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UNIT Il BJT AMPLIFIERS

2.1 Introduction

An amplifier is used to increase the signal level. It is used to get a larger signal
output from a small signal input. Assume a sinusoidal signal at the input of the amplifier.
At the output, signal must remain sinusoidal in waveform with frequency same as that of
input. To make the transistor work as an amplifier, it is to be biased to operate in active
region. It means base-emitter junction is forward biased and base-collector junction is
reverse biased.

Let us consider the common emitter amplifier circuit using voltage divider bias.
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Fig. Common emitter amplif=

In the absence of input signal, only D.C. voltage is present in the circuit. It is
known as zero signal or no signal condition or quiescent condition. D.C. collector-emitter
voltage Vcg, D.C. collector current Ic and base current Ig is the quiescent operating point
for the amplifier. Due to this base current varies sinusoidaly as shown in the below figure.
Fig. Isg is quiescent DC base current

If the transistor is biased to operate in active region, output is linearly proportional
to the input. The collector current is  times larger than the input base current in CE
configuration. The collector current will also vary sinusoidally about its quiescent value
lcq. The output voltage will also vary sinusoidally as shown in the below figure.

(k)
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Variations in the collector current and voltage between collector and emitter due
to change in base current are shown graphically with the help of load line in the above
figure.

2.2 Common Emitter Amplifier Circuit

Fig. Practical common-emitter amplifier circuit
From above circuit, it consists of different circuit components. The functions of these
components are as follows:
1. Biasing Circuit:
Resistors R1, R, and Re forms the voltage divider biasing circuit for CE amplifier and
it sets the proper operating point for CE amplifier.
2. Input Capacitor C;:
C, couples the signal to base of the transistor. It blocks any D.C. component present
in the signal and passes only A.C. signal for amplification.
3. Emitter Bypass Capacitor Cg:
Ce is connected in parallel with emitter resistance Rg to provide a low reactance path
to the amplified A.C. This will reduce the output voltage and reducing the gain value.
4. Output Coupling Capacitor C;:
C, couples the output of the amplifier to the load or to the next stage of the amplifier.
It blocks D.C. and passes only A.C. part of the amplified signal.

Need for C,, C,, and Ckg:
The impedance of the capacitor is given by,

Xe =1/ (2[1f)

Phase reversal:

The phase relationship between the input and output voltages can be determined by
considering the effect of positive and negative half cycle separately. The collector
current is B times the base current, so the collector current will also increases. This
increases the voltage drop across Rc.

Vc =Vce - IcRe
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Increase in Ic results in a drop in collector voltage V¢, as Vcc is constant. V;
increases in a positive direction, V, goes in negative direction and negative half cycle
of output voltage can be obtained for positive half cycle at the input.

In negative half cycle of input, A.C. and D.C. voltage will oppose each other.
This will reduce the base current. Accordingly collector current and drop across Rc
both will reduce and it increases the output voltage. So positive half cycle at the
output for negative half cycle at the input can be obtained. So there is a phase shift of
180° between input and output voltages for a common emitter amplifier.

2.3 Common Collector Amplifier Circuit:

Fig. Common colleetor circuit

From above circuit, D.C. biasing is provided by Ri, R, and Re. The load resistance is
capacitor coupled to the emitter terminal of the transistor. When a signal is applied to
base of the transistor, Vg is increased and decreased as the signal goes positive and
negative respectively.

From figure, VE = VB - Vge

Consider Vg is constant, so the variation in Vg appears at emitter and emitter voltage Ve
will vary same as base voltage Vg. In common collector circuit, emitter terminal follows
the signal voltage applied to the base. It is also known as emitter follower.

2.4 Common Base Amplifier Circuit:

Fig. Common base ¢irguit
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From above circuit, the signal source is coupled to the emitter of the
transistor through C;. The load resistance R is coupled to the collector of the transistor
through C,. The positive going pulse of input source increases the emitter voltage. As
base voltage is constant, forward bias of emitter-base junction reduces. This reduces Iy, I¢
and drop across Rc.

Vo =Vcc - IcRe
Reduction in I¢c results in an increase in V,. Positive going input produces positive going
output and vice versa. So there is no phase shift between input and output in common
base amplifier.

2.5 Small Signal Low Frequency h-parameter Model:
Let us consider the transistor amplifier as a block box.

| |
jn ! = i

| - “—i,. .
v Transistor nr
I amlitier Yo Yo
- O — i —
Fig. Transistor amplifer

Where, I; — input current to the amplifier
Vi - input voltage to the amplifier

I, — output current of the amplifier

V,— output voltage of the amplifier

Input current is an independent variable. Input voltage and output current are dependent
variables. Input current and output voltage are independent variables.

1y

vio= Lo LV, )
o = & {L,V,)
This can be written in the equation form as,
.'n.l = |'|.| I_ + ;:'I 12 ."':_-.
i-.| = ||:|' |. -i'l' . l'l.'.

! o [l

The above equation can also be written using alphabetic notations,
Vi = hy-Ij +h_ Vv

|l_. L+h, -V,

Definitions of h-parameter:
The parameters in the above equations are defined as follows:
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h11 — input resistance with output short-circuited in ohms

h1, — fraction of output voltage at input with input open circuited, it is unitless

ho1 — forward current transfer ratio or current gain with output short circuited, it is
unitless

h2, — output admittance with input open circuited in mhos

Benefits of h-parameters:

1.

2
3.
4.
5

Real numbers at audio frequencies

Easy to measure

Can be obtained from the transistor static characteristic curve
Convenient to use in circuit analysis and design

Most of the transistor manufacturers specify the h-parameters

2.6 h-Parameters for all three configurations:

2021-2022

Dept of ECE

Transistor can be represented as two port network by making anyone
terminal common between input and output. There are three possible configurations in
which a transistor can be used, there is a change in terminal voltage and current for
different transistor configurations. To designate the type of configuration another
subscript is added to h-parameters.

hie = h11e— input resistance in CE configuration

h#, = ha1p — short circuit current gain in CB configuration

Table: Summarizes h-parameters for all three configurations
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The basic circuit of hybrid model is same for all three configurations, only parameters
are different.
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Fig. Transistor configurations and their hybrid models

The circuit and equations are valid for either NPN or PNP transistor and are
independent of the type of load or method of biasing.

Determination of h-parameters from characteristics:

Consider CE configuration, its functional relationship can be defined from
the following equations:

f][]-?,'h"“,]
I{ = fz{ll'_'l-'v.:u:l

The input characteristic curve gives the relationship between input voltage
Vge and input current Ig for different values of output voltage Vce. The following figure
shows the typical input characteristic curve for CE configuration.

H

Vi
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Fig. Typical input characteristic curves for

the common emitter rangistor configuration
Determination of h;c and h, from characteristic curve:

Parameter hie:

Ill:& = j.i$!:£ll - EEFFZ." - l""II'IJ-'J
4 :"'rl'_'F:l.-nu:'«!:nn J; ?I‘; s
Parameter hy:
hpy = ;l_lllﬁi' = VB2 - Vg,
o UCE i.',1'3-.'\1515[.":: Yeez V_“:'—

The output characteristic curve gives the relationship between output current Ic and
output voltage Ve for different values of input current Ig.

.L-'_'_\—\_
e Vom -

Fig. Typi l
YPICal output characterizs
FiStic cur
EOMmon amitter Canffguration T

Determination of hg and h, from output characteristic curve:
Parameter hg:

e = Al
;"'llr_; -

lea =1y
I'I'::|;'1:'.j|||:.|:5_-|| I[!-.,,' _'J A
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Parameter hge:

AT lra =1y

AV  Weer - Vem

hoe: - I|f-_'-,|||hl.l!'|l
2.7 Midband analysis of BJT Single Stage Amplifiers:
Consider the basic amplifier circuit. To form a transistor amplifier

only is is necessary to connect an external load and signal source along with proper
biasing.

