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QUESTION 1 [20 marks]

Answers for Question 1 (Continued)

Answer Guide:
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1 mark: V- soniree
Q Q 2 marks: 2-T CF correct civcuit
5 & 1 mark: Bias current and branch
1 mark: Reference curvent and branch
T
(b)

Vo = gmVa(To211704) [1.5]

Ag =22 = g,y (rp1I704) [1]

Vd_

m= IQIZ = 22  4.808ma/V [1.5]
Yoy = }%/’: = O.izzgm =960 kQ [2]
Tou = %,; = O.i;’gm =800 kQ [2]
ToaITos = ec o = 436.4 kQ [1]

A; =4808m x 436.4 k = 2098 [1]

(c)
Vo = gmVa(Tozllm04lIRL) [1]

Ag = v_Z = gm(Toz1lm04l1R.) [1]

4

436.4kXx150k
436.4k+150k

ro2|I704l R, = = 111.63kQ [2]

Ag =4808m x 111.63 k = 536.7 [1]
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QUESTION 2 [35 marks]
Answers for Question 2 (Continued)

2a) 12 marks

= I
set DF R

15k
lor = Kpe (Ve +Vip)® = 0.5(20u)(10)(VSGF -2)°  [1]

set

=>VSGF =4V, -0.67V.

Choose VSGF =4V, since > [VTP|

Iset = (10-4)/15k = 0.4mA [1]
Iset = 1Q since W/L for ME and MF are the same [1]
IDA=IDC=1Q/2=0.4m /2 =0.2mA [1]

IDA = KPA(VSGA+VTP)? =0.2mA
= VSGA = -2 + SQRT(0.2m/(10u)(20)) = 3V [2]

IDC = KNC(VGSC-VTN)? =0.2mA
= VGSC = 2 + SQRT(0.2m/(20u)(15)) = 2.82V  [2]

VTV Ve 5-(5) —Veer [1]

Simulataneous equation: 10-VSGF = (15k)(0.5)(20u)(10)(VSGF -2)

[2]

[1]

2b) 8 marks

Ad = gmA(roBHroD) [2]

R 1 2500 [2]
Al (0.02)(0.2m)
1 L 500k 2

oo = T (0.01)(0.2m)
A, = (0.4m)(250k || 500K) = 66.67V /V [1]

=2t =2 ] =2 [ coi0m oaman

2¢) 5 marks

Adnew = gmA(roBHroDHRinz) [2]
Ay, = (0.4m)(167.7K || 200M ) ~ 66.67V IV [1]

Av = AdxAV2 = 66.67 x 80 = 5330 V/V [2]
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2d) 5 marks v

3" transistor between ME and diff-pair [2]
Correct connection for Wilson current source [2]
Correction connection between Wilson output node and diff pair [1]

2e) 5 marks | -

Advantage of Wilson over 2T: I l R
Increased Ro, [2] hence CMRR of diff —amp will increase [1]

Disadvantage of Wilson over 2T: vy o—| I»MA ,uiJ I—o vy

Since additional transistor, decreased input and/or output voltage
swing [2]
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QUESTION 3 [20 marks]
(I) Vo(min) :+ V- + CEZ(Sat) = '5 + 0.38 = '4.62 V [2]
Vo(max) - V = CEl(Sat) = 7 - 038 = 662 V

BUT for symmetrical swing of class-A, Vomax) = | Vomin)l = +4.62 V

(i) lo = | Vomin/RLI = 4.62/1k = 4.62 mA
(iii) iE1=1Q +IL

iE1 (max) = 1Q + Vo(max)/RL = 21Q = 9.24mA
iE1 (min) = 1Q + Vo(min)/RL =0

(V) Vimax) = Vomax + Vee =4.62+0.7=5.32V
Vigmin) = Vo(min) + Vee = -4.62 + 0.7=-3.92 V

(V) n=(P) /(Ps) x 100 % [1]
(P,) = Vp?I2R, = (4.62)°/(2)(1k) = 10.67 mW

[2]
[1]

[L5]
[1.5]

[1.5]
[1.5]

[3]

[2]

() =(P" + Bs7) =(7) lg +2 (5)lg = 2[(0-(-5)](4.62m) = 78.54mW  [2]

n =10.67/78.54 x 100% = 13.6%

[1]
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QUESTION 4 [25 marks]

Answers for Question 4

ICGZLIEGZLIB7: P IC7: IC7 [3]
1+ p 1+ p 1+ p 1+p
0.2m
leg = o1 " 0.00198 mA =1.98 A [2]
R =re+r,(1+8) [2]
.- Ay _100(26m) _ o 2]
I, 0.2m
.- pV: _ (1+p)pv; _ (101)1100(26m) _1313MQ  [2]
l o ., 0.2m
R - 2(1+Iﬂ),BVT _ 2(101)822(26m) _2626MQ [1]

R, =Ruill R [2]
R, =", =Vu/1:,=100/0.2m =500kQ [3]
Rog = Iog + (l"‘ﬂ)Rz [2]

PV 100(26m)
© ",  13m
R, =2k+101(12k) =1.214 MQ  [1]

R,; =500k || 1.214M = 354.14 kQ = 0.35414 MQ  [1]

-2kQ [2]

B+ B)R,, 100(101)(0.35414M)
R 2.626M

A = =1362.077 [2]
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