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ENERGY BANDSIN SOLIDS
Based on Pauli’s exclusion principle
In anisolated atom electrons present in energy level butin
solid, atoms are not isolated there is interaction among
each other due to this energy level splited into different
energy levels. Quantity of these different energy levels
depends on the quantity of interacting atoms. Splitting of
sharp and closely compact energy levelsresult into energy
band. Thisisdiscretein nature. Order of energy levelsina
band is 1023 and their energy difference= 10723 eV.
Energy Band : Range of energy possessed by electronina
solid is known as energy band.

A

] Conductance Band
0.7¢eV
Valence Band
Band
energy Third Band
(eV) Second Band
First Band
For Ge .
A
T ] Conductance Band
Band 11.1eV
energy Bdance Band
(&v) Second Band
First Band
For S g

Valence Band (VB) : Range of energies possessed by
valence electron is known as valence band.

(a) Have bonded electron

(b) No flow of current due to such electron

Conduction Band (CB) : Range of energies possessed by
free electron is known as conduction band.
(a) Also called empty band of minimum energy.
(b) In general partialy filled by electron.
(c) If conduction band is empty, then conduction is not
possible.
For bidden Ener gy gap (FEG) (DEQ)
AEG=(CB)min—(V B)max
*  Energy gap between conduction band and valence band,
where no free electron can exist.
*  Width of forbidden energy gap depends upon the nature

of substance.
I max
Conductance Band
Band 7Y min
(eV) i} Energy gap
Valence Band
min

>
>

*  Widthismore, then valenceelectronsare strongly attached

with nucleus

Width of forbidden energy gap isrepresented in eV.

*  Astemperature increases forbidden energy gap decreases
(very dlightly).

*

CLASSIFICATION OFCONDUCTORS, INSULATORSAND
SEMICONDUCTOR
Onthebasisof therelative valuesof electrical conductivity
and energy bands the solids are broadly classified into
three categories

(i) Conductors (i) Semiconductors

(c) Alwaysfulfill by electron (it} Insulator

Comparison between conductor, semiconductor and insulator :

Properties Conductor Semiconductor Insulator

Resistivity 102-1080m 107°-1050Om 1011 - 1019 Om
Conductivity 102 - 108 mho/m 10°-10-6 mho/m 10711 -1071° mho/m

Temp. Coefficient
of resistance (o)
Current

Positive

Due to free electrons

Negative

Due to electrons
and holes

Negative

No current

rys
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Forbidden energy gap ~ OV ~ 0-eV >6eV
Example Pt, Al, Cu,Ag Ge S,C,GaAs Wood, plastic
GaF, Diamond, Mica
EFFECT OFTEMPERATURE

At absolute zero kelvin temperature :

At this temperature covalent bonds are very strong and
there are no free electrons and semiconductor behaves as
perfect insulator.

Aboveabsolutetemperature: Withincreasein temperature
some coval ent bonds are broken and few valence el ectrons
jump to conduction band and hence it behave as poor
conductor.

CONCEPT OFHOLESINSEMICONDUCTORS

Dueto external energy (temp. or radiation) when electron
goes from valence band to conduction band (i.e. bonded
electronsbecomesfree), vacancy of freee createinvalence
band, which has same charge as electron but positive. This
positively charged. Known as hole and shown in figure. It
is deficiency of electron in VB. It acts as positive charge.
It's effective mass is more than electron. It's mobility of
hole is less than electron. Hole acts as virtual charge,
although there is no physical charge on it.

e === Sai
EE—&— &
D D
FEG FEG
v v hole
E VBe—F0F"—— E VB —VFVF—F————=
Pure semiconductor Pure semiconductor
At 0K temp. At room temp.

Hole Current: At room temperature, due to breaking of
some Covalent bonds some free electrons are produced.
By applying electric field current flow dueto free el ectrons
and hole current also flow in semiconductor.

EFFECT OFIMPURITY INSEMICONDUCTOR

Doping isamethod of addition of desirableimpurity atoms
to pure semiconductor to increase conductivity of

semiconductor.
Doping is a process of deliberate addition of a desirable
impurity atoms to a pure semiconductor to modify its
propertiesin controlled manner.
Added impurity atoms are called dopants.
Theimpurity added may be= 1 part per million (ppm).

*  Thedopant atom should take the position of semiconductor
atominthelattice.

*  The presence of the dopant atom should not distort the
crystal lattice.

*  Thesize of the dopant atom should be almost the same as
that of the crystal atom.

*  The concentration of dopant atoms should not be large
(not more than 1% of the crystal atom).
It is to be noted that the doping of a semiconductor
increases its electrical conductivity to a great extent.

METHODSOFDOPING

1. Addthe impurity atomsin the molten semiconductor.

2. Heat the crystalline semiconductor in an atmosphere
containing dopant atoms or molecules so that the latter
diffuse into the semiconductor.

3. Implant dopant atoms by bombarding the semiconductor
with their ions.

NTYPE SEMICONDUCTOR

When a pure semiconductor (Si or Ge) is doped by
pentavalent impurity (P, As, Sb, Bi) then four electrons out
of the five valence electrons of impurity take part, in
covalent bonding, with four silicon atoms surrounding it
and thefifth electronisset free. Theseimpurity atomswhich
donate free e for conduction are called as Donor impurity
(Np)- Herefree e” increases very much so it is called asN
type semiconductor. Here impurity ions known as “Immobile
Donor positive lon”. Free e~ called as majority charge
carriersand holes called as minority charge carriers.

.
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PTYPESEMICONDUCTOR

When apure semiconductor (S or Ge) isdoped by trivalent
impurity (B, Al, In, Ga) then outer most three el ectrons of
the valence band of impurity take part, in covalent bonding
with four silicon atoms surrounding it and except one
electron from semiconductor and make hole in

semiconductor. Theseimpurity atomswhich accept bonded
e fromvalance band are called asAcceptor impurity (N, ).
Here holes increases very much so it is called as P type
semiconductor here impurity ions known as “Immobile
Acceptor negative lon”. Free e~ arecalled asminority charge
carriesand holes are called as majority charge carriers.

Intrinsic Semiconductor

N-type(Pentavalent impurity)

P-type(Trivalent impurity)

W &

Donor Enérgy level

Fermi Energy level

VE VB

N-type

Intrinsic

2 Current dueto
electron and hole
Ne=My=m
I=lg+1,
Entirely neutral

o b w

Quantity of electrons
and holes are equal

Mainly due to electrons

N << Ng (Np = ng

| =g

Entirely neutral
Majority - Electrons
Minority - Holes

i

Acceptor Energy level

VB
P-type

Mainly due to holes

Ny >>ng (N = n)

| = Iy

Entirely neutral
Majority - Holes
Minority - Electrons

MASSACTION LAW

*  Theelectronand hole concentration in asemiconductor
inthermal equilibriumisgivenby : nn, = ni2

where, n; is density of electrons or holes in a pure
semiconductor and is called intrinsic concentration.

RESSTIVITYAND CONDUCTIVITY OF

SEMICONDUCTOR
Conduction in conductor :

*  Relation between current (1) and drift velocity (v,)

I:neAvd,

n = number of electron in unit volume,

A= cross sectional area

*  Currentdensity, J=1/A=nevy
*  Driftvelocity of electronvy=pE
* Mobilityp=vy/E

*  J=nepE ; J=cE

*

p = Resigtivity

Conductivity, c =neu=1/p

Conduction in semiconductor

«—J—e
<+——ee
A <o
o——>
ho——
9\ o——>
:: [ LT —— ,|
E
|-
Intrinsic P-Type N-Type
semiconductor
Ne =My Ny >> N Ng>> Ny
J=nJvtv] Jzen,v, Jzengv,
o=1p c=1p c=1p
=en[uatuyl =en, y, =en,
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Examplel:
Theenergy of aphoton of sodiumlight (A =589 nm) equals
the band gap of a semiconducting material. Find:
(a) the minimum energy E required to create ahole-electron
pair.
(b) thevalueof (E/kT)at atemperature of 300 K.

hc 12400 . .
Sol. (8 E= - (ineV). So,E=—— (EiseV andLisinA)

12400

So, —%—218V

E  21x1.6x10%°]

=381
KT ~ 1.38x10 2 x 300

0 =

Example2:
A P type semiconductor has acceptor level 57 meV above
the valence band. What is maximum wavelength of light
required to create ahole ?

hc hc  6.62x10°%x3x10°

Sol. E=— = A=—= — —5 =217100 A
A E 57x10°x1.6x10

Example3:

What will be the conductance of pure silicon crystal at
300K temp. If electron hole pairs per cm3is 1.072 x 100t
this temp., pp, = 1350 cm?/volt sec and p, = 480cm?/volt
Sec.

Sol. 6= njeue+ Niewy = nie (ue+ ) = 3.14 x 1078 mho/cm

P-NJUNCTION
Techniquesfor making P-N junction
Alloy Junction : Here asmall piece of 111 group impurity
likeindiumisplaced over n-Geor n-Si and melted ultimately
P-N junctionform.
Diffusion Junction : A heated P-type semiconductor iskept
in pentavalent impurity vapours which diffuse into P-type
semiconductor and make P-N junction.
Vapour deposited junction or epitaxial junction
If we want to grow alayer of n-Si or p-Si then p-Si wafer is
kept in an atmosphere of Silane (asilicon compound which
dissociates into Si at high temperatures) plus phospho-
rous vapours.
On crackling of silane at high temperature afresh layer on
n-Si grows on p-Si giving the P-N junction.
Since this junction growth is layer by so it isalso referred
aslayer growth or epitaxial junction formation of P-N junc-
tion.
Description of P-N Junction without applied voltage or
bias A P-N junction immediately after it is formed has P
region with mobile majority holesand immobile negatively
charged impurity ions.
N region has mobile mgjority free electrons and immobile
positively charged impurity ions.
Due to concentration difference diffusion of holes starts
from P to N side and diffusion of e sstartsN to P side.

Duetothisalayer of only positive (in N side) and negative
(in P-side) started to form which generate an electric field
(N to P side) which oppose diffusion process, during diffu-
sion magnitude of electric field increases due to this diffu-
sion it gradually decreased and ultimately stops.
Immobile negativeions ~ Immobile positive ions

Electron
- ectrons

el :
o Depletion layer (10m)

1

1 1

b

M /_! Barrier potential
1 |

¢ div

1 1

1 I

ga'; ¢ = charge density

The layer of immobile positive and negative ions, which
have no free electrons and holes called as depletion layer.

Diffusonanddrift current:

(1) Diffusion current - Pto N side

(2) Driftcurrent- N to Pside

If there is no biasing diffusion current = drift current

So total current is zero

Behaviour of P-N junction with an exter nal voltageapplied
or bias:

Forward Bias: If weapply avoltageV suchthat P-sideis
positive and N-side is negative as shown in diagram.

The applied voltage is opposite to the junction barrier
potential. Due to this effective potential barrier decreases,
junction width also decreases, so more majority carriers
will be allowed to flow acrossjunction. It meansthe current
flow in principally due to majority charge carries and is
large (mA) called asforward Bias.

VB
-+
holes P fh N __—Electrons
o—> | i —eof
o— ! | «—eo FB
! ! P— +ve
I“' I N— —ve
mA
= /}\
o— IV — \ZJ e—

ReverseBias: If weapply avoltage V such that P-sideis
negative and N-side is positive as shown in diagram.

The applied voltage is same side to the junction barrier
potential. Due to this effective potential barrier increased
junction width also increased, so no mgority carriers will
be allowed to flow across junction.

Only minority carrierswill drifted. It meansthe current flow
in principally due to minority charge carries and is very
small (UA) called asreversed Bias.

=
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VB
Holes = T B N Electrons
«—o [i]i] o=
<+«—0 o>
0 > RB
P— —ve
WA N— +ve
- |+ G\
VI \/
Forwardbias ReverseBias
1 Potential Barrier reduces 1. Potential Barrier increases.
2. Width of depletion layer decrease 2. Width of depletion layer increases.
3. P-NJnProvidevery smal resistance 3. P-N Jn. Provide high resistance
4. Forward current flow in circuit 4. Very small current flow.
5. Order of forward current in milli amp. 5. Order of currentin micro amp. (Ge) or Neno amp. (Si).
6. Mainly flow majority current flows. 6. Mainly minority current flows
7. Forward characteristic curves. 7. Reverse characteristic curve
% Reverse voltage
14 ’ Vgr +—\Volts
b -100 -80 -60 -40 -20
[=at Forward|Bias o
o 10 M
E g S diode [
E E s [ | | Breakdownvoitage 0 Cverse
3 6 / current
s 4 / 100
2 ) Y knee voltage .
o 150
2 4 678 10 12 14 l(HA)
(Volt) V,—»
Forward voltage 200
8 Forward resistance 8. Reverse resistance
AV
Ri= AVt + 1000 Rg= —B = 1050
Al Alg
9. Kneeor cutinvoltage 9. Breakdown voltage
Ge—03V,S—>0.7V Ge—> 25V, S —>35V
Rg Rg Current through load resistance R, is
Note: m—=10%:1forGe ; R~ =10*:1forS Vv
] ] IL= o = —— =0.006A
Example4: L™ R 71000 "™

Sol.

A zener diode of voltage V, (= 6V) is used to maintain a
constant voltage acrossaload resistance R; (= 1000€2) by
using aseriesresistance R (=100<). If thee.m.f. of source
isE (=9 V), caculate the value of current through series
resistance, Zener diode and load resistance. What is the
power being dissipated in Zener diode.
Here, E=9V;V,=6; R =1000Q and R;=100Q,
Potential drop across series resistor

vV=E-V,=9-6=3V
Current through series resistance Rq is

v 3

I:Ezl— =0.03A

Current through Zener diode is
Iz=1-1_=0.03-0.006 =0.024 amp.
Power dissipated in Zener diodeis
PZ =VZ IZ =6x0.024 =0.144 Watt

Example5:
A Zener diode is specified having a breakdown voltage of
9.1V with amaximum power dissipation of 364 mW. What is
the maximum current that the diode can handle.

Sol. Maximum current that the given diode can handleis

_ 364x10°° —JOmA
91 ‘

e
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REVERSE BREAK DOWN

*

If the reverse bias voltage is made too high, the current
through the PN junction increases rapidly at V, . The
voltage at which this happens is called breakdown
voltage or Zener voltage.

There are two mechanism which causes this
breakdown. Oneiscalled Zener breakdown and the other
is called avalanche breakdown.

Zener breakdown : When reversebiasisincreased the
electric field at the junction also increases. At some
stage the electric field becomes so high that it breaks
the covalent bonds creating electron, hole pairs. Thus
alarge number of carriers are generated. This causesa
large current to flow. Thismechanismisknown asZener
breakdown.

Avalanchebreakdown : Athighreversevoltage, dueto
high electric field, the miniority charge carriers, while
crossing the junction acquires very high velocities.
These by coallision breaks down the covalent bonds,
generating more carriers. A chain reaction-isestablished,
giving rise to high current. This mechanism is called
avalanche breakdown.

