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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.

THIS QUESTION PAPER CONSISTS OF NINE (9) PRINTED PAGES INCLUDING THIS
COVER PAGE.
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Answers to QUESTION 1 [20 marks]

a) R, (output resistance of Widlar CS) [Total = 8]
R: = (VrIn[li/lca])/lca = (0.026In[0.5m/2001]/200p = 1190 [2]
One = lea/V7 = lo/(Vr) = (2001)/0.026 = 7.692 mA/V [1]
ra = /Vr/lca=100(0.026)/200p = 13kQ [1]
rs| Rz =118Q [1]
Foa = Va/lcs = 100/200p = 0.5MQ [1]
Ro = Foa[1+ Gma (4 || R2)] = 0.5M[1+7.692m(118)] = 954kQ2 [2]
b) Value of R¢ [Total = 4]
Vo2 =V*-IcRe [1]
Re = (V' Vo) /lc2 = (10-8)/(0.5* ¢4 )=2/100p = 20kQ [3]
C) Differential-mode input resistance, Riq [Total = 4]
ro  =/Vr/lc=100(0.026)/100p = 26kQ [2]
Rias = 2r,=2(26k) = 52kQ [2]
d) Common-mode input resistance, Ricm [Total = 4]
Assume r, = . ro = Vai/lcgi= o0/ lcga= oo. [1]
Thus, Rigm = (1+8)R, = (101)(954K) = 96.4MQ [2,1]
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Answers to QUESTION 2 [20 marks]

(@)

(b)

(©)

(d)

Cascode current source labeled for pnp transistors
Labelled the RoaL

Calculate Roar:

lo =lcg/2=0.2m/2 =0.1 mA

ros = Vap/lo=120/0.1m = 1.200 MQ
RoaL = fros = (80)(1.200M) = 96.00 MQ

With two-transistor current source,
RoaL =ros = VApllo =120/0.1m = 1.200 MQ

Thus, the output resistance is smaller than the former

Vo = gmVdRo

Ro = Road || roz

o2 = Van/lo = 100/0.1m = 1.000 MQ

Ro = 96M || L M = 0.9897 MQ

Omz = lo/V1 =0.1m/0.026 = 3.846 mA/V
Ad = gmaRo = (3.846m)(0.9897M) = 3806

Vo = Agvgq = (3806)(10 sin at) m =38.06 sin ot V
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Answers to QUESTION 3(a) [10 marks]

(i) Calculation of i, icp, icn, and v;. [6 marks]
Vo=-4V = i|_ Re
> iL=Vo/RL= (-4V) /(1kQ) = -4 mA [0.5]
Therefore, Q, is conducting and Q, is OFF.
Approximate value i = icp= Isexp(Vesr /V1) =4 MA [0.5]
Vese = VrIn(icp/ Is) = (26m) In(4m/ 2x10™) = 0.7364 V [0.5]
VBEN = VBB - VEBP =1.4-0.7364 = 0.6636 VV [05]
2 icn= lsexp(Veen/Vr) = (2x10™°) exp(0.6636 /0.026) = 0.2429 mA [0.5]
icn=lcp+iL [0.5]
Actual value of icp = icn— i = 0.2429m — (-4m) = 4.2429 mA [0.5]
Vesp = V7 In(icp/ Is) = (26m) In(4.2429 m/ 2x10™"°) = 0.73796 V [0.5]
VBEN = VBB - VEBP =1.4-0.73796 = 0.66204 VV [05]
> icn = Isexp(Veen/Vr) = (2x10™°) exp(0.66204 /0.026) = 0.2288 mA [0.5]
Vi =Vo + Veen - Vs /2 =-4 +0.66204 - 0.7 =-4.03796 V
OR V) =Vo - Vegp + Vgg [2=-4-0.73796 + 0.7 =-4.03796 V [1]
(i) Calculation of power dissipation in transistor Qn, and Qp: [4 marks]
Pon = icn Veen [1]
Veen=+Vec—Vo=+6-(-4) =10V [0.5]
> Pon=(0.2288 mA)(10 V) = 2.288 mW [0.5]
Pap = icp Vecp [1]
Vecp =Vo—(-Vee) =-4-(-6) =2V [0.5]
> Pop = (4.2429 mA)(2 V) = 8.4858 mW [0.5]
Answers to QUESTION 3(b) [10 marks]
Ri=run+(1+p)rz [1 mark]
I2 = pvillg = (120)(0.026)/1m = 3.120 kQ [1 mark]
Iy = lf—gfm =l /(1 +B) = 1m/(1+120) = 8.26 A [1 mark]
r.1 = Bvillci = (120)(0.026)/(1m/(1+120) = 377.52 kQ [1 mark]
Thus, R;=377.52k + (1 + 120)(3.12k) = 755.04 kQ [1 mark]
Ro = 5k || (rzz + 10K)/(1 + p) [2 marks]
Rus = AvTllcs = (120)(0.026)/2m = 1.56 kQ [1 mark]
Thus, Ro = 5k || (1.56k + 10k)/(121)
=5k || 0.095537k = 0.09375 kQ [2 marks]
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Answers to QUESTION 4(a) [10 marks]

