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Question 1 [20 marks] 

 

Figure 1 shows a BJT differential amplifier biased by a BJT cascode current source. 

Transistor Q1 and Q2 in the differential amplifier have the transistor parameters of β = 150, 

VBE(on) = 0.7 V, and VA = ∞. Transistor Q3, Q4, Q5, and Q6 in the cascode current source have 

the transistor parameters of β = 50, VBE(on) = 0.7 V, and VA = 250 V.  

The circuit parameters are: V+ = 10 V, V− = −10 V, and IREF = 0.5 mA. Output for the 

differential is taken as one-sided output at vC2. 

 

 
Figure 1 
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(a) Calculate R1 and the output resistance (RO) of the cascode current source looking into 

the collector of Q6.        [7.5 marks] 

 

(b) Determine the value of RC if the differential-mode voltage gain (Ad) of the differential 

amplifier is 200 V/V?        [5 marks] 

 

(c) Find the common-mode voltage gain (Acm) of the differential amplifier using the values 

found in part (a) and (b).  The equation for calculating Acm is given as  

  

           [6 marks] 

 

 

(d) Suggest how the common-mode voltage gain (Acm) can be reduced.  [1.5 marks] 
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Question 2 [20 marks] 

 

Figure 2 shows a differential amplifier with a pair of PMOS transistors as input devices.  The 

circuit is biased with IQ = 0.2 mA, and the transistor parameters are: gm = 0.2 mA/V, Kn = Kp = 

0.1 mA/V2, λn = 0.01 V−1, λp = 0.015 V-1, VTN = 1 V, and VTP = −1 V.  A pair of NMOS 

transistors is then connected to the circuit as an active load. 

 
Figure 2 

 

(a) Draw the complete circuit of a differential amplifier with NMOS active load, as shown in 

Figure 2.         [5 marks] 

 

(b) Find the quiescent drain-to-source voltage in each transistor (i.e. VDS or VSD of each 

transistor) when VG1 = VG2 = 0 Volt.         [5 marks] 

 

(c) Determine the open-circuit differential-mode voltage gain, Ad.   [5 marks] 

 

(d) Calculate the output resistance, RO, of differential amplifier with active load in Figure 2. 

           [5 marks] 
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Question 3 [20 marks] 

 

(a) Consider the Class-A emitter-follower circuit shown in Figure 3. The circuit parameters 

are V+ = 12 V and V- = -12 V. Assume all transistors are matched with VBE(on) = 0.7 V, 

VCE(sat) = 0.2 V, and VA = ∞. An average power of 50 mW is to be delivered to the load 

RL = 25 Ω. Design the circuit such that the minimum current iE1 is 20% of IQ. 

                [10 marks] 

 

   
  Figure 3      Figure 4 

 

 

(b) Determine the input resistance (Ri) and output resistance (Ro) of the circuit in Figure 4. 

Let the transistor parameters β  = 60 and VA = ∞.    [10 marks] 
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Question 4 [20 marks] 

 

Assume the transistor parameters of |VT | = 0.6 V and λ = 0.015 V-1 for all transistors, k’n = 100 

µA/V2, k’p = 40 µA/V2, and circuit parameters of V+ = +5 V and V- = -5 V, and Rset = 150 kΩ. 

Given that the aspect ratios (W/L)3,4 = 10 for transistors M3 and M4, and (W/L) = 20 for other 

transistors, determine the overall small signal differential-mode voltage gain for the 

MC14573 op-amp in Figure 5.       [20 marks] 

 

 
Figure 5 
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Question 5 [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 from 11 to 51 V/V. 

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

resistor (R1F). Draw and label 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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Figure 7 
 
(c) For a generalized summing op-amp 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 7 to produce the output of 

 

 

          [8 marks] 

 
-END OF QUESTION PAPER- 
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APPENDIX: 

 

A) BASIC FORMULA FOR TRANSISTOR 

BJT      MOSFET 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B) HYBRID-π  EQUIVALENT CIRCUITS 

BJT          MOSFET 
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