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cicmt appears i amphhed form o the collector circut, It 1s in this way that a transistor acts as

an amphhier.

The action of transistor amplitier can be beautifully explained by referring 1o Fig. 12.1.
Suppose a change of 0.1V in signal voltage produces @ change of 2 mA n the collector current.
Obviously, a signal of only 0.1V applied to the base will give an outpul voltage = 2 mA » 5KQ

1OV Thus, the transistor has been able 1o raise the voltage level of the apnal from 0.1V 10
10V i voltage amphfication or stage gain is 100,

12.3  Graphical Demonstration of Transistor Amplifier

The function of transistor as an amplifier can also be explained graphically. Fig.
shows the output charactensucs of a transistor in CL configuration. Suppose the zero signal base
this is the base current for which the transistor is biased by the biasing
¢s the base, say positive in the first

122

current s 1OpA 1e,
network. When an a.c. sipnal is apphied to the base, it mak
half-cycle and, negative in the second hall-cycle. Therefore, the base and collector currents will

increase in the first half-cycle when base-crtter junction s morc forward-biased. However, they
will decrease in the second half-cycle when the base-crmtter junction s less forward biased.

e
i
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Fig. 12.2

For example, consider a sinusoidal signal which increases or decreases the base current

by 5 pA in the two half-cycles of the signal. Referring to Fig. 12.2, 10 1s clear that in the absence

of signal, the base current is 10pA and the collector current is 1mA. However, when the signal
is applied in the base circuit, the base current and hence collector current change continuously.
In the first half-cycle peak of the signal, the base current increases 10 154A and the corresponding
collector current is 1.5 mA. In the second half-cycle peak, the base current 1s reduced to SpA
and the corresponding collector current is 0.5 mA, For other values of the signal, the collector
current is in between these values ie. 1.5 mA and 0.5 mA.

It is clear from Fig. 12.2 that 10pA base current variations result in ImA (1,000 pA)
collector current variations i.e. by a factor of 100. This large change in collector current flows
through collector resistance K. The result js that output signal is much larger than the input
signal. Thus, the transistor has done amplification.

12.4 Practical Circuit of Transistor Amplifier
It is important to note that a transistor can accomplish faithful amplification only if proper

associated circuitry is used with it. Fig. 12.3 shows a practical single stage transistor amplifier.
The various circuit elements and their functions are described on the next page :
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Single Stage Transistor Amplifiers 251

(""_)"\-C- equivalent circuit. In the ac. equivalent circuit of a transistor amplifier, only
a.c. conditions are to be considered. Obviously, the d.c. voltage is not important for such a circuit
and may be considered zero. The capacitors are generally used to couple or by-pass the a.c. signal.
The designer intentionally selects capacitors that are large enough to appear as short

e
R o — =
1 Hz - -

Fig. 12.9
circuits to the a.c. signal. It follows, therefore, that in order to draw the a.c. cquivalent circuit,
the following two steps are applied to the transistor circuit :

(a) Reduce all d.c. sources to zero (i.e. Ve = 0).
(b) Short all the capacitors.

Applying these two steps to the circuit shown in Fig. 12.7, we get the a.c. *equivalent
circuit shown in Fig. 12.9. We can easily calculate the a.c. currents and voltages from this circuit.

It may be seen that total current in any branch is the sum of d.c. and a.c. currents through
that branch. Similarly, the total voltage across any branch is the sum of d.c. and a.c. voltages

across that branch.
Example 12.2. For the transistor amplifier circuit shown in Fig. 12.7, determine :
(i) d.c. load and a.c. load

imum collector-emitter voltage and collector current under d.c. conditions.

B / iii) maximum collector-emitter voltage and collector current when a.c. signal is applied.

Solution

Refer back to the transistor amplifier-circuit shown in Fig. 12.7.

(/) The d.c load for the transistor is Thevenin’s equivalent resistance as seen by the collector
and emitter terminals. Thus referring to the d.c. equivalent circuit shown in Fig. 12.8, Thevenin’s
equivalent resistance can be found by shorting the voltage source (i.e. V) as shown in Fig.
12.10. Because a voltage source looks like a short, it will bypass all other resistances except Re

*  Note that R; is also in parallel with transistor input so far as signal is concerned. Since R\ is connected
from the base lead to Vec and Vec is at "ac ground", Ry is effectively connected from the base lead to

ground as far as signal is concerned.
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Fig. 12.10

Referring to the ac. equivalent circuit shown in Fig. 12.9, it is clear that as far as

signal is concerned, resistance R¢ appears in parallel with Ry. In other words, transistor amplifie;
sees an a.c. load equal to Rl Ry ie.

