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Problem 1 (13 points) Capacitance and SNR 

In this problem we will look at optimizing the SNR of the amplifier shown below.  

M1
Cd = kdCgsRs

Vout

Vin Cgs

Vg

You should use the following assumptions and simplifications to solve this problem: 
• The input of the amplifier (Vin) is a sinusoid with an angular frequency of ωin and an

amplitude of Ain.
• The transistor is biased with a fixed V* so that its gain (gmro) is Av0.
• Assume Rs is noiseless, and ignore all capacitors except those shown in the figure.
• You should assume that 1/(roCd) >> ωin.  In other words, Vout(jωin)/Vg(jωin) = Av0.
• Your final answers should be a function of only k, T, γ, ωin, Ain, kd, Av0, Rs, and Cgs.

a) (4 pts) What is the voltage noise variance 2
onv  at the output of the amplifier?  



3 

b) (4 pts) What is the mean-squared signal voltage 2
outV  at the output of the 

amplifier? 
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c) (5 pts) Keeping the V* of the transistor fixed, what value of Cgs maximizes the
SNR 2 2

out onV v  at the output of the amplifier? 

M1
Cd = kdCgsRs

Vout

Vin Cgs

Vg



5 

Problem 2 (10 points) Noise 

Considering only the noise current from M3, what is the variance of the differential 
voltage noise at the output of the amplifier shown below?  You can ignore all the ro’s of 
the transistors and all capacitors except those explicitly drawn in the schematic.  You can 
assume that M1 and M2 are identical (i.e., gm1 = gm2), and you should provide your 
answers in terms of k, T, γ, CL, (gm3/gm1), (ΔR/R), and Av,nom = (gm1R). 

Vi- Vi+
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Problem 3 (9 points) Amplifier Design 

Vin

Vout

1 M

a) (4 pts) Assuming that the V* of the NMOS and PMOS transistors are Vn* and
Vp* respectively and ignoring the ro of all of the transistors, what is the nf of the
amplifier shown above?  In other words, relative to the noise current from the
input transistor, what is the noise current density that flows into the amplifier’s
output?  You should provide your answer in terms of Vn*, Vp*, and M.



7 

Vin

Vout

1 M

CL

(1+M)Cgsp

b) (5 pts) Now let’s look at the stability of this amplifier under feedback using the
model shown above (ignore the ro’s and all capacitors except the ones shown in
the model).  If the amplifier is placed into unity-gain feedback with a closed-loop
bandwidth of ωgbw, what is the maximum M that will provide at least 45° of phase
margin?  You should provide your answer in terms of ωgbw and the ωT of the
PMOS transistors.




