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HYBRID EQUIVALENT CIR
Fig. 36.7 shows the common-emitter NPN

CUIT OF COMMON mrmmf
Fi

transistor amplifier circuit. R, is the outpy,,

of input signal and R, is the load resistance. L
The general h-parameter expressions become,
AT R AR 1
IC —3 hﬁ Ib + hDe yﬂ '"(2}
where Vo= Voo R ‘
R, y
From Eq. (1), we get ‘ff‘
I = Vizelo e Vs ..(3) " ",;
e ; i
The d.c. voltage of the collector with respect Vs Ve ‘;
to the emitter is given by Fig. 36.7 p
Vce = Vcr‘f.-: R; - ;1;
dP;8=—RLd]C, (= Vrcmwj’
or Ve ™ —-R; i, _
In terms of usual notations, we can write
Vce = -RL J"'t:
or Vo ==Rd,
Substituting the value of ¥} in Eq. (2), we have
or e dy = o Ry I+, gE
R
I/hOe RL

Equation (3) indicates that the base-emitter circuit is equivalent to a.c. voltage source of i, ;
which opposes the a.c. input voltage V; and is connected in series with the input resistance A,

Equation (4) indicates that the collector-emitter circuit is equivalent to current source which
supplies a current &, /, and in parallel of which are connected the output resistance I/hy, and load

resistance R;.
e L £
%
l, _Q ii
G hb fb \
1
% ho' |‘:?.I_ VD = V“
hﬂ Vﬂ !
Al
I i ¢
3 . Fig. 36.8 .
ccorﬂ]nglm the ﬁqlll\'ﬂlent circuit is drﬂwn n Fig' 36 8 Here the a.c voltﬂgﬁ soiﬂ'ce b" };

a8

which acts i iti i i
acts in opposition to the input signal V> Tepresents the ‘feedback’ of the output YO



pf > EIEHS urrent source of -
: ¢ e 0 '

! ircut The as Ao 7, in the ou ;:f:::‘i’ My, 1, may be looked as if the input current , is

:m\od and appears 4% Tz T t. Thus hy, = B, the current amplification factor.

" A,-..lysls of a Transistor CE Amplifier using h-parameters
\ ¥ - 16.8 shows the /i-parameters equivalent circuit of a common emitter transistor amplifier.

. h, = input impedance,
ho, = output admittance,
{ hy, = forward current gain,
h,. = reverse voltage transfer ratio of the transistor.
source ¥, is across the input port along with its source impedance R . The load

the signal b :
appears across the output port. ¥} and ¥, are the input and output signals respectively.

‘gnntfﬁ';
ot and output currents are taken to be positive, while flowing inward. This circuit is an a.c.
¢ circuit and d.c. values do not appear in the circuit. /, and /_are the input and output
with the presence of the source and load. ‘
we will now derive expressions for current gain, voltage gain, input impedance, output
and power gain.
() Current Gain. Let Z be the equivalent impedance of 1/h,, and R, in parallel. Then,

e
=

| 1 | |
— EE ]}_+,._=hae+_
4 ht]r Rf, R!.

R,
L h’d}r Rl.

Voltage across R, = voltage across Z

R,
IR, = b1, (D)= hf"Iﬁ[I +hm-R.'.J

=L = h'h'
b 1+ hﬂr RI.
; ~ Output Current
' Current Gain 4, = Input Current
L. hye 1)

A“= }:=1+er£'.

m.l'l’“ impedance. The input impedance Z,, of the iransistor is the impedance at the input
land 1,

imped Input Yoltage _ ¥
s Zie Input urrent Iy

By
j/; - hli!ﬁ+"'” Vo
. F - . !‘”)
= h, Dy * |hn("' I R) (" Yo :
/.
V, L
Z, A b L I
R 2)

i 2
Z, = et Rite he = U+ oo RL)
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iii) Voltage gain. Output Voltage (o)
Voltage gain 4he = “pput Voltage ()
- _LR,
But % LR __ [_.If.) (fi]ﬂ.c
4= 7y B\

; A R, = i
Aue h _hreRLA" %;i_hreRL
e
— A = hﬁ? from Eq(l): we get
Substltuhﬂg ie 1+ RL i
RL
Ave h;e (1 T hﬁe RL) h R i
re
hg
B hfe RL
he(1+ho, R;)—hp b R,
_ he Ry
b + (B by, — he he) Ry ]
R N
he + R, Ah

where Ah=h, hy,~h, h.

