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INSTRUCTIONS TO CANDIDATES:

1. This paper contains FIVE (5) questions in NINE (9) pages.

2. Answer ALL questions.

3. Write all answers in the answer booklet provided. Use pen to write your answer.
4. Write answer to different question on a new page.
5. Show clearly all calculations, complete with proper Unit for every parameter.
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Question 1 [20 marks]
Question1(a) [7.5marks]
_ V+ - VBES - VBES - V_ . 10 — 07 — 07 — (—10)
' y - 0.5mA

[ Tagr _0.5m
°© 1+4/p8 1+4/50

=37.2kQ [1,1,0.5]

— 0.4629m4 [1,1,0.5]

V 250
R, = = 48 =50 =27.003MQ [1,1,05

Question 1(b) [5marks]
Ad ngRC

2
24, 2(200)
g, 8903m
1,12 0.4629m
¥V, 2(0.026)

R. = = 44.928kQ [1,1,0.5]

G2 =8.903mA/V [1,1,0.5]

Question 1(c) [6 marks]

4 = — g2k
" 1+M
Tra
R, = 27.003MQ
g,,=8.903mAlV
R, = 44,928k
_ BV, 2(150)(0.026)

2 T T 0.4629
0 . m

~16.85kQ [1,1,0.5]

_ —g.R. _ —(8903m)(44.928k) _
A = 20 R, 20+ 150)27.008M) - 0.000826V /V [1,2,0.5]
7 16.85k

72

Question1(d) [1.5marks]
Increase Ro of the cascode current source.



Question 2  [20 marks]
Q2(a)
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M; and My labels [2]

Placement of NMOS CS [2]
Vo placement [1]
Vo=—10V
Q2(b)
Based on symmetry, Vass = Vasas Vosz = Vsa
_ [1her .
Vg = Vg + 1‘|E, [2]
0.2 2
thus Vess = Vase= Vpss = Ve = 1 + 1‘|' T oY [1]
||} ﬂm Fe ]
Vs61 = Vegz =1 +*'II - =2V [1]
Vspr = Vsp2 = Vosi — (Vps3 —10) =2-(2-10) =10 V [1]
Q2(c)
Ton = AnIpg [1] = (0.01)(0.1m) 1MQ [1]
1 1 _
Top = Aglpg  (0.015)(0m) 0.667 MQ [1]
Aa= gm(ron || 7op) [1] = (0.2)(1000K || 667k) = 80 [1]
Q2(d)
ID]:IDZZIQ/ZZO.I mA [1]
AS 72 = 15, = 1 MQ [0.5] and 7,4 = 7, = 0.667 MQ [0.5]
Therefore, RO = 7, || 704 [2] = (1000k || 667k) = 400 kQ  [1]
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Question 3  [20 marks]

Answer:
Q3(a)
Lgtmin = Ig — LAy [1]
1553

P, = 2—;; = 50mW [2]

Vp = 1wa'ERL_PL_ = 1.581V [1]
. W 1.201

i poi | = P 63.24m4 [1]

IQ —ig = IZI.SIQ = |ime| [1]

_ G2 _

IQ = s 79.05mA [1]
.F.(‘

[3]
Q3(b)
g Ipn _ 1m __
Iey = 1ple = lfr—g =, = 16394 [2]
_ (e0)(2.028)
Ter = o 95.18k0 [1]
r, = 'ien}iic-:s} — 156k0 [1]
R,=r, +(1+ ), =95.18k+ (61)(1.56k) = 190.3k0 [2]
(&0} (0.026)
w1 T 3120 [1]
_ Tz £50K] _ _
R, =5k || [—1+£ ] 5k || 825 = 7080 [3]
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Question 4  [20 marks]

Answer:

Agy = Gma (g Ny ) = 243 [1] or Total [5]
Ay = Gy Uy N mped = 272 [1] or Total [5]
Overall gain

Ay = [Gmaz oz 1| 758) [ X [Gmy (o7 I 75¢)] = 66010 [2]

Ips = KplVigs + Vo1 = % [2]

B0VL, — 71V, + 116 =0 [2]

Vigs = 0,987V 3 I s = 60.0ud [L 1]

Ips =1y =1z [1]

Inn =2 = 30.00A [1]

Elements in Ag: and Ay,

K/i" Kp_‘ ng gm7
1 mAIN? 0.4 mAIV? 0.2191mA/V 0.4899mA/V
[1] [1] [1] [1]
Vo2 Vosq Vo7 Fo8
2.218MQ 2.218MQ 1.109MQ 1.109MQ
[1] [1] [1] [1]
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Question 5  [20 marks]

Answers:
Q5(a)
Calculation:
A, =1+ Ro/(Rir+ R1y)
Rs =250 kQ. Ryris a fixed-value resistor.

Ryy is a potentiometer. Gain is maximum, i.e. 51, when Ry, = 0 Q.

A =51 =1+ RQ/(RlF + RlV) =1+ 250k/(R1F + 0)
RlF =5kQ
Gain is minimum, i.e. 11, when R1y is maximum.
Ao =11 =1+ Rz/(RlF + RlV) =1+ 250k/(5k + RlV)
RlV =20 kQ
Circuit:
Ry 250 kQ
5kQ 20 kQ AN
Rir Ry
W -
= | — %0
Potentiometer ¥l +
Q5(b)

vo = (-Rr/Ri1)vn+ (-Rr/Ry) vn2
=(-Rr/R1)vn+ (-Rr/R1) vn2

= (-Rr/R1) (vn +vp) [3]
vo =(-Rr/Ri)vor 1]
=(-Rr/Ry) (-Rp/Ry) (vn + v2) [1]

= (-100k /100K) (-100k /100K) (v;; + vz2)

=vn + vn [1]

Note: Student can use any method that leads to the same answer.
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v, =—10v,, —=5v,, + 2v,; +5v,,

Q5(c)
Rp/Ri =10 = R=10R, [0.5]
and Rr/Ry,=5 = Rr=5R; [0.5]
So, resistor Ry will be the smallest value. Set R, =25kQ.  [1]

> Rp=10 Ry =10 x 25 kQ =250kQ  [0.5]
and R,=Rr/5=250kQ /5 =50 kQ [0.5]
Ry=Ri|| Rz = 25 kQ || 50 kQ = 16.667 kQ
1+Rp/Ry=1+250k/ (16.667k) =16
(1 + Rr/ Ry)(Rp! R4) = (16) (Rp/ R4) =2 [0.5]
and  (1+Rp/ R)(Rpl Rs) = (16) (Rp/ Rs) = 5 [0.5]
So,  (Ru/Ry)=502. [0.5]
Choose Rz =80 kQ, [1]
then R,=200kQ 1]
Rr=(GRy)I6  =QR)/16
> Rp=25kQ [0.5]
Rp=R4 || Rs || Rc
e Re=44.45 kQ 1]
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