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_“41.3 Important Terms

In the study of multistage amplifiers, we shall frequently come across the terms gain,
~ frequency response, decibel gain and bandwidth. These terms stand discussed jelow :

] (ialj] The rc_z_tio of the output *electrical quantity to the input %élof the amplifier is called

-----------------------------------
..........
-----

*  Accordingly, it can be current gain or voltage gain or power gain.
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individual stages. For
(o the product of gains of indiv, ‘
N‘;:::;e(;nlm"of a three-stage amplifier, then total voltage

he gain of a multistage amplifier 18

i, O ‘ ve individual vo
ace, If G, G, and G, are |‘|

\
o (3 s given by . "G = (},x(:’IXG,' Gl 7 O"Xm,x m&
1t is worthwhile to mention here that in prnc(ict;.
J gain G s loss than Gy x Gy x Gy (}uc to the load- 4
4 Of next stages.

@) Frequency mmnsc.@\c voltage ggin of 1
ampliliel varies with signal frequency. It is be-
se reactanoe bf the capacitors in the cifcuit changes MAxumJM
th signal frequency and hence affects the OL'IlpUl GA
sguage. The curve between voltage gain and signal

: oy of an amplifier is known as frequency re-
g gponse. i-‘ig. 11.4 shows the frequency response of a

m,.c:j}npliﬁcr. \The gain of the amplifier increases 0 Tk
& the frequency increases from zero till it becomes FREQUENCY
maximum at f,, called resonant frequency.' If the fre- - li.4
‘guency of signal increases beyond £, ‘the gain de- : g
.w' o . :
The performance of an amplifier depends to a considerable extent upon its frequency response.
While designing an amplifier, appropriate steps fust be taken to ensure that gain is essentially uni-
form over some specified frequency range. For instance, in case of an audio amplifier, which is used
1o amplify speech or music, it is necessary that all the frequencies in the sound spectrum (i.e. 20 Hz to
20 kHz) should be uniformly amplified otherwise speaker °r will give a distorted sound output. -
™ Ul) Decibel gain. Although the gain of an amplifier can be expressed.as a nignber, vt it is of
 greal practical importance to assign it a unit] The unit assigned is bel or dec‘fb'el (db Gekain e iy,
’ The common logarithm (log to the base 10) of power gain is known as bel power gain ie, \_.

Power gain = log |, Fou bel
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b Current gainindb = 10 log,o—"—;‘f = 2)0]03,011—:-3

1’ £1% Advantages. The following are the advantages of expressing the gain in db :
, LR (@) The unit db is a logarithmic unit. Our ear response is also logarithmic i.e. loudness of sound 3
4 1 i heard by ear is not according to the intensity of sound 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 heara
doubling effect (log,, 100 = 2) i.e. as if loudness were doubled mstead of made 100 times. Hence, -3

»

“,1’ this unit tallies with the natural response of our ears.
: . _AB) When the gains are expressed in db, the overall gain of a multistage amplifier is the sum of
:\I'- i gains of individual stages in db. Thus referring to Fig. 11.6, #*
Pt e . .
oy Gain as number = ! V v
i 4 v, v, e

R W V. 1

Gainindb = 20 log,Ole- X 73-

1 2

V. V.
= 20 log,, Vz- + 20 log,,, -‘-,l
I 2

= Iststage gain in db + 2nd stage gain in db /
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The voltage gain of an amplifier changes with frequency. Referring to the frequency re v
B 11.7, it is clear that for any frequency lying between f, and f;, the gain is equal to or gr;p()r"" :
B0 7% of the maximum gain. Therefore, f, = f; is the bandwidth. It may be seen that , andfar?" th,
B niting frequencies. The former (f,) is called lower cut-off frequency and the latter (f,) i l,;r)’ the

R oper cut-off frequency. For distortionless amplification, it is important that signal frequer., ,.
4 must be within the bandwidth of the amplifier. 7 W
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2 ~ The bandwidth of an amplifier can also be defined in terms of db. Suppose the maximum voltage

in of an amplifier is 100. Then 70.7% of it is 70.7.
o ~ Pall in voltage gain from maximum gain
St = 20 log,, 100 — 20 log,, 70.7

= 20log, 305 db '

S = 20 log,, 1.4142 db =3 db

nce ‘bandwidth of an amplifier is the range of frequency at the limits of whic
3 db from the maximum gain.

he frequency f, or f, is also called 3-db frequency or half-power frequency.