Transisioe

|
A natwark with Vi >
proper biasirg L I i

™

Fig. Basic transistor amplifier

We can replace the transistor circuit as shown in the following figure.

R |
iy 1 h_on
s e . T Iz

2
T | Vi — —
QN - T

-lfrl [! -._r
N i -V ":;h v. Sz
I_ 1 - e gl | 2 2R

- ey <

|

— = , =
— ——1——1.__1_ -
Fig, 2

T N
“N3istor amplifier in jte h-parameter made|
(" ¥ (]

. -

Let us analyze the hybrid model to find current gain, input resistance, voltage gain and
output resistance.

Current gain (A):
It is defined as the ratio of output to input current. It is given by,
A ;o= L - J?_
I I

Here I and I, are equal in magnitude but opposite in sign. I, = -1,
From above circuit,
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Iy = hg I +h, Vs
Substituting V; = -I,R_ in the equation, then equation become,
2 = hyly+hy, -1, Ry )

ﬂ +J1|I' l':[,:l I;__.\- = hF I]

L _
I 1+h, R,
J‘flnl = {_i' - _-_'hr
I; J-"ﬁ:ﬁ_
Currentgain"(Aus): .
It is given by,
Ay =L _ Loy
L I,
= Ai !_I
]H

-
Il

el G

- saction {h} Input section of hybrid model wi
= hybiid modsl } WF;H‘;';m ction of fiybrid model with
voltage source

Fig.
From above figure, using current divider rule,
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Input Impedance (Z)):

Dept of ECE

Ri is the input resistance looking into the amplifier input terminals (1, 1°). It is given by,

= :
From the input circuit,

i = hi||—|'l:.1'.-'lz

zi = hy+DrATDR hy +h. A R
[ r
Substituting
, Iy
' 1+h, B
Then we get,
‘?—: = |"|| —J-I:L:..EL
' l+h, R
Dividing numerator and denominator by R, we get,
Zi = h;=lehy
I.llli':.lI = .|.| ™
h, h
.|"‘| = J]i —_— h 1" |
3 I‘-- WNEDE ¥ =
L+ " |{|
From this equation, note that the input impedance is a function offload impedance
Voltage gain (A)):
It is the ratio of output voltage to input voltage. It is given by,
Vo,
A, = —=
Vo
1
By substituting V, = -I,R. = Aj I1 R _
A Al E;. _ AR
V; Z
i DR
Since Vi i

2021-2022
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Voltage gain (A):
It is voltage gain including the source. It is given by,

Ay = 222Y2, Y,
v g Y I \':_‘
A TS .'A\ v X -Il‘:‘ l
'S
R

Fig,
From above figure, applying potential divider rule, then we get,
; F
v e S -
' TRz s
IL':_|_ _ __"'-:i
Vs R, + 7,
Substituting the value of V1/Vs in the equation of
By A x ¥
X e
We get,
A, = Li
R+ 2Z,
> A |'!-_| A = _.'4|.| =
R.+ R, Ay = —-

Output Admittance (Yo):

It is the ratio of output current to output voltage. It is given by,

| . ;
= with V, = 0
V5

From equation,
L2 = he I +h, Wy
Dividing above equation by V,, We get,

2021-2022
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/B T +h,

From transistor amplifier in h-parameter model circuit, with V=0,

Rsly + hily +h V2 =0
(Rs+ hj) Iy =-h V;

[ h,

Vo R, +h;
Substituting the value of I;/V, from above equation in the equation of Y,. We obtain,

he
. ror
Y o hy TR,

From this equation, note that the output admittance is a function of source resistance.
Power gain (Ap):

It is the ratio of average power delivered to the load to the input power. Output
power is given as,

Since the input power is P = V1l;
The operating power gain A, of the transistor is given as,

' e K
P,  Vola _, ,o-a2Be = L
= L e = Ay A {7 7
PI W 1 1| 1
Relation between As and Ays:
From equation,
e?i 2 A, =i R _ A K
g T EI ¥ .:"I:. _"I_i o= F:‘h
Avs = : and
We have,
."'.I Rl _.II
'?I i Fl 5 ] ;s = 'g ;_Jt'\- 3
& K %

Taking ratio of above two equations we get,
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M

Table: Summarizes small signal analysis of a transistor amplifier

| Aaim =i |

i I-lhlf"l":l
— L |

AR
ll|=|'Il. E -I—- H-
l Z+F, |
|
[ Al naim ey heBT
| A ] : |
e L |

| A, = |
; A, K A R,_ "l,lli = |

Method for analysis of a transistor circuit:
The analysis of transistor circuits for small signal behaviour can be made by following

simple guidelines. These guidelines are,

Draw the actual circuit diagram
Replace coupling capacitors and emitter bypass capacitor by short circuit

Replace D.C. source by a short circuit
Mark the points B, E, C on the circuit diagram and locate these points as the start

of the equivalent circuit
5. Replace the transistor by its h-parameter model

Problem 1:
For the common base circuit shown in figure, transistor parameters are hj, = 22Q,

hsy = -0.98, hopy = 0.49pA/V, hy = 2.9*10™. Calculate the values of input resistance,
output resistance, current gain and voltage gain for the given circuit.

el N =

2021-2022 Jeppiaar Institute of technology
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Solution:
Change the given figure into h-parameter equivalent model.

a) Current gain

() =~ Db
]+h-:|bﬂj,

= (= 0.98)
14049%10 0 x505 K 07
b) Input Resistance
[I'S]-.] hﬁJ T I-:'rl:- 'jli Ei
228 + 295 W * % (0.977) (545 K)=23340
c) Voltage gain

(A} = DRL _ (0977)x(545K)
R; 2355 - 226
d) Overall voltage gain
1|'r 1|I|'I '|I,l' r -
J"!;,H.-—. o e e ] :,1"'\ WV
VT V. V.V, where -LT = ="'"L.,- ﬁ _ -

K 23,43
T = 2Mgw _ TT= -
M-EE"'] K—E.]."i-

e) Overall current gain

2021-2022 Jeppiaar Institute of technology
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-dll = i — I'—l:--"_:.;'L'-:
L, LTI
[L - - —R{ = - - i]k: —
I Re +R, 0K+iog -~ M54
¢_—1—" _ q
L “JL R —
3 5 = 8
P— 1
= — -
Fig Fig.
l'.'
i‘t' = = A = - 0977
e _ Ry sk
3R, R o aa= = (L9995

A i[ll':i‘.".'ill_'llilj = (- 0.454) = (- 0977 = 0,995 = 0.447

f) Output Resistance

1 ~ 1.21 M&2
(0 098x2,9x107 )

1 —i

U T T 224R33.33

Ro = Ro || R’ = 1.21M || 5.45K = 5.425KQ

Problem 2:
Consider a single stage CE amplifier with Rs = 1KQ, R = 1.2KQ. Calculate A;, R;,

Ay, Ais, power gain and R, if hje = 1.1k, hye = 2.5*10™ hg =50 and hee = 25uA/V.
Solution:

. ..-I;..I fe B — -80 = — 4H,54
l+h. Ry 1+25=10° 7 x1.2x10°

2021-2022 Jeppiaar Institute of technology
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Botho A Ry = 1100 - 2.5x107% x 48.54 % 1200 = 108544 0

Ri =
'_"i. .]{L i - ':!-B::""I:rx L&I::'::I - —5-3,&63
A= R 1085 44
A LR 53663 108544 oo

A= R +R, 108544 + 1000
VS — :

_-*L,E“IL? i 48.54 Hlll-l_L:I'?_ - _ 2328
R; +13 108544 + 1000
Ais =
Yo= Rp=
- -4
h!l.'hl'. _ “_5{'}{2"? H:.,.lﬂ =190 pAV
*"h, R, il 1100 + 1000 5§
1l sk
.\[n j'ﬁwlﬂ"""
Problem 3:

Consider a single stage CE amplifier with Rs = 1k, R; = 50k, R, = 2k, R = 2k, R =
2K, hie = 1.1K, hee = 25pA/V, hse = 50 and hye = 2.5*10™* as shown in the figure.

