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UNIT 4 FREQUENCY RESPONSE AND MULTISTAGE AMPLIFIERS
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4.1 Frequency Response of Amplifiers

Let us consider an audio frequency amplifier which operates over audio frequency
range extending from 20 Hz to 20 kHz. The audio frequency amplifiers are used in
everyday life. For example, they are used in radio receivers, to address large public
meeting, annual social gathering of college, for various announcements to be made for
passengers on railway platforms, etc.

Over the range of frequencies at which it is to be used, an amplifier should ideally
provide the same amplification for all frequencies.. The degree to which this is done is
usually indicated by a curve, known as frequency response curve of the amplifier. This
curve is a plot of the voltage gain of an amplifier against the frequency of input signal. A
typical frequency response of an RC coupled amplifier is illustrated in Fig. 4.1.

Vout
or Voltage 1 )
gain (A,) Mid frequency
region |=— Ideal frequency response
: —~—— Frequency response
! High of a practical amplifier
0 B - = Frequency
! Low ! * High
frequgncy frequency
region gain

Fig. a.1 A typical frequency response of an amplifier

To plot this curve, input voltage to the amplifier is kept constant and frequency of
input signal is continuously varied. The output voltage at each frequency of input signal is
noted; and the gain of the amplifier is calculated. The output voltage or the voltage gain of
the amplifier is then plotted against frequency. For an A.F. amplifier, the frequency range
of interest is quite large, from 20 Hz to 20 kHz. Hence to show clearly the voltage gain
over such a wide frequency range, the frequency of input signal is plotted on x-axis using
log scale (instead of usual linear scale). However the output voltage or voltage gain of the
amplifier is plotted on y-axis with linear scale.

It is seen from the frequency response curve of an audio frequency amplifier that the
gain of the amplifier remains fairly constant in the mid-frequency range, while the gain
varies with frequency in low and high frequency regions of the curve. The frequency
response is nearly ideal over a wide range of mid-frequency. Only at low and high
frequency ends, the gain deviates from ideal characteristics. The decrease in voltage gain
with frequency is called roll-off.
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4.1.1 Definition of cutoff frequencies and Bandwidth
To indicate how constant an amplifiers's gain is with frequency variation, we may
specify the range of frequencies over which the gain does not deviate more than 70.7 % of
the maximum gain at some reference mid-frequency. This is shown in Fig. 1.2 where these
two frequencies are indicated by f, and f, are called the lower cut-off and upper cut-off
frequencies, respectively.
Vutt:ggu
Mid frequency region
A i) - --i equency region|=—
0.707 AMid)}- - e ofleneeammmmmmmecaaaiaanaans

r=—— Bandwidth ——=

0 f, t,
Fig. 4.2 Frequency response, half power frequencies and bandwidth of an RC
coupled amplifier
Bandwidth of the amplifier is defined as the difference between f, and f; ie.
Bandwidth of the amplifier = f, - f,. The frequency f, lies in high frequency region, while
the frequency f, lies in low frequency region. These two frequencies are also referred to as
half-power frequencies since gain or output voltage drops to 70.7 % of maximum value
and this represents a power level of one-half the power at the reference frequency in
mid-frequency region. Although this drop from maximum value to 70.7 % may seem to be
large drop, the change is not easily noticeable to the listener, so that an amplifier may be
considered to have a flat response from f, to f,.
4.2 Low Frequency analysis of BJT

e

= Frequency

Let us consider a typical common
emitter amplifier as shown in
Fig. 4.3.

The amplifier shown in Fig. 4.3
has three RC networks that affect its
Ry gain as the frequency is reduced below
midrange. These are :

1) RC network formed by the input
coupling capacitor C; and the input

Fig. a3 Tyrlcal RC coupled common impedance of the amplifier.
emitter amplifier 2) RC network formed by the output
coupling capacitor C;, the resistance

looking in at the collector, and the load resistance.

3) RC network formed by the emitter bypass capacitor Cg and the resistance looking
in at the emitter.
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Input RC Network

Cy Fig. 44 shows input RC network formed
Van°—)H by C; and the input impedance of the amplifier.
Note that Vy, shown in the Fig. 44 is the

Vou Re= Ry I Ry Ry, (base) output voltage of the network.

Applying voltage divider theorem we can
write

: 5
Vout = = V;
Pt [Jni..wxc.z } "

We know that a critical point in the amplifier response is generally accepted to occur
when the output voltage is 70.7 percent of the input (Vo = 0.707 Vi, ) . Thus we can
write, at critical point

Rin = 0707 = 1

Rin2 * X¢p2 V2
At this condition R;, =X¢;.

At this condition the overall gain is reduced due to the attenuation provided by the
input RC network. The reduction in overall gain is given by

Ay = 20log ( Yout ] = 20 log (0.707 ) = -3dB

Vi
The frequency f, at this condition is called lower critical frequency and is given by
1
fe = saries Rin Cq
where Rin = Ry IRy [|hj
f K 1

" 2R 1Ry [Thi) Co
If the resistance of input source is taken into account the above equation becomes

1
e = 2n(Rs +Rjp) G4

The phase angle in an input RC circuit is expressed as 6 = tan ! ()ém].
mn

Output RC Network

Fig. 45 shows output RC network formed by C,, resistance looking in at the
collector and the load resistance.
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52 Rc cz
— —
® 3=r R Vi R
(a) Current source (b) Current source replaced by voltage source
Fig. 4.5

The critical frequency for this RC network is given by,

1

fe = 2n(Rc + Ry )Cy

The phase angle in the output RC circuit is expressed as 6 = tan ™! (ﬁgrczﬁ:}

Bypass Network

Fig. 46 (b) shows RC network formed by the emitter bypass capacitor Cg and the
resistance looking in at the emitter.
+ VCC

A
(®)

Fig. 46 Bypass RC network

e +
Here, %i& the resistance looking in at the emitter. It is derived as follows
R = EE_+ P_’F—g_\.{b—.+ P..'E___Ihnm hi_RTH + hie
le B I B Blp p p

where Rty =R ||R3 ||Rs. It is the thevenin’s equivalent resistance looking from the
base of the transistor towards the input as shown in the Fig. 46 (a)

The critical frequency for the bypass network is
1

fe = 27 RCg
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Zn[(—}‘—i—e-;—R;H—-)IIRE ]CE

We have seen that each network has a critical frequency. It is not necessary that all
these frequencies should be equal. The network which has higher critical frequency than
other two networks is called dominant network. The dominant network determines the
frequency at which the overall gain of the amplifier begin to drop at ~20dB/decade. This
is illustrated in the following example.

Example : Determine the low frequency response of the amplifier circuit shown in Fig.
+10 V...

or fo =

Re=22K
_ | C,=0.1pF

B =100

2K Ce=

Solution : It is necessary to analyze each network to determine the critical frequency of
the amplifier
a) Input RC network
1
2n[Rs+ (Ry || Rz || hie )]G

1
2m[680+(68K || 22 K || 1.1 K)]x01x10-5

1
2n[680+10317]x01x10-°

fo (input ) =

= 929.8 Hz

b) Output RC network

1 1

_ _ = 130.45 Hz
f1:(00-!![‘“0 21;( RC + R[, )Cz 21t( 2.2K+10K) x01x10- 6 =00

c) Bypass RC network
1

fe bypass) =
2,{ [_fil'i*l_‘_"_'lii)” Rg ]Cr-.

