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• Ch 10 Frequency compensation
– Compensation to improve gain margin
– Compensation of two‐stage op amps
– Right half‐plane zero problem



Frequency compensation
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Compensation is the manipulation of gain and/or pole positions to 
improve phase margin.

Moving PX out

Moving GX in



Dominating pole

2012‐02‐28 IL2218 Analog electronics, advanced course    KTH/ICT/EKT  VT12  /BM 3

Translating the dominant 
pole toward the origin
for 45° phase margin

Second pole at 0 dB, ‐135°



Telescopic op amp with 
Dominant pole at output
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Two stage Op amp
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Miller compensation of two stage Op amp
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f p,out 
RSgm9RLCC  RLCC

2RS RL(CECC  CCCL )


gm 9

2 (CE  CL )

f p,out 
RS (1 gm 9RL )CC  RSCE  RL(CC  CL)

2RS RL(CECC  CECL  CC CL)

f p,in 
1

2 RS CE  (1 gmRL )CC  RL (CC CL) 

f p,in 
1

2RS CE  (1 gmRL )CC 

Miller compensation splitts the poles.
Moves output pole away from origin
and moves intermediate pole closer to 
origin.

Simplified circuit of two stage op amp



Right half plane zero

2012‐02‐28 IL2218 Analog electronics, advanced course    KTH/ICT/EKT  VT12  /BM 7

Recall,  transfer function includes
(1 s /z ) numerator term and 

fZ(RHP)  gm9

2CC

RHP zero introduces negative phase
shift while maintaining high gain
→ Dangerous



RHP Zero removal
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9

1
2 (1/ )Z

C m Z

f
C g R




fZ  1
2CC (1/ gm 9  RZ )

Could set R z =1/gm9 ,  or cancel 
other non - dominant pole

1
CC (1/gm 9  RZ )

 gm9

CL  CE

RZ 
CL  CE  CC

gm 9CC

 CL  CC

gm 9CC

It is possible to set Rz to cancel first non‐dominat pole

Rz is typically realized by a MOS 
transistor in the triode region



Problem 10.11
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