and (iii) collector efficiency of the

amplifier circuit shown in Fig. 14.5 (i). It is given that input voltage results in a base current of
10 mA peak.

t	 Note that the input to this circuit is a large signal and that transistor used is a power transistor.
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(1)

	

	 (ii)

Fig. 14.5

Solution. First draw the d.c. load line by locating the two end points viz., 'C(.at) VccIRc =
20 V/20 Q = I A = 1000 mA and Vc.F = V(.= 20 V as shown in Fig. 14.5 (ii). The operating point Q
of the circuit can be located as under:

J 
= ______ = 20-0.7 = 19.3mA

RR	 I 

Ic = P 1, = 25(19.3 in = 482 in 

Also	 VCE =	 = 20V—(482mA)(20) = 10.4V
The opefating point Q (10.4 V, 482 mA) is shown on the d.c. load line.
(I) i e - ?peak ) = ih (peak ) = 25x(10niA) = 250 mA

- i(peak)	 (250x101)2
(uc) -
	 2	

RC =	 X 20

(ii) I j = Vcc 'c = (20 V) (482 x 10 -1  = 9.6 W

02S(iii) Collector fl	
P(ac) 

X 100 = ___L__ X 100
9.6

= 0.625 W

6.5%

14.7. Maximum Collector Efficiency of Transformer Coupled Class A Power

Amplifier
In class A power amplifier, the load can be either connected directly in the collector or it can be
transformer coupled. The latter method is often preferred for two main reasons. First, transformer
coupling permits impedance matching and secondly it keeps the d.c. power loss small because of the
small resistance of the transformer primary winding.

Fig. 14.6 (i) shows the transformer coupled class A power amplifier. In order to determine
maximum collector efficiency, refer to the output characteristics shown in Fig. 14.6 (ii). Under zero
signal conditions, the effective resistance in the collector circuit is that of the primary winding of the
transformer. The primary resistance has a very small value and is assumed zero. Therefore, d.c, load
line is a vertical line rising from VCCas shown in Fig. 14.6 (ii). When signal is applied, the collector
current will vary about the operating point Q.

In order to get maximum ac. power output (and hence maximum collector TI), the peak value of
collector current due to signal alone should be equal to the zero signal collector current I. In terms
of ac. load line, the operating point Q should be located at the centre of a.c. load line.
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(i)	

Fig. V4.6	
(ii)

During the peak of the positive half-cycle of the signal, the total collector current is 2 I( and v, =
0. During the negative peak of the signal, the collect or current is zero and 	 2V.1..

Peak-to-peak collector-emitter voltage is
2V.

	Peak-to-peak collector current, 	 :2 I

T(pp) - 2(
-

where K, is the reflected value of load R, and appears in the primary otthe transformer. tin
N,)/N, ) is the turn ratio of the transfonner, then, K, n 2 R,.

	d.c. power input, 1',,,	 (
1	 .

	Maxa.c. output power, ' ic()	 V(# 1 (p - ,') 
X I, (p - p)

- 2V,,.	 21,

= I	 .	 ( i)

=	 I K,	 (: V. l.R)

(ii (Mm ')
	Max. collector r	

,.	
x 100

(1/2) / R'=	 (	 xOØ=5t%
I. R

This occurs at the negative peak of the signal. tinder such conditior.is, the voltage across transformer
primary is i,., but in such a direction so as to reinforce the supply.

= 2V.
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14.8 Important Points About Class A Power Arnplificr

(1) A*transformer coupled class  power amplifier has a maximum collector efficiency of 50%
ic., maximum of 50% d.c. supply power is converted ino a.c. power output. In practice, the effi-
ciency of such an amplifier is less than 50% (about 35%) due to power losses, in the output trans-
former, power dissipation in the transistor etc.

(u) The power dissipated by a transistor is given by
= /,dc -

where	 P = available d.c. power
= available a.c. power

Clearly, in class A operation, the transistor mu;t dissipate less heat when signal is applied and
therefore runs cooler.

(iii) When no signal is applied to a class A poi ver amplifier, P	 0.

=
Thus in class A operation, maximum power dissipation in the transistor occurs under zero signal

conditions. Therefore, the power dissipation cap.-ability of a power transistor (for class A operation)
must he aticast equal to the zero signal rating. For example, if the zero signal power dissipation ofa
transistor is I W, then transistor needs a rating of atleast 1W. if the power rating of the transistor is
less than 1 W, it is Likely to be damaged.

(iv) When a class A power amplifier is wcd in the final stage, it is called single ended class A
power amplifier.

Example 14.5. A power transistor worling in cI'iss A operation has :ero signal power dissipa-
tion of 10 watts. If the a.c. output power is 4 watts, find.

(I) collector efficiency	 (ii) power rating of transistor

Solution.
Zero signa[powcr dissipation, P,. = IOW

a.c. power output, P, = 4 W

(I)	 collectoretTicincy = . L x 
100 = 10

x 100 = 40%
ck

(ii) The zero signal power represrnts the worst case i.e. maximum power dissipation in a transis-
tor occurs under zero signal conditions.

Power rating of tr2 ins istor = lOW
It means to avoid damage, the transistor must have a power rating of atleast 10 W.

Example 14.6. A class A power amplifier has a transformer as the load. If the transformer has a
turn ratio of 10 and the secondary load is 100 a find the maximum a.c. power output. Given that
zerO signal collector current is 100 mA.

Solution.
Secondary load, R1	 100 Q

Transformer turn atio, n = 10
Zero signal collector current, !(. = lOOmA

Load as seen by the primiry of the transformer is
= n2 R, = (10)2 x 100 = 10,0001

*	 I lowcvcr, resistance coupled class A power amplifier has a maximum collector efficiency of 25%,
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Max. a.c. power output = I /, 2 . R,	 I	 100
, =	 xIO,000

= 50 W

Example 14.7. A class A transformer coupled power amplifier has zero signal collector current
of 50 mA. If the collector supply voltage is 5 V, find (i) the maximum a. C: power output (ii) the power
rating of transistor (iii) the maximum collector efficiency.

Solution.
-	 (•(1)	 Max. a.c. power output,	
-	 2 

I(	
...See Art. 14.7

= (5 V) x (50 mA)
= 125 m

2
(ii)	 D.0 input power, P,,,.

 (5 V)x (50 mA) = 250 m
Since the maximum power is dissipated in the zero signal conditions,

Power rating of transistor = 250 m
The reader may note that in class A operation

p=

	

au (r,ax)	 2
or I'dis= 2	 (nNLT)

It means that power rating of the transistor is twice as great as the maximum a-c. output power. For
example, if  transistor dissipates 3 W under no signal conditions, then maximum a.c. output power it
can deliver is 1.5W.

Max. collector 
Tj= __ 	

x IN = 125 m 
100 = 50%

1dc	 250 m
Example 14.8. A power transistor working in class A operation is supplied from a 12-volt

battery. If the maximum collector current change is IOU mA, find the power transferred to a 5 )
loudspeaker if it is:

(/) directly connected in the collector
(ii) transformer-coupledfor maximum power transference
Find the turn ratio of the transformer in the second case.
Solution.

	Max. collector current change, A/	 1(X)mA
Max. collector-emitter voltage change is

= 12V

Loudspeaker resistance, R, = 5
( i) Loudspeaker directly connected. Fig. 14.7 (i) shows the circuit of class A power amplifier

with loudspeaker directly connected in the collector.

Max. voltage across loudspeaker 	 X /. x R1 100 mA x 5 Q = 0,5 V

Power developed in the loudspeaker = 0.5 V x 100 mA

= 0.05W=50 mW
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ci,'

10	 R2
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Fig. 14.7

Therefore, when loudspeaker is directly connected in the collector, only 50 mW of power is

transferred to the loudspeaker.

(ii) Loudspeaker transformer coupled. Fig. 14.7 (ii) shows the class A power amplifier with

speaker transformer coupled. As stated before, for impedance matching, step-down transformer is

used.

Output impedance of transistor
-	

= l2V/lOOniAl20
 Mc

In order to transfer maximum power, the primary resistance should be 120 0.

Now, load R'L as seen by the primary is

R'L = n2RL

or	 120 	 n2RL

or	 n 2 
12

Turn ratio, n =IF20 = 4•9

Transformer secondary voltage
= Primary voltage = 12/4.9 = 2.47 V

n
2.47 V

Load current, 'L 
=50 = 0.49 A

Power transferred to the loudspeaker

=lRL

= (0.49)2 x5 = 1.2W = 1200mW

It is clear that by employing transformer coupling, we have been able to transfer a large amount
of power (1200 mW) to the speaker. The main consideration in power amplifiers is the maximum

power output and, therefore, transformer coupling is invariably used.
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Example 14.9. A common emitter class A transistor power amplifier uses a transistor with 3 =

100. The load has a resistance of 81.6 k4 which is irwt.cftniner coupled to the collector circuit, If the
peak values of collector voltage and current are 30 V and 35 mA respectivel y and the correspond-
ing minimum values are 5 V and I mA respcctiveldetermine

(i) the approximatevalue of zero signal collector current

(ii) the zero signal base current

(iii) P,k and 1'	 (n) collector efficiency (v) turn ratio of the transformer

Solution.

In an ideal case, the minimum values of and i, (,,ii,) are zero. However, in actual practice,

such ideal conditions cannot be realised. Iii the given problem, these minimum values are 5 V and I mA
respectively as shown in Fig. 14.8.

iC

- D.C. LOAD LINE

U 

PPOINT11 X^.Q j'OlNT

min)

	

675v30V	
VCE

	

CE	 VCE

	(mm)	 (max)

Fig. 14.8

(i) The zero signal collector current is approximately half-way between the maximum and mini-
mum values of collector current i.e.

	Zero signal 1. =	 + 1 = 18 mA

(ii) Zero signal I = I/1 = 18/100 0.18 mA

	Zero signal VCE =
	
+ 5 = 17.5V

Since the load is transformer coupled. Vcc	 17.5 V.

d.c. input power, Pdc =VCC 'c = 17.5 V x 18 mA = 315 m

30-5

	

ac. output voltage, V1, =	 = 8.84 V

ac. output current, /. = TJ = 12 m
2

ac. output power, P = V x
= 8.84VxI2mA=106mW

(iv)	 Collector i =	
x 100 = '6Pxl0() = 337%

Pdl	
315
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(r) The ac. resistance F?', in the collector is determined from the slope of the line.
I	 35—I	 —34

Slope = -----	 =

	

=	 = 2 5_ 
x 1000 =73S

34	 34

1̂8

7S	turn ratio, 11 = 	=	 -= 3
l.6

14.9 Thermal Runaway

All semiconductor devices are very sensitive totemperature variations. If the temperature of  transis-
tor exceeds the permissible hunt, the transistor may he *permanen t ly damaged. Silicon transistors can
withstand temperatures 'ipto 250°C while the germanium transistors can withstand temperatures upto

(X ft
There are two factors which determine the operating temperature of a transistor viz. (i) surround-

ing temperature and (ii) power dissipated by the transistor.
When the transistor is in operation, almost the entire heat is produced at the collector-base

unction. This powctJissipation causes the junction temperature to rise. This in turn increases the
collector current since more electron-hole pairs arc generated due to the rise in temperature. This
produces an increased power dissipation in the transistor and consequently a further rise in tempera-
Ewe. Unless adequate cooling is provided or the transistor has built-in temperature compensation
circuits to prcven1eecSSive collector current rise, the junction temperature will continue to increase
until the maximutn permissible temperature is exceeded. If this situation occurs, the transistor will be
permanently dam-aged.

The unstable condition where, owing to rise in temperature, the collector current rises and
continues to increase is known as thermal runaway.

Thermal runaway must always be avoided. If it occurs, permanent damage is caused and the
transistor must be replaced.

14.10. heat Sink

As power tran s istors handle large currents, they always heat up during operation. Since transistor is
atemperature dependent device, the heat generated must be dissipated to the surroundings in order
to keep the temperature within permissible limits. Generally, the transistor is fixed on a metal sheet
(usually aluminum) so that additional heat is transferred to the Al sheet.

The mewl sheet that serves to dissipate the additional heat from the power transistor is known
a.r heat sink.	 -

vIost of the heat within the transistor is produced at the **collector junction. The heat sink
the surl.c area and allows heat to escape from the collector junction easily. The result is

that temperature of the transistor is sufficiently lowered. Thus heat sink is a direct practical means of
combating the undesirable thermal effects e.g. thermal runaway. It may be noted that the ability of any
heat sink to transfer heat to the surroundings depends upon its material, volume, area, shape, contact
between case and sink and movement of air around the sink. Finned aluminium heat sinks yield the
best heat transfer per unit cost.

*

	

	 Almost the entire heat in a transistor is produced at the collector-base junction. If the temperature exceeds
the permissible limit, this junction is destroyed and the transistor is rendered useless.
Most of power is dissipated at the collector-base junction. This is because collector-base voltage is much
grcatel than the base-emitter voltage, although currents through the two junctions are almost the same.
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It should be realised that the use of heat sink alone may not be sufficient to prevent thermal
runaway under all conditions. In designing a transistor circuit, consideration should also be given to
the choice of (i)operating point (ii) ambient temperatures which are likely to be encountered and (iii)

the type of transistor e.g. metal case transistors are more readily cooled by conduction than plastic
ones. Circuits may also be designed to Compensate automatically for temperature changes and thus
stabilise the operation of the transistor components.

14.11. Mathematical Analysis

	The permissible power dissipation of the Irarisi 	 . ..	 ;;pur1ant item for power transistors. The
permissible power rating of a transistor is calculated from the following relation

-	 ,nns -
S,taI -

where PrOr'll = total power dissipated within the transistor
= max i mont .i u nctitrn temperature. It is 90'C for iern ion iuni

transistors and 1 50'C for silicon transistors.
= ambient temperature i.e. temperature of surrounding air

0	 *thermal resistance i.e. resistance to heat flow from the
junction to the surrounding air

The unit of 0 is °C/ watt and its value is always given in the transistor manual. A low thermal
resistance means that it is easy for heat to flow from thejunction to the surrounding air. The larger the
transistor case, the lower is the thermal resistance and vice-versa. It is then clear that by using heat
sink, the value of 8 can be decreased considerably, resulting in increased power dissipation.

Example 14.10. A power transistor dissipates 4 W If Th, U = 90°C, find the maximum ambient
temperature at which ft can be operated. Given 8 = IO°C/W

Solution.

T1,,	 = 90°C
0 = IILPCJW

Tlmir —T
Nov	

=	 0

or	
4= 90

Ambient temperature, T mj, = 90-40=50°C
The above example shows the effect of ambient temperature on the permissible power dissipation

in a transistor. The lower the ambient temperature, the greater is the permissible power dissipation.
Thus, a transistor can pass a higher collector current in winter than in summer.

Example 14.11. (1) A power transistor has thermal resistance B = 300°CIW If the maximum
junction temperature is 90°C and the ambient temperature is 30°C, find the maximum permissible
power dissipation.

(ii) If a heat sink is used with the above rransistor, the value of 8 is reduced to 60°G'W Find the
maximum permissible power dissipation.

1 he path of heat flow generated at the col lector-base junction is from junction to case, from case to sink and
from sink to atmosphere.
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Solution.
(1)	 l%'ji/i,ijit 11(01 , ink

= t rc

•	 = 30°C
U =

- -'
	 uui = 90 30 

= 0.2 W = 200 mW-	 I)	 30()
(ii) (4,1/i heat .00k

1 ,,,,,,, = 1A7T
= 3(7C

() = httCJW

1	 -
I , .	 =	 °"	 .'.'.=	 ••--= IW=l000mW

	

t•' 0	 6(1
It is clear from the above example that permissible P0 WC1 dissipation with heat sink is 5 times as

compared to the case when no heat sink is used.

Example 14.12. The total thermal resistance of a power transistor and beat .vuzk is 20'C'/W. The

,j,nbjent temperature is 25°C and T ,.,, 200°c. if V = 4 'v find the ,fltuimurn collector current

1/1,41 the transistor can carry without destruction. What will be the allowed value of oltector

carrent ,janihicnt temperature rises to 75°C ?

Solution.
= T , ,, - r, =	 = 8.75 \V

U	 2(1
This means that max mum permissible power dissipation of the transistor at ambient temperature

of 25C is 8.75 W i.e.

= 1 .75
8.75/4 = 2.19 A

Again	 i' 	
=	

= 200-2 = 6-25 IV
(3	 20

	

I,	 . 6.25/4 = 1.56A
This example clearly shows the 01'ect of ambient temperature.

14.12 Stages 01'A Practical Power Amplifier

The function of a practical power amplifier is to amplify a weak signal until sufficient power LS available

to operate a loudspeaker or other output device. To achieve this goal, a power amplifier has generally
three stages vi.. voltage amplification stage, driver stage and output stage. Fig. 14.9 shows the block

diagrani of 'a practical power amplifier.

SIGNAL VOLTAGE _______ VOLTAGEI_...J DRIVER 	 POWER
AMPLIFICATION	 AMPLIFICATION[	 I STAGE	 STAGE

Fig. 14.9

(i) t4iltagc cimplification .vtage. The signals found in practice have extremely low voltage level
(< It) mV). Therefore, the voltage level of the weak signal is raised by two or niorc voltage amplifiers.
Generally. RC coupling is employed for this purpose.
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(ii) Driver stage. The output Iroitithe last vohage ainpli tication stage is fed to the driver stage.
It supplies the necessary power to the output stage. The driver stage generally employs class A

transformer coupled power ampliticr. Here, concentrated effort is made to OhtIn til(L'rilnU,?l J)()tCr

xcJifl.

(iii) Output s1a,'c. The output power 110111 the driver stage is fed to the output stage. It is the final
stage and feeds power directly to the speaker or other output device. The output stage is invariably
translormcr coupled and ciiiilos class I? amplifiers in push-pull arrangement. Here, concentrated
effort is made to obtain rnas (l?IIWI power (HI1J)!1(

14.13 Driver Stage

The stage that immediately precedes the output stage is called the drierstoc. It operates as a class
A power amplifier and supplies the drive for the output stage. Fig. 14. 10 shows the driver stage. Note
that transformer coupling is employed. The primary of this transformer is the collector load. The
secondary is almost always centre-tapped so as to provide equal and opposite voltages to the input
of push-pull amplifier (i.e. output stage). The driver transformer is usually a step-down transformer
and facilitates impedance matching.

The output from the last voltage amplification stage forms the input to the driver stage. The
driver stage renders power amplification in the usual way. It may he added that main consideration
here is the maximum power gain. The output of the driver stage is taken from the centre-tapped
secondary and is fed to the output stage.

+ vcc

R	 III 
.—OUTPUT

'Ir

Cm

INPUT	 R2

RE	
CE

Fig. 14.10

14.14 Output Stage

The output stage essentially consists of a power amplifier and its purpose is to transfer maximum
power to the output device. If a single transistor is used in the output stage, it can only be employed
as class A amplifier for faithful amplification. Unfortunately, the power efficiency of a class A amplifier
is very low ( 35%). As transistor amplifiers are operated from batteries, which is a costly source of
power, therefore, such a low efficiency cannot be tolerated.

In order to obtain high output power at high efficiency, pushpull arrangement is used in the
output stage. In this arrangement, we employ two transistors in class B operation. One transistor
amplifies the positive half-cycle of the signal while the other transistor amplifies the negative halt-
cycle of the signal. In this way, output voltage is a complete sine wave. At the same time, the circuit
delivers high output power to the load due to class B operation.
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14.15 Push-Pull Amplifier

The push-pull amplifier is it power amplifier and is frequently employed in the output stages of

electronic circuits. It is uscd whenever high output power at high efficiency is required. Fig. 14.11
shows the circuit of a push-pull amplifier. Two transistors Td and T 2 placed back to back are

employed. Both transistors arc operated in class B operation i.e. collector current is nearly zero in the
;ihsencc of the signal. The centre-tapped secondary of driver transformer T 1 supplies equal and

opposite voltages to the base circuits of two transistors.
The output transformer 1'2 has the centre-tapped primary winding. The supply voltage V CC is

connected between the bases and this centre tap. The loudspeaker is connected across the second-
ary of this transformer.

Circuit operation. The input signal appears across the secondary AB of driver transformer.
Suppose during the first half-cycle (marked I) of the signal. end A becomes positive and end B
negative. This will make the base-em itterjunction of 7, 1 reverse biased and that of Tr2 forward biased.

The circuit will conduct current due to T 2 only and is shown by solid arrows. Therefore, this half-
cycle of the signal is aniplified by Tr2 and appears in the lower half of the primary of output trans-
former. In the next half-cycle of the signal. 7 n1 is forward biased whereas T is reverse biased.
Therefore, 7 1 conducts and is shown by dotted arrows. Consequently, this half-cycle of the signal is
amplified by Tnt and appears in the upper half of the output transformer primary. The centre-tapped
primary of the output transformer combines two collector currents to form a sine wave output in the
secondary.

N1

4-

N1

DRIVER
TRANSFORMER Tri 41

 —*	 *

4

1111111TI 4-
vcc

OUTPUT
/TRANSFORMER

Ii
Fig. 14.11

It may he noted here that push-pull arrangement also permits a maximum transfer of power to the
load through impedance matching. If RL is the resistance appearing across secondary of output

transformer, then resistance R of primary shall become

(2N 'l
R'1. =	 LJ R1

where	 Ni = Number of turns between either end of primary winding and
centre-tap

N, = Number ot secondary turns
Advaiitages

(1) The ctfictcncy of the circuit is quite high ( 75%) due to class B operation.
(ii) A high ac. output power is obtained.
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flicadvantiges
(i) Two transistors have to be used.

(ii) It requires two equal and Opposite voltages at the input. Therefore, push-pull cir 	 rccuit W-

quires the USC of driver stage to furnish these signals.
(iii) If tile parameters of the two transistors are not the same, there will he unequal amplification

of the two halves of the signal.
(iv) The circuit gives more distortion.
(v) Transformers used are bulky and expensive.

14.16 Complementary-Symmetry Amplifier

By complementary symmetry is meant a principle of assembling push-pull class B amplifier without
requiring centre-tapped transformers at the input and output stages. Fig. 14.12 shows the transistor
push-pull amplifier using complementary symmetry. It employs one npij and one pnp transistor and
requires no centre-tapped transformers. The circuit action is as follows. During the positive-half of
the input signal, transistor T1 (the ttjrn transistor) conducts current while T (the pop transistor) is cut
off. During the negative half-cycle of the signal, T2 conducts while T1 is cut off. In this way, npn
transistor amplifies the positive half-cycles of the signal while the pnp transistor amplifies the nega-
tive half-cycles of the signal, Note that we generally use an output transformer (riot centre-tapped) for
impedance matching.

vcc

vcc

Fig. 14. 12

Advantages

(i) This circuit does not require transformer. This saves on weight and cost.
(ii) Equal and opposite input signal voltages are not required.

Disadvantages

(1) It is difficult to get a pair of transistors(npn and pop) that have similar characteristics
(ii) We require both positive and negative supply voltages.
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Multiple-Choke Questions

I. The output stage of a intiltzstigc amplifier is
also called ..........

(i) mixer	 stage	 (ii) power stage
(iii) detector stage (iv) R.I. stage

2 . .......... coupling is generally employed in
power amplifiers.
(I) transtorincr	 (ii) RC

	

(iii) direct	 (iv) impedance
3. A class A power amplifier uses .......

(t) two transistors (ii) three transistors
(iii) one transistor (iv) none of' the above

4. The maximum efficiency of resistance loaded
'class A power amplifier is ........
(i) 7.5%	 (ii) 50Yo

	

(iii) 30-lo	 (iv) 25%
S. The maximum efficiency of transformer

coupled class A power amplifier is ......
(i) 30%	 (ii) 50%

	

(iii) 80%	 (iv) 45%
6. Class .......power amplifier has the highest

collector efficiency.
(/) C	 (ii) A

(iii) B	 (iv) AR

7. Power amplifiers handle ........ignals com-
pared to voltage amplifiers.
(i) small	 (ii) very small

	

(iii) large	 (iv) none of the above
S. In class A operation, the operating point is

generally located ........of the d.c. load line.
(i) at cut off point (ii) at the middle

(iii) at saturation point
(iv) none of the above

9. Class C amplifiers are used as .........
(t) AF amplifiers (ii) detectors

(iii) R.F. amplifiers (iv) none of the above

10. A power amplifier has comparatively .........

( i ) small	 (ii) large
(iii) very large	 (iv) none of the above

11. The maximum collector efficiency of class B
operation is ........
(I) 50%	 (ii) k)%

(iii) 00.5%	 (iv) 7.5%

12, A 2-transistor class B	 amplifier iS corn-
inonly called ........amplifier.
(I) dual	 (ii) push-pull

(iii) symmetrical	 (iv) differential
13. If a transistor is operated in such a way that

output current flows for 60° of the input sig-
nal, then it is ......operation.
(i) class A	 (ii) class B

(iii) class C	 (iv) none of the above
14. If the zero signal power dissipation of a tran-

sistor is I W, then power rating of the tran-
sistor should be atleast ...........
(i) 0.5 W	 (ii) 0.33W

(iii) 0.75W	 (iv) I W
15. When a transistor is cut off.........

(i) maximum voltage appears across tran-
sistor

(ii) maximum current flows
(iii) maximum voltage appears across load
(iv) none of the above

16. A class A power amplifier is sometimes called
amplifier.

(i) symmetrical	 (ii) single-ended

(iii) reciprocating	 (iv) differential
17. Class ..........operation gives the maximum

distortion.
(i) A	 (ii) B

(iii) C	 (iv) AR

18. The output stage of a multistage amplifier
usually employs ........
(i) push-pull amplifier
(ii) preamplifier

(iii) class A power anipli tier
(iv) none of the above

19. The size of a power transistor is made con-
siderably large to ........
(1) provide easy handling

(ii) dissipate heat
(iii) facilitate connections
(iv) none of the above
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20. Low efficiency of a power amplifier results
in.........
(i) low forward bias

(ii) less buttery consumption
(iii) more battery consumption
(iv) none of the above

21. The driver stage usually employs .......

(i) class A power amplifier

(ii) push-pull amplifier

(iii) class C amplifier
(iv) none of the above

22. Ii the power rating of a transistor is I Wand
collector current is lO() mA, then maximum
allowable collector voltage is ........

