Electronics &
Communication Engineering

ELECTRONIC DEVICES

Text Book: Theory with worked out Examples and Practice Questions




Chapter

Basics of Semiconductors

(Solutions for Text Book Practice Questions)

01. Ans: (a)

Sol: N, =5x10% ><#cm3

=5x10"” cm™
According to mass action law
np=n’

(15x10°)
~ 5x10"

=4.5x10°cm™

n

02. Ans: (b)

Sol: According to law of mass action np=n’

Where n; = intrinsic carrier concentration.

Np = doping concentration for
n- type material.

Majority carrier concentration

n=Np
_n
p N,
o
p N,
03. Ans: (b)
Sol: V=5V
L =100 mm

Hy = 3800 cm*/V-sec
1 = 1800 cm*/V-sec

a

04.
Sol:

05.

Sol:

06.
Sol:

07.
Sol:

—3800%_V
L
5

100x10™
= 1900 cm/sec

Ans: (d)

For the n-type semiconductor with
n=Np andp:niz/ND, the hole
concentration will fall below the intrinsic

value because some of the holes recombine
with electrons.

=3800x

Ans: (¢)
15

10
N, =
16

acceptor/cm’

u, = 4000 cm’/V-sec
1, = 2000 cm*/V-sec
Sp=PAly
=Naqu, (. 100% doping efficiency)

15
10 16107 % 2000
16

= 0.'2 mho/cm

Ans: (d)
According to mass action law.
np =n;

~ 2
n, N, = n

NDpn = n'2

1

Ans: (a)
Ry =3.6x10" m’/c
pP=9x10"Q-m

Van = pE Let us consider n-type semiconductor
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R = i 11. Ans: (¢)
" nq Sol: D, =20 cm*/s
| | Hy = 1600 cm?/V—s
qR, 1.6x107"x3.6x10™" E=?=VT
_ 2 3
=1.736 x10*° m VT:1§80212'5mV
08. Ans: (b) 12. Ans: (d)
Sol: At equilibrium . .
~ ) . Sol: Conductivity of a semiconductor,
No. of e density = No. of hole density
o - donsity _ 4 G = (np, +pu,)q
- gtven .e er.lsn':y isn(x) = 10n(x) Where, p, — mobility of electrons
= n(x) %s m?J 0r1'ty pp — mobility of holes
= n(Xy) is minority .
) — 10p(x) n — electron concentration
© p(x2) piX1 p — hole concentration
09. Ans: (b) q — electron charge
. — 3 -
Sol: p, =3x10"Q-m 13. Ans: ()
= 0.12 m*/V-sec Sol: Nx=229x 10"
Vy =60mV
e E,, —EFp=len(%J
" G_P 2.29x10"
1 =0.025861In| ————
3x10° = —— 1.5x10
PAH, = 0.3682 ¢V
p= : ~ 0.37 eV
3x10°x1.6x107™" x0.12
_ 16 -3
P=1736 x10"m 14. Ans: (b)
R. = 1 _ 1 Sol: Given,
T pq  1.736x10" x1.6x107" 2 wires -, Wi & W,
=360 m’/C d, =2d; where d = diameter of wire
L, = 4L, where L = length of wire
10. Ans: (b) Relation between resistances of
Sol: Jgin = nunqE + pupqE W, & W,
Jarite = [(0.@)pn + (p-1p]E r_PL_pL o d
Jdrift = [pnlJvn + ppup] A TCI'2 2
Ja ‘p’ p.L 4pL L
R = =—— R o —
2 2 2
" | _d* nd d
Charge concentration 4
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15.
Sol:

16.
Sol:

17.
Sol:

18.
Sol:

L,
R, _d L, & L, (2d)
R2 & d12 L2 dl2 4'Ll
d;
= & =1 R1 = Rz
R2
Ans: (¢)

Hall voltage, Vy is inversely proportional to
carrier concentration

V P P
Ve 0

Loq
0.36x1.38x107% x300
D= 219
1.6x10
=9.315x10"m?/sec

Diffusion length, L = v/ Dt
—9.315x107 x340x10°°
=1.77x10>m

Ans: (a)
In intrinsic semiconductor,
Number of electron = Number of holes

Ans: (a, b, c & d)
(a) Continuity equation for holes is given by

a_p — _la]_p_|_ Gl _5_p
ot q Ox T
Similarity  continuity equation for
electrons is
a_l’l — la]_" + Gl — @
ot q Ox T

These equations describe the rate of
change of minority carries with time.

19.

Sol:

20.

Sol:

(b) Einstein’s equation

D, _ V; and% =V, — Diffusion
My Hp
constant and mobility are related
(c) Poisson’s equation is given by
2
8_‘2} P und E _Zov
ox € ox
charge density and electric field are
related
(d) Diffusion equation
Jp  =—gD, d—pand J, =qD
dx

woy = 4D,

dn

Ppig

Rate of change of carrier concentration in
the space.

