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Answers to QUESTION 1 [20 marks] 

 

a) Ro (output resistance of Widlar CS)     [Total = 8] 

 R2  = (VT ln[I1/IC4])/IC4 = (0.026ln[0.5m/200]/200 = 119  [2] 

 gm4  = IC4/VT = IQ/(VT) = (200)/0.026 = 7.692 mA/V   [1] 

 r4  =  VT / IC4 = 100(0.026)/200 = 13k    [1] 

 r4  R2 = 118        [1] 

 ro4 = VA/IC4 = 100/200 = 0.5M      [1] 

 Ro = ro4[1+ gm4 (r4  R2)] = 0.5M[1+7.692m(118)] = 954k  [2] 

 

b)  Value of RC         [Total = 4] 

vo2  = V
+
- IC2RC        [1] 

RC = (V
+
- vo2) /IC2 = (10-8)/(0.5* IC4 )=2/100 = 20k   [3] 

 

c) Differential-mode input resistance, Rid     [Total = 4] 

r2  =  VT / IC2 = 100(0.026)/100 = 26k    [2] 

Rid  = 2 rπ2 = 2(26k) = 52k      [2] 

 

d)   Common-mode input resistance, Ricm     [Total = 4] 

Assume rμ = ∞. rO = VA1/ICQ1= ∞/ ICQ1= ∞.     [1] 

Thus, Ricm  (1+)Ro = (101)(954k) = 96.4M    [2, 1] 
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Answers to QUESTION 2 [20 marks] 

 

(a)   Cascode current source labeled for pnp transistors   [2 marks] 

        Labelled the ROAL       [1 mark] 

 

 

 

 

 

 

 

 

 

 

 

(b)   Calculate ROAL: 

        IO = ICQ/2 = 0.2m/2 = 0.1 mA     [1 mark] 

  rO4 = VAP/IO = 120/0.1m = 1.200 MΩ    [1 mark] 

 ROAL = βrO4 = (80)(1.200M) = 96.00 MΩ     [2 marks] 

 

 With two-transistor current source,  

 ROAL = rO4 = VAP/IO = 120/0.1m = 1.200 MΩ   [1 mark] 

 Thus, the output resistance is smaller than the former  [2 marks] 

 

(c)  vO = gmvdRO        [1 mark] 

 RO = ROAL || rO2       [1 mark] 

 ro2 = VAN/IO = 100/0.1m = 1.000 MΩ    [1 mark] 

 RO = 96M || 1 M = 0.9897 MΩ    [1 mark] 

 gm2 = IO/VT = 0.1m/0.026 = 3.846 mA/V    [1 mark] 

 Ad = gm2RO = (3.846m)(0.9897M) = 3806    [1 mark] 

 

(d)  vO = Advd  = (3806)(10 sin t) m = 38.06 sin t V   [2, 2 marks] 

 

Q6 Q5 
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Answers to QUESTION 3(a) [10 marks] 

 

(i) Calculation of iL, iCp, iCn, and vI.     [6 marks] 

 vO = -4 V = iL RL          

 iL = vO /RL = (-4V) /(1kΩ) = -4 mA       [0.5] 

 Therefore, Qp is conducting and Qn is OFF. 

 Approximate value iL ≈ iCp = IS exp(VEBP /VT) = 4 mA   [0.5] 

 VEBP  = VT ln(iCp / IS) = (26m) ln(4m / 2x10
-15

) = 0.7364 V    [0.5] 

 VBEN  = VBB  - VEBP  = 1.4 - 0.7364 = 0.6636 V     [0.5] 

 iCn = IS exp(VBEN /VT) = (2x10
-15

) exp(0.6636 /0.026) = 0.2429 mA      [0.5] 
 iCn = iCp + iL          [0.5] 

 Actual value of iCp = iCn – iL = 0.2429m – (-4m) = 4.2429 mA   [0.5] 

  VEBP  = VT ln(iCp / IS) = (26m) ln(4.2429 m / 2x10
-15

)  = 0.73796 V   [0.5] 

