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UNIT -1

BJT at low frequency: Transistor Hybrid model, Determination of h-parameters from
characteristics, Analysis of transistor amplifier using h-parameter model, Emitter follower,
Millers theorem and its dual, Cascading transistor amplifiers, Simplified CE & CC Hybrid
models, CE Amplifier with an Emitter Resistance, High Input Resistance Transistor Circuits —
Darlington pair, Boot strapped Darlington pair.

FET at low frequency: FET Small signal model, Common Source and Common Drain
configurations at low frequencies.



Analysis of Common Emitter
Amplifier using H Parameter
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(a) Circuit of CE Amplifier

For analysis, we replace the transistor with its small-signal
two generator h-parameter model. This results in the
equivalent circuit of Figure 2. We assume sinusoidal input.



Current Gain or Current Amplification:

Current gain is defined as the ratio of the load current |, to the input current |,. Thus,

_ L L
CurrentGain b It (1)
But from figure 2, Ie=hpe xly+hoe x Ve (2)

Also Vo =1y x R = -1, x Ry

Combining Equation (2) and (3) we get,

I,_. = h-f(.Ib —'h'oc X Ic X HLOI"(I +ho€ X RL)[,, = hfc X [b

Hence current gain I 1 +loe X Ry, ... (4)
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Figure 2: Equivalent Circuit of CE amplifier using h-model



Input Impedance R;:

This is the impedance between the input terminals B and E looking into the amplifier as shown in Figure 2 and is,
therefore, given by,

From figure 2 Vo =hg X Ty+hpeeVy . (6)
But Yo =—1I, x Ry = A; iRy

Substituting the value of V. from Equation (7) into Equation (6) we get,

Vi = hie x +h ARy, . (8)

7
Ry i i R
Hence input impedance T MR Ll (9)
s h’iC = h‘fch‘rc
hoe +YL ... (10)
1
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Where = Ry

From Equation (10) we find that the input impedance R; is also a function of load resistance R|.



Voltage Gain or Voltage Amplification | Analysis of Common Emitter Amplifier using
H Parameter:

It is the ratio of the output voltage V. to the input voltage V,. Thus,

Voltage Gain =~ V»  LRi R .. (11)

Figure 2: Equivalent Circuit of CE amplifier using h-model



Output Admittance Yp:

It is the ratio of the output current I, to the output voltage V. with V; = 0. Hence

r IC
Yo ==
VewithVs=0 .. (12)
On substituting the value of I from Equation (2) into Equation (12) we get,

Yo = hye x i + h,.

b
Ve

But with V; = 0, Figure 2 gives (Rs + hje) ls + he V. =0

Ig, e h,.‘.
orVe hetRe (14)
Y, = h,. — bt x hre
Combining Equation (13) and (14) we get, hie +Rs ... (15)
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Figure 2: Equivalent Circuit of CE amplifier using h-model



Equation (15) shows that the output admittance Y is a function of source resistance R.. If the source impedance is
purely resistive, then the output impedance Yj is real i.e. purely conductive.

, Ro
Output impedance Yo oo (16)

In the calculation of Yg, R has been considered external to the amplifier. If we include Ry in parallel with Ry, we get
the output terminal impedance Z; given by,
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Figure 2: Equivalent Circuit of CE amplifier using h-model



Overall Voltage Gain Considering Rs:

Source voltage V. applied at the input of an amplifier results in voltage V, between bae and emitter terminals
(input terminals) of the transistor and voltage V. at the output. Then the overall voltage gain considering the
source resistance is given by

------

Figure 3(a) given the driven voltage source V with source resistance R; in series. This form of an equivalent circuit
for the energy source is known as Thevenin's equivalent source. This energy source then drives the amplifier
represented by its input resistance R;.

R
Vi, = V, X -
Then Ri+R, .. (19)
A;-‘s = A‘. X R’
Hence overall voltage gain Ri+R, ... (20)

If Rs = 0, then Ays = Ay. Thus, A, forms a special care of Ays with R, = 0.




