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QUESTION 1 [20 MARKS] 

(a) Consider the Widlar current-source circuit with multiple output shown in Figure 1.   Assume 

that VBE1(on) = 0.7 V. The circuit parameters are R1 = 10 kΩ, RE2 = 1 kΩ, and RE3 = 2 kΩ. 

Calculate IREF, IO2, and IO3.                        [10 marks] 

 
Figure 1 

Answers: 

Using KVL rule, 0.9300 mA  [2, 1, 1 marks] 

Solving for Widlar CS, 

…       [2 marks] 

à   

IO2 ≅ 68 μA          [2 marks] 

à   

IO3 ≅ 40.7 μA         [2 marks] 
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(b) The circuit shown in Figure 2 has circuit and transistor parameters as V+ = +3 V, V-= −3 V, 

RD  = 360 kΩ , VTP = −0.4 V, Kp = 30 μA/V2, and λ = 0.  The bias current is given as IQ = 12 

μA. Calculate voltage VSD1 for v1 = v2 = 0.                      [10 marks] 

 

Figure 2 

Answers: 

As v1 = v2 = 0, 

ID = Kp(VSG + VTP)2  …        [1 mark] 

ID = IQ/2 = 12μ/2 = 6 μA         [2 marks] 

 = 0.8470 V      [2 marks] 

 

VS = 0.8470 V          [1 mark] 

VD = IDRD + V– = (6μ)(360k) +(– 3) = –0.8400 V     [2 marks] 

So, the Q-point is VSD = VS – VD = 0.8470 – (–0.8400) = 1.690 V  [2 marks] 
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QUESTION 2 [20 MARKS] 

(a) The differential amplifier shown in Figure 3 is biased by a 0.20 mA constant current source 
(i.e. IQ = 0.20 mA). It is to be redesigned to use an active load in order to increase its 
differential-mode voltage gain (Ad). The active load to be used is a Current Mirror using 
PMOS transistors to replace the resistors (RD) in the differential amplifier. Let supply 
voltages be ±5V. 
Assume that NMOS devices are available with the following parameters: Kn = 400 µA/V2, 
VTN = 0.5 V, and λn = 0.02 V-1 
Assume that PMOS devices are available with the following parameters: Kp = 200 µA/V2, 
VTP = -1 V, and λp = 0.02 V-1 

(i) Draw the new circuit incorporating the active load’s full circuit diagram. Label 
the circuit correctly and clearly with appropriate symbols and numbering for 
transistors used in circuit. Leave IQ symbol as it is in Figure 3.                   [4 marks] 

(ii) Determine the differential-mode voltage gain (Ad) of the circuit.       [6 marks] 
 

Question 2a 

(i) 

  
(ii)  vO2 = gm2 vd (rO2 || rO4)      [1 mark] 

 Ad = vO2 / vd = gm2 (rO2 || rO4)     [1 mark] 

 gm2 = 2√(KnIQ/2) = 2√[(400u)(0.2m/2)] =  0.4 mA/V  [1.5 marks] 

 rO2 = 1/(λn IQ/2) = 1/ [(0.02)( 0.2m/ 2)] = 500 kΩ  [1 mark] 

 rO4 = 1/(λp IQ/2) = 1/ [(0.02)( 0.2m/ 2)] = 500 kΩ  [0.5 mark] 

rO2 || rO4 = 250 kΩ       [0.5 mark] 

 Ad = (0.4m)(250k) = 100      [0.5 mark] 
 

√√ 
 

√√ 

√ 
 

√ 
 

√ 
 

√ 

√ = 0.5 mark 
 
Total  [4] 
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(b) Consider an idealized class-B output stage as shown in Figure 4. The output stage is to 

deliver 50 W of average power to the load at a maximum output voltage of 11.3 V. Let 

the power supply voltages be ±12 volts. The average current supplied by the supply units can 

be calculated by using Iav = Ip / π.  

(i)  Calculate the peak output current, Ip.      [4 marks] 

(ii)  Calculate the total average power supplied by the supply units  [4 marks] 

(iii) Calculate the power conversion efficiency for this circuit.  [2 marks] 

 
Figure 4 

Question 2b 

PL = VpIp/ 2 = 50       [2] 

Ip = 2 PL/Vp = 2(50)/11.3 =  8.85 A   [2] 

Iave = Ip /π = 8.85/π = 2.817 A    [2] 

PS(ave) = 2VCC Iave = 2(12)(2.817) = 67.61 W  [2] 

η = PL/ PS(ave)= (50/67.61)x100 = 73.95%  [2] 
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QUESTION 3 [20 MARKS] 

Figure 5 shows a multistage amplifier circuit with transistor parameters of β  = 120 and VA = ∞, 

VBE(on) = VEB(on) = 0.7V.  It is given that V+ = 10 V. 

