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Transistor as an amplifier:

An amplifier is a device that increases the voltage, current or power of an input signal with the help of
transistor by supplying the additional power from a separate source. The circuit details using an n-p-n
transistor as a common emitter amplifier is shown in figure.

r—
o

The input signal to be amplified is applied across the input circuit (base-emitter circuit). The input
circuit is forward biased using a battery of e.m.f. Vg, volt. The amplified output signal is taken across the
load resistance Ry in the output circuit (collector-emitter circuit). The output circuit is reverse biased using a
battery of e.m,f. V.. volt. According to Kirchhoff's junction law, emitter current (lg), base current (Ig), and

collector current (I¢) are related as
le=lg+lc - (1)
When current (Ic) flows through the load resistance (R\) then,

Output or collector voltage (Vo) = Applied voltage (Vce) - Voltage drop across R

ie. Vo=Vee IR - @)

During positive half cycle of input signal, the forward bias of emitter-base junction increases. Due to
increased forward bias, emitter current (Ig) increases and hence according to equation (1), collector current
(Ic) also increases. Therefore, the voltage drop across Ry (=IcR.) increases. According to equation (2), the
collector voltage or output voltage (Vo) decreases. Since collector is connected to the positive terminal of the
battery (Vcg) so decrease in Vo means that the collector voltage becomes less positive. In other words,
amplified negative signal is obtained across the output.

Similarly, during negative half cycle of input signal, the forward bias of emitter-base junction
decreases. As a result of this, emitter current (Ig) and hence collector current (Ic) decreases. Therefore, the
voltage drop across R, (=IcR_) also decreases. Hence according to equation (2), the output or collector voltage
(Vo) increases. Since collector is connected to the positive terminal of the battery (Vcg) so increase in Vg
means that the collector voltage becomes more positive. Thus, an amplified positive signal is obtained across
the output.

Since, in common-emitter amplifier, the output voltage decreases with increasing input signal and
increases with decreasing input signal, so both input and output signals are out of phase i.e. there is a phase
difference of 7 between input and output signals.

Current amplification factor (p):
The ratio of change in collector current (Alc) to the change in base current (Alg) is known as base
current amplification factor at constant collector emitter voltage i.e.

Al
f=—=
Al

, at constant Ve
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Voltage gain (Ay):

The ratio of change in the output voltage (AVy) to the change in the input voltage (AV;) is called

voltage gain i.e.

V, AlAR,

A
A=

Power gain (Py):

V.

T AIGAR,

[ %

AR,
AR,

= [ xResistance gain

The ratio of change in the output power (APy) to the change in the input power (AP;) is called power

gain i.e.

P, =

AP, AIZAR,

Transconductance (gm):

AP AIZAR,

p* x

AR,

AR,

= 3% xResistance gain

The ratio of change in the output current (Alp) to the change in the input voltage (AV;), at constant
output voltage (Vo) is called transconductance i.e.

Al
=—— at constant VV
9n = AV °

Al
=g, =—2, at constant Vcc
BB
g, Al Al
Al, AV
1
=0 =/f[x—
9, =8 R
B
On R

Its unit is Q™ or siemen.
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37.1 Transistor Biasing

A transistor 1s used as an amplifier. For faithfu
lowing three conditions must be satisfied :
(i) the emitter-base junction should be forward blased.

1 amplification, the fol-

(if) the collector-base junction should be reverse biased, and
(i) there should be proper zero 81gnal collector current.

The proper flow of zero signal collector current (proper operating
point of a transistor) and the maintenance of proper collector-emitter volt-
age during the passage of signal is known as transistor biasing. -

When a transistor is not properly biased, it works mefﬁmently and
produces distortion in the output signal. , :

Requirements of biasing circuit ,
Following are the requirements of proper biasing a c1rcu1t

1. Proper zero signal collector current : The collector current in the absence of the signal must be as
leastequal to the maximum collector current due to signal alone i.e., zero signal collector current = max )
collector current due to signal alone. If this is not so, the output wave form obtained will be deformed.

2. Minimum proper base-emitter junction voltage at any instant : The base emitter voltage should
be greater than cut-in voltage (V;,= 0.3 V for Ge and 0.7 V for Si) i.e., for faithful amplification, the
potential barrier at emitter junction must be overcome by applying potential equal to cut-in voltage.

