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Question 1 [50 marks] 
 
A MOSFET differential amplifier in Figure 1(a) is to be redesigned to use a P-MOSFET cascode 
current source, as shown in Figure 1(b), as an active load to replace the drain resistances (RD). 
The supply voltages for the overall circuit are V + = 10 V and V -- = -10 V. Bias current for the 
differential amplifier is IQ = 0.3 mA. The transistor parameters for the MOSFET differential 
amplifier pair are k’n = 80 µA/V2, λn = 0.015 V-1 and VTN = 1 V. For all P-MOSFET transistors in 
the active load, i.e. M11 to M14, assume Kp = 0.1 mA/V2, λp = 0.02 V-1 and VTP = -1 V.  
 
(i) Design the differential amplifier to achieve a differential-mode voltage gain of Ad = 400, 

where its output vO is a one-sided output. Show clearly all your calculations. State 
clearly all your assumptions, if any. Hints: You need to calculate the value of RO also. 

[40 marks] 
(ii) Calculate output vO if v1 = +0.51 mV and v2 = -0.23 mV. 

[10 marks] 
 

 

 
Figure 1(a) 

 
 
 
 
 

 
    

Replaced by 

IQ 

Figure 1(b) 

M2 M1 
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Answers for Question 1 
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Answers for Question 1 (Cont.) 
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Question 2 [50 marks] 

(a) For the circuit shown in Figure 2(a), the transistor parameters are β = 100 and VA = ∞. The bias 
currents in the transistors are indicated on the figure. Determine the output resistance RO of the 
output stage. Show clearly all your calculations. 

[20 marks] 

 
Figure 2(a) 

 
Answers for Question 2(a) 
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(b) Study Figure 2(b) carefully. The transistor parameters are: β = 180, VBE(on) = 0.7 V, and 

VCE(sat) = 0.4 V. Design the output stage amplifier for maximum output swing and then 
calculate its power conversion efficiency, η. Show clearly all your calculations. 

 [30 marks] 
 

 

Figure 2(b) 

Answers for Question 2(b) 
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Answers for Question 2(b) (Cont.) 
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Appendix: BASIC FORMULA 
 
 

BJT     MOSFET 
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