 The 3-db designation comes from the fact that voltage gain at these frequencies is

maximum value. The term half-power is used because when voltage is down to 0.707 of 1

value, the power (proportional to V%) is down to (0.707)2 or one-half of its maximum yaluc.
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290 ® Principles of Electronics

e Operation. When a.c. signal is applied to the base of the first transistor, it appears in the
: - form across its collector load R Themmliﬁedsianddevalopedmukclulmtobmo'
stage through coupling capacitor C. The second stage does further amplification of the signal,
this way, the cascaded (one after another) stages amplify the signal and the overall gain is oo
ably increased.

It may be mentioned here that total gain is less than the product of the gains of individual g,

It is because when a second stage is made to follow the first stage, the cffective load resistance of §
stage is reduced due to the shunting effect of the input resistance of second stage. This reduces g
gain of the stage which is loaded by the next stage. For instance, irf a 3-stage amplifier, the gajy
first and second stages will be reduced due to loading effect of next stage. However, the gain of
third stage which has no loading effect of subsequent stage, remains unchanged. The overall !

J

sballbcequaltotheproduct‘ofmegainsofmreesmges. :

Frequency response. Fig.11.10 shows the frequency response of a typical RC coupled amplj
fier. Itis clear that voltage gain drops off at low (< 50 Hz) and high (> 20 kHz) frequencies wherey
it is uniform over mid-frequency range (50 Hz to 20 kHz). This behaviour of the amplifier is briefly
explained below :

(i) 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, C, cannot shunt the emitter resistance R ef-
fectively because of its large reactance at low frequen-
cies. These two factors cause a falling of voltage gain at
low frequencies.

(if) At high frequencies (> 20 kHz), the reactance of
Ce¢ is very small and it behaves as a short circuit. This i
increases the loading effect of next stage and serves to 0 50 Hz %“‘—"’mz
reduce the voltage gain. Moreover, at high frequency, » FREQUENCY

itive reactance of base-emitter junction is lowjwhich
increases the base current. This reduces the current am- Fig. 11.10
plification factor B. Due to these two reasons, the volt-
age gain drops off at high frequency.

(i) At 1.uid-frequencies (S0 Hz to 20 kHz), the voltage gain of the amplifier is constant, The
effect of coupling capacitor in this frequency 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 factors almost cancel each other, resulting in a uniform gain at mid-frequency.

Advantages

(i) 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. ‘

(if) 1t has lower cost since it employs resistors and capacitors which are cheap.
(iif) The circuit is very compact as the modern resistors and capacitors are small and extremely
light : el
" Disadvantages
(0 :ﬁ‘ R = coupled amplifiers have low voltage and power gnin)lt is because the low resis- H
tance presentec by the input of each stage to the preceding stage decteases the effective load resis:
tance (R, ) anc hence the gain.
(i) They | ave the tendency to become noisy with age, particularly in moist climates.
(i) | Impedance matching is poor. It is because the output impedance of RC coupled amplifier is
-
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im-
red ohms whereas the input
s “ipeaker iy only fow ohms.

e ori d
o li::\e power will be wransferred to the

.
Ll

| Applications.
The RC coupled amplifiers have excel-

L andio fidelity over a wide range of fre-
ency. Lherefore, they are widely used as
L Jtage amplifiers e.2. in the initial stages of

'. 'G%Hd}ess system. If other type of cou-

bling (€.8: transformer coupling) is employed
L the initial stages, this results in frequency

rtion which may be amplified in next
. However{because of poor impedance .
RC coupling is rarely used in the

1 .‘ L“’

RC Coupled Amplifiers !

f cascaded stages (2, 4, 6 etc), the output’sig
), the output signal is

Note. en there is an even number 0
-~ inverted from the input. When the number of stages is odd (1, 3, 5ete:

