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QUESTION PAPER SPECIFIC INSTRUCTIONS

Please read each of the following instructions carefully before attempting questions:
Answers must be written in ENGLISH only.

There are EIGHT questions divided in TWO sections.

Candidate has to attempt FIVE questions in all.

Questions no. 1 and 5 are compulsory and out of the remaining, THREE are 1o be attempted
choosing at least ONE question from each section.

The number of marks carried by a question / part is indicated against it.
Wherever any assumptions are made for answering a question, they must be clearly indicated.

Diagrams / figures, wherever required, shall be drawn in the space provided for answering the
question itself.

Unless otherwise mentioned, symbols and notations carry their usual standard meanings.

Candidates should attempt all questions in the space prescribed under each question in the
Question-cum-Answer (QCA) Booklet. Any answer written outside the space allotted may not be
given credit.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a question
shall be counted even if attempted partly. Any page or portion of the page left blank in the
Question-cum-Answer Booklet must be clearly struck off.

Values of constants which may be required:
Electron charge = —1.6x10™" Coulomb
Free space permeability = 41 x 107" Henry/m
Free space permittivity = (1/36m) x 10~ Farad/m
Velocity of light in free space = 3x10® m/sec
Boltzmann constant = 1.38 x1072 J/K
Planck’s constant = 6.626 x 107 J-s

DONT'S:

1. Do not write your Name or Roll number or Sr. No. of Question-Cum-Answer-Booklet anywhere inside this Booklet.
Do not sign the “Letter Writing” questions, if set in any paper by name, nor append your roll number to it.

2. Do not write anything other than the actual answers to the questions anywhere inside your Question-Cum-Answer-Booklet.

3. Do not tear off any leaves from your Question-Cum-Answer-Booklet. If you find any page missing, do not fail to notify the
Supervisor/invigilator.
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4. For rough notes or calculations the last two blank pages of this booklet should be used. The rough notes should be crossed
through afterwards.

5. If you wish to cancel any work, draw your pen through it or write “Cancelled” across it, otherwise it may be valued.

Hand over your Question-Cum-Answer-Booklet personally to the invigilator before leaving the examination hall.

7. Candidates shall be required to attempt answer to the part/sub-part of a question strictly within the pre-defined space. Any
attempt outside the pre-defined space shall not be evaluated.

o

o o




01. (a)

Sol*

Find the value of resistance R and current through it, in the circuit given below, when the
branch AD caries no current.

(12 M)

and To .{‘lo.,o 70 byanches AR, AC and
vanchets AD, cD

let cCuvvent T, , s

BC vespectively. Hence , Current ~H§mq7h b
I,’I;, I;’T]:’g, am‘ L‘l’fg a’osrcc‘hwly.

and DB are

By wﬁ’cing KVl equations N the three loops
a3y, —t0(T-Iy) — 19 T40) =0 ———--(1)
— 20— R( Ig43) + 1o (Hi-Fa) =0 -~~~ (2)
— R(14T3) —12 (G+T3) 410 — T53=0 - - (3)

Rut it 1is given that Cuyrent Hﬁ*roug"\ byanch AB 1S “€vo
L-1I, =0 — [& =£al-1— 0
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01. (b)

So:

USIna eq-(4) in €@ (1), we ﬁet
—3T, —12 (L1 4T3) =0
e

=7 1'5 G—FR %j:‘ = (%)
Substitute eqg. ty) and g (s) in €9 (%)
"(Q+R)I| = -"R—%I|

-'--R:SJLS---H(G) d
e eq.()) in &g (3) and @;(2) an

Subctitute value Of' R (
rs QCI,-CLI'), e jet

Glonﬁ AT
EL +3 =0 -—— 1)
! (%)
20T, + 241z =10 =~ +
d (g), W g

On so\u?nj eq (1) an
:[_\ = —|A Ig =

a

|.7,6H anal I')— :1:'

-

Y Cuyyent ﬂarough wistoy 'R tel|lp = TatIg|=—111-25= 025 Amp

Using source transformation, deduce the circuit into its equivalent circuit with Ideal voltage
source in devices with a resistance.

6V 20

7N\

@ NN
A\

&) .

I 3V
8V — )6V
20 10
= (12 M)

Ugin? Spuvce tyans-formation, S
te '.
.
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01. (¢)

So):

State & explain Tellegen’s theorem ? 12 M)

-Téucaen’s theorem  <tates f'ha-t’ |
G‘;In any aﬁLbH:oﬂy jum]xd netwo rk , the af?zb‘raic
Sum of- ke Fowefs °n all branches at any instant

e 2)
1S Zeao .

that net work

P
in

ALl branch  curyents and voltagts
’ H—:eomm
must satisfy  Kivchoff s laws - Thus this Thee=—=

‘ KvL
% based on  Kirchoffs Ao Laws (e Kot and KIL3

but not— 00 'Héa type © Qifcujk 'etements-
U }iE E

Eﬂplan ation %

N, and N, , baving the
erewnce Afyections

°n two netoo YKQJ but wilk~

Concider 4wo metworKs
same Tra?h witk™ Same
asaﬂnco{ 4o byanches
differen t values:

et V,, T, be the weltages and Ccuvvests (n
be Vo(eacaes and curvents

Ni and \/”( and T:zk

in N, . By T«zlleﬂan’e “Theovemn |
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01. (d)

Sol?
(1) ¢A)

IJC £ and &, e two oleﬂ’e‘ren{' Himes ofl—

o bsegvation

Concegvationy @ i
Congeyvatio 1

(i) A Sisample is doped with 10" As atom/cm’.
(A) what is the equilibrium hole concentration 'P,' at 300 K?
(B) Show the position of Eg, relative to E; in band diagram.

(i) Find Ny for Si with 10'°cm™ boron atoms and a certain number of donors, so that
E, —E; =036ev. (KT =0.025%v,n, =1.5x10"cm™)

(6 +6)M

G’iven data

o _

for silicon at oK = ¥ = [-5X10 cm
s

Ny = 10 con ?

-]

wn, = Nd.
Al w —
Since Nd >>MN;  We Can aHDTox[mate 0

N>

=
b § i . N
o Lol wntentraton (B)= 57 = )
9.

\0)‘2’
= @_‘f_’_‘_'f,a — 2.25%XI0 cm
,Dlg

3.
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(B)

1Q$ N1 know/

E,-E = KT ln(%’)

5 E-F _ 0.0259 In <1f5><to

l%

)

—- oho6 el = O He6eY

POS”\Hon of EFn Adlative to E;

= Ee
Epn

io- yeéev
L S -
- Ey

is 0 hebeV
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e 6
5 Ny = 1:63%0 4 1o

|6
-3
. — GAIRI0 ¢ 7.
s . Doney Concentratiod ( Nd) = 26

(i) Show that the minimum conductivity of a semiconductor sample occurs when

nmin =1 ﬁ
V Ha

(ii) What is the expression for the minimum conductivity cpi,?