Flnd Ai, R|, Av, A|, AVS and Ro.

N

Solution:
Since hee RL = 25%10°°*(2K || 2K) = 0.25, which is less than 0.1, so use approximate

analysis.
Consider the simplified hybrid model for the given circuit.
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JI—I
: A

Flg,

:';1) Current gain
A = —hy=-5
b) Input Impedance
(B} = h,=11K
I':-'Li = E'|i|_- ,ll' H: | R? = 11K 50 K |I|I 7K = =00

A (o]

c) Voltage gain

d) Output Impedance
!E :l i

K, = I
0 R.:s--lkl,:w“z‘kllzk-'ulfi

e) Overall voltage gain

(A= Yo _ Vo Vy

Vs V7V

f) Overall current gain

2021-2022 Jeppiaar Institute of technology
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Fig. Fig.
L.._Re -1K
I Ee+R,  TEeqe =05
I
[, - hy, =50
From above figure,
;i = R (50 2)
5 Ky o |.‘5”T| ﬁ-l-ﬂ =638

1
A (o creuity = T == 0.5% 50 x 1636 = - 15.9

Comparison of Transistor Configurations:

Sr.No. isti ' a ollee
! r.No. Characteristic mComan _IEsg- - Common Emitter  Common Collec
_1 [n;jut :miﬁmnc-q-_ ~ Very low (20 0) Lo {1 K2) R llL‘ghT‘i:,‘(l ki ]
AR SR 2 R e T
Otput resistance ‘\act} hlgh {1 My High (40 k) Low (50 £
l 3 Input current Ig ; i s g
it o - el SR e T Fdiis 5}
- 4. Ouitput current I I 3 ey 2
& et - iy cAL ey ; I :
5 Input voltage Emi : i = e
' nppsic_'d‘&emien itter and Base Base and Emilter Base and Callector
R Onitput volta ¥ i 7 7
, e Collector ullec i
|ﬂ ) i bg-tws_‘_cn and Base Ln[[!;;?r,tl :nd Emitter and Collecss
4. .Currem |(£ 0 —' > 5 : ;
amplification factor el o e -
i i S E Iy Jiey 8
' B Current gain Less than unity Hrigh —i;j ;
q__ — i) AT (20 o fen_'_h;mdmds) (20 to l’mvi}:mdred.-‘.-
' el ) }ultig:a gan  Medium Medium e bow &
10, Applications As T al R
/ E a inpul stage of For audio signal or i i
| . : audics signa F chi
‘ e i s ﬁﬁ: or impedance match

2.8 Introduction of Differential Amplifier
A device which accepts an input signal and produces an output signal proportional

to the input, is called an amplifier. An amplifier which amplifies the difference between.
the two input signals is called differential amplifier. The differential amplifier
configuration is used in variety of analog circuits. The. differential amplifier is an
essential and basic building block in modern IC amplifier .The Integrated Circuit (IC)
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technology is well known now a days, due to which the design of complex circuits
become very simple. The IC version of operational amplifier is inexpensive, takes up less
space and consumes less power. The. differential amplifier is the basic building block of
such IC operational amplifier.
Basics of Differential Amplifier

The Differential Amplifier amplifies the difference between two input voltage
signal. Hence it is also called as difference amplifier.
Consider an ideal differential amplifier shown in the Fig. A

-

Wy ° I} R
%V Jdeal | V4 = Difference

- Vy dtﬁ’erelrmai —oy, out volt i

amplifier g o input voltage |

o y _— 1 = V1 -— V2 |

Fig. Ideal differential amplifier

V1 and V; are the two input signals while Vo is the output. Each signal is measured with
respect to the ground.

In an ideal differential amplifier, the output voltage Vo is proportional to the
difference between the two input signals. Hence we can write,
o = Vi=Vy) - -0 1)
Differential Gain A
From Equation 1 we can write,

17
¥

Vo = Aa V1 - V2) ..(2)

where Ap is the constant of proportionality. The Ap is the gain with which differential
amplifier amplifies the difference between two input signals. Thus it is called differential
gain of the differential amplifier.
Thus, Ad = Differential gain

The difference between the two inputs (V1 - V,) is generally called difference
voltage and denoted as Vd.

Vo = Agq Vy
Hence the differential gain can be expressed as,
Vo
Ag =
d ..(4)

Generally the differential gain is expressed in its decibel (dB) value as,
A‘[ = 20 LOgm (/\d) in dB (5)

Common Mode Gain Ac

If we apply two input voltages which are equal in all the respects to the
differential amplifier i.e. V1 = Vz then ideally the output voltage Vo = (V1 - V2) Ay,
must be zero.But the output voltage of the practical differential amplifier not only
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depends on thedifference voltage but also depends on the average common level of the
two inputs.
Such an average level of the two input signals is called common mode signal denoted
as V¢
V. = V] ™ Vz
¢ 2 ...(6)

Practically, the differential amplifier produces the output voltage proportional to such
common mode signal, also. The gain with which it amplifies the common mode signal to
produce the output is called common mode gain of the differential amplifier Ac,

Vo = AcVe (7)

Thus there exists some finite output for V1 = V2 due to such common mode gain Ac,
in case of practical differential amplifiers.

So the total output of any differential amplifier can be expressed as,
Vo = Ag Vag+A, V, .(8)

For an ideal differential amplifier, the differential gain Ag, must be infinite

while the common mode gain must be zero.

But due to mismatch in the internal circuitry, there is some output available for

V1 = V2 and gain Ac is not practically zero. The value of such common mode gain Ac
very small while the value of the differential gain Aq is always very large.

Common Mode Rejection Ratio (CMRR)

When the same voltage is applied to both the inputs, the differential amplifier is
said to be operated in a common mode configuration. Many disturbance signals, noise
signal appear as a common input signal to both the input terminals of the differential
amplifier. Such a common signal should be rejected by the differential amplifier. The
ability of a differential amplifier to reject a common mode signal is expressed by a ratio
called common mode rejection ratio denoted as CMRR. It is defined as the ratio of the
differential voltage gain Aq to common mode voltage gain Ac

Ag
CMRR = p=i—-*%
A -...9)
. . ‘Ad
CMRR in dB = 20 log |--4 dB (10
I C

2.9 Transistorised Differential Amplifier

The transistorised differential amplifier basically uses the emitter biased circuits
which are identical in characteristics. Such two identical emitter biased circuits are
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WVee +HVee

The two transistors Q1 and Q2 have
Req Rez exactly matched characteristics. The
two collector
. f . Resistors R ¢; and R ¢, are equal
! Q; QZ@_OQ_‘ while the two emitter resistances R g1
[ Y and R g»
E1 F21 are equal.
Re Rez Rep = Rep and Ry =Ry

~VEe ~Vee
Emitter biased circuits

The magnitudes of + VVcc and — V g are also same. The differential amplifier can be
obtained by using such two emitter biased circuits. This is achieved by connecting emitter
E1 of Q1 to the emitter E2 of Q2. Due to this, R g1 appears in parallel with R g, and the
combination can be replaced by a single resistance denoted as R g. The base B; of Q1 is
connected to the input 1 which is V s; while the base B , of Q, is connected to the input 2
which is Vs2. The supply voltages are measured with respect to ground. The balanced
output is taken between the collector C1 of Q1 and the collector C2 of Q ,. Such an
amplifier is called emitter coupled differential amplifier. The two collector resistances are
same hence can be denoted as R ¢..

