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T-model:    
m 1g vre

1v

E

B

C
- +

 

vi vo

Rc

CCV

E

B

C
+
−

+

−

 

m eg v
evre CRiv

ei oi oi ′

Ri Ro

ov

E

B

C

+

−

+

−

+
−
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m eg v
evre CRiv

ei oi oi ′

Ri Ro

ov

 
The s/c transconductance: 

o m e
m m

ei o

i g vG = gv vv 0
= =

=
     

The input resistance: 
ei ei e e

v vR = = =ri i   

The output resistance: 
o

o C
o i

vR = =R
i v 0′ =

 

o/c or unloaded voltage gain, 
 

o m e Cv m Cei o

v g v Ra = g Rv vi 0
= =

′=
 

o m e
m ei / re ei o

i g va = g ri vv 0
= =

=
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o m e
m ei / re ei o

i g va = g ri vv 0
= =

=
 

 
Since, e

m
r

g
οα=  , then mi m

a g 1
g
οα= ≈  

 
For the CE configuration: o

i m
R =r = gπ

β  

  
For the CB configuration: oei gm

R =r =α  

 
Ri_CE >  Ri_CB  

o
i_CB i_CE i_CEo o

R = R = Rα 1
β 1+β  

 
oi_CBa ≈α  

oi_CEa ≈β  

i_CB i_CEa a<  
o

i_CB i_CE i_CEo o
α 1a a a
β 1+β

= =  

 
In terms of i/p resistance and current gain, the 
CE amplifier performs better than CB. 
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Cμ
m 1g v

rμ

re 1v Cπ

rοm 1g V

oiii

iv
+

CR
orrπ

−

1v
+

−
ov

+

−

rμ

Cμ

Cπ

m 1g V

oiii

iv

+

CR

or

er

−

1v
+

−

ov
+

−

rμCπ
Cμ

B C

E E C

B

B

E

C

Common-Base

Common-Emitter Common-Base

 
 

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.  
 
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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Until now we have assumed that rb is negligible. 
In practice, rb has a significant effect on Gm and 
Ri when the CB stage is operated at sufficiently 
high current levels.        
 

m eg v
evre

CRiv

ei oi oi ′

Ri Ro

ov

br
bv

 
 

The s/c transconductance: 
o m e

m
ei bo

i g vG = v v vv 0 +
=

=
   

KCL at B, 
ie = irb + gmve  

e b m ee b
e m eb be

mm
m be

vv = +g vr r
vv = -g v rr

gG = 11+ -g rr

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎝ ⎠
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e
m

1From Equation (3.29), r 1g +r
=

π

 

me
mm

m m b

m
b

1 1g +r r
gG = 11+ g + -g rr

g= r1+r

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎝ ⎠

=
π

π

π

 

Comparing this with the transconductance of the 
CB circuit if rb is neglected (i.e. Gm = gm) shows 
that Gm becomes lower when rb is included. 
 

m eg v
evre

CRiv

ei oi oi ′

Ri Ro

ov

br
bv

 
The input resistance: 

e mm e e bbe eebi
i e e e

e

1v -g r +1-g v r +vv +vv rrR = = = = 1i i i
r

⎛ ⎞⎛ ⎞ ⎜ ⎟⎜ ⎟⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠   
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e mm e e bbe eebi
i e e e

e

1v -g r +1-g v r +vv +vv rrR = = = = 1i i i
r

⎛ ⎞⎛ ⎞ ⎜ ⎟⎜ ⎟⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠  

m ei be
1R = -g r +1 rr

⎡ ⎤⎛ ⎞
⎢ ⎥⎜ ⎟
⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦

 

Since me
1 1g +r r=

π
 and oe m

r g=
α , then 

 
o b om mi b m m

r1R = g + -g r +1 = +1r g r g
⎡ ⎤⎡ ⎤⎛ ⎞
⎢ ⎥⎢ ⎥⎜ ⎟

⎜ ⎟ ⎢ ⎥⎢ ⎥⎝ ⎠⎣ ⎦ ⎣ ⎦π π
α α  

 
Comparing this with the input resistance of the 
CB circuit if rb is neglected (i.e. o

i gm
R =α ) shows 

that Ri becomes larger when rb is included. 
 