The negative sign shows that the input and the output are 180°

out of phase. |
(%) Output impedance. The output impedance Z, of an amplifier s defined as the ratio o/t |
output voltage to the output

current with the input signal generator V_ reduced to zero and replace
by its internal resistance R and an I i terminels &
ntert A a.c. voltage source Vo (rms) applied to the output
shown in Fig. 36.9. Thus
£
1

c

where /_is the current sent by the applied source,

Since the current thro the output resi
ety ugh tput resistance /hy,

Zy, =

¥, i
isl, —hy, I, the output voltage 't

or ¢ bl
h V. = P s
% Fo = I —h,]
But the base current 1, is given b Je b |
{
Ib = _ hl'e VD

)
h, + Rg
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Fig. 36.9
: ituting the value of I, in Eq. (5), we get
I
h.h
B Vo = I + L7 4,
h, + R, 0
h. h
fe e .
_ =7
’ %[hoe by, + Rg] ‘
= T :
I I{- hg A hfe h?'e'
h, + Rg
" h, + R,
- (6
e hﬂe (h."e + Rg) - h_ﬁ- hre ( )

() Power gain. Power gain of the amplifier is the product of current gain and voltage gain.
i power gain

Ao = A1 % 14,
Sibstituting the values of A4, and A, from Eqgs. (4) and (1), we get

. hfeRL hﬁ-’ J
re =\ h, + R, AR)\1+ho R,

2
e Ky (D

(1 + hy, Ry ) (B, + Ry AB)

| Ah = h hoy,—hyhy
et Practice, h,, h,_are very small quantities. /4, < 1 and R, A bl

_ ek

e

als is known as power amplifier.

of the sign A power amplifier actually

er. bl
i P:::- to the load. The ratio of signal

fficiency of the power amplifier.

1 %
Dy amplifier which raises the power level
%Eeﬂhaled | P jmum
‘%p‘:"‘fatﬁ.n effort is made to obtain max el signal po
Mihedc, supply and delivers it as use

. thee
3 output to the d.c. power input 18 known 23



814 drawn by the load 'mmﬂﬂem
amplifier, the P;’::;{iﬁ& High collector current is thegr:;;m‘s Iy %E

of power . l
- h;;hﬁﬁ::‘" f:;[mt y thmi pwﬁhm amplifiers (_poW‘;l'; al?uléiad :llthe last stﬂse?; loy, by
resistances driven by d‘,’{ﬂﬂ; Jow resistances like that :i)i L ﬁge f,g P amm;;aww
amplifier. The lﬂsa; iﬁifying device. Power transistor 18 m ordiary ua:r: :
power transistor o _ X
" foil;m?'fpﬁvel of emitter and base 1S high. | | |
and base is decreased by increasing the
ng like form. Mo l

——

(i) Ohmic resistance —
the base la erandbascleﬂdg' g _ y
bm("“;n T:e area oi}‘(co!]ectnr s more and collector 15 often attached to a metallic heat gy ing
(11} /
- sinate the generated heat.
to dl;sc:pate st mainly in four modes — class A, class B, class AB and clags ¢
: in the linear region at all times (Fig. 36.10), '

Class A Power Amplifier. It operates

Fig. 36.10
® OQutput is shown 180° out of phase with the input (inverted).

® Class A power amplifiers are large-signal amplifiers with the objective of providing powe
(rather than voltage) to a load. |
e In a power amplifier, it is necessary t0 consider the problem of heat dissipation i
components.
Power Gain. The power gain of an amplifier is the ratio of the power delivered to the load
the input power.