The output can be taken between two collectors or in between one of the two
collectors and the ground. When the output is taken between the two collectors, none of
them is grounded then it is called balanced output, double ended output or floating output.
When the output is taken between any of the collectors and the ground, it is called
unbalanced output or single ended output. The complete circuit diagram of such a basic
dual input, balanced output differential amplifier is shown in the Fig.

+Veg

Re

\Source % ) Source/

Signal Signal

—Vee

Dual input, balanced output differential amplifier

As the output is taken between two output terminals, none of them is grounded, it is
called balanced output differential amplifier.
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Let us study the circuit operation in the two modes namely
e Differential mode operation

e Common mode operation

2.9.1 Differential Mode Operation

In the differential mode, the two input signals are different from each other.
Consider the two input signals which are same in magnitude but 180" out of phase. These
signals, with opposite phase can be obtained from the center tap transformer. The circuit
used in differential mode operation is shown in the Fig..

ik

=—— —+— Center tap transformer

Source
Fig Differential mode operation

Assume that the sine wave on the base of Q 1is positive going while on the base of
Q 2 is negative going. With a positive going signal on the base of Q ;, m amplified
negative going signal develops on the collector of Q1. Due to positive going signal,
current through R g also increases and hence a positive going wave is developed across R
e. Due to negative going signal on the base of Q2, an amplified positive going signal
develops on the collector of Q ,. And a negative going signal develops across R,
because of emitter follower action of Q ,. So signal voltages across R g, due to the effect
of Q1 and Q2 are equal in magnitude and 1800 out of phase, due to matched pair of
transistors. Hence these two signals cancel each other and there is no signal across the
emitter resistance. Hence there is no a.c. signal current flowing through the emitter
resistance. Hence R g in this case does not introduce negative feedback. While Vo is the
output taken across collector of Q1 and collector of Q ,. The two outputs on collector L
and 2 are equal in magnitude but opposite in polarity. And Vo is the difference between
these two signals, e.g. +10 - (-10) = + 20.

Hence the difference output Vo is twice as large as the signal voltage from
either collector to ground
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2.9.2 Common Mode Operation

In this mode, the signals applied to the base of Q1 and Q2 are derived from the
same source. So the two signals are equal in magnitude as well as in phase. The circuit
diagram is shown in the Fig.

In phase signal voltages at the bases of Q1 and Q2 causes in phase signal voltages
to appear across R g, which add together. Hence R g carries a signal current and provides
a negative feedback. This feedback reduces the common mode gain of differential
amplifier.

Fig. Common mode operation
While the two signals causes in phase signal voltages of equal magnitude to appear across
the two collectors of Q 1 and Q2. Now the output voltage is the difference between the
two collector voltages, which are equal and also same in phase, Eg. (20) - (20) = 0. Thus
the difference output Vo is almost zero, negligibly small. ideally it should be zero.

2.10 Configurations of Differential Amplifier

The differential amplifier, in the difference amplifier stage in the op-amp, can be
used in four configurations :
e Dual input balanced output differential amplifier.
e Dual input, unbalanced output differential amplifier.
e Single input, balanced output differential amplifier.
e Single input, unbalanced output differential amplifier.

The differential amplifier uses two transistors in common emitter configuration. If
output is taken between the two collectors it is called balanced output or double ended
output. While if the output is taken between one collector with respect to ground it is
called unbalanced output or single ended output. If the signal is given to both the input
terminals it is called dual input, while if the signal is given to only one input terminal and
other terminal is grounded it is called single input or single ended input. Out of these four
configurations the dual input, balanced output is the basic differential amplifier
configuration. This is shown in the Fig. (a). The dual input, unbalanced output
differential amplifier is shown in the Fig.(b). The single input, balanced output
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differential amplifier is shown in the Fig (c) and the single input, unbalanced output
differential amplifier is shown in the Fig. (d).

?Vee @ +Vee

(a) Dual input balanced output (b) Dual input unbalanced output

?+Vee ?+Vee

_VEE

(c) Single input balanced output (d) Single input unbalanced output
2.11 D.C. Analysis of Differential Amplifier

The d.c. analysis means to obtain the operating point values i.e. | ¢cq and V cgq for
the transistors used. The supply voltages are d.c. while the input signals are a.c., so d.c
equivalent circuit can be obtained simply by reducing the input a.c. signals to zero. The
d.c. equivalent circuit thus obtained is shown in the Fig.. Assuming Rs 1 = R sy, the
source resistance is simply denoted by Rs ,

SCE 75 Dept of ECE
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¥ To ground Ve To ground
Vs1=0 Va2=0

Fig. D.C. equivalent circuit

The transistors Q1 and Q , are matched transistors and hence for such a matched pair
we can assume :

i) Both the transistors have the same characteristics.

II) Rei=Rg hence R e=REr IR E2.

iii) R c1 =R ¢ 2 hence denoted as R ¢.

IV) IV ccl = IV ge | and both are measured with respect to ground.

As the two transistors are matched and circuit is symmetrical, it is enough to find out
operating point | co and V ceq, for any one of the two transistors. The same is applicable
for the other transistor.

Apply-g KVL to base-emitter loop of the transistor Q1,

—IgRg = Vpp = 2IgRg + Vi = 0

I[- - ﬁEB and |(' = ]|.:
(o= LB
T )
Substituting in equation (1), we get
~1. Re
—E S e 20ERE 4+ Ve = 0

p 0
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Re¢
In practice, generally T“ <<2Rg

Vee ~ VBE 6
g = & _ ...(6)
2Rg
Now let us determine V. As | is known and 1g = I, we can determine the

lector voltage of Q; as
Ve = Vee = IcRe ~(7)

Neglecting the drop across Rg, we can say that the voltage at the emitter of Q; is
proximately equal to —Vgzg. Hence the collector to emitter voltage is

Ver = Ve = Vi = (Vee = TeRe) = (=Vgg)
Vee = Vee + Ve = IeRe -.-(8)

Hence I = I¢ = l¢g while Ve = Vepg for given values of Ve and Vg,

Thus for both the transistors, we can determine operating point values, using
equations (6) and (8) With the same biasing arrangement, the d.c. analysis
remains same for all the four possible configurations of differential amplifier.

- Vee~Vee _ VEE-VBE _g
E7 R A8 y

3

—2 L IR -
H E
Veeo = Vee + Ve —lcoRe

2.12 A.C. Analysis of Differential Amplifier using h-Parameters

In the a.c. analysis, we will calculate the differential gain A 4, common mode gain
A ¢, input resistance Ri and the output resistance R  of the differential amplifier circuit,
using the h-parameters.

