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INSTRUCTIONS TO CANDIDATES:

1. This paper contains Five (5) questions in Ten (10) pages.

2. Answer ALL questions.

3. Write all answers in the answer booklet provided.

4, Write answer to different question on a new page.

5. For all calculations, assume that ¥r=26 mV.

6. Use at least 4 significant numbers in all calculations.
MODEL ANSWERS

THIS QUESTION PAPER CONSISTS OF TEN (10) PRINTED PAGES INCLUDING THIS

COVER PAGE.
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Answer for Q1(a)
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Answer for Q1(b)
(i)
VGSl = VD51(SCU) + VTN =15+0.8=23V IRm:l
Tper =1 J
R, = V:—Ve =V~ _ 15-2.3—(-15) 277k
IREF 1m
1
v
(i)
IDl:IDZZ OzlmA 0.5
k (W
Iy, = 7’1(?)2 (VGSZ iz )2 0.5
-3
% % S 50 1o—lﬁx = =625
X.
’ ?n(VGsz _VT)Z 5 (2.3—1.5)2

Z = (Z) =62.5 05

L) L),

(i)

R,=dV,ldl,=1/(Al,)=1/(0x],) = 1

dl,=dV,[o=0 1

(iv)

Since MOSFETs can be configured to act like a resistor. The reference current in

MOSFET current mirrors can be established using additional transistors.
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Question 2  [20 marks]

Answer for Q2(a)

(@)

CMRR 5 =20 log(44/Aem) =55 dB 1

562.34 = Ag/Acm= Aq/ 0.2

Ay =112.46 !

Ay =(gm Rp) /2 0.5

112.46 = (g x 18k) /2

2m1 = (2 x 112.46) / (18k) = 12.496 mA/V !
05

8m1 = 2 SQRT(K,,l X IDl)

Ipi = (gm1/2)*/ Ku = (12.496m / 2)* / (125 p) = 0.3123 A 1

Ip=21Ip; =2 x0.3123 =0.6246 A 1

(i)

e To achieve larger 4; and maintaining 4., active load such as cascode may be

used to replace R). 15

e To maintain 44, A., may be decreased if the current source design is used

using an improved implementation, e.g. cascode, to increase its output

resistance (Ro). 15
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Answer for Q2(b)
(®
_ IES _IB3+IB4_IC3+IC4
Lys = = = [3]
@+p)  @+p)  pL+p)
The current Ieg+1c,=1, [2]
Tey =g+ 1gs 21
I, =1cy+1,
Hence, to keep the current balanced:
I, =1 lo [2]
2T b )
(ii)
Given, Ip = 0.2 mA, hence:
1, 0.2m

I,= - ~13.774nA
°7 B+ g) 120(1+120) o
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Question 3 |25 marks]
Answer for Q3(a)

()
I =V -Vaer -V (Ry) [0.5]
=10-0.7- (-10)) / (19.3k) =1mA [0.5]
Io =L /0+2/p) =0.9836 mA 1]
I, =1p/2 =0.4918 mA [1]
v =V -IczRe =10- (0.4918m)(10k) =5.082V  [1]
Irns = (o2 -2 Vge(on)) / (R4)
= (5.082 - 1.4) / (11.5k) =0.320 mA
Ips = Ir4 (neglecting base currents) = 0.320 mA [0.5]
vos =V -IzsRs =10- (0.320m)(5k) = 8.399 V [0.5]
(ii)
Using Iz = 0.4918 mA, Irs = 0.320 mA:
An =g/ 2)Rc|| Ri) [1]
Zm =1/ Vr=(0.4918mA)/26mV) = 18.9153 mA/V [1]
Fr4 = BVr /! Irs = (120x26m)/(0.320m) =9.750 kQ [1]
rr3 R =120x 9.750k =1170kQ  [1]
R =rpt (1 +p)ry
= 1170k + (121)(9.750K) =2349.75 kQ [1]
An = (18.9153m/2)(10Kk || 2349.75k) = 94.176 [1]
A = (Ir4 12V7) R5=(0.320m/(2x26m))(5k) =30.76  [2]
A; =1 [1]
Ay =An Ay A3=94.176 x 30.76 x 1 = 2896.85 [1]
OR @)
I =V -Vger - V) (Ry) [0.5]
=10-0.7- (-10)) / (19.3k) =1mA [0.5]
I ~I, [Since p>>1] =1mA [1]
Iz = IQ /2 =0.5 mA [1]
voo =V -IcRc =10- (0.5m)(10k)=5V 1]
Ir4 = (v()z -2 VBE(OII)) / (R4)
=(5-1.4)/(11.5K) =0.313 mA
Is = Ir4 (neglecting base currents) = 0.313 mA [0.5]
vos =V -IgsRs =10-(0.313m)(5k) = 8.44 V [0.5]
(ii)
Using Ic; = 0.5 mA, Ip;=0.313 mA:
An =g/ 2)Rc|| Ri) [1]
Zm =1/ Vr=(0.5mA)/26mV) =19.23 mA/V [1]
Fr4 = BVr/ Irs = (120x26m)/(0.313m) =9.968 kQ [1]
3 R P =120x 9.968k =1196.16 kQ [1]
R: =ratA+p)ru
=1196.16k + (121)(9.968k) = 2402.29 kQ [1]
A = (19.23m/2)(10Kk || 2402.29k) = 95.75 [1]
A = (Ir4 12V7) R5=(0.313m/(2x26m))(5k) =30.09  [2]
As =1 [1]
Ay =An A2 A3=95.75x30.09x 1 =2872.54 [1]
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Answer for Q3(b)

()

Iy, =1ps=1ps 1

Is =K, (Vigs + V) = (L00UANV?)x(1.5-0.5)* =100pA | 1

=1, =1,; =100pA =0.1mA 1
(ii)