Rc Ry,

C. . =Rl Rp = ——
a.c. load Ric cll Ry, Re+ R,

(if) Referring to d.c. equivalent circuit of Fig. 12.8,
Vee = Vet e (Re+ Ry)
The maximum value of V¢ will occur when there is no collector current i.e. le =0
Maximum VCE = VCC
The maximum collector current will flow when Veg = 0.
Vee
Rc+R';

(iii) W",C"I"" signal is “PPliﬁv Vce and I¢ are the collector-emitter voltage and collector
current respectively. When a.c. signal is applied, it causes changes t :
the operating point Q (i.e. Vg and I ) ges to take place above and below

Maximum collector current due (0 ac. signal = *Ic
. Maximum positive swing of a.c, collector-emitter voltage
L

. = IC X RAC
Total maximum collector-emitter voltage,

Maximum /. =

. o = Veet+icRyc
Maximum positive swing of a.c. collector current

= Vee! Ry
<~ Total maximum collector curren

= IC+ VCE,RAC

*  For faithful amplification
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Single Stage Transistor Amplifiers 25Y

The following points may be noted :

(i) When a.c. signal is applied, the collector current and collector-emitter volt
take place about the operating point Q.

(if) When a.c. signal is applied, operating point mov
words, at any instant of a.c. signal, the co-ordinates of collecto
voltage are on the a.c. load line.

age variations

es along the a.c. load line. In other
r current and collector-emitter

& Vce (VOLTS)

———— -
- ——

Fig. 12.17

12.8 Voltage Gain
The basic function of an amplifier is to raise the strength of an a.c. input signal. The
voltage gain of the amplifier is the ratio of a.c. output voltage to the a.c. input signal voltage.

n order to find the voltage gain, we should consider only the a.c. currents and voltages

Therefore, i
t circuit of transistor amplifier.

in the circuit. For this purpose, we should look at the a.c. equivalen
For facility of reference,the a.c. equivalent circuit of transistor amplifier is redrawn in Fig. 12.18.

) It is clear that as far as a.c. ‘Eignal‘ is concerned, load R, appears in parallel with R;.
Therefore, effective load for a.c. is given by ;

RCxRL

ac.loadRyc = Re I Ry = TR,

C L
Output voltage, V,,, = i.Rsc
Input voliage, Vi, = ipRin

Voltage gain, A, = Vo, /Viy
=i(-RAC=ﬁXE '.l“,
ipRin Rin "y =

Incidentally, power gain is given by; '

)
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Fig. 12.18

Example 12.6. In the circuit shown in Fig. 12.19, find the voltage gain. Given thy f s

60 and input resistance K, = KL

+10V
Ry HC-ZKC‘:
11
Cim Ly
|
' ' RL=0.5KO
sicnaL  He
1 e I°‘ i
Fig. 12,19

Solution

So far as voltage gain of the circuit is concerned, we

need only Ryc, B and R,,,
IE[!(‘C“VC '”ﬂll, ,\,A C = R(' ” I(I.

Rex By, 2x0s |
Re+ Ry~ 2405 = M4KR

Ric 60x04
R = TKQ

Example 12.7. In the circuit shown iy Fig. 1. ;
1‘1" ’2- I') [} R - o= < , P
[} = 100, find the output voltage for an input voltage ”ffhr‘,'v r”MQ' Ri.= 10KQ, R, = 2.5K8L
.m.s,

i

Voltage gain

Solution

RexBy, 10x g

Effective load, Rpe = = 10x10
RC"' R[ 10 + “) = 5'\“
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Rac 5 KQ
Voltage pain = B x “AC 100X = 200
L B>k 2.5 KQ
or ,‘,‘."“ = 200
Vv, -
n
~‘-/7/,3 Vour = 200%Vjy, = 200% 1 mV = 200 mV
nal changes by 0.02V, the base

%,WXQ/{}(({““)‘(‘ 12.8. In a traitisistor amplifier, when the sig

\ 7 , )

Q—ctirrenit cnhanges by 10pA and collector current by ImA. If collector load R¢ = SKQ and K, =
(iii) a.c. load (iv) voltage gain (v) power gain.

