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Introduction

V-I characteristics of an active device such as BJT are non-linear. The analysis of a non-
linear device is complex. Thus to simplify the analysis of the BJT, its operation is
restricted to the linear V-I characteristics around the Q-point i.e. in the active region.
This approximation is possible only with small input signals. With small input signals
transistor can be replaced with small signal linear model. This model is also called small

signal equivalent circuit.
Two —Port Devices and Network Parameters

Small signal low frequency transistor Models:
All the transistor amplifiers are two port networks having two voltages and two currents.

The positive directions of voltages and currents are shown in fig. 1.

i iz
+ P -+
Vi Amplifier vV, T

Fig. 1

A two-port network is represented by four external variables: voltage Vi and current I; at
the input port, and voltage V> and current I, at the output port, so that the two-port
network can be treated as a black box modeled by the relationships between the four
variables,V1,V2, I1,I . Out of four variables two can be selected as are independent
variables and two are dependent variables.The dependent variables can be expressed
interns of independent variables. This leads to various two port parameters out of which
the following three are important:

1. Impedance parameters (z-parameters)

2. Admittance parameters (y-parameters)

3. Hybrid parameters (h-parameters)

Z-parameters

A two-port network can be described by z-parameters as
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W =2yl 20
Vo = Zyly + 29315

In matrix form, the above equation can be rewritten as

CREEI
Vi zo1 29| | 1o

Where
|1
1= 7
I —o
Input impedance with output port open circuited
|
£12 =
2 |1 =o
Reverse transfer impedance with input port open circuited
_ ¥
@1 =
In=
Forward transfer impedance with output port open circuited
—
202 = 7,
2 =0

Output impedance with input port open circuite

Y-parameters

A two-port network can be described by Y-parameters as

L =¥,V + 1,1,
L =Y + ¥, 1%

In matrix form, the above equation can be rewritten as

I _ ¥ e Wi

I Y21 Yoz| | Va
I

1= —+

Vi Vo =0

Input admittance with output port short circuited
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— Il
12 v, o
Reverse transfer admittance with input port short circuited
Y21 V. .
Forward transfer admittance with output port short circuited
_ I
Y22 v .

Output admittance with input port short circuited
Hybrid parameters (h-parameters)
If the input current I1 and output voltage V2 are taken as independent variables, the

dependent variables V1 and I2 can be written as

-M_ — h’ll h’l? Il
IE h?l h?? V—E

Where hii, hi2, hoi, hos are called as hybrid parameters.

W
hiy = f_
1 lvws=0
Input impedence with o/p port short circuited
— W
hi =
=0

Reverse voltage transfer ratio with i/p port open circuited

1
hoy = L2

output impedance with i/p port open circuited
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THE HYBRID MODEL FOR TWO PORT NETWORK:

Based on the definition of hybrid parameters the mathematical model for two pert
networks known as h-parameter model can be developed. The hybrid equations can be
written as:

V,=hdl +n.1,

i=11=input o =22 = output f=21 = forward transfer r = 12 = reverse transfer)

We may now use the four h parameters to construct a mathematical model of the device
of Fig.(1). The hybrid circuit for any device indicated in Fig.(2). We can verify that the
model of Fig.(2) satisfies above equations by writing Kirchhoff's voltage and current laws
for input and output ports.

L hi
+ — = MAN—

iz 1_
| ht s %
W hrie @ (*) he V2

+

If these parameters are specified for a particular configuration, then suffixes e,b or ¢ are
also included, e.g. hs ,hip are h parameters of common emitter and common collector
amplifiers. Using two equations the generalized model of the amplifier can be drawn as
shown in fig. 2.

iy his iz

— M <

Vi hizVz @ <¢ ha4i hzz Va2

Fig. 2
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TRANSISTOR HYBRID MODEL:

The hybrid model for a transistor amplifier can be derived as follow:

Let us consider CE configuration as show in fig. 3. The variables, ig, ic ,vc, and vs represent total
instantaneous currents and voltages ig and vc can be taken as independent variables and vg, Ic as

dependent variables.

Fig. 3

Ve =fi (i ,vc) Ic =1 (iB ,vo).

Using Taylor 's series expression, and neglecting higher order terms we obtain.

.-EWB:%L Big + % B

B [ t iB

pi =2kl g+ T2 ope
SIB Vi C iB

The partial derivatives are taken keeping the collector voltage or base current constant. The A v,
A ve, A B, A ic represent the small signal (incremental) base and collector current and voltage and
can be represented as vs, ic, 18 ,Vc

.'."."h = hie iE + hl.e Vi
o = heig+ by vy

where
& B_L N A
- g e g | " dg ig He ig
hfe :ﬂ = ai hDE:£ = ﬂ
dig e dig e cli, e i
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The model for CE configuration is shown in fig. 4.

it

+ — > AMAN—

hia il:
-« 4
hreuc | hl‘eih
S
Ve ( ©® hee v

Fig. 4

To determine the four h-parameters of transistor amplifier, input and output characteristic

are used. Input characteristic depicts the relationship between input voltage and input

current with output voltage as parameter. The output characteristic depicts the

relationship between output voltage and output current with input current as parameter.

Fig. 5, shows the output characteristics of CE amplifier.

Ivc Iz < b

hy

iC'

"}/- sz ——
& mn o e
__|{-’_-_ . __.__=ri_1———_.=_la_
" S
||,-——___'_____
f ! e
1 }
Ve VcCE
Fig. 5

The current increments are taken around the quiescent point Q which corresponds to ig =

Ig and to the collector voltage Vce = V¢

= dic.
g a""."llc

g

The value of hee at the quiescent operating point is given by the slope of the output

characteristic at the operating point (i.e. slope of tangent AB).

_ vy

ie_ﬂ

» O
"i"jB

e
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hic is the slope of the appropriate input on fig. 6, at the operating point (slope of tangent
EF at Q).

_ M _ A Mee - Vi
TR BVe|, Ve Ve
B
Vee A
Ve - - - - - - - - "{Ci I F —
2 Vee=Vc
A Vet
Wl — — — - L
|UC2
[
|
[
[
|
I|
L]
>
I=
Fig. 6

A vertical line on the input characteristic represents constant base current. The parameter
hre can be obtained from the ratio (Ve>— V B1 ) and (Vco— V 1) for at Q.
Typical CE h-parametersof transistor 2N1573 are given below:

hie = 1000 ohm.
hee=2.5 %10
hge =50
hoe=25pnA/V

ANALYSIS OF A TRANSISTOR AMPLIFIER USING H-PARAMETERS:
To form a transistor amplifier it is only necessary to connect an external load and signal

source as indicated in fig 1 and to bias the transistor properly.

e
¥ * Two port
Vs @ — > Vs active
. | Network
4
Fig. 1
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Consider the two-port network of CE amplifier. Rs is the source resistance and Zr, is the
load impedance h-parameters are assumed to be constant over the operating range. The
ac equivalent circuit is shown in fig. 2. (Phasor notations are used assuming sinusoidal
voltage input). The quantities of interest are the current gain, input impedence, voltage

gain, and output impedence.

[ ;
Vs @ v ""—”‘@ <¢ el %hm V.

. "

) -—

Fig. 2

Current gain:

For the transistor amplifier stage, A; is defined as the ratio of output to input currents.
I —I,

_":].r = — —
) I'l I'l

Input impedance:

The impedance looking into the amplifier input terminals ( 1,1') is the input impedence
Zi,

ly
"""Illb hie lb +hre I‘""Illc
i=hiE +h &
II:- lb
he |, £
_hie' rel: L
L, =h,+h AL
=h. hre hfe zL
" th,, ZL
h. h : 1
Zi=hj-—=te (since ¥, ==—)
I ® 1lTrL +hu:-e zL
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Voltage gain:

The ratio of output voltage to input voltage gives the gain of the transistors
N, I Z
A o=rto-lch
VN
. b AL AL
A= v A

Output Admittance:
It 1s defined as

c""'IIS

Ic = hialb +h-:ue l"""llc
I I
""'"Ilc = hfe b +hl:-e

‘v’
when, =0, R_|, +h .l +h W, =0.
b e
"""'I:: Rs +hie

S ¥y = h ﬂ

oe T

Hs-l-hi-e
Yoltage amplification takinginto account source impedance (Rglis given by
UYL W, LY W
A, == Wh o= e
I T W [b R+ Z, ]
7
=A,
VT HR,
_ ML
E +R,

A, is the voltage gain for an ideal voltage source (R, = 0).
Consider input source to be a current source Is in parallel with a resistance Rs as shown in
fig. 3.

