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Capacitors in CS Stage
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You Remember Role of Ci and Cb?

• Which is desirable? Large Ci vs. small Ci? How about Cb?

• Intuitively, we can say
• Ci and Cb should be sufficiently large.

• Ci and Cb determine the low frequency response. 
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Gain Dependence on Ci and Cb
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Cb Effect on Frequency Response of 
Through Vout/VX

5



Cb and Ci Effects on Frequency 
Response

• Revisit Ci effect on VX/Vin:

• Combining Ci and Cb effects, we can form
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Revisit Capacitors in CS Stage

• Unavoidably exist in the transistors (relatively small)

• Load cap possibly exist due to the next stage.

 Determines the high frequency response.
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High Frequency Response of CS Stage

• As frequency is higher, 
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Use of Miller’s Theorem
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Use of Miller’s Theorem
High Freq Poles in CS stage
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Direct Analysis

• High frequency Miller approximation is inaccurate.

• Using KCL, 

12

RG

Cin

CGD

Cout RL
gmVX

+

VX

-

Vout
Vin

( ) out
X out GD m X out out

L

V
V V sC g V V sC

R
   

(Eq. 1)

(Eq. 2)

( ) X in
out X GD X in

G

V V
V V sC V sC

R


  



13

( ) ( ) out
GD m X out GD out

L

V
sC g V V s C C

R
   

( ) out
X out GD m X out out

L

V
V V sC g V V sC

R
   

1
( )GD out

L
X out

GD m

s C C
R

V V
sC g

 




(Eq. 2)

(Eq. 1)

(Eq. 3)

(Eq. 4)

• Combining (Eq.3) & (Eq.4),
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Gain Through Direct Analysis

• Thus, 
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Poles & Zeros
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• Zero:

• Poles:



Dominant Pole in High Frequency
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• Smallest poles among the high frequency poles “dominantly” 
determines the high frequency response of the circuit. 

• Especially, when ωp1 << other poles

…

ω
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Back To CS Stage 
High Frequency Response

• In the denominator, 

• When ωp1 << ωp2,

• From the below CS stage Gain, 

• We can say
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Comparison w/ Miller Approximation
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Non-dominant Pole

• Non-dominant pole is determined by 

• That is, 

19

2

( )

( ) ( ) 1

L GD m

L G GD out in out in GD m L G GD G in G GD L GD L out

R sC g

R R C C C C C C s g R R C R C R C R C R C s




       

2 /p b a 

2

(1 ) ( )

( )

m L G GD G in L GD out
p

L G GD out in out in GD

g R R C R C R C C

R R C C C C C C


   


 



20

1

1

(1 ) ( )
p

m L G GD G in L GD outg R R C R C R C C
 

   

2

(1 ) ( )

( )

m L G GD G in L GD out
p

L G GD out in out in GD

g R R C R C R C C

R R C C C C C C


   


 



21

,

1

[ (1 ) ]
p in

G in m L GDR C g R C
 

 

,

1

1
[ (1 ) ]

p out

L out GD

m L

R C C
g R

 

 



22



Input/Output Impedance

• With a high voltage gain, the Miller effect may substantially 
lower the input impedance at high frequencies.
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Summary

• The frequency response of CS stage can be analyzed in two 
aspects; low frequency and high frequency roll off

• Low frequency roll-off is determined by Ci and Cb

• High frequency roll-off is determined by transistor caps.

• Dominant pole approach can show good accuracy when 
there is a significant difference between two poles.
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