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Non-ideal Amplifier

2

± ±rail-to-rail OpAmp

Output 
voltage 
swing

Input voltage swing for 
linear amplification

You have heard distortion in 
Audio amplifier!

distortion



Nonlinear Transfer Function
Biasing
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bias point



Nonlinear Transfer Function
Biasing
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Voltage Amplifier
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Open circuit: 

𝑠

𝑠 𝑖𝑛

𝑜𝑢𝑡

𝐿𝑉𝑂 𝑖𝑛

+

-

𝑖𝑛

+

-

𝑜𝑢𝑡

𝐿 open circuit voltage gain 

Ideal caseif  

Ideal caseif  

Generally:

Ideal case:



Current Amplifier
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Short  circuit: 

𝑖𝑛 𝐿

+

-

+

-

𝐿
short circuit current  gain 

Ideal caseif  

Ideal caseif  

Generally:

Ideal case:

𝑖𝑛 𝑜𝑢𝑡

𝐼𝑠 𝑖𝑛
𝑜𝑢𝑡

𝑠 𝑠



TransConductance Amplifier
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𝑠

𝑠 𝑖𝑛 𝐿
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-

𝑖𝑛

+

-

Ideal caseif  

Ideal caseif  

Generally:

Ideal case:

𝑚 𝑖𝑛

𝑜𝑢𝑡

𝑜𝑢𝑡

Short  circuit: 𝐿
short circuit Trans-conductance



TransResistance Amplifier
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𝑖𝑛

𝑜𝑢𝑡

𝐿𝑖𝑛

+

-

+

-

𝑜𝑢𝑡

Ideal caseif  

Generally:

Ideal case:

+

-

𝑖𝑛

𝑠 𝑠

Short  circuit: 𝐿 open circuit Trans-resistance

Ideal caseif  



Amplifiers
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𝑖𝑛

𝑜𝑢𝑡

𝑉𝑂 𝑖𝑛

+

-
𝑖𝑛

+

-
𝑜𝑢𝑡

𝑖𝑛

𝑖𝑛 𝑜𝑢𝑡

𝐼𝑠 𝑖𝑛
𝑜𝑢𝑡

𝑖𝑛

+

-
𝑖𝑛

𝑚 𝑖𝑛

𝑜𝑢𝑡

𝑜𝑢𝑡

𝑖𝑛

𝑜𝑢𝑡

𝑖𝑛

+

-
𝑜𝑢𝑡

𝑖𝑛

Voltage 
Amplifier

Current 
Amplifier

Trans-Conductance
Amplifier

Trans-Resistance
Amplifier

open circuit Trans-resistance

short circuit Trans-conductance

short circuit current gain

open circuit voltage gain

Ideal:



Amplifiers
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+

-

𝑖𝑛

+

-

𝑜𝑢𝑡

Voltage 
Amplifier

𝑖𝑛

𝑜𝑢𝑡

𝑉𝑂 𝑖𝑛

+

-
𝑖𝑛

+

-
𝑜𝑢𝑡

+
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𝑖𝑛

+

-

𝑜𝑢𝑡

Open Output
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Practical Consideration
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𝑠

𝑠 𝑖𝑛
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-

𝑖𝑛

+
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Practical Consideration:
Input / Output Resistance
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𝑠

𝑠 𝑖𝑛

𝑜𝑢𝑡

𝐿𝑉𝑂 𝑖𝑛

+

-

𝑖𝑛

+

-
𝑜𝑢𝑡

How about ?

𝑜𝑢𝑡

𝑉𝑂 𝑖𝑛

+

-
𝑜𝑢𝑡

𝑜𝑢𝑡

𝑉𝑂 𝑖𝑛

+

-
𝑜𝑢𝑡 𝐿

𝐿

Point: You need to make sure circuit is in its 
linear operation regime (desired bias point)
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𝑖𝑛
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𝑖𝑛
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-
𝑜𝑢𝑡



Amplifier Frequency Response
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Coupling 
Capacitance
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Transfer Function:

Amplitude in dB

Phase

Half 
power Band Width



end
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