10K, find: (i) current gain (ii) input impedance

Solution

Ay = 10pA, &l = lmA, AV = 002V, Re = SKQ, Ry . 10KQ
Al 1 mA

) Comrent gain, < B =~ = o = 100

(i) Current gain, [ Ay - 10 1
AVigr 2V
s "l — ,(_)J!.A,,,,_ = ZKSI

(i) Input impcdxm:';“ Ry = Ay = 10pA
B

ReXR 5
M Rl EHS Sx10 33KQ

(1ii) a.c. load, /! Rae RotR se10 -
cthaL. ¥

i

Rac 3.3
Ay = Bxops = 10075 = 165

(\')mr gain, Ap = current gain x voltage gain = 100X 165 = 16500
sxample 12.9. In Fig. 12.20, the transistor has [} = 50. Find the output voltage if input
vesistance Ri, = 0.5 kL2

(iv) Voltage gain,

+30V

IOKQ% J KN
y

“7 6 KQ Vout

1mv ,\) 5K“§ =
(r.m.s.)

e
——
=

Fig. 12.20
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I, = output current

<
~
|

= output voltage across load R,
= output resistance of the amplifier

R; = load resistance

>
<
I

voltage gain when load K; is connected

ll Ii nw

. ; [————JVV‘V‘V——

' AoV Va
AMPLIFIER V, A, Vi Ra C) 2l

-

VN

I,—’L
L

O] (1)
Fig. 12.28
Note that capability of the amplifier to produce voltage gain is represented by the voltage
generator 4,V). The voltage gain of the loaded amplifier is A,. Clearly, A, will be less than 4

due l/t!(lagc drop in R, -
%quivalent Circuit with Signal Source

_ If the signal source of voltage E; and resistance R, is considered, the amplifier equivalen
circuit will be as shown in Fig. 12.29.

I2
—VVVNA— T —AMMW -
, |
ES ’\"P V, Rin C) Ao V, V. P,.
Fig. 12.29
Referring to Fig. 12.29, we have,
E
nhL=—
R;+ Ry,
E.R;
Vi=hRe = 2R
] in
AV
e (i)
Rour+RL .
r
S b
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. Aoy Ry (i)
Rnul + R’-
Vo= IL R A,,V| R’ (i11)
y ARl TS . R
Rnu!+ R’
Vv, A, R
Voltage gain, A, = == = 2
! 1 Rnul + Rl
,1 4‘:1 Rl-’f

Current gain, A,

I

LR, LAY
If Rm ”I Rm) II

Vil {050 £
v Y i I

= A, XA,

Power gain, Ap

Note. The use of such equivalent circuit is restricted to the signal quantities only. Further, in drawing
the equivalent circuit, it is assumed that exact linear relationship exists between input and output signals
i.e. the amplifier produces no waveform distortion,

Example 12.16. An amplifier has an open circuit voltage gain of 1000, an input resistance
of 2KQ and an owtput resistance of 1. Determine the input signal voltage required to produce
an output signal current of 0.5A in 4Q resistor connected across the output terminals.

I Rouw=10 L,

s \

——)

v, 2KQ < Rin Ao V, Ve Ri=4n

1 |

Fig. 12.30
Solution
Fig. 12.30 shows the equivalent circuit of the amplifier. Here A, = 1000.
A, R
f2 Lol [See Art. 12.15]
II erul+R’.
)
- 1000 x 2000 =1 “)5
I +4
I 0.5 =
)= —2 = 2 = 125% 1070 A
4x10 4 x 10
-}z‘, e e e I i e S —
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HYBRID PARAMETERS

Introduction

In order to predict the behaviour of a small - signal transistor amplificr. it is important to

know its operating characteristics ¢.g., input impedance, output impedance, vollagc gain efc. In
the text so far, these characteristics were determined by using *f3 and circuit _rcs:_sumcc values.
This method of analysis has two principal advantages. Firstly, the values of circuit components
arc readily available and secondly the procedure followed is casily understood. However. the
major drawback of this method is that accurale results cannot be obtained. It is because the input
and output circuits of a transistor amplifier are not completely independent. For example, output
current is affected by the value of load resistance rather than being constant at the value
Similarly, output voltage has an effect on the input circuit 50 that changes in the output causc

changes in the input.

