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 Q.1 [20 marks] 

(a) Draw the Bode plot (magnitude and phase) of the following transfer function. (marks 3+3)  
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(b) Determine the magnitude and phase of the transfer function from the plots drawn in Q.1(a) 

at a frequency, 𝑠 = 300 radian/sec.   (marks 2+2) 

 

(c) A common emitter amplifier circuit as shown in Fig. 1(c) has β = 90 and rπ = 1.5 kΩ 

i. Draw the small-signal AC equivalent circuit.                (marks 2) 

ii. Determine the input and output resistances of the amplifier          (marks 3+2) 

iii. Calculate the corner frequencies                 (marks 3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig. 1(c) 
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Q.2 [20 marks] 

(a) Draw the simplified small-signal high-frequency equivalent circuit of Fig. 1(a).  

 (marks 2) 

 

 
 

Fig. 1(a) 

 

 

 

(b) Determine the transistor short-circuit beta frequency, 𝑓𝛽 and cutoff frequency, 𝑓𝑇 using the 

simplified small-signal high-frequency equivalent circuit of Fig. 1(a).  

 (marks 8) 

  

(c) A simplified small signal high-frequency transistor amplifier model is shown in Fig. 2(c). 

The transistor parameters are, 𝑟𝜋 = 1.5 𝑘𝛺, 𝛽 = 150, 𝑟0 = 80 𝑘𝛺,  𝐶𝜋 = 20 𝑝𝐹  and 𝐶𝜋 =

10 𝑝𝐹 . If the circuit parameters are, 𝑅𝑆 = 1.5 𝑘𝛺, 𝑅𝐵 = 15 𝑘𝛺, 𝑅𝐶 = 15 𝑘𝛺 and 𝑅𝐶 =

10 𝑘𝛺 then determine the followings:  

 

i. The Miller capacitor value        (marks 6) 

ii. −3dB higher corner frequency       (marks 4) 

  

 
 

 

Fig. 2(c) 
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Q.3 [20 marks] 

(a)  

i. Design a modified basic current source as shown in Fig. 3(a) to give an output 

resistance𝑅0 = 45 𝑀𝛺. All the transistors are identical and their parameters are, 𝑔𝑚 =

60 𝑚𝐴/𝑉, 𝑟𝜋 = 2.5 𝑘𝛺, and 𝑉𝐴 = 150 𝑉 respectively. The circuit parameters are, 𝑉𝐶𝐶 =

40 𝑉,  𝑉𝐵𝐸1 = 𝑉𝐵𝐸2 = 𝑉𝐵𝐸3 = 0.7 𝑉 and 𝑉𝐶𝐸2 = 25 𝑉 respectively.  

           (marks 3) 

ii.  Determine the collector current ratio of the circuit,  
𝐼𝐶2

𝐼𝐶1
 .   (marks 3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       Fig. 3(a) 

 

(b) Deduce the following expressions step by step for MOSFET current source as shown in  

Fig. 3(b). Assuming all the MOSFETs are identical.         

 

i. MOSFETs parameter ratio,  𝐾𝑛3/𝐾𝑛2               (marks 2.5) 

ii. Output resistance, 𝑅0                 (marks 2.5) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          Fig. 3(b) 
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iii. Design an integrated MOSFET current source as shown in Fig. 3(b) for output current 

𝐼0 = 𝐼𝐷1 = 𝐼𝐷2 = 10 μA and output resistance  𝑅0 = 30 MΩ . All the MOSFETs are 

identical and their threshold voltage𝑉𝑡1 = 𝑉𝑡2 = 𝑉𝑡3 = 0.5 V. Assume that the supply 

voltage, 𝑉𝐷𝐷 = 30 V,  𝑉𝐷𝑆1 = 15 V and 𝑉𝐺𝑆1 = 10 V.                      (marks 3+3+3) 

 

Q.4 [20 marks] 

(a) What are the merits and demerits of the negative feedback amplifier?         (marks 4) 

 

(b) Prove that gain sensitivity of an amplifier is improved with negative feedback.        (marks 4) 

 

(c) The open loop gain of a voltage amplifier is changed from 1000 to 850 due to temperature 

effects. Design a negative feedback system to improve the gain stability 1.5% by 

determining the feedback factor β.         (marks 4) 

 

(d)  The feedback voltage, 𝑣𝑓𝑏 and the error voltage 𝑣𝜀  of a series-shunt amplifier are 1.5 V and 

100 µV respectively. The close-loop voltage gain of the amplifier is, 𝐴𝑣𝑓 = −300 and the 

input and output resistances of the original amplifier are 𝑅𝑖 = 10 kΩ  and 𝑅0 = 1.5 kΩ  

respectively. 

 

i. Determine the open-loop gain and feedback factors of the circuit.           (marks 4) 

 ii. Determine the input and output resistances of the amplifier after feedback.        (marks 4) 

 

Q.5 [20 marks] 

(a) What are the conditions for oscillation?                 (marks 2) 

(b) A wine bridge oscillator circuit as shown in Fig. 5(b),  derive the equations  

 

i. The loop gain of the circuit for sustaining oscillation                (marks 7) 

ii. Frequency of oscillation                    (marks 7) 

 

 
                 Fig. 5(b) 
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(c) Design a wine bridge oscillator for generating 1.5 kHz. Assume that the capacitor value is 

0.22µF.         (marks 4) 

 

 

                  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

USEFUL FORMULA 

 

BJT MOSFET 
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END OF PAPER 


