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3.3.3 Common-Base configuration   
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i/p signal applied to E. O/p taken from C. B tied to ac gnd.
The hybrid-π model provides an accurate representation of the small-signal
behavior of the transistor independent of the circuit configuration However forbehavior of the transistor independent of the circuit configuration. However, for
the common-B, the hybrid-π model becomes tougher to analyze as the
dependent current source is connected between the i/p and o/p terminals.
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To simplify the analysis of a common-B (CB) amplifier, use a T-
model instead. 
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Ri Ro
T-model of the CB topology:   
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For the CE configuration:

For the CB configuration:
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the CE amplifier performs better than CB.
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Common-Emitter Common-Base
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Cµ is between B-C. At high freqs., capacitive components are dominant.
For CE, Cµ is between i/p and o/p. Hence, at high-freqs., there will be a feedback
from o/p to i/p.
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For CB, i/p is at E and o/p is at C. Therefore, Cµ will not cause a feedback at
high-freqs. CB circuits are used for high-freq. application.
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In CB configuration R = RC
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In CB configuration, Ro  RC

In CE configuration, Ro = RC // ro
E
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If RC → ∞, Ro_CB → ∞ and Ro_CE = ro

Under this condition, Ro CB > Ro CE_ _

Besides using the CB as high freq. amplifier, it can also be used as a current 
source whose current is nearly independent of the voltage across it (i.e. io = gmve)   
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3.3.4 Common-gate (CG) configuration.
DDV I/p signal is applied to the S. O/p is

DR

DD I/p signal is applied to the S. O/p is 
taken from the D. G is connected to 
the ac gnd.
The analysis of CG amplifiers can 

Vin Vo

y
be simplified if the model is 
changed from a hybrid-π to a T-
model.

ac model for FET ac model for CG
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3.3.6 Common-collector (CC) configuration (Emitter 
follower)
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To determine Ri :
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To determine av :  
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From the a expression, a will always be less than unity.
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The emitter follower has high i/p resistance, low o/p resistance and near-unity
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voltage gain. Therefore, it is widely used as an impedance transformer to reduce
loading of a preceding signal source by the i/p impedance of a following stage.
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Common-drain configuration (source follower)
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vi = vgs + vo
KCL at the o/p node:
gmvgs = vo / ro for RL = ∞
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CE CB CC
Ri medium ↓ ↑
R medium ↑ ↓Ro medium ↑ ↓
av ↑ ↑ ≤ 1
ai ↑ ≤ 1 ↑

ap = av ai ↑ ≈ av ≈ aip v i v i
i/p−o/p 

phase shift
(voltage)

180° 0° 0°
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m o
L

g R

CS CG CD o o o Gv v ia = = = R×

Open-circuit voltage 
gain (RL = ∞), 

CS CG CD
Ri ∞ ↓ ∞
Ro medium ↑ ↓
a ↑ ↑ < 1

o o ovo o m
oi i

Ga = = = Rv vi ×

Short-circuit current gain 
(RL = 0)av ↑ ↑ < 1

ai ∞ 1 ∞
ap = av ai ∞ ≈ av ∞
i/p−o/p 180° 0° 0°

o o i mis iii i
Gvi ia = = = Rvi i×

(RL  0),
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To generate a T-model for a BJT from a hybrid-π model .

The analysis of CB amplifiers can be simplified if the model is e a a ys s o C a p e s ca be s p ed t e ode s
changed from a hybrid-π to a T-model.

rμ
(a)

rb CμB′

rμ

Rc

CCV

E C
B C C

rb CμB′B C

+

1 2

rπCπ v1
g vm 1 rο

b μB′
vi vo

B

B C++

−−

rοrπCπ v1
g vm 1

E
−

m 1g v
v1

E

C

rb

CμB′

r

B
C

+

(b) 1 2

rπCπ 1v m 1g v rο
rμ

E
−
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r C

rμ
(a)

rοrπCπ v
g vm 1

rb CμB′B C

+

1 2

Figure (a):

CμB′

m 1g v

οv1
1

E
−

1 2

Node 1: irb = icµ + irµ + icπ + irπ

Node 2 i + i g + i

rπCπ 1v m 1g v rο

rb

μB′

rμ

B
C

+

(b) 1 2Node 2: icµ + irµ = gmv1 + iro

Figure (b):

E
−

Node 1: irb + gmv1 = icµ + irµ + icπ + irπ + gmv1

irb = icµ + irµ + icπ + irπrb cµ rµ cπ rπ

Node 2: icµ + irµ = gmv1 + iro
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Hence, the change from Figure (a) to Figure (b) does not affect 
the current flowing in the B.

m 1g v

rπCπ v m 1g v rο

rb

CμB′

rμ
//e

m
1r =r

gπ
ππ 1v m 1g rομ

m 1g v

m

g
1r g
1r +

⎛ ⎞
π⎜ ⎟
⎝ ⎠=

Cμ
m 1g v

rμ

rο

rb

m 1g v1v

m 1g v

1v 1
g

m

m

r +g
r

1+g r

π

π
π

=

re 1v Cπ

mg
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m
r

g
ο

π
β=

mg

e
m m m

rr
1+g r g 1+ gg 1+g

π ο ο ο
⎛ ⎞π οο
⎜ ⎟

β 1 β α= = = =
ββ

m m
m

g g gg 1+g g⎜ ⎟
⎝ ⎠

ββ

Cμ
m 1g v

rμ At low freqs., Cπ and Cµ areμ

rο

rb
q π µ

neglected. Assume rb ≈ 0 and ro ≈ ∞.
Hence, rµ ≈ ∞ as rµ = βoro.

re 1v Cπ
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Cμ
m 1g v

rμ The T-model at low freq :μ

rο

rb
m 1g vre

The T-model at low freq.:

re 1v Cπ 1v

When ro ≈ ∞, the circuit is said to be unilateral as there is no feedback from
o/p (C) to i/p (E).
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DDV The analysis of CG amplifiers can be 

Generating a T-model for an FET from a hybrid-π model. 

DR

simplified if the model is changed from a 
hybrid-π to a T-model.

h b id f CG
vi vo hybrid-π of an FET

hybrid-π of a CG 

CG amplifier 

rο
g vm gs rο

35m sgg v



rο idis iro

m sgg v
rο idirois

m sgg vm sgg v
Figure (b):
Node 1: iro = iS + gmvsgro S m sg
Node 2: id + gmvsg = iro
Figure (c):
Node 1: iro = iS + gmvsg

d 2 i iNode 2: id + gmvsg = iro
Equal currents are pushed into and pulled out of the G as the equations that describe the
operation of the circuits are identical.
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rο idis iro

m sgg v m sgg v

If ro is finite, the circuit is
bilateral because of the

rο idis iro

v
+ 1

bilateral because of the
feedback. If ro → ∞, the cct.
is unilateral.

sgv
− m

1
g

m sgg v
m sgg v

DR

DDV

ii

For ro → ∞ : vi vo

m sgg v

D
i

G

sgv
+

− m
1

g ov
+

−
DR
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