(iii) Calculate oy, for Si at 300K and compare with the intrinsic conductivity.
3

2
[un =1350 " | =480 ——— n, =l.5x]0]°cm'3j 6+3+3)M

V —sec V —sec

Th? ConduCHV%ﬂ af a  CemiGonductor is

f-:niﬂanWNPr__\?@

9L
np = N
fvom mass —action law, We K ¥

L%
- b

QL
0
t

S = MgMe + Tq M




(it)

1Cor

— Q-
.Y]::.’ — T]l S
14} ﬂn
P
— M — T _}_i«—
) min }Aﬂ
conductoy’ cample

il Geent
M2 aipoum Gondmc bty of a Se

— . ‘},\o
Occuvs w‘wen, Nein = M \/ E

| 2
Ny Mo+ T Py
q/(mmﬂn nm.'n >
0
n_ | M m
O R 2 ﬂ

T = "LLW- Mo Mp + M0 \U"n'f‘f]

G_r';\'nn —

=

29,1V Mo Mp-

v 0 nin

1210

minimum  (opductivity at  electvon  Gopcentration M,
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(iih)

02. (a)

Sl

for a 'S Gemiconductoy
_Tn’cﬁ‘ng?c Conductivity , 07 = ) (},{n _,,}1?) |
= @ = 1500 16xio'] (1350 -+ LS0)

- -1
0f = 4"’+X'06(J),;cm) )

Minimum  Gaductivity © ¢oun = 99,m N Hn Mp

(0
- 2 &¥|'GX|3‘le'6xlox\m
"") G;\in =

i

=g ~
' —C .
) \G‘mc 39X C o m)

-—

go} the minimum CoﬂduC'H”ny 15 less than e

tvingic Cnncluch‘u?(j ff—ov o clicon  SemiCopdmcto .

For the circuit shown, the switch K is closed at t = 0. At t <0, the circuit is in steady state.
Determine V,, Vp,icatt=0,t=0", & t = o0.

102
AN

Vo) 209
Wv L \
100 I Ve | 5,
5V — K 1

10Q2

7

(20 M)

Af =06 Cvewt s in Gt—earbd ctate,

C C = open L. = QhDT‘{:’),
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o~

ECCO’) = (O Pmp

Uﬂﬂa KeL , at nod ¢

a

ACR

and C

V-5 Va-Vo _, 50O
|0 920
5"\}17 B——Vd -—;O _,-—-——9@
T 10 |
On §D\(ﬁrﬁ QCV*GHO"@ 0, 5{/ @
Va - Vb = 5V
o /a-) _ H
T}afor = Vb(O’) - 5V <¥; ic(07) =0 \
At %:0+/ fye clrcutt 1S

D I
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ic( Uf)
5V

Ge Kl ot roie @ od b

Vb (0‘]’) = 6\;‘

On Colu‘i“g
a R — —0-| AMp
Vb
b i (e2)

w13
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02. (b)

Sol

(i) A voltage V(t) = 10sin(wt) is applied to a series RLC circuit. At the resonant frequency
of the circuit, the maximum voltage across the capacitor is 500 V. Bandwidth is
400 rad/sec and Impedance at resonance is 100€2. Find the resonant frequency. Also find
values of L&C of circuit. (12 M)

’:DrPP“GG( VOHQSQ_ 4o the drewit

\/ - loV

max
_ oy = 10TV
Vg = NES
[OLPOUH’Y)
\/olmﬁﬂ D.e0%5
\/C — 500\/
w14
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Magn"»ﬁ'm\-\on zracl-o_r (©Y) @ua\ﬂy f-f’achﬂ

& - \jc — __59_0—-— — 10‘7
mes 107
Rand width = boo Yod , coc.

Whete Wy — Rego nant .fﬂq,umc:{
RBo = Bond wdth

h V
Cubstibute the gwee

@uaﬂ,\l:] rfac{'o”{ (Q)

e 8“;

rn  The above

Wy

T = 1460

— Lesonant r@rt‘{,

215

| At an
alues U? Band w Cl 4

Qc)/\.o((l Hen,

- - 00
umcj er) = 107"9‘

=) \iof — 95280 fadfgec-‘

Wy _ 38880 _ 499 H2-
Q1
L = -‘8" = -19’9" & O'ZSH'
= Pw HoO
';'> C = _,,L———-; -=. E’“F
C‘mﬂ)*"
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<ol:

(ii) Find i;(t) and i, (t) for t>0 in the circuit shown below.

6€2
A

bu® [l
10Q 25Q
30V @) =0, D
4H 5H
8M)
Civewit ot t <0 |
)
95 N
20V g
igo)

e V V "_.’O~
B\:[ noda| arﬂ\ﬂéls, \;"_ZL%Q 'l/b’f ';c)

_ Lal o 1Y = - — &3 \Velts-
= V(gtfto) =5 =V =3W%

?4(0”) S \'629

tgC07) = 0:652 A
.e{:'rom the (ireuwit ab £ =
Ty =  O0Poy g< To(0®) = O Frmp.
,Jc/:f
) = L6+ [ o1en) - T,coo)] e
= 2
Hauae ‘T)l = _"%',5 ~ ,‘_;,Qec
- S — 1 Cec.
T = = = A e
e 2 a2 P
, 1 — 116 e -
L =7, (") -2 L ) = l t
—5
f(‘t) - Zato'f). é’t”rj" —=) ig(’t) — 0651 e -P)m[),
2

e

Thus, &t l N

w160
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10%

o 100 10° > E(V/em)

The above figure shows the graph between electric field (V/cm) and drift velocity (EE}
sec

Refer the above figure for the below question.

A silicon bar 1 pm long and 100 pm? in cross-section area is doped with 10"7em™

phosphorus. Find the current at 300k with 10V applied voltage. (10 M)
Qiuen data '
Amzﬁ?, ,Q = 'ﬂm
= (o tem.
o
2 —6 9
"7’9“’86(, A = lQOJ‘m = (00 X((O ),m
—{% .
- o x10 m
— &
— (b Cm

«-Applid Vo(‘tﬂaﬁ ) V= 1oWlts
1 -3
J)onor an(gn—H’aHon e ND — lp M

M
N we Know,  Sleckric -f-u'e!d(E) ==y

= E - lo
E_/_m/ﬁ’—
|

=) |E ’:‘OraV’cm'

—

w17
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-’PYOm the %ivm ijPh we tonclude that—, Wi (h

[[?V,Cm electvic {iuo& the Qam]’>1€ IS in '\/zlncétj

Caturation Yea“ on-

| - |
Drift Vedd \\/_L i Cm)w |

—A’S wt khON/
7 — o~ Cooductivity
where £ _ €liebr Fietd
A = -ﬂ"“'
¢ = MR
- C V4 f:}}nig)
= £ . 'ﬂ‘lﬁ \/d '
6
—| \ \0
" 6yt xlo w0 X
—) L =
N o~ b lbHmps
= 1
b v applied

\/oua@e s,

e
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Sol*

(i)

Referring above figure, consider a semiconductor bar with W = 0.1mm, t = 10pum, and
L = 5mm. For magnetic flux density, B = 10~ *wb/cm? in the direction shown and current
of ImA, we have Vag = -2mV and V¢p = 100mV. Find the type, concentration and
mobility of the majority carrier.

(10 M)

@]‘iuan olata

w — 0, }(I—O—Bm'
|

= 6%l €m
_ —7
+ = loxe%m = loxig | = 10 Ccm
=73 6 ¢
L = 5mm = BxlWO m = l "

B - (o whlm
we (an See that e

AV
o . o AG
o The 913“ ]C . oy
/!*‘f ' Qc} th 5’V "

. electyons$
maJ O’f;t'v Cale Wg ANe

Qpecimen e m-type

3219
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e - B 6 %10
qt (= Vhe) 1 6x15 ' 210 % ax 10
177 . |
=) — 3.125 X106 Com -
' Y [ Tx
Russkivigg () = K- = @
L/wt L/t

0-!/10”3

0:5) 0.0/ 35 3)

\

’;)f

f = 0002 ( n-cm)
Mobility of electvon % given as —

T
o

fgme
S B T

1T
;—) }ln . CO-OOI)("GX(;lq) (3\15“0 )

P

_ lo,000 €™M
= Mo T T e

LI

20
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For the network shown, determine R, which will receive maximum power. Candidates
must not

) o5 write on
[ Q this margin

Q

15V (D CD 10A llov

101, R,

(10 M)
Maximum power will be feceived by Ry when

eﬂ,uivalen{— Aesi stance O]C “HT?- ﬂQ\‘onk aCYos RL :5;
eq uale to Ky

e
For s we need o find Thevenine $ovi ckan ce OV
Has e shall shore adll inoul»mdmk vottagt Couyces {;

oTen all i’no\qundenb cuvrent <SowyCes:

a 'Vo(taae gowrce OJC 4V n
this

Next we wilt plae

pae of R . Theo we will ']Cf'ﬂd T Ahrow
Cﬂ(uf'rs{—a ne) Cource-

v




03. (b)

Sol *

. 9
—1T = U

Use KVL ),

_6(+L) + (1) = -1

—

- L\ = ,
U = | = 16
,,/:‘6\ MAX muUm POLO(X/ —Prcmbf%

R = R, =o.