CHARACTERISTIC CURVE OF P-NJUNCTION DIODE

o—>—o

A K
Inforward biaswhen voltageisincreased from OV in steps
and corresponding value of current is measured, the curve
comes as OB of figure. We may note that current increase
very sharply after a certain voltage knee voltage. At this
voltage, barrier potential iscompletely eliminated and diode
offersalow resistance.

In reverse bias amicroammeter has been used ascurrentis
very very small. When reverse voltage is increased from
0V and corresponding values of current measured the plot
comes as OCD. We may note that reverse current is almost
constant hence called reverse saturation current. It implies
that diode resistance is very high. As reverse voltage
reaches value Vg, called breakdown voltage, current
increases very sharply.

2
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100
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1
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on switch off switch
R=0Q R= o0 Q

RECTIFIER

Itisdevicewhichisused for converting alternating current
into direct current.
Half waverectifier

S, Dlode

o ©

v'\Nv

AC mains H ‘

Transformer

4
ot— |:>\/\ /mt\—>

Output pulse =50

i
s

Input frequency = 50Hz
No. of input pulse = 100

During thefirst half (positive) of theinput signal. Let S, is
at positive and S, is at negative potential. So, the PN
junction diode D is forward biased. The current flows
throughtheload resistance R, & output voltageis obtained.
During the second half (negative) of the input signal, S;
and S, would be negative and positive respectively. The
PN junction diode will be reversed biased. In this case,
practically no current would flow through the load
resistance. So, there will be no output voltage.
Thus, corresponding to an alternating input signal, we get
a unidirectional pulsating output.

Peak voltage (PIV) V=V,
In half wave rectifier PIV = maximum voltage across
secondary coil of transformer.

T
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Full waver ectifier

When the diode rectifies the whole of the AC wave, it is
called full wave rectifier. Figure shows the experimental
arrangement for using diode as full wave rectifier. The
aternating signal isfed to the primary atransformer. The
output signal appears across the load resistance R, .

AC mains —g
220V 2
50Hz RLEE Output
< i
v
Centre tap
Transformer
Vinloos Input waveform
Vi T ot—
T 2n A3t fidn 5n

fl Bl D1 D2{ D1{ D2
Vo :

Output waveform

During the positive half of the input signal :

Let S; positive and S, negative.

In this case diode D, is forward biased and D, is reverse
biased. So only D, conducts and hencethe flow of current
inthe load resistance R, isfromA to B.

During the negative half of theinput signal :

Now S, is negative and S, is positive. So D, is reverse-
biased and D, is forward biased. So only D,, conducts and
hence the current flows through the load resistance R
from A to B. It is clear that whether the input signal is
positive or negative, the current always flows through the
load resistance in the same direction and full wave
rectification is obtained.

BridgeRectifier :

Positive half cycle
I/\ wt —>

21

conducting diode

—»—

nonconducting diode
Input waveform

D "—o? +
20/ (3 p RigOutput
50Hz DY $
G/ A F
T +ive +ive -ive
Vo
| Output waveform

During positivehalf cycle

D, and D, are forward biased — on switch
D, and D are reverse biased — off switch
During negativehalf cycle

D, and D are forward biased — on switch
D, and D, are reverse biased — off switch
In bridge rectifier peak inverse voltage

PIV=V¢=V,,

I _Ims E

rms

FormFactor: F= 7 | o e
dc dc

. T
For full waverectifier F= —2\/5
for half waverectifier F=nr/2

Rippleand ripplefactor : Intheoutput of rectifier someA.
C. components are present. They are called ripple & there
measurement isgiven by afactor soitiscalled ripplefactor.
For good rectifier ripple factor must be very low.

Total output current

2
Where lyms= /12 + 13,

| 5c = rmsvalue of AC component

. |
Ripplefactor=r= Ii =r=

dc

o o Pdc I(ZjCRL
Rectifier efficiency n= P~ m
rms

Full waverectifier
or bridgewaver ectifier

Half waver ectifier

0.406 . Ry w1 0.812 " Ry R o1
= | =
k 1 Re TR " R TR
RL RL
n=40.6% n=8L2%
IfRf=R IfR{=R
n=20.3% n=40.6%
In bridgefull wave
rectifier R¢ istwo times of
resistance of P-N in FB
FILTERS

*

Filter circuits smooth out the fluctuations in amplitude or
ac ripple of the output voltage obtained from arectifier.
Filter circuit consists of capacitor or/and choke coils.

A capacitor offers a high resistance to low frequency AC
ripple (infinite resistance to DC) and a low resistance to
high frequency ACripple. Therefore, it isalwaysused asa
shunt to the load.

A choke coil offers high resistance to high frequency AC,
and almost zero resistance to DC. Itisused in series.
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Example6:
A sinusoidal voltage of amplitude 25 volts and frequency
50Hz isapplied to ahalf waverectifier using PN diode. No
filter is used and the load resistor is 1000Q2. The forward
resistance R; ideal diodeis 10Q. Calculate
(i) Peak, average and rms values of load current.
(i) d.c. power output (iii) a.c. power input

(iv) % Rectifier efficiency (v) Ripplefactor
. Vin 25
Sol. (i) Iy = R, +R, = (10+1000) =24.75mA
| = In_ 2475 =7.87TmA; |, = m _ 24'75—1237mA
= =~ 314 ~ " PmsT o Ty T

(i) Pye =lgc2x R =(7.87x1073)2x 103=61.9mW

(iii) Poe = Iyms 2(Re + Ry ) = (12.37 x 1073)2 x (10 + 1000)
=154.54 MW

(iv) Rectifier efficiency

Pdc

n=p_ *10=155

2 1/2 2
e 12.37
(v) Ripplefactor= [[E] —1} = {(7—87) —1} =121

Example7:
The halfwave rectifier supplies power to a 1kQ load, The
input supply voltageis220 V neglecting forward resistance
of thediode, calculate (i) V (i) I 4 and (iii) Ripplevoltage

x 100 =40.05%

(rmsvalue).
V., 2V J2x220

Sol. () Vge= —- = ms — =98.79V

O V=7 > 3.14

Ve 9879

(i) lge= R, = 1000 =098.79mA

Vr)rms

(i) r= Ve o (VD)rms =T X Ve

(VPms=T*Vg4=1.21x98.79=119.53V

ZENERDIODE

A properly doped crystal diode which has sharp break down
voltage isknown as Zener diode. It isaways connected in
reverse biased condition manner. Used as a voltage

regulator.

b

x 7

ED

: Constant
unregulated  V R Yzdc output

de. P

(output of |
rectifier) ¥ Y,

In forward biased it works asasimple diode.

SOME SPECIAL DIODES
Photodiode : A junction diode made from light or photo
sensitive semiconductor is called a photo diode.

Vishblelight
(Photons)

AV IEN

okt
When light of energy "hvv" falls on the photodiode
(Here hv > energy gap) more electrons move from valence
band, to conduction band, due to this current in circuit of
photodiode in "Reverse bias', increases. Aslight intensity
isincreased, the current goes on increases so photo diode
is used, “to detect light intensity” for example it is used in
"Video camera".

Light emitting diode (L.E.D) : When ajunction diodeis
"forward biased" energy isreleased at junctionin theform
of light due to recombination of electrons and holes. In
case of Si or Ge diodes, the energy released isin infra-red
region.

In the junction diode made of GaAs, InP etc. energy is
released in visible region such ajunction diode is called
“light emitting diode” (LED)

7 N

Light

VAR

>

il s
'

>
»

Solar cell : Solar cell isadevicefor converting solar energy
into electrical. A junction diodein which one of the Por N
sections is made very thin (So that the light energy falling
on diode is not greatly absorbed before reaching the
junction) can be used to convert light energy into electric
energy such diode called as solar cell.

(i) It isoperated into photo voltaic modei.e., generation of
voltage due to the bombardment of optical photon.

(il) No external biasisapplied.

(iii) Active junction area is kept large, because we are
intrested in more power. Materials most commonly used
for solar cell isSi, As, Cds, CdTe, CdSe, etc.

Variablecapacitor (Varactor)

P - N junction diode can be used as a “Capacitor” here
depletion layer acts as “dielectric material” and remaining
P and N part acts as metallic plates.

Diodelaser : Itisinteresting form of LED inwhich special
construction helps to produce stimulated radiation as in
laser.

o
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A potential barrier of 0.5V existsacrossap-njunction (i) If _ 1 2 Collector

the depletion regionis5 x 10~ mwide. What istheintensity Emitter K F>/ B P

of theelectricfieldinthisregion? (ii) An electron with speed - —> N

5 x 10° m/s approaches the p-n junction from the n-side
with what speed it will enter the p-side.

Sol. (i) Width of depletionlayer AL=5% 10" m
V 0.5v
E=— = — =105 volt/m
AL  5x10
) 1 1
(i) Work energy theorem, EMVi eV + > Mv;
MvZ — 2eV
V= [ 227X 105 mis
M
TRANSISTOR

Inventor William Bradford Shockley, John Bardeen and

Walter Houser Brattain.

Trangistor isathreeterminal devicewhichtransfersasignal

from low resistance circuit to high resistance circuit. It is

formed when a thin layer of one type of extrinsic

semiconductor P or N type is sandwitched between two

thick layers of other two type extrinsic semiconductor.

Each transistor have three terminalswhich are:

(i) Emitter (i) Base (iii) Collector

Emitter : Itistheleft most part of thetransistor. It emit the

majority carrier towardsbase. It ishighly doped and medium

insize.

Base: Itisthemiddle part of transistor which issandwitched

by emitter (E) and collector (C). Itislightly doped and very

thininsize.

Collector : Itisright part of thetransistor which collect the

majority carrier which is emitted by emitter. It have large

size and moderately doped.

There are two semiconductor junction in transistor

() The junction between emitter and base is known as
emitter-basejunction (Jgg).

(i) The junction between base and collector is known as
base-collector junction (Jog).

TRANSISTORAREOFTWOTYPES

N-P-N Transistor : If athin layer of P-type semiconductor
is sandwitched between two thick layers of N-type
semiconductor is known as NPN transistor.

Ji1 Jp C
Emitter oo ote | Collector N
o—| Ble SN s 0 B
Z AR —> 5
l N
Base N-P-N Transistor E

P-N-PTranggor : If athinlayer of N-typeof semiconductor
is sandwitched between two thick layer of P-type
semiconductor is known as PNP transistor.

l P-N-P transistor
Base

Transistor action : Therearefour possiblewaysof biasing
the two PN junctions (emitter junction and collector
junction) of atransistor. These are tabulated below.

Emitter Collector | Transistor
junction bias | junction bias | operation
Forward Reverse Active
Forward Forward Saturation
Reverse Reverse Cut off
Reverse Forward inverted

A trangstor ismostly used in the active region of operation,
i.e., the emitter juction isforward biased and the collector
junctionis reverse biased.

WORKING OF NPN TRANSISTOR

N P N
E| —> | o —> | C
— | 7 X
/18 \
Hole Electron
v IE A IB ICA
- |+ _.|+
i 1 N
VEB = Vce

When emitter base junction is forward bias, electrons
(majority carriers) in emitter arerepelled toward base. The
barrier of emitter base junction is reduced and the electron
enter the base, about 5% of these el ectron recombine with
holein baseregion resultinsmall current (I).
The remaining electron (95%) enter the collector region
because they are attracted towards the positive terminal of
battery.
For each electron entering the positive terminal of the
battery isconnected with collector basejunction an electron
from negativeterminal of the battery connected with emitter
base junction enters the region.
The emitter current (I, ) ismore than the collector (1.).
The base current is the difference between le and | . and
proportional to the number of el ectron hole recombination
in the base. In above process,

lo=1,+ | ismaintained.

WORKING OF PNPTRANSISTOR

When emitter-basejunctionisforward biased holes (majority
carriers) in the emitter are repelled towards the base and
diffuse through the emitter base junction. The barrier
potential of emitter-base junction decreases and hole enter
the n-region (i.e. base). A small number of holes (» 5%)

=
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combine with electron of base-region resulting small current
(I)- The remaining hole (~ 95%) enter into the collector
region becausethey are attracted towards negative terminal
of the battery connected with the collector-base junction.
These hole constitute the collector current (1,).

P N P
El| o—> | ¢ — |C
— [ X
Electron B Eole
Al 45 Iy
+] .- +] .-
N 1 N
Vee ? Ve

As one hole reaches the collector, it is neutralized by the
battery. As soon as one electron and aholeisneutralized in
collector a covalent bond is broken in emitter region. The
electron hole pair is produced. The released electron enter
the positive terminal of battery and hole more towards the
collector. Inabove process, 1,=1,+ 1 ismaintained.

Basic Transistor Circuit Configurations:

To study about the characteristics of transistor we have to
make acircuit [Inwhich four terminalsarerequired. But the
transistor have three terminals, so keeping one of the
terminal of transistor as common in input and output both,
We have three possible configuration of transistor circuit.
(i) Common base configuration

(if) Common emitter

(iii)y Common collector

In these three common emitter iswidely used and common
collector israrely used.

Common emitter characteristicof atransistor

Input characteristics: The variation of base current (l,)
(input) with base emitter voltage (V gg) at constant-emitter
voltage (V ) iscalled input characteristic.

Output

Input
C. signal

signa

(i) Keep the collector-emitter voltage (V g) constant
(syVee=1V)

(i) Now change emitter base voltage and note the
corresponding value of base current (1,)).
(iii) Plot the graph between Vg and 1.

02 04 06 08 1.0
Ve (VOIt) —»

(iv) A set of such curves can be plotted at different V -

Output characterigtics:

Thevariation of collector current I , (output) with collector-
emitter voltage (V g) at constant base current (1)) iscalled
output characteristic.

(1) Keep the base current (I,)) constant (say |, = 10pA)

(i) Now change the collector-emitter voltage (V og) and
note the corresponding values of collector current (1 ).
(iii) Plot the graph between (V ¢ versus|)

o 1, = 100uA
ol I, = 750A
T 6] I, = 50UA
) 4 I, = 250A
2] I,=0
0 T T T T T

1 2 3 4 5
Vg (volt) —»

(iv) A set of such curves can be plotted at different fixed
values of base current (say 0, 20 pA, 30 LA etc.)

PARAMETERSOFTRANSISTORS

*

From linear segments of both the input and output
characteristics ac parameters of transistors can be
calculated.

Input resistance(r;):

*

*

Theratio of change in base emitter voltage (AV gg) to the
resulting changein base current (Al g) at constant collector-
emitter voltage (V -g).

o _(AVge)

Thisisadynamic ac resistance. Alg ),
CE

Output resistance(r ):
*

Theratio of changein collector-emitter voltage (AV ) to
the change in collector current (Al) at a constant base

(AVee)

current I . = Al |
B

Thereciprocal of the slope of the linear part of the output
characteristic gives the values of r,.

