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Question 1  [20 marks]

ANSWers:

(i) The circuit: [L4] The three-transistor diagram (2 marks)
The differential amplifier (2 marks)

The connection of the two circuits (1 mark)

+5V

l'lé&Skﬂ [C“l 2kQ  2kQ

-5V

+_ _ L
(i) I % Ig, = PR —EE 2]

5-07—-07-5
I, = - =1mA
1

R, = 8.6 k0 [2]
I, = hz =~ 1mA [2]
v+ gl

I
2
Veg, = Vg — V™ [1.5]
=(0-07)—5=43V[1L5]

Vegs = v - leaRe — Vg [2]

5 —(0.5m)(2k) — (—0.7) = 4.7V [2]

= I, =05mA[2]
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Question 2 [10 marks]

ANnswers:

(i)

(i)

(iii)

Determine o such that the dc currents in the differential amplifier are
balanced. [L3]
lo = lg3 + Igs [1]
I 1 I
222 2
2(3)(5) - 50
0. 2m

Iy = o5 = 28A [1]

Calculate the open-circuit differential-mode voltage gain. [L3]

Zﬂzﬂ-irr'.: i v
g]_w_ vr 0,026 3.546 .f?“?_-"].|l ! [1]

"4'1.'.' = Om ETDEHT‘D-;) [l]
= 3.846m(1000k)(1000k) — 1923 [1]

Find the differential-mode voltage gain if a load resistance R = 250 kQ is
connected to the output. [L3]
|TD":||R.[} [1'5]

'qr.' = g!n(:Tof
A, = 3.846m(1000k||1000k||250k) = 641 [1.5]

Page 3 of 9

[3 marks]

[4 marks]

[3 marks]



EEEB273, Special Semester 2013/2014

Question 3  [15 marks]

Answers:
(@ 1. Average current: Vp/(mRL) [1]
lave=(6)/[(3.141)(200)]=9.55mA [1]
ii. Average power delivered to load:
PLave = Vp2/ (2Ry) [2]
=(6)(6)/2(200)=90mwW [1]
iii. Poave =(1/1) /(Vec-Vpsinet)(Vy/RL)sinet dat ; for 0 < wt<m [2]
VooV, V72 2

VeV, Vo _(0)6) 6 =95.51mW-45mW=50.5mW [2]

R, 4R, x(200) 4(200)
V. Psave =2Vee[Vp/(nR1)]=2(95.51mW)=191mW [2]
77 = PLave /PSave = 90/191 :471% [1]

(b) Any of the following key-phrases:
Q) v > +0.7V, Q, turns on and operates as emitter follower [1]

I is positive, supplied thru Q,
B-E junction of Q, is reverse-biased

(I v <-0.7V, Qp turns on and operates as emitter follower [1]
Qpsinks I, which is negative
B-E junction of Q, is reverse-biased

(1) vp remains zero as long as -0.7V <v; < +0.7V [1]
Dead band: range of input voltage where vo is zero

- Where both transistors are cut-off
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Question 4  [20 marks]

Answers:

i I6 = ﬂ\/‘r/ lce Where lcg = |C7/(1+ﬂ) [2]
rs =0 (1+pH)V+r/lc; = (90)(91)(0.026)/(0.5m) =426 kQ [2]
rz =pV7l lcz = (90)(0.026)/0.5m)= 4.68 k2 [2]
R =1+ 1+ B, =426k +(91)(4.68kQ) = 852 kO 2]

. Voz = ic7 RL7 = (,Bim)Ru :ﬂ(l"'ﬂ)ibeRu [2]
Ve
b6 R

Vos _ B+ PR,

A v, R [2]
Find = lo110Om1 Mo s = Icll = Ic7’ Ic8 = given [4]

Fo11 = Va / lez = 120/0.5m = 240 kQ

Omiz = Vi / lc7 = 0.026/0.5m = 5.2 kQ

Fa1 = AVr/l Iz = (90)(0.026)/0.5m = 4.68 kQ
rs = AVr/ lcs = (90)(0.026)/2m = 1.17 kQ

Rus = Fa(L+ 0,0:R: )= (240K)[1+ (5.2K)(4.68K // 0.1k) = 124TQ

Rys =g +(1+ B)R, =1.17k + (91)(5K) = 456kQ [1]
R.7 = Ryyy|Rys = Ros = 456kQ2 [2]
90(91)(456k)
= T A 4383 1
A 852k ]
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Question 5  [15 marks]

