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QUESTION 1  [30 marks] 

 

Answers for Question 1 

 (a) 

  𝐼𝑂 = 𝐼𝐵5        [1] 

𝐼𝐵5 =
𝐼𝐸5

(1+𝛽)
=

𝐼𝐵3+𝐼𝐵4

(1+𝛽)
      [2] 

Must indicate currents in Figure 1 

𝐼𝐵5 =

𝐼𝐶3
𝛽

+
𝐼𝐶4

𝛽

(1+𝛽)
=

𝐼𝐶1
𝛽

+
𝐼𝐶2

𝛽

(1+𝛽)
     [2] 

𝐼𝑂 = 𝐼𝐵5 =
𝐼𝐶1+𝐼𝐶2

𝛽(1+𝛽)
=

𝐼𝑄

𝛽(1+𝛽)
    [2] 

𝐼𝑂 =
𝐼𝑄

𝛽(1+𝛽)
=

0.24m

200×201
= 5.97 nA   [3] 

 
 (b)   

  𝐼𝐶2 = 𝐼𝐶4 =
𝐼𝑄

2
=

0.24𝑚

2
= 0.12 mA    [2] 

  𝑟𝑜2 =
𝑉𝐴2

𝐼𝐶2
=

100

0.12𝑚
= 833.3 kΩ     [1] 

  𝑟𝑜4 =
𝑉𝐴4

𝐼𝐶4
=

60

0.12𝑚
= 500 kΩ     [1] 

  𝑅𝑂 = 𝑟𝑜2||𝑟𝑜4 = 833.3𝑘||500𝑘 = 312.5 kΩ   [1] 

  𝑔𝑚2 =
𝐼𝐶2

𝑉𝑇
=

0.12𝑚

0.026
= 4.615 mA/V    [1] 

  𝐴𝑑 = 𝑔𝑚2(𝑟𝑜2||𝑟𝑜4) = 𝑔𝑚2(𝑅𝑂)    [2] 

  𝐴𝑑 = (4.615𝑚)(312.5𝑘) = 1442    [1] 

  𝐴𝑑(New) = 80% × 𝐴𝑑 = 0.8 × 1442 = 1153.6  [2] 

  𝐴𝑑(New) = 𝑔𝑚2(𝑟𝑜2||𝑟𝑜4||𝑅𝐿) = 𝑔𝑚2(𝑅𝑂||𝑅𝐿)  [2] 

  1153.6 = (4.615𝑚)(312.5𝑘||𝑅𝐿)    [1] 

  𝑅𝐿 = 1286 𝑘Ω       [1] 
 

 (c) Use Cascode {OR Wilson} current source as active load.   [2]  

Draw the circuit incorporated in diff-amp with New Active load.  [1] 

Discussion: Increases output resistance of the diff-amp with new active load, help 

reduces the loading effect when load is connected because output resistance of 
Cascode configuration is βrO4 {OR Wilson configuration is βrO3/2} which is at 

least 200X larger for Cascode {OR 100X larger for Wilson} than that in the circuit 

in Figure 1. This larger output resistance of the active load definitely will increase 

the differential mode voltage gain of the diff-amp.   [2] 

 

NOTE: Part (c) can have any other reasonable and logical answer! 
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QUESTION 2  [30 marks] 

 

Answers for Question 2 

 

 
 

 

  

 

a) State the function of each transistor M1 to M6 in Figure 1. [6 marks] 

 

 M1 & M2: differential-pair , common-source amplifiers [2 marks] 

 M3 to M6: cascode current mirror [2 marks], active load [2marks] 

 

b) Calculate the voltages VGS1, VSG5 and VD1. [12 marks] 

 

ID1 = ½ kn’(W/L)1(VGS1-VTN)
2  

[1 mark] 

ID1= ½ IQ = 0.3m/2 = 0.15m   [1 mark] 

0.15m = ½ (200u)(10)(VGS1-0.8)
2  

[1 mark] 

  VGS1 = 1.1873 V    [1 mark] 

 

ID5 = ½ kp’(W/L)5(VSG5+VTP)
2  

[1 mark] 

ID5= ½ IQ = 0.3m/2 = 0.15m   [1 mark] 

0.15m = ½ (80u)(30)(VSG5-0.7)
2  

[1 mark] 

  VSG5 = 1.0536 V    [1 mark] 

 

 VD1 = VD3 = V
+
 - VSG5 – VSG3  [1 mark] 

 VSG3=VSG5 = 1.0536 V   [2 marks] 

  VD1 = 5 – 2(1.0536) = 2.893V  [1 mark] 

 

 

c) Calculate the differential gain of the circuit if: (W/L)1-2=10,  (W/L)3-6= 30   [12 marks] 

Ad=gm1x[ro2||Ro4cascode]       [2 marks] 

 

gm1=2sqrt[(Kn1)(ID1)] = 2sqrt[0.5(200u)(10)(0.15m)] = 0.7746mA/V [1 mark] 

ro2=1/(lambdan)(ID2) = 1/(0.01x0.15m) = 666.7kOhm   [1 mark] 

 