(1) IV	 (ii) ltV
(iii) 20V	 (iv) WV

23. When no signal is applied, the approximate
collector efficiency of class A power ampli-
fier is ...........
(1) 10%	 (ii) 0%

(iii) 25%	 (iv) 50%
24. What will be the collector efficiency of a

power amplifier having zero signal power
dissipation of 5 watts and ac. power output
of 2 watts ?
(i) 200/c 	 (ii) 80%

(iii) 40%	 (it') 50%
25. The output signal voltage and current of a

power amplifier are S V and 200 mA ; the
values being r.m.s. What is the power out-
put ?
(i) 1W	 (ii) 2W

(iii) 4 W	 (iv) none of the above'
26. The maximum ac. power output from a class

A power amplifier is 10W. What should be
the minimum power rating of the transistor
used
(i) lOW	 (ii) 15\V

(iii) SW	 (iv) 20W
27. For the same a.c. power output as above,

what should be the minimum power rat ing of
transistor for class 13 operation ?
(i) lOW	 (ii) 4W

(iii) 8 W	 (iv) none of the above

2. The push-pull circuit must use .....operation.
(i) class A	 (ii) class C

(iii) class II	 (it') class AB

29. The class B push-pull circuit can deliver
100 W of ac. output power. What should
be the minimum power rating of each
transistor ?
(i) 20W	 (ii) 40W

(iii) lOW	 (iv) 80W

30. What turn ratio (N,,1N5 ) of transfonner is
required to match 4 il speaker to a transistor
having an output impedance of 8000 0 ?
(i) 35.2	 (ii) 44.7

(iii) 54.3	 (iv) none of the above
31. A transformer coupled class A power ampli-

fier has a load of 100 Q on the secondary. If
the turn ratio is 10 1, what is the value of
load appearing on the primary?
(i) 5k	 (ii) 20k11

(iii) l00k	 (iv) l0ki
32. Power amplifiers generally use transformer

coupling because transformer permits .......
(i) cooling of the circuit

(ii) impedance matching
(iii) distortionlcss output
(it') good frequency response

33. Transformer coupling can be used in ........
amplifiers.
(i) either power or voltage

(ii) only power
(iii) only voltage	 (iv) none of the above

34. ThC output transformer used in a power am-
plifier is a ..... . transformer.
(1) I I ratio	 (ii) step-up

(iii) step-down	 (it') none of the above
35. The most important consideration in power

amplifiers is......
(1) biasing the circuit
(ii) collector efficiency

(iii) to keep the transformer cool
(iv) none of the above

36. An AFampliticr is shielded to ........

(i) keep the amplifier cool
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8.

13.
18.
23.
28.
33.
38.

(iii)
(ii)

(1)
(ii)

(0
(1)
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(iii) prevent induction due to stray magnetic
fields

(iv) none of the above
37. The pulsating d.c. applied to power ampli-

ticr causes ........
(i) burning of transistor

(ii) hum in the circuit
(iii) excessive forward voltage
(iv) none of the above

38. The disadvantage of impedance matching is
that it ..........
(1) gives distorted output

Principles of Electronics

(ii) gives low power output
(iii) requires a transformer
(iv) none of the above

39. If the gain versus frequency curve of a tran-
sistor amplifier is not flat, then there is .........
distortion.

	

(i) amplitude	 (ii) inierinodulation

	

(iii) frequency	 (iv) none of the above
40. The most costly coupling is ............coupling.

(i) RC	 (ii) direct

	

(iii) impedance	 (iv) transformer,

Answers to Multiple-Choice Questions

1. (ii)
6. (:)

11. (iv)
16. (ii)
21. (:)
26. (iv)
31. (iv)
36. (iii)

2. (i)
7. (iii)

12. (ii)
17. (iii)
22. (iv)
27. (ii)
32. (ii)
37. (ii)

4. (iv)
9. (iii)

14. (iv)
19. (ii)
24. (iii)
29. (1)
34. (iii)
39. (iii)

5. (ii)
10. (1)

15. (1)

20. (iii)
25. (:)
30. (ii)
35. (it)
40. (iv)

Chapter Review Topics

1. What is an audio power amplifier? What is its need ?
2. Explain the difference between a voltage and a power amplifier.
3. What do you understand by class A, class B and class C power amplifiers ?
4. Define and explain the following terms as applied to power amplifiers.

(i) collector efficiency (ii) distortion (iii) power dissipation capability
S. Show that maximum collector efficiency of class A transformer coupled power amplifier is 50%.
6. Draw the block diagram of a practical power amplifier.
7. Explain the push-pull circuit with a neat diagram.
8. Write short notes on the following:

(i) Heal sink	 (ii) Driver stage
(iii) Output stage	 (iv) Complementary-symmetry amplifier

Problems

I. The resistance of the secondary of an Output transformer is 1000.  if the output impedance is 10 kU.
find the turn ratio of the transformer for maximum power transference.	 [n = 10]

2. A power transistor working in class A operation has zero signal power dissipation of 5 watts. If a.c.
output power is 2 watts, find (1) collector efficiency (ii) power rating of transistor.

[(i) 40% (ii) 5 watts]
3. A class A power amplifier has a maximum ac. power output of 30 W. Find the power rating of the

transistor.	 [60W]
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4. The ac. power output of a class A power amplifier is 2W. lithe collector efficiency is 40%, find the

power rating of the transistor.	 [SW

5. In a class A transformer coupled amplifier, collector current alternates between 3 mA and ItO mA and
its quiescent value is 58 mA. The load resistance is 1.5 Q and when referred Co primary winding is 325

The supply voltage is 20V. Find (i) transformer turn ratio (ii) ac. power output (iii) power rating

of transistor.

6. A transistor has thermal resistance 0 = 80°GW. If the maximum junction temperature is 90°C and the
ambient temperature is 30°C, find the maximum permissible power dissipation. 	 [750mW]

7. A power transistor dissipates 4 W. If T, 	 = 90°C, Find the maximum ambient temperature at which

it can be operated. Given thermal resistance 9 = 8°CIW. 	 [58 °C]

Discussion Questions

1. Why does collector efficiency play important part in power amplifiers 'P

2. Why does the problem of distortion arise in power amplifiers?

3. Why are power amplifiers classified on the basis of mode of operation?

4. Why does the output stage employ push-pull arrangement ?

S. Why is driver stage necessary for push-pull circuit P

64 Why do we use transformer in the output stage?
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Amplifiers with Negative Feedback

Introduction

A practical amplifier has again of nearly one mill ion i.e. its output is one million timcs the input
Consequently, cvcri a casual disturbance at the Input will appear in the amplified form in the output.
There is a strong tendency in amplifiers to introduce hum due to sudden temperature changes or stray
electric and magnetic fields. Therefore, every high gain amplifier tends to give noise along with
signal in its output. The noise in the output of an amplifier is undesirable and must he kept to as small
a level as possible.

The noise level in amplifiers can be reduced considerably by the use of negative feedback i.e.
by injecting a fraction of output in phase opposition to the input signal. The object of this chapter is
to consider the effects and methods of providing negative feedback in transistor amplifiers.

15.1 Feedback

The process of injecting a fraction of output energy of some device back to the input is known as
feedback.

The principle of teedhiick is probably as old as the invention of first machine but it is only some
-it) years ago that feedback has conic into use in connection with electronic circuits. It has been found
very useful in reducing noise in amplifiers and making amplifier operation stable. Depending upon
whether the feedback energy aids or opposes the input signal, there are two basic types of feedback in
amplifiers i-i: positivefeedback and iieiutii-e /'ed/mck.

(1) Positive feedback. When the feedback energy (voltage or current) is in phase with the input
signal and thus aids it, it is called positive feedback. This is illustrated in Fig. 15. 1 . Both amplifier
and feedback network introduce a phase shift of 180'. The result is a 360° phase shift around the
loop, causing the /i'edbark voltage V. to he in Phase with the input signal V,,.

The positive feedback increases the gain of the amplifier. I lowcver. it has the disadvantages of
increased di:.tortion and instability. Therefore, positive feedback is seldom employed in amplifiers.
One important use of positive feedback is in oscillators. As we shall see in the next chapter, if
positive leedhacis sufficientl y large, it leads to osci Hat ions. As a matter of fact, an oscillator is a
dôvice that converts (I.e. power into ac. power of any desired frequency.

(ii) Negative feedback. When the feedback energy (voltage or current) is out of phase with the
input signal and thus opposes it, It is called negative feedback. This is illustrated in Fig. 15.2. As you
can see, the amplifier introduces ;I shift of 190" into the circuit while the feedback network is so
designed that it introduces no phase shift (i.e., 0° phase shift). The result is that the feedback voltage
V, is 180° out of phase with the input signal V.,,.

320
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Fig. 15.1

Negative feedback reduces the gain of the amplifier. However, the advantages of negative fced
back arc: reduction is distortion, stability in gain, increased bandwidth and unproved input and out-
put impedances. It is due to these advantages th,it negative leedhack is frequently Cmploycd in

Fig. 15.2

15.2 Principles of Negative Voltage Feedback In Amplifiers

A feedback amplifier has two parts viz an amplifier and a feedback circuit. The feedback circuit
usually consists of resistors and returns a fraction of output energy hack to the input. Pig. 15.3 *shows
the principles of negative voltage feedback in an amplifier. Typical values have been assumed to
make the IrcaUnent more illustrative. The output of the amplifier is 10 V. The fraction rn of this
output i.e. 100 oW is fedback to the input where it is applied in series with the input signal of 101 mV. As

the feedback is negative, therefore, only I niV appears at the input terminals of the amplifier.
Referring to Fig. 15.3, w c have.

Gain of amplifier without lccdhaek, A = 
10 

V = 11,000
I mV

*	 Note that aniplilier and feedback circuits are connected in series-parallel. The Inputs of amplifier and
feedback circuits arc in series but the outputs arc in parallel. In practice, this circuit is widely used.
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Fig. 15.3

Fraction of output voltage fcdback, m, = 100 my= 0.01
10 V

lO V
Gain of amplifier with feedback, A1 

= 101 mv = 100

The following points are worth noting

(i) When negative voltage feedback is applied, the gain of the amplifier is *reduced Thus, the
gain of above amplifier without feedback is 10,000 whereas with negative feedback, it is only 100.

(ii) When negative voltage feedback is employed, the voltage actually applied to the amplifier

is extremel y small. In this case, the signal voltage is 101 mV and the negative feedback is 100 mV so

that voltage applied at the input of the amplifier is only I mV.

(iii) In a negative voltage feedback circuit, the feedback fraction m is always between 0 and I.

(iv) The gain with feedback is somctimcs'called closed-loop gain while the gain without feed-

back is called open-loop gain. These terms come from the fact that amplifier and feedback circuits
form a "loop". When the loop is "opened" by disconnecting the feedback circuit from the input, the
amplifier's gain is A,,, the "open-loop" gain. When the loop is "closed" by connecting the feedback
circuit, the gain decreases to A,1 , the "closed-loop" gain.

15.3 Gain of Negative Voltage Feedback Amplifier
Consider the negative voltage feedback amplifier shown in Fig. 15.4. The gain of the amplifier
without feedback is A,,. Negative feedback is then applied by feeding a fraction m of the output

voltage e0 hack to amplifier input. Therefore, the actual input to the amplifier is the signal voltage e

minus feedback voltage rn,,e0 i.e.,

Actual input to amplifier = e - me0

The output e,, must be equal to the input voltage eg - m,, e0 multiplied by gain A of the amplifier

(Cg - in,, e) A,, = e0

or	 A,,Cg —A,nz,,eo =

Since with negative voltage feedback the voltage gain is decreased and current gain remains unaffected, the
power gain A,, (= A. x A,) will decrease. However, the drawback of reduced power gain is offset by the
advantage of increased bandwidth.
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or	 e0 (1 + A, in,) = A1,

Co	 Aror

But cc is the voltage gain of the amplifier with feedback.
Voltage gain with negative feedback is

AA,

- i + &

It may be seen that the gain of the amplifier without feedback is A 1 HOWCVCF, when negative

voltage feedback is applied, the gain is reduced by a factor I + A,. rn. It may he noted that negative
voltage feedback does not affect the current gain of the circuit.

Example 15.1. The voltage gain of air without feedback is 3000. Calculate the volt-
age gain of the amplifier if negative voltage feedback is introduced in the circuit. Given that feed-
back fraction in = 0.01.

Solution.	 A = 3000, in = 0.01
Voltage gain with negative feedback is

A -	 A.	 -	 3000	 300097
I + A ,,ç - I + 3000 x 0.01 - 31 -

Example 15.2. The overall gain of a multistage amplifier is 140. When negative voltage feed-
back is applied, the gain is reduced to 17.5. Find the fraction of the output that isfedback to the
input.

Solution.	 A1,	 140. A	 = 17.5

Let in 1 be the feedback fraction. Voltage gain with negative feedback is

A
- l+Ani

or	 17.5 =	 140
I + 140 m

or	 17.5+2450ni = 140

U
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14U- 17.5	 I
a:	 =	 - ----- = -

245(1	 20

Example 15.3. When negative voltage feedback is applied to ail 	 of gain 100, the
overall gain jaIls 10 50.

(1) Calculate the fraction of the output voltage fcdback.

(ii) /fthisfraction is maintained, calculate the value of the amplifier gain required if the overall
stage gain is to be 75.

Solution.

(i) Gain without feedback, A = 100

Gain with feedback, A	 50

Let rn be the fraction of the output voltage tedback.

Now	 fl = _______

I + A n:

or	 50	
100

I + 100

or	 50 + 500) m	 100

1(X)-SO
or	 a:	 = 0.01

	

V	 5)

(ii) fl y1 = 75	 rn = 0.01: A, =

A" -- -.

OF	 7 =
1+ 0.01

or	 75 + 0.75 '	 = A,

A =	 .=30O
1-0.75

xampIe 15.4. With a negative voltage feedback, an amplifier gives an output of 10 V with an

input of 0.5 V When feedback is removed, it requires 0.25 V input for the same output. Calculate (i)
gain wit hout feedback (ii) feedback fractidn m.

Solution.

(1)	 Gain without feedback, A,,, = 1010.25	 40

ii)	 Gain with feedback, A,,,1 = 10/0.5 = 20

Now	 A1 =

or	 20 =	
40

I + 40 m
or	 20+900 m = 40

	

40-20	 1
or	 a:

	

V	 84XJ	 40

Example 15.5. The gain of ail without feedback is 50 whereas with negative voltage
feedback, it falls to 25. If due to ageing, 1/it' amplifier gain falls to 40, find the percentage reduction

in stage gain (i) without feedback and (ii) with negative feed back.
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Solution.	
A=I +Vf

or	 25 =	 50
I + 50 tn

or	 ,flv=1/50
(i) Without feedback. The gain of the amplifier without feedback is 50. However, due to agcing

it falls to 40.

%agc reduction in stage gain = 50-40
0 x 100 = 20%

(ii) With negative feedback. When the gain without feedback was 50, the gain with negative
feedback was 25. Now the gain without feedback falls to 40.

40

	

New gain with negative feedback = 	 = I + (40 x 1/50) = 22.2

%age reduction in stage gain =x 100 = 11.2%

Eixample 15.6. An amplifier has a voltage amplification A and afraction m of its output is
Jedback in opposition to the input. If m = 0.1 and A = 100, calculate the percentage change in the
gain of the system if A falls 6db due to ageing.

Solution.	 A = tOO, m=0.l, A1=?

A -	
A, 	 100	 909vf - 

l +Arn - l+lOOxO,l -
Fall in gain	 6db

Let A 1 be the new absolute voltage gain without feedback.
Then,	 20 log 10 AJA 1 = 6
or	 log 10 A,,/A 1 = 6/20=0.3

or	 A,= Antilog 0.3 = 2

or	 A1 = AJ2 = 100/2 = 50

New A = ______ =	 50	 = 8.331 +A 1 n	 l+50x0.l

- % age change in system gain = 9.09-8.33
 909	 x 100 = 8.36%

Example 15.7. An amplifier with an open-circuit voltage gain of 1000 has an output resistance
of 1000 and feeds a resistive load of 900 U Negative voltage feedback is provided by connecting a
resistive voltage divider across the output and one-fiftieth of the output voltage isfcdback in series
with the input signal. Determine the voltage gain with negative ftedback.

Solution. Fig. 15.5 shows the equivalent circuit of an amplifier along with the feedback circuit.
Voltage gain of: the amplifier without feedback is

V 
=	 A RI,
	

..SceA. 12.15 ur+RL
- 1000x900 -- 900100+900 
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A
A =	 ==47.4

I + A,. tn	 I + 9(X) x ( 1150)

R , ,, , I = 1 002

	

V t	R,.	 V	

i,

[__3P	 R1 = 900 rl

t.
V
I

Fig. 15.5

15.4 Advantages of Negative Voltage Feedback

The following are the advantages of negative voltage fecdhack in amplifiers

(i) Gain stability. An important advantage of negative voltage fedbak is that the resultant
gain of the amplifier can be made independent of transistor parameters or the supply voltage varia-
tions.

- l+Ain,

For negative voltage feedback in an amplifier to he effective, the designer deliberately makes the
productAni much greater than unity. Therefore, in the above relation, I can he neglected as tom-
pared to A in and (he- expression becomes

A,	 I
A =	 =

A,, "IV	 m

It may hc seen that the gain now depends onl y upon feedback fraction in , i.e., on the characteris-

tics of feedback circuit. As feedback circuit is usually a voltage divider (a resistive network), there-
fore, it is unaffected by changes in temperature, variations in transistor parameters and frequency.
Hence, the gain of the amplifier is extremely stable.

(ii) Reduces non-linear distortion. A large signal stage has non-linear distortion because its

voltage gain changes at various points in the cycle. The negative voltage feedback reduces the non-
linear distortion in large signal amplifiers. It can be proved mathematically that

1)

If =

where	 D	 distortion in amplifier without feedback

D 1 = distortion in amplifier with negative feedback

It is clear that by applying negative voltage feedback to an amplifier, distortion is reduced by a

factor I +A, ,n,.

(iii) Improves frequency response. As feedback is usually obtained through a resistive net-
work, therefore, voltage gain of the amplifier is *independent of signal frequency. The result is that

*A = I/m v Now m depends upon feedback circuit. As feedback circuit consists of resistive network,
If

therefore, value of m is unaffectcdhy cuiange in signal frequency.
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voltage gain of the amplifier will be Substantially constant over a wide range of signal frequc,cy. The
negative voltage feedback, therefore, improves the frequency response of the amplifier.

(iv) Increases circuit stability. The output of an ordinary amplifier is easily changed due to
variations in ambient temperature, frequency and signal amplitude. This changes (tic gain of the
amplifier, resulting in distortion. However, by applying negative voltage feedback, voltage gain of
the amplifier is stabilised or accurately fixed in value. This can be easily explained. Suppose the
output of a negative voltage feedback amplifier has increased because of temperature change or due
to some other reason. This means more negative feedback since feedback is being given from the
output. This tends to oppose the increase in amplification and maintains it stable. The same is true
should the output voltage decrease. Consequently, the circuit stability is considerably increased.

(v) Increases input impedance and decreases output impedance. The negative voltage feed-
back increases the input impedance and decreases the output impedance of amplifier. Such a change
is profitable in practice as the amplifier can then serve the purpose of impedance matching.

(a) Input impedance. The increase in input impedance with negative voltage feedback can be
explained by referring to Fig. 15.6. Suppose the input impedance of the amplifier is Z,,, without
feedback and	 with negative feedback. Let us further assume that input current is i.

Referring to Fig. 15.6, we have,
e5 — m, e, = 1

Now	 e. = (e — tit,, e,,) + nç e,,

= (e5 - m'z , e0) + A,, nm ( C L, -
= (Cg - rne) (I + A,, m)

= i I Z (1 +Am,,)

OF
	

- = Z,,(1 +fl,,:n,.)

c, = A,, (e — in c,)]

[	 Cg — ,n e,, = i I Zill

if

zr	 ------------------------------
L()

L- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - J
Fig. 15.6

But eg/i l = Z, the input impedance of the amplifier with negative voltage feedback.
Z =Z1(1+Am)

It is clear that by applying negative voltage feedback, the input impedance of the amplifier is
increased by a factor 1 + A,, rn,,. As A,, rn is much greater than unity, therefore, input impedance is
increased considerably. This is an advantage, since the amplifier will now present less of a load to its
source circuit.
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(b) Output impedance. Following similar line, we can show that output impedance with nega-
tive voltage Icedhack is given by

=	 zlIuI

I + A,. 'ii
where	 = output impedance with negative voltage feedback

= output impedance without feedback
It is clear that by applying negative feedback, the output impedance of the amplifier is decreased

b y a factor I + A rn. This is an added benefit of using negative voltage feedback, With lower value
of output impedance, the amplifier is much better suited to drive low impedance loads.

15.5 Feedback Circuit

The function of the feedback circuit is to return a traction of the output voltage to the input of the
amplifier. Fig. 15.7 shows the feedback circuit of negative voltage feedback amplifier. It is essen-
tially a potential divider consisting of resistances R 1 and R,. The output voltage of the amplifier ifed
to this potential divider which gives the feedback voltage to the input.

Referring to Fig. 15.7, it is clear that

Voltage across R, =

(	 "I
R2 )

Voltage across R1	 R1
	Feedback fraction, rn. = -- --	 = -

	

elo	
R1+R2

L---------J
FEEDBACK

CIRCUIT

Fig. 15.7

Example 15.8. Fig. 15.8 shows the negative voltage feedback amplifier If the gain of the
,amplifier  without feedback is 10,000, find:

(i) feedback fraction (ii) overall voltage gain (iii) output voltage if input voltage is I ,nV

Solution.	 A, 	 10,000, R 1 = 2 k, R2 = 18 kI

(i)	 Feedback. fraction, m	
R1	 .2	

= 0.1
= R1 +R2	2+18



+
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10 k R1

+-vcc
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(ii) Voltage gain with negative feedback is

	

A -	
Av -	 10,000	

—10
l+Aml+I0,O00xO1

(iii) Outpit voltage =	 Ax input voltage
= lOxlrnV=lOmV

Fig. 15.8	 Fig. 15.9

Example 15.9. Fig. 15.9 shows the circuit of a negative voltage feedback amplifier If without
feedback, A, = 10,000, Z, 10 U4 Z 1 = 100 f2, find:

(i) feedback fraction	 (ii) gain with feedback
(iii) input impedance with feedback 	 (iv) output impedance with feedback
Solution.

(i) Feedback fraction. in,. 
= R, + R2 - 10 + 90 

= 0.1

(ii) Gain with negative feedback is

A	 A, =•	 10,000	
=ovf	

l + Am	 1+10,000xO.l
(iii) With negative voltage feedback, input impedance is increased and is given by

= (I +A,
(Jeedhudc)

= (1+10,000x0.1)10kc
= 1001x10kf

MCI
(iv) With negative voltage feedback, output impedance is decreased and is given by

=	 Z,	 =	 100 Q	 = iQ = 0.1 cOUt	 I + A,,, ni V	I + 10,000x0.1	 lOOl(feedback)) 

Example 15.10. The gain and distortion of an amplifier are 150 and 5% respectivel y without
feedback If the stage has10% of its output voltage applied as negative feedback find the distortion
of the amplifier with feedback

Solution.
Gain without feedback, A,, = 150



Fig. 15.10
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Distortion without feedback, D = 5% = 0.05

Feedback fraction, n = 10% = 0.1

If I) ,., is the distortion with negative feedback, then,

D. =	 D	 =	 = 0.00313 = 0.313%

	

t	 1 + A, m	 I + 150x 0.l

It may he seen that by the application of negative voltage feedback, the amplifier distortion is
reduced from 5%to0.313%.

• Example 15.11. An amplifier has a gain of] 000 without feedback and cur-offfrequencies are f,
= 1.5 kHz and f2 = 501.5 kHz. if 1% of output voltage of the amplifier  is applied as negative
feedback, what are the new cut-offfrequencies ?

Solution.	 A	 1000; rn= 0.0!

The new lower cut-off frequency with feedback is

'I	 -	 1.5 kHz	
-
 136.4 HzfIg) -- l+A in,	 l+l000xO.01 - 

The new upper cut-off frequency with feedback is

f2w = f2 (1 + nmA )	 (501.S kHz) (1 + 1000x0.01) 	 5.52 MHz

Note the effect of negative voltage feedback on the bandwidth of the amplifier. The lower cut-off
frequency is decreased by a factor (I + m A) while upper cut-off frequency is increased by a factor

(1 + m A s,). In other words, the bandwidth of the amplifier is increased approximately by a factor

(1 + ,n, Au).

	

BWw	 BW(l+ in, A)

where	 BW = Bandwidth of the amplifier without feedback

BWw = Bandwidth of the amplifier with negative feedback

15.6 Principles of Negative Current Feedback

In this method, a fraction of output current is fedback to tht input of the amplifier. In other words, the

feedback current (li) is proportional to the output current of the amplifier. Fig. 15.10 shows the
principles of negative current feedback. This circuit is called current-shunt feedback circuit, A
feedback resistor R1 is connected between input and output of the amplifier. This amplifier has a
current gain of A l without feedback. It means that a current I at the input terminals of the amplifier

will appear as A , I in the output circuit i.e., l,,,, = A, I Now a fraction in, of this output current is

fedback to the input through R. The fact that arrowhead shows the feed current being fed forward is

because it is negative feedback.
R1

Feedback current, I. = til l 1,,,,,
Feedback current

Feedback fraction, in =	
- Output currentI out

RL
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Note that negative current feedback reduces the input current to the amplifier and hence io,
current gain.

15.7 Current Gain with Negative Current Feedback
Referring to Fig. 15. 10, we have,

= + = + rn
But ! =A 1 1 1 , where A, is the current gain of the amplifier without feedback.

lin 
= I + mA 1 I	 (	 = A,

.Current gain with negative current feedback is

A LSL.	 A,!1
if	

-
 1,.,,	 1 + m,• A, l

or	 A =	
A.

	

if	 I+rn1A1

This equation looks very much like that for the voltage gain of negative voltage feedback ampli-
fier. The only difference is that we are dealing with current gain rather than the voltage gain. The
following points may be noted carefully

(1) The current gain of the amplifier without feedback is A. However, when negative current
feedback is applied, the current gain is reduced by a factor (I + rn A,).

(ii) The feedback fraction (or current attenuation) m 1 has a value between Dand I.
(iii) The negative current feedback does not affect the voltage gain of the amplifier.

Example 15.12. The current gain of an amplifier is 200 without feedback. When negative
current feedback is applied, determine the effective current gain of the amplifier  Given that current
attenuation m 1 = 0.012.

AiSolution.	 A,7 =	 A,
Here	 A, = 200 rn 1 = 0.0 12

A= -200 - =58.82

	

if 	I + (0.0 12) (200)

15.8 Effects of Negative Current Feedback
The negative current feedback has the following effects on the performance of amplifiers

(i) Decreases the input impedance. The negative current feedback decreases the input im-
pedance of most amplifiers.

Let	 Z, = Input impedance of the amplifier without feedback
= Input impedance of the amplifier with negative current feedback

Rf

t	 inlin	

0—

Fig. 15.11
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or

Referring to Fig. 15-11, we have.
V'1

In -	 I
V

and	 Z',.,, =

But	 V,,, = I Z 1 and
1z	= 	 I

In	 + ,, n, i

= ._L'! -
in	

1+nil A1

I ' ll,  = I I +i = I +rnI0 = / + nz,A11

-Ztn

I + m, A1

Thus the input impedance of the amplifier is decreased by the factor (l + n,A). Note the primary
difference between negative current feedback and negative voltage feedback. Negative current
feedback decreases the input impedance of the amplifier while negative voltage feedback increases
the input impedance of the amplifier.

(ii) Increases the output impedance. It can be proved that with negative current feedback, the
output impedance of the amplifier is increased by a factor (1 + m 1 A1).

Z, = Z (1 + in , A1)

where	 Z,,14, = output impedance of the amplifier without feedback
Z',,,,, = output impedance of the amplifier with negative current feedback

The reader may recall that with negative voltage feedback, the output impedance of the amplifier
is decreased.

(iii) Increases bandwidth. It can be shown that with negative current feedback, the bandwidth
of thc amplifier is increased by the factor (I + rn A,).