3. Minimum proper collector-emitter junction voltage at any instant : V5 should be keptabove (0.5
V for Ge and 1 V for Si) this is called knee voltages. If V¢ is too low, then collector-emitter junction .
is not properly reverse biased. '

" The condition (1) and (2) ensure that base-enntter junction shall remain properly forward biased and
condition (3) ensure that collector emitter junction shall remain properly reverse biased in entire duration
of the signal. - :

So, the proper flow of Zero s:gnal collector current and the maintenance of proper collector-emitter
voltage during the passage of si ignal is known as transistor biasing. Thus, we may not operate the transistor
any where in the active region. ' We must choose the operatmg point on the output charactenstlcs such that

above conditions are satisfied.-
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= of ' re func-
Stability Factor. The transistor parameters B, Ico z.md Vae :rature -
lions of temperature. Among these, the change in /co with temp |

More significant than other changes. ge of collector Cur-

The stability factor S is defined as the rate of Clhankeeping B and Vs
fent /o with respect to the reverse saturation current /¢co

“Onstant, Le.
alc » AIC

is the value of S, higher is the stap;j;,

: . <hows that smaller 1S : ility,
This exPreg§11§n ?thor $ should be kept as small as possible. The Joyeg
SO} o :? tlln{can be obtained is unity since Ic must include 1. Cloge, j
vaiue ol o, thie

1 f S to unity, lesser will be the variation of operating point with
the value O ’

temperaturc.
1 3.12 : What do you mean by inherent variations of transistor parameters ? Define
stabilisation and stability factor. _

Inherent variations of transistor parameters

Itis found that, the transistor parameters suc |

“ofthe same type. e.g., BC147 is a silicon n-p-n transistor with B varying from 100 to 600 i.e. S may be 100
for one tran:iitt;r -an,d may be 600 for the other, although both of them are BC147. This variation in
parameters is a characteristic of traasistor. The major reason for these variations is difference in

manufacturing techniques e.g:, it is not possible to control the base width, due to which a large change in

transistor parameters occurs such as B, Vg etc., even in the same type of the transistor .
¢ the operating point, resulting in

The inherent variations of transistor parameter may chang ¢ should be indepen dent of

: . : . . . : i in
unfaithful amplification. So, for getting faithful amplification operating po
inherent variations of transistor parameters.

Stabilisation
The collector current in a transistor changes rapidly when
(1) the temperature of collector junction changes
(i) the transistor is replaced by another one of the same type.
transistor parameter. - :
When the temperature of collector junction changes or the transistor is replaced, th. .
(i.e., zero signal Icand ¥z) also changes. However, for faithful amplification, it is essential that operating
point should remain fixed. So, the process ofmaking operating point independent of temperature changes
or variations in transistor parameters is known as stabilisation. |
Therefore, stabilisation of the operating point is necessary due to following reasons :

This is due to the inherent variations of

e operating point

1. Temperature dependence of /-
2. Individual variations.
3. Thermal unway

h as B, Vg, Ic are not sume for every transistor even '




Temperature dependence of I : The reverse saturation current /o changes greatly with temperature ge
- of collector junction. A rise of 10°C in temperature doubles the collector current /. This fact may
cause considerable practical difficulty in using a transistor as a circuit element.

In order to compare the relative effectiveness of various circuits in reducing the temperature effect on

Ic, a stability factor §'is defined as the ratio of the change in collector current to the change in reverse
saturation current keeping 8 and Vy; constant.

5] o

dlco

The larger the value of S, the circuit is more likely to exhibit thermal instability,

(I:il‘(ti];?:a l:.:; ‘t';;': tions : The value of fand ¥, .are notexactly the same for any two transistors even

Thermal runaway : The collector current for a CE. configuration ig given by
Ic=(B+1)Ic0 +BI
Weknow that /cg is strongly dependent on temperature of collector ; -
Or junction therefore if J - - ;
i co Increases,

the collector current /- also increases by (B+ 1)Ico. The increa sed I will jn

transistor, which in turn will cause /¢, to increase. F rom these comuylatiye Crease temperature of the
Hence, the self destruction of an unstablised Iransistor is known qg g, events, the device burn out.
Differentiating equation (1) with respect to Ic ermal mnaway,

or _ ’ §=

(D)

ol ol
1=(f+1)=-2 B
(ﬁ )alc +B61C
- (B+1) oI
“or 1__—5'—_+BB'T%
B+1) a1,
or —=]- __
S ﬁafc
_ B+1
or S“l oy @)
‘ﬂ‘a‘q
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Types of transistor biasing:
There are three types of transistor biasing techniques:
1. Self Bias or Voltage Divider Bias or Emitter Resistance Bias Method..
2. Fixed Bias or Bas Resistor Method.
3. Collector — Base feedback resistor or biasing with feedback resistor method.