SO

Fig. 3
In this case, overall current gain Ajs is defined as

Prof. Vijay V. Chakole, Department of Electronics Engineering, KDKCE, Nagpur

Page 10


http://nptel.iitm.ac.in/courses/Webcourse-contents/IIT-ROORKEE/BASIC-ELECTRONICS/lecturers/lecture_27/lecture27_page2.htm

[II SEMESTER ELECTRONICS Electronic Devices & Circuits

A=l
I L
= Ic
T
o lalb bzIS*Rs
I, I Hs"'zl
:.ﬂ'\I" RS
R, +%

IfR, == A =&

h-parameters

To analyze multistage amplifier the h-parameters of the transistor used are obtained from
manufacture data sheet. The manufacture data sheet usually provides h-parameter in CE
configuration. These parameters may be converted into CC and CB values. For example
fig. 4 hrc in terms of CE parameter can be obtained as follows.

|"_ Pie Ic

el
B C
+
Vie hrl:vq: @ (D hrele hoe Ves

Fig. 4
For CE transistor configuaration
Vbe = hie Ib + hre Vce
Ic =h fe Ib + hoe Vce
The circuit can be redrawn like CC transistor configuration as shown in fig. 5.
Vbe = hie Ib + hrc Vec
Ic =hfe Ib + hoe Vec
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hybrid model for transistor in three different configurations

CE
Vb'-" hia [b * hrs Vc
Ic = by Iy + hoe V¢

cC

Vb 2 hic ]b * hrc Ve

Ie =y Iy + hoc Vg

CcB
Ve = hil.: le * hrb Vc
'c= hfb le+ hoch

Typical h-parameter values for a transistor

Parameter CE CC CB
h; 1100 Q 1100 Q 22 Q
hy 2.5x10* 1 3% 10
hr 50 -51 -0.98
h, 25 nA/vV 25 uA/V 0.49 uA/V

Analysis of a Transistor amplifier circuit using h-parameters
A transistor amplifier can be constructed by connecting an external load and

signal source and biasing the transistor properly.
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— I: 2
+ :r ‘L I:I.
: 4
Transistor Vz {: Z]
<
-4
1 1

Fig.1.4 Basic Amplifier Circuit

The two port network of Fig. 1.4 represents a transistor in any one of its
configuration. It is assumed that h-parameters remain constant over the operating range.

The mput is sinusoidal and I1,V1,12 and V; are phase quantities

R 3 1 - b 2
) ;s —-—-—-—"VW: I, ;.,,_ h 2
O v O w3 v 3a
" - ] -
1 2’

Fig. 1.5 Transistor replaced by its Hybrid Model
Current Gain or Current Amplification (Aj)
For transistor amplifier the current gain A;is defined as the ratio of output current

to input current, i.e,

A=l /li=-1/1
From the circuit of Fig

L= hel; + hoV2
Substituting V2= 11.ZL= -1ZL
b= h¢li- [2Z1 he
I + bZt ho = hrly
I( 1+ Zr ho) = hely
Ai= -L/Li=-h¢/ ( 1+ Z ho)
Therefore,

Ai=-he/ ( 1+ Z1 hy)
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Input Impedence (Zi)
In the circuit of Fig , Rs is the signal source resistance .The impedence seen when

looking into the amplifier terminals (1,1°) is the amplifier input impedence Zi,

Zi=Vi/lL
From the input circuit of Fig Vi =hil; + h/V2
Z; =(hili +hV2) /T
=hi+h V2/1i
Substituting
V2 =-bZL=AlLZL
Z; =hi+h AiliZL/ T
=hi+ h AiZ¢

Substituting for A;
Z; =hi- hehy Zr / (1+ hoZy)
=hi- hehy Zo / ZL(1/ZL+ ho)
Taking the Load admittance as Y. =1/ Zp
Z; =hi- hehr /(YL + ho)

Voltage Gain or Voltage Gain Amplification Factor(Ay)

The ratio of output voltage V> to input voltage Vi give the voltage gain of the transistor

1e,
Av=Vy/V;
Substituting
Vs =-LZ.=ALZ.
Ay =AiliZL/Vi= AZL/ Zi
Output Admittance (Y,)

Y, is obtained by setting Vs to zero, Zr to infinity and by driving the output terminals
from a generator V. If the current V3 is I then Y= [2/V2 with Vs=0 and Rp= .
From the circuit of fig
= bhrli + hoV>
Dividing by V>,
I/ V2 =heli/V2 + ho
With V,= 0, by KVL in input circuit,
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RsIi + hil; + h,Vo,=0

(Rs+h)I; +hVo=0

Hence, 12/ V2=-h:/(Rs+ hj)

= h¢(-h/( Rs + hi)+h,

Y o= ho- hrh/( Rs + hy)
The output admittance is a function of source resistance. If the source impedence is
resistive then Y, is real.
Voltage Amplification Factor (Ays) taking into account the resistance (R;s) of the

source

Fig. 5.6 Thevenin’s Equivalent Input Circuit
This overall voltage gain As is given by
Avs=V2/Vs=V2Vi/ViVs=A, Vi/ Vg
From the equivalent input circuit using Thevenin’s equivalent for the source shown in
Fig. 5.6
Vi1 =VsZi/ (Zi+Rs)
Vi/Vs=7Zi/ ( Zi+ Rs)
Then, Avs= AvZi/ (Zi +Rs)
Substituting  Av= AiZL/ Zi
Avs= AiZL/(Zi +Rs)
Avs = AiZL Rs / ( Zi + Rs) Rs
Avs=AisZL/ Rs

Current Amplification (Ajs) taking into account the sourse Resistance(Rs)
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L
=
e

@ Fn g

-

Fig. 1.7 Norton’s Equivalent Input Circuit
The modified input circuit using Norton’s equivalent circuit for the calculation of Ajs is
shown in Fig. 1.7
Overall Current Gain, Ais=-I>/ Is =- Il /I Is = Ai I1/Is

From Fig. 1.7 Ii=Is Rs/ (Rs + Zi)
Ii/Is=Rs/ (Rs + Zi)
and hence, Ais=AiRs/ (Rs + Z))

Operating Power Gain (Ap)

The operating power gain Ap of the transistor is defined as
Ap=P2/P1=-Vo2 1o/ Vi 1i = AJAi= Ai AiZL/ Z;
Ap= AX(Z1 Z)

Small Signal analysis of a transistor amplifier
Ai=-hs/ ( 1+ ZL ho) Av=AiZL/ Z;
Avs= AvZi/ (Zi+Rs)= AZL/(Zi+ Rs)
= AisZL / Rs
Yo=ho- hrh/( Rs + hj) =1/ Z, Ais=AiRs/ (Rs+Z)) =Aws=Ais Rs/ ZL

Zi=hi+h AiZr =hi- hsh: /(YL + ho)

Simplified common emitter hybrid model:

In most practical cases it is appropriate to obtain approximate values of A v, A i etc
rather than calculating exact values. How the circuit can be modified without greatly
reducing the accuracy. Fig. 4 shows the CE amplifier equivalent circuit in terms of h-
parameters Since 1 / hoe in parallel with Ry is approximately equal to Rp if 1 / hee >> RL
then hoe may be neglected. Under these conditions.

IC = hfe IB .
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hre Ve = hre Ie Re = hee hee Ip RL .

h e I::- 'u’.:

e () (§) e S e ém

le

Vs

Fig. 4
Since h f.h e = 0.01(approximately), this voltage may be neglected in comparison with h
ic I drop across h i provided Ry is not very large. If load resistance Ry is small than hoe

and hy can be neglected.

hie
A= =-h
T, R, fe
Hi_hie
AR hs. F
A= e AL
YR h

Output impedence seems to be infinite. When Vs = 0, and an external voltage is applied
at the output we fined I, = 0, I ¢ = 0. True value depends upon Rs and lies between 40 K
and 80K.

On the same lines, the calculations for CC and CB can be done.

CE amplifier with an emitter resistor:

The voltage gain of a CE stage depends upon hy. This transistor parameter depends upon
temperature, aging and the operating point. Moreover, hf. may vary widely from device
to device, even for same type of transistor. To stabilize voltage gain A v of each stage, it
should be independent of hr.. A simple and effective way is to connect an emitter resistor

Rc as shown in fig. 5. The resistor provides negative feedback and provide stabilization.
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Fig. 5
An approximate analysis of the circuit can be made using the simplified model.
Current gain Ay :|£=-|£ = Pee by
U Iy
= _hfe

It isunaffected by the additionof H .

Input resistance is givenhby
HiZE
Iy
_hely +(0+hgdl, R
by
=hie = (T+he ) R,

e

The input resistance increasesby (1+h, )R,

'ﬂ"iRL — _hi! RL
R, b, +(1+h, 1R,

A=

Clearly, the addition of B, reducesthevaltage gain.
If (1+hg )R, =>h, and hy, >>1
then
he R Ry
" {+h.R. R.

Subject to above approximation Av is completely stable. The output resistance is infinite

for the approximate model.
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Comparison of Transistor Amplifier Configuration

The characteristics of three configurations are summarized in Table. Here the quantities
Ai, Ay, Ri, R, and Ap are calculated for a typical transistor whose h-parameters are given
in table .The values of Rr and R; are taken as 3KCQ.

Table: Performance schedule of three transistor configurations

Quantity CB ccC CE
Ay 0.98 47.5 -46.5
Ay 131 0.989 -131
Ap 128.38 46.98 6091.5
R; 22.6 Q 144 kQ 1065 Q
R, 1.72 MQ 80.5 Q 45.5 kQ

The values of current gain, voltage gain, input impedance and output impedance
calculated as a function of load and source impedances
Characteristics of Common Base Amplifier
(1) Current gain is less than unity and its magnitude decreases with the increase of
load resistance Ry,
(i1) Voltage gain Ay is high for normal values of R;,
(111) The input resistance R;is the lowest of all the three configurations, and
(1v) The output resistance R, is the highest of all the three configurations.
Applications The CB amplifier is not commonly used for amplification purpose. It is
used for
(1) Matching a very low impedance source
(i) As a non inverting amplifier to voltage gain exceeding unity.
(ii)For driving a high impedance load.

