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Homework Assignment No. 12 Solutions 
Problem 1 – (10 points) 

 



 
 
 

 

 

 



Problem 2 – (10 points) 
 
Applying the half-circuit principle, it can be seen that each ½ circuit consists of a cascade of two 
common-source (CS) stages – the first with a diode connected PMOS load and the other with an 
NMOS load. 
 
The half circuit representation is shown along-side. 
 
The gain of the first stage is: 
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In general for a CS stage with an active load, the primary noise 
contributors can be represented as shown below (for the second 
CS stage in the problem). From the figure along-side, we have: 
 

( ) fWLC
gKgkTi

OX

mP
mn

5

2
5

5
2

5
3
24 +⎟
⎠
⎞

⎜
⎝
⎛=  

 

( ) fWLC
gKgkTi

OX

mN
mn

7

2
7

7
2

7
3
24 +⎟
⎠
⎞

⎜
⎝
⎛=  

 
Therefore the input referred noise at the gate of M5 is given by: 
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Similarly, the noise at the gate of M1 due to M1 and diode connected M3 can be expressed as: 
 

2
1

2
3

2
12

)3,1(

m

nn
in

g
iiv +

=  

Where, ( ) fWLC
gKgkTi

OX

mN
mn

1

2
1

1
2
1

3
24 +⎟
⎠
⎞

⎜
⎝
⎛=  and ( ) fWLC

gKgkTi
OX

mP
mn

3

2
3

3
2

3
3
24 +⎟
⎠
⎞

⎜
⎝
⎛=  

 
Therefore the total noise referred to the input (gate of M1) is: 
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Considering only the thermal noise, the total input referred noise is: 
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Considering only the flicker noise, the total input referred noise is: 
 

( ) ( ) ( ) ( )
2

1
2

5

7

2
7

5

2
52

3
3

2
3

1

2
12

5
2

)( 2
mm

OX

mN

OX

mP
m

OX

mP

OX

mN
m

FLICKERin
gg

fWLC
gK

fWLC
gKg

fWLC
gK

fWLC
gKg

v
×

⎥
⎦

⎤
⎢
⎣

⎡
++⎥

⎦

⎤
⎢
⎣

⎡
+

×=  

 
Equating the thermal noise and flicker noise to find the flicker noise corner frequency (fC), we 
have: 
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Numerical Calculations: 
 
All transistors in saturation, 
(W/L)1,2 = 50/0.6, (W/L)3,4 = 10/0.6, (W/L)5,6 = 20/0.6 and (W/L)7,8 = 56/0.6 
µnCOX = 75 µA/V2  and µpCOX = 30 µA/V2 and ISS = 0.5 mA 
Therefore  I1 = I2 = I3 = I4 = 0.25 mA and I5 = I6 = I7 = I8 = 0.5mA 
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gm1 = gm2 = 1.768 mS 
gm3 = gm4 = 0.5 mS 
gm5 = gm6 = 1 mS 
gm7 = gm8 = 2.646 mS 
 
Using the above, we obtain, the following values for the thermal and flicker noise powers 
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Assuming tox= 100A°, we obtain COX = 34.53 x 10-4. Therefore the total flicker noise is given by: 
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Equating the noise powers to find the flicker noise corner frequency, we obtain: fC = 1.44 GHz. 



Problem 3 – (10 points) 
 
Assumptions: 

• VOD = VGS – VTH 
• Only thermal noise of drain current considered 

 
Also, we know for a MOS transistor, we have: 
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Dynamic range of the circuit is defined as: 
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where Vout-swing is the maximum output voltage swing of the 
amplifier and Vnoise-out is the total output referred voltage 
noise. 
We know for a folded cascode amplifier,  
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which on expansion, yields 
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Since from the above, we see that both Gm and Rout are dependent on the over-drive voltage, we 
need to consider the effect of variation of VOD on both. Substituting for gm and Rout in terms of 
VOD, we obtain the following expressions for Gm and Rout 
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Expression for output swing in terms of the over-drive voltage: 
Output swing of a folded cascode amplifier: 
 

ODDDswingout VVV 4−=−  
 
Expression for the output referred noise as a function of over-drive voltage: 
 
The major noise contributors in the folded cascode amplifier are: M1, M3 and M5. Therefore we 
first obtain the noise contributions of each of these noise sources at the output. 

Vb5

VDD

vout

Vb2M2M1vin

VDD

Vb4M4

M5

M3 Vb3



22
1

1

2
)1(

3
24 outm

m

outn Rg
g

kTv ×⎥
⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=−  

22
3

3

2
)3(

3
24 outm

m

outn Rg
g

kTv ×⎥
⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=−  

22
5

5

2
)5(

3
24 outm

m

outn Rg
g

kTv ×⎥
⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=−  

Therefore taking the superposition of these noise sources, we have the output referred noise given 
by: 
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Therefore substituting expressions for gm and Rout into the above, we obtain the total output 
referred noise power as: 
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Therefore the output referred noise voltage can be expressed as a function of VOD as: 

( ) 2
3

1

OD

outn
V

Bv ×=−  

Dynamic Range calculations: 
 
Initial expression for the dynamic range (DR1): 
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After the over-drive voltage changes to 75% of its original value, the new dynamic range (DR2) is 
given by: 
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Therefore, finding the difference between the initial and final dynamic ranges, we can find the 
variation in the dynamic range caused by 25% reduction in VOD 
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Problem 4 – (10 points) 

 
 

 

 

 

 

 

 

 

 

 

 



Problem 5 – (10 points) 

 