B
6
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R = R, ||R; |R; =68 K|| 22 K || 680 = 653.28 Q

1

: = 9237

f, =
(bypass) [( 65328 + 1100
2n 100

)1|1K]x10x10~6

T 2m(17.23) x10 x10-©

We have calculated all the three critical frequencies :
a) f (input) = 929.8 Hz  b) f. (output) = 13045 Hz c) f. (bypass) = 923.7 Hz

A, (dB) |
N (M) -----------------------------

.o

-

The above analysis shows
that the input network produces
the dominant lower critical

<—— 20 dB/decade frequency. Fig. 47 shows low

40 dB/decade  [requency response of the given
60 dB/decade  2mplifier.

6] 130.45 Hz 923.7 Hz 929.8 Hz f(Hz)

f. (output) f_ (bypass) f_ (input)
Fig. 47 Low frequency response of the amplifier

4.3 Low Frequency analysis of FET

Let us consider a typical common source amplifier as shown in Fig. 48

+Vpp

Roc,

=
g R

Vin RG 1

—
—
-

Fig. 48 Typical RC coupied common

source amplifier

Input RC Network

“C'l Gate
" g

Vin Rg R,,(Gate)

Fig. 49 Input RC network

The amplifier shown in Fig. 48 has two
RC networks that affect its gain as the
frequency is reduced below midrange. These
are :

1) RC network formed by the input coupling
capacitor C; and the input impedance and

2) RC network formed by the output coupling
capacitor and the output impedance looking in
at the drain.

Fig. 49 shows the input RC network formed
by C; and the input impedance of the amplifier.

The lower critical frequency of this network
can be given as,
1

fc = ZﬂR'm C1
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where Rin = Rg || Ringgate)
The value of Rj(gae) can be determined from the data sheet as follows :
Vas
Rin{gﬂle]‘ Icss

where Iss is the gate reverse current.

The phase shift in the low frequency input RC circuit is 6 = tan! (%) :

n

Output RC Network

Rmy=Rp C, Fig. 410 shows the output RC network formed by C,
and the output impedance looking in at the drain.
Vin R The lower critical frequency for this network can be
given as,
he fo =  A_——
- € 2n(Rp+ Ry )G,

Fig. 4-;2@:::“' RC The FET amplifier circuit shown in Fig. 48 has two

critical frequencies for two networks, and network having
higher critical frequency is called dominant network.
The phase shift in low frequency output RC circuit is 8 = tan ™! (R—X?T‘) %
p+Ry
Example : Determine the low frequency response of the amplifier circuit shown in Fig.
+20V

+ VDD
R
%23 K C,

| 0.001 uF
0.001 uF )VGS =8V
I =80 nA
v Ci - 2K
" b Poom

Fig.

Solution : It is necessary to analyze each network to determine the critical frequency of
the amplifier.

a) Input RC Network

where Rin = RG||Ringmes = Rl
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=100 MQ || 100 MQ = 50 MQ

= 3.18 Hz

c

b) Output RC Network
1

27 x50x10% x 0.001 x10-¢

1

fe 2X(Rp+ Ry )Cz
A, (dB)4
Av G g S
<—— 20 dB/decade
~ 40 dB/decade
: : f(H
o) 3181z 6577 rz (2

fe (input) f_ (output)

Fig. 411 Low frequency response of the
FET amplifier

4.4 High Frequency analysis of BJT

= 6.577 Hz
2n(22K+22K)1x10-° &R
We have calculated two critical
frequencies

a) f (input) = 3.18 Hz

b) f. (output) = 6.577 Hz

The above analysis shows that the
output network produces dominant lower

critical frequency. Fig. 411 shows the
frequency response of the given amplifier.

Let us consider a typical common emitter amplifier as shown in Fig. 4 12

AAAA
Yyvy

Fig. 412

Fig. 413 High uen- equivalent
ig gh m cy eq

Typical RC coupled common emitter amplifier

As mentioned earlier, at high frequencies,
the coupling and bypass capacitors act as a
short circuit and do not affect the amplifier
frequency response. However, at higher
frequencies the internal capacitances do come
into play. Fig. 413  shows the high
frequency equivalent circuit for the given
amplifier circuit.



SEC1205 ELECTRONIC CIRCUITS-I UNIT -4 FREQUENCY RESPONSE AND MULTISTAGE AMPLIFIERS

PREPARED BY: PAGE: _OF _

Using Miller theorem this
high frequency equivalent circuit
can be further simplified as
follows.

The internal capacitance Cj,.
can be splitted into Cj, miller)

Fig. 4.14 Simplified hiqh frequency equivalent
circuit

Fig. 4.14.
where Cin (miller) = Coc (Ay +1)
Ay +1
and Cout (millery = Che ( [:v ) = Cpe

Fig. 414 shows that there are two RC networks which affect the high frequency
response of the amplifier. These are :

1) Input RC Network and
2) Output RC Network

Input RC Network
Fig. 415 shows input RC network.

Fig. 415 Input RC network

Ry =Rs lIR [ R Il hyg This network is further reduced as shown in

A the Fig. 416. At high frequencies capacitive

reactance becomes smaller. If we apply voltage

Y ’l‘c""c‘“ (M) divider theorem, voltage at point A in Fig. 416
reduces as capacitive reactance reduces with

increase in frequency above midrange. This reduces
the signal voltage applied to the base, reducing the
circuit gain and hence the output voltage.

The critical frequency can be calculated at condition capacitive reactance is equal to the
resistance, i.e. Xc1= Rs || Ry || Rz || hije-

Fig. 416 Reduces input RC
network

It is given as,
1

2n(Rs [[ Ry [ Rz [ hie )Cr
10

fe (input) =
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where Cr = Cpe + CinMillen)

Rs|| Ri|| Rz h;
The phase shift in high frequency input RC circuit is 6 = tan-'( slRiIRz[[hie ]

Xer
Qutput RC Network
Fig. 417 shows the output RC network.

Ro=RellR,
& . & W’
(1) Re 3R, = Coymiller) == Cyy(miller)
{a) Output network with current source (b} Output network with voltage source
Fig. 417
The critical frequency can be given as
1 1

fc (output) = 27 Ro Cout(milen  27(Rc || RL ) Che

We have seen that both the networks have critical frequencies. It is not necessary
that these frequencies should be equal. The network which has lower critical frequency
than.oper network is called dominant network.

The phase shift in high frequency output RC network is 6 = tan ! [—i——]
xCuut{Miﬂer]

Example Determine the high frequency response of the amplifier circuit shown in Fig.
+10V

680Q

he=1100 S 10K

11
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Solution : Before calculating critical frequencies it is necessary to calculate mid
frequency gain of the given amplifier circuit. This is required to calculate C,, (mijery and

Cnll.t fmiller) -

A hé._.iRD
where Ri = hil|lR||R;
and R, = Rc||RL
A. = ~hg (Rc |[R) _-100(22K || 10K)
‘ hie || Ry || Rz 1100 || 68 K || 22K
A

Negative sign indicates 180° phase shift between input and output.
Cinmitley = Cobe (Ay +1) =4pF (1744 + 1) = 0.7016 nF

Coc (Ay+1)  4pF(1744+1)
Cnu'l.‘lmi[ler} = (A :) = P [1?44) =4 PF

We now analyze input and output network for critical frequency.
1
2n(Rs || Ry || R2 || hie ) (Coc + Cin (mitier) )

1
27(680 || 68K ) || 22K || 1100 ) ( 20 pF+ .7016 nF)

1
27 (410)(0.7216x10-7)

1 i 1
2n(Re || Ry ) Coutgmilley 27m(22K][|10K) x4 pF

fe (input) =

= 537947 Hz = 537.947 kHz

I

f. (output)

Il

= 22.1 MHz

We have calculated both the critical frequencies :
a) f. (input) = 537.947 kHz
b) f; (output) = 22.1 MHz

The above analysis shows that the input network produces the dominant higher
critical frequency. Fig. 4 18 shows high frequency response of the given amplifier.