Ans: (¢)

Na = 10"%cm’

G' = 10*"/cm’-S

T =100us

n;=10""%m’

Steady state excess carriers

op=0n=29

8§=G't=10"x100x 10

§=10"/cm’

p, =p,, +8=2x10"/cm’

n,=n, +8=8=10"/cm’

Pp1p =2 X 10*cm®

Ans: (a)

From given data,

po=10"/cm’,

n; = 10'%cm’

L,=2pumand L, = 1um

Atx=0,An= 1014/cm3,
na

An

0 X

race
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21.
Sol:

22.
Sol:

Sn=ne 't
At x =2um,
Sn=10"x e =3678 x 10" /cm’
n=ng+on
2 20
n, =i = 1017 =10’ /cm’
p, 10

n=10>+3.678 x 10"
~3.678 x 10%/cm’
=0.37 x 10"*/cm®

Ans: (¢)
For n-type,
temperature,

if DOPING T = Er move towards Ec.
For Ec - Erp 2> 3KT [Boltzmen
Approximation]

EF y EC
KT

= E.-E; =KTloge%

as we know at constant

n=n, exp{

Forn=n;, Let Ec — Eg =Ec— EFl
n=n2,LetEC—EF=EC— EF2

N
n,

= (Ec-E, )-(Ec -E, )=KTlog, Nel KTlog,
- n

1

= (Bc —E )~ (Ec ~E;, )=KTlog, [

1

= (B. -E; )=(E. —E, )-KTlog, "~

1,
= E.—Ep =200m—26mlog,
= Ec—Ep =218meV

0.5]

Ans: (b, ¢ and d)

Since electron concentration gradient

= Diffusion of carrier exist from B — A
and B—> C

= Diffusion current exist between A — B
andC > B

Since at equilibrium balance diffusion

23.

= Drift current exist from B — A and
B—>C
As Drift is due to electron field

= E directs fromB > Aand B —» C

Ans: (b)

Sol: Given n-type, Si, non-degenerating doping

Then — logen 4

24.

Sol:

25.

Sol:

Intrinsic region

n=Np Freeze out region

ASe
Low

Temperature Temperature

Ans: 2.25
pP= 1.5n;
np = nf

nx1.5n, =n’

M 5%1.5=225
Hp

Ans: 69.9

p= Nve—(EF—EV)/KT

KT(400K )= KT(300K )x 400
300

=0.026 x 4
3

=0.035¢V (or) 0.03466
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3
2mm KT 2
N
N,aT?
3

400>
N, (400K )= N, (300K )x [%j

3

=1o‘9x(fj2
3

=1.54%10" /cm’

p — 1.54 % 1019 % 670'35/0'035
p=16.99 x 10'*/cm’
=69.9 x 10" /cm’

26. Ans: 0.177 (Range: 0.17 to 0.19)
Sol: Given non-degenerative semiconductor, n-

type
Given 5% neutral donor atoms
= Donor atoms not yet ionized.

Let call them as N}

If ionized donor - N

Given N} = 5% Np = 0.05Np.

- N =5% Np = 0.05Np.

Given (Ec — Ef) = 0.25 eV and V1 = 20mV

N, 1

No 1+2exp By
KT

Degenerative factor — 2

= 0.95= !

1+2 exp{EFK_TED}

By solving Er — Ep =— 72.7meV

ED — EF =72.7meV.

Given, Ec — Ef =0.25¢V

and Ep — Er =0.0727 eV — we got.
EC — EF — ED + EF =0.25-0.0727
S.Ec—Ep= 0.177

Since, a =

27. Ans: (b)
Sol: Since, Intrinsic resistivity,

28.

Sol:

29.
Sol:

30.
Sol:

31.
Sol:

1 1
Pi=—= ( )
Gi niq Mn + l"l“p
1
T 2.5%x10"°x1.6x10™° x(0.15+0.05)
B 1
2.5%0.2x1.6x107"" x10"
~opi = 1.25kQ-m
Ans: (b)
Given: p, = 0.38m*/V-sec at T = 300°K
T
AsD =p V,=pn,.———
n Hn T Hn 11600
At 300°K,D, =0.38x 300
11600
S.Dy= 98.26cm’/sec
Ans: (a)
In P-type, as doping increases hole
concentration p increases. According to
2
mass action law n, =0 electron
Py
concentration decreases.
Ans: (b)
In intrinsic semiconductor, electron hole
pairs are generated due to external energy
= true. electron mobility is 2 to 3 times
more than hole mobility = true. Both the
statements are true but statement II is not a
correct explanation of statement 1.
Ans: (a)
Both Statement (I) and Statement (II) are

true and Statement (II) is the correct
explanation of Statement (I).

T e [ .
M .......... Eg
| A,
4 [t
P-type

¥ ace
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Chapter > PN Junction Diode

01. Ans: (¢) 04. Ans: (¢)
Sol: . Vg Vq
P N Sol: 1 mA = Igo(e v, 1) =Iso(e v 1)
EW I e0.718/(2><0.026) 3
E E /E IG_O - 0-1435/(1x0.026) =4000=4x 10
| SO
: : 05. Ans: (c)
Sol: In a PN Junction diode the dynamic
; conductance g _ = AL _le
In P, “+* indicates heavily region and ‘N’ Bm = AV’ Em _VT
indicates lightly doped region. i.e. gmoclc
06. Ans: (d)
02. Ans: (a) Sol: 1 - v characteristic of the diode
Sols o \/28\/{ L1 } i = Vs_o%7 A,v= 07V ()
a [Np N, From the given circuit, Loop equation :
W V. _V v=10-10001i, v=0.7V .2
Wa _ 0 R2
W, V, -V 1 kQ
w, _ [08-(-72)
2um 0.8—(-1.2)
wy =4 um.
Eliminating v’ from (1) and (2) :
03. Ans: (a) B 10_1050(?01 —0.7 _ 590*2’) —2i
AeD,p AeD n,
Sol: 1= n0 4 nro . 93 . 31
L L 3i=—, 1=——A=62mA
P n 500 500
[ AeD,p,,
L, 07. Ans: (b)
I eD,p Sol: Given, 20 Q
AL V,=0.498 V W
’ Vr=2mV m 1
~1.602x107"° x12x10" e 5.5-0498 55V T 0.498 V
1x107 20
=1.92 mA/cm’ =0.2501 = 250 mA
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08. Ans: (a) 12. Ans: (d)
Sol: Givenl} =1, x32 Sol: At equilibrium, there is no net flow of
Given T, = 40°C T, =2 electrons and holes across the junction.
LT ' Now for net electron current to be zero, the
IL=1]2 10 diffusion and drift components must cancel
out each other, for which both the currents
T should be of the same magnitude, but
I, x32=1, (2 10 J flowing in opposite direction.
T,-T, 13. Ans: 0.42
2°=2 10 eV
T, -T, Sol: n s _BL At equilibrium
T = effect
T,—T; =50 T, =50 +T;, W, = f under F.B
T2 =90°C effect
W _
09. Ans: (b) W, VBI V
Sol: For either Si (or) Ge
v , SO 0 67
To maintain constant current b 0.65
(V,-700mV) v o 05 V. 036 0.65-V,
(40-20) °C °C 0.65 — VE = (0.65 x 0.36)
— V=650 mV Vr=0.416V
=0.42V
10. Ans: (b)
€,,A C g,
Sol: C=—1—=—=-1 14. Ans: (b)
1 Sol: The maximum recombination rate U, does
_ 11.7x8.85 >_< 610 not occurs at the edges of the depletion
10X102 region in the device. So, statement (b) is
=10.36 uF/m false.
Sol: Vy,= Ep,— Eri + Eri— Epp rate
_KT EH[NDJ+ KT gn(NAJ
q n; q n;
- K1)
q n; | I .
6 -5-4-32-101234 56
KT 6 | N,N,
Na&Np f — —/n { } T—=Vp? Relative distance
q 1 .
through space charge region
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15.

