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Question 1 [20 marks] 

 

Answers: 

 

Q1(a)  [10 marks] 

M1:  𝐼𝑅𝐸𝐹 =  (
𝑘𝑝

′

2
) (

𝑊

𝐿
)

1
(𝑉𝑆𝐺1 + 𝑉𝑇𝑃)2     [0.5] 

M3:  𝐼𝑅𝐸𝐹 =  (
𝑘𝑝

′

2
) (

𝑊

𝐿
)

3
(𝑉𝑆𝐺3 + 𝑉𝑇𝑃)2   [0.5] 

M1 = M3: 

(
60𝜇

2
) (25)1(𝑉𝑆𝐺1 − 0.4)2 = (

60𝜇

2
) (5)3(𝑉𝑆𝐺3 − 0.4)2  [1] 

KVL:  VSG1 + VSG3 = V+ - V- = 3,   VSG3 = 3 - VSG1  [1] 

  √
25

5
(𝑉𝑆𝐺1 − 0.4) = (3 − 𝑉𝑆𝐺1) − 0.4     [1] 

3.26 VSG1 = 3.499   VSG1 = 1.08 and VSG3 = 1.92 V  [2] 

𝐼𝑅𝐸𝐹 =  (
60𝑚

2
) (25)1(1.08 − 0.4)2 = 0.347 mA   [2] 

  𝐼𝑄 =  (
60𝑚

2
) (15)2(1.08 − 0.4)2 = 0.208 mA   [2] 

 

 

Q1(b)(i) [6 marks] 

 

 RO = rO4 + rO6 (1+gm4 rO4)  OR RO ≈ gm4 rO4 rO6  [1] 

 IDQ = IQ / 2 = 0.2m/2 = 0.1 mA      [1] 

 rO4 = rO6 = 1/(p IDQ) = 1/ [(0.02)(0.1m)]  = 500 kΩ  [1.5] 

 gm4 = 2(Kp IDQ) = 2[(0.5)( k’p (W/L)p)(IDQ)]    

 gm4 = 2[(0.5)(40μ)(20)(0.1m)]    =  0.4 mA/V  [1.5] 

RO = rO4 + rO6 (1+gm4 rO4) = 500k + 500k(1+0.4m x 500k) = 101 MΩ  

OR RO ≈ gm4 rO4 rO6 = 0.4m x 500k x 500k   = 100 MΩ  [1] 

 

Q1(b)(ii)  [4 marks] 

 Ad = gm2 (rO2 || RO)        [1] 

 rO2 = 1/(n IDQ) = 1/ [(0.02)(0.1m)]  = 500 kΩ   [1] 

 gm2 = 2(Kn IDQ) = 2[(0.5)( k’n (W/L)2)(IDQ)]    

 gm2 = 2[(0.5)(80μ)(10)(0.1m)]   = 0.4 mA/V   [1.5] 

 Ad = (0.4m)( 500k || 101M)   = 199 V/V   [0.5] 
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Question 2 [20 marks] 

 

Model Answers 

Q2(a)   [10 marks] 

IREF  = IO [1 + 2/β(β+1)]     [2] 

       = [(0.8m)(1 + 2/(50 x 51))]    [0.5] 

       = (0.8m)(1.00078)= 0.80006 mA   [0.5] 

R1   = (V
 +

 - VEB3-VEB2 - V 
--
) / IREF   [2] 

       = (7.5 – 0.6 - 0.6 – (-7.5)) / (0.80006m)  [0.5] 

       = 17.25 kΩ      [0.5] 

Each parameter is 0.25 marks 

 [4] 

 

Q2(b)(i)  [2 marks] 

 

 Ad = (gm2 RC) / 2        [0.5] 

 gm2 = IC2 / VT = IQ / 2VT = (2m) / (2 x 26m) = 38.46 mA/V  [1] 

 Ad = (38.46m x 5k) / 2 = 96.15 V/V     [0.5] 

 

Q2(b)(ii)  [2 marks] 

 

 Ro of 2TCS = rO2 in Bias circuit = VA / IQ = 100/2m = 50 kΩ [1] 

 rπ2 = βVT / IC2 = (100 x 26m)/1m = 2.6 kΩ    [0.5] 

 , substitute values, Acm = -49.5 x 10
-3

 [0.5] 
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Q2(b)(iii)  [6 marks] 