For the circuit shown, the switch K is moved from position 1 to position 2 at t = 0. At t <0
(steady state). K is at position].

Show that j (0*)=1,(0")= E_EV_IR_”’(O*F 0
1 2 3

! K

_ 1 R, Ci L,

= —I—O—'\M« I g

v = A L

2 % R, M) L g\‘li]{z\z\& o,

) ¢,

(10 M)
At +=0, Ccirewit %5 Tn Cleady state and cwitch
K 1 in fosfHoD i 0 (CaFao{th: OFEH ,

Trductor ¢ Shovt )

i 228
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§Cot) = 206" T401) = 0

Usiog  kvL
———R,f,(o’r) VR {07 /Ra“l,.l(c)'f) — 0
, o y |
Ll(Of) pi cho*) . A RB

235
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03. (¢)

Sol:

Find current ‘I" using Mesh Analysis

30 j40Q
ANW = ,“n-\
j 3;:\. . 1
50.£45" CP s |
T-i8Q

(10 M)

Jo

?jlyT_j o

Mesh — (1) Equation &

_ [eecss ]+ (3O T +J° Co-0]4 30 %]+ Ja% =0

MQQ\'}*’C(L’) ‘gﬁ/\ﬁdﬁon °
jolTa-I] — )5 Iz — J3h =0

/j%I, ’»jg]:a = 0
T
§T) + 2Tq =0© /’30

Selvig © g GO, we gt

0
T, — 2.66 [ —310- »% A

Hy L 8
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03.(d) | A 0.46 um thick sample of GaAs is illuminated with manochromatic light of hv = 2ev. The | candidates
absorption co-efficient 'a' is 5 x10* cm™. The power incident on the sample is 10mW. $::ts: 2‘:
(i) Find the total energy absorbed by the sample per second (J/s). this margin
(ii) Find the rate of excess thermal energy given up by the electrons to the Lattice before
recombination (J/s).
8 +2)M

)

(1) The intensity of u?ht +vansmitted Jr%raugh the

7 =&kl
Cample of thickness i, j;t =TIy e

©

G]'cucn data
T, = lomW
= (6"’?&0

o - bxto !
e
. T‘b = IO e N
P —9 - 5Xt3xo-tfex6ﬂ
—:9 -L% = (b . @
-3
o [0 l/o

Thus the absovbed Pouoezf TS

lomk — A mw = qmw (o) ﬂxﬁg Zf/s-




Cii

03. (e)

So| -

The ff‘facﬁon of each photon enesgy Unit kohich 75
Con\/w-tqd 'I,’D ”)GQ{— f’S

2-143% _ 4.955
=

—mus i 4 qmouﬂ{T of- €n6?.ﬁy tonveg ted +o  bheat FU(/

Seoona[ 105

- =%
o-zg%xwa% — g.n1xw T

Draw the low frequency small signal model of FET and explain how FET is much more
Ideal amplifier than the conventional transistor at low frequencies ? (10 M)

The low rfrec;uencj small sijncd mocle/ of FET has a
Novton’s Ou’(T)u.f: civauit wilth a def)mdent uyvent
aer\emtoy whose cuyyent s PT@porh’ona| -tw‘ kH e

ﬁa‘ﬁe —40 —Sowyce Vo l{:ov?-e :
% Hye +vansonductan@

The P'YDFOT’HD na (Hy «fachﬂf

1 Yesistance
Gen au&[)uk Tuistance §§ - 1he mr“& esista

<@ 2 v % 06 ljs
S nfinite SH’)CE l
be troeen ﬁota anJ Hnyce 15 | f )

ascumed that the TeueTE bia sed 'ﬁcﬁe +akey MO
Cuyryent- th?\ the Same Jeason Hee Yesictance between)

30&« and dyaln 1 assumed -to be i’Dfl'ane.
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4 L,

% @ ’

Z JmYs

S

’P"? : Low /FTeiuency

Jer 1 a more tdeal am()\kﬁw 2

dyansiskor, Current <7€ﬁ?\’61t‘01’

4. Th a Conventional

Ceperds  upon the Eopul uyY
CET model the genaate”

Hhe {nput Votto?e.

Thete & N0

OM’PuE o
exicts N Conuen’n‘ona(

%. ,/L)-QPM{" Tesistance o—f
COmFaYea{ o
~Lrandstoy ({—h

amf)l;\-f‘»w ‘han a OOf)UerrHonaQ trosistor ot low

(chpuen Cies .

278

—\Fcedloock at  low »—F‘(cc[/uendl’/s ff‘foﬂ’)
od bacK
i’nPuE i FET, whegeas Such /fcd c

’fn[?utjf Yesistanee Of GJDUenHDna_,Q

nee fer s o much More ?o@@ap

Smnall (S'gncﬂ {lEr Mode|.

cnt , Wwhere a5 (n
Cuvrent olg[nnd/s upon

transichy cf#m?l) hfe .

FET TS a\mosk‘ TS’){-{O]E@.)
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03. (f) | Explain varactor diode. Give its equivalent circuit and mention its applications. (10 M) | candidates
must not
write on
this margin

Sol: Drodes anade espedally based on lhe Vaxiable—votfagz

Cgfc(c/l{'n"ls aye called Vavacters | Var? Caps 1)
Vo l4+a CaPS- 4+ ¢ a +ype Of diede dlex)yh‘l@? ~to
QxP\oH— the Vo ltage — dg})mden% Capadtance oF

4 Yeverce biaged Pn—junch‘on. lf—— He Vavactoy

diode  TVeverce Voltage 7¢ (neveases then  the

o(e[)h{—'.on Yc(c]i’on Site  incveases. tH-znca bj Vq’rdtrﬁ
Hhe meverse —bias of the Varactor diode , Hye

CaPodJc-ance be Vayied .