(a) Explain the functions of transistors Q1, Q2 and Q3 in the multistage amplifier.        [5 marks] 

(b) The circuit is such that zero dc output voltage is established. Calculate the value of resistors 

RC2 and RC3 if currents IQ = 0.5 mA and IC3 = 1 mA.        [10 marks] 

(c) Determine the output resistance, RO.                        [5 marks] 

 
Question 3(a) 
Q1 & Q2 are Darlington Pair,       [1 mark]  
provides large gain [0.5 mark] and large input resistance [0.5 mark] 
 
Q3 is an emitter follower / common collector amplifier.    [1 mark]  
The gain is unity [0.5 mark] and has low output resistance [0.5 mark].  
It acts as buffer / provides impedance matching to the load.    [1 mark] 
 
 Question 3(b) 

 
Question 3(c) 

 

For  Vo = VE3 = 0V: 
IC3 = (V+ - Vo) / RC3    eqn 1   [2 marks] 

 
So  RC3 = (V+ - 0) / IC3 = 10/1mA = 10 / 1m = 10 kΩ  [2 marks] 
 

IQ = (V+ - VC2)/RC2   eqn 2   [2 marks] 
VC2 = VB3, VB3 = VE3 – VEB3  eqn 3   [2 marks] 
VB3 = VE3 – VEB3 = 0 – 0.7V = - 0.7V = VC2  [1 mark] 
IQ = (V+ - VC2)/RC2 = 10 – (-0.7) / RC2 = 10.7/RC2 
 

So  RC2 = 10.7V/ IQ = 10.7 /0.5m = 21.4 kΩ   [1 mark] 

       [2 marks] 
 
rπ3 = βVT/IC3 = 120(26m)/1m = 3.12 kΩ    [1 mark] 
ro2 = VA/IC2 = VA/IQ = ∞/0.5m = ∞     [1 mark] 
RC2 || ro2 = RC2 
 
Ro = 10k || [ 3.12k + 21.4k ]/(1+120) = 198.6 Ω   [1 mark] 
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QUESTION 4  [20 MARKS] 

Consider a standard 741 operational amplifier (op-amp) circuit as shown in Figure 6a. Study 

Figure 6a carefully and observe labelling and values for the resistors in the circuit. Load 

resistance RL = 2 kΩ is connected to the Output of the 741 op-amp. The op-amp is supplied by 

±15 V DC voltages. 

 

The transistors have βn = 200, βp = 50, Early voltages VAN = VAP = 50 V, VBE(on) = VEB(on) = 

0.6 V, and the reverse saturation current IS = 5x10-16 A. 

 

From DC analysis, bias currents for selected transistors are IC13A = 0.18 mA, IC13B = 0.54 mA, 

IC16 = 15.8 µA, IC17 = 0.54 mA, IC20 = 0.138 mA, and IC22 = 0.18 mA. 

 

Figure 6b shows the AC equivalent circuit for the gain stage of the 741 op-amp. Figure 6c 

shows the AC equivalent circuit for the output stage of the 741 op-amp, which is used to 

calculate Ri3 in the Figure 6b. 

 

With small-signal analysis, the voltage gain for the gain stage (Av2) of the 741 op-amp can be 

calculated using the following formula: 

 

 

 

Where: 

 

 

 

 

Calculate the voltage gain for the gain stage (Av2) of the 741 op-amp if R8 is short circuit. 

Neglect base current in your calculations. Apply appropriate assumptions and recall standard 

formula for parameters which are not given above.         [20 marks] 
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Question 4 
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QUESTION 5 [20 MARKS] 

 
(a) List down two characteristics of an ideal op amp.          [4 marks] 

(b) State three applications for ideal op amp.            [3 marks]  

(c) Refer to the generalised summing amplifier using ideal op amp in Figure 7. The output 

voltage is given by: 
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Design the summing amplifier for 4321 3102 IIIIO vvvvv −+−=  
Use 500 kΩ for the largest resistor value.          [13 marks] 

 
Figure 7 

 

-END OF QUESTION PAPER- 
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Question 5 (a) 
 
 Aod: Internal differential gain (open loop gain) is considered to be ∞ 
 (v2 – v1): Differential input voltage is assumed to be 0. If Aod → ∞ and vO is finite, then v2 ≈ v1  
 Ri: Effective input resistance is assumed to be ∞, so input currents i1 and i2 are essentially 0 
 Ro: Effective output resistance is assumed to be 0, so output voltage is independent of any load 
connected to the output.  
 CMRR: Common mode rejection ratio = ∞     2 x 2 = [4 marks] 

  
Question 5 (b) 
 
Voltage to current converter , current to voltage converter , summing amplifier, instrumentation 
amplifier, difference amplifier, integrator and differentiator    3 x 1 = [3 marks] 

 

Question 5 (c) [13 marks] 
 
 
 
 
 
 
 
 

Rearrange and using  4321 3210 IIIIO vvvvv ++−−=  
 
-RF/R1 = -10     [1] 
-RF/R2 = -1      [1] 
(1 + RF/RN)(RP/RA) = 2    [1] 
(1 + RF/RN)(RP/RB) = 3    [1] 
 
RF = 10R1 = R2 
Let RF = 500kΩ = R2    [1], [1] 
So R1 = 50kΩ     [1] 
 
RN = R1 || R2 = 500k || 50k = 45.5k  [1.5] 
So (1+RF/RN) = (1+500k/45.5k) = 12 
 
Thus 12(RP/RA) = 2 and 12(RP/RB) = 3 
So 2RA = 3RB i.e. RA/RB = 3/2 
Let RA = 500kΩ, then RB = 333kΩ  [1], [1] 
 
RP = RA || RB || RC 
RA || RB = 500k//333k = 199.98k = 200k 
 
From 12(RP/RA) = 2  
RP = 2RA/12 = 2(500k)/12 = 83.33k  [1.5] 
 
So 83.3k = 200k || RC 
So RC = 142.9kΩ     [1] 


