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Common Emitter Amplifier:
All types of transistor amplifier operate AC signal input which 
alternate a positive value and a negative value, the amplifier circuit 
to operate between the maximum value is required. This is 
achieved by using biasing. Biasing is an important in amplifier 
design as it establishes the correct operating point of the transistor 
amplifier ready to receive the signal, thereby reducing any 
distortion to the output signal. 

Fig 1



The single base common emitter circuit is also known as 
voltage divider biasing. Here the input circuit is connected 
between emitter and base and output is taken from the 
collector and emitter. Thus the emitter is common to both the 
input and output circuit. The amplification factor are 

𝛽 =
𝜕𝐼𝐶
𝜕𝐼𝐵

𝛼 =
𝜕𝐼𝐶
𝜕𝐼𝐸

Therefore
𝛽 =

𝛼

1 − 𝛼



Using appropriate parameter values we can replace bio-polar 
transistor in 𝐶𝐸 circuit with equivalent ℎ − 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 circuit 
(𝑖𝑖) and (𝑖𝑖𝑖). This is must be used for small input signal in 
accordance with linearity requirement for transistor. Since no 
AC voltage can appear across DC bias source, they are 
removed from AC equivalent circuit. From Fig (ii) using 
𝑉𝑂 𝑎𝑛𝑑 𝑉𝑖 as rms quantities
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𝑉𝑖 = ℎ𝑖𝑒𝐼𝑏 + ℎ𝑟𝑒𝑉0 → (𝑖)

𝐼𝑐 = ℎ𝑓𝑒𝐼𝑏 + ℎ𝑜𝑒𝑉0 → (𝑖𝑖)

The frequency of operation will be considered sufficiently low 
that the internal transistor capacitive reactance can be 
ignored. Because of assigned polarity of 𝐼𝑐 we have 

𝐼𝑐 = −
𝑉0
𝑅𝐿

→ (𝑖𝑖𝑖)

Using equation (𝑖𝑖𝑖) in equation (𝑖𝑖) we have



(ℎ𝑜𝑒𝑅𝐿 + 1)𝑉0
ℎ𝑓𝑒𝑅𝐿

= −𝐼𝑏 → 𝑖𝑣

Using equation (𝑖𝑣) in equation (𝑖𝑖) we find that 

𝐴𝑣 =
𝑉0
𝑉𝑖
=

−1

Τℎ𝑖𝑒(ℎ𝑜𝑒𝑅𝐿 + 1) ℎ𝑓𝑒𝑅𝐿 − ℎ𝑟𝑒
→ (𝑣)

This equation (v) gives the expression for voltage gain. For 
simplification we assume  ℎ𝑟𝑒 = 0 and drop the feedback 
generator  ℎ𝑟𝑒𝑉0 from input circuit we are thereby idealising 
the transistor to a unilateral device. 



Values of ℎ𝑜𝑒 approximate  10−5 mhos while values of 𝑅𝐿 may 
be 4000 to 10,000 ohms. The product of ℎ𝑜𝑒𝑅𝐿 is therefore 
small with respect to unity and ℎ𝑜𝑒 can be dropped from 
equivalent circuit. Then the circuit drawn as in fig (𝑖𝑣) and the 
equation 𝐴𝑣 simplifies as 

𝐴𝑣𝑒 =
𝑉0
𝑉𝑖
= −

ℎ𝑓𝑒𝑅𝐿

ℎ𝑖𝑒
→ (𝑣𝑖)
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Which shows the major factors controlling the voltage gain. 
The simplifying assumptions do not have a great effect on 
design accuracy. The current gain is 

𝐴𝑖𝑒 =
𝐼𝑐
𝐼𝑏
= ℎ𝑓𝑒 → (𝑣𝑖𝑖)

Since 𝐼𝑐= ℎ𝑓𝑒𝐼𝑏

Here Input Impedance is  

𝑅𝑖𝑒 =
𝑉𝑖
𝐼𝑏
=
𝑉𝑏𝑒
𝐼𝑏

= ℎ𝑖𝑒 → (𝑣𝑖𝑖𝑖)



Output resistance

𝑅𝑜𝑒 =
1

ℎ𝑜𝑒
≈ ∞ → (𝑖𝑥)

The power gain is

𝑃𝑜𝑤𝑒𝑟 𝐺𝑎𝑖𝑛 = 𝐴𝑜𝑒 𝐴𝑖𝑒 = 𝑔𝑚ℎ𝑓𝑒𝑅𝐿 =
ℎ𝑓𝑒
2 𝑅𝐿

ℎ𝑖𝑒
→ (𝑥)

Here

𝑔𝑚 =
𝐼𝑐

𝑉𝑏𝑒
=

ℎ𝑓𝑒

ℎ𝑖𝑒
, 𝐼𝑐 = ℎ𝑓𝑒 , ℎ𝑓𝑒𝐼𝑏 = 𝑔𝑚𝑉𝑏𝑒



Common Base Amplifier:
For common base amplifier the input is applied to the emitter and 
the output is taken from the collector. The common terminal for 
both input and output is base. The input signal is applied between 
the emitter and base terminal while corresponding output signal is 
taken across collector and base terminal. 