Ky
C-r Qs

pfy- Cizcuit model OF Varyactoy dioaf.c-

/%

fig: symbol

12285




The resistance QS 3 Y‘e}ngm{g the bbdﬂ (ohm?c) Cerley
yesistance of the cliode. Typical values of G and
123 we 20pF and G50 fe,gf)ech‘udﬂ at a Yeverse —bias

of HY- The ~yeverse diode YQi¢tance Q.r Shun-h’na

Cr 1s LaTaQ <7|HJL)} and heace Ts usuau.t{f

mﬁ\ec%w(- N co = Genstant -
G = = Builk=10
ml? Pot—mHCLP
C Y& = Revuse
A pplications ; ~ appled volye
L

LC  yuonant Civeuits Trv

|- \[o({—aac Jccm‘.rg. of the
Yadare , elevicions etc.

mg as e Con’\monfﬂ weed WD \/oLfaga,—C»nthsz

Ds cillaters ["UWG metric amPh ers, —"S:TQ?/MU"O‘J

multipliers = celf — ba qnurg b#’i?Q Civeunt t

R
and automatic f(Yocluen(,g tontyo| Clreutts .
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04. (a)

(i) Find X, and X; in terms of R; and R; to give maximum power dissipation in R;

R Load
IV\N\, i 2121 |
! iXa :
. O
V@:) Jxlg i gh :
! |
' |
e |
b

%
L R (Jx) R ’(Iq"\’ JR' A
. 9
R, +J X p'l-f\— )(,9/
*
o -ZL pro 7'_-(:
R] K]‘} Q R;LXI'
Ry +J% = W R+ %
So R = Rlxl')’
/ 9 7
R+ %
Then X, = *R Ky e &
Ao X, _@t_x,'/ > (2
R,m-’\’ﬁq/

+30:

(10 M)
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Sbf:

Cubctituke @ in O

hen Y, — R, (R, —#)

) T L
30 Sln5tV<;~_> 02F ‘TYO §1H G 2cosl0t A

By appljirﬁ Super, — Position Theovern

Case 4 - LOhen ‘ \/) alope ad—irg ; Vo :\/o'

30/0°V

=31

3
'
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Candidates

U Siﬂa NOO(CL{ -—A—{a’-ﬁgig ) mu.st not
write on
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Vol = 63! ) =802 V.

Case -2 %

) \
bOAen CCuryent Source (1) alent ad—mg}

1

VD — Uo

g
‘ T+ ;
\/0'l T —jorsa %J“m/ QL0° A

USI’G? Nodal —Prnat;f 1S

VAR &l L =56 2y"V
Vo e Vol+\fo”

L i .| : a V.
‘\/p _ Lega) Gin(5E-S107) o+ 1105 Gos (1ot Qﬁzq)J

Note <

- (4
inpuf cources ave at &A'ﬁ})\?ﬂk ’Jﬁ‘(e?/uenaeg.
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Sol:

2

+
Pulse @
generator

An n-type 'Ge' sample is used in the experiment shown in the above figure. The length
of the sample is 1 cm, and the probes (1) and (2) are separated by 0.95 cm. The battery
voltage E, is 2V. A pulse arrives at point (2) 0.25ms after injection at (1), the width of

the pulse At is 117 ps. Calculate the electron mobility.

Dt Volocity

Giveo data
LO = dcem
. = ofBom
E, = 2 Vlis
At = [IF MSe
(_—Qg we knDVO )
mMobi LHj -

(

€lectvic Lot d

Y)

}’ln —

Vi
£

33

f—L— .
1 _|®| @f_\l
n-type

L, g R

Ea

; f

1 — —
g,

8 M)
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Sol:

[ /o-25mS
.__f) },{n — /
Eo/ Lo
. 954153 )
O0-qscem | (0:25R10
‘;’—-) Nﬂ = ____’___/___———-—-———' :1"100_@1’?:—-
9—/:Lcﬂ') V-Sec

Mobiuly O.F §'ccHon s,

(ii) An n-type silicon bar of width 10mm and height Smm with majority carrier

concentration of 10*cm™ is placed in a transverse magnetic field of 2.16 w—?
m

Calculate the magnitude of the Hall voltage developed if an electric field of 6 V/cm is

applied across the specimen in perpendicular to the magnetic field

(1n = 1500 em*/V-sec). (12 M)

G‘?Vm data,

Wridts w = lom™

— loX (6> M
— (oxio ¢m
Maane*tfc rf\‘eld, R = 2.6 wb/m%
= ‘2-\6xqu.‘i°,£l>
-CAN

Mobwly, Mn = (500 con™_
V—sec

Candidates
must not
write on
this margin

234



Candidates
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write on

H!?ﬁht’ P a‘ — 5mm - Bxlg'cm this margin
"AS' we Kno o, -
“Ha” UOHU’?Q) VH = jjw
CI/NDI W
= Vg = Bloe)(dxw) . J=0€
)
C?/ND X l/\) ‘A = dxw

_ £) (dxw
=y = Bk ew) 5= ote]
PNy X W0

= Bﬁ _ BNy Ed

= Vg = (o‘z-lé W{ﬁ) (l%oo V’m') v (6 L ) x65cm)

—) (Q_ |6 Xloq bob) @300 hge.) (GV)Q’Scm

v

=) Vo = 6.972 \Wolts.

"I’Jmu VOVC&@Q S ?Iuen aA

[VH ~ oy velts [
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04. (c)

(1)

For the circuit given, draw
(i) Thevenin’s equivalent circuit at a - a’

(ii) Norton’s equivalent circuit at a - a’

R
WV Oa
—_— +
1]
vy (+ RS v,
| | o) a'

Voltage ac¥oss 'S s, oV, = =¥, [ R

—
-4!»& Thewento \}o({oﬂa \/H), acvoys A—4a

V‘TF)- = V‘)' — — KQ tl Qﬂ,
o - Ve > (@)
Ka'RL

1236

!

J
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Substitute ¢g- @ 0 eq. (D)

2Ky
V’HT = -K"}.“Q’l Vi
Kika Ry —R)

0\ |
”P Zm_ acyo%s a-a';

a
B T
% . v
+Yom the cvcuit V, = o
f-'rrorn (A)OID@} wse KU L
"R,i! "Ktvfl' —0 -__:) f' = f_lf%{-?:—- —"‘)@
I
Utog KCL, Gavent(T) = Voo 4 k58, — @
2
Sub i £ute Q%@ 0 eg.@
J: = ‘\_f_":_ —K|V=;,
Re T | 3 J
—y}/ = v - Zﬂ; = __E_I_E_?:_J—————
d j: |2| - k|K3,R1,.
[heverin  Equivalent Ts given as
o
Tty
VTF
e _0 a’

o337
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(i)

/Fﬁ\ Novton's ¢guivalent, ’F‘"‘D‘ Isc *E'Ybuah qa—al

Klvl — 0O
Ql
)
Tee
V’? ky:C,
Q v ,
b= "Rl;_ ) ISC ’:-fka Ly
: 1 —  — B2 "
SC Ql
NOY'{’DD'S éﬁ/l)\l valent ¢ ?iucn ah
0o A&
—/ESC - =Ky 2 2 . 2@
R th —f————”gt TS
I
a
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A series circuit consist of two pure elements has the following current and voltage

V =100 sin(2000t + 50°)V

1=20 cos(2000t + 20°)A

Find the elements and their values in the circuit ? (12 M)

We  can write

f — 20 Sin (&000{'—[— o?oo—t— qoo) (’.‘ Sio Cg+q5) = CDS@)

St = 20 sia (2000t 167 ) A

Cavreot \eads VO(EH?Q by o — 50 —&o

And Hee Greuit must Copsiste of  Yuistance ﬁ)

Ca[)ac,(ttmc?‘
[
—tad = —5eq
i% ! — R .+tan6o = (T3 R
we
V, 2 (1A% _ 100 _ g
7 = = = \/Q ch = 20

w39:
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05. (b)

Sol

W (1:73R)

T__—_._-i

C =186 MF /

Find Y and Z parameters for the following circuit.

I 2Q 1,
+!—»—@ AW——
51, I
V| \112
T Bl I,
-+ F’%ﬁ’_@——‘ ] -+
5T, ‘

/7['31 “+wo [,oopg ) WY ke kVL/

1240 ::

= |15.6 MF.