(iv) As a constant current source.

Characteristics of Common Collector Amplifier
(1) Forlow Rz (<10 kQ), the current gain A, is high and almost equal to that of a CE
amplifier.
(i) The voltage gain Ay is less than unity.

(ii1) The input resistance is the highest of all the three configurations.
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(iv) The output resistance is the lowest of all the three configurations.
Applications The CC amplifier is widely used as a buffer stage between a high
impedance source and a low impedance load.
Characteristics of Common Emitter Amplifier

(1) The current gain A; is high for R; < 10 kQ.

(i) The voltage gain is high for normal values of load resistance R;.

(111) The input resistance R; is medium.

(1v) The output resistance R, is moderately high.
Applications: CE amplifier is widely used for amplification.
Simplified common emitter hybrid model:
In most practical cases it is appropriate to obtain approximate values of A v, A ; etc
rather than calculating exact values. How the circuit can be modified without greatly
reducing the accuracy. Fig 1. 8 shows the CE amplifier equivalent circuit in terms of h-
parameters Since 1 / hee in parallel with Ry is approximately equal to Rp if 1 / hoe >> RL
then h,e may be neglected. Under these conditions.
[c=heIp.
hre Ve = hre Ie RL = hre hee I RL .

hl#

Ih In I"J‘-l‘.‘.

"d"; hfgia 1||rhn-a RL

Fig 1.8
Since hfe.h re » 0.01, this voltage may be neglected in comparison with h ic Iy drop across

h ic provided Ry is not very large. If load resistance Ry is small than hoe and h,. can be

neglected.
hte
A= s
" T h,. R, fe
R =h,
AR he R
A= —g— =

i [
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Output impedence seems to be infinite. When Vs = 0, and an external voltage is applied
at the output we fined I, = 0, I ¢ = 0. True value depends upon Rs and lies between 40 K
and 80K.

On the same lines, the calculations for CC and CB can be done.

CE amplifier with an emitter resistor:

The voltage gain of a CE stage depends upon hy. This transistor parameter depends upon
temperature, aging and the operating point. Moreover, hf. may vary widely from device
to device, even for same type of transistor. To stabilize voltage gain A v of each stage, it
should be independent of hr.. A simple and effective way is to connect an emitter resistor

Re as shown in fig.1.9. The resistor provides negative feedback and provide stabilization.

+"J|:;|:;

Fig.1.9

An approximate analysis of the circuit can be made using the simplified model.
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: |
Current gain & =|_'- =-

-3
0
o

It iz unaffected by the additionof R

Inputresistance is givenhy

HiZE
Iy

_hely +(1+he )l R
by
=hig = (1+he ) Ry

=]

Theinput resistance increasesby (1+h, 1R,
l'&"'iRL — 'hﬁ RL
R h, +{1+hg 1R,

A=

Clearly,the addition of B, reducesthevoltage gain.
If (1+hg, IR, ==h, and hy, =1
then
he R Ry
"T{T+heR. R.

Subject to above approximation A v is completely stable. The output resistance is infinite
for the approximate model.

Common Base Amplifier:

The common base amplifier circuit is shown in Fig. 1. The Vgg source forward biases the
emitter diode and Vcc source reverse biased collector diode. The ac source viy is
connected to emitter through a coupling capacitor so that it blocks dc. This ac voltage
produces small fluctuation in currents and voltages. The load resistance Ri is also
connected to collector through coupling capacitor so the fluctuation in collector base
voltage will be observed across R.

The dc equivalent circuit is obtained by reducing all ac sources to zero and opening all
capacitors. The dc collector current is same as Ig and Vg is given by

Ve = Vce - Ic Re.
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Ve +Vee

Re Rc

| | |
| |
vin RL

Fig. 1

These current and voltage fix the Q point. The ac equivalent circuit is obtained by
reducing all dc sources to zero and shorting all coupling capacitors. r'c represents the ac

resistance of the diode as shown in Fig. 2.

b b
Vin @ Re re ic Re R Vou
1 I A o I

Zin =tR¢"ri¢j zin[has-a} =r' Zout =RCIIRL
Fig. 2

Fig. 3, shows the diode curve relating Ig and Vgg. In the absence of ac signal, the
transistor operates at Q point (point of intersection of load line and input characteristic).
When the ac signal is applied, the emitter current and voltage also change. If the signal is

small, the operating point swings sinusoidally about Q point (A to B).
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Load line

Fig .3

If the ac signal is small, the points A and B are close to Q, and arc A B can be
approximated by a straight line and diode appears to be a resistance given by

0= &"-.-"EIEL
B &lE mall change

Whe  acvoltageacrossbaseandemitter

ie accurrentthroughemitter

If the input signal is small, input voltage and current will be sinusoidal but if the input
voltage is large then current will no longer be sinusoidal because of the non linearity of
diode curve. The emitter current is elongated on the positive half cycle and compressed
on negative half cycle. Therefore the output will also be distorted.

r'e 1s the ratio of AVgg and A Ig and its value depends upon the location of Q. Higher up
the Q point small will be the value of ' e because the same change in Vgg produces large
change in Ig. The slope of the curve at Q determines the value of t'c. From calculation it
can be proved that.

r'e=25mV / Ig
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Common Base Amplifier
Proof:

In general, the current through a diode is given by
qv

=1, (85T - 1)

Where q is he charge on electron, V is the drop across diode, T is the temperature and K
is a constant.

On differentiating w.r.t V, we get,

q%'
* ﬁ *
ln e

dl q
av KT

The value of (q / KT) at 25°C is approximately 40.

dl L
=407 e kT
Therefore, 407 {1+l )
' 1 1

= =

or, dl 407(1+1.,1 4071

Therefore,ac resistance of the emitter diocde = % = EETV

Chims

To a close approximation the small changes in collector current equal the small changes
in emitter current. In the ac equivalent circuit, the current ‘ic' is shown upward because if

‘Ie' increases, then ‘ic' also increases in the same direction.

Voltage gain:

Since the ac input voltage source is connected across r'e. Therefore, the ac emitter current
is given by

le=Vin /1

or, Vin=lier'

The output voltage is given by Vou = ic (Rc || Rr)

_vout _ (R IR
. rl

Therefore voltage gain A,
¥in
rc

r

=]

Under open circuit condition vou = ic Re
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_ - . R
Therefare valtage gainin open circuit condition = Ay, = —C

e
Example-1
Find the voltage gain and output of the amplifier shown in fig. 4, if input voltage is
1.5mV.

-0V +10V

6.8K 3.3K

o ¥

Fig. 4

Solution:

1=10-07 oy 37ma,
The emitter dc current Ig is given by b Bk

Cn_33k|1.5k

Av T80

Therefore, emitter ac resistance = Fe '
or, Av=56.6

and, Vour = 1.5 x 56.6 = 84.9 mV

Example-2
Repeat example-1 if ac source has resistance Rs = 100 ohm .
Solution:

The ac equivalent circuit with ac source resistance is shown in fig. 5.
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is

77 I
uln() UT% n% G:) Re Re

4

Fig. 5

i = Yin . Re
) RE +|:RE ” rel:l HE +rel

The emitter ac current is given by

- ¥in . ¥in

e = -%xFg; ,
or, I:RE +re':|RE +Rsre ; Rs +i

l,|':'|,|,.IJI,:II'II':'_"“:: |,3 fe = fe
Therefore, voltage gain of the amplifier = Vi le (RoHre) Ror,
_33kInak
v ioa+i2a o

and, Vou=1.5x8.71 =13.1 mV

Small Signal CE Amplifiers:

CE amplifiers are very popular to amplify the small signal ac. After a transistor has been
biased with a Q point near the middle of a dc load line, ac source can be coupled to the
base. This produces fluctuations in the base current and hence in the collector current of
the same shape and frequency. The output will be enlarged sine wave of same frequency.

The amplifier is called linear if it does not change the wave shape of the signal. As long
as the input signal is small, the transistor will use only a small part of the load line and
the operation will be linear.

On the other hand, if the input signal is too large. The fluctuations along the load line
will drive the transistor into either saturation or cut off. This clips the peaks of the input
and the amplifier is no longer linear.

The CE amplifier configuration is shown in fig. 1.
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O+Vce
% R4 Re Cc
|/
Rs Cs | R *
£
L Sh A i |'k
Unul
R
T Cb *
Fig. 1

The coupling capacitor (Cc ) passes an ac signal from one point to another. At the same

time it does not allow the dc to pass through it. Hence it is also called blocking capacitor.

