
Problem Set 4  
 

Additional Problems 
 
 
   
1.  

 
 
 
 



2. (a)  
 

 
 
The drain and gate of M1 and M3 are connected. So you can think of the two transistors as nonlinear 
resistors. Then Ib is determined by the three resistors (M1, Rb, and M3). Now we have M1 and M2 
current mirror, which means Ib of M1 is copied to Iout of M2. Depending on the size ratio of M1 and 
M2, Iout is proportional to Ib.  
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(b) 
 

bout IAI == μ25  
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(c) 
 
Since the circuit works as a current source, outI  should not depend on LR  
 
The circuit does not work for all values of LR  
 

 

 
When Ω> kRL 6.193 , M2 will operate in linear region and therefore, it becomes a linear resistor. 
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3.  

 
 
 
 
(a) 
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So the maximum value of Vgs is  
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(b) 
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(c) 
 
Assume, Vbias = 2V 
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(d) 
 
R4 is diode connected device, the small-signal resistance of R4 is given by 1/gm4. 
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R3 is working in linear region, but if Vsd is large, the square term in its current equation takes effect. 
Let’s write its current equation in linear region first. Then find its output resistance by taking 
derivative over Vout. 
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Hence, adding another diode connected PMOS transistor in parallel with M3 eliminate nonlinearity or 
in other words remove the dependence on Vout. 
 
 
4.  

 
(a)  
 

ongsgs VVV += 12  
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(b) 
 
If the voltage across the diode is V1 
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5. 

 
 
(a) 
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(b) Assume, 
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6. 
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