+ from the input. 5|

. | Example 11.11 A single stage amplifier has a voltage gain of 60. The collector load R

. Rand the input impedance is 1kS2. Calculate the overall gain when two such stages are
Hhirough R-C coupling. Comment on the result. : : i,

Solution. The gain of second stage remains 60 because it has no loading effect of an
% However, the gain of first stage is less than 60 due to the loading effect of the input imp

& second stage. | , - | I

Gain of second stage = 60 ]
500 x 1000

Effective load of first stage = R IR = ——————— =
ge m Rell Ry = Sonihes R

Gain of first stage = 60 % 333/500 = 39.96
‘Total gain = 60x39.96 = 2397 :
Comments. The gain of individual stage is 60. But when two sta the o8
; e, stages are coupled, the

60 % 60 = 3600 as might be expected rather it is less and is equal to 2397 in this caSe. It is b
first stage has a loading effect of the input impedance of second stage and coﬁsequerxtly

reduced. However, the second stage has no loading effect of any subsequent stage Heﬁc
of second stage remains 60. - ' i

RALE



= 53X 1Y1.4 = 1V144
11.6 Transformer-Coupled Amplifier

5&: main reason for low voltage and power gain of RC coupled amplifier is that the effective load
(R, o) of each stage is *decreased due to the low resistance presented by the input of each stage to the
preceding stage. If the effective load resistance of each stage could be increased, the voltage and
power gain could be inc -eased. This can be achieved by transformer coupli@ By the use of **im- \

. . -
..............................
--------------

The input impedanc. of an amplifier is low while its output impedance is very high. When they are
cougled to.make am ltistage amplifier, the high output impedance of one stage comes in parallel with the '
low input impedance of next state. Hence effective load (R 1¢) 18 decreased.

e g



: to the previous stage. : / ¥
3 nmm::rﬂmling is l;':m:ml]y employed when the load i small‘. It is mostly y
3 ification. Fig. 11.15 shows two stages of transformer coupled amphﬁf:r, A coupling
: to feed the output of one stage to the input of the next stage. The primary P of thig

e made the collector load and its secondary S gives input to the next stage.

+Vee

' —COUPLING
" TRANSFORMER

S R

.

JETRS,

SIGNAL

‘Fig. 11.15

' Operation. When an a.c. signal is applied to the base of first transistor, it app
3§ fied form across primary P of the coupling transformer. The voltage developed

s

_ transferred to the input of the next stage by the transformer secondary as shown in
* second stage renders amplification in an exactly similar manner. ) .
Frequency response| The frequency response of a e
transformer coupled amplifier is shown in Fig.11.16. It /
is clear that frequency response is rather poor i.e. gain is 0
constant only over a small range of frequency. The out-
- put voltage is equal to the collector current ultiplied
§ Dy reactance of primary. At low frequencies, the reac-
# tance of primary begins to fall, resulting in decreased
.~ gain. Athigh frequencies, the capacitance between turns
§ of windings acts as a bypass condenser to reduce the
4 output voltage and hence gam It follows, therefore, that 0
§  there will be disproportionate amplification of frequen-
-» in a complete signal such as music, speech etc.
ce, transformer-coupled amplifier introduces fre-

GAIN
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matter of fact, a single stage of : : )
ages of RS .mperly@aned"lmmumﬂm;mm%}mu
Disad
@ l*h“'mﬁwmymmumemmm«nwm&equ
(@) "T:he hnstumusmbﬂlwmd&nlymw at audio frequencies,
(':'ﬂ "med'monishighetie.lowmysigmlsmlcssm\puﬁedm ompare
mehxgh&eqmyeim : :
(@) Transformer coupling tends to introduce *hum in the output.
Applications, Transformer coupling is Fiyed ox e

*

> >

! Hmﬂy oygdforqudanammrhmg In gene !
the 1astsug?0fnmnlﬁsugumpnﬁuismm:u£8¢, Here, a concentrated effort is made 3
transfexmnnmpowermtheoutpmdgm