Overall Current Gain Considering R

We may replace the voltage source Vs with series source resistance R; by what is known as Norton's equivalent
source shown in Figure 3(b), consisting of current source Is with source resistance Rs in the shunt. This current
source drives the amplifier resulting in |, at the input terminals of the amplifier and current I, through the load
impedance. Then the overall current gain Ajs is given by:
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(b) Current source |,
s Fioe T8
From Figure 3(b), R, +R: ... (22)
R,
 Apg=A;
Hence overall current gain R,+R: .. (23)

R;

Avg = Ars X
R,

From Equations (20) and Equation (23) we get, )

Equation (24) is true provided that the voltage source V; and the current source |; have the same source
resistance R..



Table 1: Result of small single analysis of low frequency ce amplifier
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Analysis of EMITTER FOLLOWER using
h-parameter model

Common Collector Amplifier or the Emitter Follower: Figure 1(a) gives
the basic circuit of a common collector amplifier, popularly called
emitter follower. Its voltage gain is close to unity (one) and, therefore,
any increment in the input voltage i.e. the base voltage appears as an
equal increment in the output voltage across the load resistor in the
emitter circuit. Thus, the emitter may be said to follow the input signal
and hence the name emitter follower.
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(a) Basic Circuit (b) Small signal equivalent circuit using CC h-model

Figure 1. CC amplifier or emitter follower



The equivalent circuit of figure 1(a) is similar to that

of CE amplifier of Figure 2. Hence the analysis procedure
is exactly the same. The expression of A, R, A, A,

A, and Y, are, therefore, the same as of CE

amplifier except that h-parameters of CC configuration
are used. We may make use of Table 1 and
simultaneously use conversion Table 2 to get the
expression for A, R, A, and R,.
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Figure 1. CC amplifier or emitter follower



Table 1: Result of small single analysis of low frequency ce amplifier

hy.

A= —
! 1+ hee x Ry

H!' — h-!'{. +h’i-‘1:' x .:""1}' x RL

hohpe 1

Y, = h,, — .

h‘if‘ + Rr—; Eﬂ'

From CB to CE

Table
From CEto CB

o ;"1;}': HL

Ay =

" R+ R.



Thus, from Table 1 and Table 2,

oL e 1+hy,
A= —— = — —
Current gain I 1+ hoex Ry 1+ he x R (1)
V,
Hi = _:hir+hrqv X ;"1_; X HL :hifﬂ—;‘l; X HL
Input resistance L - 7 T (2)
1y — Vo Arx iy For reference
Voltage gain Vi R (3) B
From CB to CE From CEto CB From CE to CC
But from equation (2) A7 x Ry = R — h, Ae nh;“f,h he nhZ,, he=hy
1. — R —hye ] Pie - 'i'!:; o '_h"f; o™ o
Ay = =1— —
Hence R; . (4) . 1—";.% o n—h;'; b1 41
Overall voltage gain Ri+ R, .. (5)
o ;"1_; X Hs
Overall current gain T R+R, L (6)
. hip. x h,, 1+ hy,
Yy = hy— deX e g 4 2T

0o+ L
Output admittance hie + I, fie + Re  LL.(7)



Summary

Rz -% . -l-}"':focc“l_: H-hoe R ~0Q° hk -OH*) @

T = DlethuBrRs hiet Az @) bre s hee
0

- AI R Re— hie - |- ‘)TQ " "
T— )

.D—c W: : —@ ALRL, =R¢-hve %"’“w
Vo= hoc— Nehwe _ hoe+ H-hfe = * Me=Lltlie)
l’)TC‘l'KS hte+9§ by =

hl'C = hl.e, “)c(:hm



e em % h-p :
Ex2: e emfiler follower( cc amplitien) has the fdlaot {h at:m(.&/;&wk
: - AtV L2
2 2, hye=2:5x10 " hfg_:.E'Oamd hee = 24y u IL 2
ne=ee |’K_n_ fumd the AT, Re, Av and Yo.
and Re¢= ' .

6 ubion: i hte .
A = l+hoe: AL

R¢ = hfe+ AzR = Lok

Ay = |- b—':’g: 0997

o _ =y
TR H-hfe
. i (h°.a+ hie-+Rs
ARt o 0.9371x 49 = 0995
Vo= ———

Yio
ReaRs



