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INSTRUCTIONS TO CANDIDATES:

1. This question paper contains SIX (6) questions in TWELVE (12) pages.

2. Answer ALL questions.

3. Write all answers in the answer booklet provided.

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

5. For all calculations, assume that V=26 mV.
MODEL ANSWER

THIS QUESTION PAPER CONSISTS OF TWELVE (12) PRINTED PAGES INCLUDING

THIS COVER PAGE AND APPENDIX.
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Q1(a)(i)
v+ Transistors [1]
Q
| l Irer [0.5]
|| = I/
IRgF 1 § R, | ‘ ¢ R, [0.5]
+—oVr I [0.5]
Ipn
Ql\l/l — L/g’ Connection [0.5]
b 2
Ve Total [3 marks]
V-
Q1(a)(ii)
L g = Is1eVBE1/VT 1
L per
Vg = Vp In| === 1
I
V,,, =0.026 ln(%J =0.6387V 0.5, 0.5
DX
Vg =V =0.6387V
IO — ISZeVBEz/VT 1
1, =3x107""0920 =139.9uA 0.5,0.5
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Q1(b)(i)
Identical transistors, therefore aspect ratios are the same
k, (W
I,= 7 (ZJ[VGS —Viy ]2 1
Vo =V, =V, (sat) = 0.8V X
w__ 2,
Lk [V, sa)] 1
W 20m o, __
L (120p)(0.8) 5, 0.
Q1(b)(ii)
R:V*—V*—zvcs "
I,
Vi =V (sat) +V,, =0.8+1.5=23V 0.5
R= 15—(-15)-2(2.3) _95.4K0
Im 0.5
Q1(b)(iii)
= L = 1 = oo 1
¢ ﬂ’ID (O)ID
R, )

Therefore, no change in current
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Q2(a)
I,=1,=2I, =2(60p)=120pA ]

K [120p
Vioss =Voss =Vass =Vosa = Ki +Viy = m +0.3=1.3954V 2

R oV Vs Vi V" _3-1.3954-1.3954-(3) _, . 15
: I, 120u
Iy =K, (Vo =V F =V = | Ao py =[O0 3 o304y | 15
K, 150u
R :VJr_VDl :V+_(VD51+V51) :V+_(V051+V01_VG51) 1
D
IDI IDI IDI
p Y Vo v+ Vs _3-3-(-05)+09324 _ oo )
’ I 60p
Q2(b)
1 1 1
R = r.r.=2.K , I, ——
0 gm4 04706 n4*Q /14[Q /IGIQ
R, = 2,/(100)(120) ! L _i5203M0 1
0.01(120) 0.01(120p)
Ad = M 0.5
2
8o = 24 K 1, = 24/(1500)(60p) = 189.73uA/V 0.5
A= (189.73p)(23.87K) _ ,
2 1
- _ ngRD 1
o 1+2g, ,R
. (189.731)(23.87K)  _ ¢ oo 106 1
1+2(189.7311)(152.03M)
CMRR=| Ay |=| 226 6|=279502.44 >
A | |-8.08x107
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Q3(a)

vV, = Ay,
A =8,,(,I1IR))
- 1 _ 1
A, (0.02)(100w)
R, = 8,741

I 2
A, A1,
Py =T¢= ; =333.3kQ

(0.03)(200p)

i)

= /(50p)(12)(200p) = 0.3464mA/V
R, =(0.3464m)(333.3k)(333.3k) = 38.5MQ
r, IR, =r, =500k

=500k

Toa = Toe =

(W
g, = kn(zj 1, =/(100p)(10)(200) = 0.4472mA/V | 05

vo = Avvd = gm2r02vd

v, =(0.4472m)(500k)(20sinax)p) = 4.472sinax(mV)
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Q3(b)(@)
Differential amp circuit [0.5]
3-transistor active load circuit [0.5]
Darlington pair circuit OR gain circuit [0.5]
Output stage [0.5]
Q3(b)(ii)

Reflection rule

R =r,+0+p0)r, 1
ﬁ:gmrlm 1
B =(5m)(3k) =15
R, =3k + (1+15)(3k) = 51kQ !
re+r-llr

R =R ” 78 o7 oll

0] 2 (1"',3) 1
R, =10 3k + 500k 1500k _ o) ) —

(1+15) :
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Q4(a)(i)

R. = Ve _VEBI2 _VBEII -V 0.5

=
IREF
-3
Vs =V =V, 1nl}ﬂ =0.0260n 29" _g.658v L5
S
R, = 15-0.658-0.658 = (=15) _ o o 0.5
Im
I =1p=10x10"°A 0.5
-3
R, =~ in ez _ 0‘026_6 in10 — =11.97kQ !
I.o Ipp 10x107° 10x10
Q4(a)(ii)
1 Il 10pA
J. =2¢8 _Tco _ = SuA 1
1 > > ) I3
200x0.026
p =PV 20060026 4o !
I S
Q4(a)(iii)
_ 1
Ves =Vier ¥ Vg + 1R, +V
V.. =0.6+0.6+ (5pA)(IKQ) + (—15) =—13.795V 1
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Q4(b)(i)