The output resistance of thetransistor ismainly controlled
by the bias of the basecollector junction.

The high magnitude of the output resistance (of the order
of 100 kQ) isdueto the reverse-biased state of thisdiode.
When the transistor is in saturation state, resistance is
very low.

T
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Current amplification factor (b): * With further increase in V; the output voltage is found to

Theratio of the change in collector current to the change
inbase current at aconstant collector-emitter voltage (V )
when the transistor isin active state.

_[(Alg)
Al
B Vee

Pac

This is also known as small signal current gain and its
valueisvery large.
If wesimply findtheratio of I - and | ; weget what iscalled

|
dc B of the transistor. Hence, Bdc = i

Sincel increaseswith |z amost linearly and
|c=0whenlg =0, thevaluesof both 3 ;. and B arenearly
equal. So, for most calculations 3 . can be used.

Both B and B vary withV gz and Iz (or I ) slightly.

TRANSISTORASASWITCH

Consider the base-biased transistor in CE configuration
asshownin Fig. (a).

Rc .
@y,
Vee
Cutoff = .
region Act_lve
<> region
Vol ! <>
Saturation
region
| —>
(b)
Vi

Applying Kirchhoff’s voltage rule to the input and output

sides of this circuit, we get
Ves=lgRg+Vee

andVee=Vee—IcRe v )

We shall treat Vg asthe dc input voltage V; and V ¢ as

the dc output voltage V.

So,wehave V;=IgRg+Vggand V =V c-I-Rc.

Inthe case of Si transistor, aslong asinput V; islessthan

0.6V, the transistor will bein cut off state and current I -

will be zero. HenceV =V .

When V, becomes greater than 0.6 V the transistor isin

active state with some current I in the output path and

the output V , decrease as the term | -R~ increases.

Withincreaseof V;, I - increasesalmost linearly andsoV

decreases linearly till its value becomes less than about

10V.

Beyond this, the change becomes non linear and transistor

goes into saturation state.

decrease further towards zero though it may never become
zero. If weplot theV vsV; curve, [also called the transfer
characteristics of the base-biased transistor (Fig. (b)], we
see that between cut off state and active state and aso
between active state and saturation state there are regions
of non-linearity showing that the transition from cutoff
state to active state and from active state to saturation
state are not sharply defined.

Working: Aslong asV; islow and unableto forward-bias
thetransistor, V ishigh (at V¢ ). If V; ishigh enough to
drive the transistor into saturation, then V , is low, very
near to zero. When the transistor is not conducting it is
said to be switched off and when it isdriveninto saturation
it is said to be switched on. This shows that if we define
low and high states as below and above certain voltage
levels corresponding to cutoff and saturation of the
transistor, then we can say that a low input switches the
transistor off and ahigh input switchesit on. Alternatively,
we can say that a low input to the transistor gives a high
output and a high input gives alow output. The switching
circuits are designed in such a way that the transistor
does not remain in active state.

TRANS STORASANAMPLIFIER

*

The process of increasing the amplitude of input signal
without distorting its wave shape and without changing
itsfrequency is known as amplification.

A devicewhichincreasesthe amplitude of the input signal
iscalled amplifier.

Common emitter amplifier

*

@U Vi Vee

For using the transistor as an amplifier we will use the
activeregion of the vV , versusV; curve.

Input voltage of the CE amplifier increases its output
voltage decreases and the output is said to be out of phase
with the input. Ic

Figure: A simple circuit-of a CE-transistor amplifier.
DC current gain : Itistheratio of the collector current to

|
dc current gain, B= *;
AC current gain : Itistheratio of the changein collector

current to the changein base current at constant collector
_[lg)
Alg Vee

the base current.

voltage. Pac

rys
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* AC voltage gain. It is the ratio of the change in output
voltageto the changeininput voltage. Itisdenoted by A,,.

R,

or A, =B, xresstancegain=,. x Ry

>

|
* Trans or mutual conductance (g,,,) : T\f = RL, .
I n

Itsunit is (ohm)~1 or mho or siemen.

Changein output power
Changein input power

* AC power gain=

. . 2 R
= B2, x resistance gain = Pac * R,
Common baseamplifier :
* In common basetransistor amplifier the output signal isin
phase with the input signal.
* DC current gain : Theratio of the collector current (I-) to
|
a=1C
le
Since I < I, dc current gain is always less than 1. Its
valueliesbetween 0.95t0 0.999.
* AC current gain : It is the ratio of change in collector
current to thechangein emitter current at constant collector
voltage.

the emitter current (I).

(Al~)
"= aighy,

* AC voltagegain : It istheratio of changein output voltage
to the change in input voltage.
Itisdenoted by A,,.
If AV is change in output voltage and AV is changein
AV

input voltage, then A,, = AV
E

Ay =y X resistance gain.
* AC power gain : Itistheratio of changein output power
to the change in input power.
Change in output power
Change in input power
= o2, * resistance gain

AC power gain=

NOTE
* SinceB . > o, AC voltage gainin common emitter amplifier
isvery largeas compared to that in common-base amplifier.

Relation betweenaand b
For both types of amplifier,
lg=lg+lcor Alg=Alg+Als
Dividing both sides of above equation by

AIC,wegetAl—E:AI—BJrl;buta Ale dB—
Alc  Alg Alg |B
l=l+1orB=L oroc:i
o B 1-a B+1

Ifa=099=p3=99

Example9:
Inatransistor, thevalue of B is50. Calculatethe value of a.

(04 o
Sol. B =50, [3——: 5O_ﬁ = 50-50a=a
——0—09850
= o= 51 -0
Example10:

Calculate the emitter current for which I, = 20uA, § =100
Sol. B=100, I,=20 A

lc=P 1, =100 20 x 10~ =2000 pA

le=Ip+1.=20+2000=2020 uA=2.02 x 103 A=2.02mA

Examplell:
For a common emitter amplifier, current gain = 50. If the
emitter current is 6.6 mA, calculate the collector and base
current. Also calculate current gain, When emitter isworking
ascommon baseamplifier.
B=50:1,=6.6mA
I
- B= I—C
b

le=lc+1p

Sal.

lc=B I, =50l .. ()

using equation (i) we get

6.6
lp= —-=0.129mA

6.6=501,+I,=511, or oL

6.6 B
Hence I —50><— =647mAand a= "5 =7 =098

Examplel2:

Transistor with B = 75 is connected to common-base
configuration. What will be the maximum collector current
for an emitter current of 5mA ?

Sol. B =75,lc=5mA

(04 (04

B:E =75= 1—:75 750=0
760.=75 n ke I I ] 5=493mA
= = —= = . = X
oL or a 76 ¢ Ie..coce 76
FEEDBACK
Feedback are two types:

Positivefeedback : Wheninput and output arein the same
phase then positive feedback is there. It is used in
oscillators.

Negative feedback : If input and output are out of phase
and some part of that is feedback to input is known as
negative feedback. It is used to get constant gain amplifier.

TRANSISTORASANOSCILLATOR

*  Inan oscillator, we get ac output without any external input
signal.

*  Theoutput in an oscillator is self-sustained.

T
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*

Q.1

Q.2

Q.3

Q4

A portion of the output power is returned back (feedback)
to the input in phase with the starting power (positive
feedback).

T
%é‘ ) *,, mutua inductance
%, (coupling through
3 + magnetic field)
n-p-n cx T "/g?:out t
7 L pu
4
It ol
S, (switch)

The feedback can be achieved by inductive coupling
(through mutual inductance) or LC or RC networks.

The transistor is driven to saturation, then to cut-off, and
then back to saturation. Thetimefor change from saturation
to cut-off and back is determined by the constants of the
tank circuit or tuned circuit (inductance L of coil T, and C
connected in parallel toiit).

Theresonancefrequency (f) of thistuned circuit determines
the frequency at which the oscillator will oscillate.

f=
ZRJE
If the tank or tuned circuit is connected in the collector
side, it is known as tuned collector oscillator.

Gain of the complete amplifier with positive feedback.
V,
As =—2
fb v,

If Aisthegain of trang stor CE amplifier (without feedback)

V,
thenA = V|+—;JnVo , where misfeedback fraction.

V A
. . A — Yo —
This gives A v, 1 .

In order to produce continuous undamped oscillations at

the output terminal s of the amplifier, the positive feedback
should besuchthat m.A=1.

TRYITYOURSELF-1

To obtain a P-type germanium semiconductor, it must be
doped with —

(A) Arsenic (B) Antimony

(©) Indium (D) Phosphorus

Which impurity is doped in Si to form N-type
semi conductor

(A)AI (B)B

(C)As (D) None of these
Function of rectifier is —

(A) Toconvertacintodc  (B) To convert dcinto ac
(C) Both (A) and (B) (D) None of these

The potential barrier, in the depletion layer, is due to —
(A) ions (B) holes

(C) electrons (D) forbidden band

Q.5 Inan-p-n transistor —
(A) holes moves from emitter to base
(B) holesmove from base to collector
(C) negative charge moves from emitter to base
(D) negative charge moves from collector to base
Q.6 Thevalueof  for atransstor, for which o = 0.95, will be

(A)19 (B)91
(©19 (D)0.19
Q.7 Foratrangdtor, if 1 /I, =0.96, then current gainfor common
emitter is—
(A)6 B)12
©24 (D)48

Q.8 A transistor is used in the common emitter mode as an
amplifier. Then—
(a) The base-emitter junctionisforward biased
(b) The base-emitter junction is reverse biased
(c) Theinput signal is connected in series with the
voltage applied to bias the base emitter junction
(d) Theinput signal is connected in series with the
voltage applied to bias the base collector junction
Correct options are —
(A) ab (B) bc
(C)cd (D)ac
Q.9 For a CE transistor amplifier, the audio signal voltage
acrossthecollector resistance of 2.0 kQ2is2.0 V. Suppose
the current amplification factor of the transistor is 100,
What should bethevalue of Ry in serieswith Vg5 supply
of 2.0V if the dc base current hasto be 10 timesthe signal

current.
(A) 14kQ (B) 18kQ
(C) 10kQ (D) 5kQ

Q.10 In the above question, calculate the dc drop across the
collector resistance.

(A) 20mA (B) 10mA
(C) 30mA (D) 50mA
AN ER
@ © ) (©) 3 (A)
@ (A) ®) (©) (6) (A)
(n © (8 (D) 9 A)
(10) (B)
L | ATE

INTRODUCTION

*  Alogic gateisadigital circuit which is based on certain
logical relationship between the input and the output
voltages of the circuit.

*  The logic gates are built using the semiconductor diodes
and transistors.

*  Eachlogic gateisrepresented by its characteristic symbol.

*  Theoperation of alogic gateisindicated in atable, known
astruthtable. Thistable containsall possible combinations
of inputs and the corresponding outputs.

* A logic gate is also represented by a Boolean algebraic
expression. Boolean algebraisamethod of writing logical
equations showing how an output depends upon the
combination of inputs. Boolean algebra was invented by
GeorgeBoole.

e
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LAWSOFBOOLEANALGEBRA
Basic OR, AND, and NOT operationsaregiven:
OR AND NOT
A+0=A A.0=0 A+A=1
A+1=1 A.1=A A.A=0
A+A=A A.A=A A.A=A

Boolean algebra obeys commutative, associative and
distributive law as given below :
Commutativelaws:
A+B=B+A
A.B=B.A
Associativelaws:
A+(B+C)=(A+B)+C
A.B.C)=(A.B).C
Digtributivelaws:
A.(B+C)=AB+A.C
Someother useful identities:
(YA+AB=A (i)A.(A+B)=A
(i) A+ (AB)=A+B (iv)A.(A+B)=A.B
(VA+(B.C)=(A+B).(A+C)
(vi) (A+B).(A+C)=A C+BA+BC
De Morgan’s theorem:

Firsttheorem: A+B=AB
A

Second theorem: AB=A+B

BASICLOGICGATES

@

There are three basic logic gates. They are

() ORgate

(2 AND gate

(3) NOT gate.

NOT gate: Truthtable

Input Output

A Y

A Yl 0 1
1 0

Booleanalgebra: Y = A

TheNOT gate, aso calledinvertor, isobtained by employing
npn transistor. The base (B) of the transistor is connected
to A through aresistor Ry, while the emitter (E) is earthed.
Thecollector isearthed through aresistor R, & a5V battery.

The operation of NOT gate can be understood infollowing
steps:

@)

(ii)

®)

@)

(ii)

(iii)

(v)

©

A = 0. The base of the transistor also gets earthed.
Therefore, base emitter junctionisnot forward biased. Since
base current is zero, the collector current is also zero. The
transistor issaid to bein cutoff mode. The output Y will be
equal to the voltage of battery connected to collector i.e. 1.
A = 1. The base emitter junction getsforward biased and it
leads to alarge collector current. The transistor is said to
have gone to saturation. The voltage drop across the
resistor R, is just equal to 5V and the output Y is very
nearly 0.

OR gate: Truthtable
Input Output

A B Y

2 0 0
Y

0 1 1
B 1 0 1

1 1 1

Boolean algebra: Y=A+B

In practice, an OR gate can be realised by the electronic
circuits making use of two ideal forward-biased junction
diodes D, and D, as shown in figure.

Theinput voltagethat can be applied at A or B iseither O or
5V. Thereare following possible cases:

A =0and B =0. When both A and B are connected to each
(OV) none of the diodes conduct and hence no voltage
develops across resistor and accordingly output Y is 0.
A=0and B =1. WhenA isconnected to earth (OV) and B
is connected to positive terminal of battery (5 V), junction
diode D, does not conduct while diode D, conducts due
to forward bias. If diodeisanideal one, output Ywill also
be5V or 1. (because potential drop acrossidea diodeD,is
Z€Er0).

A =1and B =0. Inthiscase. reverse of abovewill happen
i.e., diode D, will conduct due to forward biasand D, will
not conduct. Thus, output will be 5V or 1. (D, isided)

A =1and B = 1. WhenA and B are connected to positive
terminals of the battery (5V) both the diodes conduct,
because both the outputs of the two diodes obtained across
Rareparalel, thenet output Y =5V or 1.

AND gate:
Input Output
A B Y
.A v 0 0 0
0 1 0
A 1] o 0
1 1 1

Boolean algebra: Y=A.B
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@)

(if)

(iii)

(iv)

@

©

)

The AND gate can be realised by the electronic circuit
making use of two ideal reverse-biased junction diodes D,
and D, as shown in figure. The resistor R is connected to
positiveterminal of a5V battery.

Yo At

The operation of AND gate:

A =0and B = 0. Both the diodes D, and D,, get forward
biased and hence conduct. The output Y will be the voltage
drop across D, or D,. Since diodes are ideal, no voltage
drop can occur. Hence, the output Y isO.

A =0and B = 1. Thediode D, will conduct, but D, will
remainideal.

Now output Y is voltage across D, and hence is 0.

A =1and B =0. Thediode D, will conduct and diode D
will remain ideal. Now output Y is voltage across D, and
henceisO.