12
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A, (B) §
AV (mic) : - 20 dB/decade

c*— - 40 dB/decade

. ; >
0 537.947 kHz 22.1 MHz f(Hz)
f (input) f. (output)

Fig. 418 High frequency response of the amplifier
4.5 High Frequency analysis of FET

Let us consider a typical common

+V,
” source amplifier as shown in Fig. 4 19
N ‘Fig. 420 shows the high frequency
C, equivalent circuit for the given amplifier
) .. circuit. It shows that at high frequencies
§RL coupling and bypass capacitors act as
short circuits and do not affect the
amplifier high frequency response. The
o equivalent  circuit  shows  internal

Fig. 419 Typical RC coupled common  Capacitances which affect the high
source amplifier frequency response.

>
3R.=RolIR,
<

Fig. 4.20 High frequency equivalent circuit

Using Miller theorem this high frequency equivalent circuit can be further
simplified as follows :

The internal capacitance Cgq can be splitted into Ciy(milery and Cout(millery as
shown in the Fig. 421

13
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Rﬁ )
1 T §R¢.-Ft:,||ﬂL
Vin RS Cgs :3:":_ (mdler)
=117

Fig. 4.21 Simplified high frequency equivalent circuit

where -+ Cin(mitten = Cga (Av +1)

(Ayv +1)
C = . Sk ialieel
oumitle) = Cod 27
FET data sheets do not directly provide values for Cy and Cgq . The data sheet
normally provides values for input capacitance, Cii; and the reverse transfer

capacitance C,s. From Ci and Cy the values for Cgq and Cg can be calculated as
follows :

ng Crss
Css = Cm - Cm

Fig. 421 shows that there are two RC networks which affect the high frequency
response of the amplifier. These are :
1) Input RC network and

2) Output RC network

Input RC Network

¥ Fig. 422 shows input RC network.
This network is further reduced as
Vin Rg T~ Cgs * Cin (miller)  shown in the Fig. 423, since R, <<Rg.
The critical frequency for the reduced
Fig. 422 Input RC network input RC network is given as
R | fc npuy) = 1
ANAA— P 2nR Cr
_L or f.= !
Vin Cgs * Cin (miller) 2nR, [ Cgs + Cinmiller) ]
| T The phase shift in high frequency input
Fig. 4.23 Reduced input RC network RC net}VOrk is 6 =tan-1! %] .

14
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Output RC Network

Fig. 424 shows output RC network.
Rp I Ry

RpllR, == Coylmiller) == Cyylmiller)

(a) Output network with current source (b) Output network with voltage source
Figure 4.24
The critical frequency for the above circuit is given as
- 1 _ 1
27R, Coutqmiley 27(Rp || Ry ) Coue (milter)

We have seen that both the networks have critical frequencies. It is not necessary

that these frequencies should be equal. The network which has lower critical frequency
than other network is called dominant network.

Example : Determine the high frequency response of the amplifier circuit shown in Fig.
+20V

gn=6ms <
Vin Crss = 2pF
Ciss = 6pF

Selution : Before calculating critical frequencies it is necessary to calculate mid frequency
gain of the given amplifier circuit. This is required to calculate Cin (millery and Cout (Miller)-
Ay = -gmRp
Here, Rp should be replaced by Rp || Ry..
A, = -gmn(Rp||RL)= -6mS(22K||2K)=-6mS 2K)= -12
Cinemillen = Cga (Ay +1)= Cis (Ay +1)=2pF (12 + 1) = 26 pF

C _ Gua(Av+1) Cus(Av+1) 2pF(12+1)
cutilen = TTMAYY . T T (A T 12

Ges

= 2.166 pF

Ciss — Crs =4 PF
15
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We now analyze input and output network for critical frequency

¢ _ 1
clrput) = IR, Ctr
. 1
27t Rg X [ Cgs + Cin (milten ]
1

2n =100 % [4 pF+ 26 pF ]
1

X100 <[ 30 pF] ~ > NI
¢ - ——
s G 27 (Rp || RL )X Cout (Millen)
1

27 (22K || 22K)X 2.166 pF

= 36.74 MHz

We have calculated both the critical frequencies :
a) f(input) =53 MHz b) f; (output) = 36.74 MHz.

The above analysis shows that the output network produces the dominant higher

critical . Hi u of the given amplifier is shown in Fig. 425
ency response gt P &
A, (9B)}
A\ (mig)

o %74MHz 53 MHz " (Hz)
fo output) 1, (input)

Figure 4.25 High frequency response of the amplifier

4.6 Miller’s Effect

Miller effect is the increase in the equivalent input capacitance of a voltage amplifier due to

a capacitance connected between two gain-related nodes, one on the input side of an amplifier and

the other the output side.

16
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Coq

Ro=RplIR

AN

Fig. High frequency equivalent circuit

4.6.1 Miller Capacitance

Using Miller theorem this high frequency equivalent circuit can be further
simplified as follows :

The internal capacitance Cgzq can be splitted into Cipmiey and Cout(millery as
shown in the Fig.

.
- §R,=Rnn&
Cull
Vin Cos ::"i&ﬂ (mdler)
L]

Fig. simplified high frequency equivalent circuit

where -~ Cin(mittey = Cga (Ay +1)
(Ay +1)
Cout (miller) = ng“{-m—

4.7 Multistage amplifiers

It has been observed that the voltage (or power) gain, obtained from a single stage small signal
amplifier, is limited. Moreover, it is not sufficient for all practical applications. Therefore in order
to achieve greater voltage and power gain, we have to use more than one stage of amplification.
Such an amplifier is called a multistage amplifier. It will be interesting to know that when we use
multistage amplifier, then we feed the output of one stage to the input of the next as shown in
Figure 426. Such a connection of amplifiers is called cascading. The amplifier used in radio and
television receivers is, usually, a multistage amplifier.

17
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Input l> Output Input b Output Input [M Output
B D T La/ T
Vin, Vo1 Vi, Voo Vin, - Vg

IS b 1

Fig. 426. A general multistage amplifier.

4.7.1 Gain of a multistage amplifiers

We have already discussed in the last article that iri a multistage amplifier the output voltage of
the first stage acts as an input voltage to the second stage. And the output voltage of second stage
as an input to the third stage and so on. The voltage gain of a multistage amplifier is equal to the
product of the gains of the individual stages. Thus if Ay, , Ay, and 4,, are the individual stage gains,

then overall voltage gain,
A, =4, x4, x A,,
The amplifier voltage gain may also be expressed in decibels (dB). However, in that case the
overall decibel voltage gain is the sum of the decibel gains of the individual stages. Thus if Gy,,

Gy, and G, are the individual stage decibel gains, then overall decibel voltage gain,
G, = Gy, +G,,+G,, e
= 20 log;o 4,, +20 log;o'4;, + 20 log, Ay,
= 20 log;o 4, (dB)
Similarly, the overall current amplification,
A; = A; x 4;, x A;,
Then the overall power gain,
L A=A, 4
and the overall decibel ‘power gain,
G, = 10log,0 4,

Example A givén amplifier ar'rangement has the following voltage gains. A,; = 10, A,, =
20 and A3 = 40. What is the overall voltage gain? Also express each gain in dB and determine
the total dB voltage gain.

Solution. Given: 4,, = 10; 4,, = 20 and A4,, =40
Overall voltage gain

We know that the overall voltage gain,
A, = Ay x Ay x Ay = 10 x 20 x 40 = 8000 Ans.

