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a) Common source tuned amplifier:
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There are two ways to investigate the frequency characteristics:

          a) Calculate the magnitude and the phase of the gain
              as functions of the frequency.
         
           b) Use the pole-zero diagram of the gain function.

(useful to investigate multi-stage, stagger-tuned and double-tuned circuits)
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The Miller effect on the input admittance
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 The input conductance above resonance is always positive.

  Below the resonance frequency, the input conductance
   has a frequency depe negativndent  compo .e nent


 The input susceptance is capacitive and frequency dependent.

 If the amplifier is driven by another tuned amplifier;
          - Its frequency characteristic skews (becomes asymmetric).
          - There is a risk of oscillation due to the negative conductance.


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Example:

(A) Input capacitance, (B) Input conductance, (C) Voltage gain.

AMS 035, 200/0.35, VDD = 3V, VGS =0.8V, L = 10 nH, C = 2.34 pF, Qeff = 15.9
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The cascode tuned amplifier



©2012 
Leblebici/Leblebici, Fundamentals of High-Frequency CMOS Analog Integrated Circuits, Cambridge University Press, 2009 

12

The comparison of the common source and the cascode amplifiers:
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(A) Input capacitance, (B) Input conductance, (C) Voltage gain.

common source cascode
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      - The input capacitance is almost constant in the entire frequency band.

The obvious advantages of the cascode circuit:       

          
- The input conductance is positive and almost constant.
   (no adverse effect on the load resonance circuit of the previous stage)

- The bandwidth is smaller (the selectivity is better) 
   thanks to the higher output resistance, consequently higher .effQ

- Higher voltage gain due to the higher .effQ
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Cascaded tuned stages and staggered tuning
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                                    pSpice Simulation results
Frequency characteristics: (A) First stage, (B) Second stage, (C) Total
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The classical solution for 2nd order
 Butterworth or Chebyshev characteristics:

 Use of coupled, double tuned circuits.

(a) Magnetic coupling.
(b) Capacitive voltage coupling.
(c) Capacitive current coupling.
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Transfer impedance of a magnetic coupled double tuned circuit:

2
2 2 4 2

1 1 1 1 1 2 2 2 2 1 2(1 )(1 )
V sM
I srC s L C sr C s L C s M C C


    

2
0 1 2

1 1 2 2 0 1 1 0 2 2

1 1 1 1 ,     ,    Q Q
L C L C C r C r


 

   

4
0 1 22

2 2 2 2 4 2
1 1 0 0 1 2 0 0 2 1 2( )( )

sM Q QV
I s Q s Q s Q s Q s k Q Q


   


    



©2012 
Leblebici/Leblebici, Fundamentals of High-Frequency CMOS Analog Integrated Circuits, Cambridge University Press, 2009 

33

4 2 4
1 2 1 2Denominator polynome with :(1 ) (1 )(1 )  s Q Q k s Q Q k k   

2 2 2 2
1 0 0 1 2 0 0 2( (1 ) ) ( (1 ) )s Q k s Q s Q k s Q              

' 20 0
1 1 1

1 1

' 20 0
2 2 2

2 2

Poles:

, 4 (1 ) 1
2 (1 ) (1 )

, 4 (1 ) 1
2 (1 ) (1 )

s s j Q k
Q k Q k

s s j Q k
Q k Q k

 

 

   
 

   
 







©2012 
Leblebici/Leblebici, Fundamentals of High-Frequency CMOS Analog Integrated Circuits, Cambridge University Press, 2009 

34

2 2

1 2

' 0 0
1 1

1

' 0 0
2 2

2

For small  values; 4 (1 ) 1,  4 (1 ) 1

                                           

             ,
2 (1 ) 1

             ,
2 (1 ) 1

k Q k Q k

s s j
Q k k

s s j
Q k k

 

 

 

 
 

 
 



� �





  ;With and (1 ) 1 , (1 ) 1  1 / 1 1 ( / 2) , 1 / 1 1 ( / 2) k k k k k k         

' 0
1 1 0

1

' 0
2 2 0

2

, 1
2 (1 ) 2

, 1
2 (1 ) 2

ks s j
Q k

ks s j
Q k

 

 

      

      







©2012 
Leblebici/Leblebici, Fundamentals of High-Frequency CMOS Analog Integrated Circuits, Cambridge University Press, 2009 

35

0 0

1 2

         For a Butterworth or Chebyshev response 

         the real parts of the poles must be equal:

          
2 (1 ) 2 (1 )

                                 
Q k Q k
     
 

0 0 0

1 2

1

  

     
2

 
2 2

 

                                          
                       

k

Q Q Q
      


�



©2012 
Leblebici/Leblebici, Fundamentals of High-Frequency CMOS Analog Integrated Circuits, Cambridge University Press, 2009 

36

Positions of the poles for a Butterworth  characteristic:
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Positions of the poles for a Chebyshev characteristic:
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 
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1 1 2 2
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f B f
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


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   

 

   



©2012 
Leblebici/Leblebici, Fundamentals of High-Frequency CMOS Analog Integrated Circuits, Cambridge University Press, 2009 

38

0
0

1 12 2
tanh

fB f
Q Q

  

Example:
1 0.5 dB       tanh 0.709
2

r    

1 2    2
tanh

k kQ
Q Q

   

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Problem 4-6 (Simulation result)
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Problem 4-6. (Simulation results for 20 % tolerance of )k
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2
0 1 2

a) For capacitive voltage coupling:

k

k
C

L L
 

2
0 1 2

b) For capacitive current coupling:
1

kC
k L L

 

Transformation formula to apply the expressions 
derived for magnetic coupling to capacitive coupled circuits:
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