1. Differential Gain (A g)

For the differential gain calculation, the two input signals must be different from
each other. Let the two a.c. input signals be equal in magnitude but having 180" phase
difference in between them. The magnitude of each a.c. input voltage V s; and V s, beVs
/2. The two a.c. emitter currents | e; and | e; are equal in magnitude and 180’ out of phase.
Hence they cancel each other to get resultant a.c. current through the emitter as zero. For
the a.c. purposes emitter terminal can be grounded. The a.c. small signal differential
amplifier circuit with grounded emitter terminal is shown in the Figl As the two
transistors are matched, the a.c. equivalent circuit for the other transistor is identical to
the one shown in the Fig..1. Thus the circuit can be analyzed by considering only one
transistor. This is called as half circuit concept of analysis. The approximate hybrid
model for the above circuit can be shown as in the Fig.2, neglecting hoe,
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D.C. supply is
grounded for
a.c. equaivalent

Thus R is between
 collector and ground
for a.c. purposes

Rs ©

Fig.2 Approximate hybrid model

Applying KVL to the input loop,

Vi _
=T Rg =TIy hi + ---2-?"- =0 (1)
_[h{R.“;_.hiu} = —%
R T -(2)
Z{Rs'l'h“_]

Applying KVL to the output loop,
V = h fe Ih RL (3}

4]

Substituting equation (2) in equation (3),

Vo = —hg R Vs
o = Tl Ke 2(Rg+hy.)
A i TR
Vg 2(Rg +hije)
The negative sig'hmiﬁd'i“cé'tés' 't“hé”ph'ase difference between input and output. Now two
input signal magnitudes are Vs /2 but they are opposite in polarity, as 180" out of phase.
Vg ‘ Vg

Vi = Vi =V, = -2
d 1 2 =5
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The magnitude of the differential gain Ay is

oy = V_:- T R+ h_:) . (For unbalanced output) ...(5)
where Vg = Differential input
the expression for A 4 with balanced output changes as

he Re

A d = > ——E ¢
he Re f .
Agrz oo 18 ob - (mgenitudey. 1 ---6)
TR thy s

This is the differential ga'i'n'f'c;rlbé'ilér'iéed output dual input differential amplifier
circuit.

2. Common Mode Gain (A ¢)

Let the magnitude of both the a.c. input signals be VS and are in phase with each
other. Hence the differential input Vd = 0 while the common mode input Vc is the
average value of the two.

Vi+V, Vgt Vg (7

V. = 5 5
= \-’rg
the output can be expressed as
V, = A, Vg ... (8)
AT Vo ..-(:8 (a))
C VS
But now both the emitter currents flows through R g in the Same direction. Hence the
total current flowing through R g is 21 .. considering only one transistor, as in the Fig

0
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D.C. voltages
are ground for
a.c. analysis

From other
part

- Equivalent for
a.c. analysis —

Fig. A.C. equivalent for common mode operation
The emitter resistance is shown 2 RE in the Fig

+ *_c_ 2.0
R help 2 h uf
(-] o -
+ _ R
5 c
Vg ™™+ =TI X

(I, + 1) i 2Rg

Fig. Approximate hybrid model

Current through R ¢ Load current I

Effective emitter resistance 2 Rg

Current through emitter resistance I, +1,

Current through hy, = (I ~hglp)

Negative sign due to the assumed direction of current. Applying KVL to the output
loop,

il S |
(U =helo) e +1p)-1 Re = O

h e
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, 4#:_+h'élb—2RElL—2RE[b—ILRC =0

e o

h |
[b{hk _ZRE} = [L|:h—+2RF +R;_‘_‘1

0¢ oc 4

Ip[hp —2RE hoe] = 1y [T+h QR +Re)]

I _ [hpe —2Rg he] ... (10)
lb [1+h03 (2RE+RCH

Substituting value of I, into the equation (8(b)), we get

ve - lllthe (2RE+R(:)](Rs+hie+2RL~‘)+1L(2RF)
S [h —2Rg hgel

Vg [1+hge [2RF+R(‘)](R§+hie T2RE)
S - : - S T ok + (2Rp)
I [he —2Rg hy.] .

Finding L.C.M. and adjusting the terms, we get
Vg _2RE (I+hg) +Rg(1+2REg hye) +hie (1+2Rg hoe) +hye Re [2Rg #Rg+hie ]

Cn [ 2R b]
. Vs _2Rp (I+hp) #(Rg+hje) (1+2Rg hoe) thoe Re[2RE +Rg+hie] .
Iy [hfe —2RE he]
Neglecting the terms of h,, R as practically h,, R¢ < < 1.
Vs _ 2Rg (Ithp)+(Rgt+h;)(1+2Rg hy,) 12

I [h = 2RE ho]

Substituting the value of I, in the equation (9)

v _ "'Vs(h fe = 2RF h 0e} RC
o 2RE(1+hfc}+(!{5+hic)(l+2RE hoc )

Hence the common mode gain can be written as (absorbing negative sign),

A = Yo_  CRehee-hp)Re (13)
¢ Vg 2Rp(1+hg)+(Rg+h, )(1+2Rg hy) T

In practice h,, is generally neglected hence the expression for A, can be further
modified as

—hi‘ R~
A — e " C )
) Rg+hje +2Rg (1+hg) ~.(14)

2.13 Common Mode rejection Ratio (CMRR)

Once the differential and common mode gains are obtained, the expression for the CMRR
can be obtained as,
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A
CMRR = 1]
A, ]
Re+h. + (1+he
CMRR = Rsthie t2Rp(l+he) (15)

This is CMRR for dual input balanced output differential amplifier circuit.

2.14 Techniques of Improving Input Impedance

Among three configurations (CB, CC and CE), common collector or emitter
follower circuit has high input impedance. Typically it is 200 KQ to 300 KQ. A single
stage emitter follower circuit can give input impedance upto 500 KQ. However, the input
impedance considering biasing resistors is
Figure shows the direct coupling of two stages of emitter follower significantly less.
Because Ri’ = R; Il R, Il Ri The input impedance of the circuit can be improved by direct
coupling of two stages of emitter follower amplifier. The input impedance can be
increased using two techniques :

e Using direct coupling (Darlington connection)
e Using Bootstrap technique

2.14.1 Darlington Transistors

Figure shows the direct coupling of two stages of emitter follower amplifier. This

cascaded connection of two emitter followers is called the Darlington connection.
. —0 *Vcg

; -

Ra

j
4-‘—-__—
e
3 AN e

rf

SR

Py
m
L AN

R L
i1 7 s o
Assume that the load resistance R, is such that R, hoe < 0.1, therefore we can use

approximate analysis method for analyzing second stage.
1

I
I

Figure shows approximate h-parameter (AC) equivalent circuit for common emitter
configuration. The same circuit can be redrawn by making collector common to have
approximate h-parameter equivalent circuit for common collector configuration.
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L E
T (1+r"feflh .
|e f] _;r
Vz Nielp i éRE
Sl
Riz
Analysis of second stage :
. I, I. Ip+hely _ In(l+hg)
a) Current Gain (Ap) : Ap = ——=—+—= b felb _ 2 (1+hg
- i L It Iy Iy
{
[ Ap,=1+h,
b) Input Resistance (R,;)) : R= —
Applying KVL to outer loop we get,
\/2 X "!1_' hil‘ = !r_l RF. O
Vy = Ipohye + IRy
Va [o
Iz B + I—L: Re
R, = h, + ApRg since, o = Ao
| Rp =h, +(1+hy)Rg
Ro = (1+hg)Rg v h, << (1 +hy) Rg

Analysis of first stage :

Load resistance of the first stage is the input resistance of the second stage i.e. Ri2. As Rj,
is high, usually it does not meet the requirement hoe Rj, < 0.1, and hence we have to use
the exact analysis method for analysis of the first stage.