18
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Total dB voltage gain

We know that dB voltage gain of the first stage
Gy = 20logjo A4,, = 20 log;, 10 = 20 dB
Similarly, Gy2 = 20 logyo 4,, = 20 log,( 20 = 26 dB
and Gy3 = 20logyo 4,, = 20 log;; 40 = 32 dB
Total dB voltage gain,

G, =G, +G,+ G,, =20+26+32dB = 78 dB Ans.
Note: Check Gy =20 logio 4v =20 log;o 8000 = 78 dB.
4.7.2 Need for multistage amplifiers
= When the amplification of a single stage amplifier is not sufficient, or,
s 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.

4.8 Methods of interconnecting multistage amplifiers

As a matter of fact, all amplifiers, need some kind of coupling network. Even a single stage
amplifier, needs coupling to the input source and output load. The multistage amplifiers need

coupling between their individual stages. This type of coupling is called interstage coupling. It
serves the following two purposes:

1. It transfers a.c. output of one stage to the input of the next stage.

2. Itisolates the d.c. conditions of one stage to the next. It is necessary to prevent the shifting
of QO-points.

The coupling network (or coupling device) must ensure that both the above purposes are
fulfilled, when an a.c. signal is to be amplified. Following are the four coupling schemes used in
amplifiers.

1. Resistance-capacitance (RC) coupling. It is the most important method of coupling the
signal from one stage to the next and is shown in Figure 427 (). In this method, the signal
developed across the collector resistor of each stage is coupled through capacitor into the base of
the next stage. The cascaded stages amplify the signal and the overall gain is equal to the product
of individual stage gains. The amplifiers, using this coupling scheme, are called RC-coupled
amplifiers.

19
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2. Impedance coupling. This coupling is shown in Figure 427 (b). It may be noted that the
collector resistor (Rc) is replaced by an inductor (L). As the frequency increases, inductive
reactance X (equal to o - L) approaches infinity and each inductor appears open. In other words,
the inductors pass direct current but block alternating current. The amplifiers, using this coupling
scheme, are called impedance-coupling amplifiers. :

AAAA.

s W
I 7 I | Vo
s LT
Q,
o—4 i
Vi, |:O,
= L L -+
(c) Transformer coupling. (d) Direct coupling.

Fig. 427. Coupling schemes in amplifiers.

3. Transformer coupling. This coupling is shown in Figure 427 (¢). In this method, primary
winding of the transistor acts as a collector load and the secondary winding conveys the a.c. output
signal directly to the base of the next stage. It may be noted that there is no need of coupling
capacitor in the transformer coupling. The amplifiers, using this coupling scheme, are called
transformer-coupled amplifiers. :

4. Direct-coupling. This coupling is shown in Figure 427 (d). In this method, the a.c. output
signal is fed directly to the next stage. This type of coupling is used where low frequency signals
are to be amplified. The coupling devices such as capacitors, inductors and transformers cannot
be used at low frequencies because their size becomes very large. The amplifiers, using this
coupling scheme, are called direct coupled amplifiers or d.c. amplifiers.
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4.8.1 Comparison of different coupling methods

FREQUENCY RESPONSE AND MULTISTAGE AMPLIFIERS

Parameter RC Coupled Transformer Coupled Direct Coupled
Coupling Resistor and Capacitor Impedance matching transformer -
Components
Block DC Yes Yes Mo
Frequency re- Flat at middle frequencies | MNot uniform, high at resonant fre- Flat at middle frequen-
sponse quency and low at other frequen-| cies and improvemant in
cies the low frequency response
Impedancea Mol achieved Achieved Mol achieved
matching
DC amplification Mo Mo Yes
Weight Light Bulky and heavy
Drift Mot present Mot presant Presant
Hum Mot present Present Mot present
Application Used in all audio small signal| Used in amplifier where imped- Used in amplification of
amplifiers. Used in record ance malching is an important slow varying paramelers
players, tape recorders, pub- | criteria. Used in the output stage |and where DC amplification
lic address systems, radio re-| of the pubic address system to i5 required.
ceivers and television maich the impadance of loud-
receivers. speaker. Used in the RF ampli-
fier stage of the receiver as a
tuned vollage amplifiar.

4.9 Types of Multistage amplifiers

RC coupled Amplifiers (or) Cascade amplifier
Direct Coupled Amplifiers

Transformer Coupled Amplifiers

Cascode amplifier
Darlington Emitter Follower Amplifier

4.10 Two stage RC Coupled amplifiers (or) Cascade amplifier

Figure 428 shows a two-stage RC coupled transistor amplifier. The circuit consists of two
single-stage common emitter transistor amplifiers. The resistors Rc, Rg and capacitor C form the
coupling network. The capacitor C, is used to couple the input signal to the base of Q,, while the
capacitor C, is used to couple the output signal from the collector of 0, to the load. The capacitor
Cg, connected at the emitters of O, and Q,, are needed because they bypass the emitter to the
ground. Without these capacitors, the voltage gain of each stage will be lost.
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.— First stage —=} Coupling =— Second stage —
! device ! +V.
cC
. —0
Rc
C.
et e
Q, g ﬂU
Coupling - -
network -
= Ce

= = —

Fig. 428. RC coupled amplifier.

The operation of the above circuit may be understood as follows: When an a.c. signal is applied
to the input of the first stage, it is amplified by a transistor and appears across the collector resistor
(Rc). This signal is given to the input of the second stage through a coupling capacitor Cc. The
second stage does further amplification of the signal. In this way, the cascaded stages amplify the
signal and the overall gain is equal to the product of the individual stage gains.

It will be interesting to know that the output signal of a two-stage RC coupled amplifier is in
phase with the input signal. It is because of the fact that its phase has been reversed twice by the
amplifier.

4.10.1 Calculation of Voltage Gain for RC Coupled Amplifier

Consider a two stage RC coupled transistor amplifier circuit as shown in Figure 428 The a.c.
equivalent circuit for each amplifying stage of that circuit is shown in Figure 429 (a) and (b)
respectively. Here we have not shown the complete small signal a.c. equivalent circuit of the
transistor. Rather, it is represented by an a.c. emitter diode resistance (B - r',) and the three points
marked E (for emitter), B (for base) and C (for collector). It has been done because a.c. equivalent
circuit of a transistor is slightly different at low and high-frequencies.

The parameters R; and R,, in the equivalent circuits shown below, represent the input

resistance and output resistance of the first stage respectively. Similarly, the parameters R; and
R, represent the input resistance and output resistance of the second stage.

22



SEC1205 ELECTRONIC CIRCUITS-I UNIT -4 FREQUENCY RESPONSE AND MULTISTAGE AMPLIFIERS

PREPARED BY:

PAGE:_OF _
. c
(o2 0 o )
| ! R
Q R R3 . Ry Mo
>

-

o

(a) A.C. equivalent circuit for first stage. (b) A.C. equivalent circuit for second stage.

Fig. 420. A.C. equivalent circuit of a two-stage RC coupled amplifier.