(12 M)
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Vl . 6'_[1 - 0-

V, — 2T, =0

\/, .:(O)fl -rSLL
\/L '.:LO)E +Q'I)L

OD Compaxfng W”T)-)
Vi = I T+ Fpe I

VL = 71, f, . i —Z'L?—‘ 'El(
2 Hia b 5
I:Z:I I ST ST ° ‘l’

V"Pavametw. o= [j\/,—l = EZ,T
5 (1 = T'Tz“lh ‘ﬂ

Hue |21 =6 so

N7 - [ o

\/__ ‘Dammtef—?fg ARE wndeﬁfnu{.
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05. (¢)

Lol :

Derive the transfer function H(s) =

Ve(s) of series RLC circuit find the quality factor

i(s)
. 10°
when the transfer function is H(s) = P T (12M)
6iium Seyfes RLC  civewit,
R L
R .
\, () S V() = VoS-
e e
V:,CS) ce - _____;_,./'—’}
o> | RrLstl Les T Res+
A
No (S B LE
c(a % o
ViR S+ ’%S)r LC :
above
6 b the
Comfmw HD = Jﬁ-—}‘"’g’ Wi
% 2054 16
g uaton
L)
i | 3 IoG- S Wo = ’ = b 'Yad[SeC
) Le o Vic
R
- - 20
2
62 i £ = %0

H ¥ X1
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05. (d)

f—{f—yom Hhe 8’“}”) '-'l:"‘fan&rd/ f]Tunch'on OJ[’ Lerieg RLC

Civeuit, the Quql,zt\y ?achn’ e j‘\’uen ay

For the diode - resistance circuit in the figure, the diode cut-in voltage is 0.6 and voltage
drop across a conducting diode is 0.7 V.

Calculate V, and indicate the state of each diode for

i) Vi=10V,V,=0V

ii) Vi=10V,V,=5V

iii) V, =V, =5V
2KO Di
Vi —WA {>,l
2KO Vo
Vi o—AMW ™~
D, | S18KQ
I() (4+4+4)M
Vi=lov Vv, = oV
D, wouwld  orduct -
o = to—0T - O [e5mA-
(at1s) kot

w43
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i)

Cry)

18‘0 D, s oN and D, s OfE.

'ASS ume "ﬂ‘il(‘_’ D,

Vp —

only Corducts theo as pe Puk(l)

g 51V

= =37 \/.

VoV =

H— &.37

opduct a% asiured
So D, doespot  ord

S 31V

Vo =

\/l =V, = 5V.
C de vt that Du D, both conduc € and Oul'Pb(&-
onsi c'ﬂnﬂ
Vo ltag e ¢ Vo
TR ’T:Di T J:Dz = To
—0-'7'—\/0
Heve ) iD, -~ b
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05. (e)

Sim':laxlﬂ ,
T B—-0.7T— Uo = Ll.a?,«-\/o
— D" 2k oL 2
IO = I.p.,’f' IDl o H—"Z—UO
T Vo y—V _Y_‘L—
Put - lgoxw?’ = RV T Tk
_';) VU — H—-?JU
Vi—Vp = VZ-—VO - 5*1}'3 — 0.1V > 0.6V

‘ duct-
o Owy aesumeon ¢ Corvect i.¢ both iodes ave G

Hence \f, = 43V
So, both D % D, -0

For the circuit shown, assume 8 = 100.

oN.

1) Find if the silicon Transistor is in cut-off, saturation or in active region.

ii) Find V,

iii) Find the minimum value of the resistor that should be added at emitter for which the
transistor operates in the active region.

-10V

Vo

vBE(sm) =0.8V
Veeon =0.7V

2 R.=500Q2

5+2+5M
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<o+

o

Ci
i)
Ciiv)

|

By KvL

%
_gooXTe —01—Txlo"x Ig+3 =0
—5 -{xw Ts + S00x101Lg = 23

pr—

23

0%} 505X 107

= Is = ol - YOMP-
- 57, 5)(106
?’dc. ]25 = erﬁ ‘ |
I i )_9_:_0_—2:— — j_ﬁ___,— A= 9——'3mﬂ-
CCSQf) 2.5% 10‘3 g, %xlo'b

B Bolas L, , So Joowsder T

Satura Hop mMode.

— _0- - 0: e e
Vo = Vg gt TeR = -0z ¢ (rsxoB)2oey

Vo = =16V |

Lot ws ngidet, the veststor Re  that sboud be odded

. "n
ot the emittey —‘€0Y which the L yaosistor OFULGLfeS i

—|oV
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By kv,

-
= (JZE'PQ' -0 — ™ Klo-j_\e ‘—rg = O

= Te . Re +Q3x7)‘13 = 9.3

= G"‘FP") IB' Qe' + ('1}\\03) 1:(5 - 23

=) Tg = ‘2~3’ -
o) R + (xro”)
' T . . 9.2 X 100
o Jde ZpIs = S
10] Re + TxIi0
T ' 2% x10)
A = Q‘T )—EB —_ a
‘ P 161 R + -Tx10
By KvL,
—Te- R —Vge — Te¥ gxlo> 4 to = O
2
= Y = 10 - Tg RQ‘ — 2x1b Te

Ec _
n active 7egion,

,pﬁ» the tyvansiskhoy to be OFUW’“ ‘

%X
— |o- TeR —3kW0 Te 7 0%

-—

%
25 p3xol R 3O x 2B £ gy
ORI e
Lol Re  Tx1b” o] & + 710

r
= (gqo,gg.é)xnog £ @(%q,g _232.3) Ke

=) Qer S &I S4 g |

|
= — 2 .
g \Eg(minimum) l
ginm GO Yesistoy i< a\’Teady

of vesistory to be ad ded at

preseot ab emittee,

The winimum value

emittey s 821—500 = 32N,

wdq7
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06. (a)

Sol

(i) The Z-parameters of a two-port network ‘N’ are given by,

7, =I:2s+l},2n =Z, =25,Z,, =(25+4)
S

Find the T-equivalent of Network N, If network N is connected to a source and a load as

shown in figure by its T-equivalent, then find I, I,V & V,.

3Q L 1Q
+

12 cost @) Vi N V2 ng

T —Nebwor k
Zn 4

Zp = —JIn
Zp = HJI—
Le — —JQ_.D/

1148
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So, the total Network  beoome

B‘{ GIPPlyl’na mesh C{nol‘jéié T the abouve
Kut in toop (@

EI) _jf| 'TjL C—EI'TT—j,) - [

(3-3 +25) D + S0, = (2
(g"rj)]:, + J_RLy = » - ®
Kut n  Lloop 2

Gra) D, +7s (o) oo

= 31 +(4+f) I, =0 @

COIui’nZ ©® @ e - gat
T = 219 [ 102" B

T - L3 =312 P

s —

_ a.8% 376 |V

V, = [2 - 3T, = VI -
— L6 [axet |
Va :Cl+j ) C*—I)) =) Vo = \ {_ﬂ'

124922

Orremde
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Cof

t

(ii) Draw the Dual of the circuit shown below

(5M)

6 — 4 IO
‘ "ti!\. +<=0 é
j \ L

50
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06. (b)

Sol-

(i) Two loads connected in parallel are respectively 2kW at a power factor of 0.75 leading
and 4 kW at power factor of 0.95 lagging. Calculate the combined power factor of the

two loads. Find the complex power supplied by the source.
(10 M)
1z
Ve 2 kw kW
P1 — 2kw ) P-J_ = L‘]‘kw, PT — ka
0 ,
P - ¢ COS¢ = § =b__ = %11665'67\/9
Cosf, i
(Q, — 926¢6-67 Vﬂ‘
=) S, = B yow . opsavh

Sy, T 6.95

sl =V py g

gfmllm’fy) Q’L -:\/ Sll - P?_?' — (L}'LIO-B‘L)'):.- (%OD)L
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= Q@ = 24T Lag.

