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CHAPTER

15.1. INTRODUCTION

The performance of a single stage amplifier bas already
been discussed in the chapter 12. Although the gain® of
an amplifier does depend on the parameters of the device
and circuit components, there exists an upper theoretical
limit for the gain obtainable from a single stage. The
voltage amplification or power gain or frequency response
obtained with a single stage of amplification is usually
not sufficient to meet the needs of either a composite
electronic circuit or load device. Hence, several amplifier
stages (two or more single stages of amplification) are
usually employed to achieve greater voltage or current
amplification or both. A transistor circuit containing movre
than one stage of amplification is known as a maultistage
amplifier. It may be emphasized here that a practical
amplifier is always a multistage amplifier that may
provide a higher voltage or current gain or both.

In a multistage amplifier, the output of first stage 1s
combined to the next stage through a coupling device. The
process is known as cascading. The coupling device is used
te (i) transfer the ac output of one stage to the input of the
next stage and (i7) block the dc to pass from one stage to
the next stage i.e. to isolate the de conditions.

For an ideal coupling network the following require-
ments should be fulfilled.

(i) It should not disturb the de bias conditions of
the amplifiers being coupled. This means direct
currents should not pass through the coupling
network.

(it) The coupling network should transfer ac signal
waveform from one amplifier to the next amphi-
fier without any distortion.

(iii) Although some voltage loss of signal cannot be
avoided in the coupling network but this loss
should be minimum, just negligible.

(iv) The coupling network should offer equal imped-
ance to the various frequencies of signal wave.

In other words the network impedance should not
be frequency dependent.

Unfortunately, there is no couphing network which
fulfils all the above demands. The four basic methods of
coupling are R-C coupling, Transformer coupling.
Impedance coupling, and Direct coupling.
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The coupling network not only couples two stages;
it also forms a part of the load impedance of the preced-
ing stage. Thus, the performance of the amplifier will
also depend upon the type of coupling network used.
Amplifier 1s usually named after the type of coupling
employed such as R-C coupled amplifier, transformer-
coupled amplifier, impedance coupled amplifier, and di-
rect-coupled amplifier.

Tn R-C coupling, a resistor and a capacitor are used
as a coupling device. The capacitor connects the output
of one stage to the input of next stage to pass ac gignal
and to block the dc bias voltages. The amplifier using
R-C coupling is called the R-C coupled amplifier.

In transformer coupling, transformer is used as the
coupling device. The amplifier using transformer cou-
pling is called the transformer-coupled amplifier. In this
case there is no need of using a coupling capacitor be-
cause the secondary of the coupling transformer con-
veys the ac component directly to the base of the second
stage. Moreover, the secondary winding also provides a
base return path and o base resistance is not required.

In direct coupling or de coupling, the individual am-
plifier stage bias conditions are s0 designed that the two
stages may be directly connected without the necessity of
dc isolation. This coupling is used where it is desirable to
connect the load directly in series with the output termi-
nal of the active circuit element such as m case of head-
phones, loudspeakers etc. The amplifier using direct cou-
pling is called the direct-coupled amplifier. _

R-C coupling is the most commonly used coupling
between the two stages of a cascaded or multistage am-
plifier because it is cheaper in cost and very compact
circuit and provides excellent frequency response.

The most suitable transistor configuration for cas-
cading is CE configuration because the voltage gain of
common emitter amplifier is greater than unity while
CC configuration has voltage gain less than unity and
the voltage gain of CB configuration using cascading 1s
algo less than unity **

However, for input stage CC or CB configuration
may be required for proper impedance matching at the
cost of voltage or current gain. Tt is worthnoting point

Gain of an amplifier is the ratio of the putput electrical quantity {current, voltage or power) to the input ene of the amplifier.
%o doubt, the voltage gain of a single stage (B amplifier is more than unity but the overall voltage gain of multistage amplificr using C 3

sonfiguration is low, almost equal to the voltage gain of the last stage alone.
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that for input stage, the consideration is not the maxi-
mum voltage gain but the impedance matching of the
source with the input impedance of the input stage.
Some driving sources may need input circuit to be an
almost open-circuit while others need an almost short-
circuit. In certain cases choice of configuration for the
input stage, is the minimization of noise and maximi-
zation of signal/noise power ratio.

