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Lecture 9 (Multi-stage Amp.)



A two-stage CMOS Op Amp.  

Stage 1 Stage 2

Current source
Active load

Active load

Design for minimizing 

systematic offset voltage:

Q1/Q2, Q3/Q4: perfect matching

+voltage = - voltage

�VD3=VD4=-VSS+VGS4

�VG6=VD4 � VGS6 = VGS4

�I6=I/2*(W/L)6/(W/L)4

I7=I*(W/L)7/(W/L)5
�I6 = I7이 되려면

�(W/L)6/(W/L)4 = 2(W/L)7/(W/L)5
를 만족해야 함. 

If not, offset voltage at one of the 

input nodes is inevitable. 



A bipolar Op Amp. 

Stage 1

Current source

Stage 2
Level shifter

Emitter follower



DC bias currents & voltages


