
11. Phase compensation

Kanazawa University
Microelectronics Research Lab.
Akio Kitagawa



2

11.1 AC characteristics of CS 
amplifier

• A main factor to decide an AC characteristic
– Output capacitance

• Capacitive Load + Parasitic capacitance
– Input capacitance

• Parasitic capacitance
– Input-output capacitance

• Parasitic capacitance

(AC characteristic: The small-signal frequency response)
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Parasitic capacitance
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Influence of the output capacitance
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Bode diagram of the CS amplifier
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Bias dependence of a pole frequency
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Unity gain frequency u (= BGP)
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Influence of the input capacitance

(pole frequency of input)

Output resistance of preceding stage
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Influence of the input-output 
capacitance (1)
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Influence of the input-output 
capacitance (1)
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Summary of AC characteristics 
of the CS amplifier
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11.2 AC characteristics of 
cascode amplifier
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Influence of the input capacitance
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Influence of the output capacitance
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Comparison between Cascode
amplifier and CS amplifier
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11.3 AC performance of 
amplifiers
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Simplified 1-pole model of AC 
characteristic of amplifiers
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Gain error of circuits and GBP

][][)1(
)1(

1

2

1

21

2

dB
G
GdBG

G
G
G

G
G
Z
Z

Z
Z

G
G
Z
Z

A 













p u  [rad/s]

A (dB)

40 dB

20 dB

sig(1MHz)

Nominal gain G = 10.0 = 20 [dB] (Ideal value)
Gain of amplifier A at sig = 60 [dB]
If the gain error should be suppressed below 
ΔG/G = 1% = 0.01 = -40 [dB], 
Required GBP u = 1[MHz]*1000 = 1[GHz]

NOTE: The gain error does not depends on p.

1

2

1

2

1

2

1
1

Z
Z

A
Z
Z

Z
Z

v
vG A

in

out  





 

Z1

Z2

-Avin vout

)1(

1

)(
)()(

1

2

1

2

Z
ZA

Z
Z

G
AGG

G
G












Gain of NFB amplifier

NFB amplifierGain error of NFB amplifier

gain of circuit

precision of circuit



201 10 100 1 103 1 104 1 105
1 10 4

1 10 3

0.01

0.1

1
0.999

2 10
4



Err_1000 w( )

Err_100 w( )

Err_10 w( )

Err_1 w( )

10 10
4

1 w

1 10 100 1 103 1 104 1 105

0

50

90

10

Ad_dB w( )

G1000_dB w( )

G100_dB w( )

G10_dB w( )

G10_dB w( )

G1_dB w( )

10 10
4

1 w

Frequency dependence of the gain error

|G| = |Z2/Z1|=1

10

100

1000
G

ai
n 

er
ro

r


G
/G

A
G

ai
n 

of
 N

FB
 a

m
pl

ifi
er

 (d
B

)

Angular frequency (rad/s)

|G| = |Z2/Z1|=1

10

100

1000

The gain error is increased 
in high frequency, because 
the gain A is reduced.

The large GBP guarantees 
the low gain error of the 
circuit in the wide 
frequency range.

-20 [dB/Dec]



21

GBP as a figure of merit (FOM) 
of amplifiers
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11.4 Phase compensation
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NFB (Negative Feedback)

Harold Black, US Patent 1921

1. Precise control of transfer functions and stabilization 
of the gain

2. Suppression of the distortion
3. Extension of the frequency range
4. Suppression of the noise output to the output
5. Control of the input resistance and output resistance
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Control of the gain and bandwidth
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NFB applied to multi-stage 
amplifier
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The effect of NFB is remarkable for the multi-stage amplifier, 
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Stability of the NFB circuit
Second p or z may causes the positive feedback and
there is a problem in the circuit stability.
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Closed loop AC characteristic
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Displacement of the pole frequency
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Phase compensation
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Phase margin of the voltage follower
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Design example (1)
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Phase compensation circuit of 2-pole amplifier

NOTE: By Miller effect, CC is amplified A0CC, the time constant (Y) introduced 
by the compensation is enlarged by Y = (A0CC)Rin with the small Cc. 



32

Design example (2)
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