9, = =iy g

S, = 000 —jl763

¢, = Hooo < j (31G -7

]ST _ 6000 — Ju4y 63

COSﬁ — _EI_ — __é‘(_jf_o____————-—
S

T WGOOO) '11’— (#QS’ 5 )'L

=) s = 0.9972 , lead,

LG = 0.9912 lead?\

1652 %
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(ii) Consider a series-parallel circuit as shown calculate current through each resistor, the | candidates

voltage across each resistor and voltage at each node of circuit.

R; i b R; C R;

must not
write on
this margin

AWM
25kQ 10kQ 15kQ

SN S it

50kQ

iga 1%’9
R

25kQ <R;

6
b 500kQ
A
is 1230

i

Figure: Series parallel circuit

The ecwivalmi— Yeg'stance of

Rl, Ro A{ R?) 4QLf RS (50”507 - 28kdJr

RyRo £ Rz Ts (254l0+15) — Soka-

RG/ Q’(; ‘Qg i s CI’OO“Soo” '7-5)
Since R+R +Ry = Ry , We bave
Re(l — (&S—r abt+ 50) ['(\Q'- =

g M - 4 mA

0

b3

(10 M)

— Boks

o o)
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To CmeU{‘e (calcu late ) the Values of \/oltcfgq G C¥o<g

Yesistances Ry, Ry,Ry , Ry , Ry apd Re

Vpl": R[Xt, = |2:6 \/
Simi(aﬂy ,
= v
V,zkﬁ 5
~ 1.6V
VR% = 165
me = Q-‘?)V
\/QB Vet Q;Xl ’:Q-Bv
f3 = M — 0.Smhr
100 Ko
e
LL} = _B0V ___ _ o mp.
oo kL
o
|28 ko
(\fow) Vo = Va—Vg = 0—(25 = 815V,
Simi(aﬂy)

VQ = §2.6V, \é -5V, VQ = LoV

- .
TE_/’_,./ Vg, = 125V
L=b = v B V
| = ;
. R;, = bV
Ly — 0-5mA
. Vﬁ’g = 16V
LL'. — o1 P \/Ql{ = 25V
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(i) With proper explanation show the electron drift velocity at 300k in pure silicon for | Candidates

must not
100—\L is less than thermal velocity and comment on the electron drift velocity for | write on
= em this margin
, ) »
10*V/em. [p.n =1350—2— m_ =9.1x10’3'kg,k=1.38><10"23J/kJ (12 M)
V —sec
Sal-
GI?uen data
E = lo0 -\C/—‘jn
9
Mo = 1250 £
\/—Sec
A< we kpow
\é = )‘-lﬂ‘ E

5 cm
— 250X (00 — |+35XIe e

DTIFE velo ty Vj ~ Mn€

-—Hﬁa’.n, ¢ we kpow

whete, s = Thermal Veloclty | K= Boltz manns tost

M, = massof electron.

—21%
ax I 38x10 X 300
9+) %10 2




=) \Vﬁ,’» = §.bYy X(OG_CSZ-—)CJ—,)@

/'F‘rom above -two ec;/uah‘ons O] &@, it T cleay”

that the ovft velocity T less than the Thermal

Veloclty @k !OO%/Tn.

Now, Let us caleulate fhe dvift velodlty and
thermal Velocity fov the eleckric feld of [oq\/fcm.

Drift vebdty ot 10'V[em

\, = Mn €

L}

=) Vd = [|350 X0 cm[*gec

- a4 = - 35 XD cm)geo‘.J

Comment
] ('f o
The eleetion drvift Velocity  —for (0 "E\im 2

a%qawb —thao Hyevmal U@fpci{y.

55563
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Sol:

(ii) Calculate the intrinsic concentration of Germanium at 500K. (mj, = 0.55m, m, =

s we know
o &P
=4

Fo'Ge, p=2oxs
qu = 0785 @V

At swk, Eg= 0TS - (2-23x5 ¥y 500)

=) EGI = 0:6735 eV.

—3
KT N i _ boo = L',%-[X[D eV

11600 11600

0.37m)
(8 M)

E
e Kknow, Q 3| M. Mp —=
N — 2.33Xb X _q——rr—‘—” T €
==} \2i = p By 41 4 (0 36 X371 ) CSOD) o 0""5)

=) fn?’ — 7_-33xc31 % (o,ssxo-a“l)_ix CBDDfxl-635X157

o El
= N — 435 X0

-—

LS
=) ), = 6:6]xl0 cm

1w BT
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07. (a)

Co)".

()

Reduced incidence matrix of an oriental graph is given as
0 -1 1 0 o0
0 0 -1 -1 -1
-1 0 0 0 1
(i) Drawn its graph
(ii) How many tress are possible for this graph? ;
(iii) Write the tie-set Matrix ? (15 M)

Qed uced _TnCidmce ma bri

o -~ ] 0] (V)
[ﬁr] = o o -t =0 -l
-1 0O 0 0 I

J\s odﬁebm‘fc Sum of colurmp entvis of an

1 Tnc : ik
fnciden@  matYix ¢ Aevo- So‘ {pcidenc? Ma

STa s ]

BTﬂan‘S/Ndeg __—_—L———_ ©L 3 Ly
] —

(1) 0 — I 0 0

(2) 0 o | =1 | = |-t

(%) —1 0 0 e) |

(Lf) l | 6 [ 0
’ B I B T

ai, ,__') ?]C j is OTiented away '-fmm no&cf'

58
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=TT

(1)

and ;= —1, if branch j i Oviented towosd node T

R

1 -

Ql

-

q'faf?h f,cor Poccdence Makbrin

; 0 )
[‘A]'EHT] 1o 8 -1 =% )| 0

- EP'] Eﬁ"\'} = | _ DI _:5' 1
Det [pI[A] = 2(6-0-CDEROTT

-2 =45

-—

S Numbey of Fas&?ble Arees = S

» \ ) = 2 S ﬂ & ‘L-
= 0, Lf b’fanchj ¢ incident 00 ToAcC

el Y
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i)

Considey a  fyee (f.mm the gmpb

3
@ g @ 5.

"] e —set- matyin

g 1 ] ’
Thesets [Loop | % I e H £
ennec © Y
I; o | , — | O
o ,
> = | | | o [

1160 ::
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07. (b)

So:

R
R 1
M —E W oy

Ed el == Va(t)
Vo ‘I'Cl @ c, 2

(15 M)

At t-o" the network has altained cbeady —<kate

; .
Condi o - —Hence , the Capactoy acts as an Ofcn abvicai}

and Tt will cha\fgt 4o W Volts:

Cince the Voltd?? acvoss ke car)ao-'-toy dos nob Chcm]&

f’nstanbaneousw :

V(ot) = Vo

0 + B _\f/Q,

{ (o) ¢
K

Wr’f%‘t% KvL eguation —for tye

v &
= SE‘“E‘)'VO“‘ZVsz ’—'Cfffd'{: —o —

<) Y %

bl

The switch is moved from the position a to b at t = 0, having been in the position a for a| candidates
must not

long time before t = 0. The capacitor C, is uncharged at t = 0. Find i(t) and v(t) for t > 0. I

this margin



Dipfmm{—'ao{—ina Qciuah‘bn ) ;W 5¢t

Q df f
Sl el e = 2= = 0
C| SR s
,_jl__——,.f-__L_ C'-"'C), E‘ —0
di’ R' C,C;,
The  <olutton of Hs
At Cy
o ’75‘.[-;75; t
? _ W
At =0, Llo) = 3
K =V
R)
| LC|+C7~ £
~ g €y O
(v = Vo e
R)
,__RLEt
L) — _V,O, P |
=) l(-) = Rl
C
Whae <€ = Ct‘ﬂf
it Co
Lt
— 0
VZ('t) = C; Ldt_
o
.b
| ¢
Y Vo .o K€
2
0 Rl
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07. (c)

Sols

(A

N

(i) Show Electron drift, electron diffusion, current diffusion density and current drift
density flow in the n-type bar with respect to electric field and describe the effects on
drift and diffusion current densities when,

(A) Electron concentration is doubled.
(B) Constant electron concentration is added uniformly.