Self Bias or Emitter Bias (Voltage-Divider bias)

Self bias or emitter bias is the most widely used
method of providing biasing and stabilisation toa transistor.
The self bias or emitter bias circuit is shown in fig. 3.33.
The forward bias of emitter base junction and reverse bias
of the collector-base junction are provided by the supply Input
voltage V- through the resistance R,, R,, and Rg signal
respectively. In this method resistance R, and K, provides
biasing'and the emitterresistance R g provides stabilisation.
If Ry is zero then we use this self biasing for getting better

Fig. 3.33

..o the direction to Teverse bias the
stabilisation. The current in Ry causes voltage drop across it which 13 ::ct:oltage divider comes from the
emitter junction (and hence keeps a control over increase in I¢c)- The nﬂrd biases the base emitter junction.
voltage divider formed by R, and R,. The voltage drop across R, forwa

i ero signal conditions.
This causes the base current and hence collector current 10 flow in the Z g

Stabilisation .
P istor has beenreplaced b
If /¢ tends to increase (let /o has risen due to rise in temperature of lr}::lse st incmam};
another of larger fB), then current in Ry increases. As a result the increa sed vo : O daalusslytonts
. , ; .
the reverse bias across base emitter junction, so base current decreases. Hence,

to restore [ to its original value,

Stability Factor

Suppose that the current flowing through R, is [;. As base current is very small, the current flowing

through R, is also [,
| 7. = Vee
"R+ R,
and voltage drop across R,, '
, Vee Ry
EED el

Applying K.V.L. to the collector circuit,
| Vee=1IcRp+ Vgt g Rg

=IcRL+ Vet ({c+1Ig) R - [V Ig=1Ic+ 1]
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Applying K.V.L. to the base circuit, _ .
Vo=IgRr+ Vg + Rplp=Ip Rp+ Ve + (Ig + IQ) R (D)
where Ry is the effective resistance seen looking back from the base terminal and given by,
| R R, '

Rr=rvr;

Differentiating equation (1) w.r.t. I

0=—=2R +D+TBIB.R |
0l =7 Ic " t R [ Vagis independent of /]
. IE .
or WC(RE"'RT):—RE
: . EU'B _ —RE-
or olc R+ R;
Now, the stability factor § is given by,
s—_ B+1
a1,
=

Putting the value of(alB/a]C)

S = B+1
R
o LR
l+ﬁ(RE+RTJ
(B+1)(Rp +Ry) p+ﬁl
: S = T £ o= +1)x &
or RE+RT+ﬁRE (ﬁ ) (ﬂ’f’l)‘f‘ﬁ‘
R
. '
IfR—T is very small, then
E
g=btl_g

:

Its is the smallest possible value of stability factor and leads to the maximum possible thermal
stability.

o R -
and lfR—E —>oo,thenS=f+1

So, the stability factor lies between 1 and B+ 1. Smaller is the value of Ry, better is the stabilisation.
If Ry tends to zero but the value of S cannot be reduced below unity. Low value of Ry can be obtained by
taking R, very small. But with low value of R, current drawn from Vcowillbelarge. Due to this, restriction,
Rrcannotbecome very small. Now, if we take Rz much large then itrequires greater Vccin orderto maintain
the same value of zero signal collector current. Therefore, the ratio R7/Rz cannot be made very small from

design point of view.
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Fixed bias method

F ig.' 3.31 shows the fixed bias arrangement for an
n-p-ntransistor operating in the C.E. configuration. The single
source of voltage ¥cmakes the emitter base junction forward
biased and the collector base junction reverse biased.

In this biasing, a highresistance Ry ( of the order of M(2) + —
is connected between base and +ve end of V¢ for n-p-n Input iIB l v = Vec
transistor (-ve end of V¢ for p-n-p transistor). The required  signalVé g, E : '
zero signal base current is provided by V¢ and it flows T T I T
through Rp, because base is +ve w.r.t. to emitter i.e., base - N
emitter junction is forward biased. Fig. 3.31

Considering the closed circuit ABENA and applying
Kirchoff's Voltage Law,
' | Vec=1g R+ Vgp
[ = Vee —Vee
or Ca Ry

The voltage ¥y across forward biased emitter junction is 0.3 V for Ge and 0.7 V for Si transistor

(given in the manual).