Sol:

16.

Sol:

17.

Sol:

18.
Sol:

Ans: 35.87

Ip = 0.75 Is

Ip=-0.75 I

I (e">""r —1)=—0.75I,

VD/VT 0 25
VD VT 11’1(0 25)
VR =— VT ln(O 25)
1.38x107 %300

= oo x—1.386
=35.87mV

Ans: (d)

A=1cm’

Pi, (/em?) = 100 mW/cm?
n=0.15, V,. = 0.7, fill factor = 0.8
Thickness =200 um

Ans: 8.2V
Na = 5x10' cm?®, Np = 10x10'%/em®
b, =0.8V

N, X
We know that x,Np = x,Nsy => —2=—F
X
A

& =2 = Xp=2X,
A
Asx, =02 pum = x,= 0.4 um
So, width depletion region, W = 0.6 um

W 28(V0+VR)[ L1 j
q N, N,

0.6x10-* = 2x12x8.85x107(0.8 + V,) 1
' 1.6x107"°

0.36x10°%x1.6x107"” x5x10'°
2x12x8.85x10™ x1.5
Vr = 8.2395 Volts

Ans: 4.12 (Range 4.00 to 4.26)
[L=1mA, V,=03V,
Vi=30mV =30x10>=3x102=0.03V

I[=IL-Ig(e¥""r -1)

For maximum power condition, we get

L ovrve _p Lo
VT IO

+
5%10'

=(V; +0.8

100mW /cm?
200x107*
V. I

n=—"" Fill factor = VYl
in oc™SC

V.1, =nP,

Power (/cm?) = =5W/cm’

Vil _ 075
V,.(Fill Factor) 0.7x0.8
=1.339A/cm’

I:%: Q=It=1.339A -s/cm’
Q=nq
Q 1.339C/cm?

f— n:—:—%:0.84x1019/cm3
q 16x107°C

Optical generation rate = 0.84x10" /Cm’-s

sc —

[l

L

I

(14_ O3j 03/0.03:1+
0.03

l1xe" :1+i—L =I1=4.12nA

0
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Chapter@ Zener Diode

01.
Sol:

Ans; 16.32

Since No = Np = 10" /cm3, then electric field profile is
< Xp Xn »
EMaX

Hence, If W — total depletion width,

Then x _ WV and x, g
2 2
As |E,, |=|qNAX"|=|qNDX"
e Tle ]
= Emax :M
2g

Since, we know that, breakdown voltage,

Vg, = J' E..-dx [ area of triangle]

= Vg, Z%EMaX.[xn +X,]

1
= EEMax '[2Xn] = EMax'[Xn]

vy =[]

2 2 | gN,
_ (11.8)(8.85x107*)(5x10°%)?
o (1.6x107°)(10"7)
LV, =1632V
O . *
gz.l éns; ‘gb) At Equilibrium band diagram 056V
ol: a= LS Y ) leV
VJ — SV 0.2V{ II/,#’ El } 0.2ev
Va=Vp 0.3V
Since universally e
Vi = Vo — Vp 0.3eV
5V = Vi — Va (1)
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Now to find Vy — examiner given band 03. Ans: 0.54
) e Sol: Since, temperature coefficient,
diagram at equilibrium, av
£ /dt x 100 = 0.072 given
2
From Energy graph, 1
N A
[E; —E;], e =kTlog,|— 10(100-25)
1, = dV, =0.54V
N
and [E; —E,], g =kTlog |—> 04. Ans: 94.27
n; Sol: Since,
1 40-25
So, Vi; =—|E; =B | o T1Er —Eil e
b q[[ F]p ae +{Eg ] d] Lo Lo = ot losoc xz{ 10 }:14.14HA
Since, for safety operation,
qVyi =0.2eV + 0.3eV . Y .
Maximum power dissipation in
= Vi = 0.5V Diode < Power dissipation by heat Sink
Now substituting the values in equation (1) R T )
.. Power dissipation in diode at operating
we get breakdown at 40°C — 100 x 14.14 uW
= Va=Vbi=5=-45V Power dissipation by chasis
— O(watt) x (40 —25)°C
2 100 V x 14.14 pA <0 x (40 - 25)°C
0=94.27 uW/°C
05. Ans: 0.26 100mA
Sol: ANode Q_’
———————— «—
l 10mA l 10mA l10mA
- - -
Z, V4 3 Zyo
N _J%_ "~ cathode
All diodes are Forward biased and identical. —~ Ipg =10mA
R, R 2
== :RDErd:rdynznVT :—6mV:2.6Q
n 10 I, 10mA
Examiner given rq # 0 26
where 100mA = 10 Ipg R, = T0 =0.26Q2