Q4(a)(i) [5 marks]
lcio=lco =10x107°A, | rer =1x10°A [1]

R, =1 Jeee [1]

cio e
0.026 1x10°3
4= 6 In -6
10x10 10x10

=11.97kQ  [0.5]

R = v’ —Ves1z ~Veenn =V~ [1]

I REF

-3
VEB]_2 :VBEll :VT In h;i = 0026 In ]-]-X(:I)-—OM = 0658V [1]

S
_ 15-0.658—0.658 — (~15)

R
° 1m

=28.68kQ  [0.5]

Q4(a)(ii) [3 marks]

lco _ 10pA

|
1= 5 5 HA [1]
lcg = lc; =SUA [0.5]
[ = BV; _ 200x0.026 _1.04MQ  [L5]
lce op

Q4(a)(iii) [2 marks]
Apply balanced concept, vc6 = vc5
Vc6 = Vch [0.5]

Vce :Vcs =V~ + IceRz +VBE6 +VBE7 [1]
VC6 = (—15) + (5|,LA)(1kQ) +0.6+0.6=-13.795V [0.5]
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Answers to QUESTION 4(b) [10 marks]

Q4(b)(1) [4 marks]

IQ =lpg =1Ips 1
lps = K, Vsgs +Vip ) = (L00pA/V?)X(1.5-0.5)* =100uA | 2
= Iy =l 55 =100pA =0.1mA 1

Q4(b)(ii) [6 marks]

Ad = gmz(roz ” r04) 1
Onz = /2K, lg =+/2(100m)(100p) =141.42uA/V [ 05
I, = 1 = 1 =1MQ 05
Aolp,  0.02X50y
1 1

r, = = = 2MQ 05
Al,, 0.01x50p

A, = (141.420)(AM || 2M)=94.286 | 05

'A\/Z = gm?(ro7 ” r08)
0, = 2y K, ;1 5, = 2,/(125u)(100p) = 223.6pA/V | 05

Iy = 1 = 1 =1IMQ 05
A1,  0.01x100p
1 1

MQ 0.5

e = = =0.5
Aolpg  0.02x100p
A, =(223.6p)(IM| 0.5M)=74.53 |05

A = AA, =94.286x74.53 = 7027.45 | 1
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Answers to QUESTION 5(a) [6 marks]

Calculation:
A, =1+ Ro/(Rir + Ru) [1]
R, =250 kQ.

Rsk is a fixed-value resistor.
Riv Is a potentiometer.

Gain is maximum, i.e. A,(max) =51, when R;y =0 Q.

Ay(max) =51 =1+Ry/(Rig+Ryy) =1+ 250k/(Rse+0) [1]
Rip =5kQ [05]
Gain is minimum, i.e. A,(min) = 11, when Ryy is maximum.
Av(min) =11 =1+ Rz/(RlF + RlV) =1+ 250k/(5k + RlV) [1]
Rav =20 kQ [05]
Circuit; [2]
R> 250 kQ
5 kQ 20 kQ AN
R1F Ry
— AW -
= | — Yo
Potentiometer I +

Answers to QUESTION 5(b) [4 marks]

R1=75kQ, R, =100 kQ, R3 = 80 kQ, and R4 = 200 kQ.

Vo1 = (-Ro/R1)v, [1]
Vou/Vvi = -(100k/75k) = -1.333 VIV [1]
Vo = (-R4/R3)V01 = (-R4/R3)(-R2/R1)V| [1]

Vo/ v = (R4/R3)(R2/R1)
= [(200k/80K)(100k/75K)] = 3.333 VIV [1]
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Answers to QUESTION 5(c) [10 marks]

Q5(c)(i) Rs3=R;=100kQ

A =&(1+ 2R, jzlook (1+ 2R, j:[“Lj
R R, +Ripor 100k R, +Ripor R, +Ripor

[1]

A, is maximum (i.e. A, = 100) when Ripot =0, i.e.

100=(1+ 2R, j [1]

R +0

MPYR=2R, {Eqn 1} [0.5]
A, is minimum (i.e. A, = 10) when Ripot = 100 k€, i.e.
2R
10=|1+ —2— [1]
R, +100k
9( Ry + 100k) =2 R, {Eqgn 2} [0.5]

{Egn 1} ={Eqn 2}

99 Ry = 9 Ry + 900K [1]
5> R =10kQ [1]
S  Ry=(99R;)/2=495kQ [1]

Q5(C)(|I) Vit =145V, v, =1.13V, Rs =2 R3, Ripor =40 kQ

A, :& 1+ 2R, = 2R, (1+ 2(495K) j: 41.6  [L5]
R\ R +Ryo ) R, U 10k +40k

Vo = A (v, —V,,) = (41.6)(1.13—1.45) = ~13.312V (1.5
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