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2. 2-stage OP amp
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2-stage OP amp : pro high gain + high output swing

2-stage OP amp : 

con requires frequency compensation (usually 
Miller(pole-splitting) frequency compensation)

2-stage OP amp
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Table 9.1.1 Frequency characteristics of 2-stage OP amp for 1CCC CL >>>

)0(dvA 1p 2p 1z Tω

2211 omom RGRG ⋅
Como CRGR ⋅⋅

−

221

1

L

m
C
G 2−

C

m
C
G 2+

C

m
C
G 1

Parameters

Equations

21

2

1

1

21

1

1

1)0(

11

1)0(
)(

pp
s

p
s

z
sA

p
s

p
s

z
sA

sA
dvdv

dv

+−

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−⋅

≈

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−⋅⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−⋅

=



16

Ch 9 ECE569 Analog IC
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Cases which require frequency compensation

2-stage OP amp: Cascade of two gain stages

Non-dominant pole > Unity gain frequency
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It is considered as a single-stage OP amp
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positive real zero

Feed-forward through cap in an inverting amp
Positive real zero
Degrades phase margin
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Two methods to eliminate positive real zero
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Eliminates feed-forward path 
eliminates zero

Rz > 1/Gm2 changes feed-forward polarity  
postive real zero changed to negative real zero
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Frequency compensation (SPICE simulation results)
(1) No frequency compensation

(2) Frequency compensation with a 2pF capacitor

(3) Frequency compensation with a series connection of 3.1kohm resistor and a

2pF capacitor
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Ch 9 ECE569 Analog IC 2-stage OP amp (open loop freq response)
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Ch 9 ECE569 Analog IC 2-stage OP amp (freq response: unity-gain fb)
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Ch 9 ECE569 Analog IC 2-stage OP amp (transient response: unity-gain fb)

2-stage

OP amp

-
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0.2 mV

0

t=0

(a)

(b)

(c)

(1) No freq compensation (PM= -7 deg)

(2) Frequency compensation with a 2pF capacitor (PM = +1.6 
deg)

(3) Frequency compensation with a 3.1kohm의 resistor and a 

2pF capacitor (PM = +59 deg)
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2-stage OP amp (Layout)
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