15.2. MULTISTAGE AMPLIFIER

A multistage amplifier can be represented by a block
diagram, as shown in Fig. 15.1. It is to be noted that the
output of the first stage makes the input for the second
stage, the output of second stage makes the input for
third stage and so on. The signal voltage V, is applied
to the input of the first stage and the final output V
is available at the output terminals of the last stage.

decibels. The terms on the right denote the gains of the
individual stages expressed in decibels. Thus

.{15.2)

Example 15.1. A 3-stage amplifier has voltage gains of 50, 100
and 200 for first, second and third stage. Find the overall volt-
age gain of the amplifier in decibels. ’
Solution: Voltage gain of first stage in dB
Voltage gain of second stage in dB
Voltage gain of third stage in dB
Overall voltage gain of the amplifier

Aogp = AvdB] + Avng et AVdBu

20 log;, 50 = 34

20 log,, 100 =40
20 log, 200 = 46
34+ 40+ 46=120.

15.3. n-STAGE CASCADED AMPLIFIER

As already discussed in Art. 15.1, several amplifier
stages are usually cascaded to increase the overall volt-
age gain of the amplifier. However, sometimes cascad-
ing is done to obtain the desired output and input 1m-
pedance for specific applications. Block diagram of an
n-stage cascaded amplifier is given in Fig. 15.1. The
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Fig. 15.1. n-Stage Amplifier

Input to the firsi stage, V, = Signal voltage V,
(Qutput of first stage or input to the second stage
V,= AV, where A, is the voltage gain of first stage
Qutput of second stage or input to the third stage
Vy=A,, V,where A, isthe voltage gain of the second stage
Similarly the output of nth stage (or final output),
Vout = Vu = A‘-’nvn,—l

where A, is the voltage gain of the last stage.
Overall voltage gain of the amplifier is given as

A = ‘T;EL (visualising the multistage amplifier as.a
5
single amplifier with input voltage V, and output valtage V,, J
: v
N Y Y e N
Vs V] V2 Vn -2 Vrl. -1
= A"l x sz X ... A'Vu—l % AV", ..(15.1)

i.e. the gain of a multistage amplifier is equal to the prod-
uct of gains of individual stages. It is worthwhile to men-
tion here that in practice total gain A is less than

Ay xA,, xoxhA, | RAL due to the loading effects of

the [ollowing stages.

When the gains are expressed in dB, the overall gain
of a multistage amplifier is given as the sum of gains of
individual stages in decibels (dB).

Taking logarithm (to the base 10) of Eq. (15.1) and
then multiplying each term by 20 we have

20 log,, A, =201og,, A‘,l +20logyy Ay, T

+20log,q A, | +20log;g A,

In the above eguation, the term to the left is the
overall gain of the multistage amplifier expressed in

k-1
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first stage is driven by a voltage source V (or a current
source 1). The output of first stage is fed to the input of
the second stage, the output of second stage is supplied
to the input of the third stage and so on. The output of
the nth or last stage is fed to the load R;. Actual volt-
age available at the input of the first stage is V; (Vj,
equals signal voltage Vif source resistance Rg1s negli-
gible)} and the voltage available at the output termi-

Vow. gives
Vin

the voltage gain of the n-stage cascaded amplifier. Thus
by designing properly a cascaded amplifier, a weak in-
put signal V,_ of just a few mierovolts can be amplified
giving output voltage V_; of several volts.