The parameters ', and 7', represent the a.c. emitter diode resistances of the transistors 0, and
Q, respectively. The values of »',y and ', may be obtained from the relations,
25 25
Pa = 'a = 17—
el 7; and Fe2 IE

| 2
where Jg and /g, are the values of emitter current in milliamperes. Now the input resistance of
the first stage as seen from the Figure 26.4 (a),

Ril - RB ” (Bl 'r’el) = Bl ”"el (If RB >> Bl 'r’el)
and the output resistance,
R,, = RcllR;,
where R; is the input resistance of the second stage and its value is given by the relation,
R, =Rgl(B2-r'e2) = By-r'es . (If Rg >>Pa-r'y)
The output resistance of the second stage,
R,, = Rl Ro e
Now the voltage gain of the first stage,
p 8 R,, . R, R,,
v = Py X == T
l ] R‘l 1 [51 re, r’e,
Similarly, voltage gain of the second stage,
R
4, =2
re,
Overall voltage gain of the amplifier,
- _ R, R,
AV "‘Avl'14v2 = F;;Xrl—oz

If the transistors used in both the stages are identical, then current gain of the transistors O, and
0, (i.e., B, and B,) will be equal. In that case, the emitter currents will also be equal. Thus r', =
r'e, = re. Then overall voltage gain,

Ay, =R, R, /7%
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uency Response of RC Coupled Amplifier | '
4'10';?? ncy resp:nse of an amplifier is a graph, which ind.icat'es ﬂ1§ relatlc?nsllll;:t b;t:;lssn :1}::
R yfu ction of frequency. Usually, the voltage gain (in decibels) is plotte . gnc
voltz}ge o as(ai thI:, frequency (in hertz or kilohertz) along the horizontal axis of the frequency
' ::::)l;::eaz;i:}?. Figure 4.30 shows the frequency response of RC coupled amplifier.

Low

High
I g?)l N l——Flatresponse — g0

\< Roll off

bl 7
f

Frequency (f)

b ———— e

Fig. 4.30 Frequency response of RC coupled amplifier.

Itis evident from the graph that the voltage gain drops off (or rolls off) at low fre
frequencies below 50 Hz) and at high fre
remains constant in the mid-frequency r
follows:

1. At low frequencies (i.e., below 50 Hz).
inversely proportional to the frequency. Thus at |
is quite large. Therefore it will allow only a sma
next stage. In addition to this, the emitter bypas
effectively, because of its large reactance at low
voltage gain rolls off at low frequencies.

2. At high frequencies (i.e., above 20 kHz). In this frequency range, the reactance of capacitor
Cc becomes quite small, therefore it behaves like a short-circuit. As a result of this, the loading

P : 029 50 : < e :
effect of the next stage increases, which redﬁce the voltage gain. In addition to this, the

capacitance of the emitter diode plays an important role at high frequencies. It increases the base

current of the transistor due to which the current gain (B) reduces. Hence the voltage gain rolls off
at high frequencies. § =

3. At mid-frequencies (i.e., 50 Hz to 20 kHz). The effect of coupling capacitor, in this frequency
range, is such that it maintains a constant

voltage gain. Thus as the frequency increases, the
reactance of capacitor C decreases, which tends to increase the gain. However, at the same time,
the lower capacitive reactance increases the loading effect of the next stage due to which the gain
reduces. These two factors almost cancel each other. Thus a constant gain is maintained
throughout this frequency range. '

quencies (;. e.,
quencies (i.e., frequencies above 20 kHz), while i
ange. The behaviour is discussed in more detai] ,

We know that the capacitive reactance (X) is
ow frequepcies, the reactance of the capacitor C.
Il part of the signal to pass from one stage to the
s capacitor (Cg) cannot shunt the emitter resistor
frequencies. As a result of these two factors, the
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4.10.3 Advantages and Disadvantages of RC Coupled Amplifier
Advantages
1. It is the most convenient and least expensive multistage amplifier.
2. It has a wide frequency response i.e.,
over a wide frequency range.

3. It provides less frequency distortion.
Disadvantages

its gain versus frequency curve remains constant

1. The overall gain of the amplifier is comparatively small because of the loading effect of
successive stages.

2. It has a tendency to become noisy with age, especially in moist climates.
3. It provides poor resistance (or impedance) matching between the stages.

4.10.4 Applications of RC Coupled Amplifiers

We have already discussed in Art. 4.30 that an RC coupled amplifier has an excellent

frequency response from 50 Hz to 20 kHz. This property makes it very useful in the initial stages
of all the public address systems. However, it may be noted that a coupled amplifier cannot be used
as a final stage of the amplifier because of its poor resistance matching characteristics. The
resistance mismatching is because of the fact that the output resistance of the amplifier is several
hundred ohms, whereas that of the load (such as speaker) is only few ohms.

Example Figure shows the circuit of a two stage RC coupled amplifier.

—o +10V
2 RC iE RC y
R s 5k c EE Ra 5 kQ2 c,
1MQ$ | | C 71 MQ | —} " Yy
¢ o L_. =100 L
o=t berfl P=100 : B 10 kQ2
Vm Q] 2 b
R Re
1kQ I—CE 1kQ I "
Fig.

’ ] ] - the
D ine the values of input resistance, output resistance, current gain, voltafe gama{(;r
first fztne(;r':econd stages. Also determine the overall voltage gain and overall (IBO:;taﬁe g 1 I;Q :
ir ; ‘ . age g
Solution. Given: Vcc = 10 volts; Rc =5 kQ = 5000 Q; Ry = 1 MQ =1x1 : R

1x10° Q: R, = 10 kQ = 10 000 Q and B, = B, = 100.

Input resistance of the first and second stage

rrent fc i 5 ™ .il as second stage,
itter current for the first as we
know that the value of emi
We el & e -
= Rg 3 1 < 10°
RE -+ =B 1 x 107 + —10—0—
= 091 x 103 A = 0.91 mA
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and the value of a.c. emitter diode resistance,

Input resistance of the first stage,
 Ri= B-r,=100x27.5 = 2750 Q Ans.
and input resistance of the second stage, |
Ry, =B-r,=100x27.5= 2750 Q Ans.
Output resistance of the first and second stage
We know that output resistance of the first stage,

Ro, = Rc|[R;, = 5000 || 2750 = 1774 Q Ans.
and output resistance of the second stage,
R,, = Rc|| Ry = 5000 || 10 000 = 3333 O Ans.
Voltdge gain of the first and second stage,
‘We know that the voltage gain of the first stage,

Roy 1774
Avl —T—W—M.SAM
and voltage gain of the second stage,
_Ro, 3333 '
Ay, = Te =75 " 121.2 Ans.

Overall voltage gain and dB voltage gain
We also know that the overall voltage gain,

| A, =4, A, =645x121.2 = 7817.4 Ans.
and the overall dB voltage gain, |
G, = 20 logjo 4, = 20 log,, 7817.4 = 77.9 dB Ans.

Example 4 radio receiver uses a two stage RC coupled ‘amplifier as shown in Figure

Determine the values of voltage gain of each stage and overall voltage gain. Also express the
overall voltage gain in decibels,
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° +15 V.

Solution. Given: Vcc = 15 volts; Re = 3.3 kQ = 3300 Q; Rg=1kQ=1000Q; R, =33 kQ;
Ry =8.2kQ; R =10kQ =10 000 Q and B, = By = 100. |
Voltage gain of each stage '

We know that voltage drop across the resistor R;,

R,
VTH=VCC( = )=15(— 8.2 ] . '
R, +R, 33+82 V=2585 ¥

and the parallel combination of resistances R, and R,,
Ryii = Ry || Ry = 33|82 = 6.57 kQ = 6570 Q

1

Emitter current, E
I = Vou— Ve _ 2.985-0.7 A
- =
Rty 6570

=214 x 102 A =214 mA

aﬁd the a.c. emitter dwde re51stance

- .

i e =14.7 Q
We also know that mput resistance of the second stage,
=B-r,=100x11.7 = 1170 Q

and the output r'csiétance of the first stage,
R, = Rc||R;, = 3300 || 1170 = 864 Q

Smnlarly, output resistance of the second stage,
Ry =Rc |l R = 3300 || 10 000 = 2481 Q
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Voltage gain of the first stage,
v R
A, = = . L 73.8 Ans.
r’e 11.7
and voltage gain of the second stage,
R, 2481
i 4o
‘sz 117 212 Ans.

e
Overall voltage gain
We know that the overall voltage gain,

A, =4, -4, =738x 212 = 15 646 Ans.