.
A = FL
Here, 4, = power gain
P; = signal power delivered to the load
P, = signal power delivered to the amplifier. all
I

Efficiency. The effici T _ _
the power from the dc sup‘:;;?r of any amplifier is the ratio of the signal power supplied to @

36.4.1. Class A Power Amplifier

Figure 36.11 shows a tvpi o
. typical ¢l ; . comm
emitter mode. Here resistors R, andc;.s‘ S A transistor power amplifier operating " ﬂ‘;ebiasinﬂd

the emitter-base junction. R i , form voltage divider circui ide forwar

" , . R, is the em; . ivider circuit to provide _—"
capacitor which prevents tﬁe ac emitter resistor for bias stabilisation and Cj is the emitte! G’:ﬁ
‘Blocking capacitor’. It is used. - voltages from appearing across R,. The capacitor “2 1 siiw
reaches the base. The amplifier ilsﬂdl:illocli d.c. component of the input £ mal so that ol 8.0
Operation of the Amplifier rectly coupled to the load resistance R,

leristics of the : : .
1 transistor used in Fig. 36.11 is shown in Fig-

o
; Wn on th 36.12 thmlﬁl
the middle of a.c. load line, € characteristics, The operating point £ i sele

cted in




r.ﬂﬁ_ is applied. the O-point is opergy ——————___ D
ﬁ’#nos'ﬁ".mnmpsmmcmaﬁngﬂmg S PORI. When an 4.0, signal 1s soolicd. fh
S aditon occurs when the aperaon . 24 L€ With 0 a5 the ey setion. The
ﬁ' in Fig. 36.12 o s between saturation and eut-off.

‘ mcﬂn-gs, 2. 30. ’.Showthevuhﬂgeand and cut-oft.

Or voltage is minimum. In cut-off

while these quantities at cut-off are denoted te voltage and current at saturation by
by me and Ic,,"-" and at O-point are

Vee Maximum collector
1 o~ dissipation curve
[

Fig. 36.11 Fig. 36.12

Efficiency 1} is given by
output a.c. power
n = SRR EACPO A1)
mput d.c. power

bput d c. power is given by
Fu =¥y
Ouput a.c. power is given by
Ponr - anm '{Crm {3}
Em_ ¥ s a0d I, .. are the r.m.s. values of voltage and current. The signal makes excursions
™2 e and ¥, (or I, andI. ). So, peak values ¥, and /., of voltage and current are

I A(2)

o

- h_l Cmin
V o VC‘mr il VC min
Cemr 2
] i == "(‘m - !CM
Cm 2

H’“’* the ac. output power

‘Pm = VCrm IC!!II.I
- VC:I ‘f('-

= Ex-—ﬁ

Vomar ~ ¥ emin [ltm = I('MIHJ
( 22 ]x 22

I




For id ; i
oy = 0 Jonax=2lco
m
el g
" 8Vcc Ieg
maximum efficiency obtainable from 2 class A amplifier whey Coupleq

Thus the 0. only 25%. 1
oad resistance is only _

Transformer Coupled Class A Power Amplifier
36.4.2.

il - former coupled class 4 ;
ircuit diagram of a transic . POWer amy
Figure 36.l?f Slhg;:isd?f c gement t0 give base bias. 'Vcc provides reverse bia t0 the g, |
R, forma pow.}ga o couple the transistor to the load. The transfome
base junction. 10€

iransformer is used t : .
i oad resistance so that power transfer ig pay.. |
: f the transistor t0 the | |
the output impedance 0 Mg

ch* |
|
|

Fig. 36.13 Fig. 36.14 o n#
In the circuit shown, load resistance R , is connected across the secondary coil |

Its i
value as séen from the Primary coil terminal is given by |
—_—
= R, .
Here, n ig ' s
the tumns ratio of the transformer given by
Here N anq v ’ ! 'J
8 are : ‘ reswc #
Circuits, Seéu cuilu;fggumbe’ of turns in primary and secondary ?mls:ce as 5 ¢
coil terming[g ;g given by h&B d.c. resistance, say R,. The total resista”
R'= 2
Eﬁciﬂwy L h (R: + RL )
’ n= EEtl)llt a.c. power
input d.c. power '
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f G inp"

