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Small-Signal Amplifier
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The basic construction, appearance, and characteristics of the transistor were
introduced in Chapter 3 .We now begin to examine the ac response of the BJT
amplifier by reviewing the models most frequently used to represent the transistor
in the sinusoidal ac domain.

One of our first concerns in the sinusoidal ac analysis of transistor networks is the
magnitude of the input signal. It will determine whether small-signal or large-
signal techniques should be applied. There is no set dividing line between the two,
but the application—and the magnitude of the variables of interest relative to the
scales of the device characteristics will usually make it quite clear which method is
appropriate. The small-signal technique is introduced in this Lecture.

There are three models commonly used in the small-signal ac analysis of transistor

networks: the re model, the hybrid p model, and the hybrid equivalent model.
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the ac equivalent of a transistor network is obtained by:

1. Setting all dc sources to zero and replacing them by a short-circuit equivalent
2. Replacing all capacitors by a short-circuit equivalent

3. Removing all elements bypassed by the short-circuit equivalents introduced by
stepsl and 2

4. Redrawing the network in a more convenient and logical form
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re model:
The re model for the CE, CB, and CC BJT transistor configurations will now be

introduced with a short description of why each is a good approximation to the

actual behavior of a BJT transistor.

Common-Emitter Configuration

FIG. 5.10
FIG. 5.8 Eqguivalent circuil for the input side

Finding the input equivalent circuit of a BJT transistor.

for a BIT transistor.

W Vi
Now, for the input side: e
Iy [b
Solving for V. Vie = Lt = (I + Ipr, = (Bly + Lp)r, —
= (ﬁ T I)’bl't,
Vbe 16 T I)Ibfe
and ==
I I
Li=(B+Dr, = pr, FIG. 5.13

Definino the level of 7.
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output impedance
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FIG. 5.21
Network of Fig. 5.20 following the removal
of the effects of Vee, Cy, and Cs.

FIG. 5.20
Common-emitter fixed-bias configuration.
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The equivalent network of common-emitter fixed bias can be
redrawn as the following
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I; Figure 5.22 clearly shows that

Z; = Rg|Bre | ohms (5.5)

For the majority of situations Rp is greater than Sr, by more than a factor of 10 (recall
from the analysis of parallel elements that the total resistance of two parallel resistors is
always less than the smallest and very close to the smallest if one 1s much larger than the
other), permitting the following approximation:

Z; = PBr, Rg= 10, ohms (5.6)
I, Recall that the output impedance of any system is defined as the impedance Z, @
determined when V; = 0. For Fig. 5.22, when V; = 0, [; = I, = 0, resulting in an open- J} "‘/—
circuit equivalence for the current source. The result is the configuration of Fig. 5.23. R
We have fo €
Z, = Relr, | ohms (5.7) l
If r, = 10R. the approximation Re|r, = R is frequently applied. and FIG. 5.23
Determining Z,, for the network
Z, =R (5.8) of Fig. 5.22.
o= 10R;

Ay The resistors r, and R are in parallel, and
V, = —Bly(Rc|r,)

but Iy = Vi
: " Br,
Vi
so that V, = —B{ =— |(Relr,)
Bre
v, (Relro) -
and Ay = 7:: = —TO (5.9)

If r, = 10R, so that the effect of r, can be ignored,

R¢

Fe

A = (5.10)

r =101,

Note the explicit absence of 8 in Egs. (5.9) and (5.10), although we recognize that 8 must
be utilized to determine r.
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EXAMPLE 5.1 For the network of Fig. 5.25:

a. Determine r,.
b. Find Z; (with r, = ={}).
c. Calculate Z, (with r, = =0{}).
d. Determine A, (with r, = =2(}).
e. Repeat parts (c) and (d) including r, = 50 k{} in all calculations and compare results.
— |2V
. [
— 10 uF
Voe—— -
10 uF =100 7,
. r,= S0k
Z
FIG. 5.25
Example 5.1.
Solution:
a. DC analysis:
Voo — V, - 0.
fy=—cc— Yoe 12V 0TV _ 500 puA

Ry 470kQ
Iy = (B + DIy = (101)(24.04 pA) = 2.428 mA
_ 26mV _ 26mV

I 2428mA
b. Br, = (100)(10.71 ©2) = 1.071 k0

Z = RylBr, = 470k0Q[1.071 kO = 10T kO
c. Z, = R-=3kQ

R 3k0
d. A, = = = —280.11
v Te 1071 Q

Fe

= 10.71 L2

e. Zy = ry|Rc = 50kQ|3 k0 = 2.83KkQ vs. 3k
ro|Rc  2.83kQ
v re 10710

—264.24 vs. —280.11
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VOLTAGE-DIVIDER BIAS
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v R = R,IR>

Input impedance

Z, = Rclr, (5.13)

If r, = 10R.

Z. 5 R (5.14)

ro= 10R,

A, Because R and r, are in parallel,

V, = —(BIXRcNro)
d I Vi
an b Br.
h v (55 )rel
so that = —8f — kRclro)
SC 1 f B e cllr
"n 7R('|.rn — e
and Ay = —F/ = —— (5.15)
vV, re

which you will note 1s an exact duplicate of the equation obtained for the fixed-bias con-

figuration.

For r, = 10R.,
vV, R e
Ay = 37 = — r‘ (5.16)
. = r.>= 10R,
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EXAMPLE 5.2 For the network of Fig. 5.28, determine:

a. e
b. Z;.
c. Z,(r, = =)
d. Ay(r, = {}).
g. The parameters of parts (b) through (d) if r, = 30 k{) and compare results.
nv
2
6.8 kQ
56 k0 10 uF
—F——
10 pF —-—
V.o II I/ B =90 Z,
— Fa
I
— 8.2k
Z 1.5 kui I 20 uF
FIG. 5.28
Example 5.2.

Solution:
a. DC: Testing BRr = 10R,,
(90)(1.5 k1) = 10(8.2 kL))
135 k) = 82 k() (satisfied)
Using the approximate approach, we obtain
R (8.2k0N22V)
Vp=o—5Voc =
Ry + R, 56 k() + B2k}
Ve=Vp — Ve =281V - 07V =211V
Ve 211V
.l'.E a—
Ry 15k0)
_26mV 26mV
Iy 141mA

=281V

= 141 mA

= 18.44 Q2

Fe
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b. R' = R|R; = (56 k)[(8.2kQ) = 7.15k0
Z, = R'|Br, = 715 k0 [(90)(18.44 ) = T.15 k02| 1.66 k)
= .35k
R-= 6.8kQ
Re  68kQ

=== = —368.
re 18440 68.76

Z,
Ay
e. Z;= 1.35k{}
Z, = Relr, = 68kQ[50k0 = 5.98 k) vs. 6.8 k()
Relr, — 508k0
Ay, = — = = —324.3 vs. —368.76
: re 1844 0 "
There was a measurable difference in the results for Z, and A,. because the condition

ro = 10Ry was not satisfied.
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