And not specified about Rpc
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06. Ans: 5.09 of n-region as Avalanche breakdown
Sol: Since for Silicon p'n junction, Voltage is large Voltage. If it is punch
Vi:=100 V and Np = 5%10" /em® given. through voltage, then x, will be absolute
So, by neglecting Vi from (Vg + Vi), thickness of n-region
we get, 2(11.8)(8.85x107*)(300)
i i _si X = =20
Depletion width on n-side, n \/ (L.6x10"°)(10")
.- [E.L.V&}
q N, 09. Ans: (a)
x, =5.09um
" : Sol: Since, W, = [| 251 (v, +V, ]
q Np
07. Ans: (a) . .
Sol: Given Np = 10" /em® and NA = 10" /ecm® [ p nJunstlon]
Ohmic region is not a valid term for p-n W - \/2(1 1.8)x(8.85x10"")(0.956+13)
junction operation. o 1.6x107"° x10"
Zener breakdown is not possible here, W, =427x10" cm
because we need both sides heavily (or) . . dth =
extreme heavily doping R e QY — 1pm ) )
So, only chance is either Avalanche (or) - AS (Wepletion)n-region < (n-region) width
punch through. = Avalanche breakdown
If Wqp completely occupies light doping )
region, [here n-region] then applied ;01 Ans: (a)
operation is punch through (or) reach ol
tlfrough Else itpmust be Avalganch(e ) e In PN junction diode break down depends
Since. ' on doping. As doping increases
’ breakdown voltage decreases.
« = |2 V. +V. ] 1 N, e In Zener diode breakdown is less than
n q bi Br NA b ND o ND 6 V
N B " o It has Negative Temperature coefficient
X, =1824pum [V, +V,, = V, ] (operate in R.B).
Since, given length of n-region is 22 pm e Avalanche diode breakdown greater
Where x, = 18.24 um than 6 V.
S Xp < [Length] n-region
=> operation is in Avalanche breakdown 11.  Ans: (b)
Sol: Both statement (I) and (II) are true but
08. Ans: (b) (updated key) statement (II) is not a correct explanation of
Sol: Given, Vg, =300 V. statement (I) because DC voltage stabilizer
Since p'n = x, will be more than x, circuit can be implemented by using other
[depletion width] components like Op-Amp also. There is no
So, the minimum thickness of n-region to need that only Zener diode to be used.
Ensure Avalanche breakdown is —
X, = [E.L.VBI} — i.e., it must be
q Np
depletion width approximately the thickness
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Chapter > Special Purpose Diodes

01.
Sol:

02.
Sol:

03.
Sol:

Ans: (a)

Tunnel diode

It is highly doped S.C (1 : 10°)

It is an abrupt junction (step) with both
sides heavily doped made up of Ge (or)
GaAs .

It carries both majority and minority
currents.

It can be used as oscillator
Operate in Negative Resistance region
Operate as fast switching device .

Ans: (¢)

The values of voltage (Vp) across a tunnel-
diode corresponding to peak and wvalley
currents are Vp and Vy respectively. The
range of tunnel-diode voltage Vp for which
the slope of its I-Vp characteristics is
negative would be Vp < Vp < Vy .

Ans: (¢)

Schottky diode is made of metal and
semiconductor to decrease the switching
times, hence it can be used for high
frequency applications.

04. Ans: (a)

Sol:

05.
Sol:

Symbol Circuit | Applications
name
LED Direct
jF Band gap
Tunnel | Fast
% diode | Switching
circuits
Varactor | Electronic
% diode Tuning

Ans: (a)

The tunnel diode has a region in its voltage
current characteristics where the current
decreases with increased forward voltage
known as its negative resistance region.
This characteristic makes the tunnel diode
useful in oscillators and as a microwave
amplifier.
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Chapter

01.

Sol:

02.

Sol:

03.

Sol:

04.

Sol:

Bipolar Junction Transistor

Ans: (b)

a = B/(1+B) = 0.9803

a=B"y"

— B* =0.9803/0.995
=0.9852

Ans: (d)
IC =4mA
r, > 20kQ

A > 20kQ

C

Va>20kQ x I
VaA>20x10°x4 %1073

05. Ans: (a)
Sol: Given a =0.995, [ = 10mA,
I, =0.5mA

Iceo = (1 +B) Icso
o
Lego = (1 + l—jICBO
-
Iceo = (1+199) x 0.5 x 107
ICEO = IOOMA

06. Ans: (a)

Sol: Icpo is equal to Ico. Reverse leakage current
double for every Ten degrees rise in
temperature.

07. Ans: (b)
Sol: Given base width W = 50x 10° cm
Base doping N = 2x10'® cm™

Va> 80 €= & € =10"F/em
_aN,W;
Ans: (b) e 2e
Va=100V C1.6x107 %210 x (5010 ]
Ic=1mA 1 2%10712
Veg =10V pumh:1.6><22><2500X103=4V
ICQ [1+ \\]/CEJ =Ic
A 08. Ans: (a)
I[fVpa— o0 Sol: o =0.98
ZIC:ICQZIII’IA IB:4OHA
Iceo =1 pA
o 0.98
Ans: (b) P e 1= 098
The phenomenon is known as “Early For a CE active BJT
Effect” in a bipolar transistor refers to a Ic =B Ig + (14B) Icpo

reduction of the effective base-width caused
by the reverse biasing of the base-collector

junction.