One of the methods that takes into account all the effects in a transistor amplifier is the
hybrid parameter approach. In this method, four parameters (one measured in ohm, one in mho,
two dimensionless) of a transistor arc measured experimentally. These are called hybrid or /h

parameters of the transistor. Once these parameters for a transistor are known, formulas can be
developed for input impedance, voltage gain efc.in terms of h parameters. There are two main
reasons for using /i parameter method in describing the characteristics of a transistor. Firstly, it
yields exact results because the inter-effects of input and output circuits are taken into account.
Secondly, these parameters can be measured very easily. To begin with, we shall apply h parameter
approach to gencral circuits and then extend it to transistor amplifiers.

26.1 f-lybrid Parameters

Every **linear circuit having input and output terminals can be analysed by four

parameters (one measured in ohm, one in mho and two dimensionless) called hybrid or h

Parameters. ')
Hybrid means “m

ixed”. Since these parameters have mixed dimensions, they are called
- ‘ <

* Gince transistor is generally connected in CL arrangement, current amplification factor } is mentioned h
. Rp— ! ere.
#% A linear circuit is one in which resistances, induct: i
s i inductances and capacitances remai
' ! s rema age across
them changes. p in fixed when voltage across

538

Scanned with CamScanner



pvbrid Paramelers 539
pybrid parameters. Consider a linear cireuit shown in Fig, 26.1. This circuit has input voltage
and current labelled v and 1.

and current labeled vy and i This circnit also has output voltage
Note that bothinput and output currents (i, and iy) are assumed o flow into the box ; input and
output voltages (v and vy) are assumed positive from the upper 1o the lower terminals. These
are standard conventions and do not necessarily correspond to the actual directions and polarities.
When we analyse circuits in which the voltages are of opposite polarity or where the currents
flow out of the box, we simply treat these voltages and currenls as negative qunnlilics.

h h
—— @
+ k——-——‘ g
LINEAR
s CIRCUIT i
Y, W——— O~
Fig, 26.1

It can be proved by advanced circuit theory that voltages and currents in Fig. 26.1 can be

related by the following sets of equations :

\“ - h||l|'+ ’Il.v\': ¢ v (")
f: = h:l lll + h.’.’. Vs @i (l'l)
arameters.

In these equations, the /is are fixed constants for a given circuit and are called h p
Once these parameters are known, we can use equations (i) and (ii) to find the voltages and
currents in the circuit. 11 we look at eq.(i). it is clear that *hy, has the dimension of ohm and
Iy is dimensionless. Similarly, from eq. (ii), hy, is dimensionless and /iz; has the dimension of

mho. The following points may be noted about /i parameters

(i) Every lincar circuit has four /i parameters | one having dimension of ohm, one having
dimension of mho and two dimensionless.

(i) The h paramelers of a given circuit are constant. If we change the circuit, /i paramelers

would also change.

L 4 . ' . T .
(iii) Suppose that in a particular lincar circuit, voltages and currents are related as under:

|'| = |0i| + ()\'2

i1 = 4l‘| + J\'z

i

Here we can say that the circuit has h parameters given by Iy =105 hyp =6 hyy =
4 and hyy =30

26,2 Determination of h Parameters
<on for the use of i parameters is the relative ease with which they can be

The major rea
a circuit shown in Fig. 26.1 can be found out as under :

measured. The h parameters of
(i) If we short-circuit the output terminals (See Fig. 26.2), we can say that output voltage
v, = 0. Putting v, = 0 in equations (i) and (ii), we get,
V| = h“i| +’l|2 x ()

) must have the unit of voltage. Since current (amperes) musl be

. T' . .
1e two parts on the R.H.S. ol eq. (1 | . L (ar )
volts), hy1 should have the dimension of resistance i.c. ohms.

multiplied by resistance (ohms) 1o get voltage (
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5401
-
iy = hyn +h )
! horted
Ay =7 for vy =0 1. output sh
| “ -
E yut shorted
e hy = 7§ for v, = 0 e oulpt!
) ‘ ,"-—_’-——r‘—’—-". - - ~ .
l : and fiyy. Sinee hyy 1s @ ratio of voltage
| “ p. .

