
FINAL EXAM, SEMESTER 1 2012/2013 
 
Answer: Question 1 
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At IO = IREF: 
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Answer: Question 2 
 
(a) 
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Answer: Question 2 
 
(b) 
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The current  QCC III ≅+ 43      [0.5 mark] 
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  Given, IQ = 0.2 mA, hence: 
 

                      ( ) nA 8.19
1001100
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Answer: Question 3 
 

(a) VGS5 = VGS7  {Identical transistors}   [0.5] 
VGS5 + VGS7 = 2 VGS5 = V+ - V- = 10 - (-10) = 20 V  [0.5] 
VGS5 = 10V = VGS7      [0.5] 
I1 = Kn (VGS5 - VTN)2 =  Kn (VGS7 - VTN)2   [1] 
I1 = (0.2m)(10-2)2 = 12.8 mA    [0.5] 
IQ = I1 = 12.8 mA      [1] 
ID1 = ½ IQ = 6.4 mA      [1] 

 
(b) vo = (gm)vd (ro2 || ro4 || RL)  therefore Ad = (gm)(ro2 || ro4 || RL)   [1.5] 

 
gm = 2�(Kn ID1) = 2�[(0.2m)(6.4m)] = 2.26 mA/V  [1] 
 
ro2 = 1/(λn ID1) = 1/(0.02)(6.4m) = 7.812 k�  [1]  
ro4 = 1/(λp ID1) = 1/(0.015)(6.4m) = 10.417 k�  [1] 
(ro2 || ro4 || RL) = (7.812k)||(10.417k)||(100k) = 4.273 k� [0.5] 
 
Ad = (2.26 mA/V) x (4.273 k�) = 9.668  [1] 

 
 

(c) CMRR = 20 log [Ad / Acm] = 60 dB    [1, 0.5] 
Acm = Ad / [1060/20] = 9.668x10-3      [1, 0.5] 

 
 

(d) Select two answers:  
Increase the current source output resistance.    [1] 
Increase the diff amp output resistance by using cascode active loads.  [1] 
Reduce the loading effect by increasing load resistance, RL.     [1] 

 



Answer: Question 4 
 
 (a) Q3 and Q4 are lateral pnp devices which provide additional protection against voltage 
breakdown. This is because the breakdown voltage of a lateral pnp B-E junctions is a lot 
higher than the reverse biased npn B-E junction. 

(b)  
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Answer: Question 5 
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Answer: Question 6 
 
(a) . 
  vO  = (1+R2/R1)v2      [1] 
  v2  = [R4/(R3+R4)]vI     [1] 
  vO  = (1+R2/R1) [R4/(R3+R4)]vI    [1] 
  Av  = vO/vI  = (1+R2/R1) [R4/(R3+R4)]   [1] 
    = [1+(200k/25k)][50k/(50k+25k)] =(9)(2/3) =6 [1] 
 
(b) . 

  vO  = (-R4/R3)vO1      [1] 
  vO1  = (-R2/R1)vI      [1] 
  vO  = (-R4/R3)(-R2/R1)vI     [1] 
    = [(-60k/150k)(-100k/20k)(0.12)] = 0.24 V  [1] 
 
(c) . 
 
 (i)  Difference amplifier      [1] 
 
 (ii)  R3 = R4 = 100 k� 
 
 
 
 
          [1] 
  Av is maximum (i.e. Av = 100) when R1POT = 0, i.e. 
 
          [1] 
 
  

99 R1 = 2 R2   {Eqn 1}   [0.5] 
 

  Av is minimum (i.e. Av = 10) when R1POT = 100 k�, i.e. 
 
          [1] 
 
  

9(R1 + 100k) = 2 R2  {Eqn 2}   [0.5] 
 

{Eqn 1} = {Eqn 2} 
  99 R1 = 9 R1 + 900k      [1] 

�   R1 = 10 k�      [1] 
�   R2 = ( 99 R1 ) / 2 = 495 k�    [1] 

 
 (iii)  vI1 = 1.00 V, vI2 = 1.15 V, R4 = 2 R3, R1POT = 40 k�, 

 R1 = 10 k�, R2 = 496 k�, 
 
          [1.5] 
 
          [1.5] 
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