Overall voltage in decibels

We also know that the overall voltage gain in decibels (called the dB voltage gain),
G, = 201log;o4, = 20 logy, 15 646 = 839 dB Ans.

4.11 Two stage Transformer Coupled Amplifiers

Figure 431 shows a two-stage transformer coupled
single-stage common emitter transistor amp
the a.c. output signal from the output of
transformer (T3) couples the output signa
the emitter bypass capacitor is Cg,

amplifier. The circuit consists of two
lifiers. The function of transformer (7}) is to couple
the first stage to the input of the second stage, while
I to the load. The input coupling capacitor is C,, while

—o0 + V¢

Figure 4.31 Two stage Transformer Coupled Amplifier

>
$ RL

| The'operation of the above circuit may be understood from the condition that when an a.c
m.putbmgnal is applied to the base transistor 0y, it appears in the amplified form across prima.r -
winding of the fransfo rmer (7;). The voltage developed across the primary winding is the:
transferred to the input of the next stage by the secondary winding of the transformer (7). The

second stage does ampliification in an exactly similar manner.

In actual practice, a by pass capacitor is used on the bottom of each primary winding to produce
ana.c. ground. This avoid:s the load inductance of the connecting line that returns to the d.c. suppl
point. Similarly, a bypass ¢:apacitor is used on the bottom of each secondary winding to .e‘t anp: cy
ground. This prevents the s‘ignal power loss in the biasing resistors. ’ .
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4.11.1 Calculations of Voltage Gain for Transformer Coupled Amplifier

B C
e 4 > -0 ¢ O * —C) : (. ° a
R | R R
2. 3R, $Br. Q) &R Lt 2 3R,
’ E
O~ 2 kS —O0—— 2 —0 Lo *
(a) For first stage. (b) For second stage.

Fig. 4.32. A.C: equiv "alent circuit for two stage transformer coupled amplifier.

Consider the circuit of a two-si'age transformer coupled amplifier shown in Figure 4.31. The
a.c. equivalent circuit for the ampl fier is shown in Figure 432 (a) and (b). In these figures, the
a.c. equivalent circuit of the transistor is shown by the a.c. emitter diode resistance and three
points marked E, B and C. Assumin'g the transformer to be an ideal (i.e., neglecting its leakage
current, winding resistance etc.), wha tever be the load on its secondary winding side, it transforms
the same on the primary side. The val ue of the transformed load, :

2

N N
R'L = (ﬁi‘] RL £ a2 ? RL , . (where a= ]—Vi]
where N, = Number of primary turns, and

N, = Number of :3econdary turns.
Similarly, if R; is the input resistance of the second stage, then its value transformed to the

primary side,

R',‘2 = 02 'R,'z
We know that the input resistance of the first stage is given by the relation,
Ri, - RB ” (Bl ’ r'e,) (If RB >> B] $ r’el)

arid the input resistance of the second stage®, transformed to the primary side,
Ri,=d R,=a’Rg| ' B,-re) ‘
=d (B, r'e) o (IfRg >> By 1yy)
Similarly, output resistance of the first stage.,
Rol = R',‘2 = 02 ' R,'2
and the output resistance of the second stage, itransformed to the primary side,
Ro; = az $ RL
Voltage gain of the second stage,

Ay, =R, /7,
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and voltage gain of the second stage,
4 R'oz B 0'2 . RL
v2 r,e: r,ez
Overall voltage gain,
A R01 az N RL
— - f— x
Av Avl v2 r,e‘ r,ez

4.11.2 Frequency Response of Transformer Coupled Amplifier
Figure 433 shows the frequency response graph (i.e., a graph of voltage gain versus

frequency) for a transformer coupled transistor amplifier.

Low Resonant
] frequency Flat v S i .

roll off ! response A High frequency
£ ! R roll off
m’-\ LN | I
@ : Sl
g2 ! :
° a

0 '
Frequency (f) ——

Fig. 4.33. Frequency response of a transformer coupled amplifier.

It is evident from this figure, that the voltage gain drops off (or rolls off) at low as well as at
high frequencies , whereas it remains constant in mid-frequency range. Another noticeable feature
is that at one particular frequency (fy) the voltage gain increases and then rolls off continuously.
This typical behaviour may be explained as follow:

We know that output voltage of a transformer coupled amplifier is equal to the product of
collector current and the reactance of the primary winding of coupling transformer. At low
frequencies, the reactance of primary winding (X, = @ - L) begins to decrease, and hence the
voltage gain reduces. At high frequencies, the effect of leakage inductance and distributed
capacitance (i.e., the capacitance between the turns of the winding) becomes significant and hence
the voltage gain reduces. The peak gain results due to the resonance (or turning) effect of
inductance and distributed capacitance, which forms a resonant circuit. The frequency, at Wthh
the peak occurs, is called resonant frequency (f;).

It has been found that flat part of frequency response curve of transformer coupled amplifiers
is small as compared to that of RC coupled amplifiers. As a result of this, these amplifiers can not
be used over a wide range of frequencies. Moreover, if they are used, they produce frequency
distortion, which means that all frequency components in a complete input signal (such as music,
Speech signal) are not equally amplified. However, the transformers can be suitably designed to
provide a fairly flat response curve and excellent fidelity over the entire audio frequency range
(ie., 20 Hz to 20 kHz).
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4.11.3 Advantages and Disadv
Advantages antages of Transformer Coupled Amplifier

1. No signal power is lost in the collector or base resistors, because of the low winding re-
sistance of the transformer.

2. It provides a higher voltage gain than the RC coupled amplifier.

3. It provides an excellent resistance (or impedance) matching between the stages. The re-
sistance matching is desirable for maximum power transfer.

Disadvantages
1. The coupling transformer is expensive and bulky, particularly when operated at audio fre-

- quencies.
7 At radio frequencies, the winding inductance and distributed capacitance produces reverse

frequency distortion.
3. It tends to produce ‘hwm’ in the circuit.
4.11.4 Applications of Transformer Coupled Amplifier

We have already discussed in the last article that transformer coupled amplifiers provide
excellent impedance matching between the individual stages. This ability makes it very useful in
a multistage amplifier, where it is used as a final stage. It is used to transfer power to the low
impedance load (such as speaker). The impedance of a speaker varies from 4 Q to 16 , whereas
the output resistance of a transistor amplifier is several hundred ohms. In order to match the load
impedance, with that of the amplifier output, a step-down transformer of proper turns ratio is used.
The resistance of the secondary winding of the transformer is made equal to the speaker
impedance, while that of the primary winding is made equal to the output resistance of the

amplifier.

Example Figur i di
P gure shows the circuit diagram of a two -stage transforimer coupled transistor amplifier.

510V
P
I'Re EE 4
2470 kQ | TkQ
41 =5
B,=50
Q,
RE

Calculate the values of individual stage gains and the over all voltage gain in decibels. Neglect
Ve and take r', = 25 mV/Ig (mA).
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Solution. Given: Vcc = 10 volts; Rg = 1 kQ =1 x 103 Q1 Ry = 470 kQ = 470 x 10°Q; a = 4;

B, =B, =50 and R, = 1 kQ = 1000 Q.