At high current level, i.e. IC↑, rπ ↓ as 

oo T
gm C

Vr = = Iπ
ββ  . So, if  rπ  is small enough that it 

is comparable with rb, then rb should be included 
in the analysis. 
 
Example: If rb = 100 Ω, βo = 100 and IC = 26 
mA, then o

gm
26mr = = =10026mπ

β 100× Ω. Hence, rπ 

= rb when IC is high.            
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In CB configuration, Ro = RC 
 
In CE configuration, Ro = RC // ro  
 
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)     
 
3.3.4 Common-gate (CG) configuration. 
 

vi vo

DR

DDV
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vi vo

DR

DDV

 
 

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

rο
g vm gs

g vm bs

S D rο

( )+m sgmbg g v

S D

 
The body (B) is ac gnd, vbs = vgs because G is 
also at gnd. 
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rο

( )+m sgmbg g v

idis iro

rο

( )+m sgmbg g v

idiro

( )+m sgmbg g v

is

 
 

Figure (b): 
Node 1: iro = iS + (gm+ gmb)vsg 
Node 2: id + (gm+ gmb)vsg = iro   
 
Figure (c): 
Node 1: iro = iS + (gm+ gmb)vsg    
Node 2: id + (gm+ gmb)vsg = 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

( )+m sgmbg g v

idis iro

( )+m sgmbg g v

rο

( )+m sgmbg g v

idis iro

( )+m sgmbg g v

sgv
+

− ( )+m mb
1

g g

 
If ro is finite, the circuit is bilateral because of 
the feedback. If ro → ∞, the cct. is unilateral.     
 
For ro → ∞ : 

( )+m sgmbg g v

ii

sgv
+

− ( )+m mb
1

g g ov
+

−
DR

 



 134

( )+m sgmbg g v

ii

sgv
+

− ( )+m mb
1

g g ov
+

−
DRiv

+

−

oi oi′
S

G

D

 
( )+m sgo mbm m mbsgi o

g g viG = g gv vv 0
= = +

=
  

    
sgi

i +m mbi i

v v 1R = = = g gi i  

  
o

o D
o i

vR = =R
i v 0′ =

 

( )

( )

+ Rm sgo mb dv
sgi o

m mb d

g g vva = v vi 0
g +g R

=
′=

=
 

( )

( )

+m sgo mb
i sgi o 1

+m mb

m mb m mb

g g via = vi v 0

g g
1g +g g +g

1

⎛ ⎞
⎜ ⎟
⎜ ⎟⎜ ⎟
⎝ ⎠

=
=

=

=
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3.3.6 Common-collector (CC) configuration 
(Emitter follower) 

ii

vo

RS

CCV

EEV−

vs
RLI

BIASV

Cc

io

C

E

B

+

− +

−

 

rοrπ v1

ig vm o1 i=β

RS ii

vs vi

Ri

voRL

Ro

io

B

E

C
+ +

+

−

− −

−

 
I/p signal applied to the B. 
O/p signal taken from the E. 
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rοrπ v1

ig vm o1 i=β

RS ii

vs vi

Ri

voRL

Ro

io

B

E

C
+

−

+

− +

−

+

−

 
vS = ii (RS + rπ) + vo  
vi = iirπ + vo  
Ri = vi / ii   
 
Hence, this circuit is not unilateral as the input 
resistance depends on the load resistor RL and 
the output resistance depends on the source 
resistance RS. 
 