SW' = BW(l +rnA)
where	 13W = Bandwidth of the amplifier without feedback

13W'	 Bandwidth of the amplifier with negative current feedback
- Example 15.13. An amplifier has a current gain of 240 and input impedance of 15 kl without

feedback. If negative current feedback (in 1 = 0.015) is applied, what will be the input impedance of

the amplifier ?

zin
Solution.	 I + in A,

Here	 Z1 = 15 ki; A,=240; m,=0.015
=	 15	 =3.26k.c'	 I + (0.015) (240)

*ample 15.14. An amplifier has a current gain of 200 and output impedance of 3 kf2 without
feedback. if negative current feedback (tn = 0.0/) is applied; what is the output impedance of the
amplifIer ?

Solution. 7-' , ul = Z, ,,,, (I + m 1 A1)
Here	 Zout = 3k12; A , = 200; rn1 = 0.01

Z, = 3 1 1 4-(0,0l)(200)] = 9k



Fig. 15.12
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Eample 15.15. An amplifier has a current gain of 250 and a bandwidth of 400 kHz, without
feedback. If negative current feedback (,n 1 = 0.01) is applied, what is the bandwidth of the ampli-
fier?

Solution.	 BW' = IIW(l +m, A.)

Here	 13W = 4(X) kHz; m, =0.01; A, =250

13W' = 4(X)ll +(0.0l)250j = 1400 kHz

15.9 Emitter Follower
It is a negative current feedback circuit. The emitter follower is a current amplifier that has no voltage
gain. Its most important characteristic is that it has high input impedance and low output impedance.
This makes it an ideal circuit for impedance matching.

Circuit details. Fig. 15.12 shows the cir-	 + Vcc
cuit o an emitter follower. As you can see, it
differs from the circuitry of a conventional CE
amplifier by the absence of collector load and
emitter by—pass capacitor. The emitter resis-
tance RE itself acts as the load and a.c. output

voltage (V) is taken across RP The biasing

is generally provided by voltage-divider
method or by base resistor method. The fol-
lowing points are worth noting tbout the emit-
ter follower

(I) There is neither collector resistor in
the circuit not there is emitter by—pass
capacitor. These are the two circuit
recognition features of the emitter fol-
lower.

(ii) Since the collector is at ac ground, this circuit is also known as common collector (CC)
amplifier.

Operation. The input voltage is applied between base and emitter and the resulting a.c. emitter

current produces an output voltage i,R E across the emitter resistance. This voltage opposes the input
voltage, thus providing negative feedback. Clearly, it is a negative current feedback circuit since the
voltage fedback is proportional to the emitter current i.e., output current. It is called emitter follower
because the output voltage follows the input voltage.

Characteristics. The major characteristics of the emitter follower are

(i) No voltage gain. In fact, the voltage gain of an emitter follower is close to I.

(ii) Relatively high current gain and power gain.

(iii) High input impedance and low output impedance.

(iv) Input and output ac voltages are in phase.

15.10 D.C. Analysis of Emitter Follower
The d.c. analysis of an emitter follower is made in the same way as the voltage divider bias circuit of
a CE amplifier. Thus referring to Fig. 15.12 above, we have,

=Voltage across R2 , V2	
vcc

x R2
R1 + R2
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11L	 VREiiiiittcr euirent. I = 	Ica	 R,.

vCC(cllcckrcmittcr voltage. Vt-,, = Va. - V,,A 
'C(ct) =

D.C. Load Line. The tic. load uric of emitter tullower can
he ciostructed by locating the two end points t'iz.. I ,, ,, and

/:IqfY

(i) When the transistor is saturatcd.V( .1 = 0.
Vc. ()

('(st) - R	 CE

This locates the point A (OA = V. /R 1.) of the d.c. load line	 Fig. 15.13
as shown in Fig. 15.13.

(ii) When the transistor is cut off, I. = 0. Therefore, V( .E	 =	 This locates the point B (OB

= V(.,.) of the d.c. load line.

By joining points A and B. d.c. load line AR is constructed.

Example 15.16. For the enzitter follower citruit shown in Fig. 15.14 (I), find VE and J Also
draw the dc load line for this circuit.

+ vcC = 18V

oJ

	

	
[ff]

Fig. 15.14

Soluton.

Voltage across R V1	
VCC x R2
	

X 22 = 10.42 V
R1+R2	 2	 16+22

Voltage across RE, V1.. = V2 - V11 = 10.42 —0.7 = 9.72 V

	Emitter current, I" = VE	 9.72V
 = 	- = 10.68 mA

	

RE	 910

	

V	 18V
D.C. load line	 = -

	
= 19.78 mA

 RE 	 910 Q

This locates the point A ((IA = 19.78 mA) of the d.c. load line.

VcF() = VC-C = 18 V



o-H
V1

o-I
Vi.

Amplifiers with Negative Feedback
	

335

This locates point 8 (08 = 18 V) of the d.c. load line.

By joining points A and B, d.c. load line AB is constructed [See Fig. 15.14 (ii)].

15.11 Voltage Gain of Emitter Follower

Fig. 15.1 5 shows the emitter follower circuit. Since the emitter resistor is not by-passed by a capacitor,

the a.c. equivalent circuit of emitter follower will be as shown in Fig. IS. 6. The ac resistance rE of the

emitter circuit is given by
2SmV

rv = re + RE	 where r =
C

-i- V.

Fig. 15.15	 Fig. 15.16

In order to find the voltage gain of the emitter follower, let us replace the transistor in Fig. 15.16 by

its equivalent circuit. The circuit then becomes as shown in Fig.

15.17.

Note that input voltage is applied across the ac resistance

	 JRE

of the emitter circuit i.e.,(r + RE) . Assuming the emitter diode

to be ideal,

	

Output voltage1 V 	 = trR
Input voltage, V1 = i (r + RE)

Voltage gain of emitter follower is

A	
=	

e 
R1. = R1;	 1	 RIIiR2

V	 je(e+Rr)	 r+R

RF 	 V.
or	 A=-----	 4
In mostmost practical applications, R1>> re, so that A, 1.

In practice, the voltage gain of an emitter follower is be- 	 Fig. 15.17
twccn 0.8 and 0.999.

Example 15.17. Determine the voltage gain of the emitter follower circuit shown in Fig. 15.18.

Solution.

Voltage gain. A = ,



NI,.

Fig. 15.19

RL
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Now	 r'
25 mV

= -It

Voltage across R2, v2 
=	 VC 

x R 
=	 ID 

X 10 = 5V
R1+R	 2	 10+10

+ V= IOV

Fig. 15.18

Voltage across RE , 'VE = V2 — VBE = S — O.7 = 4.3 V

VE 4.3V
	Emittercurrent, 'E =	 =

25 mVr' =- "-Y = -	 - 29.1 Q
'E	 0.86 mA

	

Voltage gain, A =	 RE	 5-__- = 0.994
r, + R 	 29.1+5000

Example 15.18. If in the above example, a load of 5 W is added to the emitter follower what
will be the voltage gain of the circuit ?

Solution. When a load of 5 W is added to the emitter followen the circuit becomes as shown in
Fig. 15.19. The coupling capacitor acts as a short for a.c. signal so that RE and RL arc in para1lI.
Therefore, the external emitter resistance RE changes to R'E where

+ vcc= by

of



V01
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= RE II R L = 5 kQ II 5 k92 	 2.5 k12

Voltage gain, A =29.1+25(X) = 
0.988

Comments. This is the same example as example 15.17 except that load is added. Note the
loading effect on the voltage gain of an emitter follower. When load is added to the emitter follower,
the voltage gaits drops from 0.994 to 0.988. This is really a small change. On the other hand, when
a CE amplifier is loaded, there is drastic change in voltage gain. This is yet anoier difference
between the emitter follower and CE amplifier.

15.12 Input Impedance of Emitter Follower

Fig. 15.20 (i) shows the circuit of a loaded emitter follower. The a.c. equivalent circuit with T model
is shown in Fig. 15.20 (ii).

+vcc	 I	 I

(i)	 (ii)

F. 15.ZC

As for CE amplifier, the input impedance of emittcr follower is the combined effect of biasing
resistors (R 1 and R2 ) and the input impedance of transistor base [Z i. (base)]. Since these resistances

are in parallel to the ac signal, the input impedance Z01 of the emitter follower is given by

Z, = R 1 II R2 II Z>
where	 Z.	 = (r + R'E)

25inVNow	 r'. 
=	

and RF=RFIIRL

Note. In an emitter follower, impedance of base [i.e., Z (base)I is generally very large as compared to
R 1 II R 2

1

 Consequently. Z.,, (base) can be ignored. As a result, approximate input impedance of the emitter
follower is given by

Z = R i ll R2

Example 15.19. For the emitter follower circuit shown in Fig. 1521, find the input impedance.

Solution.
V	 10Voltage across R 2, V2 

= R1 ±R2 R2 = 0+0<10 =SV

Voltage across RE, V = V - V, = 5 - 0.7 = 4.3 V
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•	 V1	 4.1V

	

Niniiier uri'nt. I	 =	 = -	 =
Rh 	 43ki1	

I mi\

•

	

ALe bitter rcsistncc, r
,	 25 mV
. =	

25mV
- -	 25

'F	 I mA

+	 WV

10knZ R

ii	 1	 =200

10kflR2	
4.3kRE	 RL=l0k

Fig. 15.21

Effective external emitter resistance is

R'E = REURL=4,3kflhlO1d)=3ki

Zi.(re) = 0 (r + R) = 200 (0.025 + 3) = 605 kI

Input impedance of the emitter foltower is

= R I II R2 Ii Zifl(_ce)

= I0W11I0k.Q11605k.Q

= 5 k1 11 605 kiI 4.96 kfl
Note. Since 605 kil is much larger than R 1 II R2 (= 5k2), the former can be ignored. Therefore, approxi-

bale input impedance of emitter follower is given by

Z = R 1 11R2 = 10k11110kLl = 5k

15.13 Output Impedance of Emitter Follower

The output impedance of a circuit is the im-	 +
pedance that the circuit offers to the load.
When load is connected to the circuit, the
output impedance acts as the source imped-

R1
ance for the load. Fig. 15.22 shows the cir-
chit of emitter follower. Here R ç in the out-
put resistance of amplifier voltage source,	

i
It can be proved that the output imped-

ance Z of the emitter follower is given by; R,	
R2

= R,	 r + -
b-- J

J 	 RE

where R = R II R1 II R
Fig. 15.22
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In practical circuits, the value of R 1. . is large enough to be ignored. For this reason, the output
Impedance of emitter follower is approximately given by

= I

Example 15.20. Determine the output impedance .1 1/ic cni1terfo1Ioi'er .vhown in Fig. 15.23.
Given that' = 20 L1e

Solution.	 = r +	 -

Now	 = R 1 11 R, 11 R,
= 3 W 11 4.7 kQ 11 600 Q = 452

= 20 + 452	 20 + 23 = 22.3 fl

Note that output impedance of the emitter follower is very low. On the other hand, it has high
input impedance. This property makes the emitter follower a perfect circuit for connecting a low
impedance load to a high-impedance source.

15.14 Applications of Emitter Follower
The emitter follower has the following principal applications
(i) To provide current amplification with no voltage gain.
(ii) Impedance matching.
(i) Current amplification without voltage gain. We know that an emitter follower is a cur-

rent amplifier that has no voltage gain (A 1). There are many instances (especially in digital
electronics) where an increase in current is required but no increase in voltage is needed. In such a
situation, an emitter follower can be used. For example, consider the two stage amplifier circuit as
shown in Fig. 15.24. Suppose this 2-stage amplifier has the desired voltage gain but current gain of
this multistage amplifier is insufficient. In that case, we can use an emitter follower to increase the
current gain without increasing the voltage gain.

FIRST	 SECOND
STAGE	 STAGE

Fig. 15.24
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(ii) Impedance matching. We know that an cmiUei follower has high Input impedance and low
output impedance This makes the emitter follower an ideal circuit for ImpedanLc matching. Fig.
15.25 shows the impedance matching by an emitter follower. Here the output impedance of the
source is 120 kf) while that of load is 2011 The emitter follower has an input impedance of 120 ki
and output impedance of 22 11 It is connected between high-impedance source and low impedance
load. The net result of this arrangement is that maximum power is transferred from the original
source to the original load. When an emitter follower is used for this purpose, it is called a buffer
amplifier.

-J
EMITTER FOLLOWER

Fig. 15.25

It may he noted that the job of impedance matching can also be accomplished by a transformer.
However, emitter follower is preferred for this purpose. It is because emitter follower is not only
more convenient than a transformer but it also has much better frequency response i.e., it works well
over a large frequency range.

15.15 Darlington Amplifier
Sometimes, the current gain and input impedance of an emitter follower are insufficient to meet

the requirement. In order to increase the overall values of circuit current gain (A i) and input imped-
ance, two transistors are connected in series in emitter follower configuration as shown in Fig. 15.26.
Such a circuit is called Darlington amplifier. Note that emitter of first transistor is connected to the
base of the second transistor and the collector terminals of the two transistors are connected together.
The result is that emitter current of the first transistor is the base current of the second transistor.
Therefore, the current gain of the pair is equal to product of individual current gains i.e.

Note that high current gain is achieved with a minimum use of components.
The biasing analysis is similar to that for one transistor except that two VBE drops are to be

considered. Thus referring to Fig. 15.26,

Voltage acrossR2, V2 
= VCC x R

R, + R	
2

2

Voltage across RE, VF = V2-2VBE

Current through RE, 'E2 = 
V2 - 2VBE

RE

Since the transistors are directly coupled, Jet = 1. Now 1B2 =



+ V((.

Fig. 15.26

vu1

C (COLLECTOR)

E (EMITTER)

Fig. 15.27
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Vout

'LI	 R

In practice,practice, the two transistors are put inside a single tran-
sistor housing and three terminals E, 13 and Care brought out
as shown in Fig. 15.27. This three terminal device is known
as a Darlington transistor. The Darlington transistor acts like 	 B
it 	 transistor that has Fright current gain and high input
impedance.

Applications. When an emitter follower cannot provide
the required high input impedance and current gain, the
Darlington amplifier is used.

Multiple-Choice Questions

1. When negative voltage feedback is applied
to an amplifier, its voltage gain ............
(i) is increased	 (ii) is reduced

(iii) remains the same
(u) none of the above

2. The value of negative feedback fraction is
always .........
(i) less than I	 (ii) more than 1

(iii) equal to I	 (iv) none of the above
3. If the output of an amplifier is l() V and

100 mV front output is fed back to the
input, then feedback fraction is .......
(i)	 10	 (ii) 0.1

(iii) 0.01	 (iv) 0,15

4. The gain of an amplifier without feedback
is 100 <lb. If a negative feedback of 3 <lb is

applied, the gain of the amplifier will be-
come ........
(1) 10 1. 5 db	 (ii) 300 dl?

(iii) 103 (1b	 (iv) 97 db

5. If the feedback fraction of an amplifier is
0.01, then voltage gain with negative vuI-
age feedback is approximately .......
(i) 500	 (ii) 100

(iii) 1 (XX)	 (iv) 5000
6. A feedback circuit usually employs ..........

network.
(i) resistive	 (ii) capacitive
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(iii) inductive	 (i') none Of thc ahuvc
7. The gain of an amplifier with feedback is

known as ...........gain.
(1) resonant	 (ii) open loop

	

(iii) closed loop	 (i'.) none of the above
8. When voltage feedback (negative) is applied

to an amplifier, its input impedance .......
(i) is decreased	 (ii) is increased

(iii) remains the same
(iv) none of the above

9. When current feedback (negative) is applied
to all 	 its input impedance .........

	

(z) is decreased	 (14) is increased
(iii) remains the same
(iv) none of the above

10. Negative feedback is employed in .......
(i) oscillators	 (ii) rectifiers

(iii) amplifiers	 (iv) none of the above

11. Emitter follower is used for ........
(i) current gain

(ii) impedance matching
(iii) voltage gain	 (iv) none of the above

12. The voltage gain of an emitter follower is
(i) much less than I
(ii) approximately equal to I

(iii) greater than I (iv) none of the above
13. When current feedback (negative) is applied

to an amplifier, its output impedance ......
(i) is increased
(ii) is decreased

(iii) remains the same
(iv) none of the above

14. Emitter follower is a ...............circuit.
(i) voltage feedback

(ii) current feedback
(iii) both voltage and current feedback
(iv) none of the above

15. If voltage feedback (negative) is applied to
an amplifier, its output impedance ........
(i) remains the same

	

(ii) is increased	 (iii) is decreased
(iv) none of the above

I. When negative voltage feedback is applied
Lu an amplifier, its bandwidth ........

(i) is increased	 (it) is decreased

(iii) remains the same
(14') insufficient  data

17. An emitter follower has .....input impedance.
(1) zero	 (ii) low

(iii) high	 (iv) none of the above

IS. If voltage gain without feedback and feed-
back traction are A., and rn, respectively, then
gain with negative voltage feedback is ........

(i)	 A,	 (ii) .
— A 4, in,,	 1 -t- it., ni,

(in)	 '':	 (iv) (I + A,, in, , ) it

19. The output impedance Of an emitter follower
is........
(1) high	 (ii) very high

(iii) almost zero	 (iv) low

20. The approximate voltage gain of an ampli-
fier with negative voltage feedback (feed-
back fraction being ni 4,) is .........

(i) II rn.	 (ii) rn

(iii)	 .	 (iv) I -
I +

21. If AL, and A, are the voltage gains of an am-

plifier without feedback and with negative
feedback respectively, then feedback frac-
tion is .......

(1)I -	 (ii)	 I +
A4 ,	 A147	 A.l,	 A1

+ I_ (iv) J_ -
A 14,	 A,,	 A11	 A,

22. In the expression for voltage gain with nega-
tive voltage feedback, the term I + A, m is
known as ........
(i) gain factor	 (ii) feedback factor

(iii) sacrifice factor (iv) none of the above
23. If the output impedance of an amplifier is

Z,, without feedback, then with negative
voltage feedback, its value will be ...........

(i)	 (ii) Z,), , (I +Am)
I + A, ni l,
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Answers to Multiple-Choice Questions

(1)	 3. (iii)	 4. (iv)

(iii) 8.	 (ii)	 9. (i)
(ii) 13.	 (I)	 14. (ii)
(iii) 18. (ii)	 19. (iv)

(iii)	 23. (i)	 24. (ii)
(iv) 28. (iii'	 29. (i)
(iii)	 33. (i)	 34	 (ii)

5.
10.
15.
20.
25.
30.
35.

(ii)

(1)

(I)
(ii)

(iii)
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l+A.n:	 .	 -
(iv) L,, (I - A, in,)

zold

24. If the input impedance of an amplifier is Z1,

without feedback, then with negative volt-
age feedback, its value will be ...........

(ii) Z (I +A 
Z'

(iv) Z (I - A,, tn.)

25. Feedback circuit .........frequency.
(z) is independent of
(ii) is strongly dependent on
(iii) is moderately dependent on
(iv) none of the above

26. The basic purpose of applying negative volt-
age feedback is to .........
(i) increase voltage gain
(ii) reduce distortion
(iii) keep the temperature within limits
(iv) none of the above

27. If the voltage gain of an amplifier without
feedback is 20 and with negative voltage
feedback it is 12, then feedback fraction is

	

(i) 5/3	 (ii) 3/5

	

(iii) I/S	 (iv) 0.033
28, In an emitter follower, we employ ......nega-

tive current feedback.
(i) 50%	 (ii) 25%

(iii) 100%	 (iv) 75%
29, An amplifier has an open loop voltage gain

of 1,00,000. With negative voltage feed-
back, the voltage gain is reduced to 100.
What is the sacrifice factor?
(1) 1000

	

1. (ii)	 2.
6. (i)	 7.

	

11. (ii)	 12.
16. (i)	 17.

	

21. (iv)	 22.

	

26. (ii)	 27.

	

31. (iv)	 32.

(iii) 5(XX)	 (iv) none of the above
30. In the above question, what will happen to

circuit performance ?
(i) distortion is increased 1000 times
(ii) input impedance is increased 10(X.) times
(iii) output impedance is increased 1000

limes
(iv) none of the above

31. The non-lincar distortion of an amplifier is
D without feedback. The amplifier has an
open-loop voltage gain of A,, and feedback
fraction is m,,. With negative voltage feed-
back, the non-linear distortion will he .......
(1) D (I + A,, ni 1) (ii) D (1 - A,, ni,)

l+/l rn,,	 1)
(iii)	

D	 1+A,,,n,,

32. The output and input voltages of an emitter
follower have a phase difference of .......
(1) 180-	 (ii) 90°

(iii) 00	 (iv) 2700
33. It is most necessary to control signal-to-noise

ratio at ........
(i) initial stage	 (ii) driver stage

(iii) output stage	 (iv) detector stage
34. In order to obtain good gain stability in a

negative voltage feedback amplifier (A ,, =
voltage gain without feedback in,, = feed-
back fraction)..............
(i) A,, in, = 1	 (ii) A,, tit, >> I

(iii) A,, pm,, < I	 (iv) none of the above

35. Emitter follower is also known as .........
(1) grounded emitter circuit
(ii) grounded base circuit
(iii) grounded collector circuit

e above

(i)
	 zi"

1 + A nt,

I + A,

z,n
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(Thap(cr 1&'sies Topic'.

I.	 \\ti.it lr son riniterstaisl e lt lhlick 7 \Vtiy is Ee,In\e t&i. ii,iek applied III
	 gain amplifiers 7

2. l)isi. u.s tic rtnciplcs of nig.ttivt' viiltagi. (eLIlLick in amplifiers with it itcEit diagram.

3. l)etive Iii ( pit-ion Im the I;iI1) iii iit'gatIVC v itlige iccdhack amplillwr

4. \'ti.it is .1 ccdlick cr10It" Fxpl,iin tios It provides tecthKk ill ;iriiptiticr.

S.	 I)I. scFIbe 111c ic lion of eniitirr Itilliwer with Iiii;ii diagia;n.

6. Dcris: the csjrc.si1i.. or i t silt.ie gaiti (it) input iiiipedanie oi.l (in) output impedance of an

i'ii itii.i liii hiss ii.

I ro hiems

I. An iinpliiier lois a dull (I 2 x lt	 iihuut ftedh,isk t)ctcuiniiie the ga i n it negative voltage tccdhack

is ;ipplo'st. Take Ii'cdhack iraction ill, - ((.02.	 [50]

2. An ;iinplilicr lms .1 gun of PilOt) witliiiut cc t hii.k. \Viltt negative village tccdhack, the gain is

reduced lii 50. Find the tcedha k Iracitri	 [nz, = 0.021

3.Afeedback amplifier his iii internal gain 4 = 40-il liii fccdhack friction in, = 0.0. If the input

impedance ii this circud is 12 kU sshat would hi;isc been the input impedance if Feedback were not

present '.I 	 [2k UI

4. Calculate the u2.iiii ut IiiiTaltvc voltage kesihisk iuiiuhilicr with an internal gull A 5 = 75 and Iccdhuick

friction in, = I.] S. What will he the gani iiA doubles 7	 [12.5 ; 13.641

5. Art anipliher with ne alivc Iccdt.ick has a voltage gain 01 lit;. It is tiuuiid that without feedback, an

unjoit signal uI 5) mV i- Icquired to produce a u:iVdri output, wheicas with feedback, the input signal

must he 0.6 V for the same output. Calculate (u' g,liri without lccdhick (it) feedback fraction,

l(i) 1200 (ii) 0.0091

vc.c

RU

R E = I kQ

Fig. 15.29

6. Fig. 15.28 shows the negative feedback amplifier. If the gain of the amplifier without feedback is 1O5

and R =I(X) U, I?, = 10) W, find (i) feedback fraction (ii) gain with feedback. [(i) 0.001(U) 10001

7. Iii Fig. 15.29, if input and output impedances without feedback arc 2 MU and 50(1 U respectively, find

their values after negative voltage feedback.	 f(i) 302MU (ii) 1.61

N. An amplifier has acurrent gain of 240 without feedback. When negative current feedback is applied,
determine the effective current gain of the amplifier. Given that current attenuation on = 0.015.

[52.7]

9. An amplifier has all 	 gain and input impedance of 200 and IS kU respectively. If negative
current feedback is applied, what is the effective input impedance of the amplifier? Given that current

attenuation in = 0.012.	 [4.41 kill

tO. Art

	

	 Ocr has A , = 20) and rn = 0.012. The open-loop output impcd;uicc of the amplifier is 2kU. If

negative current tccdhack is applied, what is the effective output impedance of the amplifier?

[6.8 kU)
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Discussion Questions

1. Why is negative voltage feedback employed in high gain amplifiers ?
2. How does negative voltage feedback increase bandwidth of an aruptilier?
3. Feedback for more than three stages is seldom employed. Explain why ?
4. Why is emitter follower preferred to transformer for impedance matching '?
S. Where is emitter follower employed practically and why ?
6. 'What are the practical applications of cnhluer follower ?
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Sinusoidal Oscillators

Introduction

Many electronic devices require a source of energy at a specific frequency which may range from a
few Hz to several MHz. This is achieved by an electronic device called an oscillator. Oscillators are
extensively used in electronic equipment. For example, in radio and television receivers, oscillators
are used to generate highfrequen cy wave (called carrier wave) in the tuning staes. Audio frequency
and radio-freuenc' silgnals are required for the repair of radio, television and other electronic ep-
ment. Oscillators are also widely used in radar, electronic computers and other electronic devices.

.Oscillators can produce sinusoidal or non-sinusoidal (e.g. square wave) waves, In this chapter,
we shall confine our attention to sinusoidal oscillators i.e. those which produce sine-wave signals.

16.1 Sinusoidal Oscillator

An electronic device that eneraies sinusoidal oscillations ofdesiredfrequenc is known as a 'sinu-
soidal oscillator.

,/'Although we speak of an oscillator as "generating" a frequency, it should be noted that it does not
create energy, but merely acts as an energy converter. It receives d.c. energy and changes it into a.c.
energy of desired frequency. The frequency of oscillations depends upon the constants of the device'

It may be mentioned here that although an alternator produces sinusoidal oscillations of 50Hz, it
cannot be called an oscillator. Firstly, an alternator is a mechanical device having rotating parts
whereas an oscillator is a non-rotating electronic device. Secondly, an alternator converts mechani-
cal energy into ac. energy while an oscillator converts d.c. energy into ac. energy. Thirdly, an
alternator cannot produce high frequency oscillations whereas an oscillator can produce oscillations
ranging from a few Hz to several MHz.
,,4fIvantages

Although oscillations can be produced by mechanical devices (e.g. alternators), but electronic
oscillators have the following advantages

...	 An oscil!ator is  non-rotating device. Conseque ntly, herc is little wear and tear and hence
longer hfe.

Due to the absence of moving parts, the operation of an oscillator is quite silent,,
(iii) An oscillator can prouuce waves from small (Q Hz) to extremely high . frequencies (jO,._—

MHz).

*	 Note that oscillations are produced without any external signal source. The only input power to an oscil-
lator is the d.c. power supply.

346
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The frequency oloscillations can be easily changed when desired.

5 It has goo4 frequencystabiIiJ.e. frequency once set remains constant _for a considerable

(*-if It has very high efiicey.

