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Section A : Network Theory + Electronic Devices and Circuits

Consider the circuit shown below:
5Q SH i
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If the equation of current, i(t) = e [B, cosw,t + B, sin w,t] for ¢ > 0.

Then calculate the value of
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D.1(b)| Prove that the efficiency of DC excited R-L series circuit is zero.
R
—— MW
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D.1 (c)| Obtain ABCD parameters for the network shown in figure.
20 28 1Q
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Q.1(d)

Sub\gln e tfu.LcLHon@ tn ecpualton @

E‘év -—zsx,,l +4 T

‘ Vo = Gr4o2rs, + lb12¢C,

e &%“ Bl
()

ST
Compare equutfon (1 by

Consider an n-channel MOSFET with source and drain doping concentrations of
N, =10% cm and a channel region doping of N_ = 10'® cm=. Assume a channel length
of L =1.2 um, and assume the source and body are at ground potential (i.e, |V ,| =0).

Calculate the theoretical punch-through voltage assuming the abrupt junction
approximation.

(Assume, V= 0.0259 V; € ; =11.7€ ;; n, = 1.5 x 101° cm™ for Si)
[12 Marks]
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Q-1 (e)

Consider an NPN transistor with Emitter, Base and Collector region width as W, = 0.5 pm,
Wy = 0.2 pm and W, = 2 um respectively. Diffusion coefficient of carriers in base
region, Dy =10 cm?/s.

0 015 03 045 06
Vge(V)

Calculate:

(i) Common Emitter Current gain, .

(iiy Base doping concentration, N,.

(iii) Base transit time, 7.

(Assume, Wy << Ly, n. =10 cm™3; kb =(0.026 V)

q

| [12 Marks]
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Q2(a)

For the circuit shown in figure, find the current through 5 Q resistor by using Thevenin's
theorem and verify the same by using superposition theorem.
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Q.2(b)

FOT =20V m CLOPL'G’ KVL

e‘{}-LQlHIOh'@ 2 QQ)UU"“’"‘@ 1 Lor”P::
hence Proved
Cons1der an n-channel MOSFET with a doping Of N_=10% cm™, an oxide thickness of
= 750A and an initial flat-band voltage OEV =-15 V-“ <
Calculate 1 \/'/ oo JZdp, 1 Veos ,@d/:
: ! vtz Vio 4 {\JQP i o
(i) Threshold voltage, V..
(ii) Theionimplant density ‘D, required to achieve a threshold voltage of V.= +0.9V
with Vo, = 0.
(iif) Using the result obtained in part (ii), determine the threshold voltage if source to
body voltage, Vg =2V is applied.
(Assume, V=06V, e =117%, €, =39¢

2

v 1:=1.5x101 cm3)

. [8 + 4 + 8 marks]
W ax threcword volduge _ o
Vg = Vo - f\\ldp—tl\lss "JZC’PF .
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Q2 (o)

(i) Find the Thevenin's equivalent of the circuit shown in figure below as seen from

the load impedance Z, .

(iiy Find the value of Z;, for maximum power transfer and also the maximum power

transfer to the load VAR

100.£0° V Q"‘

[12 + 8 marks]
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Q.3 (a)

The figure shows the electric field distribution within a MOS structure (P-substrate) for
a given potential V. applied to the gate. Assume the flat band potential V., = 0.

E(kV/cm)

O : Oxide
S : Semiconductor

Find:
(i) The potential in the bulk of the semiconductor y,.
(ii) The potential at the surface of semi conductor, y._.
(iif) The threshold voltage, V.. '
{iv) The value of the applied potential at Gate, V..
(Assume, € ;=102 F/cm; € =3 x 1072 F/cm, n,=1.5 x 100 em™3, C__ = 15 nF/cm?,
V=26 mV)
[20 marks}
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(i) Thecircuitin the figure contains a current source driving aload having an inductor
and a resistor in series, with a shunt capacitor across the load. The ammeter is
assumed to have zero resistance. The switch is closed at time £ = 0.

Switch Ammeter [oad

Current Shunt
Source 2 A(p Capacitor

Initially, when the switch is open, the capacitor is discharged and the ammeter
reads zero ampere. After the switch is closed, the ammeter reading keep fluctuating
for some time till it settle to a final steady value. Calculate the maximum ammeter
reading that one will observe after the switch is closed.

(i) Determine Z and Y-parameters of the network shown in figure.

2V,

[10 + 10 marks}
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Q3 (9

(i)
(ii)

Explain the working principle of a pn-junction solar cell.

Consider an ideal silicon pn-junction diode with the following parameters:

T, = T, =01x10%s
D _=25cm?/s
D,=10 cm?/s

If N, represents donor concentration and N, represents acceptor concentration,

N
what must be the ratio of —N—" so that 95 percent of the current in the depletion

region is carried by electrons?