Answers:
Q5(i)
lca =38 pA [1]
=|08/2=|09/2 :IC10/2 [1]
Ic1o =2 X lcio =16 pA [1]
lcioRs = VrIn(lger/ lcio) [1]
IRerF = lcioexp[lcioRa/ V1] [1]
= (16p) exp[(16pn x 5K) / (26m)] [1]
=0.347 mA [1]
Irer = (VI - V: - Veg12 - Vee11) / Rs
Rs =(V' -V -Vegi2 - Vee11) / lrer [1]
=(12-(-12)-0.6 -0.6) / (0.347m)  [1]
= 65.694 kQ [1]
Q5 (i)
lce =lcp =8 pA [1]
Vs =Vge7 + Vees+ lcs R+ V- [2]
= 0.6+ 0.6 +(8W)(1k) + (-12) [1]
or Vg =-10.8V [1]
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Question 6  [20 marks]

ANSWers:
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Q6(a)
Calculation:
A, =1+ Ry/(Rir + Ryy) [1]
R2 =250 kQ. Rir is a fixed-value resistor.
Riv is a potentiometer. Gain is maximum, i.e. 26, when Ry = 0 Q.
Au =26 =1+Ry/(Rir+Ry) =1+250k/(Rir +0) [1]
RiF =10 kQ [0.5]
Gain is minimum, i.e. 11, when Ry is maximum.
Az =11 =1+Ry/(Rir+Ry) =1+ 250k/(10k + Ryy) [1]
Ry =15 kQ [0.5]
Circuit: [2]
R> 250 kQ
10 kQ 15 kQ AN
R1iF Ry
— AW -
—— _T — VUp
Potentiometer v i
Q6(b)
Using superposition theorem:
Viz=0:  voi(vin) = (-Re/R1) v = (-100k /100k ) vi1 =-vy1
[0.5] [0.5]
vit=0:  voi(vip) = (-Rr/R2) vi2 = (-100k /100k ) viz =-Vj2
[0.5] [0.5]
Vo1 = Vo1(Vi1) + Vo1(Vi2) =(-vir) + (-Vvi2) = -(Viz + Vi2)
[0.5] [0.5]
Vo = (-Rr/R1 )Vor = (-100k /100K )[ -(vi1 + vi2) ] =V + V2
[0.5] [0.5] [0.5]

Note: Student can use any method that leads to the same answer.
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Q6(c)
Re/Ri=5 =P Re=5R; [0.5]
and Re/R, =10 =2 Rg=10R; [0.5]
So, resistor R, will be the smallest value. Set R, = 25 kQ.  [1]

> Rr=10 Ry =10 x 25 kQ =250kQ  [0.5]

and R1=Re/4=250kQ/ 5 = 50 kQ [0.5]
Rn = Ry || R2 =50 kQ || 25 kQ = 16.667 kQ
1+Re/Ry=1+250k/(16.667k) =16
(1+Re/Ry)(Re/ Ra) = (16) (Re/ Rp) =5 [0.5]

and (1 +Re/Ry)(Rp/ Rg) = (16) (Rp/ Rg) = 2 [0.5]

So, (Ra/ Rg) = 2/5. [0.5]

Choose Ra =80 k2, [1]

then  Rg =200 kQ [1]
Rp=(2Rg)/ 16 = (5Ra) /16

> Rp =25 kQ [0.5]
Rp=Ra||Rs || Rc

> Rc = 44.45 kQ [1]
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APPENDIX

BASIC FORMULA

BJT MOSFET
i = 15e"™"";NPN ;N—MOSFET
i = 15e"=""";PNP Vps (SaL) = Vgs —Viy
Iy = K, [V —VTN]2
iC :ﬂiB :aiE K = ,UnCOXW _ kn W
g =1+,
o :% P -MOSFET
_|_
VSD(Sat):VSG +VTP
ip = K, [Vsg +Vip]°
;Small signal b = KylVse TP]'
IB:gr K:/upCoxW:kp.W
m°z ) SL >
r :—'BVT
= ;Small signal
I
gm :ﬂ gm = 2 K?IDQ
VT
=1 T
leo
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