A =1 and B = 1. Both the diodes will not conduct. The
output Y will beequal to battery voltage 5V and henceis1.

NAND gate:
Output of AND gateis connected to theinput of NOT gate.

Input Output
A B Y
A }: 0 0 1
0 1 1
A 1] o0 1
1 1 0

Booleanalgebra: Y = A -B

NOR gate:
Output of OR gate is connected to the input of NOT gate.
Input Output
A B Y
A 0 0 1
. o| 1| o
B 1 0 0
1 1 0

Booleanalgebra: vy — A + B

ExclusveOR gate(XOR gate) :
Output of XOR is 1 only when inputs are complement to
each other.

A Outputs

Inputs - -
Y =AB +AB

Truth tableof XOR gate

Y =

%
OI—‘HO+

>|

o8}

PR o ol»
R or olw

Note: The NAND or NOR gate is the universal building
block of all digital circuits. Repeated use of NAND gates
(or NOR gates) gives other gates. Therefore, any digital
system can be achieved entirely from NAND or NOR gates.

NOT gatefromNAND :
(@ Figure
B
—
(b) Truthtable
A B Y=AB
0 0 1
1 1 0
AND gatefromNAND: :
(@ Figure

A o— ]
B e—

(b) Truthtable

A B _B = Y:l Y = Y1
0 0 1 0
0 1 1 0
1 0 1 0
1 1 0 1
OR gatefromNAND :
(@ Figure
B A
Y
A B
(b) Truthtable
A B A B Y=(AB)
0 0 1 1 0
0 1 1 0 1
1 0 0 1 1
1 1 0 0 1
Examplel13:

In the circuit shown inthefigure, identify the equivalent
gate of the circuit and make its truth table

[¢
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Sol.  ANDGATE (D) only NAND gates can be used as universal gate but
NOR gate cannot be used as universal gate.
Truth table Q5 IfA=B=1thenintermsof Booleanagebra a ; g equals
Input Output (A) A (B) B
A B Y (OAoarB D) A+B
1 0 0 Q.6 Inthe Boolean algebra Y = A.B indicates that —
0 1 0 (A) output Y exists when either input A or input B exists
0 0 0 (B) output Y exists only both inputs A and B exist
1 1 1 (C) output Y exists when either input A exists or input B
exists but not when both inputs A and B exist
(D) product of Aand B isY
TRY ITYOURSELF-2 Q.7  You are given the two circuits as shown in figure. Show
Q.1 The Boolean equation for the circuit given in figure -is — that circuit (a) actsas OR gate whilethecircuit (b) actsas
A AND gate.
— oY A j)_bo—‘
Y
. ° @
A Y=A+B B Y=-A+B A
©yv=A+B O)vy=A+B Y
Q.2 Accordingtothelawsof Boolean algebra, the expression B
(A+AB)isequal to (b)
(A)A (B)AB
©B D) A PRINCIPLESOFCOMMUNICATION SYSTEMS
Q.3 Determine the output wave form for the circuit given
below, if the input waveforms are asindicated by Aand INTRODUCTION
B. Communication means transmission of information.
A — Everyone experiences the need to impart or receive
B information continuously in the surrounding and for this,
we speak, listen, send message by a messenger, use coded
B signalling methods through smoke or flags or beating of
A drum etc. and these dayswe are using telephones, TV, radio,
>>—o satellite communication etc. The aim of this section is to
B introduce the concepts of communicative namely the mode
Q.4 Mark the correct statement — of communication, the need for modulation, production and
(A) both XOR and NAND gates can be used as universal detection of amplitude modulation.
gates
(B) both NAND and NOR gates can be used as universal Elementsof aCommunication System
gates Every communication system has three essential elements
(C) both NOR and X OR gates can be used as universal (i) transmitter (i) medium/channel (iii) receiver
gates
Information| Message .| Transmitted Received . Message | User of
source S'e;z? Transmitter Sond Channel Signdl Receiver Seg's;?%lg ™ information

Transmitter convertsthe messagesignal into an electric signal
and transmits through channel. The receiver receives the
transmitted signal and reconstructs the original message
signal to the end user. There are two basic modes of
communication:; (i) point-to-point and (ii) broadcast.

In point-to-point communication mode, communication takes

placeover alink between asingle transmitter and areceiver
as in telephony. In the broadcast mode, there are a large
number of receivers corresponding to a single transmitter.
Radio and television are most common examples of
broadcast mode of communication. However the
communication system can be classified asfollows::

T,
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On the basis of nature of

Types of Communication Systems

| |

Onthebasisof signal  On the basis of transmission

! !

On the basis of type of modulation

Information transmitted Channel (1) Continuous wave
(1) Speech Transmission (1) Andog (1) Line communication modulation

(Radio) (2) Digital (a) Two wire Transmission (a) Amplitude (AM)
(2) Picture Transmission line (b) Frequency (FM)
(TV) (b) Coaxid cable (c) phase (PM)

(3) Facsimile Transmission (c) Optical fibre (2) Pulse Modulation
(Fax) (2) Space communication (& PAM PPM
(4) Data Transmission (b) PTM~|:
Intermet (o PCM PWM

BASCTERMINOLOGY USEDINELECTRONIC
COMMUNICATIONSYSTEMS

@)

(ii)

(iii)

(v)

“)
(vi)

Transducer : Transducer is the device that converts one
form of energy into another. Microphone, photo detectors
and piezoelectric sensors are types of transducer. They
convert information into electrical signal.

Signal : Signal is the information converted in electrical
form. Signals can be analog or digital. Sound and picture
signasin TV areanalog.

It is defined as a single-valued function of time which has
aunique value at every instant of time.

Analog Signal : A continuously varying signal (Voltage or
Current) iscalled an analog signal. A decimal number with
system base 10 js used to deal with analog signal.

Digital Signal : A signal that can have only discrete

stepwise valuesis called adigital signal. A binary number
system with base 2 is used to deal with digital signals.

jminlml

Discrete signa

Voltage or current

Noise: There are unwanted signalsthat tend to disturb the
transmission and processing of message signals. The
source of noise can be inside or outside the system.
Transmitter: A transmitter processestheincoming message
signal to makeit suitable for transmission through achannel
and subsequent reception.

Receiver: A receiver extracts the desired message signals
from the received signals at the channel output.
Attenuation: It is the loss of strength of a signals while
propagating through a medium. It is like damping of
oscillations.

(vii) Amplification : Itistheprocessof increasing the amplitude

(and therefore the strength) of asignal using an electronic
circuit called the amplifier. Amplification is absolutely
necessary to compensate for the attenuation of the signal
in communication systems.

(viii)Range : It is the largest distance between the source and

(ix)

()

()

the destination upto which the signal gets received with
sufficient strength.

Bandwidth : It is the frequency range over which an
equipment operatesor the portion of the spectrum occupied
by the signal.

M odulation : The original low frequency message/
information signal cannot be transmitted to long distances.
So, at thetransmitter end, information contained in the low
frequency message signal is superimposed on a high
frequency wave, which actsasacarrier of the information.
This process is known as modul ation.

Demodulation : The process of retrieval of original
information from the carrier wave at the receiver end is
termed as demodulation. This process is the reverse of
modulation.

(xii) Repeater : Arepeater actsasareceiver and atransmitter. A

repeater picks up the signal which is coming from the
transmitter, amplifies and retransmits it with a change in
carrier frequency. Repeaters are necessary to extend the
range of acommunication system. A communication satellite
isbasically arepeater station in space.

BANDWIDTH

Bandwidth of signals : The difference of maximum and
minimum frequency in the range of each signa is called
bandwidth of that signal.

Service Frequency bands Comments

Standard AM 540-1600 kHz

broadcast

FM broadcast 88-108 MHz

Television 54-72 MHz VHF (very high frequencies)
76-88 MHz TV
174-216 MHz UHF (ultrahigh frequencies)
420-890 MHz TV

Céellular Mobile | 896-901 MHz Mobile to base station

Radio 840-935 MHz Base station to mobile

Satellite 5.925-6.425 GHz Uplink

Communication | 3.7-4.2 GHz Downlink
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PROPAGATION OFELECTROMAGNETICWAVES

In case of radio waves communication, an antenna at the
transmitter radiates the electromagnetic waves (em waves).
The em waves travel through the space and reach the
receiving antenna at the other end. Asthe em wave travels
away from the transmitter, their strength keeps on

decreasing. Many factors influence the propagation of em
waves including the path they follow. The composition of
the earth's atmosphere also plays a vital role in the
propagation of em waves, as summarised below.

L ayer sof atmospher eand their I nter action with the propagating em waves

Atmospheric Height over earth's Existsduring Frequenciesmost
stratum (layer) surface (appr ox) likely affected
1. Troposphere 10km Day and night VHF (upto several GHz)
2. lonosphere
(i) D (part of 65-75km Day only Reflects LF, absorbs MF &
stratosphere) HF to some degree
(i) E (part of 100km Day only Helps surface waves,
stratosphere) reflectsHF
(iii) Fy (Part of 170-190km Daytime, merges Partially absorbs HF waves
M esosphere) with F, at night yet alowing them to reach F,
(iVIF, 300 kmat night, Day and night Efficiently reflectsHF waves
(Thermosphere) 250-400km particularly at night
during daytime
GROUNDWAVE PROPAGATION (b) The space waves can travel through atmosphere from

@

(b)

©

@
C]

The radio waves which travel through atmosphere
following the surface of earth are known as ground waves
or surface waves and their propagation is called ground
wave propagation or surface wave propagation.

The ground wave transmission becomes weaker with
increase in frequency because more absorption of ground
waves takes place at higher frequency during propagation
through atmosphere.

The ground wave propagation is suitable for low and
medium frequency i.e. upto 20 MHz only.

The ground wave propagation is generally used for local
band broadcasting and is commonly called medium wave.
The maximum range of ground or surface wave propagation
depends on two factors :

(i) The frequency of the radio waves and

(i) Power of thetransmitter

SKY WAVE PROPAGATION

@
(b)

©

The sky waves are the radio waves of frequency between
2MHzto30 MHz.

Theionoopheric layer actsasareflector for acertain range
of frequencies (3 to 30 MHz). Electromagnetic waves of
frequencies higher than 30 MHz penetrate the ionosphere
and escape.

The highest frequency of radiowaves which when sent
straight (i.e. normally) towardsthe layer of ionosphere gets
reflected fromionosphere and returnsto the earthis called
critical frequency. . If isgivenby f.=9 (Nmax)llz, whereN
is the number density of electron/m3.

SPACE WAVE PROPAGATION

@

The space waves are the radiowaves of very high frequency
(i.e. between 30 MHz. to 300 MHz or more).

©

@

transmitter antenna to receiver antenna either directly or
after reflection from ground in the earth's troposphere
region. That is why the space wave propagation is aso
called as tropospherical propagation or line of sight
propagation.

The range of communication of space wave propagation
can beincreased by increasing the heights of transmitting
and receiving antenna.

e - 1., then you can
show that the distance to the horizontal dy is given as
dr = =/2Rh , where R is the radius of the earth

(approximately 6400 km). d isalso called theradio maximum
line-of sight distance d,, between the two antennas having
heights hy and hg above the earth is given by :

dM = JZRhT +«[2RhR

where hy, is the height of receiving antenna.

MODULATION

It is a process by which any electrical signal called input,
baseband or modulating signal, is mounted onto another
signal of high frequency which is known as carrier signal.
It is defined as the process by which some characteristic
(called parameter) of carrier signal isvaried in accordance
with the instantaneous value of the baseband signal.

v
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@)

(ii)

(iii)

The signal which results from this process is known as
modulated signal.

Need for Modulation:

To avoid interference: If many modulating signals travel
directly through the same transmission channel, they will
interfere with each other and result in distortion.
Todesign antennasof practicablesize Theminimum height
of antenna (not of antennatower) should be A/4 where ) is
wavelength of modulating signal. This minimum size
becomes impracticable because the frequency of the
modulating signal can be upto 5 kHz which correspondsto
awavelength of 3 x 108/5 x 10-3 = 60 km. Thiswill require
an antenna of theminimum height of /4 =15km. Thissize
of an antennais not practical.

EffectivePower Radiated by an Antenna: A theoretica sudy
of radiation from alinear antenna (Iength ¢) showsthat the
power radiated is proportional to (frequency)? i.e.(¢/A)2.
For agood transmission, we need high powers and hence
this also points out to the need of using high frequency
transmission.

The above discussion suggests that there is a need for
trangdlating the original low frequency baseband message
signal into high frequency wave before transmission. In
doing so, wetakethe help of ahigh frequency signal, which
we already know now, is known asthe carrier wave, and a
process known as modulation which attaches information
toit. Thecarrier wave may be continuous(sinusoidal) or in
the form of pulses.

CARRIERWAVE : SINUSOIDAL

A sinusoidal carrier wave can be represented as
c(t) =Acsin (ot +¢)

where c (t) isthe signal strength (voltage or current), A . is
theamplitude, o, = (2xf.) istheangular frequency and ¢ is
theinitial phase of the carrier wave. Thus, modulation can
be affected by varying, any of three parameters, viz A, o
and ¢ of the carrier wave can as per the parameter of the
message or information signal. This resultsin three types
of modulation:(i) Amplitude modulation (AM), (ii)
Frequency modulation (FM), (iii) Phase modulation (PM).

-

Signal Carrier

{my.
TR S
QAT A

A.M. Wave

N

—_—

Freguency modulated wave

Phase modulate wave

CARRIERWAVEPUL SES

Similarly, the significant characteristicsof apulse are: Pulse
Amplitude, Pulse duration or pulse Width, and pulse
Position (denoting the time of rise or fall of the pulse
amplitude) Hence, different types of pulse modulation are
(a) pulse amplitude modulation (PAM), (b) Pulse duration
modulation (PDM) or pul se width modulation (PWM), and
(c) Pulse position modulation (PPM).

AMPLITUDEMODULATION

In amplitude modul ation the amplitude of thecarrier isvaried
in accordance with the information signals.