=49 x40 x 10°+50%x 10°°
=2.01 mA
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09. Ans: (b) @ 1 aj, LG 3p 2
Sol: Icgo = 0.4 pA ot q 8X T

ICEO =60 “’A Und d a 0 GI R(
Tego = (1 +6) Ieso nder steady state 5 %0'=
1+B = CEO on= Jdp
Lego (1) - ()
=Q_150 :>li(J +J,)=0
0.4 q ox
52150—1;1949 :12—J_0 (" T=0a+1)
i = 0.993 d ox
1+ 150 a_,
10. Ans: (c) B
Sol: Variation of base width due to reverse (d) p,cT
biased voltage across collector - base Ge
junction is known as “Early Effect”. m = 2.5 for electron
B c m = 2.7 for hole
° N P . n ° .
W,B Sl
Vo gl m = 1.66 for electron
BT ‘45 /T Ve m = 2.33 for hole
Beyond T > 300 K mobility of electron
] ] ) decreases with increase in temperature.
As Vcp iIncreases, effective base width
(W'p) decreases.
13. Ans: (b, c & d)
11. Ans: (b, ¢ & d) Sol: Since we know —
Sol: Condition for saturation N
B VBB - VBE > VCC - VCE(set)
l:{B RC
50 5—0.73 210—0.2 / \
50x10 Rc %
0 > Ic
i3mas 23 g 5 OBV - -
R 23mA low High
¢ Level Level
= R¢>2279.07Q injection injection
12. Ans: (a&¢) Also in saturation Bgst < Br, active 1S true
Sol: (a) Intrinsic semiconductorn=p =n; Also as DopingTT — Ic T1 — Break down
(c) Consider continuity equations voltage ¥4
oon _10aJ, L (1) . Higher B — Lesser Break down voltage
ot q ox T .. option (b, ¢ & d) are true.
w ace Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert
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14. Ans: (a) 16. Ans: (¢)
Sol: Both Statement (I) and Statement (II) are | Sol: High power transistors are made of Si to
true and Statement (II) is the correct withstand high temperature
explanation of Statement (I). : Silicon is an indirect band gap material.
At very high temperature, extrinsic
semiconductors will behave as intrinsic i.e.,
charge carriers will remains constant.
15. Ans: (b)
Sol:
Junction Region of
operation
E-B| C-B
F.B | FB Saturation
Region
F.B R.B Active Region
RB | FB Inverse active
Region
RB | RB Cut-off Region
y ace India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC, RRB, Banks, Groups & PSC Exams
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Junction Field Effect Transistor

01. Ans: (d) 04. Ans: (d)
Sol: Vg —>42Vto44V Sol: I
Ip > 2.2 mA to 2.6 mA
Al
En ="
AV
3 !
_ (2.6-2.2)x10 | Vi,
44-42 1
Vp
=2m0O Drain current remains constant at pinch off
region even if the drain voltage increases.
02. Ans: (¢) 05. Ans: (¢)
Sol: Ip Sol: JFET acts as a voltage controlled current
source.
Ipss
06. Ans: (a)
v Sol: Mobility of electron is higher than mobility
& v | of hole
‘ Si
Ves = Vi Ib=0 Electron mobility : 1350 cm® /v —s
Vg =0 Ip = Ipss Hole mobility ~ : 450 cm®/v—s
Ge
03. Ans: (b) Electron mobility : 3600 cm®/v —s
Sol: Ipmax = Ipss = 10 mA Hole mobility : 1800 cm® /v —s
Vp=-4V : Low leakage current means high input
Vgs=-1V impedance
, : Reverse bias increases, channel width
Vs reduces (wedge shaped).
Iy =Thss| 1=
VP
07. Ans: (¢)
- 2 Sol: Vp=-8V
-3
=10x10 (1—_—4) Ipss = 12 mA
3\ From the given circuit,
:10><103><[—j Vg=-5V
4 Vs=0V
=5.625 mA Vgs=-5V
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Vps at which pinch-off region means 11. Ans: (a)
(VDS)minj\;GS(\g;’ Sol: g, =|2IDss|= 2x25%107° .
e |V, | 10
=3V
12. Ans: (b)
08. Ans: (d) Sol: BJT is current controlled current source
Sol: P. Voltage controlled devi.ce —FET 3) (R; = 0; R, = 0)
Q. Current .cointrolled de\./1ce —B.J T (1) Gain x B.W is high
R. Conductivity modulation d:;Vlce" FET is voltage controlled current source
IMPATT diode (4)
(Rj =0; R, =0)
. i ice -UIT (2 . .
S. Negative conductance device -UJT (2) Gain x B.W is low
UJT is a negative resistance device and can
(8)9‘1 IAns._(cll; A be used as an oscillator
ot DSS__ m UJT can be used as switch but can’t be
Ve = _g v amplification.
VGS =0V
Vps =7V 13. Ans: (a)
At Vgs = 0V, Ip = Ipss Sol: In FET majority carriers only exist.
2
— DmA ( -1 (1 VGSJ J In BJT majority & minority carriers exist.
- - Ip = lpss| 1=
V
! 14. Ans: (a)
Sol:
10. Ans: (d) D
Sol: ' N - channel FET
Device : Application G
A. Diode Rectifier (3) S
B. Transistor | Amplifier (1) Input resistance of FET is of the order of
C. Fg‘,m:;el Oscillator (2) tens (or) hundreds of mega ohms (MQs)
iode : .
D. Zener Reference : Vg 18 reverse bias.
diode Voltage (4) : In reverse bias very small leakage current
Ico flows through the gate.
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Chapter > Optoelectronic Devices