Vec

Since Vg << VFec S0, Igﬁ—RB—

Vee-
or Rg =- Ig

As the current /p is approximately constant (Vcc and Ry are fixed), so this method is called fixed

bias method. |

Stability factor
The stability factor is given by,

In fixed bias, /5 is independent of [
ol g 0
alc ~

Thus, § = B+ 1. It means that /¢ changes (8 + 1) times /co.
51 timeschange in /. Large value of Sin this bias indicates thatithas ponrlhcrma-i : “o 1
there is no means to stop increase in [~ due to rise in temperature of collector junction. 50,
provides poor stabilization. Therefore, there are strong chances of thermal mnaw§y.

If B= 50, then § =51 and ¢ changes
| stability. In thismethod,
his me.hod

So,

Advantages
This biasing circuit is very simple as only one resistance Rg 1S requi_red.
2. Biasing conditions can easily be set and the calculations are simple.
There is no loading of the source by the biasing circuit since no resistor is employed across base-
emifter junction.

Disadvantages

1. This method provides poor stabilisation. _
2, The stability factor is very high. Therefore, there are strong chances of thermal runaway.

Due to these disadvantages, this method of biasing is rarely used.
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Collector to base bias method or feed back resistor
To improve the stability of the fixed bias the resistance
Ryis connected to collector junction rather than battery terminal
(Fig. 3.32). Here required zero signal base current is determined
by collector base bias ¥ 5. ¥ forward biases the base emitter
junction and hence base current [z flows through Rp. This Rg
causes zero signal collector current to flow in the circuit.

: (IB+Ic)

To calculate stability factor (Actually it is instability o B d
factor, as greater S, greaterinstability}api:lyingK.V.L. to figure l T l = 7
3.32, we get Input v, = cc

signalVé  vge

Vec=(Up+IOR, +IgRg+Var ... (1) 1 E T
- E
- 7 _Yec—Vp—1IcR, . ;
or i (R.B + RL) Flg_ 3.32
aly R,
olc~ Rg+R,
Thus, 5= B+1
R, e
L ey
for any value of R; and Rp
S<(f+ 1)

Therefore, this ved et
re, this method gives bclterstablhl}r than the fixed bias. In this method feed back is provided

from output to input terminal through Ry
Stability N
The stabili
. s i-lbhlllty ofthe collector to base arrangement can be understood physically as follows. If/-tends
to increase (either because of rise in lemperature or because the transistor has been replaced by another of

l;}fger ,8)_, then ¥ decreases due 1o greaterdrop across Ry (" Vep=Vee—IcR;)and hence Vg decreases
(“"¥ece = Ve + Vep) and Iy also decreases So, Ic is not allowed to increase.

Thus, the circuit tends to counter balance an increase of I+ and stabilize the quiescent point.

so this method is also known as feed back resistor method.

Advantages
1. Itis a simple method as it requires only one resistance Rg.
2. This circuit provides some stabilisation, as we have
Vee=VaetVep .

Let the temperature of collector junction increases. This will increase the collector leakage
current and the total collector current. But as soon as collector current increases, Ve decreases
due to greater voltage drop across R;. Thisresults in decreased Vgi.e., lowervolta geisavailable
across Rp. Hence, the base current /3 decreases. The smaller /5 tends to decrease the collector
current to original value. : -

Disadvantages :

1. The circuit does not provide good stabilisation because stability factor is fairly high, though it
is smaller than that of fixed bias.
2. This circuit provides a negative feedback which reduces gain of the amplifier.

3. IfR;issmall, then there is no improvement in stabilisation in collector to base bias methoa than
fixed bias
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Hybrid Parameter
i istor
38.1 Two-port Representation of a Transis . '

A transistor having three terminals is an active device and can be used
in any of the three configuration, CB, CE and CC.In thesg co.nﬁguratlons
one of the terminals in common to the input and output circuits. Hence a
transistor acts as a two port network, input port and the out port (Fig. 38.1).

o . —9 —°
Two Port Network
° . o— —@

Fig. 38.1

For amplification purposes, the alternating currents, voltages to be am-
plified (called signals) are applied to the input port (pair of terminals) and
the amplified signal is taken from output port (pair of output terminals).
Then the performance of the amplifier is obtained by considering the transis-
tor as a ‘black box’. :

38.2 The Hybrid Equivalent Circuit
To analyse the performance of transistors, they are conveniently repre-
sented by an equivalent circuit. The hybrid equivalent or the h-parameter
equivalent circuit is widely used for small signal low frequency applications
because of the following reasons.
(i) The h-parameters can be measured easily.