 

  
Draw PNP 3TCS active load correctly  [2]    

connected to diff amp     [1] 
 

 

 Ad = gm2 (rO2 || ROActiveLoad)       [0.5] 

 gm2 = 38.46 mA/V 

 rO2 = 2 VA / IQ = (2 x 100)/2m = 100 kΩ     [0.5] 

 ROActiveLoad = Ro of 3TCS = rO4 in Active Load = 2 VA / IQ  

 ROActiveLoad = (2 x 100)/2m = 100 kΩ     [0.5] 

 Ad = 38.46m(100k || 100k)  = 1923 V/V    [0.5] 

 Thus, Ad had increased = 1923 – 96.15 = 1826.85 V/V  [1] 
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Question 3  [20 marks] 

 

Answers: 

 

Q3(a)   [10 marks]   

 IQ = 1.2 mA 

 IC2  = IQ / 2     = 0.6 mA  [0.5] 

 vO2  = V 
+
 - IC2 RC = 12 – (0.6m)(10k)  = 6 V   [0.5] 

 IR4  = (vO2  - 2 VBE(on)) / (R4)  

  = (6 – 1.4) / (11.5k)   = 0.4 mA  [0.5] 

 

 Using  IC2 = 0.6 mA, IR4 = 0.4 mA: 

 Ad1  = (gm2 / 2)(RC || Ri2) 

 gm2  = IC2 / VT = (0.6mA)/(26mV) = 23.077 mA/V  [1] 

 rπ4 = βVT / IR4 = (200x26m)/(0.4m)  = 13 kΩ   [1] 

 rπ3 ≈ β rπ4  = 200x13k   = 2600 kΩ  [1] 

 Ri2 = rπ3 + (1 + β) rπ4      [1] 

  = 2600k + (201)(13k)   = 5213 kΩ  [0.5] 

 Ad1  = (23.077m/2)(10k || 5213k)   = 115.16  [0.5] 

 Av2 ≈ (IR4 /2VT) R5 = (0.4m/(2x26m))(5k) = 38.46  [1] 

 A3 ≈ 1 (Output stage assume gain = 1)   [1] 

 Ad  = Ad1 Av2  A3        [1] 

  = 115.16 x 38.46 x 1    = 4429 V/V  [0.5] 

 

 

 

Q3(b)  [10 marks] 

V
P 

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

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

R
L 
= (1/2)[Vp

2
/PL(ave)]= (19.2)

2
 / [(2)(10)] = 18.43 Ω  [1, 1] 

I(ave)= Vp/(RL) = 19.2/[()(18.43)] = 0.3316 A   [1, 1] 

PS(ave)= 2 VCC I(ave) = 2(24)(0.3316) = 15.92 Watts  [1, 1] 

 = P
L(ave) / PS(ave) 

= 10/15.92 = 0.628 or 62.8%   [1, 1] 
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Question 4 [20 marks] 

 

Answer to Question 4(a) [10 marks] 

 

To calculate IC16, need to determine IC13B 

IC13B = 0.75 IC12 = (0.75)(0.4m) = 0.3 mA     [1] 

IC17 = IC13B = 0.3 mA        [1] 

 

IC16  IE16 = IB17 + IR9 = IC17 /  + ( [IC17 R8 + VBE17] /R9)   [1] 

IC16 = (0.3m/200) + ( [0.3m x 100 + 0.7] /50k)  

IC16 = 1.5 + 14.6 = 16.1 A      [1] 

 

Rb16 = rπ16 + (1+n) [R9 || Rb17]      [1] 

Rb17 = rπ17 + (1+n) R8       [1] 

 

rπ17 = n VT / IC17 = (200x26m)/0.3m = 17.333 kΩ     [1] 

rπ16 = n VT / IC16 = (200x26m)/16.1u = 322.981 kΩ    [1] 

 
So Rb17 = 17.333k + (201)100 = 37.433 kΩ     [1] 

 50k || 37.433k = 21.4 kΩ 
So Rb16 = 322.981k + (201)(50k || 37.433k] = 4.624 MΩ   [1] 

 

 

Answer to Question 4(b) [10 marks] 

 

Q4b(i)  [4 marks] 

𝐼𝐷5 = 𝐾𝑝5(𝑉𝑆𝐺5 + 𝑉𝑇𝑃)2 = 125𝜇(1.5 − 0.5)2 = 125 𝜇𝐴  [2] 