‘]’*Vcc

nals of the last stage is V__.. Then the ratio

out*

Reg (2K}

(0.6 F)

Q,

Fig. 15.2. Two-Stage R-C Coupled Transistor Amplifier
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Fig. 15.3. n-Stage CE Cascaded Amplifier

Here we take up R-C coupled amplifier, being the
most popular amplifier employed for audio-frequency
amplification. A two-stage R-C coupled amplifier using
N-P-N transistors in common emitter configuration {the
most suitable transistor configuration for cascading) is
given in Fig, 15.2. Detailed discussion of R-C coupled
amplifier will be taken up in Art. 15.5. Typical values of
circuit components are given in the brackets.

.The block diagram of a two stage R-C coupled transistor
amplifier shown in Fig. 15.2 indicating the various voltages,
currents and resistances involved is given in Fig. 15.3. The
biasing arrangements and coupling capacitors have been
omitted for sake of simplicity and clarity.

1. Voltage Gain. The overall voltage gain of the
amplifier is given by the product of the voltage gains of
the individual stages. This is proved as below :

Voltage gain of first stage,
=A,, /8 ..

_ V; _ Output voltage of first stag
V., Input voltage to first stag
where A, is the magnitude of the voltage gain of the
first stage and 6, is the phase angle between output
and input voltages of this stage.
Similarly the voltage gain of nth stage,
Output voltage of nth stage = K i 0
Input voltage to nth stage ks
Thus the overall voltage gain of the complete n-stage
cascaded amplifier is given as
- Vaig Output voltage of the nth stage B
A, = Vi,  Voltage input to the first stage =4, £9..(15.5)
where A is the magnitude of the voltage gain and 0 is the
phase angle between the output and input voltages of the
amplifier.
Vout Vl V2 VS x Vout

(15.3)

Vi

...{15.4)

Va

Since —V—m~ = -v—i:x xvz—x T,

SoA, = A, xA,xA xL.x Ay ..{15.6)
or A, /8 = Ay AnAy,. A“ 1+92+63+ 8, ..(15.7)
Hence A, = A, oA g gy wetbip -..{15.8)

and 8 =0, +8 -IO +...6 ..{15.9)

i

Thus it 1s concluded thaL the magnitude of the over-
all voltage gain equals the product of the magnitudes of
the voltage gains of the individual stages and the re-
sultant phase shift of the amplifier equals the sum of
the phase shifts introduced by individual stages.

The voltage gain of kth stage (an infermediate stage) of
an n-stage CE cascaded amplifier shown in Fig. 15.4 is
given as

Ay - Ay By
g i
Rin.k

where R; ) is the effective load at the collector of the kth
stage.

..(15.10)

k-1 + Ty ch .
; O o
By Cx
v KTH
Rex -1 K1 STAGE ] Rek VK
Ey B
ot ' —0 & =
Rin K Ruuﬂ(

Fig. 15.4. kth Stage of an n-Stage CE Cascaded Amplifier

The quantities in above equation (i.e. Ay, R L and
R,, 1) are evaluated by starting with the last stage and
proceeding backward. Thus for the nth stage, current

gain A, and input resistance R,,, are given as

-h
B B el ~(15.11)
1+h, R,
and Rin n = h’ie + hre A]'n RL n (1512)

where R , is the effective load impedance of the final
(1.e. nth) stage and equals R,

For the (n — 1}th stage effective load impedance

R equals R, . Il R.

in n-1 cn-1 inn’
ch—l ° Rinn
RLn,—l = ch,—l + Rinu (1513)
Now the current gain A; -1y of the last but one stage

[i.e. (n — Dth stage] is obtained using Eq. (15.11) by re-
placing R; , by R; . ;. Similarly the input imped-
ance R, , of the (n — 1)th stage is determined from
Eq. (15 12) by replacing A; by A, _,and R, by R, _
Thus proceeding backward, base-to-collector current
gains and input impedances of every stage including
the first one can be determined. Then the voltage gain
of each stage can be determined by using Eq. (15.10).

Overall voltage gain of the n-stage cascaded ampli-
fier may then be calculated from Eq. (15.6).

