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Instructions to the candidates: 
 

1. Write your Name and Student ID Number. 

2. Write all your answers using pen. DO NOT USE PENCIL except for the diagram. 

3. ANSWER ALL QUESTIONS. Show clearly all your calculations. Every value must be 

written with its correct Unit. 

4. WRITE YOUR ANSWER ON THIS QUESTION PAPER. 
 

 

NOTE:  DO NOT OPEN THE QUESTION PAPER UNTIL INSTRUCTED TO DO SO. 
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BASIC FORMULA FOR TRANSISTOR 
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This is extra page for answers. Please indicate question number clearly. 
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QUESTION 1  [25 marks] 

You are required to design a Widlar current source using NPN transistors such that IREF = 2 mA 

and IO = 50 μA. Let V
+
 = 15 V and V

--
 = 0 V. The transistor are matched and VBE = 0.7 V at 1 mA. 

(a) Draw the circuit and clearly label all the resistors and transistors.   [4 marks] 

(b) Derive the IREF and IO relationship of the circuit, showing all your steps is getting the 

relationship.         [6 marks] 

(c) Design the circuits and clearly show all calculations as marks are given according to this. 

[10 marks] 

(d) Given VA and β for Q2 is 100 V and 50 respectively, determine the output resistance, RO, of 

the Widlar current source.       [5 marks] 

 

Answers for Question 1 
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Answers for Question 1 (Continued) 
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QUESTION 2  [25 marks] 

Figure 1 shows a differential amplifier has a pair of PNP bipolar as input devices and a pair of 

NPN bipolar connected as an active load. The circuit has IQ = 0.2 mA bias current and the 

transistor parameters are β = 100 and VA = 100 V. 

(a) Calculate IO such that the DC currents in the diff-amp are balanced.  [6 marks] 

(b) Determine the open-circuit differential-mode voltage gain, Ad.   [12 marks] 

(c) Find the differential-mode voltage gain if a load resistance RL = 250 kΩ is connected to the 

output.           [7 marks] 

 

Answers for Question 2 

 
    Figure 1 
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Answers for Question 2 (Continued) 
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QUESTION 3  [25 marks] 

For a MOSFET current source circuit shown in Figure 2, transistor parameters are VTN = 0.7 V, 

k’n = 70 μA/V
2
, and λ = 0.015 V

-1
. The transistor aspect ratios are (W/L)1 = 20, (W/L)2 = 12.5, and 

(W/L)3 = 3. 

(a) Determine VGS1, VGS3, IREF, IO, and VDS2      [15 marks] 

(b) Find IO at VDS2 = 2.5 V         [10 marks] 

 

Answers for Question 3 

 
                Figure 2 
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Answers for Question 3 (Continued) 
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QUESTION 4  [25 marks]  

Consider the diff-amp shown in Figure 3. The transistor parameters are: Kn1 = Kn2 = 0.1 mA/V
2
 

and Kn3 = Kn4 = 0.3 mA/V
2
. Other parameters for all transistors are λ = 0 and VTN = 1 V. 

(a) Find the values of I1, IQ, VGS4, VGS2, vO1, and vO2.    [15 marks] 

(b) Determine the maximum range of the common-mode input voltage, i.e. find the values for 

vCM (max) and vCM (min).       [10 marks] 

 

Answers for Question 4 

 

         Figure 3 
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Answers for Question 4 (Continued) 
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This is extra page for answers. Please indicate question number clearly. 

 

 

 

 

 

 

 

 

 
 