(10 M)

n-type < Electyon diffesion -
. ( High to Low corcentyation)

7 lurrent dcnsily (Tn) Fv

s di fusion
E = €lectyon drift
£ Cuvrent density (Tn) fov
d’ri’—ftS-

Tn n-type bay Cuvrat flows n  the OFFos‘ut‘L
clivection of electyen f low  because 07£ maaﬁve charge:
“Lnitially |

.Di—ﬁ‘usion cuavyvent density = O[/Dn' %

5 T Cdifewsion) ~ 900 O

Dyift cuvrent demstty — gnMpE
— T (drift) = 9nMn £

Doubled £ I!Chran CopcCentration

.J;I(dff‘ruf;OQ) — C’?/Dn o\fd')—n)
X
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(B)

= J, (dffusion) — 1[%%‘%]

%'(difﬁiﬂion) — 2 T, Cdiftusion)
T Cdife) = g (an) pp- €& = a[ ANHaE |

% \JR'(dﬁf%U — 27, (dvift)

o Concenbration M

Go, §f Wwe doubled the electn
dvift 4 di usion  Current deasity also doubles.

-Add Constant Cbncentru%bn (VHJ

J . ‘,dn _ ag"n_)- ISO‘

= h” Cdiffusion) — Tn (diffusion)

_J:H(AY;‘H:) — q/(n+n¢) fﬁnb’_

—:) ’J-r,“ (dﬁ]q;') = ql'V)J'{nE -+ q,,n.'.}(ne

=) YJ” (drift) = Toldift) + gyt

| 1 i [fusion
Co, [ we odd fenstaot Concentration (), diff
Curvint dendity  Yemains <dme but i C4rrents
a(enc;'ty will fneyeases by CL”-}J“nE.
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(ii) Calculate intrinsic resistivity and conductivity of silicon at room temperature.

2 2
(p'n = 1300 cm ’p'p = 500&

V -sec V —sec

,n, =1.5x10'°cm'3} 5M)

G]?Um data

g
Ma = 1300 _tm
V-S&ece

2
Mp = Boo ™
V- See

o —%
MN; — |.Exle cm
T = 200K

o7 = Ni (MatHp) g,

—1
=) 0; = I-Bx:cgox (rz;oa-r Boo)x l-6x (0 1
== : =

—6 5=
—y 07 = 4 32 X(0 C fL-cm)

I

Resictviy (f) = ——

J

':’) \Ff — _,—————":_'6
G- B2 XID

%
= W = 2% h&|x10 (ﬁpcm)-

—4& ol
Uiotrinsic  Genductivity Co7) — g-2oxio” (L-cm)

, 3
Totrinsic  Tesistity (fi) = 23-G8IXL (»-cm)
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07. (d)

Qo)

)

; (up = 500V

In a very long p-type silicon bar with Cross-section area = 0.5cm” and N, = 10"7em™, we
inject holes such that the steady state excess hole concentration is 5x10'*cm ™ at x = 0.

cm?

,T, =107 sec,E, =1.1eV, V; =0.0259V,n, =1.5x10‘°cm‘3J
—S€C

(i) What is the steady state separation between E, and E. at x = 1000 A®?
(ii) What is the hole current?
(iii) How much is the excess stored hole charge?

5+5+5M
q7ucn data
-
C’YO%»Qech’onaﬂ fAna — 05 M
K -
L= HNa = 10 ¢em
16 -3

Crcess hole = Ap — SHalo M

D - BI-HP _ oo2eqrsop = (295 cm)s'

' C!/

-5
Lp = m = Bexlo cm

|

b o F
BB = KT3R ()
). 319% 10
- E-E = 00334 ol — co®
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(it

(i

. Hye equation)
We cap caleutate Hee ol Cuwywnt uheg “

= P +AP'5‘¥/L”)
,Tp = ’%HDP'% ) CUOL)U,Q F— 0

=) 1 D . e
=) T, = 9n e (AP) .
! o
as 16 3'6)((05
PR r—lq ) * |1. ¥ C_)X(D ;8
= W = e XO RO BT s
(Z) »
— Tp = L09R0 Y

The exncess Stored hole chavge,

Qp = I (ap) Ly
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08. (a)

= Qp - 1 6xio'? x(of%)(rascléc) (36x15
—T
;*_;> QP - 44 Xto C

@KC(’QS ckored L\Utl CL\QYSQ )

(i) In the circuit shown below, the switch S is in position ‘1’ long enough to establish
steady - state conditions and at t = 0 is switched to position ‘2’. Draw ‘s - domain’

network :
%
25Q
1 29

2H

50V—/—— —100V g

(10 M)

When cwitch $s Tn Pbs.‘h'on "4’ ,{;ﬂr bonﬁ Hme, & will
o' to gteady — ctate Condition Whese  fnductoy vt lf

OCK a}) a S"\OYt_ e CiVCu“’ L
250

53] —
{ (_( o )
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Current ﬁ;you@h ‘t’s\duC{—oy)

’_-y'—-E).B—-’—_')_.ﬂ_.
T = - 2%

fl—[o“) = ?L(O+) = 2hA-
hen sitch moved Fo  position (2)

cuyvent and inducteY

By Conw‘\h‘na {nductoy

o ‘ Kk WRke
metwork  {nto cerly , 1t will oo

71 50~
.n-L
100 =
5 ] I
9.5

705

PaYaUe/
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Sol:

(ii) Using Laplace transform method, obtain expression for v(t) in the following network.

¢ T
et u(t)(b 0.5 'Q% —="1F ‘1(0

(10 M)
2 g
EtuH:)
s f/‘lF vuc)
By aPPtj‘.’ng KL
) = Te + Ie
" 0
LTLEt.u[H] - v(® [ a+ S] —3
e P
e LQ[’J\OC(Z -{j‘{ang,flvfm .5 ?uuh v
Laplace Tracsform & U(’C)] gﬂ
LQP\GCQ [yttj \J C$).
~ T2 bol Sides o{»
qk?(\ﬂ Hye LGP[QUZ +'Yar\lyf01’m on 0
€9, © , w¢ 3@[’
= Vcs)[Ms;l
St
NEs) = I, S—

Ce4 ) (s+1)
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08. (b)

Qo} :

-3 y(s = .
’ (St+1) (St2)

f?)\/ aPplji'na j?,nvage. o(aquCQ '_Ffanbfwm orv

Tet

@t,_ =Rk ) . ult)

bots cides , W<

Explain clearly the construction of a p-n junction diode and its use to convert sunlight
directly into electricity. What distinguishes a solar cell from a conventional p-n junction
diode? (20 M)

CO”SHMCHOD OF r__,n J—:‘nchron 9

A p-n JuncHon diode ¢ %vmei by deplag OTn
sde of a piece of ctlcon wilh a [’"T'H’Q Apf’a”b(‘&’.")
and btsas side of N-type dopant CP*‘“P”’”“‘CQ)' j‘;
capy be vxd ag instead of silie®. the p—n JU¥

—+um 2 e 9 the basfc
¢ a two inal device, [his S e f,
. p v 1% one 0
) e P-N jwi‘hOﬂ diode - L
Copst T OQL r ac {1 allows

Lorplure by deVice

Hye roost Si’m’:lcsk et |
ne direction. The

Current to lw only 0
-— |
S an 'inhu/ffacz betioceov P- type and M ZP
(odes a
‘ﬁa‘.’ons cu\d ¢ Uced to Con struct Ar0O

: vt caryi &S
fransictors At the junchow, mafoxity )
dfjcfuse alYolk Hre juncﬁ'or\/ wihach yesultts

F’ N junch‘an
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and thfs C(maty a olepleh‘on layes and g bayries

P"f‘?ﬂﬁal (mew) acyoy the junCHon. The Uo(tﬂ‘.?Q me%
Causes, an opposfnﬂ» wrvent flow, and the 4wo - lows

«]bem an Qq/u‘l(f‘{b”n'um,

depllﬁor‘) Lay &/

M,

b

acentyation.

