
ECE 255

16 October 2017

In this lecture, the basic configurations of a BJT amplifier will be studied.
Previously, it has been shown that with the transistor DC biased at the appro-
priate point, linear relations can be derived between the small signals. With
these linear relations, the principles of linear systems can be applied to solve
them. Moreover, they can be easily handled by commercial software such as
SPICE for highly complex circuits as long as they are linear. The take home
message here is that linear problems are a lot simpler to solve compared to
nonlinear problems.

1 The Three Basic Configurations

The three basic configurations of a BJT are (a) common emitter (CE), (b)
common base (CB), (c) common collector (CC) of emitter follower. These basic
configurations are shown in Figure 1.

The replacement of the basic configurations with equivalent circuit models
and the small signal approximations convert the original nonlinear problem into
a linear one, greatly simplifying the analysis.
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Figure 1: Basic configurations of a transistor amplifier: (a) common emitter
(CE), (b) common base (CB), (c) common collector (CC) (Courtesy of Sedra
and Smith).
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2 Characterizing Amplifiers

An amplifier can be denoted by functional block as expressed in Figure ??(a),
where a triangle block encapsulates the details of the small-signal equivalent
circuit model as shown in Figure ??(b). The equivalent circuit model indicates
that the amplifier has a finite internal impedance, Rin. Moreover, it has a finite
output resistance Ro.

The internal input resistance can be found from

Rin =
vi
ii

(2.1)

The amplifier is also defined with an open-circuit voltage gain Avo defined
as

Avo =
v0
vi

∣∣∣∣
RL=∞

(2.2)

The output resistance can measured by setting vi = 0 and

Ro =
vx
ix

(2.3)

With the load resistor RL connected, the actual output voltage is

vo =
RL

RL +Ro
Avovi (2.4)

Hence, the actual voltage gain of the amplifier proper is Av given by

Av =
vo
vi

= Avo
RL

RL +Ro
(2.5)

and the overall voltage gain of the entire circuit is given by

Gv =
vo
vsig

=
vo
vi

vi
vsig

(2.6)

Using (2.5) and the fact that vi
vsig

= Rin

Rin+Rsig
give

Gv =
Rin

Rin +Rsig

RL
RL +Ro

Avo (2.7)

3 Common Emitter Amplifier

This is the most popular amplifier design, and by cascading a number of them,
the aggregate gain of the amplifier circuit can be increased.
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Figure 2: A CE amplifier (a) and its equivalent circuit hybrid-π model (b)
(Courtesy of Sedra and Smith).

3.1 Characteristic Parameters of the CE Amplifier

Figure 2 shows the BJT CE amplifier and its small-signal equivalent circuit
model.

It is seen that
vi =

rπ
rπ +Rsig

vsigvo = −gmviRC (3.1)

Then
Avo =

vo
vi

= −gmRC (3.2)

With the load resistance RL, then

Av = −gm(RC ||RL) (3.3)

and the overall voltage gain

Gv =
vo
vsig

=
voı

vsig

vo
vi

= − rπ
rπ +Rsig

gm(RC ||RL) (3.4)

3