01. Ans: (a) 03. Ans: (b)
Sol: Sol: Avalanche photo diodes are preferred over
/\j ~ 1000 PIN diodes in optical communication
4D AW because Avalanche photo diodes are
(APDs), extracted from avalanche gain and
excess noise measurement and higher
— I - sensitivity. PIN diodes generate more noise.
4V 04. Ans: (¢)
By KVL, Sol: Photo diode always operates in reverse bias.
0.4-100x 1.8 x 10°—Vp =0 When no light falls on photo diode, Small
amount of reverse saturation current flows
Vp=0.4-100 x1.8 x10°° through the device called “dark current”.
=022V 05. Ans: (a)
Ve =1,1 Sol: Give,
oY E,=1.12eV,; A =1.1um
’ I A2 =0.87 pm; Eg =?
0.22 0
=" 12400 A 1
1.8x107° E, =—:>Egocx
=122220
Py My
02. Ans: (b) .
Sol: If illumination doubled then current passing A, 1.1
through the photo diode is doubled = E,, =E, x T 112 087
) .
ID:2X1.8:3.6mA =1416¢eV
Voltage across phgto diode is 06. Ans: (a)
=0.4-3.6x10~ x100 Sol: Sensitivity of photo diode depends on light
=0.4-0.36 intensity and depletion region width.
Vo =rplp
07. Ans: (d)
\Y _
r, = I_p Sol: 1, = 24-18_ 0.02707 A =27.07 mA
p
0.04
= 36 x10° 08. Ans: (¢)
-0 61 111x103 Sol: Photo diode operate in R.B: Photo diode
_ 11' 11O works on the principle of photo electric
S effect.
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09. Ans: (b) 13. Ans: (d)
Sol: Voltage across PN junction diode resulting | Sol: LED: F.B
in current which in turn produce photons Photo diode: R.B
and light output. This inversion mechanism R
also called injection electro luminescence Zen.er led?' R.B
observed in LED’s. Ordinary diode: F.B
Tunnel diode: F.B
10.  Ans: (b) Variable capacitance diode: R.B
Sol: A =890 A Avalanche diode: R.B
5 124 107
- E, m 14. Ans: (¢)
124510 Sol: Tunnel diode is always operated in forward
= bias and light operated devices are operated
890x10 in reverse bias. (Avalanche photo diode).
=13.93 eV
15. Ans: (b)
1. Ans: (d) Sol: LED’s and LASER’s are used in forward
Sol: Solar cell converts optical (sunlight) energy bias.
into electrical energy. Photo diodes are used in reverse bias.
12. Ans: (b)
Sol: R=0.45A/W
P() =50 MW
R=1r
PO
IP =R Po
= 0.45 x50
=225 puA
Load current = Ip + I
=225 pA+ 1pA
=23.5 uA
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MOSFET

01. Ans: (¢)

Sol: Vr=1
Vps=5-1=4V
Vgs=3-1=2V
Vgs—Vr=2-1=1V
Vbps > Vgs — Vr
4 > 1 — Saturation

02. Ans: (d)

Sol: In active region (or) saturation region,
channel is pinched off. Number of carriers
present in the channel decreases from source
end to drain end due to potential increases
from source to drain.

03. Ans: (d)

Sop: 122 _KalVosy =V P
ID1 K, [VGSI _VT]2

I,  [1400-400]*
ImA  [900—400]?

IDz =4mA

04. Ans: (d)
Sol: A=1squm= 107" m?
d=1pm=1x10°m
Np = 10"/cm’
n; = 10"
No. of holes = concentration x volume
Volume=A xd=10"m

n; 10%

n 10"
=10holes/cm® =10x10°holes/ m*

. No. of holes = 10x10°x107"®

= 107" holes
~(

05. Ans: (b)
Sol: 1) since it has n-type source & drain, it is
n-channel MOSFET.
2) Drain current flows only when Vgs > 2V,
it implies it has threshold voltage (Vi)

of 2V
= It is enhancement type MOSFET.
3) Vi =2V
W
4) gm > anox T[VGS - VTh ]’

transconductance depends upon electron
mobility.

06. Ans: (b)

A
Sol: C, = Ssi
d
d=10 nm

Ssi— Ersi €0
=11.7%x 8.9 x 1072 F/m

A=(02uxIp)+ (0.2ux1p) + (0.2uxIp)

=3(0.2ux1p) = 0.6 x 107* m?
_11.7x8.9x107"? x0.6x107"

o 10x10™°

Cepo = 6.24 x 1075
~71F

C
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In practical IC, this cap will provided to =
front and back sides also then area may be Ci=Cop A= d A
A =(0.6x10""%) + (0.2pux1p) + (0.2px1p) 425 a
A=0.68 x 107" m’ ;
11.7x8.9x107" x 0.68x107" -12
CSbO: 10)(10_9 :7fF =,17XL(1X10_4)Cm=0857Mm
gxlO_12
07. Ans: (a)
Sol: L,,=06=20m 10. Ans: (b)
d=10nm, w=1um Sol: V= 0.5V
€ri= 117, €rox = 3.9 Ve=3V
c0=89x 10" F/m Pinch-off occurs when
e Vb=Vg—-Vm=3-05=2.5V
Cov=Cox WLy =—= WLOV
ox 11. Ans: (a)
Sol:
— erox e0 W LOV T
tOX
- 3.9%8.9x107 x1x107°x20x10”°
o -9
1)(10 —|[ M1 _|[: M2
=0.69 x 107> =0.69 fF ~ 0.7 fF
08. Ans: (a) = =
Sol: A=1x10"*cm’ OA
ei=1x10"F/cm
Eox=3.5%x 107" F/em v
Co="7pF 0.5Q 0.5Q
e A L 1
C. =C A=— 2.5V— 3V
0 ox tox =l L
w3510 x1x10 ' '
0oX CO 7)(10_12 20:V_2.5+V_3
6 0.5 0.5
=5x10" cm =50 nm
V =17.75 Volts
09. Ans: (b)
Sol: 0% _op I, = 715725 1654
C,+C,
7C J5—
d :1:>Cd:ZpF b, = 775 3=9.5A
C,+7 6 :
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12. Ans:(a & c¢) 14. Ans: (a)
2c ¢ de b Sol: Given C-V characteristics of MOS capacitor
Sol: Xgmax = \/ s Tt — \/ s TF with p-type substrate for high frequencies.
aN qN Point-P possible in accumulation mode
N 10" Point-Q possible in flat band mode
b =V, ln[—Aj =0.0261n (—loj Point-R possible in inversion mode
n; 1.5x10 So, option (a) is correct.
=0.29V
15. Ans: (¢)