Figure shows the h-parameter equivalent circuit for common emitter configuration.
B, Mg Ip1 Ly Ih

( l e

| -

Vet f) t )NeThr Shoe Vees §RL‘. =(1+hee)Re

| 1/ :

E, | ;
G- - T e e * EEE T

The same CII’CUI'[ can be redrawn by making collector common to have h-parameter
equivalent circuit for common collector for configuration.
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B i, Mo A 4w g
- T I E
Vi h'e IMC hog Voel Vce': §RU "(1”“0)%
L ke
b4 b £
a) Current Gain (A ;1) :
_ e
All Ib!
- Iel
Ay = Tei
le] = (IM * Id)
and g = helyy +hpe Vg =hedyy + h, (L, Ryy) =he L, + b I o1 R

Substituting valuei of I, equation we get,
= =y + heelyy + o, Iy Ryy) = = Ky = helyy - h LRy

h
Iy %Ryl = —L; (1+hy)
_la _ _1+hg
S T+hg Ry

We know that, R, = (1+h)R.

i Ii 1+hg
S e S i <1+h.\)R,
= 1+h = X
= L T sl el
b) I i Vi
nput Resistance (R)) : R, = T
b1
Applying KVL to output loop we get,
2 Ibl hxe re cel + vc»ﬂ = 0

Vo= Ighy + R, Vo -V
The terms h, V_, is negligible since h _ is in the order of 2.5 x 107
Ibl e ™ (= IpoRyy) = Iy + ‘Ru
|
- Rig = m =D % bz Rm =T % f’ian

b
i

b, + Ay (1+ B Ry
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Substituting value of A;; we get,

Overall current gain(Ai)

éi = Ay X Ap

1+hfe

* GhaArhgie redig

A, =

(1+hg)?

1+h(1+h)Re

Dept of ECE

_ Vi 3 (1+hfe)(1+hfe)RE
BT T s Taha Tk Ra

- (1+h)?Rg
R hie+1+hoeh[eRE

_ (1+hg)*Re b (1+he)*Rg
R ~1+hoehfcRE j hie i 1+h<\ehfeRE

From table, we can say that Darlington connection improves input impedance as well as
current gain of the circuit
Overall Voltage gain

Parameter Single stage Darlington
Input resistance R = (1 + hy) Rg = 168.3 kQ = U+he)Re 466 M0
" 1+he(l+he)Rg
Current gain A =1+h =51 S ¢
: A T TR R~ 0

We know that

ARy
..I‘!"'__v = Tl—

By subtracting 1 on both sides we get

1l
1= Ay
A

2021-2022

A;Rp

b R;

B_i -AiRL a4 hic'*’hrc AiR( —A,'RL

Ry Ry
M oo L i :
R, Since h.=h,and h . =1-h, =1
R
1- R,
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We know that the overall voltage gain in multistage amplifier is a product of individual
voltage gain

=1 = !Iz-m ]' 144 |
o et . B - ™ Jll Ra-

&

: o ¥ h-i-." hii."
2 Ra RuRp

As we know, input resistance Ril >> Ri2 we can neglect term 3 and term 4 in the above
equation.

Output Impedance (Ro,) :
1 1
Ty = mﬁsrut admittance Yo

From equation, Yo of the transistor is given as

.:.1'_—,'- —{']-i-a'\“l]-
W o Sy M SR
Since
hO(‘ = hl}l.'.
h, = —(1+hy)
And
hic =5 hm
) 1+h
Yni = T h. +R
1+ ]".‘.;
Ya = F.7R
(1+h)
hoe h[c"'R-i
1
s
= h!l.‘] +Rs
Rﬁl = 1+hf|.‘

Looking at Figure we can see that the Rj; of the first stage is the source resistance
for second stage, i.e. Rs;= Roz
[fh ie1 + R 1
[ ——— |+ hml
R;g + hi,:z o L 1+hfﬂ A
1+h, =~ 1+hg,

R02 %

h]-;.l Ra‘ + hJLZ ‘
2 = {+hg)? I+hg |
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Since the current in T is 1+hg times the current in Tj, hj =(1+hg)hj substituting
this value of h i, in equation 15 we get,

(A+hg)hio+Rs  hije R ez R. h ez
R, = = = s+ - =
N (1+ hfa)? 1+hg l1+hg (1+h h')z 1+hg

o = R 2h ie2
2 (1+hg)? (1+hg)

Key Point:
e In above analysis we have assumed that the h-parameter of T1 and T2 are
identical,

e From the above analysis we have seen that Darlington connection of two
transistorimproves current gain and input resistance of the circuit.

2.14.2 Bootstrap Emitter Follower

Re C
- IL ) ¥
. R3 j
V, V.
I ]
R" R/
Fig. Bootstrap emitter follower

In emitter follower, the input resistance of the amplifier is reduced because of the
shunting effect of the biasing resistors. To overcome this problem the emitter follower
circuit is modified, as shown in the Figure. Here, two additional components are used,
resistance R, and capacitor C .The capacitor, is connected between the emitter and the
junction of R1,R2 and R3.

For d.c. signal, capacitor C acts as a open circuit and therefore resistance R1,R2
and R3 provides necessary biasing to keep the transistor in active region.

For ac signal, the capacitor acts as a short circuit. Its value is chosen such that it
provides very low reactance nearly short circuit at lowest operating frequency. Hence for
ac, the bottom of R3 is effectively connected to the output(the emitter), whereas the top
of R3 is at the -input. (the base). In other words, R3 is connected between input node and
output node. For such connection effective input resistance is given by Miller's theorem.
The two components are
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R3 is the impedance between output voltage and input voltage and K is the
voltage gain.

*Vee
Ry
RM1 1-A
v
R1 R3Av
R n =
c Mz R=1

:
1
L
i
I

u<
)
&/
L
<
po)
T £
L P—JV\N\/—
D
O
o
— VW
Z:U
b AN,

1 ey ? 2
R R; R; =
These are
= R 3 R 3 A v
RMI = T: ‘;j,“'_ and R M2 = —;L-;':—]T

Since, for an emitter follower, Av, approaches unity, then Ry, becomes extremely large.
Ri = Kl Ry

R =h,+(1+hy) R
The above effect, when Av tends to unity is called bootstrapping. The name arises from
the fact that, if one end of the resistor Rz changes in voltage, the other end of R3 moves

through the same potential difference; it is as if R3 is pulling itself up by its bootstraps.
1

Ii r Ry R,

B
The effective load on the emitter follower can be given as

By et = Rp || R, |l R?.”Rmz
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{i

Because of the capacitor, biasing resistances R1 and R2, come on output side shunting
effective load resistance. The resistance Ry is very large and hence it is often neglected.

RLEH = Rg || R] I Ri

Problem
1. For the circuit shown in Figure calculate R ¢, Ri, and Ri’

+Vee

Ry=20K

Solution : Here, R, ; =R, || R, || R; = 20K [| 20 K | 2K = 1.67 kQ
R = hg +(1+hg) R . =2x10°+ (1 +100) x 1.67 x 10° = 170.67 k&
; R;
v - R
. hi 2%103
wher A= Mmoo e S SCN R
: il v R, 170.67 x103

R{ 170.67x 10 || 11031;)88 =170.67 x 10° || 833.33 x 10° = 141.66 kQ

2. Analyze the following circuit for the following values of resistors and h-parameters
R. =10k R; =100k R»=10k R3=50k Rg=1k hi=1k8, hy{ =100, h =24x10"*
and h,, =25%10"5 A/V,

= 0.988
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Solution
Analysis of second stage

The load resistance R for second stage is given by

Riz = Re || Ri || Rz || Rm

By Miller's theorem Ry is given as Ruyp =§tA_‘1 As A, approaches to 1 in CC
amplifier Ryy; is very high. Hence Ri» can be approximated as,
Riz = Rg || Ry || Ry =1K|[100K ][] 10 K = 900.9
heeRi2 = 25x107° x900.9 = 0.0225

Since heRi2 <0.1 we can use the approximate analysis.

