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SPECIAL INSTRUCTIONS:

You are required to gnswer SIX questions

You MUST attempt Q.1 : 10 marks

From Q.2-Q.7, answer any FIVE questions.: 10 marks (each)

Before submitting your answer book, fill in the Table below indicating the answers you want to be graded.

(If you do not fill in the Table, the instructor will mark your answers as they appear one after another in the

answer book)
Table
Answerstobe | Q.1
| graded (compulsory)
Marks

Show all steps clearly in neat and legible handwriting.
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Part 1: The student MUST answer this question (10 marks)

Q.1: A semiconductor junction diode D is used in an automatic gain control system as shown in figure 1.
The ac resistance of the diode is dependent on the amplitude V,, of the input signal. The capacitance acts
as a short circuit and the inductor acts as an open circuit for the ac signal.

The input signal is full-wave rectified to generate a DC voltage which drives the DC current through the
diode. This DC voltage is given by 2 v, / 7 . The diode is a 1 mA diode. For the diode you may use the

relation: ¥, =V, +2.303nV; log,,(I, /1), where Vris the thermal voltage (=25 mV). You may use n
=1. The DC resistance of the diode can be neglected.

w(r) =V, Sin( at)CD

Full Wave

Rectifier

250 ohms

Figure 1:
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You are required to find the amplitude of the ac output voltage v, for a given amplitude ¥}, of the input
signal. Please address the following questions.

Jan<€
(a) How will you represent the diode to calculate the signal v,?

(1.0 point: KB 3)

(b) Show/derive the equivalent circuit model of the diode to do your work (3.0 points: PAI)
(c) Show the overall equivalent circuit containing the diode for calculating v,

'l/p{i v
2 ’?d Find the value of the ac signal v, ‘
Ta

. Vy head be givem.

N (% 290 guvo

(4.0 points: PA2)
(2.0 point; PA3)

(Total: 10 marks)

Part II: Answer any FIVE questions (Each question has 10 marks)

Q.2: An implanted bio-electronic device requires +3 and -3 volts for its operation. This is to be
arranged by inductive coupling (i.e. a transformer) of a radio signal through the skin of the person.
The magnitude of the radio signal is 1.5 volts at IMHz.

(a) Provide a schematic of the system which can deliver the required voltages of +3 and -3 volts.

You can use transformer, diodes, capacitors and resistors. (Twe mlk&w

b $Ysderms wal 1be atadf
n "ﬂ/\JS -F-Mm W}'Lmk/

(b) Explain the operation of the circuit. If the capacitors used are 10pF (pF=10"12 Farad) each, what #"t$epak.
value of resistors will be desirable for smooth DC voltages of +3 and -3 volts? @ 3 SrokvL , Gsuminy _ .

Q.3: The circuit in Fig.3 depicts a BIT configured as common collector amplifier. Find and use

L>,T

’

the ac parameter values of the transistor (B=49) to calculate the Rin, and Row as shown on the
schematic. Given V4 =100 Volts.

Vs

Rin

Rs |Cci=infinity

LYy
1k

L

RB1
50 K g

I=1 éRE
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l 35K
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+15V
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T=IG %

T = MmA B = liSon

P1

ov

—i—
g | CE=infinity
R

Cc2-inﬁnity

Figure 3:
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Q.4: Figure 4 shows a BJT amplifier operating in common emitter configuration. The transistor

has p=100, and ¥V« (i.e., Early voltage)=150 Volts. Find

(i)  TheDC operating point — T = 3:8mA Vo = S4Y
(i)  The ac equivalent circuit —=> Fp, = 0182 Mo, Ty =

(iii)  The small signal voltage gain vo/vs.

120 K\ Ve
2.5 K0 15V

Ub J'
01162V 120402
q w " 36:¢ Kk
»

82kQ

B2RN-

C=cw

v, =0.18in(500¢)

65t an Y,z 395 kn

Q.5: For a particular MOSFET operating in the saturation region at a constant vgs, the ip is found

to be 0.5 mA for vos =1V, and 0.52 mA or vps=2 V.

(a) What are the values of ro, V4, and A for this transistor?

~1

Yo=49twa  \h= 235V, A=00492V

(b) The transistors M1, M2 in Fig.5 have same ro as in (a) above. For Ip=0.1mA, Vpp =5V, Vran
=0.7V, K» =100pA/V?, and W/L =5 for each transistor, what voltage gain vo/vin Will be realized?

Voo a2 e g
U o2
o— v
1)?_51 GSrmvﬁsl
Lo g i %, = Vo, =42:6kn
v,
o_||:: M1 ;?, T -T7'84v)v
Vin N
= Figure 5:
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Q.6: In the circuit of Fig. 6, the NMOS transistor has |Vrs] = 0.6 V, V4= 75 V and operates with
Vop=1V.

(a) What is the voltage gain vo/vi of this amplifier stage? ;Dq = —2as2vy
(b) What will ¥p become if I is increased to 750 pA? v !
N = loqu
VDD

Figure 6:

Q.7: For the NMOS amplifier in Fig. 7, draw the ac equivalent circuit using T-model for the
transistor, and assuming 7, =infinity. Derive expressions for the voltage gain vs/vi and va/vi .

Voo
% 7
YU I b
‘UL f— V4 ',U glp—
i 1495
v, q)_i R A
v g =
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‘-Vss

Figure 7:
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