Letc(t) =A,sin ot represent carrier wave and

m (t) = A, Sin ot resent the message or the modulating
signal where o,,, = 2nrf | is the angular frequency of the
message signal. Themodulated signal ¢, , (t) can be written
asC, () = (A +A,SNot) sinot

(. A )
= A, | 1+—snop,t|Snot
7 A, )

Note that the modulated signal now contains the message
signal & it can bewritten as:
Cnh()=ASnot + A SNotSnot
Herep =A /A, isthe modulation index
In practice, piskept <1 to avoid distortion.
Using the trigonometric relation
sin Asin B =1/2 (cos (A—B) —cos (A+B),
we can write ¢, (t) of eq. as

HAC

Cm =Ac Sinogt+ > COS (g — ) t

—&ZCCOS(mc +op)t ®
Here o, — o, and o, + o, are respectively called the
called the lower side and upper side frequencies. The
modulated signal now consists of the carrier wave of
frequency o, plus two sinusoidal waves each with a
frequency dightly different from, know as side bands. The
frequency spectrum of the amplitude modulated signal is
shownin figure:

Amplitude
A
AC
WA
2
» (O
D=0 (O] (0C+0)m

==
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As long as the broadcast frequencies (carrier waves) are (A)25m (B)50m
sufficiently spaced out so that sidebands do not overlap, (©75m (D)100m
different stations can operate without interferingwitheach Q.6  InAM wavethe modulationindex is100%. If the carrier
other. is suppressed the percentage saving in power will be —
(A) 66.6% (B)50%
Examplel4: (©) 75% (D) None of these
A message signal of frequency 10 kHz and peak voltageof Q.7  Anaudio signal 20 sin 2r (1500t) amplitude modul ates
10 voltsis used to modulate a carrier of frequency 1 Mhz 80 sin 27 (10%t). The band width required to transmit the
and peak voltage of 20 volts. Determine (a) modulation AM wave is —
index, (A)3KHz (B)25KHz
(b) the side bands produced. (©)2KHz (D) 28KHz
Sol. (a) Modulationindex=10/20=0.5 Q.8 InaFM system, a7 kHz signal modulates 107.6 MHz so
(b) Thesidebandsare at (1000 + 10 kHz) = 1010 kHz that the frequency deviation is 50 kHz. The carrier swing
and (1000-10kHz) =990 kHz. will be—
(A)7.143 (B)8
Disadvantagesof AM ©10 (D) None of these
1. Lowfrequency : Power carried by side band frequenciesis AN ER
only 1/3 of total power even when 100% modul ation. 1 ®) 2 ®) 3 (B)
If modulation is50%, this becomes 1/9. @ (A) (5 (B) ©) (A)
2. Small operating range : Due to small useful power, the
message cannot be transmitted over a long distance. (7 (A) 8) (A)

3. Noisy reception : The reception becomes noisy due to
reproduction of atmospheric and other electrical
disturbance.

FREQUENCYM ODULATION (FM)
Frequency modulation is defined as the system in which
the frequency of carrier waveisvaried in accordance with
the instantaneous value of the modulating voltage

*  Theamplitude of FM carrier isconstant, so the transmitted
power is constant. Hence, it becomes more efficient in
comparison to AM.

*  Freguency spectrumallocated for FM (88 MHzto 108 MHz)
ismuchmorethanAM (512 kHz to 1710 kHz). Hence noise

ismuch less.
*  InFM carrier wave, band width is much larger than AM
wave.
TRYITY RSELE-
Q.1 Modulation as well as band width increases in case of-
(A) AM (B) FM
©vsB (D)DSB
Q.2  Which of the following frequencies will be suitable for
receiver beyond-the horizon communication using sky
waves?
(A) 10kHz (B) 10MHz
(©)1GHz (D) 1000GHz
Q.3 The band width of optical fibre communication is —
(A) 10%t0 109 Hz (B) 1013t0 1015 Hz
(C) 109t0 1011 Hz (D) None of these
Q.4 Cadlculate the length of half wave dipole antenna at
200MHz.
(A)0.75 (B)2.30
©120 (D)5.10
Q.5 To cover apopulation of 20 lakh, a transmission tower

should have a height: (radius of the earth = 6400 km,
population per square km = 1000)
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ADDITIONAL EXAMPLES

Examplel:
Pure Si at 300 K has equal electron (n,) and hole (n,)) con-
1.5x 1016 m~3, Doping by indiumincreases
nh 103 x 102 m-3. Calculate Nein the doped Si.
Sol. For adoped semi-conductor mthermal equilibrium

NNy = N2 (Law of mass action)
2 62
N (1.5x10%)
= — = —————=75x109m3,
¢ N 3x10%
Example2:

What isanideal diode ? Draw the output waveform across
the load resistor R, if the input waveform as shown in the
figure.

L

-6V

Sol. An idea diode has zero resistance when forward biased
and infinite resistance when it is reversed biased.
Output wave formis shown in fig.

+6V
Example3:

Inan NPN transistor 1010 electrons enter the emitter in
108 sand 2% el ectrons recombine with holesin base, then
currentgain o and § are:

. Ne 10°x1.6x107%°
Sol. Emitter currentlg= — = ———————

. o =1.6mA
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2 Example5:
Base current 1, = 100 x1.6=0.032mA Thebase current is 100 pA and collector current is3 mA.
But, lo=1.+1y, (a) Calculatethe values of 8, I, and o..
lo=lo=1p=1.6-0.032=1.568 mA (b) A change of 20 pA inthebase current producesachange

of 0.5 mA inthecollector current. Calculate ..

e 1568 e 1568 Sal. 1,=100 A =0.100mA, | .=3mA
a—le =76 =0.98and B = I, = 0,032 =49
I 3
Example4: (@ B= E = 0.100 =30
Figure shows a diode connected to an external resistance
andane.m.f. Assumingthat thebarrier potential developed B 30 30
indiodeis0.5V obtain the value of current inthecircuitin =18 71330 a1 =0.97
milliampere.
100Q
l. 3x31
and lg=— = 30 =31mA

F

H:

F

Sol.E=4.5V, R=100Q
Voltage drop acrossp-njunction=0.5V
Effectivevoltage InthecircuitV=4.5-05=4.0V

Current in the circuit

I v._40 0.04A=0.04 x 1000 mA =40 mA
= =-—— = = X =
R 100 ’

4
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CHAPTER 8 : SEMICONDUCTOR & COMMUNICATION SYSTEMS

EXERCISE-1[LEVEL-]1]

Choose onecorrect responsefor each question.

PART 1:

Q1

Q.2

Q3

Q4

Q.5

Q.6

Q.7

Q.8

LASSIFI

NDUCTOR

At 0 K, silicon behave as —

(A) super conductor (B) conductor

(C) Insulator (D) none of these

In semiconductors, at room temperature

(A) the valence band is partially empty and the
conduction band is partially filled.

(B) the valence band is completely filled and the
conduction band is partially filled.

(©) thevaenceband iscompletely filled.

(D) the conduction band is completely empty.

Choose the correct statement-

(A) The energy band above the valence band is called
the conduction band.

(B) The gap between the top of the valence band and
bottom of the conduction band is called the energy
band gap.

(©) The resistance of semiconductorsis not as high as
that of the insulators.

ATIONOEFMETAL
EMICONDUCTOR

(D) All of these
PART 2: INTRINSICAND EXTRINSI
EMICONDUCTOR

Choose the correct statement —

(A) For n-type semiconductors, ng>> ny.

(B) For p-type semiconductors, n, >> ng.

(©) The electron and hole concentration in a
semiconductor inthermal equilibriumisgiven by
Ne Ny, = N2

(D) All of these

An n-type and p-type silicon can be obtained by doping

puresilicon with

(A) arsenic and phosphorous respectively

(B) indium and aluminum respectively

(C) phosphorous and indium respectively

(D) auminium and boron respectively

The probability of electrons to be found in the

conduction band of an intrinsic semiconductor of finite

temperature —

(A) increases exponentially with increasing band gap.

(B) decreases exponentially with increasing band gap.

(C) decreases with increasing temperature.

(D) isindependent of the temperature and band gap.

In n-type semiconductor, mgjority charge carriersare

(A) holes (B) protons
(C) neutrons (D) electrons
Hole is -

(A) ananti-particle of electron.
(B) avacancy created when an electron leavesacovalent
bond.

Q.10

Q.1

Q.12

Q.13

Q.14

Q.15

Q.16

(C) absence of free electrons.

(D) anartifically created particle.

If asmall amount of antimony is added to germanium

crystal

(A) itsresistance is increased.

(B) it becomes a p-type semiconductor.

(C) therewill be more free electrons than holesin the
semiconductor.

(D) none of these

Inintrinsic semiconductor at room temperature, number

of electrons and holes are

(A) equal (B) zero
(C) unequal (D) infinite
Energy band diagram

shown represents —
(A) n-type semiconductor
(B) p-type semiconductor

Electron energy

el

(© intrinsic semiconductor =
(D) None of these —
PART 3: P-N NCTION

The €electrical resistance of depletion layer is large be-

cause

(A) It hasno charge carriers.

(B) It has alarge number of charge carriers.

(C) It contains electrons as charge carriers.

(D) It has holes as charge carriers.

During the formation of p-n junction —

(A) holes diffuse from p-side to n-side.

(B) electrons diffuse from n-sideto p-side.

(C) holesdiffuse from n-side to p-side.

(D) Both (A) and (B)

Thedepletionlayerinsilicondiodeis 1 umwideand the

knee potential is 0.6 V, then the electric field in the

depletion layer will be

(A) Zero (B)0.6Vnt

(C)6x10*V/m (D)6x10°V/m

Choose the correct statement for p-n junction—

(A) When an €electron diffuses from n — p, it leaves
behind an ionised donor on n-side.

(B) When ahole diffusesfrom p — n, it leaves behind
an ionised acceptor (negative charge).

(© When an €electron diffuses from n — p, it leaves
behind an ionised donor on p-side.

(D) Both (A) and (B)

The dominant mechanismsfor motion of charge carriers

inforward and reverse biased silicon P-N junctions are

(A) Driftinforward bias, diffusioninreversebias.

(B) Diffusioninforward bias, driftinreversebias.

(C) Diffusion in both forward and reverse bias.

(D) Drift inboth forward and reverse bias.

e
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Q.17 During formation of a p-n junction, two important 0 A S g

processes occurring are — 1

(A) drift and diffusion of charge carriers.

(B) diffusion and breakdown of atoms.

(C) bond formation and el ectron sharing among nuclei. 6V

(D) hole & electron transfer from top to bottom. (A) 6V (B)0.6V

(©)07V (D)OV

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

PART 4:

EMI NDUCTOR DIODE
Onincreasing thereverse biasto alarge valuein a PN-
junction diode, current

(A) Increases dowly (B) Remainsfixed

(C) Suddenly increases (D) Decreases slowly
Zener breakdown in asemi-conductor diode occurswhen
(A) Forward current exceeds certain value

(B) Reverse bias exceeds certain value

(C) Forward bias exceeds certain value

(D) Potential barrier isreduced to zero

Barrier potential of aP-N junction diode does not depend
on

(A) Temperature (B) Forward bias

(C) Doping density (D) Diodedesign

A semiconductor X is made by doping a germanium
crystal with arsenic (Z = 33). A second semiconductor Y
ismade by doping germaniumwithindium (Z = 49). The
two are joined end to end and connected to a battery as
shown. Which of the following statements is correct

@

N

It

(A) X isP-type, Y isN-typeand thejunctionisforward
biased.

(B) X isN-type, Y isP-typeandthejunctionisforward
biased.

(©) X isP-type, Y isN-type and thejunction isreverse
biased.

(D) X isN-type, Y isP-type and thejunction isreverse
biased.

In a semiconductor diode, the barrier potential offers

opposition to —

(A) holesin P-region only

(B) freeelectronsin N-region only

(©) majority carriersin both regions

(D) majority aswell asminority carriersin both regions.

No biasisapplied to a P-N junction, then the current

(A) Is zero because the number of charge carriers
flowing on both sides is same.

(B) Is zero because the charge carriers do not move.

(© Isnon-zero.

(D) None of these.

The diode shown in the circuit is a silicon diode. The

potential difference between the pointsA and B will be

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

PART5: RECTIFIER

Themaximum efficiency of full waverectifier is
(A) 100% (B) 25.20%
(©)40.2% (D) 81.2%
Inafull waverectifiers, input ac current hasafrequency
‘v’. The output frequency of current is
(A)v/2 (B) v
©)2v (D) None
In half wave rectifier peak value of sinusoidal signal is
10V. Determine D.C. component at output —

10 10

—V =
O AR E
Inahalf waverectifier circuit operatingfrom 50Hz mains
frequency, thefundamental frequency intheripplewould
be
(A)25Hz
(©)70.7Hz

©10V (D) %v

(B)50Hz
(D) 100Hz

PART 6: SPECIAL PURPOSE
PN JUNCTION DIODES

Zener diodeis used as

(A) Half waverectifier (B) Full waverectifier

(C) acvoltage stabilizer (D) dc voltage stabilizer
A Zener diode is specified as having a breakdown
voltage of 9.1V, with a maximum power dissipation of
364 mW. What is the maximum current the diode can
handle?

(A)40mA

(©)50mA

Opto electronic devices are
(A) discharge tubes

(B) bulbs

(C) light based semiconductor diodes

(D) CFL

GaAs is better than Si for solar cells due to —
(A) Its higher absorption coefficient.

(B) Itslower absorption coefficient.

(© Its higher band gap

(D) Itslower band gap

AnLED isused to

(A) convert light energy into electrical energy.
(B) convert light energy into heat energy.

(C) convert heat energy into light energy.

(D) convert electrical energy into light energy.

(B) 60mMA
(D) 45mA

e
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Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

PART 7. NCTION TRANSISTOR
The emitter-base junction of a transistor is ......
while the collector-base junctionis ....... biased
(A) Reverse, forward (B) Reverse, reverse

(C) Forward, forward (D) Forward, reverse
AnNPN-transistor circuitisarranged asshowninfigure.
Itis

biased

(A) A common base amplifier circuit

(B) A common emitter amplifier circuit

(C) A common collector amplifier circuit

(D) Neither of the above

Thepart of atransistor whichisheavily doped to produce

alarge number of majority carriers, is

(A) Base (B) Emitter

(C) Caollector (D) None of these

In the study of transistor as an amplifier, if
=ldlgand B =1/1g wherel, g andlarethecollector,

base and emitter currents, then

WP-T2 B b= (@B -r (D) =

InaCE transistor configuration, the rat|o of power gain

to voltage gain is

(A) o B)B/o

(©) Ba D)p

Transistor working asan amplifier operatesinitsactive

region of characteristics only when —

(A) The emitter junction is forward biased and the

collector junction is reverse biased.

(B) The emitter junction isreverse biased.

(©) Thecollector junction isforward biased.

(D) The emitter junction is reverse biased and the

collector junction isforward biased

A transistor has three impurity regions. All the three

regions have different doping levels. In order of

increasing doping level, the regions are

(A) emitter, base and collector

(B) collector, base and emitter

(C) base, emitter and collector

(D) base, collector, and emitter

In case of N-P-N transistors the collector current is

always less than the emitter current because —

(A) collector side is reverse biased and emitter side is
forward biased.

(B) afew electrons are lost in the base and only the
remaining ones reach the collector.

(©) collector sideis forward biased and emitter sideis
reverse biased.

(D) collector being reverse biased attractsless el ectrons.

Q.42

Q.43

Q.44

Q.45

Q.46

Q.47

Symbol shown represents —

Emitter Collector

Base

(A) n-p-n transistor (B) p-n-p transistor

(© n-p-p transistor (D) None of these

For atransistor amplifier, the voltage gain

(A) remains constant for all frequencies.

(B) ishigh at high and low frequencies and constant in
the middle frequency range.