Individual stage gains
We know that the value of emitter current,
Vee 10/
R B 470 x 103
RE+—B— (1x103)+ e

=0.96 x 102 A = 0.95.mA
and the value of a.c. emitter diode resistance,
25mV _ 25 _
= = =26Q
Ie (mA) 0.96
We also know that input resistance of the first stz,ge,
Ri =Rgll(Bi-re) = (“470% 10°) || (50 x 26) Q
= 1296 Q
and input resistance of the second stage,
Riz - RB “ (Bz ’ rlez) = (470 X 103) H (50 X 26)
= 1296 Q
The input resistance of the second stage, trarisformed to the primary side,
R, = a- R, = (4) x 1296 = 20 736 Q

Fe

Similarly, output resistance of the first stagez,
R, =N.™ 20 736G Q
and output resistance of the second stage, transformed to the primary side,
R, =a* Ry .= (4Y x1000 = 16 000 Q
Voltage gain of the first stage,

Ro, 20736
A, = 1="—=
T 2% 797.5 Ans.
and -voltage gain of the second stage,
R'o, 16000
AV —— B = ee—
5, 26 615.4 Ans.
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Overall voltage gain in decibels
We know that the overall voltage gain,

A, = A, - A, = 797.5x 615.4 = 490 782 Ans.

and the overall voltage gain in decibels (called dB voltage gain),
G, = 20log;o 4, = 20 log,;490 782 = 114 dB Ans.
4.12 Two stage Direct Coupled Amplifier

It is also called as DC amplifier and is used to amplify very low frequency (i.e., below 10 Hz)
signals including direct current or zero frequency. It may be noted that the capacitors, inductors

and transformers can not be used as a o4 Ve

coupling network at very low frequencies : $R, ; R,

because the electrical size of these devices, R 3

at low frequencies, becomes very large. 4——‘—;0
Figure 434 shows a two-stage direct o

coupled transistor amplifier. It may be noted

that the output of the first stage is directly .

connected to the base of the next transistor. Ry

Moreover, there¢ are no input or output
coupling capacitors. The operation of this Fig. 4.34. Two stage direct coupled amplifier.
circuit is discussed below: |

The signal to be amplified is applied directly to the input of the first stage. Due to the transistor
action, it appears in the amplified form across the collector resistor or transistor 0. This voltage
then drives the base of the second transistor Q; and the amplified output is obtained across the

collector resistor of transistor Q,.
4.12.1 Calculation of Voltage Gain of Direct Coupled Amplifier

Consider the circuit diagram of a. direct coupled amplifier shown in Figure 4.34. The
a.c equivalent circuit for such an amplifier is shown in Figure 4.35.

°
J,
9
b

6

A, AR, Bir+RISE 3Ry 3B, +RYSE R
R, | R, R

—

- d >

Fig. 4.35. A.C. equivalent circuit of a two stage direct coupled amplifier.
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It is evident from the figure shown above that the input resistance of the first stage,
Ri, = Ry || R) || By (7', + Ry)
and input resistance of the second stage,

R, =B2(r,+Ryg)
Similarly, the output resistance of the first stage,
Ro, =Ry | Riz
and output resistance of the second stage,
Ro; = Rs

Voltage gain-of the first stage,

£, R,
Ay PRl
R"l ’161+R4

and voltage gain of the second stage,
RO RO:

o

R’] ,.,62 + R4
Now the overall voltage gain is given by the relation,
A, =A4, -A4,,
4.12.2 Frequency Response of Direct Coupled Amplifier
Figure 4.36 shows the frequency Flat
; - l— response —
response (i.e., a graph of dB voltage gain
versus frequency) of a direct coupled
amplifier. It is evident from this figure, the
gain is uniform up to a certain frequency
denoted by f,. Beyond this frequency, the 5 7
gain rolls off slowly. The gain rolls off at Frequency (f)—
high frequencies due to the increased emitter gjo. 436, Frequency response of direct coupled amplifie
diode capacitance and stray wiring capacitance.
4.12.3 Advantages and Disadvantages of Direct Coupled Amplifier
Advantages

1. The circuit arrangement is very simple because it uses a minimum number of resistors.

2. The circuit cost is low because of the absence of expensive coupling devices.

3. It can amplify very low frequency signals down to zero frequency.

Disadvantages

1. It cannot amplify high frequency signals.

2. It has poor temperature stability. Because of this, its, Q-point shifts. In a multistage
direct coupled amplifier, the Q-point shifts are amplified in succeeding stages. Thus a
small d.c. shift, in the first stage can cause the final stage to be either saturated or cut-
off. All integrated circuit amplifiers are direct coupled because of the difficulty of
fabricating large integrated capacitors.

A\'2 = B] X

High frequency
roll of

Voltage
—gain (dB) —

|
|
|
|
|
|
I
|
4

34



SEC1205 ELECTRONIC CIRCUITS-I UNIT -4 FREQUENCY RESPONSE AND MULTISTAGE AMPLIFIERS

PREPARED BY: PAGE: _OF _

4.12.4 Applications of Direct Coupled Amplifiers
The direct coupled amplifiers are used in many electronic systems that handle signals, which
change very slowly with time. Some of the important applications are as given below.

1. Analog computation.

2. Power supply regulators.

3. Bioelectric measurements.

4. Linear integrated circuits.

Example Figure shows a direct coupled two-stage amplifier. The d.c. bias of the
first stage sets the d.c. bias of the second.

—o4+12V

3 5
iR 310 kQ 10 kQ

Determine the individual stages a.c. voltage gain and the
user'e = 25/Ig in mA. Take B, = B, = 100.

Solution. Given: V¢ = 12 volts; R, .= 100 kQ: Ry =20k Ry =10kQ =10 000 Q; R, =2
kQ =2000 Q; Rs =10 kQ = 10 000 Q; Rg=2kQ =2000 Q; ¥, = 25/l and B, = B, = 100.

Individual stages a.c. voltage gain

overall voltage gain. Neglect Vi and

We know that voltage drop across resistor R,,

VTH:VCC( )=12[ﬁ):2\/
/ ' .

As the voltage drop across the resistor Ry is the same as that across R,. Therefore emitt_er current

R, + R,

of O, transistor,

Vru 2 N
=" =——=0.001 A=1mA
e, =R, T 2000
and the a.c. emitter diode resistance,
25 .25
Vg ™= E T 25 Q
1

Again neglecting Vg, the voltage drop across resistor, R, is the same as the collector voltage
of O, transistor and its value,
Ve, = Ve, = Vec—Ig, " Rs
=12-(0.001 x10000) =12 -10=2V
35
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Emitter current of Q, transistor,

I =E=—L=O.OOIA=1mA
B2~ Rg 2000
and the a.c. emitter diode resistance,
25 25
, == =250
Ve, 3 | 2

We also know that input resistance of the second stage
R, =B (Fa+ R¢) = 100 (25 + 2000) = 202 500
and output resistance of the first stage,
R, =Rs||R;=10 000 || 2 02 500 = 10 000 €
Similarly, output resistance of the second stage,
R,, = Rs =10 000 Q
Voltage gain of the first stage.
Ro, 10000 _

Ay =———= = 4.9 Ans.
e, + Ry 25 + 2000
and voltage gain of second stage,
R
Auz = " 1000 49 Ans.

- Fe,+Rs 25+ 2000
Overall voltage gain
We know that overall voltage gain, *
A, = A, -A, =49x49 =24 Ans.
4.13 Darlington Emitter Follower Amplifier

The DarlmgFon Ampliﬁer consists of two cascaded emitter followers as shown in Figure 4.36
The configuration results in a set of improved amplifier characteristics.