16.2 Typ(ofSiJ.uoidal Oscillations

Sinuso al electr' al oscillations can be of two types vi: damped oscillations and undanipcdoscilla-
110

(I	 amped oscillations. The electrical osci1lations whose amplitude goes on decreasing with
time are called dampedoscillations.Fig.l6.l (1) shows waveform of damped electrical oscillations.

Tusly, the electrical system in which these oscillations are generated has losses and some
is lost during each oscillation. Further, no means are provided to cornpencaiTor the losses and
consequently the amplitude of the generated wave decreases gradually. It may be noted that fre-
quency of oscillations remains unchanged since it depends upon the con.;tants of the electrical sys-
tem.

e or i	 e or i

(i)
Fig. 16.1

:i)_Unda	 ed oscillations. The electrical oscillations whose amplitude remains constant with
irn are c	 undatnped osci1latioj1 6.1 T	 OWãfrm of undamped 	 oaT:
a ions.	 tog t	 fficatyStcm1flWt1i1 ese osci ations are being generate 1has aile
iiflright amount of energy is being supplied to overcome the losser onsequently, the ampli-

tude of th ëneii	 ave	 ins cns anF1thould be emphasised that an oscillator is required to
produce undamped electrical oscillations for utilising in various electronics equipment.

16.3 Oscillatory Circuit

A kcjtj .Lchroducesele .trical oscillations of any desiredfreguenc,y is k,jownasanoscillato y
circuit or tank circuit.

A simple oscillatory circuit consists of a capacitor (C) and inductance coil (L) in parallel as
shown in Fig. 16.2. This electrical system can produce electrical oscillations of frequency deter-
mined by the values of L and C. To understand how this comes about, suppose the capacitor is
charged from a d.c. source with a polarit) as shown in Fig. 16.2 (i).

(1) In the position show n in Fig. 16.2 (i), the upper plate of capacitor has deficit of electrons and
the lower plate has excess of electrons. Therefore, there is a voltage across the capacitor and the
capacitor has electrostatic energy.



Fig. 16.3
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IThI

(1)
	

(ii)	 (ru)
	 (iv)

Fig. I(,2

(ii) When switch S is closed as Shown in Fig. 16.21 (ii) , the capacitor will discharge through
inductance and the electron flow will be in the direction indicated by the arrow. This current flow sets
up magnetic field around the coil. Due to the inductive effect, the current builds up slowly towards a
maximum value. The circuit current will be maximum when the capacitor is fully discharged. At this
instant, electrostatic energy is zero but because electron motion is greatest (i.e. maximum current),
the magnetic field energy around the coil is maximum. This is shown in Fig. 16.2 (ii). Obviously, the
electrostatic energy across the capacitor is completely converted into magnetic field energy around
the coil.

(iii) Once the capacitor is discharged, the magnetic field will begin to collapse and produce a
counter c.m.f. According to Lenz's law, the counter cml'. will keep the current flowing in the same
direction. The result is that the capacitor is now charged with opposite polarity, making upper plate
of capacitor negative and lower plate positive as shown in Fig. 16.2 (iii).

(iv) After the collapsing field has recharged the capacitor, the capacitor now begins to discharge;
current now flowing in the opposite direction. Fig. 16.2 (iv) shows capacitor fully discharged and
maximum current flowing.

The sequence of charge and discharge results in alternating motion oE'clectrons or an oscillating
current. The energy is alternately stored in the electric field ofthc capacitor (c and the magnetic
1iekLofLbejniinIsnt coil(L. This interchange of energy
between L and C is repeated over and again resulting ill
production ot'oscillations. 	 +

Waveform. I fthere rc no losses in the lank circuit to
consume the energy, the interchange of energy between I.
and C would continue indefinitely, in a practical tank cu-
cuit, there are resistive and radiation losses in the coil and
dielectric losses in the capacitor. During each c ycle, a small
part of the originally imparted energy is used up to over-
conic these losses, the result is that the amplitude oloscil-
kiting current decreases gradually and eventually it becomes
zero when all the energy is consumed as losses. Therefore,
the lank circuit by itself will produce da,npcd oscillations as
shown in Fig. 163.

Frequency of oscillations. The frequency of oscillations in the tank circuit is (lcterrnli)Cd by the
constants of the circuit viz L and C. The actual frequency of'nscillations is the resonant frequency (or
natural frequency) of the tank circuit given by

=
2a



Fig. 16.4

+1

-j
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It is clear that trequcucy of oscillations in the tank circuit is inversely proportional to L and C.
This can be easily explained. Ifa large value Of Capacitor is used, it will take longer for the capacitor
to charge full ,,' and also longer to discharge. This will lengthen the period of oscillations in the tank
circuit, or cquivuleul l lov.cr its frequency. With a large value of inductance, the opposition to change
in current flow is ureitcr and hence the time required to complete each cycle will he longer. There-
tore, the greater the value of inductance, the longer is thc period or the lower is the frequency of
oscillations in the tank circuit.

.164. Undamped Oscillations from Tank Circuit
/ As discussed before, a tank circuit produces damped oscillations. However, in practice, we need

continuous undamped oscillations for the successful op-
eration of electronics equipment. In order to make the
oscillations in the tank circuit undamped, it is necessary to
supply correct amount of energy to the tank circuit at the
proper time intervals to meet the losses. 'thus referring
back to Fig. 16.2, any energy which would be applied to
the circuit must have a polarity conforming to the existing
polarity at the instant of application of energy. If the ap-
plied energy is of opposite polarity, it would oppose.thc
energy in the tank circuit, causing stoppage of oscillations.
Therefore, in order to make the oscillations in the tank
ci'cuit undamped, the following conditions must be ful-
tilled

(i) '1heam0unt0fener ,YpJ21iei sbQillrlhc suchi aiametthJ.Q' '_tb&tiiiii circuit and
the a.c.,energy removed from the circuit by the load. For instance, if losses in LC circuit amount to

5 rnW and ac. output being taken is 100 mW, then power of 105 niW should be continuously sup-

plied to the circuit.
The applied energy should have the same frequency as that of the oscillations in the tank

(iii) The applied energy should he in phase with the oscillations set up in the tank circuit i.e. it
should aid the tank circuit oscillations. 	 -

lf the se conditions are fulfilled, the circuit will produce continuous undamped output as shown in
Fig. 161.

A 6.5. Positive Feedback Amplifier - Oscillator

/ A transistor amplifier with prop'r positive feedback call 	 as an oscillator i.e., it can generate

oscillations without any external signal source.

WZ11-11

vf

(11)

circuit.

Fig
19011

16.5 shows a transistor amplifier with positive

&
MIAMI-=
MR111\\0

SI)

Fig. 16.5



VI

350	 Principles of Electronics

feedback. Remember that a positive feedback amplifier is one that produces a feedback voltage (V
that is in phase with the original input signal. As you can see, this condition is met in the circuit
shown in Fig, 16.5. A phase shill oil 80° is produced by the amplifier and a further phase shift of
180° is introduced by feedback network. Consequently, the signal is shifted by 360° and fed to the
input ic., feedback voltage is in phase with the input signal.

(I) We note that the circuit shown in Fig. 16.5 is producing oscillations in the output. However,
this circuit has an input signal. This is inconsistent with our definition of an oscillator i.e., an oscilla-
tor is a circuit that produces oscillations without any external signal source.

F
FRON,

MINA-

Fig. 16.6

(ii) When we open the switch S of Fig. 16.5, we get the circuit shown in Fig. 16.6. This means
the input signal ( V111 ) is removed. However, V1 (which is in phase with the original signal) is still applied
to the input signal. The amplifier will respond to this signal in the same way that it did to Vi,, i.e., V1

will be amplified and sent to the output. The feedback network sends a portion of the output back to
the input. Therefore, the amplifier receives another input cycle and another output cycle is produced.
This process will continue so long as the amplifier is turned on. Therefore, the amptifer will produce
sinusoidal output with no external signal source. The following points may be noted carefully:

(a) A transistor	 pr with pppositive feedback will work as anosêillator

(b) The circuit needs only a quick trigger signal to start the oscillations. Once the oscillations
have started, no external si alsource is ne—eded.

(c) In order to get continuous undarnpçtput from the circuit, the following-condition must—d 07U
be met :

mA,, =

where	 A,	 voltage gain of amplifer without feedback

= feedback fraction

This relation is called l3arkhausen criterion. This condition will be explained in the Art. 16,7.

16.6 Essentials of Transistor Oscillator

Fig. 16.7 shows the block diagram of an oscillator. Its essential components are

-th Tank circuit. It consists  induct	 -
frequetcy(oscillatiofis in the circuit docnLspoiithe values of inductance of the coil and capaci--

-- it) Transistor ampI/ler. The transistor amplifier receives d.c. power from the battery and changes
it into a.c. power for supplying to the tank circuit. The oscillations occurring in the tank circuit are
applied to the input of the transistor amplifier. Because of the amplifying properties of the transistor,
we get increased output of these oscillations.
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Fig. 16.7

This amplified output of oscillations is due to the d.c. power supplied by the battery. The output
of the transistor can be supplied to the tank circuit to meet the losses.

(iii) Feedback circuit.	 supp	 art of collector energy to the tank circuit
i-n -coge.qphase-t-o-aiaAhe-oadllatio nsi.e. it provides positive feedback.

161 Explanation of Barkhauscn Criterion

Barkhausen criterion is that in order to produce continuous undamped oscillations at the output of an
amplifier, the positive feedback should he such that

mL=i)
Once this condition is set in the positive feedback amplifier, continuous undamped oscillations

can be obtained at the output immediately after connecting the necessary power supplies.

(i) Mathematical explanation. The voltage gain of a positive feedback amplifier is given by;

A -
— l — mA,

If m, A. = l, then A Vf -
We know that we cannot achieve infinite gain in an amplifier. So what does this result infer in

physical terms? It means that a vanishing small input voltage would give rise to finite (i.e., a definite
amount of) output voltage even when the input signal is zero. Thus once the circuit receives the input
trigger, it would become an oscillator, generating oscillations with no external signal source.

(ii) Graphical Explanation. Let us discuss the condition rnA = Igraphically. Suppose the
voltage gain of the amplifier without positive feedback is 100. In order to produce continuous

AMPLIFIER
A,=lO0

I	
i=o.oi]

FEEDBACK
NETWORK

Fig. 16.8
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undainpcd oscillation.,,, ,n A = I or rn x 1(X) = I or in , = 0.01. This is illustrated in Fig. 6.8. Since
the condition mA = I is met in the circuit shown in Fig. 16.8, it will produce sustained oscillations.

Suppose the initial triggering voltage is 0. V peak. Starting with this value, circuit (A,, = 100
ni v = 0.01) will progress as follows.

Cycle	 vo	 V	 V1

1. 0.1Vpk	 IOVpk	 0.IVpk

2. 0.IVpk	 lOVpk	 0.IVpk
The same thing will repeat for 3rd, 4th cycles and so on. Note that during each cycle, V1 =

0.IVpk and V, = 10 Vpk. Clearly, the oscillator is producing continuous undamped oscillations.

Note. The relation my A , = L holds good for true ideal circuits. I lowcvcr, practical circuits need all
product that is slightly greater than 1. This is to compensate for power loss (e.g.. in resistors) in the circuit.

16.8 Different Types of Transistor Oscillators
A transistor can work as an oscillator to produce continuous undamped oscillations of any desired
frequency if tank and feedback circuits are properly connected to it. All oscillators under different
names have similar function i.e., they produce continuous undamped output. However, the major
difference between these oscillators lies in the method by which energy is supplied to the tank circuit
to meet the losses. The following are the transistor oscillators commonly used at various places in
electronic circuits

(i) Tuned collecor oscillator
	

(ii) Colpitts oscillator
(it') Phase shift oscillator

1- Vv

,.	 j.gi6.9 sIt

of he n I
by

Bridge	 (vi) Crystal oscillator

C1kctor Oscillator
he circuit of tuned collector oscillator. It contains tuned circuit LX, in the collector

name. The frequency of oscillations depends upon the values of L 1 and C 1 and is given

=

The feedback coil L, in the base circuit is magnetically coupled to the tank circuit coil L 1 . In
practice, L 1 and L, form the primary and secondary of the transformer respectively. The-b as'n .g-i-

The capacitor C connected in the base circuit provides
low reactance path to the oscillations.

Circuit operation. When switch S is closed, collector current starts increasing and charges the
capacitor C. When this capacitor is fully charged, it discharges through coil L 1 , setting up oscilla-
tions of frequency determined by exp. (i). These oscillations induce some voltage in coil L., by
mutual induction. The frequency of voltage in coil L, is the same as that of tank circuit but its
magnitude depends upon the number of turns of L and coupling between L 1 and L2 .he voltage

across L2 is applied between base and emitter and appears in the amplified form in the collector
circuit, thus overcoming the losses occurring in the tank circuiThc number of turns of L2 and

coupling between L 1 and L2 are so adjustedat oscillations across L arc amplified to a level just
sufficient to supply losses to the tank circui

/lt may he noted that the phase of feedback is correct i.e. energy supplied to the tank circuit is in
pl'{ase with the generated oscillation A phase shift of 180° is created between the voltages of L,and
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I., due to trtns6irmer *action. A further phase shill 01 80" lakes place between

	

	 nibasc-eitter and
C

,
ot lector circuit duejoJtans4tLxQ pertie. As i rEdll, I.N. encrgye actotie tank circuit is in

phase with the generated oscillations.

RI

	 L	
(:1

vcc

L
I?.,	

Rr	 Cr

Fig. 16.9

uiicd co/a .ioi o.sci/laior ircuil used in the local oscillator of a radio
veT 's use of an L( u iea circuit with L 1 ii. 6 jill and C, 300 pb'. Calculate the

uencY of oscil/alions.

Solut ion.

S.6 it l = 58.6> 0 '}l

C 1 	 300p1:	 3U0 x 10- 12 F

Frequenc y of oscillations, I =
-	 2u\//..	 'I

I IL

2g J58.6 10 x 30010 2

= 1199 x 10 Hz	 1199 kllz

,' 16	 C.jpi t's Oscillator
L
/	 ig. I	 shows a Colpilt's oscillator, it uses tso capacitors and placed across a common inductor
" L and the centre of the two capacitors is tapped. The tank circuit is made up of C;, C2 and L. The

frequciic (>1 oscillations is deicrmined by the values oti', C, ;uid I. and is given by

f-
271

C C.
where	 C1

**Note that CI - C. - I. is also the feedback circuit that produces a phase shift of' 1800.

All transformers introduce a phase shill or 180' bctseen primary and secondary.
00 1he RI-' choke decouples an y w signal on the power lines from aticting the output signal.

I
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Circuit operation. When the circuit is turned on, the capacitors C 1 and C2 are charged, The
capacitors discharge through L, setting up oscillations of frequency determined by exp (i). The
output voltage of the amplifier appears across C 3 and feedback volt-	 +	 -

age is developed across C,. The voltage across is 1800 Out of phase
with the voltage developed across C 1 (V,() a& bww	 gH6+F. It	

v
k-easy to see rh-af voltage fedback (voltage across C2 ) to the transis-	 -	 +

tor provides positive fcdback. A phase shift of 1800 is produced by
the transistor and a further phase shift of 1800 is produced by C 3 - C,	 FEEDBACK CIRCUIT
voltage divider. In this way, feedback is properly phased to produce
continuous undamped oscillation. Fig. 16.11

Feedback fraction ni,. The amount of feedback voltage in
Colpitt's oscillator depends upon feedback traction ni of the circuit. For this circuit,

r	 V x
Fccdhack traction, m =	 -	 =

Cl	 -2

01
C

Pt
V 

= 	
2

'4ampIcj2. Determine the (i) operating frequency and (ii) feedback ,fraction for Coiplit's
oscillator shown in Pig. 16.12.

Solution.

(i) Operating Frequency. The operating frequency of the circuit is always equal to the reso-
nant frequency of the feedback network. As noted previously, the capacitors C 1 and C2 are in series.

= C C2 = 0.(X)1 <	
= 9.09 x 10 tFT	 C1+C,	 0.001+0.01

= 909 x 10-i2 F

*	 Referring to Fig. 16.11, it is clear that C and C2 are in series. Therefore, total capacitance C T isgiven by;

Cl C-,
CT=

•* Referring to Fig. 16.11, the circulating current for the two capacitors is the same. Fuihcr, capacitive
reactance is inversely proportional to capacitance.
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Fig. 16.13
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L	 15 v : = 5 x 10 -6 H

	

Operating frequency, 	
= 21t

=	
liz

2	 (15 x 10 x 909 x ID

1361 x 10 Hz	 1361 kHz

(//) Feedback fraction

	

F17	
=	 0.1

(:2 	 0.01

+ v(_c

355

Fig. 16.12

I	 Hey Oscillator 

lie artley oscillator is similar to Colpitt's oscillator with r ,i nur modifications. Instead of using
tapped capacitors, two inductors L 1 and L 2 are placed across a common capacitor C and the centre of
the inductors is tapped as shown in Fig. 16.13, The tank circuit is made up of L 1 , L2 and C. The
frequency of oscillations is determined by the values of L 1 , L 2 and C and is given by

+

f=	
__C	

...(1)
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here	 L, II	 2ff

I ]ere	 f	 rnuiiiil inductance hctceii l, and

Note that 1- 1	 I.	 (' is also tile feedback n wetork that produces a phase shill Of 180"

Circuit operation. When the circuit is turned on, the capacitor
is charged. When this capacitor is full charged. it discharges tln'oiigh
coils L! and I. setting up oscillations of frequency determined by 
e cxp (). The output voltage of the ampli tier appears across L 1 and
feedback voltage across L. I he voltage across L is 180' out of	 V	 Li	 L

phase with the voltage developed across L 1 ( t) a&
voltage fedback (i.e., voltage across L) to

the transistor provides positive bedhack. A phase shift of 180" is	 FEEDBACK CIRCUIT

produced by the transistor and a further phase shift of 180° is pro- 	 Fig. 16.14
duced by L1 —2 voltage divider. In this way, feedback is properly
phased to produce continuous undamped oscillations.

F'ccdhack fraction rn r. In Hartley oscillator, the feedback voltage is across L, and output volt-

age	 across L1.

1	 .V

	

Feedback traction, ,'fl =	
=	 L, -

L2
or	 ni =

'—Exam Ic 16.3. Calculate the ( operaimg frequency mid (a) fred back fraction for harley
oscillators iown in Fig. 16.15. The mutual inductance between the coils, M = 20 phi.

•	 + V(.(.

RV CHOKE

Solution.

(1) L 1	 1000 phI	 L.	 100 pFl	 lit = 20 p11

'total inductance. L 1 = L 1 4 L, + 2A1

1000	 100 ± 2 x 20 = 1140 p11 = 1140 x 1061l

Relering to Fig. 16.14, it is clear that L 1 and L 2 are in series. Therefore, total inductance L, is given by

Lr L 1 + L1 + 2M
Referring to Fig. 16.14. the circulating current for the two inductors is the same. Further, inductive reac-
tance is directly proportional to inductance.
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Capacitance, (.' 	 20 p!' - 20 x 10 
12

	Operating frequency, ,f.	
-I
2m

= 27E	 l 140x 10	 x 20x 1012

1052 x l& 1 I - 1052 kILt

L 2	 100 tll	 0.1(ii)	 Feedback fraction, m,	 - 
= 1000

16.12 Principle of Phase Shift Oscillators

One desirable feature of an oscillator is that it should feedback energy of correct phase to the tank
circuit to overcome the losses occurring in it. In the oscillator circuits discussed so far, the tank-
circuit employed inductive (L) and capacitive (C) elements. In such circuits, a phase shift of 180° was
obtained due to inductive or capacitive coupling and a further phase shift. of 180° was obtained due to
transistor properties. In this way, energy supplied to the tank circuit was in phase with the generated
oscillations. The oscillator circuits employing L-C elements have two general drawbacks. Firstly,
they suffer from frequency instability and poor waveform. Secondly, they cannot he used for very
low frequencies because they become too much bulky and expensive.

Good frequency stability and waveform can be obtained from oscillators employing resistive
and capacitive elements. Such amplifiers are called R-C or phase shift oscillators and have the
additional advantage that thcyan be used for very low frequencies. In a phase shift oscillator, a
phase shift of 1800 is obtained with a phase shift circuit instead of inductive or capacitive coupling. A
further phase shift of 180° is introduced due to the transistor properties. Thus, energy supplied hack
to the tank circuit is assured of correct phase.

Phase shift circuit. A phase-shift circuit essentially consists of an R-C network. Fig. 16.16 (1)
shows a single section of RC network. From the elementary theory of electrical engineering, it can be
shown that alternating voltage across R leads the applied voltage V1 by °. The value of  depends
upon the values of Rand C. Ifresistance R is varied, the value of also changes. If R were reduced
to zero, J will lead V by 90° i.e. = 90°. however, adjusting I? to zero would be impracticable
because it would lead to no voltage across R. Therefore, in practice, R is varied to such a value that
makes fr to lead V 1 by 600.

C	 C	 C

Fig. 16.16

Fig. 16.16 (ii) shows the three sections of RE' network. Each section produces a phase shift of
60°. Consequently, a total phase shift of 180° is produced i. e. voltage V, leads the voltage V by 180".
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6.13 Phase Shift Oscillator
, A : i J6 17 shows the circuit ofa phase shill nscillatur. It consists ola conventional single transistor

iuphticr and a R( phase shill network. The phase shill network consists of three sections R 1 C1 , R2C2
and R('. At some particular frequcncvJ1) , the phase shill in each RC section is 60° so that the total
phase-shift produced by the RC network is 180'. The frequenc y of- oscillations is given by

ID

	

	 --

27t RC ..J()

where	 R	 H, - 1?

('	
2 -=
	 =

Circuit operation. When the circuit is switched on, it produces oscillations of frequency deter-

(	 mined by exp. (i). The output E0 of the amplifier is fedback to RC feedback network. This network

	

NN	 produces a phase shift of 180' and a voltage E, appears at its output which is applied to the transistor
amplifier.

)	 Obviously, the feedback fraction rn = E, /E0 . The feedback phase is correct. A phase shift of

/ 180' is produced by the transistor amplifier. A further phase shill of 1800 is produced by the RC

	/	 neiwork. As a result, the phase shift around the entre loop is 3600,
Advantages

	

-	 (1) it does not requir e Iransfomi-frs or inductors.

\	 (ii) It can be used topduce very Low frequencies.
(iii) The ccuit	 yjdc&good 4N"ua stability.

/	 Disadvantages
(i) It is difficult for the circuit to start oscillations as the feedback is - generally small.

b
(ii) The circuit Iiives small output

I  I . in the phase sh ift oscillator shown in Fig. 16. 17, R 1 =	 R3	 JMf2 and C,
= CI -. C	 68 pF. At what frequency does the circuit oscillate?

Sol ion.
A1C'	 ir6R 1 - R2—R3--R—
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C l = (:2 = C, = C = 68 P = 68 x 1012

Frequency of oscillations is

L 
= 2itRCJ

=

	

-T7	
2it x t' x 68 x 0 

2

= 954 Hz

6 1 W)ei(Bridge Oscillator
. Th	 icn-bridge oscillator is the standard oscillator circuit for all frequencies in the range of

/ 0 lIz to about I Ml lz. It is the most frequently used type of audio oscillator as the output IS free from
circujUluctuat ions _and ambient temperature. Fig. 16.18 shows the circuit of Wien bridge oscil ator.
It is essentially a two-stage amplifier with R-C bridge circuit. The bridge circuit has the arms RA,
R1 , R2 C2 and tungsten lamp L. RcsistanccsR3 and_L, are used to stabilise the amplitude of the
output. The transistor T1 serves as an oscillator and amplifier while the other transistor T2 serves as
an inverter (i.e. to produce a phase shift of 180°). The circuit uses positive and negative feedbacks.
The positive feedback is through R 1 C 1 , C2 R2 to the transistor T 1 1- The negative feedback is through
the voltage divider to the input of transistor T2 . The frequency of oscillations is determined by the
series element R 1 C 1 and parallel clement R 2 C2 of the bridge.

	

= 2	 R, C2

If R 1 = R2 = R
	and C1 = C2 	 C then,

= 2TE

C

OUTPUT

I
Fig. 16.18

When the circuit is started, bridge circuit produces oscillations of frequency determined by exp.
(.'). The two transistors produce a total phase shift of 360° so that proper positive feedback is ensured.
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I he neilativc feedback in the circuit ensures constant output. 'this is achieved by the temperature
ensiiive tungsten lamp L1 Its resistance increases with current. Should the amplitude ofoutput tend

to increase, more current would providu more negatis c feedback. 'the result is that the output would
return to oriitnal value. A reverse action would take place ii the output tends to decrease.

il't jies
It gives cinctant output.

Li- 'Fhecircwt works quite easily.
,_çis) The overall cas high .bccausc of two tranststo[s.

4iv) The frequency of oscillations can he easily changed h using potentiometer.
'DLs advantages
i) The circuit requires two transistors and a large number of components.

(ii) It cannot generate very high frequencies.

	

xamplet 6,5. In the Wien bridge oscillator .vhoivn in Fig. 16. /8, R 1 =	 = 220 kQ and C1 =
X"- 250-'/F. Determine the frequency of osc i/lotions.

In I ion
= R, = 1? = 220kQ	 220x 103Q

C I = C. = C	 250 pF'-:SO X 10 F

Frequenc y of oscillations, f 2itRC

lli.
27i x 220 x 10 X250 10
292 liz

Limitations of LC and RC Oscillators

The l.(' and RC oscillators discussed so far have their own limitations. The niajor problem in such
circuits is that their operating frequency does not remain strictly constant. There are two principal
reasons for it vi:.

(i) As the circuit operates, it will warm up. Consequently, the values of resistors and inductors,
which are the frequency determining factors in these circuits, will change with temperature. This
causes the change in frequency of the oscillator.

(a) If any component in the feedback network is changed, it will shift the operating frequency of
the oscillator.

I lowevcr in many applications, it is desirable and necessary to maintain the frequency constant
with extreme low tolerances. For example, the frequency tolerance Fora broadcasting station should
not exceed 0.002% i.e. change in frequency due to any reason should not be more than 0.002% of the
specified frequency. The broadcasting stations have frequencies which are quite close to each other.
In fact, the frequency difference between two broadcasting stations is less than 1%. It is apparent that
if we employ LC or RC ctr'cuits, a change of' temperature may cause the frequencies of adjacent
broadcasting stations to overlap.

In order to maintain constant frequency, piezoelectric cr'stals are used in place of LC or RC
circuits. Oscillators of this type are called crvsi'al oscillators. The frequency of a crystal oscillator
changes by less than 0. 1% due to temperature and other changes. Therefore, such oscillators offer the
most satisfactory method of stabilising the frequency and are used in great majority of electronic
applications.
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/,16.16 Piezoelectric Crystals

Certain crystalline materials, namely, Rochelle salt, quartz and tourmaline exhibit the piezoelectric

effect i.e., when we apply an a.c. voltage across them, they vibrate at the frequency of the applied
voltage. Conversely, when they are compressed or placed under mechanical strain to vibrate, they
produce an ac. voltage. Such crystals which exhibit piezoelectric effect are called piezoelecti'ic

crystals. Of the various piezoelectric crystals, quartz is most commonly used because it is inexpen-
sive and readily available in nature.

