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Question 1 [20 marks] 

 

Design a differential amplifier using NPN bipolar junction transistors (BJT) biased by a three-

transistor current source, also using NPN BJT.  

 

The three-transistor NPN BJT current source (consists of Q1, Q2, Q3, and R1) is biasing the 

differential amplifier (consists of Q4, Q5, and resistors RC) with a 1 mA constant current.   

 

The transistor parameters are:  = 100, VBE(on) = 0.7 V and VA = .  The circuit parameters are: 

V
+
 = 5 V, V

- 
= -5 V. For the differential amplifier VB4 = VB5 = 0, and RC is given as 2 k. 

 

(i) Draw and label the circuit diagram of your design clearly.  [5 marks] 

 

(ii) Show clearly all calculations and values as accurate as possible with regard to 

the design. You are required, in particular, to calculate the values of the resistor 

in the current source, VCE2, and VCE4.     [15 marks] 
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Question 2 [10 marks] 

 

The circuit in Figure 1 shows a pair of PNP bipolar junction transistors as input devices and a 

pair of NPN bipolar junction transistors connected as an active load. The biasing current IQ = 0.2 

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

 

(i) Determine IO such that the dc currents in the differential amplifier are balanced. 

         [3 marks] 

 

(ii) Calculate the open-circuit differential-mode voltage gain, Ad. [4 marks] 

 

(iii) Find the differential-mode voltage gain if a load resistance RL = 250 k is 

connected to the output.      [3 marks] 

 

 

 

Figure 1 

 

 

 

 

V
+
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Question 3 [15 marks] 

 

(a) An idealized class-B output stage, with a complementary pair transistors, as in Figure 2 has 

V
+
 = VCC = 10 V, V

-
 = -10 V, and RL = 200 . Output signal voltage reads vO = 6 sin t V.  

The average power supplied by V
+
 and V

-
 to a class-B output stage is 2VCC[Vp/(RL)].  

Determine the following: 

(i) The average current in the circuit.     [2 marks] 

(ii) The average power delivered to the load.    [3 marks] 

(iii) The average power dissipated in each transistor.   [4 marks] 

(iv) The power conversion efficiency (η) of the output stage.  [3 marks] 

 

Figure 2 

 

(b) Describe the operation of a class-B output stage as in Figure 3. The cut-in voltage for 

both transistors is 0.7 V. How is this output stage different from the idealized class-B 

output stage?         [3 marks] 

 

 

Figure 3 
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Question 4 [20 marks] 

 

Consider the Darlington pair and emitter follower portion of the circuit in Figure 4. The parameters 

are IC7 = IQ = 0.5 mA, IC8 = 2 mA, R4 = 5 k, and R3 = 0.1 k. For all transistors, the current gain 

is 90. Q11 has Early voltage of 120 V, while Early voltage for Q7 is ∞. 

When necessary, redraw circuit or label the circuit parameters and state your assumptions when 

finding the values of the following; 

(i) The input resistance (Ri) of the Darlington pair.   [8 marks] 

(ii) The small signal voltage gain of the Darlington pair.   [12 marks] 

 

 

Figure 4 
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Question 5 [15 marks] 

 

Study the bias circuit and input stage of 741 operational amplifier (op-amp) shown in Figure 5 

carefully. Given that V
+
 = +12 V and V

-
 = -12 V. Assume VBE for npn = VEB for pnp = 0.6 V 

(EXCEPT for VBE10). Neglect dc base currents. 

(i) Determine the value of resistor R5 if bias current for Q1 is 8 μA, and V
+
 = +12 V 

and V
-
 = -12 V.       [10 marks] 

(ii) Assuming dc currents in the input stage are exactly balanced, therefore dc 

voltage at collector of Q6 = dc voltage at collector of Q5. Calculate VC6.  

[5 marks] 

 

 
 

Figure 5 

 



EEEB273, Special Semester 2013/2014 

 

Page 7 of 9 

Question 6 [20 marks] 

 

(a) With a feedback resistor (R2) of 250 kΩ, design an amplifier using op-amp in non-

inverting configuration with a closed-loop gain which can be varied between 11 to 26 

V/V. The closed-loop gain can be varied using a potentiometer (R1V) and a fixed-value 

resistor (R1F). Draw clearly your circuit design. 

           [6 marks] 

 

 

 

(b) For an amplifier circuit using op-amps shown in Figure 6, use appropriate ideal op-amp 

characteristics to show that 

  vO = vI1 + vI2 
 

when  R1 = R2 = RF = 100 kΩ.      [6 marks] 

 

 

 
Figure 6 
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(c) For a generalized summing op-amp as shown in Figure 7 the total output voltage (vO) is 

the sum of the individual terms, or 

 

 

 

 where 

 

 

 

With the smallest resistor value allowable in the circuit is 25 kΩ, design a summing op-

amp similar to Figure 6b to produce the output of 

 

 

  

          [8 marks] 

 

 
 

Figure 7 
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APPENDIX 

 

BASIC FORMULA 

 
BJT      MOSFET 
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