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Differential Amplifiers



Operational Amplifier Core

• Previous amplifiers – 1 input, 1 
output

• Op-amps – 2 input  Differential 
amplifier!



Differential Amplifiers



Why Differential Amplifiers

https://toshiba.semicon-storage.com/ap-en/semiconductor/knowledge/faq/linear_opamp/what-is-the-purpose-of-using-a-differential-amplifier.html

https://toshiba.semicon-storage.com/ap-en/semiconductor/knowledge/faq/linear_opamp/what-is-the-purpose-of-using-a-differential-amplifier.html


Differential and Common Mode operations



Differential and Common Mode operations



Half Circuit Analysis



Biasing With Electronic Current Source



Example of Electronic Current Source

DC current: Iss

AC resistance: ro



MOS Differential Amplifier: DC Analysis

DC Half Circuit = 
Common-Mode



MOS Differential Amplifier: AC Analysis

• vod = vD1 - vD2 (output differential)
• vid = v1 – v2 (input differential)

• Input of 2 types: dm (differential mode) OR cm (common mode)
• Output of 2 types: diff (vD1 - vD2 ) OR se (single ended: vD1 )
• 4 possible gain definition

dm cm

diff Adm-diff Acm-diff

se Adm-se Acm-se

Input
Output



MOS Differential Amplifier: AC Analysis

-



MOS Differential Amplifier: AC Analysis



Common Mode Rejection Ratio (CMRR)



Appendix



Differential Amplifier: Proof of Virtual GND
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