0.6x107" x10"
=8.67x107° cm=8.67x10 'm = 0.867um

|Qdinv| = qNA deax
=1.6x10"" x10"°x0.867x107°

\/4x11.7x8.854x1014 % 0.29
deax =

= 1.39 nc/cm®

€, 3.9x8854x10™"
Cox: = =

t 10x10

=3.45x10"" F/em® = 0.345 pF/cm’

VT — |Qdinv | +Qt — | Qdinv | +2¢F

COX COX
-9
_ 1390 5009
0.345x10
=0.58V
13. Ans: (a,c & d)
2qN 2
Sol: V., = \/ d ACES (205) +20, + Vi »
C — GOX

(04
00X

As Vry is proportional to channel dopant
concentration and gate-oxide thickness.

Vmu can be increased by increasing
channel dopant concentration & gate-oxide
thickness and also Vry can be increased by

increasing channel length.

Sol: Since G and D are shorted both NMOS and
PMOS are in saturation

L, =1,
4V— =
pMOSFET g
E——
G D

D
A\
1l

nMOSFET

2 L 2 L
300 x 1 x (Vo—1)>=40 x5 x (4—Vo— 1)
3(Vo— 1) =23 - Vo)

1.22(Vo—1)= (3= V)
1.22Vy=1.22=3-V,

2.22Vy =422

= V=19V
Alternate Method:

1V,
Ky >K, (r>1)
Kp=K,(r=1)
Ky <K,(r<1)
V.
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If K, =K,, then V, =

19. Ans: 0.231

Sol: 1-¢™=0.5
From the given information, compare =0.5
K, and K, _—In(0.5) _ —1n(o.5)Crn
c (W c (W o 3x10*

Mp 0X L ) un O3 L ) — 0231Hm

40 x Cox X 5 300 x Cox x 1 20. Ans: (b)

= Kp< Ky Sol:

From the above graph it is very clear that ) 5 Y Vaccum level

for K, <K,

4eV
s = #.8eV
VO < VDD (I) A EC
E =E;
= V<2V 0.5eV i
__________________ Y _ - Ei
16. Ans: 5.6 P ' 0.3¢V |adr
Sol: Since we know in inversion region, Fo20V Er
Qin = Cox(VG - VT) i Ev

Inversion charge density

= From this we can find V1 ¢s =4eV +0.5eV +0.3eV = 4'8§V

as given Qi = 2.201C/cm? Vi =-0.16V, Cox = 100nF/cm

Cox = 1.7 pF/em® 9m=3.87eV

VG = 2V V VFB . |Qdmv +¢t

Q. C
=V, =V, ——" px ¥
ox VFB = dms (-* No oxide charge)
22 _¢ms_¢m ¢s_3.87_4.8:_0.93
= V —Z—F—O706V01t (I)t 2¢F: (I)F—O3V
Now Qi at Vg =4V ¢=2x03=0.6V
_ 2
Qin =5.6 uC/cm 1000
. |Qainy] =0.17 x 100 x 10° =17 x 10~

17. ~Ans: (b) . =1.7 x 10°*C/em?
Sol: Beyond Vt (V > Vr), almost where is no

expansion of the depletion region. The )

necessary negative charge at the interface or 21.  Ans: (b)

surface is provided by electrons. Sol: t = 10nm Vi _ =50mV/V

At V = Vr, the width of the depletion region BS|

reaches a maximum value, X4 = Xdmax. [Ves| =2V, [Vs| 245
18. Ans: 25.5 Vy = Vo + 1 [Vas| + 205 —+/205 |

1 W
Sol: I, = Euncox X T(VGS Vi )2 V1o = VT|\VBS\ =0
1 10 \2qN
= 5 x800x3.45x107" x T X (5 — 0.7)2 Y= % body effect parameter
=25.5mA h
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Since |Vps| >> 2¢p 22. Ans: 4.32 (Range: 4.10 to 1.50)
V, & Vi +7 |VBS| Sol: Given t,, = 100nm
oV | Q,, =10"°C/cm’
T
=7 N-MOS, [P-substrate]
8|VBS| 2\/ |VBS| Metal Work function
_ 1 — qom =4.6eV
50x107° =y ——
Y 2\/5 (Sr)SiOZ =4 4
B 5 3 (g0) = 8.85 x 10" "F/cm
vy =22x50x10 _141_.i2><1o JV Given Vo = OV
C _ By _ 4x8.85x10 Need to find qosi = ?
o, 10x1077 - Q'0
=3.54x107F/cm’ : FB_(b““_a
V29N &g y*C: Q
== = N, =—=% 0=¢_—¢ ——2=
y Cox A 2q85 = q)m (I)s Cox'
¥ ) ! -8
NA:(141.42><129)2><(3.54><10 Z g epp Qe Ly 10
2x1.6x1077" x12x8.85x10" C.. Eox
=7.37x10" /em® tox
Soqos =4.32eV
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01.