(if) They are more independent of each other and other variables like fre-
quency and operating point etc.

(izi) The value of h-parameters nearly corresponds to actual values of in-
put and output impedances and current gain for many applications.

(iv) The h-parameters are real numbers at audio frequencies.

(v) They are particularly suitable for circuit analysis and design and are
specified by the transistor manufacturers.
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Hybrid Parameters. A four termin
can be treated as a Black Box with two i
minals (Fig. 38.2).

al networ'k Or a two port network
nput terminals and two output ter-

— 1 h
Input port V, Four Pole ] ’
put po 1y black box V,  Output port

Fig. 38.2.

For each pair of te_rmina]s, there are two variables, the current / and
voltage V. These four variables can be related by the following equations :

Vi=hyl +h,V, e
hL=hyly + by, ..(2)

The parameters Ay, hyy, hy;, and h,,, which relate the four variables

of the two port system, are called h-parameters. They may be defined by
first putting V, = O ( output terminals short circuited) and then /;, = 0 (In-

put terminals open circuited ) in the above equations. Thus

vV o
hy, = I—l = Input impedanc_e (wi_th_ output shorted) = h;
1|V-=0
hy = % = Forward current ratio (with output shorted) = A;
1{Vo = ;
hy, = Y = Reverse voltage ratio (with input open) = A,
Vol =0 | .
hyy = L = Output admittance (with input open ) = ho
V2 5, =0 :

h,, and h,, (i.e., h; and hy) have dimensions of imped.ance and admittance
respectively. h;, and hy, (i.e.,h, and hy) have no units. Hence the na;ne
hybrid parameters. Another subscript (b for Base, ¢ for Emitter and c for
Collector ) is added to designate the configuration of the tranelstor. o
Thus, hy, h,y, hg and hgp describe the CB configuration, hc,f. ;:ele uff
hy, and h. h k. and h.. describe respectively the CE and CC conlig
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I 3.9 : Define h-parameters. Describe the h-parameter equivalent circuit of a transistor.

h-Parameters
The performance of a transistor depends on its G _

input and output impedance, voltage gain and current el _‘—('_2..

inete. T i spons sistor circui 4 .
gain utf: 'llo dct.crm.n{c the response .ofa lranqlal.rurcu_n, Inpidt v, T AnSiAaE v, Output
itsequivalent circuitis dr:.awn replacing the transistor with port o amplifier : port
the combination of circuit elements properly chosen that e ',
best approximates the actual behaviour of the device
under specific conditions. Fora particular operating point Fig. 3.26

suitable d.c. values of voltage and currents, alternating

voltage and currents (signals) are applied to input terminals (port) of the transistor amplifier. The amplified
signal appears at output terminals (port). The behaviour of such a four terminal (two port) devices is usually
detenmined by four variables i.e., two voltage v, and v, (input and output voltages) and two currents 7, and
i, (input and output current) as shown in fig. 3.26. As v,, i, and v,, i, are cxternal quantitics for a transistor.
Any pair of these quantities may be arbitrarily chosen as independent variables and remaining two
dependent variable.

If we assume Vv, and #, as independent variables and v, and i, are dependent variables, then

J Mooy ol Smlibalige L S | et E L R (1)
S ¢ L) T g (2)
Taking the total differential of equation (1) and (2), we have
év v

dVlz[all] (111+(_—6V;] dVZ """"" (3)

: v2 iy

i Dis _ 8i, ‘

d"2=(ai,) d"+[6v9) DNt W s L oumae el 4)

va . B

Since, we are interested in developing only a.c. equivalent circuit, then A(2) quantities may be
replaced by the symbols for instantancous value of these variable quantities, thus

AV1=V1=( Vl) dil'f'( Vl-] dV2

oi av
e va \ 2/
or vi=hy, it hyv, Sl e S e s el = (5)
. 1 iy y Jiy
and A12=12=(-a—il—) (111+(3V—2 .de
S V3 i
or B i i iy v e = (5 o il i | L e e Wtk (6)

Equation (5) and (6) can be written as

vi| [An M2 || 4
i -z B R - (7)
The quantities A,,, 4,,, A,,, h,, are fixed constant for a given circuit and are called as h-parameiers.