Quartz crystal. Quartz crystals are generally used in
crystal oscillators because of their great mechanical strength
and simplicity of manufacture. The natural shape of quartz
crystal is hexagonal as shown in Fig. 16. 19. The three axes
are shown : the z-axis is called the optical axis, the x-axis is
called the electrical axis and y-axis is called the ,ncchant-

cat axis. Quartz crystal can be cut in different ways. Crys-
tal cut perpendicular to the x-a.xis is called x-cut crystal

whereas that cut perpendicular to y-axis iscalledy-cutcrys-
tat. The piezoelectric properties of a crystal depend upon
its cut.

Frequency of crystal. Each crystal has a natural fre-
quency like a pendulum. The natural frequencyfof it crys-
tal is given by

where K is a constant that depends UPOfl the cut and t is the
thickness of the crystal. It is clear that frequency is in-
versely proportional to crystal thickness. The thinner the
crystal, the greater is its natural frequency and vice-versa.

However, extremely thin crystal may break because of vi-
brations. This puts a limit to the frequency obtainable. In
practice, frequencies between 25 kHz to 5 MHz have been
obtained with crystals.

16.17 Working of Quartz Crystal

In order to use crystal in an electronic circuit, it is placed
between two metal plates. The arrangement then forms a
capacitor with crystal as the dielectric as shown in Fig. 16.20.	 _L Cr

If an a.c. voltage is applied across the plates, the crystal will
start vibrating at the frequency of applied voltage. How-
ever, if the frequency of the applied voltage is made equal to
the natural frequency of the crystal, resonance takes place	 Fig 16.20
and crystal vibrations reach a maximum value. This natural
frequency is almost constant. Effects of temperature change can he eliminated by mounting the
crystal .atemperature-control led oven as in radio and television transmitters.

"1.18 Eui.aIeñt Circuit of Crystal
the crystal has electromechanical resonance, we can represent the crystal action by an

equivalent electrical circuit.
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(,) When the crystal is not vibrating, it is equivalent to capacitance Cm because it has two metal
plates separated by a dielectric [See Fig. 1.2 I (i)]. This capacitance is known as mounting capUci-
I(,icc.

(i)	 (ii)
Fig. 16.21

(n) When a crystal vibrates, * it is equivalent to R— L - C series circuit. Therefore, the equiva-
lent circuit ofa vibrating crystal is R - L - C series circuit shunted by the mounting capacitance C as
shown in Fig. 16.21 (ii).

C,,, = mounting capacitance
R—L—C = electrical equivalent of vibrational characteristic of the crystal
Typical values for a 4 MHz crystal are
L = lOOmH	 R 100 

C = 
0.0I5pF	 C 	 5 PF

T
Q-factorof crystal = 1

	 i 
= T

I	 l0Oxl0

öö 0.O!5	
= 26,000

I 

Note that Q of crystal isyefy high. The extremely high Q of a crystal leads to frequency **a_
biFi.

7
6.19 Fcequ y Response of Crystal

the c	 tal is vibrating, its equivalent electrical circuit is as shown in Fig. 16.22 (i). The
cc values of C and Cm are relatively low (less than I pF for C and 440 pF for Cm). Note that

the value of C is much lower than that of Cm.

XL

Xc (—)
(i)
	

(ii)

Fig. 16.22

When the crystal is vibrating, L is the electrical equivalent of crystal mass, C is the electrical equivalent of
elasticity and R is electrical equivalent of mechanical friction.

' When Q is high, frequency is parily determined by Land C of the crystal. Since these values remain
fixed for a crystal, the frequency is stable. However, in ordinary LC tank circuit, the values of.L and C have
large tolerances.
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(I) At low frequencies, the impedance of the crystal is controlled by extremely high values of

X(.,,, and X(: . In other words, at low frequencies, the impedance of the network is high and capacitive
as shown in Fig. 16.22 (ii).

(ii) As the frequency is increased, P— L - C branch approaches its resonant frequency. At some
definite frequency, the reactance X, will be equal to X. The crystal now acts as a series-resonant
circuit. For this condition, the impedance of the crystal is very low; being equal to R. The frequency
at which the vibrating crystal behaves as a series-resonant circuit is called series-resonant frequency

/ J . Its value is given by;

it../Z 
Hz

2 

where L is in henry and C is in farad.

Aa

ii:) At a slightly higher frequency, the net reactance of branch R - L - C becomes inductive and
al to X. The crystal now acts as a parallel-resonant circuit. For this condition, the crystal offers
ry high impedance. The frequency at which the vibrating crystal behaves as a parallel-resonant
uit is called parallel-resonantfrequencyf,,.

21r J C7

C
where	 CT =

c+ç

Since C r is less than C,f,, is always greater thanf. Note that frcquenciesj andf1, are very close

to each other.
(iv) At frequencies greater thanf,,, the value of X(. drops and eventually the crystal acts as a

shorircuit.	
The above discussion leads to the following conclusions:

(1) AtJ., the crystal will acts as a series-resonant circuit.

(ii) Atf, the crystal will act as a parallel-resonant circuit.
Therefore, we can use a crystal in place of a series LC circuit or in place of parallel LC circuit. If

we use it in place of series LC circuit, the oscillator will operate atf. However if we use the crystal
in place of parallel LC circuit, the oscillator will operate atf,,. In order to use the crystal properly, it
must be connected in a cricuit so that its low impedance in the series resonant operating mode or high
impedance in the parallel resonant operating mode is selected.

j620 Transistor Crystal Oscillator
Fig. 16.23 shows the transistor crystal oscillator. Note that it is a Collpit's oscillator modified to act
as airystal oscillator. The only change is the adfltion of the crystal (Y) in the feedback network. The
crystal will act as a parallel-tuned circuit. As you can sec in this circuit that instead of resonance
caused by L and (C 1 + C2 ), we have the parallel resonance of the crystal. At parallel resonance, the
impedance of the crystal is maximum. This means that there is a maximum voltage drop across C1.

This in turn will allow the maximum energy transfer through the feedback network atf,,.

Note that feedback is positive. A phase shift of 180 0 is produced by the transistor. A further
phase shift of 180° is produced by the capacitor voltage divider. This oscillator will oscillate only at
f,,. Even the smallest deviation fromf,, will cause the oscillator to act as an effective short. Conse-
quently, we have an extremely stable oscillator.

Advantages
(1) They have a high order of frequency stability.

(ii) The quality factor (Q) of the crystal is very high. The Q factor of the crystal may be as high
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10,000 compared to about 100 of L-C tank.

l)1.vadvantaL,'es
(1) They are fragile and consequently can only be used in low power circuits.
(ii) The frequency of oscillations cannot be changed appreciably.

Example 16.6. A c's:ai has a thickness oft mm. If the thickness is reduced by 1%, what
happens tofrcq uency of osc il/aliens ?

Solution.	 Frequency, I =

or	 f.

lithe thickness 0€ the crystal is reduced by 1%, the frequency of oscillations will increase by 1%.

./ Example 16.7. The ac equivalent circuit of a crystal has these values: L = i/i, C = 0.01 pF,
R = 1000 £2 and 'm	 20 pP. Calculatef andf,, of the crystal.

Solution.	 L = I H
C = 0.01 pF = 0.01 x 1012 F

C = 20 pF	 20 x 1012 F

2C

	= 2	 01x	
H?.

= 1589x 10 Hz = 1589 kHz

Now	 C7. 	 C x	 = 0.01 x 20 =	 x 10 -3 pF
c+ç,,	 0.01+20

= 9.99x 10- 15 F

271 JCr
	= 	 liz

	

2	 1 —X9. 1 99 x 10

= 1590 x 10 Hz = 1590 kHz
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Ifihis crystal is used in an oscillator, the frequency of oscillations will lie between 1589 kllz and
159() ki lz,

Multiple-Choice Questions

I. An oscillator converts ............
(i) ac. power into d.c. power

/1/) d.c. power into a.c. power
(iii) mechanical power into ac. power
(iv) none of the above

2. In an LC transistor oscillator, the active de-
vice is .............
(i) LC-tank circuit (ii) biasing circuit

	

vii) transistor	 (iv) none of the above
3. In an LC circuit, when the capacitor energy

is maximum, the inductor energy is ...........

	

(.r) minimum	 (ii) maximum
(iii) half-way between maximum and

minimum
(iv) none of the above

4. In an Lcoscillator, the frequency ofoscilla-
tons ....... .LorC.
(1) proportional to square
(ii) directly proportional to
(iii) independent of the values of

,() inversely proportional to square root of
5. An oscillator produces .......oscillations.

(i) damped	 —flundampcd
(iii) modulated	 (iv) none of the above

6. An oscillator employs ...........feedback.

	

54' positive	 (ii) negative
(iii) neither positive nor negative
(iv) data insufficient

7. An LC oscillator cannot be used to produce
frequencies.

(1) high	 (ii) audio

	

Sf' very low	 (iv) very high
( Hartley oscillator is commonly used in

radio receivers (ii) radio transmitters
(iii) TV receivers (iv) none of the above

9. In a phase shift oscillator,wc use ........... 1?C
sections.

(i) two	 .ii5 three
(iii) four	 (iv) none of (lire above

10. Ina phase shill oscillator, the frequency de-
termining elements are ...........
(i) L and C	 (ii) R, L and C

RandC	 (iv) none of the above
II. A Wien bridge oscillator uses ...........feed-

back.
(1) only positive	 (ii) only negative

both positive and negative
(iv) none of the above

12. The piezoelectric effect in a crystal is ...........
)—a voltage developed because of me-

chanical stress
(ii) a change in resistance because of tem-

perature
(iii) a change of frequency because of tem-

perature
(iv) none of the above

13. If the crystal frequency changes with tem-
perature, we say that crystal has ...........tem-
perature coefficient

.,(i) positive	 (ii) zero
(iii) negative	 (iv) none of the above

14. The crystal oscillator frequency is very stable
due to ...........olthe crystal.
(i) rigidity	 (ii) vibrations

(iii) low Q	 kmrbigh Q
IS. The application where one would most likely

find a crystal oscillator is ...........
(i) radio rcceivcr_,.(i radio transmitter

(iii) AF sweep generator
(iv) none of the above

16. An oscillator differs from an amplifer be-
cause it ...........
(i) has more gain
(ii) requires no input signal
(iii) requires no d.c. supply
(iv) always has the same input
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17. One condition for oscillation is
(i) a phase shift around the feedback loop

of 1800

(ii) a gain around the feedback loop of one-
third

(iii) a phase shift around the feedback loop
of 00

(iv) a gain around the feedback loop of less
than I

18. A second condition for oscillations is ..........
(1) a gain of 1 around the feedback loop
(ii) no gain around the feedback loop
(iii) the attenuation of the feedback circuit

must be one-third
(iv) the feedback circuit must be capacitive

19. In a certain oscillator, A = 50. The attenu-
ation of the feedback circuit must be ..........
(i) I	 (i/) 0.01

(iii) 10	 (iv) 0.02

20. For an oscillator to properly start, the gain
around the feedback loop must initially be

(i) I	 (ii) greater than 1
(iii) less than I
(iv) equal to attenuation of feedback

circuit
21. Ina Wien-bridge oscillator, if the resistances

in the positive feedback circuit are de-
creased, the frequency .............
(1) remains the same
(ii) decreases
(iii) increases
(iv) insufficient data

22. In a Colpitt's oscillator, feedback is obtained

(i) by magnetic induction
(ii) by a tickler coil

(iii) from the centre ofsplit capacitors
(iv) none of the above

23. The Q of a crystal is of the order of
(1) 100	 (if) 1000

(iii) 50	 (iv) more than 10,000
24. Quartz crystal is most commonly used in

crystal oscillators because ...........
(i) it has superior electrical properties

(ii) it is easily available
(iii) it is quite inexpensive
(iv) none of the above

25. In LC oscillators, the frequency of oscilla-
tions is given by .........

2it	 1lj 
fEJ	 2n V_L

(iii) ./EF

26. The operating frequency of a Wien-bridge
oscillator is given by ............

(1) .-. (ii)
27t	 4n '.fEJ

(iii)
2nRC	 (iv) 29.RC

27 . ........... is a fixed frequency oscillator.
(I) Phase-shift oscillator
(ii) Hartley oscillator
(iii) Colpitt's oscillator
(iv) Crystal oscillator

28. In an LC oscillator, if the value of L is in-
creased four times, the frequency of oscilla-
tions is ..............
(1) increased 2 times
(ii) decreased 4 times

(iii) increased 4 times
(iv) decreased 2 times

29. An important limitation of a crystal oscilla-
tor is ....................
(1) its low output (ii) i ts high Q

(iii) less availability of quartz crystal
(iv) its high output

30. The signal generator generally used in the
laboratories is ...............oscillator.
(i) Wien-bridge	 (ii) Hartley

(iii) Crystal	 (iv) Phase shift
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11. (iii)

16. (ii)
21. (iii)
26. (iii)

2. (iii)
7. (iii)

12. (i)
17. (iii)
22. (iii)
27. (iv)

Answers to Multiple-Choice Questions

3. (i)
	

4. (iv)

8. (i)
	

9. (ii)

13. (i)
	

14. (iv)

18. (I.)
	

19. (iv)

23. (iv)	 24. (1)

28. (iv)
	

29. (i)

5. (ii)

10. (iii)

15. (ii)
20. (ii)
25. (ii)
30. (i)

Chapter Review Topics

1. What is an oscillator? What is its need? Discuss the advantages of oscillators.
2. What do you understand by damped and undamped electrical oscillations '1 Illustrate your answer

with examples.
3. Explain the operation of a tank circuit with neat diagrams.
4. What is the nature of oscillations produced by tank circuit?
5. How will you get undamped oscillations from a tank circuit?
6. Discuss the essentials of an oscillator.
7. Discuss the circuit operation of tuned collector oscillator.
8. With a neat diagram, explain the action of Hartley and Colpitts oscillators.
9. What are the drawbacks of LC oscillators?

10. Write short notes on the following:
(i) RC oscillators (ii) Wien bridge oscillators (iii) Crystal oscillator

Problems

1. Figure 16.24 shows the Colpitts oscillator. Determine the (1) operating frequency and (ii) feedback
fraction.	 [(1) 24.5 kHz (ii) 0.11

+ vcc

RF CHOKE

0.l liF	 C1	
V.

R2 

JREC^^ - 	 L 470 pt IlF

Fig. 16.24

2. Figure 16.25 shows the Hartley oscillator, If L 1 = l(XX) pH, 1 2 = 1(X) 1.iH and C = 20 pF, hod the
(i) operating frequency and (ii) feedback fraction.	 [(i) 1052 kHz (ii) 0.1]

3. For the Colpitts oscillator shown in Fig. 16.24, C 1 = 750 pF, C2 = 2500 pF and L = 40 iili. Determine
(1) the operating frequency and (ii) feedback fraction.	 [(i) 1050 kHz (ii) 0.31

4. For the Hartley oscillator shown in Fig. 16.25, C = 250 pF, L 1 = 1.5 ml I. L, = 1.5 mli and M = 0.5
mH. Determine the operating frequency.	 1159.2 kHz]
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vcc

!II

Fig. 16.25

5. A crystal has L = 3/1, C = 005 pF, I? = 2 kQ and Cm = 10 pF. Calculate the scrics-resonant and
parallel-resonant frequencies of the crystal. 	 [411 kHz; 412 kHz]

Discussion Questions

I. Why is amplifier circuit necessary in an oscillator?
2. Why is crystal oscillator used in radio transmitter ?
3. Why do YOU USC three RC sections in !?C oscillator?
4. Why is negative feedback provided in Wien bridge oscillators?
5. Why is quartz crystal commonly used in crystal oscillators?
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Transistor Tuned Amplifiers

Introduction	 -

Most of the audio ampli fie rs we have discussed in the earlier chapterswill also work at radio frequen-
cies i.e. above 50 kHz. However, they suffer from two major drawbacks. First, they become less
efficient at radio frequency. Secondly, such amplifiers have mostly resistive loads and consequently
their gain is independent of signal frequency over a large bandwidth. In other words, an audio ampli-
fier amplifies a wide band of frequencies equally well and does not permit the selection of a particular
desired frequency while rejecting all other frequencies.

However, sometimes it is desired that an amplifier should be selective i.e. it should select a
desired frequency or narrow band of frequencies for amplification. For instance, radio and television
transtflissionjre carried on a specific radio frequency assigned to the broadcasting station. The radio
receiver is required to pick up and amplify the radio frequency desired while discriminating all oth-
ers To achieve this, the simple resistive load is replaced by a parallel tuned circuit whose impedance
strongly depends upon frequency. Such a tuned circuit becomes very selective and amplifies very
strongly signals of resonant frequency and narr 	 hanJ an either side. Therefore, the use of tuned
Ci 

o'\
rcuits in conjunction with a transistor makes possib the selection and efficient amplification of a

particular desired radio frequency. Such an amplifier is called a tuned amplifier. In this chapter, we
shall focus our attention on transistor tuned amplifier. and their increasing applications in high fre-
quency electronic circuits.

17.1 Timed AmpIifier

Amplifiers which amplify a specific frequency or narrow band of frequencies are called tunedamplifiers.

i.rned amplifiers are mostly used for the aphfication of highor radio frequencies. It is because
radio fçncies are generally ¶mgle id the tuned circuit permits their seT&t7on and effluent ampli
fication. However, such amplifiers jre not suitable for the aniification of audio frequncks as they
arc mixture of frequencies from 20 Hz to 20 kHz and not single. Tuned amplifiers are widely used in
radio and telev ision circuits where ha called up handle raBiô frequiici 	 -

Fig. 17.1 shows the circuit of a simple transistor tuned amplifier. Here, instead of load resistor,
we have a parallel tuned circuit in the collector. The impedance of this tuned circuit strongly depends
upon frequ& ,cy. It offers a very high impedance at resonant frequency and very small impedance at
all other frequcnces. If the 5ignal has the same frequency as the resonant frequency of LC circuit,
large amplification will result due to high impedance of LC circuit at this frequency. When signals of
many frequencies are present at the input of tuned amplifier, it will select and strongly amplify the
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igrials of resonant Frequency while *rejecting all others. Therefore, such amplifiers are very useful
in radio receivers to select the signal from one particular broadcasting station when signals of many
other Frequencies are pre sent at the receiving aerial.

17.2 Distinction between Tuned Amplifiers and other Amplifiers
We have seen that amplifiers (e.g., voltage amplifier, power amplifier etc) provide the constant gain
over a limited band of frequencies i.e., from lower cut-off frequencyf 1 to upper cut-off frequencyf2.
Now bandwidth of the amplifier, BW=f2 —j1. The reader may wonder, then, what distingqishes a
tuned amplifier from other amplifiers? The difference is that tuned amplifiers are designed to have
specific, usually narrow bandwidth. This point is illustrated in in Fig. 17.2. Note that BWs is the
bandwidth of standard frequency response white BW is the bandwidth of the tuned amplifier. In
many applications, the narrower the bandwidth of a tuned amplifier, the better it is.

Illustration, Consider a tuned amplifier that is designed to amplify only those frequencies that

For all other frequencies, the impedance of LC circuit will he ver small Consequently, little amplification
will occur for these frequencies.
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are within ± 20 kIliof the central frequency of 1((X) kHi.(i.(,..J, = 1000 ku,.). Here ISee Fig. 17.31,

f =.980k1-iz, fr= l(X)O kHz, f2 = 1020kHz, 13W=40kHz

This means that so long as the input signal is within the range of 980— 1020 kHz, it will be
amplified. If the frequency of input signal goes out of this range, amplification will he drastically
reduced.

17.3 Analysis of Parallel Tuned Circuit

A parallel tuned circuit cpnsists of a capacitor C and inductor L. in parallel as shown in Fig. 17.4 (1).
In practice, some resistance R is always present with the coil. If an alternating voltage is applied
across this parallel circuit, the frequency of oscillations will he that of the applied voltage. However,
if the frequency of applied voltage is equal to the natural or resonant frequency of LC circuit, then
electrical resonance will occur. Under such conditions, the impedance of the tuned Circuit becomes
maximum and the line current is minimum. The circuit then draws just enough energy from ac.
supply necessary to oxerconne the losses in the resistance R.

Parallel resonance. A parallel circuit containing reactive elements (L and C ) is *resonant
when the circuit power factor is unity i.e. applied voltage and the supply current are in phase. The
phasor diagram of the parallel circuit is shown in Pig. 17. 4 (ii). The coil curent 'L has two rectangu-
lar components viz active component ILCOS 01. and reactive component 'L sin 4i L . This parallel circuit
will resonate when the circuit power factor is unity. This is possible only when the net reactive
component of the circuit current is zero i.e.

- sin 01. = 0

01	 1C = I sin

Resonance in parallel circuit can be obtained by changing the supply frequency. At some ftc-
quencyf, (calId resonant frequency), i = 'L sin L and resonance occurs.

Resonant frquency. The frequency at which parallel resonance occurs (i.e. reactive compo-
nent of circuit current becomes zero) is called the resonan [frequency f.

Fig. 17.4

At parallel resonance, we have. 	 = 1 / sin
Now	

1L = V/ZL ; Sfl	 - X,JZ, and 1C = V/X.

V	 V Xj
X	 Z  Z 

* Resonance means to be in step with In an ac. circuit if applied voltage and supply current are in phase
(i.e., in step with), resonance is said to occur. If this happens in a parallel ac circuit, it is called parallel
resonance.
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or X1. X 1 . =

iii	 ._ =	
=	

+ x'
(L)(.

or	 R2+(2itf,L)2

	

(2 it/ L) 2 =	 -

OF 	 2itJ,I. =

or	 fr	 2711,\1C

ui	 R2
Resonant frequency. Ir = 2 it IX' -	

(u)

If coil resistance R is small (as is generally the case), then,

	

fr
=
	..(iii)

2 n ^,—

The resonant frequency will be in Hz if R. Land Care in ohms, henry and farad respectively.

It in ihc problem, ihc value of R is given, then eq. (ii) should he used to tindj. However, if R is not

given then eq. (iii) may he used to find ,/,.

17.4 Characteristics of Parallel Resonant Circuit

It is now desirable to discuss some important characteristics of parallel resonant circuit.

(i) Impedance of tuned circuit. The impedance offered by the parallel LC circuit is given by

th	 minimum,supply voltage divided by the line current i.e.. V/I. Since at resonance, line current iminimum,
therc[urc, impedance is maximum at resonant frequency. This fact is shown by the impedance-fre-
quency curve of Fig 17.5. It is clear from impedance-frequency curve that impedance rises to a steep
peak at resonant frequency fl.. However, the impedance of the circuit decreases rapidly when the
frequency is changed above or below the resonant frequency. This characteristic of parallel tuned
ciicuit provides it the selective properties i.e. to select the resonant frequency and reject all others.

Line current, I = I cos

or	 =	 x

or

or	 =	 [': Z = - from eq. (i)]
Z	 L1C	 I	 C	 0 1,.-k Frequency

	

Circuit impedance, Zr = 	 Fig. 173

Thus at parallel resonance, the circuit impedance is equal to *UCR . It may be noted that Zr will

he in ohms if R, L and C are measured in ohms, henry and farad respectively.

(ii) Circuit Current. At parallel resonance, the circuit or line current I is given by the applied

voltage divided by the circuit impedance Z, i.e.,

Two things are worth noting, First, Zr (= LJCR) is a pure resistance because there is no frequency term
present. Secondly, the value of Zr is very high because the ratio UC is very large at parallel resonance.
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Line current. I = V	 L--	 where  = - -
Zr	

r CR
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Because Zr is very high, the line current I will he very small.

(iii) Quality factor Q . It is desired that resonance curve of a parallel tuned circuit should be as
sharp as possible in order to provide selectivity. The sharp resonance curve incans that impedance
falls rapidly as the frequency is varied from the resonant frequency. The smaller the resistance of
coil, the more sharp is the resonance curve. This is due to the fact that a small resistance consumes
less power and draws a relatively small line current. The ratio of inductive reactance and resistance
of the coil at resonance, therefore, becomes a measure of the quality of the tuned circuit. This is
called qualitj factor and may be defined as under

The ratio of inductive reactance of the coil at resonance to its resistance is known as **quality
factor Q i.e.,

XL = 2ltfrL
R	 R

The quality factor Q of a parallel tuned circuit is
very important because the sharpness of resonance
curve and hence selectivity of the circuit depends upon
it. The higher the value of Q, the more selective is the
tuned circuit. Fig. 17.6 shows the effect of resistance
H of the coil on the sharpness of the resonance curve.
It is clear that When the resistance is small, the reso-
nance curve is very sharp. However, if the coil has
large resistance, the resonancl curve is less sharp. It
may be emphasised that where high selectivity is de-
sired, the value of Q should be very large.

Example 17.1. A parallel resonant circuit has a 	
0	

FREQUENCY
capacitor of 250pF in one branch and inductance of
1. 25niH plus a resistance of JOQ in the parallel branch,	 bIg. 17.6

Find (i) reronantfreazery (a) impedance of the circuit at resonance (at) Q factor of the circuit

Solution.
R	 10I;L = 1,25x 10U;C = 250x 102F

(i) Resonant frequency of the circuit is

- I /^I R
\I

I	 I	 102
- -	 -- , Hz

27c J25xlo x250	 (1.25x10)

= 284,7 x IO Hz = 284.7 kllz
(ii) Impedance of the circuit at resonance is

*	 Strictly speaking, the Q of a tank circuit is defined as the ratio of the energy stored in the circuit to the
energy lost in the circuit i.e.,

= 
Energy stored - Reactive Power = !.Li Energy lost 	 Resistive Power	 1 R	 R
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- -
_ = 5(X)x 10

	

7, =
	 - 250 x K)	 10

= 5(M) k
(iii) Quality factor of the circuit i

= 2itfL	 2it(24.7x101)x1.25X10-3 = 223.6
R	 10

Example 17.2. A parallel resonant circuit has a capacitor of /00 pP in one branch and induc-
tance of /00 pH plus a resistance of 10 Q in parallel branch, ff1/ic supply voltage is 10 Y calculate
(i) rcsoiantfrequ'QJii) impedance of the circuit and line current at resonance.

Solution.
R = 10 K2, L = 100 x 10- 1 1 j C = 1(X) [012

(i) Resonant frequency of the circuit is

	

-	 I
- 2aLC L2

I	 f	
1012	 -	 10,0

	

=	
Hz

2100x10xL() 

= 1592.28 x 10 Hz. - 1592.28 kHz

(ii) Impedance of the circuit at resonance is

	

Z =
	 L	 I = l(X)xO

F	 C R	 C R	 lOOx 10" R

=x ) = 106 x I = l0 12	 0.1 M1

Note that the circuit impedance Zr is very high at resonance. It is because the ratio IJC is very
1arie at resonance.

Line current at resonance is

	

I =	 = 9.Y = 100
7,	 10

17.5 Advantages of Tuned Amplifiers
/j In high frequency applications, it is generally required to amplify a single frequency, rejecting all

other frequencies, present. For such purposes, tuned amplifiers are used. These amplifiers use tuned
parallel circuit as the collector load and offer the following advantages

Ci) Small power loss. A tuned parallel circuit employs reactive components Land C. Conse-
queritly. the power loss in such it is quite low. On the other hand, if it resistive load is used in
the collector circuit, there will be considerable loss of power. Therefore, tuned amplifiers are highly
efficient.