Analysis for second stage (common collector amplifier).

a) Current gain (A ;) Ap =1+hg =1+ 100 =101

b) Input resistance (R;;) Rip = hig+{1+hg )Rz = 1 K+ (1 + 100) 900.9 = 91.99 kQ

hic 1 1K

c) Voltage gain (A ») Ap =1 1

- —R_Q"'

Analysis of first stage
For first stage Rp; = Rj =91.99 kQ
heeRy = 25x1075%91.99%103 = 2.299

Since h ,;R; > 0.1 we have to use the exact analysis for the first stage.
1+hge 1+100 _

1+heRip  1+[25%1075 x91.99%10°]
b) Input resistance (R;;) Rip = hi+ ARy =1K+(30.6x91.99x10°) = 2.815 MQ
hi%.‘ 1K

¢) Voltage gain (A ;) Avp =1- ok 1- 2815 M

a) Current gain (A ;;) Ap

30.6

= 0.999%
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A, = AyXA,z =05999 x 0.989 = (0.988
Overall input resistance (R;) :
B = ] there R Ry . 90K 4166 MQ
N = N ] AN winere S i=A, 1 (]T‘)SS 4,100 Vidd
o Ry o= 2815 M| 4366 M = 1.679 MQ
Overali voitage gain (A ;) :
RS
4 7 7.
WN T | i_ er J"\\; = »E/S.:le\_‘
Vv Vs * R, - Rs Vs Vi 5
Vi SRy A R;
= L v K e
l I(, + R,
Fig. 2.79 1.679M
= 0.988X o = 0.
1.679M+10K 0.2
Qutput resistance (R,) :
I» = R>] +h ie
Ro1 = g7 o where R; = Ryy||Rs = 4.166 M || 10 K = 9.976 K
~ 9976K+1K _
i
Ro+hie Ry +hie
RG"' = e——— 1€ — ol L e —
> T+hg 1+hg * Ry =Re1
_ 108.6+1K _
= R 10.976 Q
Ros = Ra2 =Ry =10.976 || 9009 = 10.84 Q

Multistage Amplifiers
In practice, we need amplifier which can amplify a signal from a very weak source such

as a microphone, to a level which is suitable for the operation of another transducer
such as loudspeaker . This is achieved by cascading number of amplifier stages, known as

multistage amplifier

Need for Cascading
For faithful amplification amplifier should have desired voltage gain, current gain and it

should match its input impedance with the source and output impedance with the load.
Many times these primary requirements of the amplifier can not be achieved with single
stage amplifier, because of the limitation of the transistor/FET parameters. In such
situations more than one amplifier stages are cascaded such that input and output stages
provide impedance matching requirements with some amplification and remaining
middle stages provide most of the amplification.

We can say that,
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e When the amplification of a single stage amplifier is not sufficient, or,
e When the input or output impedance is not of the correct magnitude, for a
particular application two or more amplifier stages are connected, in cascade.
Such amplifier,with two or more stages is also known as multistage amplifier.
Two Stage Cascaded Amplifier

Smgﬂ‘i vui ""iz StﬂgEZ Vnz RL

Vil is the input of the first stage and Vo2 is the output of second stage.
So,Vo2/Vil is the overall voltage gain of two stage amplifier.

Ay = 2

Voo = M2

I
-

5
.
=

n-Stage Cascaded Amplifier

Stage 1 |v V| Stage 2 Vio Stage n

Voltage gain :

The resultant voltage gain of the multistage amplifier is the product of voltage gains of
the various stages.

Av = Avl Av2 ... Avn

Gain in Decibels

In many situations it is found very convenient to compare two powers on logarithmic
scale rather than on a linear scale. The unit of this logarithmic scale is called decibel
(abbreviated dB). The number N decibels by which a power P2 exceeds the power P1 is
defined by

P
N = 10 log F‘—
1
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Decibel, dB denotes power ratio. Negative values of number of dB means that the power
P2 is less than the reference power P1 and positive value of number of dB means the
power P2 is greater than the reference power P1.

For an amplifier, P1 may represent input power, and P2 may represent output power.
Both can be given as

Vi Vo
P o= g and P; = B
Where Ri and Ro are the input and output impedances of the amplifier respectively.Then,
N = 10 logy oL Re
- s Vi /R,

If the input and output impedances of the amplifier are equal i.e. Ri = Ro= R, then

5 4 Ve Vo
N = 10 logig "-"_.2 = 10 log 1o [?I']z 102 logqp v = 20 log1n v
Gain of Multistage Amplifier in dB

The gain of a multistage amplifier can be easily calculated if the gain of the individual
stages are known in dB, as shown below

20 logio Av = 20 logig Avl + 20 logipAV2 +...  + 20 logio Avn

Thus, the overall voltage gain in dB of a multistage amplifier is the decibel voltage gains
of the individual stages. It can be given as

AvdB = AvldB + Av2dB + ... + AvndB

Advantages of Representation of Gain in Decibels
Logarithmic scale is preferred over linear scale to represent voltage and power gains
because of the following reasons :

e In multistage amplifiers, it permits to add individual gains of the stages to
calculate overall gain.

e |t allows us to denote, both very small as well as very large quantities of linear,
scale by considerably small figures.

For example, voltage gain of 0.0000001 can be represented as -140 dB and
voltage gain of 1,00,000 can be represented as 100 dB.

e Many times output of the amplifier is fed to loudspeakers to produce sound which
is received by the human ear. It is important to note that the ear responds to the
sound intensities on a proportional or logarithmic scale rather than linear scale.
Thus use of dB unit is more appropriate for representation of amplifier gains.

Methods of coupling Multistage Amplifiers

In multistage amplifier, the output signal of preceding stage is to be coupled to the input
circuit of succeeding stage. For this interstage coupling, different types of coupling
elements can be employed. These are :

1. RC coupling 2. Transformer coupling 3. Direct coupling

RC coupling

Figure shows RC coupled amplifier using transistors. The output signal of first stage is
coupled to the input of the next stage through coupling capacitor and resistive load at the
output terminal of first stage
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The coupling does not affect the quiescent point of the next stage since the coupling
capacitor Cc blocks the d.c. voltage of the first stage from reaching the base of the
second stage. The RC network is broadband in nature. Therefore, it gives a wideband
frequency response without peak at any frequency and hence used to cover a complete
A.F amplifier bands. However its frequency response drops off at very low frequencies
due to coupling capacitors and also at high frequencies due to shunt capacitors such as
stray capacitance.