"p
gla(‘{—y’on __ho® ©

Appuications ¢

0
it guyation 1<
ciode fn Yoveye bnaﬂ’o\ Oon—Fﬁ

- p-n JuncHon - e

Y between
Censitive o ‘A&ht— fvom a V‘angl

) ¥Q. ‘ )
e 2 h : lEQ Ye Ye lk can e UCQCE
bol"v\ch Trc\ud@ U| S} HQ Lﬁ & b an

o) F\\obo diode -

" )
colay Cell |
- |t @ also be used ay,'a

‘ Blas O
— p-N jW\CHon /’F"’f(»wd b
(ed L!ahh'na a[’PlXCah'On%,
§-un.ughh into Q(ed—*n"oig ’

all
aditton % wsed 7]

Cowersion 0f N
a (=] ) a ‘
(be —firct photo voltale device woA butlt using

p-n juaction by Russell ohl in 929, A ldon colar
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into

plectric enagy - Ihe  Photong —fyom the exposw( ugw
Promptﬂcl eloctrond '—Flnwir\ﬁ —~fvor0 nv—junch'on 4o P—jwﬂch‘on
oleetyic wvrant fow-

<& Plow of ec
—— current, [

£

I.Q

. actons for
Si0y Ci0y ﬁ;n oledtri tewula
P-<i nods n-<i Mods
CilRee 0 Wofe/
Woiking Prindple ¢ A
ﬁ P Hat ke lﬂj"ﬂ:‘

n— vegion 7 heavily deped ond Hyin Co hatt:
fon 4

can penetyate Throw;h k gcu{(/“j. [he HP-—'YQ :he ’gzz?'

O(D[’(d ¢o the most Of derleh’on fn?fof) R n P

[ y f)
| e the dapletion TG
@lectron — bole pairs are ﬂmeraha( °ny th i

ard olue ~to built - tn Fotenﬁlq ¢<i glectric ff'—ie(cf y e lectrons

cp - WOheo
ke n,_Yegfor) I holes +o the F._'v(vz?‘of)
s —tyavel {'ﬁﬂ«ﬁh

(dfmz'fal"@cf can

The

moves o

an oxtupal bead 1S applied | the ewcess
the (oad o fecombine  Wilh holeg . EHIPS

Contribute to Phu'h') Cuyyent - ’
NQUJ:Y&

Ml
diffusion

di y\/\(/@

@

eutred

e

¢lectvode




Difluene betwreen pP-N junch'on and Colay Ce(i :

The <olag cell &5 a Fn~JuncHon diode OFHmiJuJ +
Gttt inddent Colay vadiation to electvical enegy-
Like wise evey diode s O[’Hmilea( (}%r It Cpecific appl
—Hon, suwch 1 Yeehifiey diods % reaey daodes.

The mafor differeace o the &m(iaat{oﬂ of the two

electrodes « [he back ¢ide of- the colaw cell i's‘no’mfl(g the
anodua {¢ Compldt(y meto Waed while The f—fj'f“on’t stde
olectyode (S Fa)\h‘a((y metabied o The fore o f m;:a/q&k

o ¢ a 3
"f"‘ﬁ”g <<a buss bars to alow bxght—"h Paﬁ o .
colag, el materfad absorbed Tn the mateia ﬂ‘”‘e

Hee metag
photo aryent and (;oucch‘nﬂ

daode
¥id tp accens electriaally the ~fyont electrode . Normat

b fully metatiaze —from both Sides:
(i) Describe the constructional features of n-channel E-MOSFET. (10 M)

Construction of n-chanpel E-MOSFET

the Pk\vh) cuYreot by

the g (@) chows the basc tonstvucton of N—chaonef

HMoSPET. Two !Xsht(g d,oped — 'Tea?ong
eLoPgd p -type cubetyate: [he

5 oubt ‘H’—?fomah metallic contacts

). Bue Ihe Chaanef

enhance meot ty pe
om diffused Inte @ L"?h’rfj
Couvee and draln ave take
-0 n-dopad 'ﬂﬁfohs asr Chown D ._f\ﬂ (a

e
betueen two N—Yegidns oc absent n E-MOSFET.

(he S$i0, layer K ¢HIL Pvumk fn the E~MospeT) to

(netatex F(ak{—ofm Ao e Yeytoh)

fcolate tht caake B
couyce , but Now it TS y;’mfly

between Hye odTa0 ard
g‘erqu{-ed fffoma CecHon of_ | e P—fjpf mateyial.

L7 49
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£ |
“ ‘ T\Q c;han(\l
g

Substrate €S

n—doped Yeg od

ET
p{‘? ta)- Constructon 0F n—channel EMOSF

0

[vamsfor chavackeviskics S
n p b
H’O’( UDS 1< (}PP\;wf and ng 19 KPPt 7-QYOC j
o e sour@ ) pt s time

olivectly oo,\nech‘:ﬁ 7a+e
F‘Tadicalfﬂ po  cuvjent —Fl/ouoﬁ.

A Tp (mp)

> Vc,s (v)

0 W qvvfs\/ |
the maan'ikuol( of* Vgs o [he P-‘-’fnhw.
flelcc&‘fons ne
culasy value OJr VG,.(

bet-een  AYHEN and

ayv the S0
tyeqe

lrf we ncrease

d;:yzth‘on) the concanO.hon 0

craases: Pt o puk
ple  Carvent of low
ng §s cal,(ed_ Th_YUaho\d Voltoge

Cuyface in
¢ a measuya

Cource- This value O{r

dl—f\ofld [91:’ ﬁ_.
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<ol

[Pus we cam Say thot fn an enhancement type n—Channe/
MocPED, Q FosiHue rﬁah voltage above thyeshold value
Paduces a chaonel  and hence the dyaln  Cuvrent 1

Tecveased by csleah'ng o thin layer U-f'ne?a-[—h}( Chavges

N L ey -
°n e cubstrate ﬂ?ion adfacent to the 0, lay

Drain chavacterictics ¢

Tocom)

N Q/ Cic(muT VT}-L

(ii) Calculate the voltage gain (%J of the circuit shown in the below figure.
s

+20V
2a=4000u1]
12kQ
Vo
1 MQ
48kQ
Vs 100 MQ v
== 4000
=
v (10 M)
C{{ veny  thok

[Yans Conductant? (ﬁm) — L oboo MU
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¢ equivalent Chveuit

(A V10 61
Vg

[ 0 K-

_ 26 Vg
Ve o= 25 g9
Vin 28
y Vs LtooM]
- W=
‘/\)‘NQYQ) in [va (ODM
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Vs ltage 80‘;”

100
Ay = Yoo o yeeq (5

V¢

— e 62

—_—

Av = s
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