𝐼𝑄 = 𝐼𝐷6 = 𝐼𝐷7 = 𝐼𝐷8 = 𝐼𝐷5 = 125 𝜇𝐴    [1] 

𝐼𝐷1 = 𝐼𝐷2 = 𝐼𝐷3 = 𝐼𝐷4 = 𝐼𝑄/2 = 62.5 𝜇𝐴    [1] 

 

Q4b(ii)  [6 marks] 

𝐴𝑑 = 𝑔𝑚2(𝑟𝑜2||𝑟𝑜4)       [1] 

𝑔𝑚2 = 2√𝐾𝑝2𝐼𝐷2 = 2√(125𝜇)(62.5𝜇) = 176.77 𝜇𝐴/𝑉  [0.5] 

𝑟𝑜2 =
1

𝜆𝑝𝐼𝐷2
=

1

0.02(62.5𝜇)
= 0.8 𝑀Ω     [0.5] 

𝑟𝑜4 =
1

𝜆𝑛𝐼𝐷4
=

1

0.01(62.5𝜇)
= 1.6 𝑀Ω     [0.5] 

𝐴𝑑 = (176.77𝜇)(0.8𝑀||1.6𝑀) = 94.277 𝑉/𝑉   [0.5] 

𝐴𝑣2 = −𝑔𝑚7(𝑟𝑜7||𝑟𝑜8)       

𝑔𝑚7 = 2√𝐾𝑛7𝐼𝐷7 = 2√(100𝜇)(125𝜇) = 223.6 𝜇𝐴/𝑉  [0.5] 

𝑟𝑜7 =
1

𝜆𝑛𝐼𝐷7
=

1

0.01(125𝜇)
= 0.8 𝑀Ω     [0.5] 

𝑟𝑜8 =
1

𝜆𝑝𝐼𝐷8
=

1

0.02(125𝜇)
= 0.4 𝑀Ω     [0.5] 

𝐴𝑣2 = −(223.6𝜇)(0.8𝑀||0.4𝑀) = −59.63 𝑉/𝑉   [0.5] 

𝐴𝑣 = 𝐴𝑑𝐴𝑣2 = (94.277)(−59.63) = −5621 𝑉/𝑉   [1] 
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Question 5 [20 marks] 

 

Answers: 

 

Q5(a) [2 marks] 

 Select 2 of the following: 

 Aod: Internal differential gain (open loop gain) is considered to be ∞.  

 (v2 – v1): Differential input voltage is assumed to be 0. If Aod → ∞ and vO is finite, then 

v2 ≈ v1. 

 Ri: Effective input resistance is assumed to be ∞, so input currents i1 and i2 are 

essentially 0. 

 Ro: Effective output resistance is assumed to be 0, so output voltage is independent of 

any load connected to the output.  

 Bandwidth → ∞. 

 CMRR: Common mode rejection ratio = ∞.  

 

 Each answer above give [1] mark, 2 marks total 

 

 

Q5(b)  [10 marks] 

Using superposition theorem 

Let vI2 = 0,       [1] 

       𝑣𝑂1 = −
𝑅2

𝑅1

(𝑣𝐼1)    [2] 
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Let vI1 = 0,   

 

 

 

 vO = vO1 + vO2 

    

 

 

 

Q5(c)  [8 marks] 

 R2/ R1 = 120k/12k = 10 and R4 / R3 = 440k/40k = 11  [1] 

 vO = (1+10)[(11)/(1+11)] vI2 – 10 vI1 

   vO = 10.083 vI2 – 10 vI1      [1] 

From    vd  = vI2 – vI1  and  vcm = (vI2 + vI1)/2 

  vI1 = vcm – vd / 2 and  vI2 = vcm + vd / 2   [1] 

Thus, vO = 10.083 (vcm + vd / 2) – 10 (vcm – vd / 2)    

  vO = 10.042 vd + 0.083 vcm       [1] 

In general form 

 vO = Ad  vd + Acm vcm       [1] 

Then Ad = 10.042  and Acm = 0.083     [1] 

Thus, 

 CMRR(dB) = 20 log10(Ad / Acm)     [1] 

 CMRR(dB) = 20 log10(10.042 / 0.083) = 41.6 dB   [1] 
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