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Question 1  [30 marks] 

 

A differential amplifier is shown in Figure 1.   The circuit parameters are given as V
+
 = 10 V, V

¯ 
= 

10 V, and IQ = 1.5 mA.  The NMOS transistor parameters are VTN = 0.4 V, k’n = 100 A/V
2
, λn = 

0.025 V
-1

, (W/L)1,2 = 5 and (W/L)8 = 20.  The PMOS transistor parameters are VTP = 0.4 V, k’p = 

40 A/V
2
, λp = 0.04 V

-1  
and (W/L)3,4 = 10.   

i. Determine the range of the output voltage, vo, for the differential amplifier.        

[15 marks] 

ii. Define common mode rejection ratio, CMRR. How can the circuit in Figure 1 be 

redesigned to improve its CMRR? Explain what will happen to the range of the output 

voltage calculated in part i) if the circuit is redesigned.     [5 marks] 

iii. Find the output resistance, Ro, of the differential amplifier.   [10 marks]   

 

Answer for Question 1(i) – 15 marks 
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Answer for Question 1(ii) – 5 marks 
 

 Common mode rejection ratio, CMRR: Ability of Differential amplifier circuit to reject 

common-mode input signal. Ideally CMRR is infinity.  [1.5 marks] 
 

[1 mark]  

 

 For Figure 1, CMRR is improved by lowering its common mode gain Acm [0.5 marks] 

 Acm is decreased by using a current source circuit with higher output resistance, for example 

Cascode, Wilson or Widlar current source.  [1 mark] 

 Using Cascode, Wilson or Widlar as biasing circuit will increase the voltage across the 

current source, therefore the value of VO(min) calculated in part i) will be increased, i.e. the 

output voltage range is reduced.  [1 mark] 

 

Answer for Question 1(iii) – 10 marks 
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Question 2 [30 marks] 

 

(a) The circuit in Figure 2 has a pair of npn bipolar transistors as input devices and three-pnp-

bipolar- transistor circuit connected as an active load. The differential amplifier circuit is biased 

with a constant current source IQ = 0.2 mA that has and output resistance ROCS = 50 MΩ. The 

transistor parameters are:  β = 100, VA1 = VA2 = 100 V, VA3 = VA4 = 60 V, and VA5 = ∞.  

 

i. Calculate the open-circuit differential-mode voltage gain Ad.    [12 marks] 

ii. Determine RL such that the differential-mode voltage gain is reduced to 80% of its open-

circuit value.          [8 marks] 

 

Answer for Question 2(a) 

 

 (i)  IC2  = βIE /(1+ β)     [1] 

  = βIQ /[2(1+ β)]    [1] 

  = (100)(0.2m)/2(101) = 0.0990 mA  [1] 

 

rO2  = VA2/IC2 = 100/0.0990m = 1.01 MΩ  [2] 

rO4  = VA4/IC4 = 60/0.0990 m = 606.1 kΩ  [2] 

 

RO = rO2║rO4 = 1.01M║606.1k = 378.8 kΩ  [2] 

 

gm = IC2/VT = (0.0990m)/(0.026) = 3.808 mA/V [2] 

 

Av = gm(RO) = (3.808 m)( 378.8 k) = 1442  [1] 

 

 

(ii)  New RON  = RO║RL     [2] 

   = RORL/( RO+RL) 

AvN   = (80%)(1442) = 1153.6  [1] 

 

Thus  1153.6 = gm(RON) = [gmRORL]/( RO+RL) [2] 

1153.6(RO+RL) = 1442RL  

RL = (1153.6 RO)/(1442-1153.6) 

 = (1153.6 x378.8k)/(288.4) = 1515.2 kΩ [3] 

 

OR (can be accepted) 

 

(i)  IC2  = IQ /2 = 0.2m/2 = 0.1 mA    [3] 

 

rO2  = VA2/IC2 = 100/0.1m = 1 MΩ   [2] 

rO4  = VA4/IC4 = 60/0.1m = 600 kΩ  [2] 

 

RO = rO2║rO4 = 1M║600k = 375 kΩ   [2] 

 

gm = IC2/VT = (0.1m)/(0.026) = 3.846 mA/V  [2] 
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Av = gm(RO) = (3.846m)( 375k) = 1442  [1] 

 

 

(ii)  New RON  = RO║RL     [2] 

   = RORL/( RO+RL) 

AvN   = (80%)(1442) = 1153.6  [1] 

