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 Q.1 [20 marks] 

(a) Consider the circuit shown in Fig. 1(a), derive the expression (step by step) for the voltage 

transfer function,
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o . Find the corner frequency of the circuit if  

R = 3 kΩ R1 = 6 kΩ, C1 = 0.05 µF and R2 = 8 kΩ. (8 marks) 

 
Fig. 1(a) 

(b) Draw the Bode plot (magnitude and phase) of the following transfer function.  (8 marks)    

𝑇(𝑠) = 107
(𝑠 + 1)(𝑠 + 100)

(𝑠 + 1000)
 

(c) Determine the magnitude and phase of the transfer function from the plots drawn for Q1(b) 

at frequency ω = 700 radian/sec.   (4 marks) 

 

Q.2 [20 marks] 

(a) The common emitter amplifier is shown in Fig. 2(a) with the following circuit component 

values, Rs = 0.5 kΩ, RB = 60 kΩ, RE = 3 kΩ, RL = 10 kΩ. The BJT has small-signal  

hybrid-π parameters, gm = 40 mA/V, rπ = 3 kΩ and ro = 100 kΩ. 

Design the amplifier circuit that operates at lower corner frequency, fL = 60 Hz and the 

bandwidth of the amplifier, BW = 40 kHz. Determine the midband volatage and current gain 

of the designed amplifier in dB.  (14 Marks) 

 

Fig. 2(a) 
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(b) Draw a small signal high frequency equivalent circuit diagram of a short circuited BJT 

amplifier as shown in Fig. 3(a). Analyze the circuit step by step to find the short circuit 

current gain, 
i

o

i
i

i
A  . Evaluate the unity gain bandwith, Tf   of the BJT if the transistor 

parameters are given as gm = 2 mA/V, Cgd = 10fF and Cgs = 50 fF.  (10 marks 

 

Fig. 2(b) 
 

Q.3 [20 marks] 

 

(a) Derive step by step the relation between IREF and Io a three-transistor current source as shown 

in Fig. 3(a) and design the current source such that IO = 5 mA. The transistor parameters are: 

VBE (on) = 0.7 V, β = 100 and VA = ∞.   (10 marks) 

 

 

Fig. 3(a) 

 

(b) Draw the small signal equivalent circuit diagram of the current source shown in  

 Fig. 3(a).  (2 marks) 
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(c) Design a MOSFET current source as shown in Fig. 3(c) such that IREF = 0.1mA,  

Io1= 0.2 mA, Io2= 0.3 mA assuming M3, M4 and M5 are identical. The transistors are available 

with parameters  𝑘𝑛
′ = 80 𝜇𝐴/𝑉2 ,  

VTN = 0.7 V and λ = 0.  (8 marks) 

 
Fig. 3(c) 

Q.4 [20 marks] 

 

(a) Draw a basic configuration of a feedback amplifier and show step by step that the gain 

sensitivity is reduced by a factor of )1( A .          (5 marks) 

(b) Draw the block diagram and small signal equivalent circuit diagram of a Shunt-Shunt ideal 

feedback amplifier. Analyze step by step the feedback amplifier to find the expression of the 

closed loop gain, Af, the input resistance, Rif and the output resistance, Rof in terms of open-

loop amplifier gain, A and feedback amplifier gain, β.  (10 marks) 

(c) For a series shunt feedback system, the open-loop gain Av and closed loop gain Avf of the 

amplifier are 105 and 60 respectively. Find the input resistance and output resistance of the 

amplifier if the input and output resistances of the basic amplifier are Ri = 15 kΩ and  

Ro = 35 kΩ respectively. Also find the closed loop bandwidth if the open loop amplifier 

bandwidth is 10 kHz.   (5 marks) 
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Q.5 [20 marks] 

  

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

(b) A wine bridge oscillator circuit is shown in Fig. 5. Derive the transfer function of the feedback 

network and derive the frequency of oscillation, fo. Find the minimum amplifier gain for 

sustained oscillations.           (12 marks) 

 

 
                  

Fig. 5 

 

(c) Design a wine bridge oscillator for generating 10 kHz.         (4 marks) 
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USEFUL FORMULA 

 

BJT MOSFET 
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