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Question 1 [20 marks] 

 

Answers to QUESTION 1 

(a) Two-transistor current source 

 
 
Total 5 marks 

Placement of Q1 and Q2 [2 marks] 

Resistors R1 [1 marks] 

IREF and IO labels [2 marks] 

Widlar current source 

 
Total 5 marks 

Placement of Q1 and Q2 [2 marks] 

Resistors R1 and RE [2 marks] 

IREF and IO labels [1 mark] 

(b) IC1 = IREF = ISe(VBE1/VT) …(1) [1 mark] 

IC2 = IO = ISe(VBE2/VT) …(2)     [1 mark] 

      VBE1 – VBE2 = IORE … (3)         [1 mark] 

      VBE1 = VT ln (IREF/IS) and VBE2 = VT ln (IO/IS) 

      IORE = VT ln (IREF/IS) - VT ln (IO/IS) [1 mark] 

                = VT ln (IREF/IO) (proven) [1 mark] 

 

(c) Using 𝐼𝑐 = 𝐼𝑆𝑒
𝑉𝐵𝐸
𝑉𝑇 ; 

 

𝐼𝑆 =
𝐼𝐶1

𝑒

𝑉𝐵𝐸
𝑉𝑇

=
1𝑚

𝑒0.7/0.026
 = 2.03 × 10

-15 
A 

 

At IREF = 3 mA, VBE = VT ln (IREF/IS)  

 

So VBE = (0.026) ln(3m / 2.03 ×10
-15

) = 0.7286 V    

 

Designing for R1; 

V
+
 - IREFR1 – VBE1 – V

–
 = 0 

R1 =( 20 – 0.7286) / 3m = 6.423 k 

Designing for RE;  

IORE = VT ln(IREF/IO) 

RE = (VT/IO) ln(IREF/IO) = (0.026/50) ln(3m/50)  = 2.129 k 
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Question 2 [20 marks] 

 

Answer to Q2(a): 

 

IREF = (V
 +

 - VBE5 - VBE3 - V 
-
) / (R1) ≈ IQ (β = 200)   [2 marks] 

         = (10-0.7-0.7-(-10)) / (10k) = 1.86 mA   [2 marks] 

Ad = (gm RC) / 2 = (IQ RC) / (4VT)     [2 marks] 

gm = IQ / (2VT) = (1.86m) / (2x26m) = 35.7692 mA/V  [2 marks] 

Ad = (35.7692m)(12.8k) / (2) = 228.923 V/V   [2 marks] 

 

 

Answer to Q2(b): 
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Question 3 [20 marks] 

 

Answers:   

 

Q3(a) 

 

I1= [V
+
 - V

-
 -VBE]/R1= (10-0.7)/18.6k = 0.5 mA    [1] 

IQR2=VTln(I1/IQ) 

IQ(59.6) = (0.026)ln(0.5m/IQ)  IQ = 0.27 mA = IC8    [2] 

IC2 = 0.135 mA (Neglect base current in Q1 and Q2)   [1] 

IR4 = [V
+
 - IC2RC – VBE3 – VBE4] / R4         

IR4 = [2.3 - 2(0.7)]/11.5k = 78.26 uA = IC4 (Neglect base current)  [2] 

IC3 = IC4 / (1+β) = (78.26 u )/(151) = 0.5217 uA    [2] 

IC6  IE6 =(vo-V
-
)/R7= (-0.1316+5)/5k = 0.9737 mA    [2] 

 

 Q3(b) 

Ad = vO/vd = (vO2/vd)(vO3/vO2)(vO/vO3) = Ad1Av2Av3    [1] 

Ad1 = (gm2/2)(RC || Ri2)        [1] 

gm2 = ICQ2/VT = IQ/(2VT) = (0.27m)/(2 x 0.026) = 5.912 mA/V  [0.5] 

rπ4 = β VT / IC4 = (150 x 26m) / (78.26 u) = 49.83 kΩ   [0.5] 

rπ3 = β VT / IC3 = (150 x 26m) / (0.5217 u) = 7.476 MΩ   [0.5] 

Ri2 = rπ3 + (1 + β) rπ4 = 7.476M + (151)(49.83k) = 14.92 MΩ  [1.5] 

Ad1 = (0.5)(5.912m)(20k║14.92M) = 59.04     [0.5] 

𝐴𝑣2 =
𝛽(1+𝛽)(𝑅5‖𝑅𝑖3)

𝑅𝑖2
=

(150)(151)(5𝑘)

14.92𝑀
= 7.59     [2.5] 

Av3 ≈ 1          [1] 

Ad = (59.04)(7.59)(1) = 448.1       [1] 
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Question 4 [20 marks] 

Answers:   

Q4(a) 

PL(ave)=10=(1/2)(Vp
2
/RL)      [1] 

V
P 

= 0.8 V
CC = (0.8)(24) = 19.2 V     [1] 

R
L 

=(1/2)[Vp
2
/PL(ave)]= SQR(19.2) / [(2)(10)] = 18.43 Ω  [2] 

PS(ave)= 2VCCI = 2(24)(19.2/[()(18.43)]) = 15.92 Watts  [4] 

 = P
L(ave) / PS(ave) 

= 10/15.92 = 0.628 or 62.8%   [2] 

 

Q4b(i) 

 

 

 

 

 

Q4b(ii) 
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Question 5 [20 marks] 

 

Answers:           

Q5(a)  

 

Av  = vO / vI = - (R2 + R2V)  / (R1 + R1V)    [2] 

 

R1 (min) = R1 = 20 kΩ       [1] 

R1 (max) = R1 + R1V  = 20 kΩ + 30 kΩ = 50 kΩ   [1] 

R2 (min) = R2 = 30 kΩ       [1] 

R2 (max) = R2 + R2V  = 30 kΩ + 40 kΩ = 70 kΩ   [1] 

 

Absolute value of Av is maximum when: 

Av(max) = ABS(- R2(max)  / R1 (min))    [1] 

 Av(max) = ABS(-70k/20k) = 3.5 V/V    [1] 

 

Absolute value of Av is minimum when: 

Av(min) = ABS(- R2(min)  / R1(max))      [1] 

 Av(min) = ABS(-30k/50k) = 0.6 V/V    [1] 

 

Q5(b) 

 

  RF / R1 = 10  RF = 10 R1      [1] 

and RF / R2 = 5  RF = 5 R2      [1] 

Given R1 = 50 kΩ, 

  RF = 10 R1 = 10 x 50 kΩ   = 500 kΩ  [1] 

and  R2 = RF / 5 = 500 kΩ / 5     = 100 kΩ  [1]  

 

  RN = R1 || R2 = 50 kΩ || 100 kΩ  = 33.333 kΩ 

  1 + RF / RN = 1 + 500k / (33.333k)  = 16   [0.5]  

  (1 + RF / RN)(RP / RA) = (16) (RP / RA) = 3   [1] 

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

So,  (RA / RB) = 5/3       [1] 

 

Given  RA = 240 kΩ,  

then  RB = (3 RA) / 5    = 144 kΩ   [1] 

  RP = (5 RB) / 16  = (3 RA) / 16 

  RP = 45 kΩ       [0.5] 

  RP = RA || RB || RC 

 RC = 53.34 kΩ      [1] 

4321 52510 IIIIO vvvvv 
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APPENDIX: 

 

A) BASIC FORMULA FOR TRANSISTOR 

BJT      MOSFET 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B) HYBRID-π  EQUIVALENT CIRCUITS 

BJT          MOSFET 

   

 

C) QUADRATIC FORMULA 
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