—o+ Ve
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The Darlington amplifier has a high input resistance, low output resistance and high current

gain. These characteristics make it very useful as a current amplifier. The voltage gain of a
Darlington amplifier is less than unity.

4.13.1 Darlington Amplifier Characteristics
Consider the Darlington amplifier circuit shown in Figure 4.36.
Let Iy, = Base current of Q, transistor,

1, = Emitter current of Q, transistor,
By = Current gain of Q, transistor,

Iy, = Base current of Q, transistor. Its value is equal to the emitter current
of O, transistor,

I, = Emitter current of Q, transistor, and

B, = Current gain of Q, transistor.
L. Current gain. We know that the emitter current of Q, transistor,

Ie, =B ']b,
and emitter current of Q, transistor,
I, =By 1y, = By 1,
=B2(By+1p)
=By il = P*-1,

Now let both the transistors used in the amplifier be identical. Then current gain 3; and B, will
be equal. In that case, emitter current of 0, transistor,

I = B b AR

Overall current gain,

( Ib2 = [el)
i Ay = By o By)

i Ib,

' is gi he relation,
2. Input resistance. We know that input resistance of the second stage is given by t
. Input res ;
R e . (fRe ra)
ik ' s gi the relation,
It is the value of resistance seen by the emitter of O, transistor and is given by
is
R'i‘ = B‘ (r'el +Ri2) . (If R,’2 >> rlel)
=E"giz R .. (" Rip = B2 Re)
stor. we kno i . Therefore input
For identical transistor, we know that current gain B, and B, are also equal. The p
ori :
resistance, i
R =B°Re
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and input resistance of the amplifier stage,
R, =R IR IR = (R || Ry || B* - Re

=R || Ry _ (0 Ry (| Ry) << B - Re)
3. Qutput resistance. The output resistance of the first stage is given by the relation,
B Ry || R3
a Tt B
and output resistance of the second stage,
P | Rol
Roz r & + —B;
Ry || R,
r et Q@
Sy P
£y
B2
re, Ry|IR
_r,ez+__e1+ 1| Rz
B, BB
' R || R
= e o Tel and S—IM are negligible)
, B Bi B
4. Voltage gain. The voltage gain of Darlington amplifier is given by the relation,
= _Yi ]
A, 5 .. ()
The value of output voltage of a Darlington amplifier,
Vo = lez * RE

and the input voltage,
Vin = Iel ’ r'e, + 1e2 ("’e2 + Rg)

The above expression is obtained by applyin
Darlington amplifier. Substituting the value of /,, (equal to /,,/f,) in equation (if)

.. (i)

g Kirchoff’s Voltage Law to the input circuit of the

Vin = — r’e, o~ Iez (rlez + RE)
2
Voltage gain,
Av - 1‘—’2 : RE — | RE

_‘iz_. d ' r,e
Bz rel +1€2 (r e1+RE) —B_2|-+(r132+RE)

.0 (' RE >> r’gz or r,el/Bz)
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Example Figure shows the
circuit diagram of a Darlington amplifier.

Determine (a) the overall gain, (b) the
a.c. emitter diode resistance for each
transistor; (c) total input resistance; and
(d) the overall voltage gain.

Solution. Given Ve = 10 volt; R, = 30

kQ; R, =20kQ; Re=1.5kQ=1.5x10°Q;
By = 150 and B, = 100.
(@) Overall current gain
We know that overall current gain,
«- A;= By By =150 x 100 = 15 000 Ans.

(b) A.C. emitter diode resistance for each transistor
We know that voltage drop across resistor R,

R
VR2 =] VCCx - =10 20

R, + R, 30+20]
and the voltage at the base of Q, (or emitter of Q,),
Vo, = Vi, ~ Veg, =4 =07 =33V

Similarly, voltage at the emitter of O,

VE2 - ng— VBEz =33 —07 == 26 V

and the value of emitter current of O,

B VE, - 26
Rg 1.5x 10°

I

A.C. emitter diode resistance of (> transistor
= 14.5 €2 Ans.

~ 25 - 25
C Ig, (in mA) 1.73
Now the base current of O5,

~

2 B2 100
and the emitter current of O,
Ie, = I, = 0.0173 mA
A.C. emitter diode resistance of O,

., 25 25

" 7o, Gnmd)  0.0173

39
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. =_IE=—]'—7§=O.OI73mA

o+10V

=173x107 A = 1.73 mA

= 1445 Q2 Ans.
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(¢) Total input resistance
We know that total input resistance (i.e., input resistance of the a
Ry =R/[|R,=30]20 =12 kO Ans.
(d) Overall voltage gain
We also know that overal] voltage gain,

mplifier stage),

A4, = 7 Re = 1.5x10°
&‘F(r' M“\
B, e+ Re) o0 TI14.4+(1.5x 10%)
= 0.98 Ans,

4.14 Cascode amplifier
An amplifier consisting of a common emitter input stage that drives a common base

output stage.
Figure 4.37 show the cascode-amplifier configuration using BJT’s. In this case. a common-emitter
amplifier drives a common-basc amplifier. It is a well-known fact that, at higher frequencies. the
gain of the RC-coupled amplificr drops. This is because of the shunting effect of the Miller capacitance
', and the emitter-base capacitance €' . With cascode connection, the effect of the Miller capacitance
can be seen to get reduced; as a result, the high-frequency cut off gets extended by a factor of
about 10.

Figure 4.37 shows the basic cascode amplifier circuit. As shown in the figure, and as stated
above, a cascode amplifier consists of a CK amplifier driving a C'B amplifier. To make a simplified
analysis of the cascode amplifier, assume that the current gain (CFE) of transistor 7' is ff and that
(CB) of transistor 7, is . From basic principles. we find that for the CE stage.

CFE amplifier CB amplifier
_____ 75 - 8 @
T C.!
Co == B o et
i P‘ e
® ® TI RI.2

e e [
g B 0 N S o

Fig. 4 37 Cascode amplhifier using BJT s

R
Ay = p ol 1
R, (D
where A\.l = voltage gain, Ril = input impedance and Rm = output impedance of the CF stage.
Similarly, we have R
A\--, - 0. 02 [.’)
- R, <

(4
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where A, = voltage gain, R,
Fig. 437. we [ind that R ,
amplifier as

=R, . Using Eqgs.

FREQUENCY RESPONSE AND MULTISTAGE AMPLIFIERS

_0

= input impedance and R,
(1)and

F_
= output impedance of the CE stage. From

(2), we get the overall gain of the cascode

R
*R,

(3)

But, we see from Fig. 437 that R,,= R ,. Also, we have &, = 1. Then, we get

v = Py X—=

From Eq.
the C'k amplifier.

Ry
R,

(4). we find that the gain of the cascode amplifier is equal to that of a single stage of

(4)

Even though the cascode amplifier has a gain equal to that of a CE amplifier, we find that its
high-frequency region of operation extends bevond that of the CF amplifier. This is because. as
stated before. the parasitic Miller capacitances (€',
connected, as can be seen from Fig. 437 . This pTC\ ents dlrcct feedback connection between the

output and the input of the cascode amplifier.

and C 1) of the two transistors are not directly

4.15 Comparison of Cascade and Cascode amplifier

Cascade amplifier

Cascode amplifier

Combination of two or more transistor's in
any of the configuration.

combination of common collector and

Common base configuration

output of the first amplifying device
(transistor) is fed as input to the second
amplifying device

An amplifier consisting of a common emitter
input stage that drives a common base output
stage.
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