A4,=4,4, 0.5

0.5

4, :gm(’Zz | ’”04)
g, = 2K 1, =+/2(100u)(1000) =141.420AN |
1 1

o2 = B =1MQ 05
" A1, 0.02x50y
Tos = . = 1 =2MQ 0.5
Al,, 0.01Lx50p
A, = (141.42u)(IM || 2M) = 94.286 05
05
4, = gm7(ro7 | ’”08)

8w = 2\/Kn7ID7 = 2\/(125U)(100IJ) = 223.6pA/NV [ 1

Ty = L .1  _imeo 05
A1, 0.01x100p

Tog = L = L = 0.5MQ 0.5
A1, 0.02x1004

A, =(223.6u)(IM ||0.5M) = 74.53 05

A =A4,4, =94.286x74.53 = 7027.45 05
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Question 4  [15 marks]

Answer for Q4

(a) Cross-over distortion is a condition where the output voltage vo of an actual class-B
output stage circuit is zero when its input voltage is in a certain voltage range [1].
In this condition, both transistors in the circuit are cut-off because the input voltage is
within Vigp 10 Vaey [1],
thus producing vo = zero and causing distortion at the output of the actual class-B output
stage [1].

(b) Its advantage over class-A is less power dissipation and increased power conversion

efficiency [1],
while its advantage over class-B is no cross-over distortion [1].

(c) Calculation of i, ic,, and ic,:

Vo= -35V= iLRL [05]
-> ip= Vo/RL = (-35V) /(1kQ) =-3.5 mA [1]
Therefore, Q, is conducting and Q, is OFF.
Approximate value |iz| = ic, = Isexp(Vesp/V7) = 3.5 MA [0.5]
Vesp = VrIn(ic,/Is) = (26m) In(3.5m/2x10™°)  =0.7329V  [0.5]
VBEN = VBB - VEBP =1.4-0.7329=0.6671 V [05]
> ica= Isexp(Vaen/V1) = (2x10™°) exp(0.66710.026) = 0.2779 mA  [1]
ien=lcptiL [0.5]
Actual value of i¢, = ic,— i, = 0.2779m - (-3.5m) [1]
> icpy=3.7779 mA [0.5]

2" iteration
Vegp = 0.73494 VV
VBEN = 066506 V
icn =0.2570 mA
iy  =3.757 mA

(d) Calculation of power dissipation:

PQn = iCn VCEn [1]

Vegn = +Vee=vo=+6-(-35)=95V [0.5]
>  Pu=(0.2779 MA)(9.5 V) = 2.640 mW [0.5]
Or  Py,=(0.2570 mA)(9.5 V) = 2.441 mW

Pop=icy Vicy [1]

Vecpy =vo— (-Vee) =-35-(-6) =25V [0.5]
-> Po,= (3.7779 mA)(2.5 V) = 9.44475 mW [0.5]

Or Py =(3.757 mA)(2.5 V) = 9.3925 mW
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Question 5  [25 marks]

Answer for Q5

(a) Any two (2) of the following answers, [1] for each answer.
1) Internal differential gain (open loop gain), 4.4, is considered to be co.
2) Differential input voltage, (v2 — v1), is assumed to be 0. If 4,4 — o and v, is finite, then

V2 = V1.
3) Effective input resistance, R;, is assumed to be o, so input currents i; and i, are
essentially 0.

4) Effective output resistance, R,, is assumed to be 0, so output voltage is independent of
any load connected to the output.

5) Bandwidth — co.

6) Common mode rejection ratio, CMRR, is .

(b) Any three (3) of the following answers, [1] for each answer.
1) Current-to-voltage converter
2) Voltage-to-current converter
3) Difference amplifier
4) Instrumentation amplifier
5) Integrator
6) Differentiator

(c)
\Jo 0: v01(v11) = (-RF/R1 ) vn = (-100k /100k) vn ==-Yn
[0.5] [0.5] [0.5] [0.5]
vn=0:  vo(vn) =(-Rr/Ry) vpy = (-100k/100k ) vy =-vp
[0.5] [0.5] [0.5] [0.5]
vor = voi1(vn1) + voi1(vn2) =(-vn)+(-vn) =-(vn +vn)
[0.5] [0.5] [0.5]
vo= (-Rr/Ry )vor = (-100k /100K )[ -(vn + vp) | =vnt+vp
[0.5] [0.5] [0.5]
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(d)
V2 = [R4/(R3+ Ry)] vi 1]
= [(50K)/(50k+25K)] v, = [2/3] vs [0.5]
Vi ) =[273] v 1]
Vo =[(1+ Ry/Ry )] » 1]
= [(1+200k/25K)] [2/3] vi =6 ws [0.5]
A, =vyol vy =6 (1]
()
Rp/ R =5 = Rr=5R, [0.5]
and Rr/R;=10 = Rr=10R, [0.5]

So, resistor R, will be the smallest value. Set R, =15kQ.  [1]

> Ri=10 Ry =10 x 15 kQ =150kQ  [0.5]
and R, =R/ 4=150kQ /5 =30 kQ [0.5]
Rw=Ri| Rz =30 kQ || 15 kQ =10 kQ
1+ Rpl Ry=1+ 150K / (10K) =16
(1 +Rr/ Ry)(Rp! R4) = (16) (Rp/ R4) =5 [0.5]
and  (1+Rp/ Ry)Rp/ Rs) = (16) (Rp/ Rs) = 2 [0.5]
So, (R4l Rs)=205. [0.5]
Choose R4 =80 kQ, [1]
then Rp =200 kQ 1]
Rr=(QRy)I16  =(BR)I16
> Rp=25kQ [0.5]
Rp= R4l Rz || Rc
> Rc=44.45 kKQ 1]
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