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Problem 1 [35 points] 
 
a) Consider the current source shown in Figure 1.  
Assume VDD = 3 V and IREF = 50 μA.  
Find R if the two MOSFETs are matched and have W = 4 μm, L = 1.5 μm, Vt = 0.6 V, 
and k’n = 250 μA/V2. Assume that in this process, V’A = 12 V/μm. 
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Figure 1 

 
 

b) What is the lowest possible value of VO? 
 
c) Find the change in the output current (in μA) that corresponds to change in the 
output voltage from 2 V to 2.5 V. 
 
d) Repeat part (c) if Q1 has W/L = 4 μm /1.5 μm and Q2 has W/L = 20 μm /5 μm. 
 
 
Problem 2 [40 points] 
 
The CMOS common-source amplifier shown in Figure 2 is biased using IREF = 80 μA, 
and has W/L = 10 μm/0.36 μm for all transistors, k’n = 400 μA/V2, k’p = 100 μA/V2, 
V’An = 10 V/μm, |V’Ap| = 5 V/μm, Vtn = –Vtp = 0.6 V. 
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Figure 2 

 
a) Neglecting channel-length modulation in the DC analysis, find: VOV1, gm1, ro1, ro2, 
and the voltage gain vo/vi. 
 
Assume now that for Q1, Cgs = 25 fF, Cgd = 10 fF, and CL = 10 fF. The signal source 
has a source resistance RSIG of 25 KΩ.  
 
b) Using Miller’s theorem, and assuming that the input circuit determines the upper 3-
dB frequency fH, find the value of fH.  
 
c) Show and label the Bode plot for the magnitude of the voltage gain. 
 
d) Using the open-circuit time constant methods, find the resistance seen by each 
capacitor, and estimate the value of fH. 
 
Problem 3 [25 points] 
 
a) Show the circuit for an emitter follower biased by a constant current source. The 
signal source has source resistance RSIG, and the load resistance is RL. 
 
b) Show the small-signal equivalent circuit of the emitter follower. The BJT small-
signal parameters are rx, rπ, gm, β, and ro. The current source has an output resistance 
equal to RC. 
 
c) Derive an expression for the voltage gain vo/vsig. 


