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공지사항 – 중간고사 일정

� 범위: ~ 배운곳 (Differential Amp.)

� 일시: 10월 21일

� 장소:원천관508



The Differential Amplifiers

� General amp. 

� 2 inputs / 2 outputs

� OP-Amp.

� 2 inputs / 1 output

� Single stage Amp. (CS/CG/CD, CE/CB/CC)

� 1 input / 1 output



The MOS differential pair



Common-Mode input voltage

Input common

mode range:



Differential input voltage

ID1 = I, ID2 = 0 �

Differential input:

Differential output:

VOV : ID1 = I/2 일 때의

overdrive voltage

vid > 0 � vod < 0

vid < 0 � vod > 0



Large-signal operation (exact calculation)

Linear approx.:



Normalized plot (Large signal)



Small-signal operation

Differential gain:



Effect of channel length modulation ro

The differential half circuit



Common-mode gain & CMRR

The CM half circuit

• Single ended output: vo = vo1 or vo2 • Differential output: vo = vo1 - vo2



Effect of RD and gm mismatch on CMRR

RD mismatch
gm mismatch