weith outpul shorted”

ical meaning of h > '
Fed ! | = inputl imipedance

Let us now tum to the ph
dinwmiunlmx and s

and current (i.e. vi/ip). 1t1s an impcdance and is called ‘ iy il Be
Similarly, Ay, is the ratio of output and inpul current (r.e. /0%
called " current gain with outpit shorted ™
l2
h i + ———
— —— o___.-——_‘
* — LINEAR -
vy Lo sworT  OPEN V1| ciRculT
- o—__ —— B
Fig. 26.2 Fig. 26.3
(ii) The other two h parameters ( viz 2 and /iy ) can be '““""ll by "l“‘kl":}! ‘:llli;; |{l,' ”'II}\ ._
. ! ' v » output tel als wilh |
can be done by the arrangement shown in Fig. 26.3. Here, we dl‘l‘«C'|:; ‘ I ations become: i
voltage v, keeping the inpul terminals open. With this set up. i = 0 and the equali come: }
vy = h” » () 4 h|: V2
1'2 = h“ x (0 + h:: Vi 1
|'| ) . i
5 hys = fori; = 0 i.e.inputopen
Vs
i : o |
and hay = - fori; = 0 f.e.inputopen
= V' i
!

it is dimensionless and s |
\

Since /iy is a ratio of input and output voltages (i.e. vi/V2)s
a ratio of output current

called “voltage feedback ratio with input terminals open”. Similarly,/iay 18
and output voltage (f.e. i2/v2). it will be admittance and is called output admittance with mput .;

terminals open.

Example. 26.1. Find the h parameters of the circuit shown in Fig. 264 (i).

h h
o— —o O — AN —
100 102
50 50 SHORT
O— —0 o—
(11)

(1)
Fig. 264

¢ Note that v, is the inpu i ' .
I put voltage and i, is the input current. Hence v, /1, is given the name input impedance
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-\‘lq&'t‘.
. : Jh ! ) althe ] . :

Fig 1= g lh; othet hand, When ihe base current s maximum in the negative direction Vir
n HL\\\““““ mn l‘l‘\l'l\(‘ SONAe “)HH” H mn | 1y |" 4 |‘“|\ the H'I"” amdd |||||||||| \,||1,;"r‘s me
in phase opposttion ot equivalently, T phase reversal of

the transistor 1 said 1o produce a 180
“m'\ul “‘h".“‘ wori ,\|!-|“l \““;”,(.

ote, No phase revers - ' .

Not | reversal of voltage ocears in common base and common collector amplifiet

The at output voltage s phase with the a ¢ mput signal - For all three amplifier Configurations,
jnput and outpul currents are i phase

F.\l\llp'(‘ |:|. I”H\lh)h- the ’rhl'luum o of ["!.JH‘ re versal CE .,m,.h,‘“, NN R
ﬁ*-{“ﬂ corcwt values,

Solution. In every type of amplifier, the put and output currents are in phase However,
common enutier amplitier has the unique property that input and output voltages are 1RO ot
of phase, even though the mput and output currents are in phase  This pomt i dlustrated 1o Fap
126 Here it as assumed that O point value of J;; = 10 pA, ac signal peab value 18 SpPA- and

f§ = 10X, This means that imput current vanes by SPA both above and below a 10 A de level
At any instant, the output current will be 100 times the input current at that instant. Thus when
the input current is TORA, output current is i = 100 x 10 pA = ImA - However, when the nput
current 18 1SPAL then output current a8 = 100 15 pA = 1.5 mA and =0 on. Note that input
and output currents are in phase.

n Wee = 10V I
' h. - ——
150A ) J 1.!)!!\!\1/
= IR wak A F
1y n‘:?. T 0.5 mA /
| EE——— \

5nA
' / LN Ve |

= ol -—-l );\, 100 ov] 5 |
\) - Q’J oV |— .__X-‘ 3

N |

= | ‘I" ) e

0 ;

|
2
I
i
=
e

—

Fig 126
The output voltage, Ve = Voo ie Re
(i) When signal current is 7¢10 (i.e.. in the absence of signal), i~ TmA,
Vo= Vee-icRe ™ 1OV = ImA % 4k = 6V

(i) When signal reaches positive peak value, i = 1.5 mA

Ve = Vee =i Re = 10V = LSmA x 4kQ = 4V
ases from ImA to 1S mA, Vi decreases from 6V 1o 4V, Clearly,

.
e

Note that as i¢ incre '
output voltage is 1807 out of phase from the input as shown in Fig. 12.6.

(fif) When signal reaches negative peak, i¢= 0.5 mA
Ve = Voo icRe = 1OV = 0.5SmA x 4k62 = BV
Note that as i decreases from 1.5 mA 10 0.5 mA, Ve inereases from 4V o 8V, Clearly,
output voltage is 180° out of phase from the input. The following points may be noted carefully

about CE amplifier :
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