C
R,5 c
o—|(—o
1& T
: A B %
l'”..Il'l RL

Fig. 2

For example in fig. 2, the ac voltage at point A is transmitted to point B. For this series
reactance Xc should be very small compared to series resistance Rs. The circuit to the
left of A may be a source and a series resistor or may be the Thevenin equivalent of a
complex circuit. Similarly Ry may be the load resistance or equivalent resistance of a
complex network. The current in the loop is given by

Yin
JIRs +RU +3E

Yin

1

2T'"r':] decreases, and current increases until it reaches to its

As frequency increases,
maximum value vi, / R. Therefore the capacitor couples the signal properly from A to B
when Xc<< R. The size of the coupling capacitor depends upon the lowest frequency to

be coupled. Normally, for lowest frequency Xc < 0.1R is taken as design rule.
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The coupling capacitor acts like a switch, which is open to dc and shorted for ac.

The bypass capacitor Cp is similar to a coupling capacitor, except that it couples an
ungrounded point to a grounded point. The Cy, capacitor looks like a short to an ac signal
and therefore emitter is said ac grounded. A bypass capacitor does not disturb the dc
voltage at emitter because it looks open to dc current. As a design rule Xcp < 0.1Rg at
Analysis of CE amplifier:

In a transistor amplifier, the dc source sets up quiescent current and voltages. The ac
source then produces fluctuations in these current and voltages. The simplest way to
analyze this circuit is to split the analysis in two parts: dc analysis and ac analysis. One

can use superposition theorem for analysis .

AC & DC Equivalent Circuits:
For dc equivalent circuit, reduce all ac voltage sources to zero and open all ac current
sources and open all capacitors. With this reduced circuit shown in fig. 3 dc current and

voltages can be calculated.

+Vce
£

Fig. 3
For ac equivalent circuits reduce dc voltage sources to zero and open current sources and

short all capacitors. This circuit is used to calculate ac currents and voltage as shown in

fig. 4.
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Rs
— MM~

OV

R Ra % Rc § RL

Fig. 4
The total current in any branch is the sum of dc and ac currents through that branch. The
total voltage across any branch is the sum of the dc voltage and ac voltage across that
branch.
Phase Inversion:
Because of the fluctuation is base current; collector current and collector voltage also
swings above and below the quiescent voltage. The ac output voltage is inverted with
respect to the ac input voltage, meaning it is 180° out of phase with input.
During the positive half cycle base current increase, causing the collector current to
increase. This produces a large voltage drop across the collector resistor; therefore, the
voltage output decreases and negative half cycle of output voltage is obtained.
Conversely, on the negative half cycle of input voltage less collector current flows and
the voltage drop across the collector resistor decreases, and hence collector voltage

increases we get the positive half cycle of output voltage as shown in fig. 5.
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A
Ve — —
X qf \‘\ :
¥ F
Mot N
: I I > GND
A I I I
le&lc : : :
N N o
I I
: ; ' = GND
I I
v A : I I
CE s i - | |
i T . N
|1 ] \
W"\h___#/"| |\____Fﬂz/r:
I I I
! ] ' » GND
0 i 2n

Fig. 5

lowest frequency.

AC Load line:
Consider the dc equivalent circuit fig. 1.

Fig. 1

Assuming Ic = Ic(approx), the output circuit voltage equation can be written as
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Yee =Yoo -l (Re +RE)

L iy
and lg=-—LtE 4+_ CC
F.+Fg Rp+Rg
- Yoo
Yee=t kTR aRe

and Iz =0, “eg =V

o1
The slop of the d.c load line is m.
When considering the ac equivalent circuit, the output impedance becomes Rc || Rr
which is less than (Rc +RE).
In the absence of ac signal, this load line passes through Q point. Therefore ac load line
is a line of slope (-1 / ( Rc || Rr) ) passing through Q point. Therefore, the output voltage
fluctuations will now be corresponding to ac load line as shown in fig. 2. Under this
condition, Q-point is not in the middle of load line, therefore Q-point is selected slightly
upward, means slightly shifted to saturation side.
a.c. load line(-1/Rc||Rv)

d.c load line {-1/{Rc+Ry}))

Vee/Re

Q lea

lca

Veen Vee

Fig. 2
Analysis of CE amplifier

Voltage gain:
To find the voltage gain, consider an unloaded CE amplifier. The ac equivalent circuit is
shown in fig. 3. The transistor can be replaced by its collector equivalent model i.e. a

current source and emitter diode which offers ac resistance r'e.
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= | Fg
RPRR

+Vce

T~ e —

Fig. 3

The input voltage appears directly across the emitter diode.
Therefore emitter current ic = Vin / 1'e.
Since, collector current approximately equals emitter current and ic = ic and vou = - ic Rc
(The minus sign is used here to indicate phase inversion)
Further vou = - (Vin Rc) / 1'e
Therefore voltage gain A = vout / vin =-Rc / 1'e
The ac source driving an amplifier has to supply alternating current to the amplifier. The
input impedance of an amplifier determines how much current the amplifier takes from
the ac source.
In a normal frequency range of an amplifier, where all capacitors look like ac shorts and
other reactance are negligible, the ac input impedance is defined as
Zin™ Vin/ lin
Where vin, 1in are peak to peak values or rms values
The impedance looking directly into the base is symbolized zis (base) and is given by

Z in(base) = Vin / 1v ,
Since,v in =l 1'e

Zin (base) = Te.
From the ac equivalent circuit, the input impedance zi, is the parallel combination of Ry ,
R> and r.
Zn=Ri || Rz | Bre

The Thevenin voltage appearing at the output is
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Vout = A Vin
The Thevenin impedance is the parallel combination of Rc and the internal impedance of

the current source. The collector current source is an ideal source, therefore it has an

infinite internal impedance.
Zout = Re.

The simplified ac equivalent circuit is shown in fig. 4.

Re
Vi Z RiRapre D) ava ‘-"Tt

Analysis of CE amplifier
Example-1:
Select R1 and R, for maximum output voltage swing in the circuit shown in fig. 5.

Vee =5V

R:2
C—>co
C—>oo +
. | ¢ Vaou
CTEa
Ricaa
Vin 1KQO
Ry

Solution:

We first determine ICQ for the circuit

Rac = HC ” HI-:-EII:I =500
R, =Rg +R.=1100

log = = =3.13 mA
R, + Ry 500 +1100

For maximum swing,
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V'CC =2 VCEQ

The quiescent value for VCE is the given by

VCEQ= (3.13mA) (500 W) =1.56 V

The intersection of the ac load line on the vCE axis is V'CC = 3.13V. From the
manufacturer's specification, B for the 2N3904 is 180. RB is set equal to 0.1 BRE. So,
RB=0.1(180)(100) = 1.8 KW

VBB =(3.13 x 10-3) (1.1 x 100) + 0.7 =1.044 V

Since we know VBB and RB, we find R1 and R2,

_ Ry _ 1800
T-Vog F ¥oe 1-1044 75

_Rg¥ee _ 1800 %5
Vgs 1044

R, =2.28 K0

R, =8.62 K0

The maximum output voltage swing, ignoring the non-linearity's at saturation and cutoff,

would then be

Max collector current awing =2 log (R ¢ || R joaq |
=2{3.13mA) 500 Q) =313V

The load lines are shown on the characteristics of fig. 6.

load li ith slope = -1/Rac
ic{mA]*ac uad;e with slope /

V'ce | Rac=6.269

Vee/ Rac = 4.5514
leo=3.13H . oad line with slope = -1/Rq.

|
|
: i )
Vecea V'ee Vee  wee (V)
1.56 3.13 5
Fig. 6

The maximum power dissipated by the transistor is calculated to assure that it does not
exceed the specifications. The maximum average power dissipated in the transistor is
P(transistor)= VCEQ ICQ = (1.56 (V)) (3.13 mA) =4.87 mW

This is well within the 350 mW maximum given on the specification sheet. The maximum
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conversion efficiency is

313 1III“?’J’22 100042 x 100
:pm(a.:):(. ¥ ) % %

= 6.84%
Puccldc) 5 x3.13 %107 + 527109 107 ’

The swamped Amplifier:

The ac resistance of the emitter diode r'e equals 25mV / IE and depends on the
temperature. Any change in r'e will change the voltage gain in CE amplifier. In some
applications, a change in voltage is acceptable. But in many applications we need a stable
voltage gain is required.

To make it stable, a resistance rE is inserted in series with the emitter and therefore

emitter is no longer ac grounded. fig .7.

+VC

a.c. equivalent of amplifier e

|
A1

Re

:

Fig. 7

Because of this the ac emitter current flows through rE and produces an ac voltage at the
emitter. If rE is much greater than r'e almost all of the ac input signal appears at the
emitter, and the emitter is bootstrapped to the base for ac as well as for dc.

In this case, the collector circuit is given by
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i = ""'"Ilin
t Fe+rg
Therefore,
A= \""I::-ut - iERE
i I (Fg +rel
_ Fe

{ry +rg)
Now r'e has a less effect on voltage gain, swamping means rE >> r'e If swamping is less,

voltage gain varies with temperature. If swamping is heavy, then gain reduces very much.

Design of Amplifier :

Example -1 (Common Emitter Amplifier Design)

Design a common-emitter amplifier with a transistor having a B =200 and VBE = 0.7 V.
Obtain an overall gain of |A V | > 100 and maximum output voltage swing. Use the CE
configuration shown in fig. 1 with two power supplies. Rsource is the resistance
associated with the source, vsource. Let Rsource= 100 Ohms. The output load is 2KQ.
Determine the resistor values of the bias circuitry, the maximum undistorted output

voltage swing, and the stage voltage gain.