Ro4cascode=gm4ro4ro6       [2 marks] 

gm4=2sqrt[(Kp4)(ID4)] = 2sqrt[0.5(80u)(30)(0.15m)] = 0.8485mA/V [1 mark] 

ro4=1/(lambdap)(ID4) = 1/(0.015x0.15m) = 444.4kOhm   [1 mark] 

ro4=ro6         [1 mark] 

Ro4cascode=(0.8485m)(444.4k)(444.4k)=167.6MOhm   [1 mark] 

 

Ad= gm1x[ro2||Ro4] = (0.7746m)(666.7||167.6M) = 514.6.8 V/V  [2 marks] 
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QUESTION 3  [20 marks]  

 

Answers for Question 3 

 

 (a) 

RL7  = Rc11║Rb12         [1] 

 

Rb12  = rπ12 + (1+ βn) Rb8 

Rb8  = rπ8 + (1+ βn) R4 

rπ8  = βn VT / IC8 = (120 x 0.026)/( 1.2m) = 2.6 kΩ   [1] 

Rb8  = rπ8 + (1 + βn) R4 = 2.6k + (121)(5k) = 607.6 kΩ   [1] 

 

IC12  = IE12 (βn / (1 + βn)) = IB8 (βn  / (1 + βn)) = (IC8/ βn) (βn  / (1 + βn))  

= IC8 / (1 + βn) = 1.2m / (121) = 0.009917 mA = 9.917 μA  [2] 

rπ12  = βn VT / IC12 = (120 x 0.026) / (9.917μ) = 314.6 kΩ   [1] 

Rb12  = rπ12 + (1+ βn) Rb8 = 314.6k + (121)(607.6k) = 73.834 MΩ  [1] 

 

Rc11  = ro11 (1 + gm11 (rπ11║ R3))      [1] 

ro11  = VA11 / IC11 = 120 / 0.3m = 400 kΩ     [1] 

gm11  = IC11 / VT = 0.3m / 0.026 = 11.538 mA/V    [1] 

rπ11  = βn VT / IC11 = (120 x 0.026) / (0.3m) = 10.4 kΩ   [1] 

Rc11  = (400k) (1 + 11.538m (10.4k ║0.2k)) = 1.305 MΩ   [1] 

 

RL7  = Rc11║Rb12 = 1.305M║73.834M = 1.282 MΩ   [1] 

 

(b) 

Ro  = R4║(rπ8 + Z1) / (1 + βn)      [1] 

Z1  = (rπ12 + Z) / (1 + βn)       [1] 

Z = Rc11 || Rc7         [1] 

Rc7  = ro7 = VA7 / IC7 = 60 / 0.3m = 200 kΩ     [1] 

Z  = Rc11║Rc7 = 1.305M║200k = 173.4 kΩ    [1] 

Z1  = (rπ12 + Z) / (1 + βn) = (314.6k + 173.4k) / (121) = 4.03 kΩ  [1] 

Ro  = R4║(rπ8 + Z1) / (1 + βn) = 5k║((2.6k + 4.03k)/121) = 54.2 Ω [1] 
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a) Sketch the Class B output stage. Explain the operation.           [5 marks] 

 Sketch        [2 marks] 

 

 Operation [3 marks] 

o Assume VBE(on) =VEB(on) = 0.7V:  

VO remains zero as long as   -0.7 ≤VI ≤ 0.7   [1] 

o Qn conducts during the positive half of the input cycle:  

VI positive and > 0.7V, Qn turns on.    [1] 

o Qp conducts during the negative half-cycle:  

VI negative and < 0.7V, Qp turns on.   [1]  
 

b) Class A 

i) Calculate the maximum possible output voltage range of the circuit.         [2 marks] 

 vo(max)= V+ - VCE1(sat) =5-0.3 = 4.7V    [1 mark] 

vo(min)= V- + VCE2(sat) = -5+0.3 = -4.7V    [1 mark] 

 

ii) Determine the minimum required biasing current IQ.          [3 marks] 

 IQ(min) = |IL(min)| = |vo(min)/RL|    [1 mark] 

  = |-4.7/100| = 47mA    [2 marks] 

 

iii) For  -4V ≤ vO ≤ +4V. Determine the required range of the input voltage vI.  [10 marks] 

 vI = vO + VBE1      [2 marks] 

 IC1=IE1, IE1 = IQ + IL     [1 mark] 

 IC1 = IQ + vO/RL     [1 mark] 

 

For vO=vO(max)= +4V, 

 VBE1 = VT. ln(IC1/IS) = VT. ln[(IQ + vO/RL) /IS]  [1 mark] 

  =26m . ln[(47m + (4/100))/9x10-15] = 0.7774V [1 mark] 

 vI(max) = vO(max) + VBE1 = 4 + 0.7774 = 4.7774V  [1 mark] 

 

For vO=vO(min)= -4V, 

 VBE1 = VT. ln(IC1/IS) = VT. ln[(IQ + vO/RL) /IS]  [1 mark] 

  =26m . ln[(47m + (-4/100))/9x10-15] = 0.7119V [1 mark] 

 vI(max) = vO(max) + VBE1 = -4 + 0.7119 = - 3.2881V [1 mark] 

 

QUESTION 4  [20 marks]  

 

Answers for Question 4 

 