60 T T
80 [ Ay . =
L,M)dﬁequ_,r\
40 ———— +90
Gain —70-7%40‘# \ N
A 3 i +
/ E\\ O L ,,,; ‘ -
20 1 S angle
|
| |
0 s | | : -90
1Hz 10Hz £ 100Hz 1kHz 10kHz f; 100kHz 1MHz
Frequency

Transformer Coupling
Figure shows transformer coupled amplifier using transistors. The output signal of

first stage is coupled to the input of the next stage through an impedance matching
transformer
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' T Ve

f ol |3 3 B

i 8lE_| |

§R2 RE' TEE ?Rz Re
L

This type of coupling is used to match the impedance between output and input cascaded
stage. Usually, it is used to match the larger output resistance of AF power amplifier to a
low impedance load like loudspeaker. As we know, transformer blocks d.c, providing d.c.
isolation between the two stages. Therefore, transformer coupling does not affect the
quiescent point of the next stage. Frequency response of transformer coupled amplifier is
poor in comparison with that an RC coupled amplifier. Its leakage inductance and inter
winding capacitances does not allow amplifier to amplify the signals of different
frequencies equally well. Inter winding capacitance of the transformer coupled may give
rise resonance at certain frequency which makes amplifier to give very high gain at that
frequency. By putting shunting capacitors across each winding of the transformer, we can
get resonance at any desired RF frequency. Such amplifiers are called tuned voltage
amplifiers. These provide high gain at the desired of frequency, i.e. they amplify selective
frequencies. For this reason, the transformer-coupled amplifiers are used in radio and TV
receivers for amplifying RF signals. As d.c. resistance of the transformer winding is very
low, almost all d.c. voltage applied by Vcc is available at the collector. Due to the
absence of collector resistance it eliminates unnecessary power loss in the resistor.

|1

—Ce

Resonant rise

Low Flat . : High
frequency I‘-t—-— response —a— . frequency
Roll off i Ruoll off

Voltage gain (dB) —=

Frequency (Hz) —3—
Direct Coupling

Figure shows direct coupled amplifier using transistors. The output signal of first
stage is directly connected to the input of the next stage. This direct coupling allows the
quiescent d.c. collector current of first stage to pass through base of the next stage,
affecting its biasing conditions.
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-

Due to absence of RC components, frequency response is good but at higher frequencies
shunting capacitors such as stray capacitances reduce gain of the amplifier.

The transistor parameters such as Vge and B change with temperature causing the
collector current and voltage to change. Because of direct coupling these changes appear
at the base of next stage, and hence in the output. Such an unwanted change in the output
is called drift and it is serious problem in the direct coupled amplifiers.

Flat response —s!

High frequancy
rall off

i

o, Voltage gain (dB) ——m=

Frequenty ——m=

mmp Exampt : An op-amp has a differential gain of 80 dB and CMRR of 95 dB. If
Vi=2uV and V, = 1.6 pV, then calculate the differential and common mode output
values.

Solution : A, = 80 dB and CMRR = 95 dB
Do not use dB values for the calculation directly.

AyindB = 20log Ay
80 = 20log Ay
Ay = 1x10? {(absolute)
CMRR in dB = 20 log CMRR
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95 = 20 log CMRR
CMRR = 5.6234x10%
~. Differential output can be calculated as
Vi = Ay (M -W)= 1x10° (2-1.6)x 10-°

= 4mV
And common mode output can be calculated as,
V, = A, (M +W2)
2
Now CMRR = ‘:d
1x 104
56234x 104 = A
A = 01778
2+1.6
Ve = 0.1778x. +2 ) 106
= 032uV

mp Example : The common mode input to a certain differential amplifier, having
differential gain of 125 is 4 sin 200 ot V. Determine the common mode output if CMRR
is 60 dB.

Solution : The CMRR in dB is

60 = 2[!]05%'
c

Hence the common mode output is
' = AW, = 0125 (45in 200nt)

0.5sin (200 tt) V

mmp Example : For the differential amplifier shown in the Fig. determine

i) The voltages at the collector of each transistor
if) The differential voltage gain.
Assume Vg = 0.7 V, hg =100, hi = 3.9 K2 and the source resistance as 1 k.
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Solution : The circuit is redrawn showing the various voltages and current

Vg = +15V

i) Applying KVL to the base emitter loop of Qy,
0

]

—lg Rg = Ve = 21g Rg + Vg

I

Now g = |3'x-~|-rhf.'r|=.'|‘-=Inl;,
=l R
"-ﬁ 2~ Vg =20 Re + Vg = 0
Rg
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IE - VEE _VﬂE - 15-0?
: Rs 1x103
— 4+ 2R 3
B F2Re o0 +2x27 %10
= 0264 mA

lc = Ig = 0264 mA
Vo = Vi =Vc-lcRe
= 15 - 0264 x 103 x 68x 103
= 132V

QUESTIONS

2 MARKS

©CoNs LN

What are the advantages of Darlington amplifier?

Explain Miller’s theorem. (May/jun 2103)

What are the limitations of h parameters?

What are practical limitations in selecting very high R ¢?

Define i) Differential gain ii) Common mode gain

State Miller’s Theorem. (May,15)

How can a DC equivalent circuit of an amplifier be obtained?

Draw the Darlington emitter follower circuit. (May,14,13)

What does bootstrapping mean? Why bootstrapping is done in a buffer amplifier?

. Define Common Mode Rejection Ratio. (Nov,09)

. What is the coupling schemes used in multistage amplifiers? (May,10)

. What are the advantages of Representation of Gain in Decibels.

. What is the typical value of CMRR? How the constant current circuit is used to

improve the CMRR? (Nov,14)

. Find the value of adc when 1c=8.2mA and le=8.7mA.

. What are the advantages of h-parameters? (Nov,14)

. What is the role of coupling network in multistage amplifiers?

. Define voltage & current gain of an emitter follower.

. Why CE amplifier better than CC & CB amplifiers?

. What is the difference between cascade and cascode amplifier?

. Mention two importance characteristics of CC circuit.

. State Bisection Theorem. (Nov,12)

. Draw the small signal equivalent circuit of CE amplifier.

. If CMMR of amplifier is 100dB, calculate CM gain if difference gain is1000.
. Two identical amplifiers are cascaded, having 10dBgain each other. Calculate

output voltage if the input of 1mv

2021-2022 Jeppiaar Institute of Technology


http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/

EC8351 Electronic Circuits | Dept of ECE

16 MARKS

1. Draw a CE amplifier & its small signal equivalent. Derive its Avs, Ai, Rin, Ro.

2. For the CC amplifier circuit, Find the expressions for input impedance and
voltage gain. Assume suitable model for transistor.

3. Explain with circuit diagram of Darlington connection and derive the expression
for Ai, Av, Ri &Ro.

4. Explain the emitter coupled differential amplifier with neat diagram & Derive
expression for CMRR.

5. Discuss transfer characteristics of differential amplifier. Explain the methods used
to improve CMRR.

6. Derive the expressions for the common mode and differential mode gains of a
differential amplifier in terms of h-parameters.

7. Compare CE, CB, CC amplifiers.

8. Derive the expressions for the voltage gain, current gain, input and output
impedance of emitter follower amplifier.

9. Derive expression for voltage gain of CS & CD amplifier under small signal low

10.

11.

12.

S

frequency condition.

Draw a two stage RC coupled amplifier and explain. Compare cascade and
cascode amplifier?

Consider a single stage CE amplifier with Rs=1kQ, R1=50KQ, R2=2KQ,
RC=2KQ, RL=2KQ, hfe=50, hie=1.1 KQ, hoe=25umho, hre=2.5x10-4. Find
Ai,Ri,Av,Ais,Avs and RO.

The Darlington amplifier has the following parameters, Rs=3kQ, RE=3kQ,
hie=1.1 KQ, hfe=50, hre=2.5x10-4, hoe=25umho. Then calculate Ai, Ri, Av and
RO.

The dual input balanced output differential amplifier having Rs=100€Q,
RC=4.7KQ, RE=6.8KQ, hfe=100, Vcc=+15v and VEE=-15v. Calculate operating
point values, differential & common mode gain, CMRR, and output if VS1=
70mV(p-p) at 1 KHz & VS2=40mV(p-p) at 1 KHz

2021-2022 Jeppiaar Institute of Technology


http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/
http://easyengineering.net/