Fig 5



In this case transistor is replaced with h-parameter circuit 
using 𝐶𝐵 parameter as shown in 𝐹𝑖𝑔 5 in we revert 𝐶𝐸
parameters since they are most readily obtained. The input 
signal is applied between emitter and base and the input 
current 𝐼𝑒 instead of 𝐼𝑏 in 𝐶𝐸 circuit. We can say that 

ℎ𝑖𝑏𝐼𝑒 = ℎ𝑖𝑒𝐼𝑏
And knowing that

𝐼𝑏 =
𝐼𝑒

(1 + ℎ𝑓𝑒)

We find that 



ℎ𝑖𝑏 =
ℎ𝑖𝑒

1 + ℎ𝑓𝑒
→ (𝑥𝑖)

Thus we can replace ℎ𝑖𝑏 with its equivalent value expressed in 
CE parameter and the circuit is changed to that as shown in 
𝐹𝑖𝑔 7.  
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By definition we know that

𝐼𝑐 = −
ℎ𝑓𝑒

1 + ℎ𝑓𝑒
𝐼𝑒

Again
ℎ𝑓𝑒

1 + ℎ𝑓𝑒
= 𝛼

We can write

𝑉𝑒𝑏 =
ℎ𝑖𝑒

1 + ℎ𝑓𝑒
𝐼𝑒

By taking the ratio of these quantities we find that



𝑔𝑚 =
𝐼𝑐
𝑉𝑒𝑏

=
−[ Τℎ𝑓𝑒 (1 + ℎ𝑓𝑒]𝐼𝑒

[ Τℎ𝑖𝑒 (1 + ℎ𝑓𝑒)]𝐼𝑒
= −

ℎ𝑓𝑒

ℎ𝑖𝑒

𝑔𝑚 = −
ℎ𝑓𝑒

ℎ𝑖𝑒
→ (𝑥𝑖𝑖)

The transconductance for 𝐶𝐵 circuit has same magnitude as far 
the 𝐶𝐸 circuit. The negative sign arise because we are using 𝑉𝑒𝑏 for 
the input voltage rather than 𝑉𝑏𝑐 . From circuit        𝐼𝑐 = −𝑔𝑚𝑉𝑒𝑏
and output voltage is 

𝑉0 = −𝐼𝑐𝑅𝐿 = 𝑔𝑚𝑅𝐿𝑉𝑒𝑏 → (𝑥𝑖𝑖𝑖)



Since   𝑉𝑒𝑏 = 𝑉𝑖 the voltage gain for 𝐶𝐵 circuit is

𝐴𝑣𝑏 =
𝑉0
𝑉𝑖
= 𝑔𝑚𝑅𝐿 → (𝑥𝑖𝑣)

In 𝐶𝐵 circuit there is no phase shift in voltage gain. From the 
above relation we find that the current gain as 

𝐴𝑖𝑏 =
𝐼𝑒
𝐼𝑏
= −

𝑔𝑚ℎ𝑖𝑒
1 + ℎ𝑓𝑒

≈ −1 → 𝑥𝑣

There is a phase shift of 1800 in current gain. The input 
reactance at (1,1) port can be approximate as 



𝑅𝑖𝑏 =
ℎ𝑖𝑒

1 + ℎ𝑓𝑒
≈
ℎ𝑖𝑒
ℎ𝑓𝑒

=
1

𝑔𝑚
→ (𝑥𝑣𝑖)

This is low resistance. To find the output resistance at (2,2) 
port we make 𝑉𝑖 = 0 which reduce the dependent 𝑔𝑚 source 
to open circuit. The actual resistance across the port is

1

ℎ𝑜𝑏
=
(1 + ℎ𝑓𝑒)

ℎ𝑜𝑒
And this is usually 1 𝑀Ω will be neglected as large.

The power gain is 
𝑃𝑜𝑤𝑒𝑟 𝐺𝑎𝑖𝑛 = 𝐴𝑣𝑏 𝐴𝑖𝑏 = 𝑔𝑚𝑅𝐿 → (𝑥𝑣𝑖𝑖)



The current gain is near but less than unity and voltage gain is 
equal to that of 𝐶𝐸 amplifier without phase shift. The major 
advantage of this circuit is its impedance transforming 
property by which  a low impedance source can be power 
matched to a high resistance load.