5V

Rz

Rsource Cs

Vin

+
@vBQHIEE

= l =

Fig. 1
Solution:

The maximum voltage across the amplifier is 10 V since the power supply can be
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visualized as a 10V power supply with a ground in the center. In this case, the ground has
no significance to the operation of the amplifier since the input and output are isolated
from the power supplies by capacitors.

We will have to select the value for RC and we are really not given enough information to
do so. Let choose RC = Rload.

We don't have enough information to solve for RB — we can't use the bias stability
criterion since we don't have the value of RE either. We will have to (arbitrarily) select a
value of RB or RE. If this leads to a contradiction, or “bad” component values (e.g.,
unobtainable resistor values), we can come back and modify our choice. Let us select a
value for RE that is large enough to obtain a reasonable value of VBB, Selecting RE as
400Q will not appreciably reduce the collector current yet it will help in maintaining a
reasonable value of VBB. Thus,

RB=0.1 BRE=0.1(200)(400) =8 K Q

To insure that we have the maximum voltage swing at the output, we will use

log =t =10 _ogyma
R., +Rg 1000+ 2400

Vop = Wag *log (Rp /B+Rg) =07 +2.9 K1D4[%+4DD]=159V

Note that we are carrying out our calculations to four places so that we can get accuracy

to three places. The bias resistors are determined by

R 5000
Ry = B = =9.99 KQ
U A 1-199/10

W, 10
=B =RBE=BDDD[—]=AD.2 kG

o 1.99

Since we designed the bias circuit to place the quiescent point in the middle of the ac load
line, we can use Vou(undistorted p-p) 1.8 (2.94x10-3) 2K Q||[2KQ)=529V
Now we can determine the gain of the amplifier itself.

_ _ 284 %107 %1000
|"E"1r|_gm|:RE||RInad:|_ 25}{“:'43

Using voltage division, we can determine the gain of the overall circuit.
The value of Rin can be obtained as
Ry, =r |IRg =1.77ks2 || 8kE2 = 1.45 k&2

n

Thus the overall gain of the amplifier is
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Rin
— N =10k
KR-

+
n Sounce

Yout 113

| A, | overall = =
Y in

This shows that the common-emitter amplifier provides high voltage gain. However, it is
very noisy, it has a low input impedance, and it does not have the stability of the emitter
resistor common emitter a

Design of Amplifier

Example-2 (Emitter-Resistor Amplifier Design)

Design an emitter-resistor amplifier as shown in fig. 2 to drive a 2 KQ load using a pnp
silicon transistor, Vcc = -24V, f =200, Ay =-10, and Vg = -0.7 V. Determine all element
values and calculate A, Rin, Icq and the maximum undistorted symmetrical output voltage

swing for three values of Rc as given below:

1. Rc = Ricad
2. Rc=0.1 Riad
3. Rc =10 Rioad
Vee =-12V
R, VBE=-0.7V
B =200

Ricad

Vout

- = -
2

Fig.
Solution:
(a) Rc = Rioad
We use the various equations derived in previous lecture in order to derive the parameters
of the circuit.

From the voltage gain, we can solve for R'k.

_Poad [[Re _ 2K || 2K5
r, + R r. + R

A, =-10=
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SoRE=r.+Rg=100 Q
We can find the quiescent value of the collector current Ic form the collector-emitter loop
using the equation for the condition of maximum output swing.

l""'"II:I:
log = —=5 = -7 AmA
Rdc +Rac

L 2E w0

= ——=3.330
Therefore, 7.5%10

This is small enough that we shall ignore it to find that Rg = 100 €. Since we now know [3
and Rg. We can use the design guideline.

Re=0.1BRg=2k Q

As designed earlier, the biasing circuitry can be designed in the same manner and given

by
Veg=-1.52V
Ri=2.14KQ
R:=3.6KQ

The maximum undistorted symmetrical peak to peak output swing is then
Vout (P-P) = 1.8 IcQ (Ricad || Rc ) =13.5V

Thus current gain A; =-9.1

and input impedance Ri, = 1.82 K Q

(b) Rc=0.1 Ricad

we repeat the steps of parts (a) to find

Rc =200 Q Ri=390 Q
Icq =-57.4 mA R, =4.7K Q

r'.=0.45Q Voutl(p-p) = 18.7V

R =360 Q Ai=-1.64
Ve =-1.84V Rin=327Q

(C) Rc =10 Rioad

Once again, we follow the steps of part (a) to find

Rc=20K Q R1 =3.28K Q

[coq=-1.07 mA R>=85.6K Q
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r‘e = 242 Q Vout(p‘p) = 39 V
R =3.64K Q Ai=-14.5
Ve =-0.886 V Rin=2.91KW

We now compare the results obtained Table-I for the purpose of making the best choice

for Re.

Ico Ai Rin Vout(p-p)

Rc = Rioad -7.5 mA 9.1 1.82K W 13.5V
Rc =0.1 Rioad -57.4 mA -1.64 327TW 20.8 V
Rc =10 Rioad -1.07mA -14.5 2.91W 39V

Table - 1 Comparsion for the three selections of Rc
It indicates that of the three given ratios of Rc to Rioad, Rc = Ricad has the most desirable
performance in the CE amplifier stage.
It can be used as a guide to develop a reasonable designs. In most cases, this choice will
provide performance that meets specifications. In some applications, it may be necessary

to do additional analysis to find the optimum ratio of Rc to Rioad.

Design of Amplifier

Example-2 (Emitter-Resistor Amplifier Design)

Design an emitter-resistor amplifier as shown in fig. 2 to drive a 2 K load using a pnp
silicon transistor, Vcc =-24V, B =200, A, =-10, and Vgg =-0.7 V. Determine all element
values and calculate A;, Rin, Icq and the maximum undistorted symmetrical output voltage

swing for three values of Rc as given below:

1. Rc = Rioad
2. Rc=0.1 Rioad
3. RC =10 Rload
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Vee =-12V
o VBE=-0.7V
. B =200

Ricad

Vout

- — -
Fig. 2

Solution:

(a) Rc = Rioad

We use the various equations derived in previous lecture in order to derive the parameters

of the circuit.

From the voltage gain, we can solve for R'g.

Pz lIRe | 2KGR || 2KE
r, + R r. + R

A, =-10=

SoR'e=r.+Rg =100 Q
We can find the quiescent value of the collector current Ic form the collector-emitter loop
using the equation for the condition of maximum output swing.
lea = 5 VET;'
do

ac

=-7AmA

= 25“—1'3'_2 =3.330
Therefore, LRl
This is small enough that we shall ignore it to find that Rg = 100 Q. Since we now know 3
and Re. We can use the design guideline.
Rg=0.1BRe=2kQ

As designed earlier, the biasing circuitry can be designed in the same manner and given

by
Ve =-1.52V
Ri=214KQ
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R;=3.6KQ

The maximum undistorted symmetrical peak to peak output swing is then
Vout (P-P) = 1.8 Icq (Ricad || Rc ) =13.5 V

Thus current gain A; =-9.1

and input impedance Ri, = 1.82 K Q

(b) Rc=0.1 Ricad

we repeat the steps of parts (a) to find

Rc =200 Q Ri=390 Q
[cq=-57.4 mA R, =4.7K Q

r'e=10.45Q Vou(p-p) = 18.7 V

Rg =360 Q Ai=-1.64
Vg =-1.84 V Rin=327Q

(C) Rc =10 Rjoad

Once again, we follow the steps of part (a) to find

Rc=20K Q Ri =3.28K Q
Icq =-1.07 mA R>=85.6K Q
=242Q Vou(p-p) =3.9V
Rp =3.64K Q Ai=-14.5
Vee =-0.886 V Rin=291KW

We now compare the results obtained Table-I for the purpose of making the best choice

for Re.

Rc = Rioad -7.5mA 1.82K W 135V
Rc = 0.1 Rioad -57.4 mA -1.64 327 W 208V
Rc =10 Rioad -1.07mA -14.5 291W 39V

Table - 1 Comparsion for the three selections of Rc

It indicates that of the three given ratios of Rc to Ricad, Rc = Rioad has the most desirable
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performance in the CE amplifier stage.

It can be used as a guide to develop a reasonable designs. In most cases, this choice will
provide performance that meets specifications. In some applications, it may be necessary
to do additional analysis to find the optimum ratio of Rc to Rioad.

Design of Amplifier

Example- 3 (Capacitor-Coupled Emitter-Resistor Amplifier Design)

Design an emitter-resistor amplifier as shown in fig. 3 with Ay =-10, B =200 and R load =

1K Q. A pnp transistor is used and maximum symmetrical output swing is required.

Vee =-12V

VBE=-0.7V

R B =200

Fig. 3
Solution:
As designed earlier, we shall chose Rc = Ripad = 10 kQ.

- HI-:na-:l I RE

A
W RE

The voltage gain is given by
where R'e= Rg + 1.
Substituting Av, Ricad and Rc in this equation, we find R'e= 50 Q.