Sol:

02.

Sol:

03.

Sol:

Biasing

| JFET Biasing |

Ans: (¢)
R, :VDD -V, :ZOV_IZV:3.2KQ
I, 2.5mA
In self bias
Vgs =-Ip Rg
2
V,
Iy =Ipss {1_ Vc;sj
ID
Vs =V | 1-
IDSS
Vgs=-1.06 V
\V4 _
= =—1=4OOQ
~1, -25
Ans: (b)
V= Vgs +1IpRs
LE SV
1.8K
16x4
v, 1047 5 45y
138
Ry=Yo Vo 347(2V) _y gexy
I 4.4m
Ans: (¢)
Vps = Vpp — In(Rp + Ry)

=30 V-4 mA(3.3K + 1.5K)
Vps = 10.8 V

3 Vou
Deve §20KQ§2KQ :

04. Ans: (b)

Sol: AC analysis,

T P f
Vin §2MQ Vgs

i

] 1

. |

Z
Z; =2MQ, Zy =20KQ || 2KQ
=Zy = ﬁKQ
11
05. Ans: (a)
2
Sol: I, =1 _Vos
VP
27
=10x 10—3{1——8} =5.625mA
KVL at output loop,
~20+(2x10°I, )+ Vyg =0
Vs =20 (2x10° x5.625x107)
=8.75V
06. Ans: (b)
Sol: By observing,

The circuit is common drain i.e., source
follower circuit.
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Vin

VCes
gn=0.01S

] Vee
R,,=10 mQ

’7 -
};1100KQ

=10 MQ || 100 KQ || 100 Q

1
Ry=r R || —

m

=100 Q

[[ FREQUENCY ANALYSIS

01. Ans: (d)
Sol:

Vo=1225V
\Y
Ay=t

Ay @) =20 logio Ay

20=20 lOglo AV

A,=10'=10

Yoo

Vi

Vi:&:@\/ =1.225V
10 10

02. Ans: (b)

Sol: Ays) =20 logio A,
50 =20 logio Ay
A, =107 =316.228

03. Ans: 6.123 x10° Hz

Sol: Small signal equivalent

I I Po =30W ng
L |::| RL =5Q G
§ _ <l?gmvgs T4 Rp SR T~ Cy
= S
2
P =0
) =
R 1 L 1gRp||Ry
L Ci C Cys =
__ O 20 Ves—T— ds 8.33kQ
30x5=V; |
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& ACE 2
Voo =V, =V
szcd I—L , GS, G, S
g AV = V() -0 = Vo
W » (W 2
A, = mid-band, (le (5-(v,)-0.8) :(Ll (V,-0.8)
gain = g (14||Rp||Rr) =-16.66 Vo=2.5V
Reg 02. Ans: (a)
. (W w
= Cq Sol: (Lj (VGS, -Vi )2 Z(Lj (Vc;sZ - Vi )2
1 2
40 (4.2 = Vo)> = 15(Vo - 0.8)
C,=2 F(l ! j—zu F Vo=291V
e T A
03. Ans: (¢)
1
H= m Sol: From ﬁgure IDSl = IDSZ'

01.
Sol:

Ceq=1+2.12=3.12 pF, Ry = 8.33kQ
= fi; = 6.123 x10° Hz

[[ MOSFET BIASING ]]

Ans: (b) +5V
VT =0.8 P
Kn=30x10"° E—

E — E =40 m;
L 1 L 2
Vp, =45 L S,
IDI = D,

my

lun Cox (%J (VGSl - Vi )2
1

2
1, Co, [%)2 (Vcs2 -V, )2

:l
2
6V

—_—

Y IDSl

M,
¥)-
L 1

Y IDSZ

l:l

-lg =

1

2 = L 4(5-V, =V)? =1(V, -V, )
1 .. _ _
=§un C., [%) (VGSz —VT>2 ( Vasi = Vo =V, —S_Vx)
2
VGS :VD _VO :)2(5—VX—Vt)=(VX—Vt)
=+5-Vj . Vy=3V
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04. Ans: (d)

\Y R
Sol: ~2=_8ns ___(q)
Vi 1 + ngs
&Z _ngD e (2)
Vi 1+ g mR S £
D+ = Sg,
——————o0
V2 R s *
Vl -R D Vi
+ — ° B
V_-1 oy, RE OV
v, 2 : ]’
Vi=-2V, = = = =
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Chapter

01. Ans: (¢)

Sol: AiB—i—Ci—i—DE

After option (c) as above answer.

02. Ans: (a)

Sol: xi+Xx,

03. Ans: (d)

CMOS & Device Technology

Sol: v,

_I_I_I_I__I_IT

_?_
E IQ i ouT
+Vi
o
L
—— O/P

Po— |:

Qo
AND gate

04. Ans: (b)

Sol: n:;
2Nf

1

n=-—"————
2x5x10x10°

=10"sec=10nsec

05. Ans:(a,b& c¢)

Sol:
w I W
[;_| I‘: [TL}S_' I:(T]gc_| I: (%)P ].)_| I‘: [%]P

clE o= =

=

o]

Vi1

==
:‘;/

For basic inverter Wy =

symmetrical voltage transfer characteristics

We _ B _;
W, n,

Wp =3W, =6um

* Width of NMOS in NAND gate = 4W,,
= 8um

* Width of PMOS in NAND gate = Wp
= 6um

Device Technology Ke

01. (c) 03. (d)

04. (b)

02. (b)
05. (a)

2um, to get
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