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1 (a)

Section A : Network Theory + Electronic Devices and Circuits

Consider the circuit shown below:

M*ﬁf+
10V—T o > v, (t)

If the equation of current, i(t) = e [B, cosw t + B, sin w,f] for £ > 0.

Then calculate the value of

(i) (i) B,

64

(iii)y B
: [12 Marks]
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1 (b)| Prove that the efficiency of DC excited R-L series circuit is zero.
R
t=0 i (£)
v, L
[12 Marks]
So)
R fule)
\J_S L
Rpplnvgy KVL v .
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D.1 (c)| Obtain ABCD parameters for the network shown in figure.
20 2Q 10

[12 marks]
So\\k
V’ - AM, - B 1,
T‘ = Y \}-;_ - I?.
- 3 L"O
1?’ - Ty 9L 2 i p
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Q.1(d)

Crem m‘n‘fﬁ““‘
g 8| 1-"'

Consider an n-channel MOSFET with source and drain doping concenfrations of
N, =10" cm and a channel region doping of N, = 10 cm™3. Assume a channel length
of L =1.2 um, and assume the source and body are at ground potential (i.e, | V5| =0).
Calculate the theoretical punch-through voltage assuming the abrupt junction
approximation.

(Assume, V. =0.0259 V; € . =11.7€ ; n, = 1.5 x 10'° 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 um,
W, = 0.2 um and W, = 2 pm respectively. Diffusion coefficient of carriers in base

region, Dy = 10 cm?/s.
.

1072

10747

Icz }B (A/sz)

Calculate:

(i) Common Emitter Current gain, f.
(ii) -Base doping concentration, Np.
(iii) Base transit time, Tp.

(Assume, Wy << Ly, n,=10%° cm3; e 0.026 V)
q

[12 Marks}

So)
/
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Q.2 (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.

A 5 ) B
——————W————
1+
B 40V
+ L
100vJ-;£1 5*2052 6
E, 108 ‘
S e
D e

[20 marks]
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Q.2(b)

Consider an n-channel MOSFET with a doping of N = 10° cm™>, an oxide thickness of

b= 750A and an initial flat-band voltage of V; =~15V.

Calculate:
(i) Threshold voltage, V..

(ii) Theionimplant density ‘D, required to achieve a threshold voltageof V.=+09V

with Vo, = 0.

(iii) Using the result obtained in part (ii), determine the threshold voltage if source to

body voltage, V; = 2V is applied.
(Assume, V,=0.026V, €,=117¢, €,,=3.9¢, n =15 x10% cm™)

[8 + 4 + 8 marks]
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Q.2 (c)| (i) Find the Thevenin's equivalent of the circuit shown in figure below as seen from
the load impedance Z, .

(ii) Find the value of Z; for maximum power transfer and also the maximum power
transfer to the load Z;.

100.£0° V G-)

[12 + 8 marks]
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Q3 (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 Vy; =0.
E(kV/cm)

Qi 8 '

301
O: Oxide

204 S : Semiconductor

107

I! ' ' ; t x(pm)
¢C 02 04 06 08 1.0

Find:

(i) The potential in the bulk of the semiconductor y,,.

(if) The potential at the surface of semi conductor, y_.

(iii) The threshold voltage, V.

(iv) The value of the applied potential at Gate, V,

(Assume, €, =102 F/cm; € , =3 x 107¥ F/cm, n, = 1.5 x 101% cm?3, C,, =15 nF/cm?,
V=26 mV) :

v\ [20 marks]

(i;') Polenbiadl ot B Aup ke
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Q-3 (b)

(i) Thecircuit in the figure contains a current source driving a load 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
t=0
Current Shunt L
Sou_rce 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.

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

2V,
AN
N
L 19 ° (13\ 2Q I
o—A——> W o
+ +
: 31 B
Vi @ 2Q2V, (D vy
o o

[10 + 10 marks]
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Q.3 (¢

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

(i) Consider an ideal silicon pn-junction diode with the following parameters: |
Ty, = Tp, =0.1%x10Cs
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
d
region is carried by electrons?

[10 + 10 marks]
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Q.4 (a)| For the network shown in figure, solve for i(t) for £ > 0.

6Q3 360
6Q
—WA— . 1
i(f) —1p
L ._;1__H 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
8Q Int 120
"‘V‘V" l"'."'
1202
I n E: 4Q
20V I,

AAAA
LA

[20 marks]
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Q4 (c)

(i) Consider a semiconductor in thermal equilibrium (no current). Assume that the
donor concentration varies exponentially as,

N(x) = Nge™

over the range 0<x < }— where N dy is a constant.
o

1. Calculate the electric field as a function of ‘x" for 0 < x <

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

Q| K|~

(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, that is, Ex = Eg (or) show that no gradient exists in

the Fermi level at equilibrium, deE =0
X

[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 = 0.50 cm
The electrical parameters measured are:
I, = 050 mA
V=N

B, = 650 gauss = 6.5 x 10~ tesla
The Hall field is E;; = -16.5 mV/cm
Determine:
(i) the Hall voltage,
(ii) the conductivity type,
(iii) the majority carrier concentration,

(iv) the majority carrier mobility.