We need to know the value of r'c to fine Rg. We first find Rac and Rqc, and then calculate
the Q point as follows (we assume r'c is small, so Rg = R'g)

Rac = Rg + Rc || Ricad = 550 Q

Rac=Rg + Rc=1050 Q

Now, the first step is to calculate the quiescent collector current needed to place the Q-

point into the center of the ac load line (i.e., maximum swing). The equation is
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""'"IIE C

log = —=5 = -7.5 mA
Rac +Rdc

The quantity, r'c , is found as follows

_ 25(mv) _ 25(mv)

=3.330
[l | 7.5(mA)

Then

Rg =150 -1.=46.67 Q

If there were a current gain or input resistance specification for this design, we would use
it to solve for the value of Rg. Since is no such specification, we use the expression

Rg =0.1 B Rg = 0.1 (200) (46.6) =932 Q

Then continuing with the design steps,

A= “Re _Re . gsp

R%"' e '+ RB RC + HIl:-a-:l
YWeen = Weo-[Re HE) log =4.125

and

Yo = log —[HE +%5]+VBE =-108Y

R
Ry=— "B =102KR
1 1-""'"IIEIB
[

R, = BYCE —q1paKn

BB
'":R *Re) g

/ < Re
Rg = Re =1KQ

The last equality assumes that ro is large compared to Rc.
The maximum undistorted peak to peak output swing is given by
1.8 | Icq | ( Rc || Rioad )=1.8 (0.0075) (500)=6.75V

The power delivered into the load and the maximum power dissipated by the transistor are

found as
7
1 = =
Pload = i[hz:n m] Fload = % =7 myy

|:;lansmmr = vEED'I:I] |: -4 125""""1:”: ?-Em'ﬂ"j =31TmWW

The load lines for this circuit are shown in fig. 4.
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ic (mA)A B
“'Cﬂ / Rac _u'/f_ ﬂ-_c Ead—l_ln_e_;ﬁh_slgge_:*ﬂaae

= -15.0 mA [/ RS-

Vee / Rac Sl
=-11.4 mA I

lcg=-7.5 mA _ ?djng.ﬁih | slope =-1/Rac

I: o I\N "vEE{w

Vieg Vee Ve
-4.125 W -8.25V -12v

Common Collector Amplifier:
If a high impedance source is connected to low impedance amplifier then most of the
signal is dropped across the internal impedance of the source. To avoid this problem
common collector amplifier is used in between source and CE amplifier. It increases the
input impedence of the CE amplifier without significant change in input voltage.
Fig. 1, shows a common collector (CC) amplifier. Since there is no resistance in collector
circuit, therefore collector is ac grounded. It is also called grounded collector amplifier.
When input source drives the base, output appears across emitter resistor. A CC amplifier
is like a heavily swamped CE amplifier with a collector resistor shorted and output taken
across emitter resistor.
Vout = Vin = VBE

ic A

Vee/Re

de load line

Vee

VCE
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Therefore, this circuit is also called emitter follower, because VgE is very small. As viy
Increases, Vout INCreases.

If vin 1S 2V, vour = 1.3V

If Vin is 3V, Vour = 2.3V.

Since vout follows exactly the vin therefore, there is no phase inversion between input and
output.

The output circuit voltage equation is given by

Vce = Vee - I Re

Since Ig =Ic

Ic=(Vec—Vee)/Re

This is the equation of dc load line. The dc load line is shown in Fig. 1.

Common Collector Amplifier:

Voltage gain:

Fig. 2, shows an emitter follower driven by a small ac voltage. The input is applied at the
base of transistor and output is taken across the emitter resistor. Fig. 3, shows the ac

equivalent circuit of the amplifier. The emitter is replaced by ac resistance r'c.

+VCC

IIbJtin

Umlt

Re

Fig. 2 Fig. 3

Prof. Vijay V. Chakole, Department of Electronics Engineering, KDKCE, Nagpur Page 47


http://nptel.iitm.ac.in/courses/Webcourse-contents/IIT-ROORKEE/BASIC-ELECTRONICS/lecturers/lecture_21/lecture21_page1.htm
http://nptel.iitm.ac.in/courses/Webcourse-contents/IIT-ROORKEE/BASIC-ELECTRONICS/lecturers/lecture_21/lecture21_page2.htm
http://nptel.iitm.ac.in/courses/Webcourse-contents/IIT-ROORKEE/BASIC-ELECTRONICS/lecturers/lecture_21/lecture21_page2.htm

[II SEMESTER ELECTRONICS Electronic Devices & Circuits

The ac output voltage is given by

Vout = RE ie
and, Vin = ie (RE + r'e )

Rs
Therefore, A =Rg / ( Rg +1' ) AW

Since 1's << Rg

OAv=[1. (approx) Vs @

Therefore, it is a unity gain amplifier. The

practical emitter follower circuit is shown in Fig. T -

4.

Fig. 4

The ac source (vs) with a series resistance Rs drives the transistor base. Because of the
biasing resistor and input impedance of the base, some of the ac signal is lost across the

source resistor. The ac equivalent circuit is shown in Fig. 5.

B3
Ug@ %m %R: " re' % Vs % R1IR2Ipr'

Fig. 5

The input impedance at the base is given by

'|I|'.
zinlil:-zlsej: ﬁ

- ie(rle +RE:|
ib

- BH:- [rle +RE:|
Iy

=firs +RE)

Since r'ais very smallin comparison with Bg
D Linpase) © BRE

The total input impedance of an emitter follower includes biasing resistors in parallel with
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input impedance of the base.

zin=Ri || Rof| (r'e + RE)

Since Rg is very large as compared to R and Ro.

Thus, zn=Ri|| Rz

Therefore input impedance is very high.

Applying Thevenin's theorem to the base circuit of Fig. 5, it becomes a source vi, and a

series resistance (R || Rz || Rs ) as shown in Fig. 6.

e == r'e*(R1t || Rz || Rs)/P

Ri|| Rz || Rs

Ve
% Re )
Win
Vi @ Vout
Fig. 6
Vin = (RillRz[IRs)+ & (re +RE)
W
or, e = n
Rotr. + Funl:';2 T,
The emitter resistar R is driven by an ac source with autput impedance of
Lon =t +—R1 ”Rﬁ-’f IRs

The impedance of the amplifier seen from the output terminalis given by

I=Rel 1+ ”Rﬁz IRs
The cuputwvoltage iz given by
"""'Ilnut :"&"""in
Fe ‘.
in

=y, (if Rgisverylarage)

Common Collector Amplifier

Example 1:
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Find the Q-point of the emitter follower circuit of fig. 7 with Ry = 10 KQ and R> = 20

KQ. Assume the transistor has a § of 100 and input capacitor C is very-very large.

O Vee=12V
Ra =100
Vee=0.7V
o Ir { szuzzzz
* c
| £
1< O
Vin
Re Riaad Vot
600L: 6005
o o o)
Fig. 7
Solution:

We first find the Thevenin's equivalent of the base bias circuitry.

Rg=Ri[|R2=6.67KQ

4
_ Ry e _12(107)
R, +F;  30x10°

From the bias equation we have

o =log = “hp - Ve _ 4-0.7
R/HQE EE?D/(DD +600
Example - 2

Find the output voltage swing of the circuit of fig. 7.

Solution:

=455 ma

The Q-Point location has already been calculated in Example-1. We found that the

quiescent collector current is 4.95 mA.

The Output voltage swing =2 . Ic peak . (Rg || Rroad) = 2(4.95 x 103) (300) = 2.97V

This is less than the maximum possible output swing. Continuing the analysis,

Vceg=Vee—Icg RE=9.03 V

V'ce = Verg + Icq (RE || Rroad ) =1
_ 104
| =351 mA
°C T 3m0

0.5V
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The load lines for this problem are shown in Fig. 8.

ic (mA)4 ac load line dc load line

__Q-point (9.03,4.95)

N ] -

12 il
Y05 vee(V)
|

14,
CLASSIFICATION OF AMPLIFIERS:
A circuit that increases the amplitude of the given input signal is an amplifier.A small ac
signal fed to the amplifier is obtained as a larger ac signal of the same frequency at the
output. Amplifiers constitute an essential part of radio,television and other
communication circuits.Depending on the nature and level of amplification and the
impedance matching requirements different types of amplifiers can be considered and
they are discussed in this chapter.
Amplifiers can be classified as follows:
1.Based on the transistor configuration
(a) Common emitter amplifier
(b) Common base amplifier

(c ) Common emitter amplifier

2.Based on the active devices

(a) BJT amplifier

(b) FET amplifier

3.Based on the Q-point(operating condition)
(a) Class A amplifier

(b) Class B amplifier

(c) Class C amplifier

(d) Class AB amplifier

4.Based on the number of stages
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(a) Single stage amplifiers

(b) Multistage amplifiers

5.Based on the output

(a)Voltage amplifiers

(b)Power amplifiers

6.Based on the frequency response

(a)Audio frequency(AF) amplifier
(b)Intermediate Frequency amplifier(IF)

(c )Radio Frequency amplifier(RF)

7.Based on the bandwidth

(a)Narrow band amplifier(normally RF amplifier)
(b)Wide band amplifier(normally video amplifier)
Distortion in amplifiers:

Amplifier Distortion

From the previous tutorials we learnt that for a signal amplifier to work correctly it
requires some form of DC Bias on its Base or Gate terminal so that it amplifies the input
signal over its entire cycle with the bias "Q-point" set as near to the middle of the load
line as possible. This then gave us a "Class-A" type amplification with the most common
configuration being Common Emitter for Bipolar transistors and Common Source for
unipolar transistors. We also saw that the Power, Voltage or Current Gain,
(amplification) provided by the amplifier is the ratio of the peak input value to its peak
output value. However, if we incorrectly design our amplifier circuit and set the biasing
Q-point at the wrong position on the load line or apply too large an input signal, the
resultant output signal may not be an exact reproduction of the original input signal
waveform. In other words the amplifier will suffer from distortion. Consider the common
emitter amplifier circuit below.