These parameters are used to analyse a transistor or linear circuit having input and output terminals. These
h-parameter may be defined as

ov vy : -
h;i=h, = (a—’l = l—l = short circuited input impedance i.e., input impedance with output short

1 va 1 = AU -
circuited (v, = 0). Its unit is ohm.

av b5 | )
h.=h,= (HV_;J = Vs = open circuited reverse transfer voltage gain ie., reverse voltage gain
1

with input open circuited. (7, = 0). It has no units.

Bis 5
hr=hy = (6_’1) T short circuited forward current gain i.e., current gain with output short
¥2
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) (@i
ho=hy= v

[}

15
= ;—'— =open circuited output admittance i.e., output admittancewith input open

)

circuited (7, = 0). Its unit is mho.

Since, these parameters does nothave the same units or dimensions, (some have different dimensions
and some are dimensionless) so, these parameters are called hybrid (mixed) parameters. At audio
frequencies, h-parameters are real numbers and are easy to measure.

Hybrid h-Parameter Equivalent Circuit % ,
L avn ] ‘

The h-parameter equivalent circuit is derived from
equation (5)and (6). The voltage v, is due to the flow of current l
i, through /,, inaddition to a voltage generator h,,v,. Similarly, v,

+
o
.
AAAAA
T
<
>Ny

we may conclude that output circuit is derived with the help of T h, V202
equation (6), it involves a current generator A,, /, and a shunt L I 1
;dm}ill;—lllce hs,. The h-parameter equivalent circuitis shown in Fig. 3.27

ig. 3.27.

39.1 Hyb:"id Equivalent Circuit of Cmﬁmon Emitter Amplit.'iel_' o
Fig. 39.1 shows the common-emitter NPN transistor amplifier circuit.

R, is the output resistance of input signal and R, is the load resistance.

’c ‘— i
: - 'y
c.
E'V, ~RL§- Y%
Rg ‘, e
V. . f
. g ’ :
| —|iifi} e ¥
Ny . “Vcc
_ ~ Fig. 39.1.
The general h-parameter expressions become,
Vi Ve = hiey +' b Vo . ()
I, = hfe'-lbfl‘ hy. Vy : ‘ : o (2)
where _ Vo =V, . RN = 5. S
From Eq. (1), we get - .
Ib - ‘/, - hﬂ.’ VO 3 g 1 3
.
The d.c. voliage of the collector with, réspect to the emitter is given by
Vce=vcc""lcRL : _
;e o .
| dVee = — R dI, ~7 (. Vg is constant)
or Ve = =Ry i, =
In terms of -

tisuial notations, we can write
T
"’;c.? = = RL [c
or
VQ = PR F
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Substituting the valuc of V) in Eq. (2), we Iiavc
I, = h, I, — ho. R, 1,
or he Iy = hoe Ry 1. + 1,
I. R, Ie R,

= + ..(4
1 /hoe l(l, ( )

Equation (3) indicates that the basc-emitter circuit is equivalent to a.c.
voltage source of h,, V,, which opposes the a.c. input voltage V; and is con-
nected in series with the input resistance A,,.

Equation (4) indicates that the collector-emitter circuit is equivalent to
current source which supplies a current Ay, [, and in parallel of which are

c I %
OLY
ng g
. % "’_' R‘. VO= V“
+ < oe

Vg 7 VO ) .
— — 3
Fig.39.2.

connected the output resistance 1/ hg, and load resistance R;.

Accordingly, the equivalent circuit is drawn in Fig. 39.2. Here the a.c.
voltage source h,, V,, which acts in opposition to the input signal V,, repre-
sents the ‘feedback’ of the output voltage to the input circuit. The current
source of magnitude h;, I, may be looked as if the input current I, is ampli-
fied and appears as h;, 1, in the output circuit. Thus h, = B, the current am-
plification factor.

39.2 Analysis of a Transistor CE Amplifier usiné h-parameters
Figure 39.2 shows the h-parameters equivalent circuit of a common
emitter transistor amplifier. Here,

h;, = input impedance,

hg. = output admittance,

h; = forward current gain,

h,. = reverse voltage transfer ratio of the transistor.