(ii) High selectivity. A tuned circuit has the property of selectivity i.e. it can select the desired
frequency for amplification out of a large number of frequencies simultaneously impressed upon it.
For instance, if a mixture of frequencies including f, is fed to the input of a tuned amplifier, then
maximum amplification occurs forf. For all other frequencies, the tuned circuit offers very low
impedance and hence these are amplified to a little extent and may be thought as rejected by the
circuit. On the other hand, if we use resistive load in the collector, all the frequencies will be ampli-
fied equally well i.e. the circuit will not have the ability to select the desired frequency.
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(its) Smaller collector supply voltage. Because of Littic resistance in the parallel tuned circui,
it requires small collector supply voltage Va.. On the other hand, if a high load resistance is used in
the collector for amplifying even one frequency, it would mean large voltage drop across it due to
zero signal collector current. Consequently, a higher collector supply will he needed.

)1 Why not Tuned Circuits for Low Frequency Amplification?
''File tuned amplifiers are used to select and amplify a specific high frequency or narrow band of

frequencies. The reader may he inclined to think as to why tuned circuits are not used to amplify low
frequencies. This is due to the following reasons

(i) Low frequencies are never single. A tuned amplifier selects and amplifies a single fcLl-
ueney. However, the low frequencies found in practice are the audio frequencies which are a mixture
of frequencies from 20 Hz to 20 kHz and are not single. it is desired that all these frequencies should
he equally amplified for proper reproduction of the signal. Consequently, tuned amplifiers cannot be
used for the purpose.

(ii) High values of L and C. The resonant frequency of a parallel tuned circuit is given by;

fr =
21E J—C

For low frequency amplification, we require large values of L and C. This will make the tuned
circuit bulky and expensive. It is worthwhile to mention here that R-C and transformer coupled
amplifiers, which are comparatively cheap, can be conveniently used for low frequency applications.

17.7 Frequency Response of Tuned Amp1ifk'r
The voltage gain of an amplifier depends upon P, input impedance and effective collector load. In a
tuned amplifier, tuned circuit is used in the collector. Therefore, voltage gain of such an amplifier is
given by

13z
Voltage gain =

in
where	 Z. = effective collector load

= input impedance of the amplifier

The value of Z. and hence gain strongly depends upon frequency in the tuned arnpl ifier. As Z.
is maximum at resonant frequency, therefore, voltage gain will be maximum at this frequency. The
value of Z. and gain decrease as the frequency is varied above and below the resonant frequency.
Fig. 17.7 shows the frequency response of a tuned amplifier. It is clear that voltage gain is maximum
at resonant frequency and falls off as the frequency is varied in either direction from resonance.

Bandwidth. The range of frequencies at which the volt-
age gain of the tuned amplifier falls to 70.7 % of the maxi-	 VOLTAGE GAIN

mum gain is called its bandwidth. Referring to Fig. 17.7.
A(max)the bandwidth of tuned amplifier is f1 - f2 . The amplifier 0.707 
A (max) - - - -

will amplify nicely any signal in this frequency range. The 	 I

bandwidth of tuned amplifier depends upon the value of Q
of LC circuit i.e. upon the sharpness of the frequency re-
sponse. The greater the value of Q of tuned circuit, the lesser
is the bandwidth of the amplifier and vice-versa. In prac-	 0
tice, the value of Q of LC circuit is made such so as to permit   
the amplification of desired narrow band of high frequen- 	 Fig. 17.7
cies.
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Ihe practical importance of bandwidth of tuned amplifiers is found in communication system.
In i idirr and TV transmission, a very high frequency wave, called carrier wave is used to carry the
audio or picture signal. In mdio tran.siaission, the audio signal has a frequency range of 10 kHz. If
the carrier wave frequenc y is 7 tO kllz. then the resultant radio wave has a frequency range *between
1710-5

'

 ) kl1 and (710 +5) klIi.. Consequently, the tuned amplifier must have a bandwidth of 705
k} Is to 15 kI 17. (i.e. I( kits). The Q of Ore tuned circuit should he such that bandwidth of the
amplifier lies in this range.

17.8 Relation between Q and Bandwidth

The quality factor Q ofa tuned amplifier is equal to the ratio of resonant frequency (fe) to bandwidth
(13W) i.e..

fr

The Q of air amplifier is determined by the circuit component values. It may be noted here that
Q of a tuned anrpliticr is generally greater than 10. When this condition is met, the resonant fre-
quency at parallel resonance is approximately given by;

Jr
2n JC=

Example 17.3. The Qofu iuiicd amplifier is 60. If the resonant frequency for the amplifier is
12(0 k1/, Jird (i) bandwidth and (II) cut-off frequencies.

Solution.
I	 1200k11z

C)	 13W =	 =	 =20kHz

(/)	 lower cut-off frequency, f = 1200- 10 = 1190 kHz

Upper cut- oIl frequency, f = 1200 + 10 = 1210 kHz

17.9 Single Tuned Amplifier

A single tuned amplifier consists of a transistor amplifier containing a parallel tuned circuit as the
collector load. The values of capacitance and inductance of the tuned circuit are so selected that its

+ vcc	 + vcc

Fig. 17.8

*	 Sec chapter on modulation and demodulation.
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resonant frequency is equal to the frequency to be amplified. The output from a single tuned ampli-
fier can be obtained either (a) by a coupling capacitor C as shown in Fig. 17.8 (i) or (b) by a
secondary coil as shown in Fig. 17.8 (ii).

Operation. The high frequency signal to be amplified is given to the input of the amplifier. The
resonant frequency of parallel tuned circuit is made equal to the frequency of the signal by changing
the value of C. Under such conditions, the tuned circuit will offer very high impedance to the signal
frequency. Hence a large output appears across the tuned circuit. In case the input signal is complex
containing many frequencies, only that frequency which corresponds to the resonant frequency of the
tuned circuit will be amplified. All other frequencies will be rejected by the tuned circuit. In this way,
a tuned amplifier selects and amplifies the desired frequency.

Note. The fundamental difference between AF and tuned (Rh) amplifiers is the bandwidth they are
expected to amplify. The AFamplifiers amplify a major portion ofAE specturm (20 Hz to 20 kllz) equally well
throughout. The tuned amplifiers amplify a relatively narrow portion of RE spectrum, rejecting all other fre-
quencies.

17.10 Analysis of Thncdirnplifier

Fig. 17.9 (1) shows a single tuned amplifier. Note the presence of the parallel LC circuit in the
collector circuit of the transistor. When the circuit has a high Q, the parallel resonance occurs at a
frcqucncyf, given by;

vcc

(1)

	

	 (ii)

Fig. 17.9

f = 2m
At the resonant frequency, the impedance of the parallel resonant circuit is very high and is

purely resistive. Therefore, when the circuit is tuned to resonant frequency, the voltage across RL Is
maximum. In other words, the voltage gain is maximum atf,. However, above and below the reso-
nant frequency, the voltage gain decreases rapidly. The higher the Q of the circuit, the faster the gain
drops off on either side of resonance [See Fig. 17.9 (ii)].

17.11 A.C. Equivalent Circuit of Tuned Amplifier
Fig. 17.10(1) shows the ac equivalent circuit of the tuned amplifier. Note the tank circuit components
are not shorted. In order to completely understand the operation of this circuit, we shall see its
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behaviour at three frequency conditions viz.,

(i)	 = f,	 (ii) I,, <f,	 (dO •t,, >f,
(1) When input frequency equals I, (i.e.,J, = t)• When the frequency of the input signal is equal

toj, the parallel L('circuit offers a very high impedance i.e., it acts as an open. Since R, represents the
only path to ground in the collector circuit, all the ac collector current flows through RL. Therefore,
voltage across R L is maximum i.e., the voltage gain is maximum as shown in Fig.
17.10 (ii).

A

k
max)

T:
R1	

0.707 A,	 Mb
max) 

0	 1)1,12

(i)	 Fig. 17.10	 (ii)

(ii) When input frequency is less than f, (i.e. f, <f,). When the input signal frequency is less
than 1

1 , the circuit is effectivel y * inductive. As the frequency decreases fromf,, a point is reached
when KC - X L = N,. When this happens, the voltage gain of the amplifier falls by 3 A. In other
words, the lower cut-off frequency] ] for the circuit occurs when X. - X, = R,.

(iii) When input frequency is greater thanfr(Le..fw > .f,). When the input signal frequency is
greater thanf,, the circuit is effectively capacitive. Asf,, is increased beyondf,, a point is reached
when XL - X, = RL. When this happens, the voltage gain of the amplifier will again tall by 3db. In
other words, the upper cut-off frequency for the circuit will occur when XL -	 R,.

Example 17.4. For the tuned amplifier shown in Fig. 17.11, determine (i) the resonant fre-
quency (ii) the Q of tank circuit and (iii) bandwidth of the amplifier

+ vcc

Q

p

C

Fig. 17.11

*	 At frequencies hclowf,. X> X L or IL > /.. Therefore, the circuit will be inductive.
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Solution.

(i)	 Resonant frequency. 1, =
	 =

= 2.77 x lO Hz = 2.77 ku
it X 1 = 1 J fL = 2itx(2.77x lO)x33x lO = 574

R	 25

	

Rw =	
= 2.77 kHz 

= 120 Hz
Q	 23

17.12 Double Tuned Amplifier

Fig. 17.12 shows thecircuit ofa double tuned amplifier. It consists oVa transistor auiphflcrcontainirig
two tuned circuits one (L 1 C 1 ) in thc collector 	 + VCC
and the other (L2C2 ) in the output as shown.
The high frequency signal to he amplified is
applied to the input terminals of the amplifier. 	 R1	 CIT L1	 C]OUTPUT

The resonant frequency of tuned circuit L 1 C1

is iiiadc equal to the signal frequency. Under 	 Cin
such conditions, the tuned circuit offers very
high impedance to the signal frequency.
Consequently, large output appears across the 	 SIGNAL

tuned circuit L 1 C 1 . The output from this
tuned circuit is transferred to the second 	 R2	 RE	 C.
tuned circuit L 2C2 through mutual induction. 
Double tuned circuits are extensively used
for coupling the various circuits of radicand 	 Fig. 17.12
television receivers.

Frequency response. The frequency response of a double tuned circuit depends upon the de-
gree of coupling i.e. upon the amount of mutual inductance between the two tuned circuits. When
coil L2 is coupled to coil L 1 [See Fig. 17.13 (i)], a portion of load resistance is coupled into the
primary tank circuit L1C and affects the primary circuit in exactly the same manner as though a
resistor had been added in series with the primary coil L1.

Fig. 17. 13

When the coils are spaced apart, all the primary coil L flux will not link the secondary coil L2.
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The coils nrc said to have iosc coupling. Under such conditions, the resistance reflected from the
load (i.e. secondary circuit) is small. The resonance curve will be sharp and the circuit Q is high as
SliL)WIi in I r ig. 17. I 3 (ii). When the primary and secondary coils are very close together, they are said
to have ti, '/ii coupling. Under such conditions, the reflected resistance will be large and the circuit Q
is lower. Two positions of gain maxima, one above and the other below the resonant frequency, are
obtained.

17.13 Bandwidth of Double—Tuned Circuit

It you refer to the frequency response of double-tuned circuit shown in Fig. 17.13 (ii), it is clear that
bandwidth increases with the degree of coupling. Obviously, the determining factor in a double-
tuned circuit is not Q but the coupling. For it g iven frequency, the tighter the coupling, the greater is
the bandwidth.	 -

/3 IV, = k J

The subscript LII is used to indicate double-tuned circuit. Here k is coefficient of coupling.

Example 17,5. It is desired to obtain a bandwidth of 200 kHz at an operating frequency of
10 MHz using a double tuned circuit. What value of co-efficient of coupling should be used ?

Solution.

BWd( = kf

Co-efficient of coupling, k = !?±L
 - 

200 kHz = 0.02
I',-	 lOxlO3kHz

17.14 Tuned Class C Amplifier

So far we have confined our attention to tuned class A amplifiers. Such amplifiers are used where RF
signal has low power level e.g. in radio receivers, small signal applications in transmitters. However,
owing to low efficiency of class A operation, these ampli tiers are not employed where large RF (radio
frequency) power is involved e.g. to excite transmitting antenna. In such situations, tuned class C

power amplifiers are used. Since a class C amplifier has it very high efficiency, it can deliver more
load power than a class A amplifier.

Class C operation means that collector currenti's
for less than 1800. In a practical tuned class C amplifier.	 'C

the collector current flows for much less than 1800 the
current looks like narrow pulses as shown in Fig. 17.14.
As we shall see later, when narrow current pulses like these
drive a high-Q resonant (i.e. LC) circuit, the voltage across
the circuit is almost a perfect sine wave. One very impor-
tant advantage of class C operation is its *high efficiency.
Thus 10 W supplied to a class A amplifier may produce	 0
only about 3.5 W of a.c. output (35 % efficiency). The
same transistor biased to class C may be able to produce	 LESS THAN 180°
7 W output (70 % efficiency). Class C power amplifiers
normally use RF power transistors. The power ratings of

	
Fig. 17.14

such transistors range from I W to over 100 W.

* Class C amplifier has a relatively long duration between the pulses, allowing the transistor to rest for a
major portion of each input cycle. In other words, very little power is dissipated by the transistor. For this
reason, class C amplifier has high cfficicncy.
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17.15. Class C Operation
Fig. 17.15 (i) shows the circuit of tuned class C amplifier. The circuit action is as under:

(i) When no a.c. input signal is applied, no collector current flows because the emitter diode
(i.e. base-emitter junction) is unbiased.

+ V.,

:	

cck.
0.7 V..

M	

R1f. T EMITTER DIODE

(ii)

Fig. 17.15

(ii) When an ac. signal is applied, clomping action takes place as shown in Fig. 17.15 (ii). The
voltage across the emitter diode varies between + 0.7 V (during positive peaks of input signal) to

about —2V (during negative peaks of input signal). This means that conduction of the transistor
occurs only fora short period (luring positive peaks of the signal. This results in the pulsed output i.e.

collector current waveform is a train of narrow pulses (Refer back to Fig. 7.14).

(iii) When this pulsed output is fed to the LC circuit, *sine..vave output is obtained. This can be

easily explained. Since the pulse is narrow, inductor looks like high impedance and the capacitor like
a low impedance. Consequently, most of the current charges the capacitor as shown in Fig. 17.16.
When the capacitor is fully charged, it will discharge 	 __________
through the coil and the load resistor, setting up oscilla-
tions just as an oscillatory circuit does. Consequently,
sine-wave output is obtained.

(iv) If only a single current pulse drives the LC cir-	
C	 L RL

I
cuit, we will get damped sine-wave output. However, if
a train of narrow pulses drive the LC circuit, we shall
get undamped sine-wave output. 	 Fig. 17.16

17.16 D.C. and A.C. Loads
Fig. 17.17 shows the circuit of tuned class C amplifier. We shall determine the d.c. and ac. load of

the circuit.

(i) The d.c. load of the circuit is just the d.c. resistance Rot' thc inductor because the capacitor

looks like an open to d.c.

D.C. load, R,, = d.c. resistance of the inductor = R

*	 There IS another explanation tor it. The pulsed output is actually the sum of an Infinite number of sine
waves at frequencies in multiples of the input frequency. If the LC tank circuit is set up to resonate at the
input frequency, it will result 	 sine-wave output of just the input frequency.
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(ii) The ac. load is a parallel combination of capacitor, coil and load resistance RLas shown in
Fig. 17.18 (i). The series resistance R of the inductor can be replaced by its equivalent parallel
resistance R as shown in Fig. 1 7 .18 (ii) where

R = Qcod x XL
The a.c. load resistance RAC is the equivalent resistance of the parallel combination of R and RL

i.e.

R x RL
R4c = R,, II RL 

= Re,, + RL

:	
JJR RL 

4
LRRL	

4 
L	 RAC

(1)
	

(ii)
	

(iii)

Fig. 17.18

Example 17.6. In the circuit shown in Fig. 17.19, C = 500 pF and the coil has L = 50.7 p11 and
R = /O2 and RL = I MO.. Find (1) the resonant frequency (ii) d.c. load and a.c. load.

Solution.

Resonant frequcncy.f	 I	 =	 10	 = 106 Hz
2r	 2it ,j50.7 x 500

D.C. load, R 1 = I? = 1OO.

XL = 27tfL = 2itx(106)x(50.7.x10) = 31812

X1 - 318
Quill

=
	-	 = 31.8

The series resistance R(= 1011) of the inductor can be replaced by its equivalent parallel rcsis-
tancc R,, where,

(i)



RL

VCE
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R,, = Qx X, = 31.8 x 3l = to' Q = 10 kQ

p

500pF	 50.7il	 RP lOkQ R L I Mfl

oT
(i)

50pF' 50.71	 RAC =10k

Ofo-
(ii)

Fig. 17.19

The equivalent circuit is shown in Fig. 17.19 (i). This further reduces to the circuit shown in
Fig. 17.19 (ii).

RAC = R,, Ii R1 = to k1 Ill Mç	 10 kQ

17.17 Maximum A.C. Output Power

Fig. 17.20 (i) shows tuned class C amplifier. When no signal is applied, the collector-emitter voltage

is	 i.e.
VCE = V(•

When signal is applied, it causes the total collector-emitter voltage to swing above and below
this voltage. The collector-emitter voltage can have a maximum value of 2V cc and minimum value 0

(ideally) as shown in Fig. 17.20 (ii).
Referring to Fig. 17.20 (ii), output voltage has a peak value of V. Therefore, the maximum a.c.

output power is

Fig. 17.20

f)	 =	 = (./ñ)2
4L)	

R4(.	 RAC.	 2 RAC

where R	 = ac. loadAC

Maximum efficiency. The d.c. input power (It) from the supply is

Because the drop in L due to d.c. component is ncgligthlc.
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—/'	 J'
Sc -	 (ma)	 0

where P., 	 power dissipation of the transistor

Max.collcctorl1 =
1(nix) +

As discussed earlier, P0 in class C operation is very small because the transistor remains biased
off during most of the input signal cycle. Consequently, PD may be neglected as compared to

Maximum	 "('nra)	 100 %

It is worthwhile to give a passing reference about the maximum efficiencies of class A, class B
and class Camplificrs. A class A amplifier (transformer-coupled) has a maximum efficiency of 50%,
class B of 78.5% and class C nearly 100%. It is emphasised here that class C operation is suitable
only for *resonant RE applications.

Example 17.7. calculate (i) ac. load (ii) maximum load power in the circuit shown in Fig.
/7.21.

Solution.

(i)	 A.C. load, RAC = Reflected load resistance seen by the collector
+ 50 V

Fig. 17.21

= (Np/Nc )2 x 50 = (511) 2 x 50	 125011

(ii) Max. load power, 'a(mrrc) =	 =	 2 W
RAC	 1250

Multiple-Choice Questions

1. A tuned amplifier uses .............load.

	

(i) resistive	 (ii) capacitive

	

(iii) LC lank	 (iv) inductive
2. A tuned amplifier is generally operated in

operation.

	

(1) class A	 (ii) class C

	

(iii) class B	 (iv) none of the above
3. A tuned amplifier is used in .............applica-

[ions.
(i) radio frequency

* Because power losses arc very small (less than I %) in high - Q resonant circuits. An extremely narrow
pulse will compensate the losses.
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(ii) low frequency

(iii) audio frequency
(iv) none of the above

4. Frequencies above .............kFlz are called
radio frequencies.
(i) 2	 (ii) ID

(iii) 50	 (iv) 20)

5. At series or parallel rcsonancc, the circuit
power factor is .............
(i) 0	 (ii) 0.5

(iii)	 I	 (iv) 0.8

6. The voltage 'ain of a tuned amplifier is
at resonant frequency.

(1) minimum	 (ii) maximum
(iii) half-way between maximum and mini-

ilium
(iv) zero

7. At parallel resonance, the line current is

(i) minimum	 (ii) maximum
(iii) quite large	 (iv) none ot the above

8. At series resonance, the circuit offers
impedance.

(1) zero	 (ii) maximum
(iii) minimum	 (iv) none of the above

9. A resonant circuit contains .........................
elements.
(i) R and L only	 (ii) R and C only

(iii) only K	 (iv) L and C
10. At series or parallel resonance, the circuit

behaves as a .............toad.
(i) capacitive	 (ii) resistive

(iii) inductive	 (iv) none of the above
11. At series resonance, voltage across L is

voltage across C.
(i) equal to but opposite in phase to
(ii) equal to but in phase with
(iii) greater than but in phase with
(n') less than but in phase with

12. When either L or C is increased, the reso-
nant frequency of LC circuit .............
(i) remains the same
(ii) increases	 (iii) decreases

(iv) iiisutficicnt data
13. At parallel resonance, the net reactive com-

ponent of circuit current is .............
(1) capacitive	 (ii) zero

	

(iii) inductive	 (iv) none of the above
14. At parillcl resonance, the circuit impedance

Is ..............

(i) .L	 (ii) R
LR	 LC

(iii)	 .L	 (iv) .J...
1.	 CR

15. In a parallel LC circuit, if the input signal
frequency is increased above resonant fre-
quency. then .............
(i) X1 increases and X e.- decreases
(ii) X 1 decreases and X increases
(iii) both X1 and X increase
(iv) both X, and X( . decrease

16. The Qofan LC circuit is given by ..............
R

(i) 2mtf,xR	 (°) 2itf,L

21E	 .
iii)) -- -i--frL	

(iv)	
fL

17. If Q of an LC circuit increases, then band-
width	 ..............
(1) increases	 (ii) decreases

, iii) remains the same
(iv) insufficient data

8. At cries resonance, the net reactive corn-
pncmmL of circuit current is ................
(i) zero	 (ii) inductive

(iii) capacitive .	 (iv) none of the above

19. The dimensions of UCR are that of .............

(i) Farad	 (ii) henry

(iii) ohm	 (iv) none of the above

20. IF LIC ratio of a parallel LC circuit is in-
creased, the Q of the circuit ..............
(i) is decreased	 (ii) is increased

(iii) remains the same
(iv) none of the above

21. At series resonance, the phase angle between
applied voltage and circuit current is ............
(i) 90°	 (ii) 180°
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(iii) 0°	 (iv) none of the above
22. At parallel resonance, the ratio UCis ............

(i) very large	 (ii) zero
(iii) small	 (iv) flOflC of the above

23. If the resistance of it 	 circuit is in-
creased, the Q of the circuit ..............
(i) is increased	 (ii) is decreased

(iii) remains the same
(iv) none of the above

24. The Q of a tuned circuit refers to the prop-
erty of .............
(i) sensitivity	 (ii) fidelity

(iii) selectivity	 (iv) none of the above
25. At parallel resonance, the phase angle be-

tween the applied voltage and circuit cur-
rent is ............
(i) 900	 (ii) 1800

(iii) 00	 (iv) none of the above

26. In a parallel LC circuit, if the signal fre-
quency is decreased below the resonant fre-
quency, then ............

(i) XL decreases and X. increases

(ii) X1 increases and X decreases

(iii) line current becomes minimum
(iv) none of the above

27. In series resonance, there is .............
(I) voltage amplification

(ii) current amplification
(iii) both voltage and current amplification
(iv) none of the above

28. The Q of a tuned amplifier is generally

(1) less than 5	 (ii) less than 10
(iii) more than lO (iv) none of the above

29. The Q of a tuned amplifier is 50. If the reso-
nant frequency for the amplifier is 1000 kHz,
then bandwidth is .............
(i) 10 kHz	 (ii) 40 kHz

(iii) 30 kHz	 (iv) 20 kHz
30. In the above question, what are the values

of cut-off frequencies ?
(1) 140 kHz, 60 kHz
(ii) 1020 kHz, 980 kHz

(iii) 1030 kHz, 970 kHz

(iv) none of the above
31. For frequencies above the resonant fre-

quency, a parallel LC circuit behaves as a
load.

(i) capacitive
(ii) resistive
(iii) inductive
(iv) none of the above

32. In parallel resonance, there is .................
(i) both voltage and current amplification
(ii) voltage amplification

(iii) current amplification
(iv) none of the above

33. For frequencies below resonant frequency,
a series LC circuit behaves as a ................
load.
(i) resistive	 (ii) capacitive

(iii) inductive	 (iv) none of the above

34. If  high degree of selectivity is desired, then
double-tuned circuit should have ...........
coupling.
(i) loose	 (ii) tight

(iii) critical	 (iv) none of the above
35, in the double tuned circuit, if the mutual in-

ductance between the two tuned circuits is
decreased, the level of resonance curve

(i) remains the same
(ii) is lowered
(iii) is raised	 (iv) none of the above

36. For frequencies above the resonant fre-
quency, a series LC circuit behaves as a

load.
(1) resistive	 (ii) inductive

(iii) capacitive	 (iv) none of the above
37. Double tuned circuits are used in .............

stages of a radio receiver
(i) IF	 (ii) audio

(iii) output	 (iv) none of the above
38. A class C amplifier always drives .............

load
(i) a pure resistive (ii) a pure inductive

(iii) a pure capacitive
(iv) a resonant tank
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39. Tuned class C amplifiers are used fur RF
signals of .............
(i) low power
(ii) high power
(iii) very low power
(it') none of the above

387

40. For frequencies below the resonant fre-
quency, a parallel LC circuit behaves as a

load.

	

(i) inductive	 (ii) resistive

	

(iii) capacitive	 (iv) none of the above

Answers to Multiple-Choice Questions

1. (iii)
	

2. (ii)
	

3.	 (i)
	

4. (iv)
	

5. (iii)
6. (ii)
	

7. (i)
	

8.	 9. (iv)	 10. (ii)
11. (i)
	

12. (iii)
	 13. (ii)	 14. (vi)

	 15. (i)
16. (iii)
	

17. (ii)
	 18. (i)	 19. (iii)	 20. (ii)

21. (iii)	 22. (i)	 23. (ii)	 24. (iii)	 25. (iii)
26. (i)
	

27. (i)	 28.	 29. (iv)	 30. (ii)
31. (i)	 32. (iii)
	

33. (ii)
	 34. (i)	 35. (iii)

36. (ii)
	

37. (i)
	

38. (iv)
	

39. (iv)
	 40. (i)

Chapter Review Topics

1. What are tuned amplifiers and where are they used ?
2. Discuss parallel tuned circuit with special reference to resonant frequency, circuit impedance and

frequency response.
3. What do you understand by quality factor Q of parallel tuned circuit 7 	 -
4. Discuss the advantages of tuned amplifiers.
S. Discuss the circuit operation of a single tuned amplifier.
6. Write short notes on the following

(i) Double tuned amplifier	 (ii) Bandwidth of tuned amplifier

Problems

1. A parallel circuit has a capacitor of 100 pF in one branch and an inductance of 100 i1-1 plus a resis-
tance of 10 ci in the second branch. The line voltage is lOOV. Find (i) resonant frequency (ii) circuit
impedance at resonance and (iii) line current at resonance. L( i) 1590 klTz (ii) 100 kL (iii) 100 mA]

2. A tuned amplifier is designed to have a resonant frequency of 1000 kHz and a bandwidth of 40 kHz.
What is the Q of this amplifier? 	 [25]

3. The Q of a tuned amplifier is 25. If the resonant frequency of the circuit is 1400 kHz, what is its
bandwidth?	 .	 [56 kHz]

4. A tuned amplifier has parallel LC circuit. One branch of this parallel circuit has a capacitor of 100 pF
and the other branch has an inductance of I nil  plus a resistance of 25 Q. Determine (I) the resonant
frequency and (ii) Q of the tank circuit. -' 	 -	 1(i) 503.3 kHz (ii) 126.51

5. It is desired to obtain a bandwidth of 12 kHz am an operating frequency of 800 klli, using a double-
tuned circuit. What value of en-efficient of coupling should he used 7 	 [0.015)

Discussion Questions

1. Why are tuned circuits not used for low frequency applications ?
2. Why is tuned amplifier operated in class C operation 7
3. How does coupling affect the gain of tuned amplifiers ?
4. What is the effect of Q on the resonance curve •!
5. What are the practical applications of toned amplifiers?
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Modulation And Demodulation

Introduction

In radio transmission, it is necessary to send audio signal (e.g. music, speech etc.) from a broadcast-
ing station over great distances to a receiver. This communication of audio signal does not employ
any wire and is sometimes called wireless. The audio signal cannot be sent directly over the air for
appreciable distance. Even if the audio signal is converted into electrical signal, the latter cannot be
sent ver y far without employing large amount of power. The energy of a wave is directly proportional
to its frequency. At audio freucncics (20 Hz to 20klt), the signal power is quite small and radiation
is not practicable.