 

Thus  1153.6 = gm(RON) = [gmRORL]/( RO+RL) [2] 

1153.6(RO+RL) = 1442RL  

RL = (1153.6 RO)/(1442-1153.6) 

 = (1153.6 x378.8k)/(288.4) = 1515.2 kΩ [3] 

 

 

 
Figure 2 
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(b) Refer to Figure 3. It is given that IQ = IR4 = IR6 = 0.4 mA, and IR7 = 2 mA. Neglect base currents 

and assume VBE(on) = 0.7 V for all transistors except Q8 and Q9 in the Widlar circuit. From 

small-signal analysis, Ri2 = 1.3M Ω. Calculate the overall gain of the circuit, Ad = vO/vd. State 

any assumptions. Assume β = 100 and VA = ∞. It is given that the gain of the Darlington Pair can 

be calculated using:  

  

                     [10 marks] 

 

 

 
Figure 3 
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Answer for Question 2(b) 

 

Ad = vo/vd = Ad1 x Av2 x Av3 [1 mark] 

 

Ad1 = ½ gm1(Rc||ro2||Ri2)  [1 mark] 

 

Ic1 = IQ/2 = 0.4m/2 = 0.2mA 

gm1 = Ic1/VT =  0.2m/26m = 7.692 mA/V [1/2 marks] 

 

ro2 infinity 

 

 Ad1 = ½ (7.692 m)(20k||1.3M) = ½ (7.692 m)(19.7k)  

             = 75.75 V/V  [1/2 marks] 

 

Av2 = (IR4/2VT)(R5||Ri3) 

 

Ri3 = rπ5 + (1+β)RE’ [1 mark] 

RE’ = R6 + (Rb6||Rc9) = R6 + Rb6  since Rc9 infinity  [1 mark] 

Rb6 = rπ6 + (1+β)R7 [1 mark] 

 

rπ6= βVT/Ic6 = (100)(26m)/2m = 1.3kΩ  [1/2 marks] 

rπ5= βVT/Ic5 = (100)(26m)/0.4m = 6.5kΩ  [1/2 marks] 

 

Rb6 = 1.3k + (1+100)(5k) = 506.3kΩ  [1/2 marks] 

RE’ = R6 + Rb6 = 16.5k + 506.3k = 522.8kΩ 

Ri3 = rπ5 + (1+β)RE’ = 6.5k + (1+100)(522.8k) = 52.81 MΩ  [1/2 marks] 

 

 Av2 = (0.4m/2x26m)(5k||52.81M) =38.46 V/V  [1/2 marks] 

 

    Av3 = 1 V/V [1 mark] 

 

 Ad = vo/vd = 75.75  x 38.46  x 1 = 2913 V/V [1/2 marks] 
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Question 3 [40 marks] 

 

(a) Compare and contrast the output stage classes (namely class-A, class-B, and class-AB). You 

might consider the keywords: percent (%) of time the output transistors are conducting; the 

power conversion efficiency; quiescent bias current; power dissipation.  [15 marks] 

 

Answer for Question 3(a) 
  

 percent (%) of time the 

output transistors are 

conducting 

power conversion 

efficiency 

quiescent bias current 

Class-A entire cycle of the input 

signal 

[2 marks] 

 

[2 marks] 

 

rarely used in high-power 

applications 

Output transistor is 

biased at a quiescent 

current IQ 

[1 mark] 

Class-B Exactly one-half of each 

sine-wave input cycle 

[2 marks] 

 

[2 marks] 

Zero quiescent current 

[1 mark] 

Class-AB slightly more than half a 

cycle of the input signal 

[2 marks] 

Power conversion 

efficiency in between 

class-A and class-B 

[2 marks] 

biased at a small 

quiescent current IQ 

[1 mark] 
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(b) Consider the emitter follower of the class-A output stage shown in Figure 4. The circuit 

parameters are: V
+ 

= 7.5 V, V
-
 = -7.5 V, and RL = 2 kΩ. Assume all transistors are matched 

with VBE(on) = 0.7 V and VCE(sat) = 0.5 V. Neglect base currents in your calculations. 

 

i) Find the value of R1 that gives the maximum possible output range.  [10 marks] 

ii) Sketch the output current waveform (iC1) for one complete input cycle.  [5 marks] 

iii) Calculate the power conversion efficiency,, for this output stage.   [10 marks] 

 

Answer for Question 3(b) 

 

           Figure 4 
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