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Question 1 [20 marks] 
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Question 2 [20 marks] 

Q2(a)  

 

Q2(b)  

Based on symmetry, VGS3 = VGS4; VDS3 = VDS4 

;       [2] 

 thus VGS3 = VGS4 = VDS3 =  = 2 V  [1] 

VSG1 =  = 2 V     [1] 

VSD1 = VSD2 = VGS1 – (VDS3 – 10) = 2 – (2 – 10) = 10 V  [1] 

 

Q2(c)  

 = 1 MΩ    [1] 

 = 0.667 MΩ    [1] 

Ad = gm(ron || rop) [1] = (0.2)(1000k || 667k) = 80   [1] 

 

Q2(d)  

ID1 = ID2 = IQ/2 = 0.1 mA      [1] 

As ro2 = ron = 1 MΩ [0.5] and ro4 = rop = 0.667 MΩ   [0.5] 

Therefore, RO = ro2 || ro4 [2] = (1000k || 667k) = 400 kΩ  [1] 

 

M3 and M4 labels [2] 

Placement of NMOS CS [2] 

VO placement [1] 
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Question 3 [20 marks] 

 

Answer: 

Q3(a) 

   [1] 

    [2] 

   [1] 

  [1] 

   [1] 

   [1] 

 

 

  [3] 

 
 

Q3(b) 

 [2] 

   [1] 

   [1] 

 [2] 

    [1] 

 [3] 
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Question 4 [20 marks] 
 

Answer: 
    [1] or Total [5] 

    [1] or Total [5] 

Overall gain  

   [2] 

 

   [2] 

    [2]   

   [1, 1] 

     [1] 

A     [1] 

 

Elements in Ad1 and Av2 

 

 

 

 

 

 

 

 

Kn7 Kp2 gm2 gm7 
1 mA/V2 

[1] 
0.4 mA/V2 

[1] 
0.2191mA/V 

[1] 
0.4899mA/V 

[1] 

ro2 ro4 ro7 ro8 

2.218MΩ 

[1] 

2.218MΩ 

[1] 

1.109MΩ 

[1] 

1.109MΩ 

[1] 
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Question 5 [20 marks] 

 

Answers: 

Q5(a) 

Calculation: 

Av  = 1 + R2/(R1F + R1V)       [1]  

R2  = 250 kΩ. R1F is a fixed-value resistor. 

R1V is a potentiometer. Gain is maximum, i.e. 51, when R1V = 0 Ω. 

Av1  = 51 = 1 + R2/(R1F + R1V) = 1 + 250k/(R1F + 0)   [1] 

R1F  = 5 kΩ         [0.5] 

Gain is minimum, i.e. 11, when R1V is maximum. 

Av2  = 11 = 1 + R2/(R1F + R1V) = 1 + 250k/(5k + R1V)   [1]  

R1V  = 20 kΩ        [0.5] 

 

Circuit:           [2] 

 
Q5(b) 

 vO1  = (-RF /R1 ) vI1 + (-RF /R2 ) vI2  

  = (-RF /R1 ) vI1 + (-RF /R1 ) vI2  

  = (-RF /R1 ) (vI1 + vI2)    [3] 

 

 vO  = (-RF /R1 ) vO1     [1] 

  = (-RF /R1 ) (-RF /R1 ) (vI1 + vI2)  [1] 

  = (-100k /100k) (-100k /100k) (vI1 + vI2) 

  = vI1 + vI2     [1] 

 

Note: Student can use any method that leads to the same answer. 

5 kΩ 20 kΩ 



EEEB273, Semester 2 2015/2016 
 
 

Page 7 of 9 
 
 
 

 

 

Q5(c) 

  RF / R1 = 10 è RF = 10 R1     [0.5] 

and RF / R2 = 5 è RF = 5 R2     [0.5] 

So, resistor R1 will be the smallest value. Set R1 = 25 kΩ. [1] 

 

è  RF = 10 R1 = 10 x 25 kΩ   = 250 kΩ [0.5] 

and  R2 = RF / 5 = 250kΩ / 5     = 50 kΩ [0.5]  

 

  RN = R1 || R2 = 25 kΩ || 50 kΩ  = 16.667 kΩ 

  1 + RF / RN = 1 + 250k / (16.667k)  = 16    

  (1 + RF / RN)(RP / RA) = (16) (RP / RA) = 2  [0.5] 

and (1 + RF / RN)(RP / RB) = (16) (RP / RB) = 5  [0.5] 

So,  (RA / RB) = 5/2.      [0.5] 

 

Choose  RB = 80 kΩ,       [1] 

then  RA = 200 kΩ       [1] 

  RP = (5 RB) / 16  = (2 RA) / 16 

è  RP = 25 kΩ      [0.5] 

  RP = RA || RB || RC 

è RC = 44.45 kΩ     [1] 
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