
Lecture Ten

Differential Amplifier



Differential amplifiers apply gain not to one input signal but to
the difference between two input signals. This means that a differential
amplifier naturally eliminates noise or interference that is present in
both input signals.

Why Differential?

• Differential circuits are much less sensitive to noises and
interferences

• Differential configuration enables us to bias amplifiers and 
connect multiple stages without using coupling or bypass 
capacitors.





MOS Differential Pair’s Common-Mode Response
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The equilibrium overdrive voltage is defined as the overdrive voltage seen 
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Minimum Common-mode Output Voltage
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• In order to maintain M1 and M2 in saturation, the common mode output 
voltage cannot fall below the value above.

• This value usually limits voltage gain.



A MOS differential pair is driven with an input CM level of 1.6V. If 𝐼𝑆𝑆=0.5mA, 
𝑉𝐺𝑆(𝑇𝐻) =0.5 V, and 𝑉𝐷𝐷 =1.8 V, what is the maximum allowable load 

resistance?



Solution:-
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Small-Signal Response
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Similar to its bipolar counterpart, the MOS differential pair exhibits the same 
virtual ground node and small signal gain.



• Design an NMOS differential pair for a voltage gain of 5 and a power 
budget of 2 mW subject to the condition that the stage following the 
differential pair requires an output CM level of at least 1.6V. Assume 
μnCox=100 μA/V2, λ=0, and VDD= 1.8 V.
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