: , VICe €.8. a loudspeaker. For maximum power transfer,
mperatice O FEE S R Usually, the impedance of an oufyg
dcvioeisafewmwhenﬂxe“ impeda Do nce of transistor is several hundred times this vy}
In oxdertommhlheinm& t _,.,,_"‘fimmxsfommofpmpermmratiois used. The impeq.
ance of secondary of the transformer 'Mequaltomcloadimpcdanocmdprimafy‘
equal (o the output impedance tor. Fig. 11.17 illustrates the impedance matching by a step.
down transformer. The . Speaker) connected to the secondary has a small resistance?
R, The load R} app
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__ Thus the load on the primary side is comparable to the output impedance of the transistor. This
& Its in maximum power transfer from transistor to the primary of transformer. This shows that low

?1 1e of load resistance (e.g. speaker) can be “stepped-up” to a more favourable value at the collector
7 -mslstor by using appropriate turn raﬂoj

-‘ z : EE> ample 11.16. A rransformer coupling is used in the final stage of a mulnstage amplifier. If :
3% T ygput impedance of transistor is 1kS2 and the speaker has a. resistance of 102, find the turn ratio
=i ‘» transformer so that maximum power is transferred to the load.

: Solutlon -

& For maximum power transfer, the impedance of the primary should be equal to the output imped-
k. 'ancc of transistor and impedance of secondary should be equal to load impedance i.e.

Primary impedance = 1kQ = 1000 Q

g Let the turn ratio of the transformer be n (= N, /Ny).

o 2

B % . N

E ~ Primary impedance = (-ﬁt) x Load impedance
5- Y o

1 (_L) — Primary impedance

E’ N : Load impedance

i};- - or n~ = 1000/10 = 100
E : n = 100 = 10
Astcp-downtransfoxmcrvnﬂltumrano 10: llsreqmred.

B gacdn t SRR e ot ~o R T - e e s L e
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; . 0g amplifier '
amplifiers iy Positive fee dback Or Opposes the input Operation stgpe. .

signal, there gy, : ing
o : an Clwob

) Positiye feedhycy, "’?’“"vefeedback_ 3S1C types of feey
signal and thyg a; ' € leedback o

n
aids i, jy i i ergy (voltage ist . |
and feedback hetwork in:muczdapo;mve feedbac iThl i ilglus(:::x?:tg; u; ghlaqu::) the i
i Phase shift of 7500 ; 13.1. Bo .
loop, causing the feedbqcy voltage Vito be ip phase (\)wth th: ::;3:‘ {:‘36‘9" Phase shifi aroung 4
si ‘
"ll
INTRODUCE:
PHASE SglF‘Tw

‘(‘*’ w-y,ﬂ

FEEDBACK
NETWORK

INTFIODUCES 180°
; PHASE sHi
- Fig. 13.1 o

-C. POWer into a.c. po
(i) Negative feedback. @en the feedback energy (voltage or ¢
input signal and thus Opposes it, it

is called negative feedba_c‘/q This is illustrated in Fig. 132, As you
can see, the amplifier introduces a phase shift of 180°

nto the circuit while the feedback network is ;0
designed that it introduces 10 phase shift (i.e., 0° phase shift). The resu]t is that the feedback voltage
V}is 180° out of phase with the input signal V, .

urrent) is out of phase with the

INTRODUCES 180°
PHASE SHIFT

o ¥
| |

4 FEEDBACK ¢
NETWORK

¥/IS 180° OUT OF
PHASE WITH ¥,

—

(7

INTRODUCES 0°
PHASE SHIFT

Fig. 13.2 ;
i i ifier. advantages of negative feed-
Negative feedback reduces the gain of the amplifier. Howeve:r, the \ ‘
back areg reduction in distortion, stability in gain, increased bandwidth and improved input and output
impedances. It is due to these advantages that negative feedback is frequently employed in amplifiers.