I,=1,5=1,; 0.5
Ips =K, (Vs +Vyp ) = (1000A/V?)x(1.5-0.5)* =100pA | |
= 1, =1,;=100pA =0.1mA 05
Q4(b)(ii)
A, =AA, 05
A= gm(roz I ”04) 0.5
_ _ _ 0.5
g, = \/ZKPIQ = \/2(100u)(100p) = 141.42uA/V
r, = Lo 1 vo 0.5
Adp,  0.02x50p
1 1

A1, 0.01x50p

A, =(141.420)(IM112M)=94.286 | 05

AvZ = gm7 (’:)7 ” ’:)8) 0.5
g, = 2K I, =21251)(100u) = 223.6uA/V| %
I, = L ! = 1IMQ 0.5
A1y, 0.01x100u
! ! =0.5MQ | 05

V. = =
A1, 0.02x100p
A, =(223.6p)(IM110.5M)=74.53 | 05

A =AA,=94286x74.53=7027.45 |05
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Q5(a)
¢ Class A: Output transistor is biased at a quiescent current Iy and conducts for the
entire cycle of the input signal.
[2]
¢  (Class B: Output transistor conducts for only one-half of each sine-wave input cycle.
[1]
¢ Class AB: Output transistor biased at a small quiescent current Iy, and conducts for
slightly more than half a cycle.
[2]
¢ (lass C: Output transistors conducts for less than half a cycle.

[1]

Q5(b)
v, (max)=V"* -V, (sat) =10-0.4 = 9.6V 1
IQ — ‘_ iL(maX)‘ — VO (maX) — 96 _ 192mA 1
R, 5k
11=IQ:8_VBE(OH)_V 1
R
r=2"0T2C0 g pika 1
1.92m
. , 1
n= i — (1/2)(1L(max)) RL :

Py I,(V =V )+1,(8-V")

_1/2)(1.92m)*(5k) _ 9.216mW
" (1.92m)(20) + (1.92m)(18)  72.96mW

n=0.1263@12.63% 1
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Question 6 [20 marks]

EEEB273, Semester 2 2011/2012

(a) Using feedback resistor of 18 kQ, draw the following circuits using inverting op-amp

configuration:

(i) Aninverting amplifier with a closed-loop gain of -10.

(i) A voltage follower.

[4 marks]

[4 marks]

18 kQ
N A
1.8kQ Ry
Yo A =3
R, —O0g
+ n
6a(i) L L.
= A x1
N
A :
18 kO N
A 18 kO
% R e
18 kO g Ry
U o——AMW - 18 KO
R, ANV

+ R
6a(ii) L A

(b) Consider the non-inverting op-amplifier shown in Figure 6a. Assume the op-amp is ideal.

Determine the resistor values of Ry and R, to produce a closed-loop gain of 15, with the

minimum resistance in the circuit is to be 20 kQ.

Ay, =1+RyR =15
R)/R1=15-1=14 =>R,=14R;
Select Ry = 20 kQ,

Then R; = 14 x 20 kQ = 280 kQ
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Figure 6a

(c) For a generalized summing op-amp as shown in Figure 6b the total output voltage is the

sum of the individual terms, or

v, =—£vl1 ——Ly, +|1+—L &vl3 +&v14
R, 2 N A B
where RN = R1HR2
R, ZRAHRBHRC

Design a summing op-amp similar to Figure 6b to produce the output
v, =—5v, —10v,, +5v,; +2v,,

The smallest resistor value allowable in the design is 15 kQ.

[8 marks]
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R, Ry
Vsl AN
R 25! l
vz — WA =
Lo Yo
Uiz — AN +
H.ﬂl
v
Figure 6b
Rr/ Ry =5 = Rr=5R, [0.5]
and Rr/ Ry, =10 => Rp=10R; [0.5]
So, resistor R, will be the smallest value. Set R, = 15 kQ. [1]
> Rr=10R,=10x 15 kQ =150 kQ [0.5]
and Ri=Rp/4=150kQ /5 =30 kQ [0.5]
Ry=Ri IR, =30kQ 115 kQ =10kQ
1 +Rp/Ry=1+ 150k / (10k) =16
(1 + Rp/ RN)(Rp/ Rs) = (16) (Rp/ Rs) =5 [0.5]
and (1 + Rr/ RN)(Rp/ Rg) = (16) (Rp/ Rp) =2 [0.5]
So, (Ra! Rp) =2/5. [0.5]
Choose R4 =80 kQ, [1]
then Rp =200 kQ [1]
and Rp=25kQ [0.5]
R =4445 kQ [1]
-END OF QUESTION PAPER-
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