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Problem (1): For the common source amplifier shown below, assume M1 and M2 are in saturation.  

a) Draw the small signal model. 

b) Derive an expression for the amplifier transconductance (𝐺𝑚) 

c) Derive an expression for the amplifier output impedance (𝑅𝑜𝑢𝑡) 

d) Derive an expression for the small signal gain (𝐴𝑣 = 𝑣𝑜𝑢𝑡 𝑣𝑖𝑛⁄ ) 

 

 
 

 

Problem (2): The figure shown below shows a cascode current mirror. Assume all transistors are operating in 

SAT region. Assume all devices are identical.  

a) Derive an expression for the small signal resistance looking at the output (Rout) in terms of small signal 

transistor parameters. 

b) Derive an expression for the small signal resistance looking at the input (Rin) in terms of small signal 

transistor parameters. 

 



Problem (3): For amplifier shown below, assume 𝜆 = 0 and all devices are identical and in saturation. 𝑉𝑡ℎ =

1𝑉, 𝑎𝑛𝑑 𝑉𝐵𝐼𝐴𝑆 = 2.5𝑉. 

a. Draw the small signal model. 

b. Derive an expression for the amplifier transconductance (𝐺𝑚) 

c. Derive an expression for the amplifier output impedance (𝑅𝑜𝑢𝑡) 

d. Derive an expression for the small signal gain (𝐴𝑣 = 𝑣𝑜𝑢𝑡 𝑣𝑖𝑛⁄ ) 

e. What is the minimum voltage of VDD such that all the transistors are saturated? 

 

 

Problem 4: Derive an expression for the transconductance 𝐺𝑚 = 𝑖𝑜𝑢𝑡/(𝑣1 + 𝑣2) of the circuit below. Assume 

all transistors are in saturation. Ignore channel length modulation. Assume M1-4 are matched, and M5-6 are 

matched.  

 