13.8  Effocts of Negative Current Feedback
m?-::mmuhmaunuma*:
4 dmxl:;:‘u‘nmpdam The negative current feedback decreases the mpw

Let Z.. = Input impedance of the amplifier without feedback
Z,, = Inputimpedance of the amplifier with negative current feedback

Ry
' W
Z
. {l/ .Z_h., i
: = |
1 T h I
‘~ [ - | S 2,
Fig. 13.11
Referring to Fig. 13.11, we have,
oo X
in l‘
’ V.
and Z, = -lﬁ‘-
in
But Vi, = LZ, and I-“=I,+I,=ll+m‘1~=Il+m‘A,11
' I! Ziu 7 ZiI

Zn = Tam AL 1+mA

e
2o = Tom 4

L inout impedance of th amplifieris decreased by the factor (1 +mA). Note the Py
. ’_Mlﬂw‘ ance 0 efeedback"‘dwg‘ﬁwwfm Negumanulﬁ:
““’P‘” ”danceoftheampliﬁctwhile ive voltage feedback increases

: : : &
output impedance. nwupmumwww
: o%g.mpuﬁailww a fa tor (1 + m; A).

Z'., - zm(l"'mlAl)
Z
z’: = mmﬂwdwwmm*“w
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‘-‘ The reader may recall that with negatwe voltage feedback, the output unpedanoe of the amplifier

,-; (iii) Increases bandwidth. It can be shown that with negative current fcedback, the bandwidth
bof the amplifier is increased by the factor (1 + m; A).
4 BW’' = BW(1+m; A) .
where BW = Bandwidth of the amplifier w1thout fcedback
BW’ = Bandwidth of the amphﬁer with negatwe current feedback

- ..l ﬁ‘vnmnlp 11 I‘ Au rineanade &:.... IR TR T T RN M R SR 7 e s TR 7 e v . AP

.-_-4,‘ N



BW™ = 400[1 4+ (0.01) 250] = 19N Knz

13.9 Emitter Follower

s 2 negative Guirent feedback circuit, The

- amutner follower is a current amplifier that has

20 voltage gain. Its most important character-

B¢ s that it has high input impedance and

low cutput impedance. This makes it an ideal R,
Circuit details. Fig. 13.12 shows the cir- ||

- cuit of an emitter follower. As you can see, it
dffers from the circuitry of a conventional CE
amplifier by the absence of collector load and
emutier bypass capacitor. The emitter resis- %
@nce R itself acts as the load and a.c. output

~ woltage (V) is taken across R,. The biasing ’f\/
s generally previded by voltage-divider
method or by base resistor method. The fol-

- lowing points are worth noting about the emit- .
'er follower : 4




350 = Principles of Electronics

(i) There is neither collector resistor in the circuit nor there is emitter bypass capacitor,
are the two circuit recognition features of the emitter follower.

Operation. The input voltage is applied between base and emitter and the resulting a.c. emj
current produces an output voltage i R across the emitter resistance. This voltage opposes the inpy
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 fonoweft
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 1.
(ii) Relatively high current gain and power gain.
(i) High input impedance and low output impedance.
(iv) Input and output ac voltages are in phase.

13_4“ ne Ammalicanlica . P __"d4 o= aa



14.10 Colpitt’s Oscillator
Fig. 14.10 shows a Colpitt's oscillator. It uses

two capacitors and placed across a common inducor
L and the centre .of the two capacitors is tapped. The tank circuit is made up of Cy, C, and L. The
frequency of oscillations is determined by the values of C,, C, and L and is given by ;

a b )
21 JLC,
where e = G C,
+Vee . :
-
RF CHOKE >
— Voul
C‘T
% | {
5 B
R i) |
E% Cirs g O

B




Circuit operation. When the circuit is turned on, the capaci-
s ¢, and C, are charged. The capacitors discharge through L,
ing up oscillations of frequency determined by exp.' ' (). The
gput voltage of the amplifier appears across C, and feedback. yt-
e is developed across C,. The voltage across it £180° 'g{nt of
se with the voltage developed across C, (V,,,) as shown in Fig.
11. Itis easy to see that voltage fedback (voltage across G,)t
o transistor provides positive feedback. A phase shift of 180° is
pduced by the transistor and a further phase shift of 180° is pro-

jamped oscillation.

fraction m, of the circuit. For this circuit,

Feedback fraction, m, = _Vf_ L s T
) T V X C
out cl 2
G

By OF m, = —

‘Sinusoidal Oscillators ® 373
*Note that €, ~ C, ~ L is also the feedback circuit that produces a phase shift of 180°,

ff"b'UUUjf

FEEDBACK CIRCUIT
Fig. 14.11

B e Y T .