The radiation of electrical energy is practicable only at high frequencies e.g. above 20 kHz. The
high frequency signals can he sent thousands of miles even with comparatively small power. There-
fore, it audio signal is to he transmitted properly. some means must be devised which will permit
transmission to occur at high frequencies while it simultaneously allows the carrying of audio signal.
This is achieved by superimposing electrical audio signal on high frequency carrier. The resultant
waves are known as ,nodulaled waves or radio waves and the process is called modulation. At the
radio receiver, th audio signal is extracted from the iiiodulatcd wave by the process called demodu-
lation. The signal is then amplified and reproduced into sound by the loudspeaker. In this chapter,
we shall focus our attention on the various aspects of modulation and demodulation.

18.1 Radio Broadcasting, Transmission and Reception

Radio communication means the radiation of radio waves by the transmitting station, the propagation
of these waves through space and their reception by the radio receiver. Fig. 18.1 shows the general
principles of radio broadcasting, transmission and reception. As a matter of convenience, the entire
arrangement can be divided into three parts viz. transmitter, transmission of radio waves and radio
receiver.

1. Transmitter. Transmitter is an extremely important equipment and is housed in the broad-
casting station. Its purpose is to produce radio waves for transmission into space. The important
components of a transmitter are microphone, audio amplifiers, oscillator and modulator (See Fig.

(i) Microphone. A microphone is a device which converts sound waves into electrical waves.
When the speaker speaks or a musical instrument is played, the varying air pressure on the micro-
phone generates an audio electrical signal which corresponds in frequency to the original signal. The
output of microphone is fed to a multistage audio amplifier for raising the strength of weak signal.

(ii) Audio amplifier.  The audio signal from the microphone is quite weak and requires amplifi-
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Fig. 18.1

(iii) Oscillator The function of oscillator is to produce a high frequency signal, called
wave. Usually, a crystal oscillator is used for the purpose. The p ' wer level of the Ciii1iI \
raised to a sufficient level by radio frequency amplifier stages (not shown in Fig. IS. I ). Most	 H

broadcasting stations have carrier wave power of several kilowatts. Such high power is necessar y for
transmitting the signal to the required distances.

(iv) Modu1aor. The anipli fied audio signal and carrier wave are fed to the modulator. I Ictc, the
audio signal is superminped oil 	 carrier wave in a suitable manner. The resultant waves are cilled
modulated waves or radio waves and the process is called modulation. The process of modulation
permits the transmission of audio signal at the carrier frequency. As the carrier frequency is very
high, therefore, the audio signal can be transmitted to large distances. The radio waves from the
transmitter are fed to the transmitting antenna or aerial from where these are radiated into space.

2. Transmission of radio waves. The transmitting antenna radiates the radio waves in space
in all directions. These radio waves travel with the velocity of light i.e. 3 x 108 rn/sec. The radio
waves are electromagnetic waves and possess the same general properties. These are similar to light
and heat waves except that they have longer wavelengths. It may be emphasised here that radio
waves are sent without employing any wire. It can be easily shown that at high frequency, electrical
energy can be radiated into space.

3. Radio receiver. On reaching the receiving antenna, the radio waves induce tiny e.iii.f. 	 iL
This small voltage is fed to the radio receiver. Here, the radio waves are first amplified and then
signal is extracted from them by the process o demodulation. The signal is amplified by audio
amplifiers and then fed to the speaker for reproduction into sound waves.

18.2 Modulation

As discussed canter, a high frequency carrier wave is used to carry the audio signal. The quctitirl
arises how the audio signal should he "added" to the carrier wave. The solution lies in changing
some characteristic of carrier wave in accordance with the signal. Under such conditions, the audio
signal will be contained in the resultant wave. This process is called modulation and may be defined
as under

The process of changing some characteristic (e.g. amplitude, frequency or phase) of a cam net
wave in accordance with the intensity of the signal is known as modulation.

Modulation means to "change". In modulation, some characteristic of carrier wave is changed in
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accoRlahice with the inten s it y (i.e. amplitude) of the signal. The resultant wave is called modulated
wave or radio wave and cont;iirls the audio signal. Therefore, modulation permits the transmission to
occur at high frequency while it simultaneously allows the carrying of the audio signal.

Need for modulation. Modulaton is c treinely necessary in communication system due to the
following reasons

(u) f'ructual aPitc,uFiu length. Iheory shows that iii order to transmit a wave effectively, the
length of the transmitting antenna should he approximately equal to the wavelength of the wave.

NOW, wavelength	 -velocity -	 3)< 10	 metres
frequency	 frequency (HL)

As the audio frequencies range Ii urn 2)) lIz to 20 kHz, therefore, if they are transmitted directly
into space. the. length of the transmittiug antenna required would be extremely large. For instance, to
radiate a frequency of 20 kuz directly into space, we would need an antenna length of 3 x10 8/20 x 10 3

= I 5,(X)0 metres. This is too long ank ma to be constructed practically. For this reason, it is imprac-
ticable to radiate audio signal directly into space. On the other hand, if a earlier wave say of 1000
kHz is used to carry the signal, we need an antenna length of 300 metres only and this size can he
easily constructed.

(ii) Operating range. The energ y of a wave depends upon its frequency. The greater the fre-
quency of the wave, the greater the energy possessed by it. As the audio signal frequencies are small,
therefore, these.. nnot be transmitted over large distances if radiated directly into space. The only
practical solution is to modulate a high frequency carrier wave with audio signal and permit the
transmission to occur at this high frequency (i . e. earner frequency).

(iii) Wireless communication. One desirable feature of radio transmission is that it should be

carried without wires i.e. radiated into space. At audio frequencies, radiation is not practicable be-
cause the efficiency of radiation is poor. However, efficient radiation of electrical energy is possible.
at high frequencies (> 20 kHz). For this reason, modulation is always done in communication sys-
tems.

18.3 Types of Modulation
As you will recall, modulation is the proccs of changing amplitude or frequency or phase of a carrier
wave in accordance with the intensity of the signal. Accordingly, there are three basic types of modu-
lation, namely

(i) amplitude modulation	 (ii) frequency modulation	 (iii) phase modulation

In India, amplitude modulation is used in radio broadcasting. However, in television transmis-
sion, frequency modulation is used for sound signal and amplitude modulation for picture signal.
Therefore, our attention in this chapter shall he confined to the first two most important types of
modulation.

18.4 Amplitude Modulation
When the amplitude of high frequency carrier wave is changed in accordance with the intensity of
the signal, it is called amplitude modulation.

In amplitude modulation, only the amplitude of the carrier wave is changed in accordance with
the intensity of the signal. Howevei, the frequency of the modulated wave remains the same i.e.

carrier frequency. Fig. 18.2 shows the principle of amplitude modulation. Fig. 18.2 (i) shows the
audio electrical signal whereas Fig. 1 8.2 (ii) shows a carrier wave of constant amplitude. Fig. 18.2
(iii) shows the amplitude modulated (AM) wave. Note that the amplitudes of both positive and
negative half-c ycles of carrier wave are changed in accordance with the signal. For instance, when
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the signal is increasing in the positive sense, the amplitude of carrier
wave also increases. Oil other hand, during negative half-cycle o
the signal, the amplitude of carrier wave decreases. Amplitude modu-
lation is (lone by all 	 Circuit caitcot modulator.

The following points are worth noting in amplitudeitudc modulation
(t ) The amplitude of the carrier wave changes according to th

intensity of the signal.

(ii) The amplitude variations of the carrier wave is at the signal
frequcneyf.

(iii) The frequency of the amplitude modulated wave remains the
same i.e. earner trequencyt..

18.5 Modulation Factor

An important consideration in amplitude modulation is to describe the
depth of modulation i.e. the extent to which the amplitude of carrier
wave IS changed by the signal. This is described by a factor called
modulation factor which may he defined as under

The ratio of change of amplitude oJ carrier wave to the ampli-
ticIe (if normal carrier wave is called the modulation factor m i.e.

Modulation factor, m 
= Amplitude change of carrier wave

Normal carrier wave (unmoclulated)

The value of modulation factor depends upon the amplitudes of
carrier and signal. Fig. 18.3 shows amplitude moduion for different
values of modulation factor on.

	

(i) When signal amplitude is zero, the carrier wave is not modu-	 Fig. 18.2

fated as shown in Fig. 183 (i). The amplitude of carrier wave remains unchanged.
Amplitude change of carrier = 0
Amplitude ol normal carrier = A

Modulation factor, tit 	 0/A = 0 or 0%
(o) When signal amplitude is equal to the carrier amplitude as shown in Fig. 18.3 (ii), the ampli-

tude of ear ncr varies between 2A and zero.
Atnplitude change of carrier = 2 A - A = A

.	 Amplitude change of carrierModulation factor, on = -	 .	 .	 = A/A = I or 100 %Amplitude of normal carrier
In this case, the carrier is said to be 100% modulated.

(iii) When the signal amplitude is one-halt the carrier amplitude as shown in Fig. 18.3 (iii), the
amplitude of carrier wave varies between 1.5 A and 0.5 A.

Amplitude change of carrier .= 1.5 A - A = 0.5 A

Modulation factor, in = 0.5 A/A = 0.5 or 50 %
In this ease, the carrier is said to he 50% modulated.

(ii') When the signal amplitude is 1.5 times the carrier amplitude as shown in Fig. 18.3 (iv), the
iniixnrnuin value of carrier wave becomes 2.5 A.

Amplitude change of carrier wave = 2.5 A - A	 1.5 A

Modulation factor, tit 	 = I. ', or 150%

391
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in tlii c;isc, the carrier is said to he 150% modulated i.e. over-modulate(l.

^A +	 NO SIGNAL	 irfI

CARRIER	 SIGNAL	 AM. WAVE
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 of modulation factor. Modulation factor is very important since it determines the
strength and quality of the transmitted signal. In an AM wave, the signal is contained in the variations
of the carrier amplitude. When the carrier is modulated to a small degree (i.e. small tn), the amount
of cai i icr amplitude variation is small. Consequently, the audio signal being transmitted will not be

erv strong The greater the degree of modulation (i.( 1 . in), the stronger and clearer will he the audio
signal. It 11MY he emphasised here that if the carrier is overmodulated (i.e. in > 1), distortion will occur
iluririg reception. This condilion is shown in Fig. I S.3 (iv). The AM waveform is clipped and the
envelope k disLontiIlIoiis. ihercturc, degree of modulation should never exceed I 00%.

Example i . 1. lithe FlkLOI?Wlfl and rnuiinium Y011a8c of Wi U1 wave are Vft and V,7 re.cpec-

PIUI 0r iHiiiWiI Jaclar in is given by

V —V
mmin = -

V +V=,nj

Solution. Fig. 19.4 shows the waveform of amplitude moduthtcd wave. Let the amplitude of the
arri vi wivc he L ( . Then, IL is clear from Fig. 1.4 that

,	
+ Vrn;n

'C	 2
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V, =	 = 8 mV
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If E. is the signal amplitude, then it is clear from Fig. 18.4 that
V -v

E ç	 -

Fig. 18.4

But	 Es = in

V —V.	 V	 +V. 	 V 11	 V^i il.
Or	

rtt'J-	 =	 - ----'"' s oi	 in =	 "'
2	 2	 V	 i-V

Example 18.2. The maximum peak-to-peak voltage ol an AM wave is 16 mV amid the mrnununi

peak-to-peak voltage is 4 mV Calculate the mnodulatwnfw-ior

Solution. Fig. 18.5 shows the conditions of the problem.
Maximum voltage of AM wave is

Minimum voltage of AM wave is	
=	 =	 0n1V

.V V
	

VV

	

Modulation factor, in =	 "'If;

MIRV 	 + V,,	 Fig. 18.5

= 8-2 = 6 =

8+2	 10

Example 18,3. A carrier of JOOV anx 1200 kHz is modulated b y a 50 1y  1000 /I.one wave
signal. Find the modulation factor

Solution.

Modulation factor, in = F. = - --
0V-
	 03

EC	 UX)V
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18.6 A niIvsis of Amplitude Modulated Wave
A\ carrier wave may he epreeuited by

= L. Co" (i) f
vlicre	 e	 icislaritricous voltage of carrier

= .iinplutudc of carrier

0) = 2itJ

= angular velocity at carrier frcqucncyf,

In amplitude mndul;ition, the amplitude E of the earner wave is varied in accordance with the
intensity of the signal as shown in l'ig 18.6. Suppose the modulation factor is ru. It means that signal

produces it i nato change ol /It the cart icr amplitude. Obviously, the amplitude of signal is

in E ( .. Thereftire, the signal can he represented by

= III
	 o t

where	 c' = instantaneous voltage of signal

oc	 = amplitude of signal

(U , = 2 itf, = angular velocity at signal t'requencyf,

SIGNAL

.......	
ml'E

CARRIER	 A.M.WAVE

Fig. 18.6

The amplitude of the carrier wave varies at signal frequencyf ç . Therefore, the amplitude of AM

wave is given by

Amplitude of AM WlVC = E( ' 4 in E. cos lo , t = EC ( I  + in cos C), t)

The instantaneous voltage of AM wave is

e = Amplitude x cos co,
= E ' . ( I + in cos (0, t) COS	 t

=	 cos (t) t + in E( : cos (O t cos (0 I
mE

= EC cos (0 I + ------ ( 2 cos (U I ens (U. i)

, i..
= i ( cos w 1 + —h--- [cos (0) + U.) I + ens (CU,	 1)

mutE .	 ,,,E
= '-'rci 0, 1 +	 ens (W ( + w,) I + - cos (0), - (0)

The following points may he noted fiom the above equation (if amplitude modulated wave:

*	 From trigonometry, we have the expansion formula

2 ens 4 cos II = ens (A + It) + ens (A — 8)
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The' AM wave is equi valcit to the sUIiiii)iitiOIl id three sinusoidal waves; one having ampli-

tude /. and fiequericv f the second having amplitude mE12 and frequenc y (f. +f) and the third

havinu amplitude DIL ( 12 nid lrcqueiicy/ —ft.
Iii The AM wave contains three frequencies viz f,J +f andJ -L• The first frequency is the

carrier frequency. Thus, tire process of modulation does not chanc the original carrier frequency but
produces two new frequencies (f +1% ) and (J. -() which are called sideband frequencies.

(iii) The sum of carrier frequency and signal frequency i.e. +f) is called upper sideband

[rcqiicicy. The lower .vuI('bwrdfrequencv is f, -f i.e. the difference between carrier and signal

frequencies.

18.7 Sideband Frequencies in AM Wave

In an amplitude modulated wave, the sidchand frequencies are of our interest. It is because the signal
frequency]" is contained in the sideband frequencies. Fig. 18.7 shows the frequency spectrum of an
amplitude modulated wave The frequency components in the AM wave are shown by vertical lines.
The height of each vertical line is equal to the amplitude of the components present. It maybe added

here that in practical radio transmission, carrier frequency f is many times greater than signal fre-

qucncyf. Hence, the sideband frequencies are generally close to , the carrier frequency. It may be

seen that a carrier modulated b y a single frequency is equivalent to three simultaneous signals; the

carrier itself and two other steady frequencies i.e.
f +fç1iidf

Let us illustrate sideband frequencies with an
example. Suppose the carrier frequency is 400 kHz
and the signal frequency is I kHz. The AM wave
will contain three frequencies viz 400kHz, 401 kHz	 E
and 399 kHz. It is clear that upper sideband fre- 	

'

quency (401 kHz) and lower sideband frequency
(399 kHz) are very close to the carrier frequency 	 ,

(4(X) kHz).	 2

Bandwidth. In an AM wave, the bandwidth is

from . -f) to +fç ) i.e., 2f Thus in the above	 FREQUENCY
example, bandwidth is from 399 to 401 kHz or
2 kIIz which is twice the signal frequency. There-	 Fig. 18.7

fore we arrive at a very important conclusion that
in amplitude modulation, bandwidth is twice the signal frequenc y. The tuned amplifier which is

called upon to amplify the modulated wave must have the required bandwidth to include the sideband
frequencies. If the tuned amplifier has insufficient bandwidth, the upper sideband frequencies may

not he reproduced by the radio receiver.

Example 18.4. A 2500 kHz carrier is modulated by audio signal with frequency span of 50 —
15000 Hz. What are the frequencies of lower and upper sidebands ? What bandwidth of RF ampli-

fier is required to handle the output ?

Solution. The modulating signal (c.,. music) has a range of 0.05 to 15 kHz. The sideband

frequencies produced range fromf. ± 0.05 kHz tof. ± IS kHz. Therefore, upper sideband ranges

fr&nii 250005 to 2515 kl lz and lower sideband ranges from 2499.95 to 2485 kHz.

The sideband frequencies produced cati be approximately expressed as 2500 ± 15 kHz. There-

2 71
 =	 , j.+f,	 f-f 

=
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l,iiiI idih reL l uircillent = 2515 - 245 = 30 K  Is. Note that bandwidth of RF amplifier required

the I req tie ncy of highest ITlodulating signal frequency.

18.8 Transistor AM *Modulator

: }irs s the circuit of a simple AM modulator. It is essentially a CE amplifier having a
voIi.m:: nn of A. The carrier signal k the input to the amplifier. The modulating signal is applied in
he erimlier resistance circuit.

+vcc

HC

Ci r.

^C A	

IF-

*RR IER

RI

R1 h\ 
R

SIGNAL

CC

HI

1RL
CE

I t T4 I

Fig. 18.8

Working. The carrier e is applied at the input of the amplifier and the modulating signal e is

applied in the emi1te resistance circuit. The amplifier circuit amplifies the carrier by a factor "A" so

that the 01111 1 111 IS Ac. Since the modulating signal is a part of the biasing circuit, it produces low-

frequency variations in the emitter circuit. This in turn causes **variations in "A". The result is that

amplitude of the carrier varies in accordance with the strength of the signal. Consequently, amplitude
modulated output is obtained across R1 . It may be noted that carrier should not influence the voltage
gain A: only the modulating signal should do this. To achieve this objective, carrier should have a
small magnitude and signal should have a large magnitude.

Example 18.5, An AM wave is represented by the e xpression .
v = 5(1 + 0.6 cos 6280 t) sin 211 x 10 t volts

(I) What are the muminmum and rn(aimunm amplitudes of the AM wave ?

(ii) What frequency components are contained in the modulated wave and what is the ampli-
tude of each componen t '0fliOflCfl t

Solution.

The AM wave equation is given by; v = 5 (I + 0.6 cos 6280 t) sin 211 x IO t volts	 (i)

Compare it with standard AM wave eq., v = E (I + m cos co 1) sin w t	 (ii)

From eqs. (i) and (ii)	 get,	 E C = carrier amplitude = 5 V

*	 A circuit which does amplitude modulation is called AM modulator.

The principle of this circuit is to change the gain A (and hence the amplitude of carrier) by the modulating
signal.
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in	 modulation factor = 0.6

f = gnaI frequency = (U,/2 = 6280/2 = I kHz

carrier lrcqucncy = (0,127E = 211 x 10 412Th = 336 kliz

(i) Minimum amplitude of AM wave =	 - ,nE. = 5 - 0.6 x 5 = 2 V

	Maximum amplitude of AM wave =	 + mEt . = 5 + 0.6 x 5 =

(ii) The AM wave will contain three frequencies viz

or	 336- I	 336	 336 + I

or	 335 kHz,	 336 k) [z,	 337 kHz

The amplitudes of the three components of AM wave are

m EC
F	 ¶c.

2	 2

06x5	 0.6x5
or	

2	
5,	 •	 2

or	 1.5 V,	 SV,	 I.5V

Example 1.6. A .cinuseithit carrier voltage a/frequency 1 MHz and amplitude 100 volts is
aniplitude modulated by sinu v ' ida? voltage of frequency 5 k/I: producing 50% ,nodukjtion. Calcu-
late the frequency and amplitude of lower and up,ier .vidcl,and terms.

Solution.

Frequency of carrier, f. = I MHz	 1000 kflz

Frequency of signal. f, = 5 kHz

Modulation factor, i n = 50°k = 0 5

Amplitude of carrier, E, = 1(X) V

The lower and upper sideband frequencies are

J. —j , and J +f,

or	 (10(X)-5)kIlz and (f(X)0+5)kHz

or	 995 kHz and 1005 kHz

Amplitude, of each sideband term

= inEc0.5x100 = 25V

18.9 Power it4 AM Wave
The power dissipated in any circuit isafunction of the square of voltage across the circuit and the
effective resistance of the circuit Equation of AM wave reveals that it has three components of

amplitude EC , ni EJ2 and in E12. Clearl y, power output must be distributed among these components.

E2
	Carrier power, 

P=	 R	 =

(mEc/2)2 	(mEcI2'h)2
	Total power of sidehands, P =

	 R	
±	

R

	

-	 + m2 E - in2 E.	 (ii)
- SR	 SR - 4k

*	 rims. values are cunsidc red.
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IIIaI power of AM wave, I', = /'. + I'

= 2/?	 - 4!?	 +

r 2 •+- in 1or	
=	 2/?	 2	

(iii)

Fraction of total power carried by sidehands is
P	 Fxp. (it)

= kxp. (-------- =	 .... (it')
'T (iii)	 2

As the signal is contained in the sideband frequencies. ilicrelire, useful power is in the side-

bands. Inspection of exp. (id) reveals I hat sideband power dcpcik upon the modulation factor M.

The greater the value of or, the greater is the useful power carried by the srdehands. This eiiiphasiscs
the importance of modulation factor

(1) When m = 0 power carried by sidehands = 012 + 0	 Cl
(ii) When or = 0.5, power carried by sidebands 	 -

= II - I 'k of total power of AM wave
2 +(0.5)

(iii) When in = I, power carried by sidcbands
(f)2

= -'--- = 33% of' total pos'cr of AM wave
2 + (I)-

As an example, suppose the total power of all 	 wave is 61)1) watts and modulation is 100%.
Then sideband power is 60013 = 200 watts and carrier poser will he 600 — 200 = 41)1) watts,

The sideband power represents the signal content and the Cal  icr power is that power which is
required as the means of transmission.

Note.	 P = --	 and i'
2R	 4R

- = —Ui
P1 -	 2

or	 PS = j	 (c)

Expression (c) gives the relation between total sideband power (P 5 ) and cai ncr power ( Pr.).

18.10 Limitations of Amplitude Modulation

Although theoretically highly effective, amplitude niodulation suffers l'roni the following drawbacks:
(i) Noisy reception. In an AM wave, the signal is ill the iiI1pl mdc variations of the carrier.

Practically all the natural and man made noises consist of clec!ical amp) itutle disturbances. As a
radio receiver cannot distinguish betweon amplitude variations that represent noise and those that
contain the desired signal, therefore, reception is generally noisy.

(it) Lou' efJku'izcy. In amplitude modulation, useful ps'cr is in 111L , it ieh i inds as the y contain

the signal. As discussed before, an AM wave has krw sideband power. For example, if modulation is
100%, the sideband power is only one-third of the iotal power of AM wave. Hence the effic i ency of'

this type of modulation is low.

(iii) Small operating range. Due to low efficiency of amplitude modulation, transmitters em-
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ployi rig this method have it 	 oper.itoig range r c iriessages cannot he transrruiucd over larger
distances.

(uI Lack of audio qua/it-v. This is a distinct disadvantage of amplitude modulation. [it to
attain high-fidelity reception, all audio frequencies up to 15 kI Li niut he reproduced. This necessi-
t;ites bandwidth of 30 kHz since both sidehands must be reproduced. But AM broadcasting stations
are assigned bandwidth of only 10 kFTz to minimise the interference from adjacent broadcasting
stations. TIns means that the highest modulating frequency can he 5 kF3z whichs hiardly sufficient to
reproduce the music properly,

Example 18.7. A carrier wave of 50() waifs /.v subjected to 100% amplitude modulation-
Determine

(i) power in sedebands	 (ii) power offriodulated oa ye

Solution.

(1)	 Sideband power. P. =	 n(l. =	 x 5(X) = 250 %V

Thus there are 125 W in upper sideband and 125 W in lower sideband.

(ii) Power of AM wave, P = P( + P = 500 + 250 = 750 W

Example 18.8. A 50 kW carrier i.r to be modulated to a fetel of 80% (ii) 10%. What is the
total sideband power in each case ?

Solution. (I)	 =	 =	 (05)2 >< 50 = 16 kW

(ii)	 =	 = 1 (0.l) x 50 = 0.25 kW

Note the effect of modulation factor on the magnitude of sideband power. III 	 first case
(;?I 50%), we generated and transmitted 50 kW carrier in order to send 16 kW of intelligence, in the
second case (in = 10 17(l), the same carrier level 50 kW is used to send merel y 250 \V of intelli-
gence. Clearly, the efficiency of operation decreases rapidl y its modulation factor decreases. For this
reason, in amplitude modulation, the value of ntis kept as close to unity as possible.

Example 189. A 40kW carrier is to he modulated to a level of 100%.

(i) What is the carrier power after modulation 7

(ii) How niucli audio power is required if the effIciency oft/ic modulated RE wnpliJier is 72% 7

Solution. Fig. 19.9 shows the block diagram indicating the power relations.

(i) Since the carrier itself is unaffected by the modulating signal, there is no change in the
carrier power level.

= 40 kw
CARRIER (40 kW)

AMEStDEE3AND (20kW)

RE EXCITATION

MODULATED RE
AMPLIFIER

Ti = 72%

AUDIO MODULATION
POWER

Fig. 18.9
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(ii)	 (1) Y .40 = 20 kW

P 2o -=	 == 27.8 kW

Example 18.10. An audio .cignalnf / kHz is used to modulate a carrier of 500 kH. Determine
(i) sideband frequencie.r	 (ii) bandwidth required

Solution.	 Carrier frequency, f	 50) kHz
Signal frequency, f = I kHz

(i) As discussed in Art. 18.6, the AM wave has sideband frequencies of (f f) and (f -fr).
Sideband frequencies = (500 + I) kHz and (500 - I) kHz

= 501 kHz and 499 kHz
(ii) Bandwidth required = 499 kHz to 501 kHz	 2 kHz

Example 18.11. The load current in the transmitting antenna of an unmodulated AM transmitter
is SA. What will be the antenna current when modulation is 40% ?

