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 INSTRUCTION(S) TO CANDIDATES 

 

 Total mark of this examination is 60. 

 This examination is worth 60% of the total course assessment.  

 Answer ALL QUESTIONS.  

 Marks assigned to each problem are listed in the margins.  

 Note that one of the conditions to pass the course is to obtain at least 50 % of this 

examination. 

 
 

DECLARATION 
 

By answering this final examination, I hereby declare that: 

 The whole answer of this final examination is my own work. 

 I do not receive any help from any other parties in answering on any part of this final 

examination. 

 I do not give any clue, hint or work to other students in answering on any part of this 

final examination. 

 I understand that any form of cheating or attempt to cheat is a serious offence, which 

may lead to dismissal. 
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Question 1 [15 marks] 

(a) Derive the transfer function step by step for the RC circuit shown in Fig. 1 (a) and write the 

expression for the time constant(s).   (7 marks) 

           

 
Fig. 1(a) 

 

 

(b) Plot the Bode magnitude and phase for the following transfer function and determine the 

magnitude and phase at angular frequency 200 rad/sec.        (8 marks) 

 

𝑇(𝑠) =
5 × 𝑠(𝑠 + 100)

(𝑠 + 10)(𝑠 + 500)
 

 

 

Question 2 [15 marks] 

(a) Design a voltage amplifier as shown in Fig. 2(a) such that the magnitude of the amplifier can 

be operated within 20 Hz  to 20 kHz  assume that the transistor has small-signal hybrid-π 

parameters,𝑟𝜋 = 3 kΩ, 𝑔𝑚 = 40 mA/V, 𝑟𝑜 = ∞ and negligible device capacitances.  Also 

evaluate the overall voltage and current gains in terms of decibel (dB).           (10 marks) 

 
 

Fig. 2(a) 
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(b) A common drain amplifier as shown in Fig. 2(b) that operates at very high frequencies. The 

transistor parameters are, 𝑔𝑚 = 0.2 mA/V  and 𝑟0 = 100 KΩ , 𝐶𝑔𝑑 = 4 pF  and cutoff 

frequency, 𝑓𝑇 = 100 kHz. [Given that, 𝑅𝑠𝑖 = 1 kΩ, 𝑅1 = 68 kΩ, 𝑅2 = 33 kΩ,  𝑅𝐷 = 4 kΩ, 

𝑅𝑠 = 1 kΩ, 𝑅𝐿 = 10 kΩ 𝐶𝐶 = 10 µF and 𝐶𝑆 = 100 µF].  (5 marks) 

  

 

Fig. 2(b) 

 

Question 3 [15 marks] 

(a) Derive the expression for output current relation systematically of the BJT current source as 

shown in Fig. 3(a). Assume that all the transistors are identical.    (4 marks) 

 

 
 

Fig. 3(a) 

 

(b) Draw the small-signal equivalent circuit for the current source as shown in Fig. 3(a).  

           (2 marks) 

 

(c) Design the circuit by determining the value of 𝑅1 and output resistance 𝑅𝑂 for the current 

source as shown in Fig. 3(a). Assume that the transistors has the parameters,  𝛽 = 35, 
𝑉𝐵𝐸1 = 𝑉𝐵𝐸2 = 𝑉𝐵𝐸3 = 𝑉𝐵𝐸(on) = 0.7 V, 𝑉𝐴 = 85 V, and  𝐼𝑂 = 𝐼𝐶2 = 15 μA.  (4 marks) 

 

(d) Design the circuit to determine the (𝑊/𝐿) ratio for the MOSFET current source as shown in 

Fig. 3(d) and the output resistances  𝑅𝑂1  and 𝑅𝑂2 of the current source. Assume that all 
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MOSFET are identical and   𝐼𝑅𝐸𝐹 = 1.2 mA . The MOSFET has the parameters 

𝑘𝑛
′ = 0.13 mA/V2, 𝑉𝑇𝑁 = 1.2 V and  𝜆 = 2.5 × 10−3/𝑉    (5 marks) 

 

 
 

Fig. 3(d) 

 

 

Question 4 [15 marks] 

(a) The feedback current 𝑖𝑓𝑏 and error current 𝑖𝜀 of a feedback amplifier are 0.5 mA and 85 µA 

respectively. Determine the gain of the feedback amplifier. Assume that the open-loop gain 

of the current amplifier is 2.5 × 104.        (3 marks) 

 

(b) Derive the expression for close-loop voltage gain and feedback-factor systematically of the 

voltage amplifier as shown in Fig. 4. (b).      (4 marks) 

 

 

Fig. 4. (b) 

 

(c) The bandwidth of an amplifier is extended 180 times after feedback. Determine the input and 

output resistances  𝑅𝑖𝑓,  𝑅0𝑓 and gain 𝐴𝑧𝑓 after feedback. Assume that the input resistance, 

output resistance and gain without feedback of the series-series amplifier are, 𝑅𝑖 = 7.5 kΩ, 

𝑅0 = 5 kΩ, 𝐴𝑧 = 1400 Ω respectively and the bandwidth of the amplifier without feedback 

is 4.5 kHz .          (5 marks) 

 

(d) Draw the schematic and design an Op-amp based Wein Bridge Oscillator for generating 

frequency of  15.0 kHz.        (3 marks) 

 

END OF PAPER 