Vi R\‘?

T
w
82 o gon
lé/
T

oY VH *—*Eﬂ”\"’l

3

o s S
= 416:5%0 7 x5X)0

\}H =% 2.5 X" \"}
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Q.5 (b)
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Consider a long silicon pn-junction photodiode at T = 300 K with the followmg
parameters:

N, =2x10%cm™ N, = 10% cm™

D, =25cm?/s D, =10 cm?/s

Ty, =2 %1075 Ty = 107s
Assume a reverse-bias voltage of V, =5 volts is applied and assume a uniform generation
rate of G, = 10%! cm 571 exists throughout the entire photodiode.
Calculate
(i) The prompt photocurrent density and
(if) The total steady-state photocurrent density.

Given: n, for §5i=1.5 x 101% cm3

£ = 11.7
[12 marks]

6oV
/ L,

. -3
Lol = ke O pl = =0 T

- o = A B

/
b= y, = Vr I ‘\_)_f}__.'_\.!._?——
w1
n? //,
-  0.0259 o)f\%ilm—
25 S %1020

\f

- s
2 % M7 8‘35"‘”&//_'_5_\6+ “’&58%
s e
A A1
1“__-_______,_-—

|
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5 (c)

Ew, 2.05 X190 5""]

clgus\‘b
: P F't P\»-\:OU&TTQ“'L
(,") o 4 e L""] A >

Ys
L4 ; )9
—  J.6M9 5)&mx

~ 39.2% X 1) A Jun?

E'I ~ 3.93 mﬂm
() Tl Bebee b state phoeunmed
) 0
Q\gm\g — 9 Gop {L +N+Lplf”—‘
\ T = ek S % 23 M0 > Bt

! o
~ 0.53Y4 A [emt

ETT..MX = 534 "“RIWLj
(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.

i [6 + 6 marks]
€)= <
£ ) o e@ ee))
(r) € € = 0.55eV
: 1
:> w"é’ = _‘/’E’Z’.GTKT
. /‘% c
/ | et e
&

NN ~o 1D

% e
AE = éi’\\o -
~ >

AE /
S ”\Z':ZQM\O 1,38 X5 X 13.9)

4

T ~ 0.04épX 10" k
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Q.5 (d)

(i) The periodic function v(6) given below is applied to a resistor of 1 Q. Calculate the
power dissipated in the resistor. . :

[Given, V, =1V]
v(8)

0 /3 m/2 = o1

(ii) In the circuit shown below, at ¢ = 0, the switch is moved from position ‘a’ to ‘b’.

, 1Q
T NEREG
1Q 20
10VT
2H _|_ 15
Determine the value of dl%(tﬁ)

[6 + 6 Marks}
; e 9 5
Q‘B Powes Liaspoved = ;7 K WOR!

: 'ﬂ/f/. o o
I .-\_ﬁ— S Vﬁ SintB 10 + j -G Vw)\ ﬂlD

—-}— J)?S\w?’a d9

| n/a.
- \;’- M3 . \J:,,'x__f,’_
AN
+ Vo g (i - 6526)a9
2

i
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2.5 (e)

'L'(D*) - SA ) VL[°+) =

hp?\%\wg, KV/ He ereont )

) — % dt, (") v (o) — 20,( (0) = 0
’ At

»—S—'zit‘(v‘*) 4 5 -ilo =
>[’(° &g\

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

3Q j4Q

— MWW I

+ 5O
50.445°V () L g 5O ~_8Q

[12 marks]




MADE ERSY Question Cum Answer Booklet

Page 44 of 69

Do not
write in
this margin




MADE ERSY Question Cum Answer Booklet | Page 45 of 69

Do not
write in
this margin

Q.6 (a)

(i) A series resonant circuit has its impedance,
20(s+1+ j10)(s+1-j10)
s

Z(s) =

Find:
* Resonant frequency
 (QQ-factor
» Bandwidth
* Impedance of the circuit under resonance condition
(i) 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]

( ‘) Z(s)= ?’L__C@-H)l-— (jm)l}

S

2= 20 [z/{» )]

AL yesowance T (‘Zﬁw).) ==

3 w = Jwo) '“Hs

¥ =
Z::\.é mj

'IMPQJMLQ- q& ‘5‘&/35»\9!\(.}/ ‘:L LH)J-L
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Q.6(b)

(i) 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. F)

(Given :n;=3.20 x 10** cm™ at T = 550 K) £e.E4 8V

(ii) Assume a silicon p*n junction at T = 300 K with #; = 1.5x10®cm™ . The inverse

depletion layer capacitance bér unit area s&iuared isa lx:hear function of applied
reverse-bias voltage as shown below.