Solution.	
-	 2/)

Pr =C i's = P. 
+

=
2

/	 \.2	 2

or	 =
IC	2

	

Given that IC	 8A; ,n = 0.4

IT
•	

=
8)	 2

or	 (I./8)2	 I .08

or	 IT = 8J10	 8.31A
Example 18.12. The antenna current of an AM transmitter is 8A when only carrier is sent but

it increases to 8.93A when the carrier is sinusoidally modulated. Find the % age modulation.

Solution. As shown in example 18. II,
,	 2	 2

ILLI
2

	

Given that, Ic	 8.93 A; I= 8 A; m =

	

( 893 
)2

	
1 +

k8	 2

or	 1246 = 1+m2/2

or	 ,n2P = 0.246

or	 m	 ..J2 x 0.246 = 0.701 = 70.1%



S

2.5

2.5 V PEAK
I	 I

UPPER SIDE BAND
5 V PEAK
CARRIER I

2.5 V PEAK

f	 LOWER SIDE BAND

2k

Modulation and Demodulation 	 43

Example 18.13. The r.m.s. value of carrier voltage is 100 V After amplitude ,nctJufitvn

S1?i(4S0Ul(il of voltage, the r.ni.s. value becomes 110 V. Calculate the modulation index.

Solution.	 = I +

	

I..	 2

	

2	 2
VFor	 = I +
Vc	 2

Given that V.I.= 110 V V = 100 V ; = ?

2

=

	

l(X)J	 2

or	 1.21 = I +
2

(if	 ,n212 = 0.21

or	 rn = J0.2l x 2 = 0.648

Example 18.14. An AM wave COnSIStS of thefollowing components
Carrier component = 5 V peak value

Lower sideband component = 2.5 V peak value
Upper sideband component = 2.5 V peak value

If the AM wave drives a 2 k12 resistor, find the power delivered to the resistor by (i) carrier (ii)
lowe,sideband component and (iii) upper sideband component. What is the total power delivered?

Solution. Fig. 18.10 (i) shows the spectrum of AM wave whereas Fig. 1.1() (ii) shows the

equivalent circuit.
(r.m.s. voltage)	 (0.707 x peak value) 2

Power 

(i) Power delivered by the carrier, P.	
(0.707x5)2 = 6.25 mW

(ii) Power delivered by lower sideband component is

Pl—er
= (0.707x2.5) = 1.562 

rnW
2(X)

ZE
	 (ii)

Fig. 18.10

l > o	 r delis er:i .. upper su.ichand c111ponen is

(0. 707 x
jJ	 =	 = 1.562mWupper	 20Y)



Principles of Electronics

fatal IOWCr delivered b y the AM wave = 0.25 + 15(2 4 1.502 = 9.374 mW

18.11 Frequenc y Modulation

VV/It'll I/ic /1 cquc'zcr () carrier no ic oclviii i'J in (II	 1 (IOU (' III I/i 1/fl' Iii (112 ii V a/ 1/ic .i ignal, it is
<a/lcd frequenc y modulation.

fri Ireqiicricv modulation, only the frequency of the caii jer wave is changed in acLonilancc with
the sirin;tl However, tire amplitude at the modulated wave re- 	 j2'

mains the same i.e. carrier wave amplitude. The frequency varia-
tiOns of carricr wave depend upon the instantaneous amplitude 	 SIGNAL

C	 I	 SIGNAL
(if the signal as shown in Fig. I K. Ii (iii). When the signal volt-	 C

age is zero as at A. C, I and C, the carrier frequency is Lin-
changed. When the signal approaches its positive peaks as at B
and F, the carrier frequency is increased to maximum as shown
b y the closel y spaced cycles. 1-lowever, during the negative
peaks of signal as at D. the carrier frequency is reduced to mint-
mum as shown by the widel y spaced cycles.

Advantages(ages

(t) It gives noiseless reception. As discussed before, noise
is a form at amplitude variations and a FM receiver will reject
such smgriits.

(ii) The operating range is quite large.
(iii) It gives high-fidelity reception.
(it') The efficiency of transmission is very high

18.12 Demodulation

(ii)

-

	 F. M. WAVE

A II C 1) E F .G
(iii)
Fig. 18.11

The process of recovering the audio signalfronz i/v' modulated nave is known as demodulation or
detection.

At the broadcasting station, modulation is done to transmit the audio signal over larger distances
to a receiver. When the modulated wave is picked up by the radio receiver, it is necessary to recover
the audio signal from it. This process is accomplished in the radio receiver and is called dcniodula-
tio ml.

Necessity of demodulation. It was noted previously that amplitude modulated wave consists of
carrier and sideband frequencies. The audio signal is contained in the sideband frequencies which
are radio frequencies. If the modulated wave after amplification is directly fed to the speaker as
shown in Fig. 18.12, no sound will be heard. It is because diaphragm of the speaker is not at all able
to respond to such high frequencies. Before the diaphragm is able to move in one direction, the rapid
reversal of current tends to move it in the opposite direction i.e. diaphragm will not move at all.
Consequently, no sound will be heard.

RECEIVING
AERIAL

STATION 	 RE	 NO SOUND
SELECTOR	 AMPLIFIER

Fig. 18.12
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From the above discussion, it follows that audio signal must he separated from the carrier at a
suitable stage in the receiver. The recovered audio signal is then amplified and fed to the speaker for
conversion into sound.

18.13 Essentials in Demodulation

In order that a modulated wave is audible, it is necessary to chat ge the nature of modulated wave.
This is accomplished by a circuit called detector. A detector c rcuit performs the foNowing two
fl?lrtlt\nc

(i) Ii rectifies i/ic modulated wne i.e. negative half of
the modulated wave is eliminated. As shown in Fig. I 8.13
(i), a modulated wave has positive and negative halves ex-
actly equal. Therefore, average current is zero and speaker
cannotresporid. If the negative half of thicmodulated wave
is eliminated as shown in Fig. 18.13 (ii), the average value
of this wave will not be zero since the resultant pulses are
now all in one direction. The average value is shown by the
dotted fine in Fig. 18.13 (ii). Therefore, the diaphragm will
have definite displacement corresponding to the average
value of the wave. It may he seen that shape of the average
wave is similar to that of the modulation envelope. As the
si g nal is of the same shape as the envelope, therefore, aver-
age wave shape is of the same form as the signal.

(ii) It separates the audio si,nai jrom the carrier. The
rectified modulated wave contains the audio signal and the
carrier. It is desired to recover the audio signal. This is
achieved by a filter circuit which removes the carrier fre-
quency and allows the audio signal to reach the load
i.e.speaker.

18.14 A.M. Diode Detector

Fig. 18.14 shows asimple detector Circuit employing vacuum diode and filter circuit. The modulated
wave of desired frequency is selected by the parallel tuned circuit L, C, md is applied to the vacuum
diode. During the positive half-cycles of modulated wave, the diode coi.ducts while during negative
half-cycles, it does not. The result of this rectifying action is that outJut of the diode consists of
positive half-cycles of modulated wave as shown.

'ftlb,E1tflI

SPEAKER

RECTIFIED	 AUDIO
CURRENT PULSES	 OUTPUT

Hg. 18.14
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the rectified modulated Wave contains radio frequency and ihc signal and cannot be ted to the
,pc.tkcr or sound reproduction. If done so, no sound will he heard due to the inertia ol speaker
dii l' lirarii. The rJ. component is hitcrci] by the capacitor (shunted iicrciss the speaker. The value 0

this is sufficientl y large to present low reactance to the ri. eoiirpoflcnt while presenting a
relair cl high reactance to the audio signal. The result is that the ri component is bypassed by the
capacitor C anti the signal is passed on to the speaker for sound reproduction.

Note. If vacuum diode is replaced by a ci vst;ul diode, the circuit becomes crystal diodc detector.

18.15 A. M. Radio Receivers

A radio receiver is a device sslnch reproduces the modulated or radio Waves into sound waves. In
India. only amplitude modulatiri is used for radio iransrmirsslon and reception. Therefore, such radio
receivers are called A.M. radio receivers. In order to reproduce the A.M. wave into sound waves,
every radio receiver roust perform the following function.,,

(i) The receiving aerial must intercept a portion of the passing radio waves.
(ii) The radio receiver must select the desired radio wave from -,I number of radio waves inter-

cepted by the receiving aerial. For this purpose, tuned parallel LC circuits must be used. These
circuits will select only that radio frequency which is in resonant with them.

(iii) The selected radio wave must he amplified by the tuned frequency amplifiers.
(iv) The audio signil oust he recovered irorri the amplified radio wave.
(v) The audio signal must he amplified by suitable number of audio- amplifiers.
(vi) The amplified audio signal should he led to the speaker for sound reproduction.

18.16 Types of A. M. Radio Receivers

A.M. radio receivers can he broadly classified into two types viz., siraight radio receiver and
superlietrodyne radio receiver. The former was used in the early days of radio corirniunicatron.
However at present, all radio receivers arc of superhetrodyne type.

1. Straight radio receiver. Fig. I S. 15 shows the block diagram of  straight radio receiver. The
aerial is receiving radio waves from different broadcasting stations. The desired radio wave is se-
lected by the R.F. amplifier which employs a tuned parallel circuit. The selected radio wave is
aniplihed by the tuned r.f. amplifiers. The amplified radio wave is fed to the detector circuit. This
circuit extracts the-audio signal from the radio wave. The output of the detector is the audio signal
which is amplified by one or more stages of audio-amplification. The amplified audio signal is fed to
the speaker for sound reproduction.

RECEIVING
AERIAL

	

R.F.AMPLIFIER I	 I
I

I AMPLIFIERc	 L	 1DETECTORI •, J	 A.F.

	

I	 .	 .	 I	 I

0

Fig. 18.15

Limitations.
(i) In straight radio receivers, tuned circuits are used. As it is necessary to change the value of
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variable capacitors (gang capacitors) for tuning to the desired station, therefore, there is a consider-
able variation of Q between the closed and open positions of the variable capacitors. This changes
the sensitivity and selectivity of the radio receivers.

(ii) There is too much interference of adjacent stations.
2. Superhetrodyne receiver. The shurtcoiniiig' of straight itdio icceiver were overcome by the

invention of superhctrodyne receiver by Major Edwin H. Armstrong during the First World War. At
present, all modern receivers utilise the superhetrodyne circuit. In this type of radio receiver, the
selected radio frequency is converted to a fixed lower value, called intermediate frequency (IF. Thk
is achieved by a special electronic circuit called mixer circuit. There is a local oscillator in the radio
receiver itself. This oscillator produces high frequency waves. The selected radio frequency is
mixed with the high frequency wave by the mixer circuit. In this process, beats are produced and the
mixer produces a frequency equal to the difference between local oscillator and radio wave fre-
quency. As explained later, the circuit is so designed that oscillator always produces a frequency
455 kHz above the selec'ed radio frequency. Therefore, the mixer will always produce an intermedi-
ate frequency of 455 kHz regardless of the station to which the receiver is tuned. For instance, if
600KHa station is tuned, then local oscillator will produce a frequency of 1055 kHz. Consequently,
the output from the mixer will have a frequency of 455 kHz.

The production of fixed intermediate frequency (455 kHz) is the salient feature ofsuperhetrodyne
circuit. At this fixed intermediate frequency, the amplifier circuits operate with maximum stability,
selectivity and sensitivity. As the conversion of incoming radio frequency to the intermediate fre-
quency is achieved by heterodyning or heating the local oscillator against radio frequency, therefore,
this circuit is called *superhetrodync circuit.

18.17 Stages of Superhetrodyne Radio Receiver

Fig. 18.16 shows the block diagram of a superhetrodyric receiver. It may be seen that R.F. amplifier
stage, mixer stage and oscillator stage use tuned parallel circuits with variable capacitors. These
capacitors are ganged together as shown by the dotted interconnecting lines. The rotation of the
common shalt simultancouslhangcs the capacitance of these tuned circuits.

(i) R.F.amplifier stage. The R.F. amplifier stage uses a tuned parallel circuit L 1 C 1 with a
variable capacitor C1 . The radio waves from various broadcasting stations are intercepted by the
receiving aerial and are coupled to this stage. This stage selects the desired radio wave and raises the
strength of the wave to the desired level.

(ii) Mixer stage. The amplified output of RI. amplifier is fed to the mixer stage where it is
combined with the output of a local oscillator. Thetwo frequencies heat together and produce an
itermediate frequency (IF). The intermediate frequency is the difference between oscillator fre-
uency and radio frequency i.e.

iF = Oscillator frequency - Radio frequency
The IF is always 455 kHz regardless of the frequency to which the receiver is tuned. The reason

why the mixer will always produce 455 kHz frequency above the radio frequency is that oscillator
always produces a frequency 455 kHz **above the selected radio frequency. This is achieved by
* In a super-hetrodync receiver, the hetrodyric principle is used to produce an intermediate frequency which

is higher than that can be heard i.e., supersonic. Superhetrodyne is short for supersonic hetrodyne.
• The reason that the oscillator is designed to produce a frequency 455 kHz above and not below the selected

frequency is as follows. A radio receiver is required to tune over 550 to 1600 kHz frequency. To provide
IF of 455 kHz, the oscillator frequency must vary from 1005 to 2055 kIlz. lithe oscillator is designed to
produce a frequency 455 kHz below the selected frequency (of course IF will be still 455 kHr.), then the
frequency range of the oscillator will have to be 95 to 1145 kHz. This frequency ratio is too high to be
covered in a single hand.
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sniiuhlen than	 ,iiinl (. By making ( smiialler, oscillator will tune to a higher frequency.
In 1)1 .icirce. c.ipicirahice ol n designed to tune the oscillator to a frequency higher than radio wave
lrequcncy by 455 hI hi ihins trct ' icncy ditfercuce (i.e. 455 Mi.) will always be maintained because
when C 1 and C, are varied, C 1 will also vary proportionally. It may be noted that in mixer stage, the
carrier frequency is reduced	 lie I/ ,till contains the audio signal,

	

IF.	 A.F.
AMPLIFIER	 AMPLIFIER

OSCILLATOR

	

I	 /

	

I	 /

	

I	 /

	

/	 I

J------

GANGED TO SINGLE SHAFT
Fig. 18.16

	

(in	 I.F. amplifier stage. The output of mixer is always 455 kHz and is fed to fixed tuned IF.
III] iplificrs. Ihese airiplifiers arc Iunicd to one frequency (i.e. 455 kHz) and render nice amplification.

(in) Detector stage. The output from the last IF amplifier stage is coupled to the input of the
detector stage. Here, the audio signal is extracted from the IF output. Usually, diode detector circuit
is used because oflts low distortion and excellent audio fidelity.

(c) A.F. amplifier stage. The audio signal output of detector stage is fed to a multistage audio
amplifier. Here, the signal is airiplitic.i until it is sufficiently strong to drive the speaker. The speaker
converts the audio signal into sourki waves corresponding to the original sound at the broadcasting
Station

18.18 Advantages of Superhetrodyne Circuit

The basic piiiiciplc invuied in superhctrodync circuit is to obtain a fixed intermediate frequency
with the help of a mixer circuit and local oscillator. The superhetrodyne principle has the following
adsantiges

(i) High r.f wriplrflcarion. I'hc superhetrodyne principle makes it possible to produce an inter-
mediate frequency (i.e. 455 kElz) which is much less than the radio frequency. R.F. amplification at
low frequencies is more stable since feedback through stray and interelectrode capacitance is re-
duced.

(ii) Inipmredse/ectivity. Losses in the tuned circuits are lower aiintermediate frequency. There-
fore the qualit y factor Q of the tuned circuits is increased. This makes the amplifier circuits to
operate with maximum selectivity.

(iii) Lower cost. In a superhetrodyne circuit, ;I intermediate frequency is obtained regard-
less of the radio wave selected. This periods the use of fixed R.F. amplifiers. The superhetrodyne
receiver is thus cheaper than other radio receivers.
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Multiple-Choice Questions

1. Modulation is done in .............

(i) transmitter

(ii) radio receiver

(iii) between transmitter and radio receiver

(iv) none of the above

2. In a transmitter . ............. oscillator is used.

(i) Hartley	 (ii) RC phase-shift

(iii) Wien-bridge.	 (iv) crystal

3. In India . ............. modulation is used for ra-
dio transmission.

(i) frequency	 (ii) amplitude

(iii) phase	 (iv) none of the above

4. In an AM wave, useful power is carried by

(i) carrier

(ii) sidebands

(iii) both sidebands and carrier

(iv) none of the above

5. In amplitude modulation, bandwidth is
the audio signal frequency.

(1) thrice	 (ii) four 4nes

(iii) twice	 (iv) none of the above

6. In amplitude modulation, the .............of
carrier is varied according to the strength of
the signal.

(i) amplitude	 (ii) frequency

(iii) phase	 (iv) none of the above

7. Overmodulation (amplitude) occurs when
signal amplitude is .............carrier ampli-
tude.

(i) equal to	 (ii) greater than

(iii) less than	 (iv) none of the above

8. In an AM wave, the majority of the power is
in .............
(i) lower sideband

(ii) upper sideband

(iii) carrier

(iv) none of the above

9. At 100 % modulation, the power in each
sideband is .............of that of carrier.

(i) 50 %	 (ii) 40 %

(iii) 60 %	 (iv) 25 %

10. Overmodulation results in .............

(i) weakening of the signal

(ii) excessive carrier power

(iii) distortion

(iv) none of the above

11. If modulation is 100 %, then signal ampli-
tude is .............carrier amplitude.

(i) equal to	 (ii) greater than

(iii) less than	 (iv) none of the above

12. As the modulation level is increased, the
carrier power .............

(i) is increased	 (ii) remains the same

(iii) is decreased	 (iv) none of the above

13. Demodulation is done in .............

(i) receiving antenna

(ii) transmitter

(iii) radio receiver

(iv) transmitting antenna

14. A high Q tuned circuit will permit an ampli-
fier to have high .............

(i) fidelity	 (ii) frequency range

(iii) sensitivity	 (iv) selectivity

15. In radio transmission, the wedium' ot trans-
mission is .............

(I) space	 (ii) an antenna

(iii) cable	 (iv) none of the above

16. If level of modulation is increased .............
power is increased.

(i) carrier

(ii) sideband

(iii) carrier as well as sideband

(iv) none of the above

17. In TV transmission, picture signal is .............
modulated.

(i) frequency	 (ii) phase

(iii) amplitude	 (iv) none of the above

18. In a radio receiver, noise is generally devel-
oped at .............

(i) IF stage	 (ii) receiving antenna

(iii) audio stage	 (iv) RF stage
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I i). tvlan tniide noises ii c 	 . variations.
I) amplitude

(ii) t1cc1uency
(or) phase
(ii') -both phase and frequency

20. The signal voltage induced in the aerial of a
radio receiver is of the urilcr of...............
(I) mV	 (L I)

(iii) V	 (ii) none of the above
21. Superhetrodyne principle refers to .............

(i) using it large nuiiihci of amplifier stages
(ii) using a push-pull circuit

(ill) obtaining lower fixed intermediate fre-
quency

(iv) none of the above
- 22. If a radio receiver amplifies all the signal

frequencies equally well, it is said to have
high .............
I) sensitivity	 (ii) selectivity

(iii) distortion	 (iv) fidelity
23. Most of the amplification in a superhet -

rodync receiver occurs at .............stage.
(1) I 	 (ii) RE amplifier

(iii) audio amplifier (iv) detector
24. The letters AVC stand for ............

(i) audio voltage. control
(ii) abrupt voltage control
(lit) automatic vol unic control
(it-) automatic voltage control

25. The superhetrodyne principle provides se-
lectivity a. ............. stage.
(i) RF	 (ii) IF

(iii) audio	 (iv) before RE
26. In superhetrod y ne receiver, the input at the

mixer stage is .............
(I) IF and RF
(ti) RE and AF
(iii) IF and AF
(iv) RE and local oscillator signal

27. The major advantage of FM over AM is

(i) reception is less noisy

(ii) higher carrier frequency
(Ili) smaller hndwidth
(IL) small bequenc y deviation

28. When the modulating signal controls the fre-
quency of the carrier, we get..............
(I) phase modulation
(i) amplitude modulation

ti/i) frequency modulation
iv) may be any one of the above

29. Modulation refers to a low-frequency sig-
nal controlling the .............
(i) amplitude of the carrier
(ii) frequency of the carrier'
(iii) phase of the carrier
(iv) may he any of the above

30. The IF is 455 kHz. If the radio receiver is
tuned to 855 kHz, the local oscillator fre-
quency is .............
(i) 455 kHz	 (ii) 1310 kHz

(iii) 1500 kFIz	 (iv) 1520 kHz
31. If A,, = 40 and A,, = 60, what is the per-

centage modulation ?
(i) 20%	 (ii) 40 %

(iii) 50%	 (iv) 10%
32. The function of ferrite antenna is to .............

(1) reduce stray capacitance

(ii) stabilise d.c. bias
(iii) increase the Q of tuned circuit

(iv) reduce noise
33. Ina radio receiver, we generally use .............

oscillator as a local oscillator.
(/) crystal	 (ii) Wien-bridge

(iii) phase-shift	 (iv) Hartley

34. A 100 V carrier is made to vary between
160 V and 40 V by the signal. What is the
modulation factor?
(i) 0.3	 (ii) 0.6

(iii) 0.5	 (iv) none of the above

35. A 50 kW carrier is to be amplitude modu-
lated to a level of 85 %. What is the carrier
power after modulation ?
(1) 50 kW	 (ii) 42.5 kW

(iii) 58.8 kW	 (iv) 25 kW
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36. In the above question, what is the power in
sidcband.s ?
(i) 7.8 kW	 (ii) 11 . 6 kW

(iii) 18.06 kW	 (iv) 15.9 kW

37. In a superhetrodync receiver, the difference
frequency is chosen as the IF rather than the
sum frequency because ..............

(i) the. difference frequency is closer Id
oscillator frequency

(ii) lower frequencies are easier to amplify
(iii) only the difference frequency can he

modulated
(iv) none of the above

38. The diode detector in an AM radii) receiver
is usualy found ..............
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(i) before the first RF stage
(ii) at ter the first RF stage
(iii) alter several stages of amplification
(iv) none of the above

39. In a TRI 7 radio receiver, the RF and detec-
tion stages are tuned to ..............
(i) radio frcq tie ncy
(ii) IF
(iii) audio frequency
(iv) none of the above

40. In TV transmission, sound signal is
modulated
(i) amplitude	 (ii) frequency

(iii) phase	 (iv) none of the above

Answers to Multiple-Choice Questions

1. (i)
6. (i)

11. (i)
16. (ii)
21. (iii)
26. (ii')

31. (1)
36. (iii)

2. (iv)
7. (ii)

12. (ii)
17. (iii)
22. (vi)
27. (i)
32. (iii)
37. (ii)

4. (ii)
9. (iv)

14. (iv)
19. (i)
24. (iii)
29. (iv)
34. (ii)
39. (i)

5. (iii)
10. (iii)
15. (1)
20. (ii)
25. (ii)
30. (ii)
35. (i)
40. (ii)

Chapter Review Topics

1. Explain the general principles of radio broadcasting, transmission and reception.
2. What is modulation ? Why is modulation necessary in communication system ?
3. Explain amplitude modulation. Derive the voltage equation of an AM wave.
4. What do you understand by modulation factor ? What is its significance?

5. Draw the waveform of AM wave for the following values of modulation [actor:
(1) 0	 (ii) 0.5	 (iii)	 I	 (iv)	 1.5

6. What do you understand by sdchan<t frequencies in an AM svasc 7
7. Derive an expression for the fraction of total power carried by the sidchands in amplitude modulation.
8. What are the limdaiions of amplitude modulation
9. What do you understand by frequency modulation'' Explain its advaivagcs over amplitude modula-

tion.
10. What is demodulation What are essentials in demodulation ?
11. Draw the diode detector circuit and explain its action.
12. What is superhetrodyne principle'? Explain the function of each stage of superhetrodymic receiver with

the help of a block diagram.
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Problems

I. 'I he iThIXilllUiil peak-to-perk volrigc (ii an AM WLS( is 10 inV while the minimum peak-to-peak
voltage is 8 mV. Find the perccutagc modulation. 	 60%

2. A carrier of peak voltage 0.05 V md trequency 2(0 klli is amplitude modulated by a signal of peak
voltage 10 V and frcqueoc	 k I,. Find (i) frequencies in the output spectrum and (ii) the peak
v,iluc ol output coriiprmculs it or = ((.5 and voltage gain A	 100.

J(F) 199 kIli., 200 kHz, 201 kHz (ii) 1.25 V, 5 V, 1.25 VJ

3. An AM (rao.ririIi r supplies !UkV 7 to the lirieni;a slicn iminodulatcd. Determine the total power
radiated by the transril;rlcr when rrdulatcd to 30s . 	 [10.45 kW

4. A ecriarn AM tranuoi(er r:iilj;itc:. r(kW with earNer uiiiiuiduatcd and 9kW when the carrier is modu-
tried Find  the. perc:rfli age r nodu I at ion. 	 [50%1

5. ,\ transmitter rrdi,mics a 01.11 posci of II) kW. The eiirrmcr is mmxlulated to a depth of W)% Calculate
(i) the power in the carrier and (ii) power in each sideband. 	 I (i) 8.47kW (ii) 0.765kW

6. A carrier of 1(X) V and 1500 kI Ii is moodujated by (a)V, 12(X) lIz sinusoidal signal. Calculate modu-
lation hic tor ad express Au , . a s percentage.	 [0.6; 60%

7. A carrier with an ,rm1rlilujc of I 4(1 \' is rrudimlated hiy a signal with an amplitude of 80V. What is the

percentage rn Kin lit i in '• WI ma) is he atupl it ride of Ii wer sideband frequency ?	 [57% ; 40V]

8. A 50 kW carrier is 1cm he modulated to it level of 85%. What is the carrier power after modulation ?
What is sidehand power " 	 [50 kW ; 18.06 kW]

9. The r.iu.s. antenna current of a radio transmitter is It) A when uninodulated, rising to 12 A when the
carrier is sinusoidahly modulated What is the modulation index ? 	 [0.94]

10. The rims, antenna current of an AM transmitter increases by 35% over the unmodulated value when
sinusoidal modulation is appli d . Determine the modulation index. 	 [0.8]

Discussion. Questions

1. Why cannot electrical energy be radiated at low frequencies (< 20 kHz) ?
2. Why is radio transmission carried at high frequencies ?
3. Why does amplitude modulation give noisy reception ?
4. Why do we always design the oscillator to produce a frequency of 455 kHz above and not below the

incoming radio wave
5. What is the importance of modulation factor in communication system?
6. Why is superhctrodyne principle employed in radio receivers?
7. Why is AM and not FM employed for radio transmission in India?
8. Why does frequency modulation give noiseless reception '!
9. Why have we selected Ii" as 455 kHz a

10. What is the importance of sideband frequencies ?