(© islow at high and low frequencies and constant at
mid frequencies.

(D) none of these

Reciprocal of dopeof linear part of output characteristics

(1-V) of a n-p-n CE transistor is equal to —

A)1 (B)0

© rg (D) Ury

Inan n-p-n transistor in CE configuration, whenV - is

increased, then

(A) lg increases & | increases proportionally

(B) I increases and | ~ remains constant

(C) effectonlgisnegligible.

(D) both Iz and | - remain nearly constant

If B, R,_andraretheac current gain, load resistance and

the input resistance of a transistor respectively in CE

configuration, the voltage and the power gains

respectively are

ZRL

(A)BRL&B (B) B—&B

RL

R R, )2 (r)?
© BTL&B(TL] (D) B— BLR_J

Input resistance (r; ) of atransistor in CE configuration

is—
(B)| alg Ve

(A) | alg Ve
O | alg Vo

© | alg Ve

PART 8: DIGITAL ELECTRONICSAND

LOGIC GATE

Q.48 Whichlogic gateis represented by following diagram :

2=

(A)AND
(C) NOR

(B)OR
(D) XOR

wrem
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Q.49

Q.50

Q.51

Q.52

Q.53

Q.54

Q.55

Symbol Z:DO—q represents

(A) NAND gate (B) NOR gate

(C) NOT gate (D) XNOR gate

The output of a NAND gate is 0 —

(A) If both inputs are 0.

(B) If oneinput is 0 and the other input is 1.

(C) If bothinputsare 1

(D) Either if both inputsare 1 or if one of theinputsis1
and the other O

Which gates is represented by this figure

A_.
B
B —

(A) NAND gate (B)AND gate

(C) NOT gate (D) OR gate

Which of the following logic gate is an universal gate —
(A)OR (BYNOT

(C)AND (D)NOR

The output of OR gateis 1

(A) If both inputs are zero.

(B) If either or both inputsare 1.

(© Onlyif bothinput are 1.

(D) If either input iszero.

Input and output waveforms are shown.
Possible logic gate is —

A
(Input) I l_,_

B
GO I I I
v — L
(Output) ' '
(A) NAND gate (B) NOT gate
(©) ORgate (D) AND gate

In Boolean AlgebraY = A+ B implies that —

(A) Output Y exists when both inputs A and B exist.

(B) Output Y exists when either input A exists or input
B existsor both inputs A and B exist.

Q.56

Q.57

Q.58

Q.59

(©) Output Y exists when either input A exists or input
B exists but not when both inputs A and B exist.

(D) Output Y exists when both inputs A and B exists
but not when either input A or B exist.

The output Y of the given gate combination is —

A
B
| Y
(A)O (B)1
©A (D) B

Study the circuit shown inthe figure. Name the gate that
the given circuit resembles

+5V
D,
B
D,
(A) NAND (B)AND
(QOR (D)NOR
In Fig., assuming the diodes to beideal,
_10vA R D1
D,
B

(A) D is forward biased and D, is reverse biased &
hence current flows fromA to B.

(B) D, isforward biased and D, is reverse biased and
hence no current flows from B to A and vice versa.

(C) D, and D, arebothforward biased and hence current
flowsfromAtoB.

(D) D, and D, are both reverse biased and hence no
current flowsfrom A to B and vice versa.

Which of the following would produce digital signals?

(A) Musica sound

(B) A vibrating tuning fork.

(© Sound and picture singalsin TV

(D) Light pulse

EXERCISE-2(LEVEL-2)

Choose onecorrect responsefor each question.

Q1

Ina PN-junction diode —

(A) The current in the reverse biased condition is
generaly very small.

(B) Thecurrent inthereverse biased condition issmall
but the forward biased current is independent of
the bias voltage.

(©) The reverse biased current is strongly dependent
on the applied bias voltage.

(D) The forward biased current is very small in
comparison to reverse biased current.

Q.2

Q.3

Thereversebiasing in a PN junction diode

(A) Decreasesthe potential barrier.

(B) Increasesthe potential barrier.

(© Increases the number of minority charge carriers.
(D) Increasesthe number of majority charge carriers.
In an NPN transistor the collector current is 24mA. If
80% of electronsreach collector its base current in mA
is

(A) 36
(©16

(B)26
(D)6

v
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Q4

Q5

Q.6

Q.7

Q.8

Q9

Q.10

Q.1

Q.12

Q.13

InaPNPtransistor working asacommon-baseamplifier, Q.14 The Boolean equation for the circuit given in figure is —

current gain is 0.96 and emitter current is 7.2 mA. The
base current is

(A)0.4mA (B)0.2mA

(©)0.29mA (D)0.35mA

In a common emitter transistor, the current gain is 80.
What isthe changein collector current, when the change
in base current is 250 pA

(A) 80 x 250 pA (B) (250-80) pA

(C) (250+80) pA (D) 250/80 pA

For atransistor the parameter § = 99. The value of the
parameter o.is

(A)0.9 (B)0.99

©1 (D)9

Inthe CB mode of atransistor, whenthe collector voltage
ischanged by 0.5 volt. The collector current changes by
0.05 mA. The output resistance will be

(A) 10kQ (B) 20kQ

(CO)5kQ (D) 25kQ

Consider an NPN transistor amplifier in common-emitter
configuration. The current gain of the transistor is 100.
If the collector current changes by 1 mA, what will be
the change in emitter current

(A)1.1mA (B)1.01mA

(©)0.01mA (D) 10mA

If A and B aretwo inputsin AND gate, then AND gate
has an output of 1 when the values of A and B are

(A)A=0,B=0 (B)A=1,B=1
(OA=1,B=0 (D)A=0,B=1
(AVce )

Al J I =ratio of changein collector-emitter voltage

(AVp) to the change in collector current (Al) at a
constant base current I, is —

(A) input resistance (B) output resistance

(C) activeresistance (D) passive resistance
The truth-table given below is for which gate

A0 O 11

BO 1 0 1

cC1110

(A)XOR (B)OR
(C)AND (D) NAND

Inatransistor the current amplification factor is0.98. If
the given transistor is used in common emitter mode
then the change in input current, corresponding to the
change of 3.5 mA in output current, will be —
(A)0.07mA (B)34mA

(©)357TmA (D)171.5mA

In atransistor the current amplification factor o is 0.9.
The transistor is connected in common base
configuration. The changein collector current when base
current changes by 4mA is —
(A) 4mA

(C) 24mA

(B) 12mA
(D) 36mA

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

— o

(A)Y=A+B (B)Y=A+B
(O Y=A+B (D)Y=A+B

A p-n junction (D) shown in the figure can act as a
rectifier. An alternating current source (V) is connected
in the circuit. The current (1) in the resistor R can be
shown by :

|
(A)]/\ any
e
|
(C)L\ ay
t

In n-type semiconductor when all donor statesarefilled,
then the net charge density in the donor states becomes
(A)1 B)>1

(C) <1,but not zero (D) zero

Which of the following would produce analog signals
(A) A vibrating tuningfork. (B) Light pulse

(© Output of NAND gate (D) All of these

In pure semiconductor, the number of conduction
electronsis 6 x 1018 per cubic metre. How many holes
arethereinasampleof sizelemx 1cmx1mm?
(A)3x 1010 (B)6x 1011

(C)3x 101 (D)6x10%0 ,
Inthecircuit shownin Fig., 0.2 mA

if the diode forward voltage

dropis0.3V, thevoltage

difference between A and B is

(A)1L3V

(B)2.3V

(©0

(D)osVv B
The following table provides the set of values of V and
| obtained for agiven diode. Let the characteristics curve
benearly linear, over thisrange, theforward and reverse
bias resistance of the given diode respectively are —

(D)

' t

5kQ

5kQ

\% |
Forward biasing | 2.0V 60mA
2.4V 80mA
Reverse biasing oV 0 pA
-2V | -0.25pA
(A)10Q, 8% 1050 (B) 200, 4% 10°Q
(C)20Q, 8% 105 (D)10Q,10Q

e
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Q.21 Consider an npn transitor with its base-emitter junction Q.29 In an unbiased p-n junction, holes diffuse from the p-

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

forward biased and collector base junction reverse
biased. Which of these are correct ?

I.  Electronscrossover from emitter to collector.

Il. Holesmove from baseto collector.

I1l. Electrons movefrom emitter to base.

IV. Electrons from emitter move out of base without
going to the collector.

(A) land il (B)landll

© land1V (D) and 1l

An oscillator is nothing but an amplifier with

(A) larger gain (B) positive feedback
(C) nofeedback (D) negative feedback

The conductivity of a semiconductor increases with

increase in temperature because

(A) number density of free current carriersincreases.

(B) relaxationtimeincreases.

(©) both number density of carriersand relaxationtime
increase.

(D) number density of current carriers increases,
relaxation time decreases but effect of decreasein
relaxation timeis much lessthan increase in number
density.

Which of the following statement is correct for an

n-type semiconductor?

(A) The donor level lies below the bottom of the
conduction band.

(B) The donor level lies closely above the top of the
valence band.

(©) The donor level lies at the halfway mark of the
forbidden energy gap.

(D) None of the above

A pureSi crystal has’5 x 1022 atoms m3. It is doped by

1 ppm concentration of pentavalent As. The number of

holesis[n;2= n@g (Taken, = 1.5 x 106 m3)

(A)45x10%9m" (B)45x 1063

(C)2.5%x 1093 (D)25x 106 m3

Toreducetheripplesin arectifier circuit with capacitor

filter

I. R, should be increased.

I1. input frequency should be decreased.

I11. input frequency should be increased.

IV. capacitors with high capacitance should be used.

(A) I, 1Tand 111 (B)I,lland IV

© 1L andIV D)1, Nand IV

A p-n photo diodeis made of amaterial with aband gap

of 2eV. Theminimum frequency of theradiation that can

be absorbed by the materia is nearly

(Takehc=1240eV nm)

(A) 1x 10 Hz (B) 20 x 10 Hz

(C)10x 10¥Hz (D)5 x 101 Hz

Diffusion of electrons in unbiased p-n junction from n

to p-side occurs due to

(A) potential difference.

(B) electricfield attraction.

(C) breaking of semiconductor bonds.

(D) concentration gradient of electrons.

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

region to n-region because —

(A) free electronsin the n-region attract them

(B) they move across the junction by the potential
difference.

(© holeconcentrationin p-region ismore as compared
to n-region.

(D) al of these

In a transistor circuit shown here, the base current is

35uA. Thevalue of resistance Ry,

(A)123.5kQ (B) 257kQ

(C) 380.05kQ (D) None of these

Three photo diodes D,, D, and D5 are made of

semiconductors having band gap of 2.5eV, 2eV and 3eV,

respectively. Which one will be able to detect light of

wavelength 6000 A 2

(A)D,

(C) Dy

A photodetector is a

(A) photodiode used for detecting optical signals.

(B) LED’s which are used for detection of infrared
signals.

(© an evacuated tube consisting of a photosensitive
cathode.

(D) None of the above

If o and B are the current gain in the CB and CE

configurationsrespectively of thetransistor circuit, then

(B) D,
(D) D, and D, both

B-o _

of B
(A) zero (B)1
©2 (D)05

In an n-p-n transistor in CE configuration when Vg is
increased by small amount, then

(A) Ig increases & | increases proportionately

(B) Ig increases and |~ remains constant.

(© Ig remains constant and |~ increases.

(D) both Ig and I~ remain nearly constant.

The output of the given circuit in Fig.

AA
W ]

Vpsin ot SZ

(A) would bezero at all times.

(B) would be like a half wave rectifier with positive
cycles in output.

(© would be like a half wave rectifier with negative
cycles in output.

(D) would belikethat of afull waverectifier.

=
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Q.36

Q.37

The colour of light emitted by aLED dependson Q.38 Andlectrical devicewhich offersalow resistanceto the

(A) itsreverse bias

(B) the amount of forward current

(C) itsforward bias

(D) type of semiconductor material

Improper biasing of atransistor circuit produces
(A) heavy loading of emitter current

(B) distortion in the output signal

(C) excessive heat at collector terminal

(D) faulty location of load line

current in one direction but a high resistance to the
current in opposite direction is

(A) current amplifier (B) ocillator

(C) power amplifier (D) rectifier

EXERCISE - 3(NUMERICAL VALUE BASED QUESTIONYS)

NOTE: Theanswer toeach questionisaNUMERICALVALUE. Q5

Q1
Q.2

Q.3

Q.4

How many NAND gates are used to form an AND gate.
In the circuit given below, the value of the current is
10~X amp. Find the value of X.

+ay PN 300Q gy Q.6

A potential barrier of 0.50V existsacrossaP-N junction.

If thedepletion regionis5.0 x 10~-'mwide, theintensity Q.7
of theelectricfieldinthisregionis 1.0 x 10X V/m. Find
thevalue of X.

For acommon base configuration of PNP transistor

I . _ .
-€ =0.98 then maximum current gainincommon emitter

E
configuration will be

A common emitter amplifier is designed with NPN
transistor (o = 0.99). The input impedanceis1 KQ and
load is10 KQ. Thevoltage gainwill be (110 x X). Find
the value of X.

How many AM broadcast stations can be accommodated
in a 100 kHz bandwidth if the highest frequency
modulating acarrieris5kHz ?

An audio signal isgiven by 30 sin (2 x 2000t) is used
for modulating a carrier wave given by the equation
60 sin (2r x 200000t), find the percentage modulation.

B
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EXERCISE -4[PREVIOUSYEARSJEE MAIN QUESTIONS]
Q.1 If temperatureincreases, conductivity of semiconductor  Q-11  When p-n junction diode is forward biased, then —

Q.2

Q3

Q.4

Q5

Q6

Q7

Q8

Q.9

Q.10

will be-

(A) increases

(C) remain unchanged

At 0K silicon behave as —
(A) super conductor

[AIEEE-2002]
(B) decreases
(D) none of these
[AIEEE-2002]
(B) conductor

(C) Insulator (D) none of these

The energy band gap is maximum in— [AIEEE-2002]
(A) Metals (B) Superconductors

(C) Insulators (D) Semiconductors

The part of atransistor which is most heavily doped to

produce large number of majority carriersis

(A) Emitter [AIEEE-2002]

(B) Base

(C) Caollector

(D) Can be any of the above three

In the middle of the depletion layer of areverse-biased

p-n junction, the — [AIEEE-2003]

(A) Potential ismaximum

(B) Electricfiddismaximum

(C) Potential iszero

(D) Electricfieldiszero

The difference in the variation of resistance with

temperature in a metal and a semiconductor arises

essentially due to the difference inthe — [AIEEE-2003]

(A) Variation of the number of charge carrierswith
temperature.

(B) Type of bonding

(C) Variation of scattering mechanism with temperature

(D) Crysta structure

A strip of copper and another of germanium are cooled

from room temperature of 80 K. The resistance of —

(A) copper strip increases and that of germanium
decreases. [AIEEE-2003]

(B) copper strip decreases and that of germanium
increases.