2. Current Gain. Overall voltage gain of an n-stage
cascaded amplifier can be obtained, without determin-
ing the voltage gain of individual stage, from the fol-
lowing equation

R..
Av L le
where A, is the overall current gain of the n-stage cas-
caded amplifier and

.(15.14)
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o= Qutput current of the nth stage
¢ Tnput current (or base curvent of first stage)
Lot = Ztw 1o ..{15.15)
Ly Ty L

where I =1 , the collector current of the nth stage.

Now let us obtain equations so as to calculate cur-
rent gain A, in terms of circuit parameters.
by Ty Dop 4

Since i WﬁL.L.“. : P
b Ibf I] IJLAE Iu—l
then [% = A.fl ‘ A.;2 A;B e A;‘n---l 'Ariu (1516)
where A; is the base-to-collector current gain of the first

- Ici

stage and is equal to while A'iz, A‘i3 etc. are the col-
lector-to-collector curretit gains of second, third ete. stages.

For kth stage, collector-to-collector current gain A';
1s given as

Ick

Ick—I
Similarly base-to-collector current gain of first stage

A, is given as

1
Ay = tE (15.18)
Ibk
Now from Fig. 15.4,
R,
Ty = =1 s .(15.19)

1 n T
T R + R
where R, | is the input impedance of the kth stage.

Ick Ick Ibk Rckfi
Hence A';, = =A;,- Ry + B

Toer Tor Lega

Base-to-collector current gain A, is determined by
starting with the output stage and proceeding backward
to the kth stage, as indicated in connection with Kgs.
(15.11), (15.12) and (15.13). The collector-to-collector
current gains are then determined by using Eq. (15.20)
and the overall current gain éf the n-stage amplifier is
determined by using Eq. (15.16).

3. Input Impedance. The input impedance of the
complete cascaded amplifier is determined, as discussed
above, by starting with the last stage and proceeding
backward.

..(15.20)

4. Qutput Impedance. The output impedance of
each transistor stage and of the overall amplifier 1s de-
termined starting with the first stage and using equation

v . e "re

outl T Toe ki

(1521

Then .. gives the corresponding output imped-
ouf 1 .

ance R . ;.

The output impedance R', ., of the kth stage is the
parallel combination of the output impedance R of
kth stage and R, . The effective source impedance of

the (k + 1)th stage is also R'_ .

5. Power Gain. The overall power gain of the n-
stage cascaded amplifier is given as
Output power V. I,

Vin, ib.i

A p=
P Input power

=A, A,;..(15.22)

. g
orA_ = (A % .{15.23)

2 R

inl

15.4. FREQUENCY RESPONSE OF COUPLED AMPLIFIERS
As already mentioned in Art. 13.1, the curve drawn
between the voltage gain and signal frequency of an
amplifier is known as the frequency response. The
performance of an amplifier is judged to a considerable
extent by its frequency response. In the design of an
amplifier, appropriate steps are taken to ensure that
gain is essentially uniform over some specified range.

Video amplifiers are almost invariably of the R-C
coupled type. For such’a stage the freguentcy
characteristics may be divided inte three regions:
Midband-frequency region, low-frequency region and
high-frequency region.

In midband-frequency region, the amplification
remains reasonably constant and equal to A .. For the -
present discussion midband gain may be assumed to be
normalized to unity, t.e.,, A, = 1.

]
A%
<
stage behaves like the i 1
simple high-pass circuit - i o-
(Fig. 15.5) of time Fig. 15.5. A High-Pass R-C
constant 1, = R,C,. Circuit For Determination

of Low-Frequency Response
of an Amplifier

Low-Frequency ﬁ‘
Response. In the low- T "
frequency region, below
the midband, an amplifier Vi Riz

&

out

The current through
the aircuit is given by
I = Vin _
Ry - 1%
and output voltage,
V. = Yoltage drop across R,

- T
=1 17 % in
R, - 1%
= By : Vo = Vin ..(15.24)
in ;
Ry ——1_- o d

The voltage gain at low frequencies A, is defined as
the ratio of the output voltage V_ . to the input voltage V; .

out?

