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1)  
 
There are three flicker noise sources as shown below. 
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To determine the output noise we short the input to ground (M2 has no effect). Then: 
 

 

 
Since  and , the gain of this circuit is: 
 

 
 
Then we can determine the input referred noise as: 
 

 

 
Repacing the values of   and  gives: 
 

 

 
2)  
 
(a) 
 
Input Impedance: 
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(b) 
 
Noise Factor: 
There are totally three noisy components to be considered which are the source 
resistance sR and NMOS transistors M1 and M2. So the noise factor of the LNA is: 
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Calculation of sRnoV ,
2 :                                                                                                                                                
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Apply (1) into (2) gives:  
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Calculation of 1,
2

MnoV : 
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Applying (3) into (2) gives: 
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Applying (4) into (1) gives: 
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Calculation of 2,
2

MnoV : 
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Applying (7) into (6) gives: 
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Applying (8) into (5) gives: 
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Total Noise Factor of the LNA: 
 

sm
sm

s
sm

Lm

m
sm

sLm

s
sm

Lm

m
sm

L

Rno

Mno

Rno

Mno

Rno

MnoMnoRno

Rg
Rg

KTR
Rg

Rg

gKT
Rg

RRg

KTR
Rg

Rg

gKT
Rg

R

V

V

V

V

V

VVV
F

sss

s

2

1

1

1

2

1

1

1

1

1

1

2121

1

4
1

4
1

4
1

4
1

1

1

2

2

2

2

,
2

,
2

,
2

,
2

,
2

,
2

,
2

,
2

γγ
γγ

++=















+















+
−

+















+















+
−

+

=++=++=

 

 
 
           

3)  

a) 
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b) 
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c) 

M1 is an ideal switch with on resistance equal to zero => no noise contribution  

Noise sources are M2, RS, and RD: 
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Since a perfect switch driven by an ideal square wave generates odd harmonics, the gain 
for noise and signal is different. 
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4) 

(a) Ω=××==
−
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(b)   
 

The parallel inductance is calculated as 







+= 2

1
12

Q
LL SP . However, since the Q is 

relatively large in this example, Lp can be approximated by SP LL 2≈ . Therefore, 

CL
f

S22

1
0 π

≈  

For oscillation frequency of 2.4 GHz, 
2

0
2 )2(4

1

fL
C

Sπ
= = 0.440 pF 

while for oscillation frequency of 2.5 GHz, 
2

0
2 )2(4

1

fL
C

Sπ
= = 0.405 pF 

 
 



LINKÖPING UNIVERSITY  Examination in TSEK03 RFIC  
Behzad Mesgarzadeh 
Amin Ojani 
Electronic Devices, Department of Electrical Engineering Page 9(9)  
 

 

(c)   
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% change = 100
4.2

4.216.4 ×−
= 73.3 % increase  

 
 
 
 

5) 
 
(a) Type I: 

 
(b) For slow variations ( ) and . Then output phase tracks the input. 