(C) each of these increases

(D) each of these decreases

When npn transistor is used as an amplifier —

(A) electronsmovefromcollector base. [AIEEE-2004]

(B) holesmove from emitter to base

(C) electrons move from base to collector

(D) holesmove from base to emitter

A piece of copper and another of germanium are cooled

from room temperature of 77 K, the resistance of —

(A) copper increases and germanium.  [AIEEE-2004]

(B) each of them decreases.

(C) each of these increases.

(D) copper decreases and germanium increases

The manifestation of band structure in solids is due to —

(A) Bohr’s correspondence principle  [AIEEE-2004]

(B) Pauli’s exclusion principle

(C) Heisenberg’s uncertainty principle

(D) Boltzmann’s law

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

(A) both the depletion region and barrier height are
reduced. [AIEEE-2004]

(B) the depletion region is widened and barrier height
is reduced.

(©) thedepletionregionisreduced and barrier height is
increased.

(D) both the depletion region and barrier height are
increased.

Theelectrical conductivity of asemiconductor increases

when electromagnetic radiation of wavelength shorter

than 2480 nmisincident onit. Theband gapin (eV) for

the semiconductor is [AIEEE-2005]

(A)llev (B)25eVv

(©)05ev (D)0.7ev

Inafull waverectifier circuit operating from 50 Hz mains

frequency, thefundamental frequency in theripplewould

be [AIEEE-2005]
(A)50Hz (B) 25Hz
(C) 100Hz (D) 70.7Hz

Inacommon base amplifier the phase difference between
the input signal voltage and output voltage is

(A) /4 (B)n [AIEEE-2005]
©0o (D) /2

If the ratio of the concentration of electrons to that of
holes in a semiconductor is 7/5and the ratio of currents
is 7/4, then what is the ratio of their drift velocities —
(A)5/4 (B)4/7  [AIEEE 2006]
(C)5/8 (D)4/5

A solid which is not transparent to visible light and
whose conductivity increaseswith temperatureisformed
by — [AIEEE 2006]
(A) Vander Waalsbinding  (B) Metallicbinding

(C) lonicbinding (D) Covalent binding

In a common base mode of a transistor, the collector
current is5.488 mA for an emitter current of 5.60 mA.
Thevalue of the base current amplification (B) will be —
(A)51 (B)48 [AIEEE 2006]
(©49 (D)50

If thelattics constant of this semiconductor isdecreased,
then which of the following is correct— [AIEEE 2006]

conduction band wicth  \\N\\\\\\NNNNNN JE,

band gap E

9

vaencevandwicth /////////////// VE,

(A) E; and E,, decrease, but Eg increases
(B)AIIE,, Eg, E, decrease
(OAIllE, E,, E, increase
(D) E; and E,, increase, but Eg decreases

=
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Q.19

Q.20

Q.21

Q.22

Q.23

Inthefollowing, which one of the diodesisreverse biased
[AIEEE 2006]

+5V
r”j |
R (B)
-10V
+10V
- 12V
© R ‘ (D) %R
+5V -5V

The circuit has two oppositely connected ideal diodes
in parallel. What isthe current flowing in the circuit ?

(A)

[AIEEE 2006]
20
P T
ovT g0 E0
(A)231A (B) 1.33A
(C)1L71A (D) 2.00A

If inap-njunction diode, asguareinput signal of 10V is
applied as shown. Then the output signal acrossR; will

be [Al EEE 2007]
5v
R.
sved  Le

10v
(A) | I (B) I |
-10v

o, L] o I

Carbon, silicon and germanium have four valence

electrons each. At room temperature which one of the

following statementsis most appropriate Al EEE 2007]

(A) The number of free conduction electrons is
significantinChutsmall inSi and Ge.

(B) The number of free conduction electrons is
negligibly small inall thethree.

(©) The number of free electrons for conduction is
significant in all the three.

(D) The number of free electrons for conduction is
significant only in Si and Gebut small in C.

A working transistor with itsthree legs marked P, Q and

R istested using a multimeter. No conduction is found

between P and Q. By connecting the common (negative)

terminal of the multimeter to R and the other (positive)

terminal to P or Q, some resistance is seen on the

Q.24

Q.25

Q.26

multimeter. Which of following istrue for the transistor
[AIEEE 2008]

(A) It isapnp transistor with R as collector

(B) Itisapnp transistor with R as emitter

(C) Itisan npn transistor with R as collector

(D) It isan npn transistor with R as base

Inthecircuit below, A and B represent two inputsand C

represents the output. [AIEEE 2008]

po——

Bo—{>}7

wwil)

The circuit represents

(A) AND gate (B) NAND gate

(C) OR gate (D) NOR gate

An p-n junction (D) shown in the figure can act as a
rectifier. An alternating current source (V) is connected
in the circuit. The current (1) in the resistor R can be
shown by : [AIEEE 2009]

Vo gR

|
(A) L\ P
N
| Ia
© L\ ~ , ®
.

Thelogic circuit shown below has the input waveforms
‘A’ and ‘B’ as shown. Pick out the corret output

waveform. [AIEEE 2009]
Inpu‘[A_| '—_| :
Y Input B _| i—i [_‘ I_
Output is -
(A B ) o e B
©= O L
Q.27 The combination of gates shown below yields
[AIEEE 2010]
A
X
B
(A) OR gate (B) NOT gate
(C) XOR gate (D) NAND gate

wyrw
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Q.28 Satement-1: Skywavesignasareused for long distance

Q.29

Q.30

Q.31

Q.32

radio communication. Thesesignalsarein general, less

stable than ground wave signals. [AIEEE 2011]

Satement-2 : The state of ionosphere variesfrom hour

to hour, day to day and season to season.

(A) Statement-1 istrue, statement-2 isfalse.

(B) Statement-1istrue, Statement-2 istrue, Statement-2
isthe correct explanation of Statement-1.

(C) Statement-1 istrue, Statement-2 istrue, Statement-2
is not the correct explanation of Statement-1.

(D) Statement-1 isfalse, Statement-2 istrue.

Truth table for system of four NAND gates as shownin
figureis: [AIEEE 2012]
Ao——
1>
Bo——
AlB]Y AlB]Y AlB|Y A|BlY
0|00 0|00 0|01 0|01
o111 0(1|0 oO|1]1 0o(1|0
(A)lol(B)lol(C)loo(D)loo
1/1|0 111|1 1|10 1111

A radar has a power of 1 kW and is operating at a
frequency of 10 GHz. It islocated on a mountain top of
height 500m. The maximum distance upto which it can
detect object located on the surface of the earth
(Radiusof earth=6.4x 105 m) is: [AIEEE 2012]
(A)80km (B) 16km

(©)40km (D)64km

A diode detector is used to detect an amplitude
modul ated wave of 60%modul ation by using acondenser
of capacity 250 pico farad in parallel withaload resstance
100 kilo ohm. Find the maximum modulated frequency
which could be detected by it — [JEEMAIN 2013]

D

N~
L1
Signal [opm— R
(A) 10.62MHz (B) 10.62kHz
(C)5.31MHz (D) 5.31kHz

The I-V characteristic of an LED is— [JEE M AIN 2013]

V<O

(B)

Q.33

Q.34

Q.35

Q.36

Q.37

Vv | (@]
I R
© O e
B
ol vV

The forward biased diode connection is
[JEE MAIN 2014]

(A) 2V (B) AV El +2V
© —E P (0) 2P

A signal of 5 kHz frequency isamplitude modulated on a
carrier wave of frequency 2 MHz. Thefrequencies of the
resultant signal iSare [JEEMAIN 2015]
(A) 2005kHz and 1995 kHz

(B) 2005 kHz, 2000 kHz and 1995 kHz

(C) 2000kHz and 1995 kHz

(D) 2MHzonly

The temperature dependence of resistances of Cu and

undoped Si in the temperature range 300-400K, is best

described by: [JEEMAIN 2015]

(A) Linear increasefor Cu, exponential increasefor Si

(B) Linear increasefor Cu, exponential decreasefor Si

(C) Linear decreasefor Cu, linear decreasefor S

(D) Linear increasefor Cu, linear increasefor Si

Choose the correct statement: [JEEMAIN 2015]

(A) In amplitude modulation the frequency of the high
frequency carrier waveismadeto vary in proportion
to the amplitude of the audio signal.

(B) In freguency modulation the amplitude of the high
frequency carrier waveismadeto vary in proportion
to the amplitude of the audio signal.

(© Infreguency modulation the amplitude of the high
frequency carrier waveismadeto vary in proportion
to the frequency of the audio signal.

(D) In amplitude modulation the amplitude of the high
frequency carrier waveismadeto vary in proportion
to the amplitude of the audio signal.

Identify the semiconductor devices whose

characteristicsareintheorder (1), (2), (3), (4):

[JEEMAIN 2016]

4V

| | | Resistance
VR VA i
\ \Y v Intensity of light
—1 r—| 11luminated niensiy ot
(€) (b) (@) (d)

(A) Zener diode, Simple diode, Light dependent
resistance, Solar cell.

(B) Solar cell, Light dependent resistance, Zener diode,
Simplediode.

(© Zener diode, solar cell, Simple diode, Light
dependent resistance.

(D) Simple diode, Zener diode, Solar cell, Light
dependent resistance.
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Q.38 Ifa b, c, dareinputsto agate and x isitsoutput, then, Q.45 Inacommunication system operating at wavel ength 800

Q.39

Q.40

Q.41

Q.42

Q.43

Q.44

as per the following time graph, the gate is:
[JEEMAIN 2016]

(A)AND (B)OR

(C)NAND (D)NOT

For a common emitter configuration, if o and B have
their usual meanings, theincorrect relationship between

a&p [JEEMAIN 2016]
B mae B o a- P ilt
(A) a_l—B (B)a—l+B(C) 12 (D)Q—B+1

In amplitude modulation, sinusoidal carrier frequency

used is denoted by . and the signal frequency is

denoted by w,,, . The bandwidth (Aw,,) of the signal is

suchthat Aw,,, << o, . Which of thefollowing frequencies

is not contained in the modul ated wave?
[JEEMAIN2017]

(A) o (B) o, + o

(C) o~ o, (D) oy,

In a common emitter amplifier circuit using an n-p-n

transistor, the phase difference between the input and

the output voltages will be: [JEEMAIN 2017]

(A)90° (B)13%°

(©)180r (D) 45°

The reading of the ammeter for a silicon diode in the

givencircuitis: 200 Q [JEEMAIN 2018]

|
3V

(A)11.5mA (B)13.5mA

©o (D) 15mA

A telephonic communi cation serviceisworking at carrier
frequency of 10 GHz. Only 10% of it is utilized for
transmission. How many telephonic channels can be
transmitted simultaneously if each channel requires a
band width of 5 kHz? [JEEMAIN2018]
(A)2x 10° (B)2x 106

(C)2x 103 (D)2x10*

Mohility of electronsin a semiconductor is defined as
the ratio of their drift velocity to the applied electric
field. If, for an n-type semiconductor, the density of
electronsis 1012 m=3 and their mobility is 1.6 m?/(V.s)
then the resistivity of the semi-conductor (sinceitisan
n-type semiconductor contribution of holes is ignored)

iscloseto: [JEEMAIN 2019 (JAN]
(A)20m (B)0.40m
©4Qm (D)0.2Om

Q.46

Q.47

Q.48

Q.49

Q.50

nm, only one percent of source frequency isavailableas
signal bandwidth. The number of channelsaccomodated
for transmitting TV signals of band width 6 MHz are
(Takevelocity of light c =3 x 108m/s, h=6.6 x 10734 J-5)
[JEEMAIN 2019 (JAN)]
(A) 3.75 % 105 (B) 4.87 x 10°
(C)3.86x 10° (D) 6.25x 10°
Thereverse breakdown voltage of aZener diodeis5.6 V
inthe given circuit. The current I, through the Zener is

2000 [JEE MAIN 2019 (APRIL)]
Iz L
(A) 7TmA (B)17mA
(©)10mA (D) 15mA

Thewavelength of the carrier wavesinamodern optical

fiber communication network iscloseto :
[JEEMAIN2019(APRIL)]

(A)600Nnm (B) 900 nm

(C)2400nm (D) 1500 nm

A common emitter amplifier circuit, built using an npn

transistor, is shown in the figure. Its dc current gain is

250, R =1kQandV - = 10V. What isthe minimum base

current for V ~ to reach saturation ?

[JEE MAIN 2019 (APRIL)]
Rp :

Vg Vee
Ll

(A) 100 pA (B) 7pA

(C)40pA (D) 10pA

In aline of sight radio communication, a distance of

about 50 km is kept between the transmitting and

receiving antennas. If the height of the receiving antenna

is 70m, then the minimum height of the transmitting

antennashould be: [JEEMAIN 2019 (APRIL)]

(Radiusof the Earth= 6.4 x 106 m).

(A)40m (B)51m

(©32m (D)20m

Which of the following gives areversible operation?
[JEE MAIN 2020 (JAN)]

» —>>

B — »——
O—/>— o— > —
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Q.51 Thereis aé€lectric circuit as shown in the figure. Find (A) will not execute B)0
potential difference between pointsaand b. (C) togglesbetween0and 1 (D) 1
10kQ [JEEMAIN2020(JAN)] Q.54 Both the diodes used in the circuit shown are assumed
to be ideal and have negligible resistance when these
are forward biased. Built in potential in each diode is
10kQ 0.7V. For the input voltages shown in the figure, the
a b voltage (in Volts) at point A is .
10kQ [JEEMAIN 2020 (JAN)]
— | — DK
AoV 30V (B)15Vv L
(©) 10V D)5V Vp=l27v av
Q.52 Booleanrelation at the output stage-Y for thefollowing . °
circuitis: [JEEMAIN2020(JAN)] Q.55 Thecircuitshown below isworkingasa8V dc regulated
15V voltage source. When 12 V is used as input, the power
A dissipated (in mW) in each diode is; (considering both
'_D'—_ Ottput y zener diodes are identical) .
‘ l [JEEMAIN 2020 (JAN)]
5\/l = 200Q .
= B $2000

(A)A+B (B)A+B ViFly 3y,
©A-B (D)A-B ZIE 8V,

Q.53 Inthegivencircuit, valueof Y is:
[JEE M AIN 2020 (JAN)]

B
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EXERCISE - 5[PREVIOUSYEARSAIPMT /NEET QUESTIONS]

Q.1

Q.2

Q.3

Q.4

Q5

Q.6

Q7

Choose the only false statement from the following —
(A) In conductors, the valence and conduction band

may overlap. [AIPMT 2005]
(B) Substances with energy gap of the order of 10eV
are insulators.

(© The resigtivity of a semiconductor increases with
increase in temperature.

(D) Theconductivity of asemiconductor increaseswith
increase in temperature.