2]

7
d
|
4
i

-V, 0 — 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?)#V-1,
Determine the impurity doping concentrations ‘N and ‘N’
[Given : Relative permittivity of Si = 11.7]

Sevt
O/> n= Np+ P (Cw“ chocpe mw‘ﬂ

[8 + 12 marks]

“z
Nj; i VL e _.._5)—-
) e N
//
/
2 / £
N'Dm — Q.?Vlimxw—“wa
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i ‘],Ng,"o

% Ny -

= .32 a0
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26 (¢)

Consider a MOS structure shown below:
©
VGB
G i
Metal | Oxide e"gf‘;;p; s
-t 0 x

ox

The oxide thickness, { = 50 nm and the doping level in the p-type substrate is

M= 10 3. Assume, intrinsic carrier concentration of semiconductor, 7= 101%/cm3,

thermal voltage, V=26 mV, e ., =345x 103 F/cm, € ;=1.05 x 101> F/cm.

Calculate the hole concentration, p at the oxide-semiconductor interface (i.e., x = 0) under

the following conditions:

(i) At flatband.

(ii) At threshold.

(iif) At a condition in which the potential build up from the quasi-neutral body of

semiconductor to x =0is 0.5 V.

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

[20 marks]

Sol
/
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Q.7 (a)| Show that the ratio of hole diffusion current to electron diffusion current crossing a

where o, O, are the conductivities and
n p

L, L, are diffusion lengths of ‘p" and “n’ regions respectively. Assume the junction is

L 1@ (%) [ Lo
p-n junction is given by, i (0)— = I
np

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

Hole C»N'?'“'t | 'a()
Vv L@
P\n (“3 - 5 ?“”o + P“"( ’ )> ¢

Tpp)e -2 c%/, a ADp R, (V79
Lp

Q\\m; \ tw‘ 3 3

Elachrm  (urvent / \”“"’—-\)
Top(s) = LA RNE

-I?V\(O‘) = Dp Ry Lw

-I‘np (B) Le X DPn 'Y)?c
’ S
P,,b =0 Gy L /P,D e B D
N / NQ
e
e O e
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Q.7 (b)| For the network shown in figure, draw the oriented graph and compute.
4€)
AWy :
C?
(i) Complete incidence matrix and reduced incidence matrix.
(ii) Tie set matrix.

(iii) f-cut set matrix.

[20 marks]
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D.7 (c)

(i) In a certain application, the circuit shown below must be designed to meet these
two criteria:

Yo _ -
1. ?5—0.05 2 Req—39k§2
If the load resistor 5 kQ is fixed, find R, and R, to meet the criteria.
1k . R
V‘V
+ -~
R, VoZ 5kQ

(i) Inthecircuitshownbelow,L=05H,C=075F, R=3Qand I (t)=12A (DC) for all
time. Suppose that switch S, 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 5, closes instantaneously. Calculate V_, (f) at f = 1.5 secondsif V_, (07) =0

ut(

B S, =
s, S "
A t=0 k +
L 8. ol Va

:/’R,,+5 PO S
) j'g)—l R
\:‘_ s R
Vg =1 Ryts
///
v sRo
e R, +5 = 0.05
s xR+ 25
R4 5 e
e
-
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/533:-— = 0«05(\/+R,) 4 SRy 005

R},‘\'S / Rg_’i‘s
O\SSR SRL - 0‘05(‘¥R§>
T
R,+5 .

+ o

2

'RL+5

- KJL/

SR, :/ﬁ*ki | D)
R ts 13
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Q.8 (a)

(i)

(ii)

Ina very long p-type Si bar with cross-sectional area = 1 cm?and N, =107 cm™3, 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. atx = 500A?
[Assume that p,, = 500 cm?/V-s and T 1010s, 1, =15 % 10f0 cm]

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,

MG =g, +1)T, & N
+ 8 marks
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J.

Q.8 (b)

(i)

(i)

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

for t> 0.
R g b Ry
l—WHT —AMWW——o +
VU ‘{ C”l T :@ i C2 VZ(t)

0 =

For the ladder network below, determine the h parameters in the s domain.
20 2

——————3

2H gZH

[10 + 10 marks]
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8 (c)

(i)

(i)

Assume the base transit time of a BJT 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

Vgr = -3 Vand V,. = 0.6 V. The doping concentrations are N, = 10'® cm™

Ng = 107 cm™, and N = 10%® cm. Other parameters are x; = 1 um,
Ten = Ty = Top =2 %107 5, D, =10 em?/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, 1= 1.5 x 10 cm™3,
V,=0.0259 V, 1 = carrier life time and D = diffusion coefficient.)

[10 + 10 marks]
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