fuced by €, — G, voltage divider. In this way, feedback is properly phased to produce continuous

- Feedback fraction m,. The amount of feedback voltage in Colpitt’s oscillator depends upon



\/ 14.11_Hartley Oscillator _

The Hartley oscillator is similar to Colpitt’s oscillator with minor modifications. Instead of using
tapped capacitors, two inductors L, and L, are placed across a common capacitor C and the centreof §

the inductors is tapped as shown in Fig. 14.13. The tank circuit is made up of L,,L,and C. The
frequency of oscillations is determined by the values of L,, L, and C and is given by :

iyt 1 ‘ ) &
i f T It CL’» (i) 1

where L, =L +L+2M |

Here M =

= mutual inductance between Liand L,
Note that L, — L, — C is also the feedback network that produces a phase shift of 180°.
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In fact, the frequency difference between two broadcasting
stations is less than 1%. It is apparent that if we employ LC :

or RC circuits, a change of temperature may cause the fre- i l"_ 7
quencies of adjacent broadcasting stations to overlap. '

In order to maintain constant frequency, piezoelectric
crystals are used in place of LC or RC circuits. Oscillators
of this type are called crystal oscillators. The frequency of
a crystal oscillator changes by less than 0.1% due to tem- |-
perature and other changes. Therefore, such oscillators of-
fer the most satisfactory method of stabilising the frequency |
ancfi/ate used in great majority of electronic applications. }

\/I4 16 Piezoelectric Crystals

Certain crystalhne materials, namely, Rochelle salt, quartz |
and tourmaline exhibit the piezoelectric effecti.e., when we '
apply an a.c. voltage across them, they vibrate at the fre- |
quency of the applied voltage. Conversely, when they are e ;
compressed or placed under mechanic il strain to vibrate, i

I

|

t

T R I T T e W e e W s

they produce an a.c. voltage. Such cr stals which exhibit
piezoelectric effect are called piezoelec ric crystals. Of the r
various piezoelectric crystals, quartz is most commonly used i
because it is inexpensive and readily available in nature. 4
Fig. 14.19
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tals are generally used in crystal oscillators b
. 41, strength and simplicity of manufacture. The natural :t:lp:dof quartz ¢
hechan 4153' 14.19. The three axes are shown : the g-dxis is ¢ the opw ,
‘ M < lectrical axis and y-axis is called the r.nechamcal axis. Quartz crystal can
e Crystal cut perpendicular to the x-axis is called x-cut crystal whereas’thut
z:uz“is wdlled y-cut crystai. Tu piezoelectric properties of 2 crystal depersia
-4 y Enquen'(?v of crystal. h c%ystal has a natural frequency like a pendulum. T
: " ‘, y fof a crystal is giveniby : 1 '
488 s K
Fa%
S i ore K is a constant that depends upon the cut and
: - tis the thickness of the crystal, It is clear that fre- § T :
- = quency is inversely proportional to crystal thickness. (s B
3 The thinner the crystal, the greater is its natural fre- AR A T
& jqumcy and vice-versa. However, extremely ‘thin

_ crystal may break because of vibrations. This puts a
“Jimit to the frequency obtainable. In practice, fre-

- - 5
»”.
-

. quencies between 25 kHz to 5 MHz have been ob-
||v.‘vl with Crystals.

A A

. Piezoelectric Crystals

= 14.17 Working of Quartz Crystal
B In order to use crystal in an electronic circuit, it is placed between two metal plates. The ;

= then forms a capacitor with crystal as the dielectric as shown b

§ inFig. 14.20. If an a.c. voltage is applied across the plates, {4 41 2

- the crystal will start vibrating at the frequency of applied
- voltage. However, if the frequency of the applied voltage is

|
made equal to the natural frequency of the crystal, resonance @
i

- 1akes place and crystal vibrations reach a maximum value.
‘This natural frequency is almost constant. Effects of tem- !
perature change can be eliminated by mounting the crystal it o ve i
in 2 temperature-controlled oven as in radio and television Fig. 14.20