To determine Ri : 
Ri = vi / ii        

o o+oi i oL

v vi + i = rRβ  
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rοrπ v1

ig vm o1 i=β

RS ii

vs vi

Ri

voRL

Ro

io

B

E

C
+

−

+

− +

−

+

−

 
o o+oi i oL

v vi + i = rRβ  

+oi i i oL
1 1i (1+ )=(v i r ) rR

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠

πβ −  

+ +oi io oL L

o
oLi

i
i

oL

1 1 1 1i 1+ +r = vr rR R
1 11+ +r +v R rR enough.i 1 1+R r

⎡ ⎤⎛ ⎞ ⎛ ⎞
⎢ ⎥⎜ ⎟ ⎜ ⎟
⎢ ⎥⎜ ⎟ ⎜ ⎟

⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦
π

⎡ ⎤⎛ ⎞
π⎢ ⎥⎜ ⎟
⎝ ⎠⎣ ⎦= = ←

⎛ ⎞
⎜ ⎟
⎝ ⎠

β

β      
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o
oL

i

oL
o

oL

1 11+ +r +R rR
1 1+R r

1+ +r
1 1+R r

⎛ ⎞
π⎜ ⎟
⎝ ⎠=

⎛ ⎞
⎜ ⎟
⎝ ⎠

= π
⎛ ⎞
⎜ ⎟
⎝ ⎠

β

β
 

For Ri with no load, i.e. i
i i L

vR = i R =∞
 , 

o oiR 1+ r +r⎛ ⎞
⎜ ⎟
⎝ ⎠

= πβ   
 
To determine av :   

rοrπ v1

ig vm o1 i=β

RS ii

vs vi

Ri

voRL

Ro

io

B

E

C
+

−

+

− +

−

+

−

 
Overall voltage gain: av = vo / vs   
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rοrπ v1

ig vm o1 i=β

RS ii

vs vi

Ri

voRL

Ro

io

B

E

C
+

−

+

− +

−

+

−

 
At node E, 
 

( )

s o +g = +m o1 o+s L
s os +g = +m o o+ + +s s sL

v v 1 1v v rRR r
r v vv 11 1v rRR r R r R r

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠

π

−π +
π π π

−

 

 
Since gmrπ = βo, 
 

( )s os + = +o o+ + +s s sL

+ = +s o o+ + + +s s s sL

v vv 11 1v rRR r R r R r
1 11 1v v rRR r R r R r R r

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠
⎛ ⎞⎛ ⎞
⎜ ⎟⎜ ⎟
⎜ ⎟⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠

−ο +
π π π

ο ο+ +
π π π π

β

β β
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( )

( )

( ) ( )

( ) ( )
( )

( )( )
( )

+so= =v s ++
o +sL

=
++

o +sL
+s

=
s s+

oL

=
+o s sL

oL

=
+s o L

11+
v R ra enough.v 11 1

rR R r
1

11 1 1
rR1 R r1+

R r
1

R +r R +r 11+ R 1+ r
1

r R +r R R +r 11+ R r
1

R +r r R
1+ R

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎝ ⎠

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠

⎛ ⎞
⎜ ⎟
⎜ ⎟⎛ ⎞ ⎜ ⎟⎜ ⎟ ⎝ ⎠

⎜ ⎟
⎝ ⎠

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠

ο
π ←
ο+
π

ο+
π

ο
π

π π +
ο ο

π π +
ο

π

ο

β

β

β
β

β β

β

β

( )
( )

oL

=
s

// oL

1r
1

R +r 11+ R r

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠

+

π +
οβ  

Open-circuit overall voltage gain, 

( )
( )

o =v s sL
o

v 1a = v R +rR 11+ r
⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠

π +
ο

=∞
β
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( )
( )

=v
s

// oL

1a
R +r 11+ R r

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠

π +
οβ

 

 
If the B resistance, rb, is significant, it can be 
simply be added to RS in the expression. From 
the av expression, av will always be less than 
unity. 
 
If ( )// oLR rοβ  >> sR +rπ , then av ≈ 1. This means 
that the output signal follows the input signal. 
Hence, this topology is also known as the 
emitter follower. 
 
If rπ >> RS, βo >> 1 and ro >> RL, then 
 

( )

=v

L

1a
r 1R

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠

π +
οβ

      

 
Since gmrπ = βo, then 

( )
m L= =v

m L
m L

g R1a 1 g R1 1g R
⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠

+
+
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rοrπ v1

ig vm o1 i=β

RS ii

vs vi

Ri

voRL

Ro

io

B

E

C
+

−

+

− +

−

+

−

 
To determine the short circuit current gain, ai : 

o
i i o

ia = i v 0=
 

io = ii + gmv1  
v1 = iirπ  
io = ii + gmiirπ  

( )mio m oi
i i

i 1+g ria = = =1+g r =1+i i
π

π β   

or 
  
gmv1 = gmiirπ = βoii    
io = ii + βoii = ii (1 + βo )   
ai = io / ii = 1 + βo      