Pin = Veclgg
o collector current at the operating pojn 2)
n® . power is given by -
'&;},ﬂ?ﬂiﬂ- Pam’ - VCp-m_g Icm
V2 2

(VCmax =~

= e~ Yonin) Ugng, ~ Iyy)
8 (3

6.14, it can be seen that

ﬁvﬂ‘ﬁg'3 Vemae = 2V,
cmax = 2Vees V=0
]C'mar = ZJCQ’ ICMI'H =,
T _4VCC leg _ Vee I co
| $ 2
. The efficiency of power amplifier is
) Vee Ieg
n= Pzz.c. 8 2
Fie. Veclgg
= 03

- The efficiency of transformer coupled class 4 amplifier is 50% in ideal case.

(OMPARISON OF AMPLIFIER CONFIGURATIONS

The choice of configuration and the type of transistor used depends on the desired input and
wputimpedances, current and voltage gains and the frequency response. The following table gives
mparison of small signal amplifiers in the three possible configurations.

__ Parameter Common base Common emitter Common collector
oltage gain High Very-high nearly 1
Carent gain nearly 1 high highest
bt impedance lowest moderate highest
Oy impedance highest moderate lowest
Teversal no yes no

'ti%?s BA{“P]iﬁer. Class B amplifier is biased at cutoff so that it operates in the linear region
©1nput cycle and is in cutoff for 180°.
15 shows class B amplifier operation (noninverting).

Vout _[\_
LN Vin ’_—q 0
. '0 t‘l\"—/'ﬂ © !0 t1 t2 i

The Fig. 36.15

: i : input i ime (/).
M, . "eveform is shown relative to the input in terms of time (1

tonly conducts for the positive half of the cyele.

Sl 2.



B amplifier ¢
o to add a second c]a_ss p i at o
To amplify the entire ?yc’l[?l; ;tc';];;:::t?zgof two class B amplifiers working together ; ::a"%
the negative half of the cycle.

push-pull operation. ifier. It uses two complementary "l
We shall discuss a class B push-pull amplifier "y By, b

reproduce the entire waveform.

818

{3 CLASS B PUSH-PULL AMPLIFIER

Fig. 36.16 shows the circuit arrangement of a class B push-pull amplifier.

o
Q, p_ﬂ Trs QU
Ve N,
o= W, S N, :m

N4 Load
N
Q; ic, ‘)
Fig. 36.16

It consists of two identical NPN transistors Q, and O, placed in parallel (back to back) ang
operated as class B amplifiers. The input transformer Tr, has a centre tapped secondary winding
which provides opposite polarity signals to the two transistors. So the input signal drives the two
transistors on alternate half cycles. The collector terminals of the transistors are connected across
the primary of the output transformer Tr,. The de supply voltage V.. is applied at the centre tap of
this primary. The load resistance (loudspeaker) is connected across the secondary of the output

transformer. When no signal is applied, both the transistors are
cut-off.

Vi
Working :

of
() When the input signal is applied, the phase splitter (@)
transformer 7, produces two signals which are 180° oyt of

phase with each other. The transistors 0, and (), are driven by T :
these two signals, 1 [\lﬂ:i__
(ii) During positive ha

: !f cycle of the signal, transistor O, T of
conducts because its base js driven positive. Now collector (o)
current f‘_I flows as shown in Fig. 36.16. Transistor (, does
not conduf:t because its bage hag negative voltage. Thus i, is
zero. In this way one positive half cycle of ouput signal appe%nrs . T M
across the primary of m,, fez of
) Du;ing the negative hajf cycle of the input signal, O, T (c)
18 forward biased and allgys acurrent i to flow, Transistor 0
becomes nonconducting. : ] i
, max
Thus only one transistor conducts at a time. T /
The output transformer Serves to joj !
| : Join the two cumrents ' e
;md;tzl?g an almost undistorteq output waveform ag shown in ﬁ
1g. T S o 1 P O