; Vout 1 1
L.e. = -k = - = — ...{(15.25)
AVE Viu - R — 'ifl
zﬂfClRl f
where f; is the cutoff fre.quency and = 5 RG, ...(15.26)
Now magnitude of A and phase angle 6 are given by
1 E
VL (A1)
and phase angle 8, = Tan'! fi— ...(15.28)




Multistage Amplifiers

331

F. 0.707 whereas in
J2
the midband region (f >> f}), A, — 1. Hence fy 1s the
frequency at which the gain has fallen to 0.707 times
its midband value A .

From Eq. (15.3) this drop Ry

in signal level (assuming

At the frequency /= f), A=

equal input and ocutput

+T—NVVV\/\,——Tv4v +
impedances) corresponds v Ca 1\ Lm

O -

to a decibel reduction of

-0

20 log Lz or -3 dB. Ac-

cordingly, f, is referred
to as the lower 3 dB fre-
quency. From Eq. (15.26)
it 1s observed that f| is

Fig. 15.6. A Low-Pass R-C
Circuit For Determination

of an Amplifier

o

of High-Frequency Response

guency. It also represents that frequency for which the
resistance R, is equal to the capacitive reactance

1 In the above expressions 8, and 8, represent
2n 50, :
the angle by which the output lags the input, neglect-
ing the initial 180° phase shift through the amplifier,
The frequency dependence of the gains in the high- and
low-frequency range is to be seen in Fig. 15.7.

Bandwidth. The frequency range from f, to f, is
called the bandwidth (BW) of the amplifier stage.

15.5. R-C (RESISTANCE-CAPACITANCE) COUPLED
TRANSISTOR AMPLIFIER

A two-stage R-C coupled amplifier using N-P-N

transistors in CE configuration is shown in Fig. 15.8.

The two transistors used are identical and use a common

’ power supply V.. The resistors R, R,

—]

{
(1)
"

and Ry form the biasing and

stabilization network. In this
arrangement, the signal developed

™.

\

across collector resistor R, of the first
stage is coupled o the base of the second -
stage through the coupling-capacitor Cg.

-0

/ SLOPE - 6dB
PER OCTAVE

GAIN, 20 i6q |Ayg IN 0B ————n

\_

SLOPE - 6dB
PER OCTAVE

As the coupling from one stage to the
next is obtained by a coupling capacitor
followed by a connection to a shunt
resistor, therefore, such amplifiers are

GAIN, 20 log [Ayn] IN dB ——e

—40

called resistance-capacitance coupled or
R-C coupled amplifiers. The input
capacitor C, couples ac signal voltage

to the base of transistor Q,. In the

0.01 0.1 1.0 10 0.1 10
f f

T P
Fig. 15.7. A Log-Log Plot of The Amplitude Frequency-
Response Characteristic of an R-C Coupled Amplifier

that frequency for which the resistance R, equals the

_ 1

2nf,Cy
High-Frequency Response. In the high-fre-

quency region, above midband, the stage behaves like

a simple low-pass circuit shown in Fig. 15.6.
Proceeding as above, we obtain for the magnitude

|A,,! and phase angle 8, of the gain

capacitive reactance i.e. R, =

1A, = .{15.29)
1+ {fI )
8, = Tan' L ..(15.30)
: fa :
where f2 = ‘Z"E'El{'ﬁ*‘ ...(15.31)

. 1 . .
Since at /= f, the gain s reduced to —= timesits

N

midband value, then £, is called the upper 3 dB fre-

——

absence of C, the signal source will be
in parallel with resistor R, and the bias
voltage of the base will be affected. Thus
the function of C, is to allow only the
alternating current. from signal source
to flow into the input circuit.

The emitter-bypass capacitor Cg, offers low reac-
tance path to the signal. If it is not present, then the

T+ Vee

10 100

Fig. 15.8, Two-Stage R-C Coupled Transistor Amplifier
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