The signal source V, is across the input port along with its source im-
pedance R,. The load resistance R, appears across the output port.
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\c input and output signals respectively. The input and out-
aken to be positive, while flowing lqward. 'I.'hls circuit is an
and d.c. values do not appear in the circuit. /, and I,
h the presence of the.source and load.

voltage gain, input

V; and V, arc tl
pul currcnts arc t. '
a.c. equivalent circuit .
are the input and output currents, wit .
Wwe will now derive expressions for current gain,
impedance, output impedance and power gain.

(/) Current Gain. Let Z be the cquivalent impedance of 1/ Ay, and R,

in parallel. Then,

1 1 1. 1
= =1/—+ 5 = hy, + 55
Z hy, R * R,
R,
or 2= T ho R,
Voltage across R; = voltage across Z )
. oL R
or I. Ry, = he 1y (Z) = hg 1}, T+ ho, R,
or i = hfe ;

I, 1+ ho, R = v
Output Current
Input Current; & ..}

I. hfe;"?\. A

A' = e— E —— . )
e =, T T+ h,R, ' ce:(h)

Current Gain A,, =

(i) Input impedance. The input impedance: Z,,-of the transistor is the
impedance at the input terminals 1 and‘1”. =~ -

_ Input 'Voltage - V.

Input impedance Z,, ~ Taput Current = I—b'
But - V= hie I, + h, Vo
= hiely + by (~I,Ry) ¢ Vo= LR
Zie = _1‘% = hie — h,, kL G“:)
Zie = hie — By R Ay = b, — re M - Re g

. £ + ;
(iii) Voltage gain (I + ho - RY)

Voltage gain A, = Output Voltage (V)
Input Voltage V)
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But . Vo=-LR . i, N
A CURR CRYRY, - e
S 3| o
1 | A, Ry . ‘ :
= — Ay, (ZCJ R, = - Z ssak )
Substituting the value of Z; = Z,, = h;,, — h,, R, A, from Eq. (2)
A ARy R
Wy hic - hrc RL Aie - hie — h. R
Aie re ‘ML
Substituting A, = L from Eq. (1) We et
S e = T h R, L e B
R
Ave = % ~ =
. vhie(l' + hOeRL)
b hre RL
hfe
— g ._hfe RL
hie (1 + hos'R.) — hg by Ry
- i s:.:hfeRL g 5
hie.+(.h.ié)h0e - hfe hre) RL
h. R,
=~ W+ R AR ()
ie L

where A h = hie hoe = hfe"h‘—féit-”‘-ﬂ"j\ i

The negative sign:shows:-that the input and the output are 180° out of phase.

Jb, B C PN ] lc
L=l |
hle ‘ o ¥
1
et vV
E: AENOYEE {1
o Iy \ :
hlcvo - '

+ E

Fig. 39.3

(ivy Output impedance. The output impedance Z, of an amplifier is
defined as the ratio of the output voltage to the output current with the input
signal generator V, reduced to zero and replaced by its internal resistance R,
and an a.c. voltage source V,, (rms) applied to the output terminals as shown
in Fig. 39.3. Thus



e-Adhyayan , B.Sc. 4th Sem. (CBCS-Core) Paper: C-VII- Digital Systems, Amplifier _Madhujya Gogoi, Dhemaji College

where /. is the current sent by the applied source.
Since the current through the output resistance 1/h,, is I. — hg, I,
the output voltage V; is given by

1
Vo=U. — he 1) .

oe

or h()(' VO = IC'— hfe Ib ...(5)
But the base current /,, is given by :
[ — hre VO a5
7 h, + R,
Substituting the value oflb mEq (5) we get’ oy
h A SRR Tk ¥ S B B ]
h i V, =1 '—_
0e Y0 C+hie+RgvV0
j I RS
or . V h il fe "*re =
or %, = Yo _ 1
IC h()e _ hfe hre K
hle + R
T hi. + R, |
© hoe (b, + R,) - hfe . £ e, , ...(6)

( ) erg in. Pow er galll Of the ampllfier e prod
i lS th u

Ape = IAW,I X 1A, |
Substituting the values of A,, and A,, from Egs. (4) and (1) .we get

A, = he Ry, he,
hle+RLAh 1 +h0eRL

hfe RL o
(1 + hOeRL) (h’e + RLAh) ...(7)
Where Ah = h hoe - hfeh
In actual practj N
"R Ah < h, practice, ho., h,, are very small quantities. #,, < 1' and
2
A = TeR

e -
P hl'p
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