[10 + 10 marks]
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For the network shown in figure, solve for i(f) for £ > 0.
§
60 260
6 ) '
it =1 ' i
A 8
t=0 2
30V 10V

[20 marks]
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Q.4 (b)

For the network shown in figure, write down the tie set matrix, obtain the network
equilibrium equations in matrix form using the tie-set matrix and calculate loop currents.

40 12V
In 120
AWy AMA——
120Z 2380
Iﬂ E: 40
20 vﬂ:) @ G 1w0v

[20 marks]
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104 (c)| (i) Consider a semiconductor in thermal equilibrium (no current). Assume that the
donor concentration varies exponentially as,

Nd(x) N Nrﬂ'oe_[ix

over the range 0 < x < 1 where N 4, is a constant.
o

-

1. Calculate the electric field as a function of ‘x’ for 0 <'x < l :

QR = R

2. Calculate the potential difference betweenx =0 and x =

(ii)) Consider two materials in intimate contact at equilibrium as shown below.

Material 1 Material 2
Density of states N,(E) Density of states N,(E)
Fermi Distribution f,(E) Fermi Distribution f,(E)

X

Assume the net motion of electrons is zero, show that the equilibrium Fermi level

| must be constant throughout, thatis, Er, = Eg, (or) show that no gradient exists in

the Fermi level at equilibrium, i& =0
%

[10 + 10 marks]
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Q.5 (a)

Section B : Network Theory + Electronic Devices and Circuits

Consider a sample of silicon at T = 300 K. A hall effect device is fabricated’ with the

following geometry:
d =5x10%cm
W =5x102cm
L = 050 cm
The electrical parameters measured are:
I, = 050 mA
Vo =125

B, = 650 gauss = 6.5 x 1072 tesla
The Hall field is E;; = -16.5 mV/cm
Determine:
(i) the Hall voltage,
(ii) the conductivity type,
(iif) the majority carrier concentration,

(iv) the majority carrier mobility.

[12 marks]
Wh @» Hall qu‘mae /E:/a—lbfgmvlam
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Q.5(b)| Consider a long silicon pn-junction photodiode at T = 300 K with the following
parameters:
N, =2x10%cm3 N, = 10¥ cm™
D, =25cm?/s 125 = i cm?/s
Ty, =2%107s Ty, = 1075

Assume a reverse-bias voltage of V, =5 volts is applied and assume a uniform generation
rate of G, = 102! cm s~ exists throughout the entire photodiode.
Calculate:
(i) The prompt photocurrent density and
(if) The total steady-state photocurrent density.
Given: n,for §i=1.5 x 101® cm
g, =11.7

[12 marks]
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(c)

(i) Calculate the temperature at which there is a 10~ probability that an energy state
0.55 eV above the Fermi energy level is occupied by an electron.

(ii) A silicon n*p junction is biased at V, =10 V.
Determine the AV, (Change in built-in potential), if the doping in the p-region
increases by a factor of 2.

[6 + 6 marks]
;‘\» IF{Y"" A(E\; ‘__)_____l_c_—_,.g—;')—l‘d_‘
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.5(d)| (i) The periodic function v(6) given below is applied to a resistor of 1 . Calculate the

power dissipated in the resistor.
[Given, V,_ =1V]
v(6)

Vm
V?’R

~[

A

0| /3 n/2 =« 2n

(ii) In the circuit shown below, at t = 0, the switch is moved from position ‘a’ to ‘b’.

i 10
o W)y
10 20
10V -..L
2H _I_ 18
ot
Determine the value of dl—l(w

[6 + 6 Marks]
At ab big Cudin arld
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5 (e)

For the network shown in figure, write down the tie set matrix and obtain network
equilibrium equations in matrix from.

30 jAQ
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i .m l
50.45° v () L g 50 80
- 5 |
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6 (a)

(i} A series resonant circuit has its impedance,
_ 20(s+1+;10)(s+1-;10)

Z(s)

5
Find:
* Resonant frequency
* (-factor
* Bandwidth

* Impedance of the circuit under resonance condition

(ii) Draw a parallel RLC circuit using the elements of Z(s). And also calculate the extra
capacitance (C_,,) that must be added in series with capacitor C so that the resonant
frequency of parallel RLC circuit is increased by factor of 5.

[10 + 10 marks]
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Q.6(b)

(1)

(ii)

A silicon device with n-type material is to be operated at T = 550 K. At this
temperature, the intrinsic carrier concentration must contribute no more than
5 percent of the total electron concentration. Determine the minimum donor
concentration to meet this specification.