Common Emitter Amplifier
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O Voo
Rbnaa RLuad
}"I O Vout
V. Ve Limiting of
Vin O }I bias A &« signal

1
/\/ Gain variation i\ w-fime

Rhiaﬁ in ampliﬁcatim‘l Buttoming
of signal

O : LLFY

Distortion of the signal waveform may take place because:

1. Amplification may not be taking place over the whole signal cycle due to incorrect
biasing.

2. The input signal may be too large, causing the amplifier to limit.

3. The amplification may not be linear over the entire frequency range of inputs.

This means then that during the amplification process of the signal waveform, some form
of Amplifier Distortion has occurred.

Amplifiers are basically designed to amplify small voltage input signals into much larger
output signals and this means that the output signal is constantly changing by some
factor or value times the input signal for all input frequencies. We saw previously that
this multiplication factor is called the Beta, B value of the transistor. Common emitter or
even common source type transistor circuits work fine for small AC input signals but
suffer from one major disadvantage, the bias Q-point of a bipolar amplifier depends on
the same Beta value which may vary from transistors of the same type, ie. the Q-point
for one transistor is not necessarily the same as the Q-point for another transistor of the
same type due to the inherent manufacturing tolerances. If this occurs the amplifier may
not be linear and Amplitude Distortion will result but careful choice of the transistor and
biasing components can minimise the effect of amplifier distortion.

Amplitude Distortion

Amplitude distortion occurs when the peak values of the frequency waveform are

attenuated causing distortion due to a shift in the Q-point and amplification may not take
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place over the whole signal cycle. This non-linearity of the output waveform is shown
below.

Amplitude Distortion due to Incorrect Biasing

+ -

“, Biasing to
2 High Output
Signal
ot ! Bias level
ot \ : J ov_,,
F 1
Input ! ¥ l
Signal Bias level
Biasing to
Low

If the bias is correct the output waveform should look like that of the input waveform
only bigger, (amplified). If there is insufficient bias the output waveform will look like
the one on the right with the negative part of the output waveform "cut-oft". If there is
too much bias the output waveform will look like the one on the left with the positive
part "cut-off". When the bias voltage is too small, during the negative part of the cycle
the transistor does not conduct fully so the output is set by the supply voltage. When the
bias is too great the positive part of the cycle saturates the transistor and the output drops
almost to zero.

Even with the correct biasing voltage level set, it is still possible for the output waveform
to become distorted due to a large input signal being amplified by the circuits gain. The
output voltage signal becomes clipped in both the positive and negative parts of the
waveform an no longer resembles a sine wave, even when the bias is correct. This type
of amplitude distortion is called Clipping and is the result of "Over-driving" the input of
the amplifier.

When the input amplitude becomes too large, the clipping becomes substantial and
forces the output waveform signal to exceed the power supply voltage rails with the peak
(+ve half) and the trough (-ve half) parts of the waveform signal becoming flattened or
"Clipped-off". To avoid this the maximum value of the input signal must be limited to a
level that will prevent this clipping effect as shown above.

Amplitude Distortion due to Clipping
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+
Fositive cycle
Clipped-off
Output
Signal
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—» | Ow -
Input
Signal
. Negative cycle ° .
_ Clipped-off -

Amplitude Distortion greatly reduces the efficiency of an amplifier circuit. These "flat
tops" of the distorted output waveform either due to incorrect biasing or over driving the
input do not contribute anything to the strength of the output signal at the desired
frequency. Having said all that, some well known guitarist and rock bands actually prefer
that their distinctive sound is highly distorted or "overdriven" by heavily clipping the
output waveform to both the +ve and -ve power supply rails. Also, excessive amounts of
clipping can also produce an output which resembles a "square wave" shape which can
then be used in electronic or digital circuits.

We have seen that with a DC signal the level of gain of the amplifier can vary with
signal amplitude, but as well as Amplitude Distortion, other types of distortion can occur
with AC signals in amplifier circuits, such as Frequency Distortion and Phase Distortion.

Frequency Distortion

Frequency Distortion occurs in a transistor amplifier when the level of amplification
varies with frequency. Many of the input signals that a practical amplifier will amplify
consist of the required signal waveform called the "Fundamental Frequency" plus a
number of different frequencies called "Harmonics" superimposed onto it. Normally, the
amplitude of these harmonics are a fraction of the fundamental amplitude and therefore
have very little or no effect on the output waveform. However, the output waveform can
become distorted if these harmonic frequencies increase in amplitude with regards to the
fundamental frequency. For example, consider the waveform below:

Frequency Distortion due to Harmonics

In the example above, the input waveform consists a the fundamental frequency plus a

second harmonic signal. The resultant output waveform is shown on the right hand side.
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The frequency distortion occurs when the fundamental frequency combines with the
second harmonic to distort the output signal. Harmonics are therefore multiples of the
fundamental frequency and in our simple example a second harmonic was used.
Therefore, the frequency of the harmonic is 2 times the fundamental, 2 x f or 2f. Then a
third harmonic would be 3f, a fourth, 4f, and so on. Frequency distortion due to
harmonics is always a possibility in amplifier circuits containing reactive elements such
as capacitance or inductance.

Phase Distortion

Phase Distortion or Delay Distortion occurs in a non-linear transistor amplifier when
there is a time delay between the input signal and its appearance at the output. If we call
the phase change between the input and the output zero at the fundamental frequency, the
resultant phase angle delay will be the difference between the harmonic and the
fundamental. This time delay will depend on the construction of the amplifier and will
increase progressively with frequency within the bandwidth of the amplifier. For
example, consider the waveform below:

Phase Distortion due to Delay

Any practical amplifier will have a combination of both "Frequency" and "Phase"
distortion together with amplitude distortion but in most applications such as in audio
amplifiers or power amplifiers, unless the distortion is excessive or severe it will not

generally affect the operation of the system.
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Feedback Amplifiers
Introduction of Feedback Amplifiers:
The phenomenon of feeding a portion of the output signal back to the input circuit is
known as feedback. The effect results in a dependence between the output and the input
and an effective control can be obtained in the working of the circuit. Feedback is of two
types.
* Positive Feedback
* Negative Feedback

Positive or regenerate feedback:

» In positive feedback, the feedback energy (voltage or currents), is in phase with the
input signal and thus aids it. Positive feedback increases gain of the amplifier also
increases distortion, noise and instability.

» Because of these disadvantages, positive feedback is seldom employed in amplifiers.

But the positive feedback is used in oscillators.

INTRODUCES 180
PHASE SHIFT

i/ / -.\' ) . =) e e = _; "__ v
Oy .| AMPLIFIER ;5 N

VN PHASE
[T | IV
WITH \ |
5 . FEEDBACK
v, M., NETWORK
v ‘\\EN:’HDDLCES 180°
\ PHASE SHIFT

Negative or Degenerate feedback:

» Innegative feedback, the feedback energy (voltage or current), is out of phase with
the input signal and thus opposes it.

» Negative feedback reduces gain of the amplifier. It also reduce distortion, noise and
instability.

* This feedback increases bandwidth and improves input and output impedances.

* Due to these advantages, the negative feedback is frequently used in amplifiers.
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Comparison Between Positive and Negative Feed Back:

Sr. No. Negative Feedback Positive Feedback
. Feedback energy is out phase with Feedback energy is in phase with the
their input signal. input signal.
2 Gain of the amplifier decreases. Gain of the amplifier increases.
3 Gain stability increases. Gain stability decreases.
4 Noise and distortion decreases. Noise and distribution increases.
5 Increase the band width. Decreases bandwidth.
6 Used in amplifiers. Used in Oscillators.

Principle of Feedback Amplifier:
A feedback amplifier generally consists of two parts. They are the amplifier and the
feedback circuit. The feedback circuit usually consists of resistors. The concept of

feedback amplifier can be understood from the following

+ -
+0 Amplifier —N
s Vi | with gain A I _oOutput
4
Feedback
Vi= JG Vo Circuit ,-3

figure.
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Comparator
mixer +  Difference signal Output signal
X=X Basic X,=AX
X q Amplifier A =
Input signal - Rl
Extemal
load
Feedback
N
X=X, Network 'p
Feedback signal

Generalized feedback amplifier

In the above figure, the gain of the amplifier is represented as A. The gain of the
amplifier is the ratio of output voltage Vo to the input voltage Vi. The feedback network
extracts a voltage Vf = B Vo from the output Vo of the amplifier. This voltage is
subtracted for negative feedback, from the signal voltage Vs. Now,

Vi=Vs-Vi=Vs-fVo
The quantity p = V{/Vo is called as feedback ratio or feedback fraction.
The output Vo must be equal to the input voltage (Vs - Vo) multiplied by the gain A of
the amplifier.
Hence, (Vs-pVo0)A=Vo

AVs-ABVo=Vo

AVs=Vo(1+Ap)

Vo/Vs=A/(1+AB)
Therefore, the gain of the amplifier with feedback is given by Af =A/(1+Ap)

Effect of negative feedback on amplifier performance:

The effect of negative feedback on an amplifier is considered in relation to gain, gain
stability, distortion, noise, input/output impedance and bandwidth and gain-bandwidth
product.

