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College of Engineering  
Department of Electronics and Communication Engineering 

 

Test 2 
 

SEMESTER 1, ACADEMIC YEAR 2018/2019 

 

Subject Code  : EEEB273 

Course Title  : Electronics Analysis & Design II 

Date   : 11 August 2018 

Duration   : 2 hours 
 

Instructions to the candidates: 
 

1. Write your Name and Student ID Number. Indicate your Section Number and Lecturer’s 

Name. Write also your Table 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. 

 

  GOOD LUCK!     
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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  [20 marks] 

The differential amplifier with active load shown in Figure 1 has a pair of pnp bipolar differential 

amplifier as input devices and a pair of npn bipolar connected as an active load. The circuit bias 

is IQ = 0.15 mA, and the transistor parameters are β = 100, and VA = 100 V. 

(a) Draw the active load circuit to complete the circuit in Figure 1.   [6 marks] 

(b) Find the open-circuit differential-mode voltage gain, Ad.    [8 marks]  

(c) Calculate the value of a load resistance RL connected to the output vO if the differential mode 

voltage gain Ad is to be reduced to 524 V/V.      [6 marks] 

 

Answers for Question 1 

 

            Figure 1 
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Answers for Question 1 (Continued) 

 

  



 EEEB273 – Test 2 Semester 1, 2018/2019 

Page 6 
 

QUESTION 2  [35 marks] 

(a) Draw a PMOS differential amplifier, M1 and M2, with an active load of two-transistor current 

source, M3 and M4.  Label them clearly with V
+
 = 10 V and V− = −10 V. 

                                                                                             [15 marks] 

 

(b) Consider the drawn figure in part (a).  The transistors parameters are VTN = 1 V, Kn = 90 

μA/V
2
, λn = 0.02 V−1, VTP = −1 V, Kp = 60 A/V

2
, λp = 0.01 V−1, and IQ = 0.4 mA. Assume that 

the differential amplifier transistors M1 and M2, and active load transistors M3 and M4 are 

identical. 

(i) Calculate the output resistance, RO, of the differential amplifier. [5 marks] 

(ii) Determine the differential-mode gain, Ad.    [5 marks] 

(iii) Find the output voltage, vO, if the differential input voltage is vd = 20 sin(ωt) V. 

[5 marks] 

(iv) What will happen to the differential amplifier gain if the active load is changed to 

cascode current source?       [5 marks] 

 

Answers for Question 2 
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Answers for Question 2 (Continued) 
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QUESTION 3  [20 marks] 

Consider a multistage amplifier shown in Figure 2. Take note that one PNP two-transistor 

current source is used as active load for a differential amplifier. Two other NPN two-transistor 

current sources are used to bias the differential amplifier and a Darlington Pair respectively.  

Given values of V
+
 = 10 V, V− = −10 V, IQ = 0.307 mA, and R2 = 5 kΩ. Assume β = 120 for all 

transistors; Early voltage (VA) for Q7 and Q11 is 100 V; saturation current (IS) for Q7 and Q11 is 

higher than other transistors; IC7 = IC11; and output voltage vO = 0 when inputs v1 = v2 = 0. 

(a) Show that IO = IQ / β  when the DC currents in the differential amplifier are 

balanced (i.e. IO = IB3 + IB4) by assuming that base currents for transistors in the 

differential amplifier and IO are small. Then determine the value of IO in the Figure 2. 

           [5 marks] 

(b) In the Figure 2 also, Ri is the input resistance of the Darlington Pair and RL7 is the effective 

resistance connected between collector of Q7 and signal ground. Calculate the small signal 

voltage gain of the Darlington Pair (Av2) by using the following relationship 

𝑨𝒗𝟐 =
𝒗𝑶𝟑

𝒗𝑶𝟐
=

𝜷(𝟏+𝜷)(𝒓𝒐𝟕||𝑹𝑳𝟕)

𝑹𝒊
  [15 marks] 

 

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

 

(a) Briefly explain the classification of the output stage of Class-A, Class-B and Class-AB by 

sketching the waveform of the relevant transistor current, ic.   [5 marks] 

  

(b) A Class-A output stage circuit using BJTs is shown in Figure 3.  For the circuit, VCC = 10 V, 

Vbias = 2 V, and RL = 1 kΩ. Assume all the transistors are matched with VBE(on) = 0.65 V, 

VCE(sat) = 0.3 V, and VA = ∞.  Neglect the base currents. 

(i) Calculate the value of IQ to allow the largest possible output voltage swing. What is the 

value of resistor R?       [10 marks] 

(ii) Calculate the power conversion efficiency (η) of this circuit.  [7 marks] 

(iii) Calculate the power dissipation in the emitter follower transistor Q1 when output 

voltage VO = 5 V.        [3 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. 

 

 

 

 

 

 

 

 

 
 