(9) Fig.36.17 (a) shows the input signal y_
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FIERS

e i
Y e collector UTETIS 0 4 and Q, rangigye are 819
(il el current responsible for output voje Tepresented 1

ted by b:
8 Cr03s the Jogq ; ¥ Figs. (5) and (),

P o

=

i)
o er ’ ted by Fig, (d).
the &+ aHSigto
het IS are off, I 4
mnp eded . rder that transistor begs
s (Fig, 36, : begins to

__________________
___________
..

Q, conducting

onﬁi}\

Vout

Both Qy and Qyoff o
(crossover distortion) Q,conducting

| Fig. 36.18
| hwerEfficiency of Class B Push-Pull Amplifier |
The current in each transistor is the average value of half sine loop.

frlalf sine loop, /, is given by
(Ic }max
T

Idc =

1)
(Piddc = 2)([,(&%'“_“_ch¢]

" ] h
Here factor 2 is introduced as there are tWo transistors 1n pus
MM, value of collector current = (/. )max IV2.

-pull amplifier.

s, value of output voltage = Vcc / \/‘;'
Unger ideal cofiditions of maximum power)

Vo
(Jr;)mll » Vf'{. :L!(_-_)’ﬂjﬂé_i-g—
(Pﬂ)ar — \/E —‘Er

Ow .
Overall maximum efficiency

Noverall (P de. K _0785= 78.5%

n

«(2)




|
" t has much less distortion dl.le i .canc‘c 1lat_i on of evey H\f%t&
Advantages. (i) The ou.q?u e push pull amplifier is quite high (= 790, ) Oty
(i) The maximum iicsRec) h-pull circuit palances all the even harmonicg in

ExampLE 1. Prove .rhar a pus o PrfnCiP"" source of distortion.
Jeaves the third harmonic term (Rohilkhand, 199

the ou
W
Ku'mah‘
ignal inputs. Hence th -
. to handle large s1gna’ €T Will e, 8
SOLUTION. A poweT amph{;elzs h;:ls tlfe signal getting modified) dué to non-lineg, Chzemh:;ru%t;

: n
distortions (frequency comPO lifier.
of the transistors used 10 the amp urrents in the two transistors wij|

S se ¢

Let the input signal be sinusoidal. The bt?e osite in phase. be OPposi
phase. Hence the collector currents will also be OppOSTE ; y

T-h ollector currents in transistors Q, and Q, are gIVen y .

R i =AD+AIsinmt"'AzSlﬂ2£Df+A3sm3mr+““’
icl = Aﬂ + Al Siﬂ (&)f i TI:) + AZ Si‘.ﬂ 2(0)1' + 11:) + A3 Sin 3(m'+n--1|-’

ond ;‘q = AD—-A]Siﬂ ot + A, sin 20f — 45 sin 3ot + )
> tput transformer is

as b

e pri o]
The total current through the primary of ou
g = if: —I,
i = 2[A, sin @f + A, sin Jof+....] P

'.I'-he voltage induced in the secondary of the output transformer is proportional to ;,

vy @ I :
vy = ki where k is the constant of proportionality,
. vy = 2k{4, sin ot + Ay sin3or+... ] ]

Thus, the output is free from even harmonics.
The principal source of distortion is the third harmonic 3.

MULTISTAGE AMPLIFIERS

Multistage Amplifiers. Single-stage amplifiers are connected in sequence with vane
coupling methods to form multistage amplifiers. |

® The output of one amplifier drives the /input of the next.
The output of the first stage is used asr the input to a second stage.
. Ee out;'sut of the second stage is used as the input to the third stage, and so o0
The # relbas;c purpose of a multistage arrangement is to increase the overall voltage gain
olai voltage ] . . : \ :
gains). ge gain of a multistage amplifier is the product of the individual gains (*"*

MULTISTAGE VOLTAGE GAIN
Fig. 36.19 shows a multistage amplifier.

Fig. 36.19