Gain:

The gain of the amplifier with feedback is given by
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Af=A/(1+AP)
Hence, gain decreases with feedback.
Gain Stability:
An important advantage of negative voltage feedback is that the resultant gain of the
amplifier can be made independent of transistor parameters or the supply voltage
variations,

Af=A/(1+AP)
For negative voltage feedback in an amplifier to be effective, the designer deliberately
makes the product Ap much greater than unity. Therefore, in the above relation, ‘1’ can
be neglected as compared to AP and the expression becomes

Af=A/(1+AB) = 1/p
It may be seen that the gain now depends only upon feedback fraction, P, i.e., on the
characteristics of feedback circuit. As feedback circuit is usually a voltage divider (a
resistive network), therefore, it is unaffected by changes in temperature, variations in

transistor parameters and frequency. Hence, the gain of the amplifier is extremely stable.

Distortion:

A power amplifier will have non-linear distortion because of large signal variations. The
negative feedback reduces the nonlinear distortion. It can be proved mathematically that:
Df = D/(1+AP)

Where D = distortion in amplifier without feedback

Df = distortion in amplifier with negative feedback

It is clear that by applying negative feedback, the distortion is reduced by a factor
(1+AB)

Noise

There are numbers of sources of noise in an amplifier. The noise N can be reduced by the
factor of (1+Ap), in a similar manner to non-linear distortion, so that the noise with
feedback is given by

Nf=N/(1+AB)

However, if it is necessary to increase the gain to its original level by the addition of

another stage, it is quite possible that the overall system will be noisier that it was at the
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start. If the increase in gain can be accomplished by the adjustment of circuit parameters,

a definite reduction in noise will result from the use of negative feedback.

Input / Output Impedance :
The input and output impedances will also improve by a factor of (1+Ap), based on

feedback connection type.

Bandwidth and Gain-bandwidth Product:
Each of higher and lower cut-off frequencies will improve by a factor of (1+Ap).
However, gain-bandwidth product remains constant.

fhf=fh (1+Ap)

fif= 1 /(1+AB)

Al e —

——pGain
=
=,
|
i
F

< BW »
4 BW >

Bandwidth and Gain-bandwidth Product
An important piece of information that can be obtained from a frequency response curve
is the bandwidth of the amplifier. This refers to the ‘band’ of frequencies for which the
amplifier has a useful gain.

Outside this useful band, the gain of the amplifier is considered to be insufficient
compared with the gain at the centre of the bandwidth. The bandwidth specified for the
voltage amplifiers is the range of frequencies for which the amplifiers gain is greater than
0.707 of the maximum gain Alternatively, decibels are used to indicate gain, the ratio
of output to input voltage. The useful bandwidth would be described as extending to
those frequencies at which the gain is -3db down compared to the gain at the mid-band

frequency.
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Feedback in Emitter Follower Amplifier:

Diagram of an emitter follower

Operation:

For the emitter follower, the input voltage is applied at base and the resulting a.c. emitter
current produces an output voltage (leRg) across the emitter resistance. This voltage
opposes the input voltage, thus providing negative feedback (Voltage series). It is called

emitter follower because the output voltage follows the input voltage.

The major characteristics of the emitter follower are:
The voltage gain of an emitter follower is close to 1. Relatively high current gain and
power gain. High input impedance and low output impedance. Input and output ac

voltages are in phase.

Classification of Basic Amplifiers:
Amplifiers can be classified broadly as,
* Voltage amplifiers.

* Current amplifiers.

* Transconductance amplifiers.

* Transresistance amplifiers.
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Voltage Amplifier:

Ri>=>Rs and Ro<<RL

%RI
|

Equivalent circuit of voltage amplifier.

Current Amplifier:

Ri<<Rsand Ro>>RL

S |

Equivalent circuit for current amplifier

Transconductance Amplifier:

Ri>>Rs and Ro >> RL

¢ b=l
AMAA :
T

\ R GV, Ry R,
“ l

Equivalent circuit for transconductance amplifier

Transresistance Amplifier:

Ri<<Rsand Ro <<RL
— v

Equivalent circuit for transresistance amplifier
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Summary:
SI. No. Type Input Output Ri Ro
1 Voltage Amplifier Voltage | Voltage High Low
2 Current Amplifier Current | Current Low High
3 Transconductance Amplifier | Voltage | Current High High
4 Transresistance Amplifier Current | Voltage Low Low

Classification of Feedback Amplifiers:
There are four types of feedback,

* Voltage series feedback.

* Voltage shunt feedback.

* Current shunt feedback.

» Current series feedback
R, =R, (1+Af) R,= R,/ (1+AB)

R,,— R,/ (1+Ap) R,= R,/ (1+Ap)

{ ¥
Viov A A % y K ; : v;% R

Eﬂ’l+ LF’ )P

Voltage series feedback. Voltage shunt Feedback
R;,=R, / (1+AB) R;=R, (1+AB)
R, =R, (1+Af) R,:=R, (1+Af)

v:_‘ A ]_i?fkl N ‘_-_ﬂ:h‘.

Current Shunt Feedback Current Series Feedback

Prof. Vijay V. Chakole, Department of Electronics Engineering, KDKCE, Nagpur Page 64



111 SEMESTER ELECTRONICS

Effect of feedback on Input Resistance:
Voltage shunt Feedback
Rif=Ri/ (1+Ap)

Voltage series feedback.
Rif =Ri (1+Ap)

Electronic Devices & Circuits

Current Shunt Feedback

Rif = Ri/ (1+Ap)

Current series Feedback

Rif=Ri (1+AB)

Effect of feedback on Output Resistance:

Voltage shunt Feedback
Rof=Ro / (1+Ap)

Voltage series feedback.
Rof=Ro / (1+Ap)

Current Shunt Feedback

Rof = Ro (1+Ap)

Current series Feedback

Rof = Ro (1+Ap)

Summary:
Sl. No. Type Rif Rof
U | Feodiack Amplifier | RITRIZIAD | Rof=Ro/(1+Ap)
2 Fee?illl);rcel?zxsn}igllli%er Rif = Ri/ (1+AB) Rof=Ro (1+Ap)
5| Feodback Amplitier | RFRICFAD | Rof=Ro/(1+Ap)
4 Feecdlll){arceg;nelgfisﬁer Rif = Ri (1+Ap) Rof=Ro (1+Ap)
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Current Series Feedback
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Objective Questions and Solutions :

1.

‘A =100, Rin = 3k2
If the input impedance & voltage gain  Rix = Rin (1 + AB)
ofa tfpen loop voltage series feedback _ 3KQ (1 + 100 A )
amplifier are 3kQ & 100, and the 50

feedback factor is 51—0. then the input Rt = 9k~ - Choice W
impedance of closed loop Note: Voltage — series feedback
configuration is () Rint=Rin(1+Ap) .

(A) 9kQ (B) 6kQ ¥ e Ry

(C) 3kQ2 (D) 12kQ ; I"'*" AB;

2.

Find the type'of the feedback in the e e T A
given circuit » quivalent circuit:

Input — series connection
(B Woltnge Stvisrit Output — shun_t connection
(C) Voltage series. . Voltage series feedback
(D) Current shunt Choice (C)

* Vcc

(A) Current — series

Find the type of the feedback in the 2-C EQuivalent model:

given circuit. Ve
Vee
Re =]
X 5': i Ce Ve
s\ . I
fﬁc ls h
j% ak '
(A) \K}Ilage — series " Input:— shunt connection
(B) Current — series Output:— shunt connection
(C) Current shunt ' . Voltage shut feedback.
(D) Voltage shunt Choice (D)
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4,

What are the effects of negative
voltage series feedback on the |,
characteristics of an amplifier? Derive  »
an expression for input resistance of
such an amplifier with feedback in
terms of input resistance without
feedback and feedback factor,

 Effects of negative voltage = series
feedback on the characteristics of an
Amplifier;
(i) Inputimpedance increases:
e Vs = Vinll + AP]
Is lin
2 Vin = Ve = Vi = Vin = Vs — BAVn
Vs=[1+ AB] Vin
Is = lin since series at the input
(ii) Similarly output impedance
decreases
.
-Rar = 1+ AP
(iii) Voltage gain decreases
A
T ivap

=Ra(1+AB]
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Ys

v

(iv)

Lower cut off frequency decreases

Lo 1eap

Upper cut off frequency increases
fi = fu 1+ AB]

Bandwidth increases

Bl = Bu[1+Ap]

Distortion decreases

V)
(vi)

(vii)

(viii) Stability increases.
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