  VBEN  = VBB  - VEBP  = 1.4 - 0.73796 = 0.66204 V     [0.5] 

 iCn = IS exp(VBEN/VT) = (2x10
-15

) exp(0.66204 /0.026) = 0.2288 mA     [0.5] 

 

   vI  = vO  + VBEN  - VBB  / 2 = -4 + 0.66204 - 0.7  = -4.03796 V   

  OR  vI  = vO  - VEBP  + VBB  / 2 = -4 - 0.73796 + 0.7  = -4.03796 V  [1] 

  

(ii) Calculation of power dissipation in transistor Qn and Qp:  [4 marks] 

PQn = iCn VCEn          [1] 

VCEn = +VCC – vO = +6 – (-4) = 10 V      [0.5] 

  PQn = (0.2288 mA)(10 V) = 2.288 mW      [0.5] 
PQp = iCp VECp          [1] 

VECp = vO – (-VCC) = -4 - (-6) = 2 V      [0.5] 

  PQp = (4.2429 mA)(2 V) = 8.4858 mW      [0.5] 
 

 

Answers to QUESTION 3(b) [10 marks] 

 

Ri = rπ1 + (1 + β) rπ2        [1 mark] 

rπ2 = βvT/IQ = (120)(0.026)/1m = 3.120 kΩ     [1 mark] 

  
= IQ / (1 + β) = 1m/(1+120) = 8.26 μA  [1 mark] 

rπ1 = βvT/IC1 = (120)(0.026)/(1m/(1+120) = 377.52 kΩ   [1 mark] 

Thus,  Ri = 377.52k + (1 + 120)(3.12k) = 755.04 kΩ   [1 mark] 

 

RO = 5k || (rπ3 + 10k)/(1 + β)       [2 marks] 

 Rπ3 = βvT/IC3 = (120)(0.026)/2m = 1.56 kΩ     [1 mark] 

 Thus,  RO  = 5k || (1.56k + 10k)/(121)  

   = 5k || 0.095537k = 0.09375 kΩ    [2 marks] 
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Answers to QUESTION 4(a) [10 marks] 

 

Q4(a)(i) [5 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q4(a)(ii) [3 marks] 

 

 

 

 

 

 

 

Q4(a)(iii) [2 marks] 

 Apply balanced concept, vc6 = vc5 

 Vc6 = Vc5     [0.5] 
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Answers to QUESTION 4(b) [10 marks] 

 

Q4(b)(i) [4 marks] 

 

 

 

 

 

Q4(b)(ii) [6 marks] 
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Answers to QUESTION 5(a) [6 marks] 

 

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. Av(max) = 51, when R1V = 0 Ω. 

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

R1F  = 5 kΩ         [0.5] 

Gain is minimum, i.e. Av(min) = 11, when R1V is maximum. 

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

R1V  = 20 kΩ        [0.5] 

 

Circuit:           [2] 

 

 

 

Answers to QUESTION 5(b) [4 marks] 

 

 R1 = 75 k, R2 = 100 k, R3 = 80 k, and R4 = 200 k. 

 vO1  = (-R2/R1)vI     [1] 

 vO1 / vI = -(100k/75k) = -1.333 V/V   [1] 

 vO  = (-R4/R3)vO1 = (-R4/R3)(-R2/R1)vI  [1] 

 vO / vI = (R4/R3)(R2/R1) 

   = [(200k/80k)(100k/75k)] = 3.333 V/V [1] 

5 kΩ 

 

20 kΩ 
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Answers to QUESTION 5(c) [10 marks] 

 

 Q5(c)(i)  R3 = R4 = 100 kΩ 

 

 

 

 

           [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 kΩ, i.e. 

 

           [1] 

 

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

 

{Eqn 1} = {Eqn 2} 

 99 R1 = 9 R1 + 900k      [1] 

   R1 = 10 kΩ       [1] 

   R2 = ( 99 R1 ) / 2 = 495 kΩ     [1] 

 

 

 Q5(c)(ii)  vI1 = 1.45 V, vI2 = 1.13 V, R4 = 2 R3, R1POT = 40 kΩ 

 

            [1.5] 

 

            [1.5] 
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