Given:n.=3.20x10% cm3 at T=550 K
H

Assume a silicon p*n junction at T = 300 K with #; = 1.5x10cm™ . The inverse

depletion layer capacitance per unit area squared is a linear function of applied
reverse-bias voltage as shown below.

il

e
s

7

s
e

=V U — Vi
Assume that the intercept of the curve on the voltage axis in above figure gives
~0.855 V and that the slope is 1.32 x 10%° (F/cm?)-2V-1.
Determine the impurity doping concentrations ‘N, and ‘N,
[Given : Relative permittivity of Si = 11.7]

[8 + 12 marks]
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 (c)
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Consider a MOS structure shown below:
i
o/
VGB
: : T Semiconductor
= 0 x

ox

The oxide thickness, { = 50 nm and the doping level in the p-type substrate is
N, =10% cm. Assume, intrinsic carrier concentration of semiconductor, n; = 101°/cm?,
thermal voltage, V=26 mV, €_ ., . =345 x 102 F/cm, € ; =1.05 x 10-12 F/cm.
Calculate the hole concentration, p at the oxide-semiconductor interface (i.e., x =0) under
the following conditions:

(i) Atflatband.

(i) At threshold.

(iii} At a condition in which the potential build up from the quasi-neutral body of
semiconductor tox =0is 0.5 V.

(iv) Atacondition when the capacitance per unit area of the MOS structure is 50 nF/cm?.

[20 marks]
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Q.7 (a)

Show that the ratio of hole diffusion current to electron diffusion current crossing a

oty Tpn©® _(%p | f La
p-n junction is given by, 1,0 |5, il where 0, 0, are the conductivities and
L, L,are diffusion lengths of ‘p” and '’ regions respectively. Assume the junction is

located at x = 0 and neglect the depletion layer width.
[20 marks]




MADE ERSY4Y Question Cum Answer Booklet

Do not

| Page 55 of 69 | 4men

this margin




Do not
@ MADE ERSY Question Cum Answer Booklet | Page 56 of 69 |0

Q.7(b)| For the network shown in figure, draw the oriented graph and compute.

4Q
""""
40
AAAR r\
yyy U_
6Q 2F I
——MMW—]
12Q 2H

AAAA
vy
N
o

4

(i) Complete incidence matrix and reduced incidence matrix.

(ii) Tie set matrix.

(iii} f-cut set matrix.
[20 marks]
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(i)

two criteria:

Vo e
1. VS_O'OS 2 Req—39 kQ
If the load resistor 5 kQ is fixed, find R, and R, to meet the criteria.
1kae R,
+
R,2  Vy25KQ

In the circuit shown below, L=05H,C=0.75F, R=3Q and I (t) =12A (DC) for all
time. Suppose that switch 5, has been in position B for a very long time and switch
S, has been open for all time. At time ¢ = 0 switch S, moves to position A and
switch §, closes instantaneously. Calculate V_, (f) at ¢ =1.5 secondsif V_, (07) =0

[10 + 10 marks]

Do not
b MADE ERSY Question Cum Answer Booklet | Pagesoof 69 [Uen
()| (i) In a certain application, the circuit shown below must be designed to meet these
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Q.38 (a)

(i) Inaverylongp-type Sibar with cross-sectional area =1 cm?and N, =10 cm3, we
inject holes such that the steady state excess hole concentration is 3 x 10 cm™ at
x = 0. What is the steady state separation between E, and E,_at x = 500A?
[Assume that p, = 500 cm?/V-s and 7, = 109, n,=1.5 x 100 cm

(i) Assume that an n-type semiconductor is uniformly illuminated, producing a
uniform excess generation rate g’.

Show that in steady state the change in the semiconductor conductivity is given by,
Ac = q(un + MP) Tpo gf
[12 + 8 marks]
: )
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Q8(b)

(i) The switch is moved from the position a to b at t = 0, having been in the position a
for a long time before ¢ = 0. The capacitor C, is uncharged at ¢ = 0. Find i(f) and V(f)

for t > 0.
Rl

R a b
FW—‘T-—MWV————H
Vu[ ; B T ,1@ =C, v, ()

1

=

(i) For the ladder network below, determine the h parameters in the s domain.
2Q 280

—

2H ng

= QO

[10 + 10 marks]
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(i)

(1)

Assume the base transit time of a B]T is 100 ps and carriers cross the 1.2 um base-
collector space charge region at a speed of 107 cm/s. The emitter-base junction
charging time is 25 ps and the collector capacitance and resistance are 0.1 pF and
10 Q respectively. Determine the cut-off frequency of the BJT.

An npn silicon transistor is biased in the inverse active mode with
Vg = -3 V and V. = 0.6 V. The doping concentrations are N = 10'® cm>;
N; = 10V cm™, and N, = 10! cm™3. Other parameters are x; = 1 um,
Tpy = Tpo = Top = 2 X 1075, Dy =10 cm?/s, Dy = 20 cm?/s, D =15 cm?/s and area
A =107 cm?. Calculate the collector and emitter currents (Neglect geometry factors
and assume the recombination factor is unity) (Assume, n, = 1.5 x 101° cm™?,
V,=0.0259 V, 1 = carrier life time and D = diffusion coefficient.)

[10 + 10 marks]
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