Carbon, silicon and germanium atoms have four valence

electrons each. Their valence and conduction bands are

separated by energy band gaps respresented by (Eg)o

(Eg)Si and (Eg)Ge respectively. Which one of thefollowing

relationshipsistruein their case ? [AIPMT 2005]
(A) (E)c>Eps (B) (Epc<(Eys
(© (Epc=(Egs (D) (B < Egae

Application of a foward bias to a p-n junction —

(A) widens the depletion zone. [AIPMT 2005]

(B) increases the potential difference across the
depletion zone.

(©) increases the number of donors on the n side.

(D) increasesthe electric field in the depletion zone.

Zener diode is used for — [AIPMT 2005]

(A) Amplification

(B) Rectification

(O Stabilisation

(D) Producing oscillations in an oscillator

Thefollowing figure showsalogic gate circuit with two

inputsA and B and the output C. The voltage wavefronts

of A, B and C are as shown below. Thelogic circuit gate

is [AIPMT 2006]

Logicgate | 4 ¢
circuit

(A) NAND gate (B) NOR gate
(C) OR gate (D) AND gate
A trans stor isoperated in common emitter configuration
at constant collector voltage V~ = 1.5V such that a
change in the base current from 100pA to 150pA
produces a change in the collector current from 5mA to

10mA. Thecurrent gain (B) is — [AIPMT 2006]
(A)75 (B) 100

(©50 (D)67

A forward biased diode is — [AIPMT 2006]
(A) > 5V (B) -2V ' 2V
(SR -2V(D) 4V N -2V

Q.8

Q.9

Q.10

Q.u

Q.12

Q.13

In the following circuit, the output Y for all possible
inputs A and B is expressed by the truth table
[AIPMT 2007]

i
Y

(A)ABY (BYAB Y
011 00 1
011 010
101 100
110 110

(COABY (D)AB Y
000 00 0
011 010
101 100
111 111

In the energy band diagram of a material shown, the
open circles and filled circles denote holes & electrons
respectively. Thematerial is [AIPMT 2007]

EC:._—_.:

A
o o
4 4
O
E, ~ o
N~ oo
oo o—C

(A) an insulator

(B) ameta

(© an n-type semiconductor

(D) a p-type semiconductor

The voltage gain of an amplifier with 9% negative
feedback is 10.Thevoltage gain without feedback will be

(A)100 (B)90  [AIPMT 2008]
©10 (D)1.25

NOR  NAND  pNOT
Thecircuit
is equivalent to — [AIPMT 2008]
(A) OR gate (B)AND gate
(C) NAND gate (D) NOR gate

A p-n photodiode is made of amaterial with aband gap
of 2.0 eV. The minimum frequency of the radiation that
can be absorbed by the material isnearly [AIPM T 2008]
(A) 20 x 1014 Hz (B) 10x 10 Hz

(C)5x 101 Hz (D) 1x10MHz

The symbolic representation of four logic gatesare given
below:

(i) .—DO—.

vy e——) >—

The logic symbols for OR, NOT and NAND gates are
respectively: [AIPMT 2009]

==
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Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

(A) (iv), (), (iii) (B) (i), (ii), (i)

(© (@), (i), (iv) (D) i), (iv), (i)

A p-n photodiode is fabricated from a semiconductor
withaband gap of 2.56V. It candetect asignd of waveength:
(A)4000nm (B) 6000 nm[AIPM T 2009]
(C)4000A (D) 6000 A

A transistor isoperated in common-emitter configuration
at V- = 2V such that a change in the base current from
100pA to 200pA produces a change in the collector
current from5mA to 10 mA. Thecurrent gainis:

(A) 100 (B)150 [AIPMT 2009]
(©)50 (D)75

To get anoutput Y = 1 from the circuit shown bel ow the
input must be [AIPMT (PRE) 2010]

DT

B

Ce
A B C A B C
(AYO 1 0 B)0 0 1
©1 0 1 D1 0 0

A common emitter amplifier hasavoltage gain of 50, an
‘ ‘ ‘ Q and an output impedance of
200Q2. The power gain of the amplifier is —
[AIPMT (PRE) 2010]
(A)500 (B) 1000
(©)1250 (D)50
Which one of the following statement is false?
[AIPMT (PRE) 2010]
(A) Pure Si doped with trivalent impurities gives a p-
type semiconductor.
(B) Magjority carriers in a n-type semiconductor are
holes.
(© Minority carriers in a p-type semiconductor are
electrons.
(D) Theresistance of intrinisic semiconductor decreases
with increase of temperature.
The device that acts as a complete electronic circuit is —
[AIPMT (PRE) 2010]
(A) junction diode (B) integrated circuit
(C) junction transistor (D) zener diode
Symbolic representation of four logic gates are shown
as [AIPMT (PRE) 2011]

o] >— )—
(iii) >— (iv) >—

Pick out whichonesarefor AND, NAND and NOT gates,
respectively :

(A) (i), (iv) and (iii) (B) (ii), (iii) and (iv)

(©) (iii), (i) and (i) (D) (iii), (ii) and (iv)

If asmall amount of antimony is added to germanium
crystal— [AIPMT (PRE) 2011]
(A) Itsresistance is increased.

(B) It becomes a p-type semiconductor.
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Q.22

Q.23

Q.24

Q.25

Q.26

(© The antimony becomes an acceptor atom.

(D) Therewill be morefree electronsthan holein the
semiconductor.

In forward biasing of the p-njunction

[AIPMT (PRE) 2011]

(A) The positiveterminal of the battery is connected to
p-side and the depletion region becomes thin.

(B) The positiveterminal of the battery is connected to
p-side and the depl etion region becomes thick.

(© Thepositiveterminal of the battery is connected to
n-side and the depletion region becomes thin.

(D) The positiveterminal of the battery is connected to
n-side and the depl etion region becomes thick.

In the following figure, the diodes which are forward

biased, are [AIPMT (MAINS) 2011]

+10V

@ +w>—4<—~vgv—ly (b)
(C) -12v (d)
% R
-5V

(A) (c) only (B) (c) and (a)

(C) (b) and (d) (D) (3, (b) and (d)

Pure Si at 500K has equal number of electron (n,) and
hole (n,)) concentrations of 1.5 x 1016 m~3. Doping by
indium increases ny, to 4.5 x 102> m™3. The doped
semiconductor isof : [AIPMT (MAINS) 2011]
(A) n-typewith electron concentration n, = 5x10%2 m3
(B)p-typewith electron concentration n=2.5 x10%0 m-3
(C)n-typewith electron concentration n, = 2.5x1023m3
(D) p-type having electron concentrations

ne=5x10° m3

A zener diode, having breakdown voltage equal to 15V,
isused inavoltageregulator circuit showninfigure.The
current through the diode is [AIPMT (MAINS) 2011]

2500
+0 A

‘i

+

2

20V 1kQ

15v

-0

(A) 10mA (B)15mA

(©)20mA (D)5mA

Two ideal diodes are connected to a battery as

shown inthecircuit. The current supplied by the battery
is — [AIPMT (PRE) 2012]

D1 100
D, 200
——MAW—]
It
s
(A)0.75A (B) zero
(C)0.25A (D)0.5A
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Q.27 In a CE transistor amplifier, the audio signal voltage Q.32 To get an output Y = 1 in given circuit which of the

Q.28

Q.29

Q.30

Q.31

o L . Qis2V.If thebase
resistance is 1kQ and the current amplification of the
transistor is 100, the input signal voltageis

[AIPMT (PRE) 2012
(A)olv (B)10oV
©1mv (D) 10mV
Transfer characteristics [output voltage (V) vs input
voltage (V;)] for a base biased transistor in CE
configuration is as shown in the figure. For using
transistor asaswitch, itisused: [AIPMT (PRE) 2012]

Vi
(A) inregionlll (B) bothinregion (1) & (111)
(© inregionll (D) inregionl

Thefigure showsalogic circuit with two inputsA and B
and the output C. The voltage wave forms across A, B
and C are asgiven. Thelogic circuit gateis:

[AIPMT (PRE) 2012]

(A) OR gate (B) NOR gate

(C)AND gate (D) NAND gate

C and Si both have same lattice structure, having 4

bonding el ectronsin each. However, Cisinsulator where

as Si is intrinsic semiconductor. This is because —
[AIPMT (PRE) 2012]

(A) In case of C the valence band is not completely
filled at absolute zero temperature.

(B) In case of C the conduction band is partly filled
even at absolute zero temperature.

(©) The four bonding electrons in the case of C liein
the second orbit, whereas in the case of Si they lie
inthethird.

(D) The four bonding electrons in the case of C liein
the third orbit, whereas for Si they lie in the fourth
orbit.

Theinput resistance of asilicon transistor is100Q. Base

current ischanged by 40 pA whichresultsinachangein

collector current by 2mA. This transistor is used as a

common emitter amplifier with aload resistanceof 4 KQ.

Thevoltage gain of theamplifieris:

[AIPMT (MAINS) 2012]

(B)3000

(D) 1000

(A) 2000
(C) 4000

Q.33

Q.34

Q.35

Q.36

Q.37

following input will becorrect : [AIPMT (MAINS) 2012]

A
B

A B C A B C
(A)1 0 0O B 1 0 1
©1 1 o D)o 1 0

Inacommon emitter (CE) amplifier having avoltagegain
G, the transistor used has transconductance 0.03 mho
and current gain 25. If the above transistor is replaced
with another one with transconductance 0.02 mho and

current gain 20, thevoltagegainwill be  [NEET 2013]
(A)(5/4) G (B)(2/3)G
(©15G D)3 G

The output (X) of the logic circuit shown in figure will
be

Q:D-:D-« [NEET 2013]
(A) X=A+B (B)X =A.B
(O X=AB (D)X=A.B

In a n-type semiconductor, which of the following

statement is true; [NEET 2013]

(A) Holes are mgjority carriers and trivalent atoms are
dopants.

(B) Electrons are mgjority carriers and trivalent atoms
are dopants.

(C) Electronareminority carriersand pantaval ent atoms
are dopants.

(D) Holes are minority carriers and pentavalent atoms
are dopants.

The given graph represents V-1 characteristic for a
semiconductor device. Which of the following statement
iscorrect? 1 [AIPMT 2014]

V=

B

(A) ItisV -1 characteristic for solar cell where point A
represents open circuit voltage and point B short
circuit current.

(B) Itisfor asolar cell and points A and B represent
open circuit voltage and current, respectively.

(© Itisfor aphotodiode and pointsA and B represent
open circuit voltage and current, respectively.

(D) Itisfor aLED and pointsA and B represents open
circuit voltage and short circuit current respectively.

The barrier potential of a p-n junction depends

a. Type of semiconductor material

b. Amount of doping

c. Temperature [AIPMT 2014]

Which one of the following is correct?

(A) aand b only (B) bonly

(C) band c only (D)a,bandc
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Q.38 Which logic gate is represented by the following respectively be — [NEET 2016 PHASE 1]
combination of logic gate? [AIPMT 2015] (A)4,384 (B) 3.69,3.84
Y, © 4,4 (D)4,3.69
A Q.44 To get output 1 for the following circuit, the correct
Y choice for the input is — [NEET 2016 PHASE 1]
B
z D
(A) NAND (B)AND o Y
(C)NOR (D)OR

Q.39

Q.40

Q.41

Q.42

Q.43

Ifinap-njunctionasquareinput signal of 10V isapplied,
as shown, then the output across R will be
[AIPMT 2015]

© 5:/—I_r

Inthegivenfigure, adiodeD isconnected to an external
resistance R =100 Q2 and an em.f of 3.5V. If the barrier
potential devel oped acrossthediodeis0.5V, the current

inthecircuitwill be: [RE-AIPMT 2015]

D 1000

|
(A) 35mA (B) 30mA
(©)40mA (D) 20mA

Theinput signal givento aCE amplifier having avoltage
gainof 150isV,; = 2 cos (15t + %] . The corresponding
output signal will be — [RE-AIPMT 2015]

4
(A) 300cos [15t+?“) (B) 300cos [15t+%)

2n 5n
(C) 75cos (15t + ?) (D) 2cos [15t + Ej

Consider thejunction diodeasidea. Thevaueof current

flowing through AB is — [NEET 2016 PHASE 1]
A N 1ka B
+av -6V
(A) OA (B)102A
(C)101A (D) 103A

A npn transistor is connected in common emitter
configuration in a given amplifier. A load resistance of
80002 isconnected inthe collector circuit and the voltage
drop acrossitis0.8 V. If the current amplification factor
is0.96 and the input resistance of the circuit is 192 Q,
the voltage gain and the power gain of the amplifier will

Q.45

Q.46

Q.47

Q.48

Q.49

Q.50

(A) A=0,B=1,C=0 (B)A=1,B=0,C=0

© A=1,B=1,C=0 (D)A=1,B=0,C=1
For CE transistor amplifier, the audio signal voltage
acrossthe collector resistance of 2kQ is4 V. If thecurrent
amplification factor of thetransistor is 100 and the base
resistance is 1kQ, then the input signal voltage is

[NEET 2016 PHASE 2]
(A)10mv (B)20mv
(©30mv (D) 15mV

The given circuit has two ideal diodes connected as
shown in the figure below. The current flowing through
the resistance R, will be — [NEET 2016 PHASE 2]

(A)25A (B) 10.0A

(©)143A (D)3.13A

What is the output Y in the following circuit, when all
thethreeinputsA, B, C arefirst 0 and then 1?

[NEET 2016 PHASE 2]
o D e 1)) S
(A)0,1 ()0,0
(©1,0 (D)1,1

In acommon emitter transi stor amplifier theaudio signal
voltage across the collector is 3V. The resistance of
collector is 3 kQ. If current gain is 100 and the base
resistance is 2kQ, the voltage and power gain of the

amplifieris [NEET 2017]
(1) 15and 200 (2) 150and 15000
(3) 20and 2000 (4) 200and 1000

The given electrical network isequivalent to :

Y
A ':DO—EDO—DO—~ [NEET 2017]

(A) OR gate (B) NOR gate
(C) NOT gate (D) AND gate
Which one of the following represents forward bias
diode? [NEET 2017]

(A) -4V [l R —SV(B) -2V [ R +2V
© 3V [: R 5V (D) oV I R -2V

=
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Q.51 Inthecircuit showninthefigure, theinput voltageV,is Q.54
20V, Vge=0andV=0. Thevaluesof Iz, |-and B are
given by 20V [NEET 2018]

4kQ
C

Q.55

(A)Ig=20pA,1-=5mA, =250
(B)Ig=25pA,1-=5mA, =200
(C)1g=40pA,1-=10mA, 3 =250
(D) Ig=40pA,1-=5mA,B=125
Q.52 In ap-njunction diode, change in temperature due to
heating [NEET 2018]
(A) Does not affect resistance of p-n junction.
(B) Affects only forward resistance.
(C) Affects only reverse resistance.
(D) Affectstheoverall V - | characterigticsof p-njunction
Q.53 In the combination of the following gates the output Y
can be written in terms of inputsA and B as

[NEET 2018]
A
Be—
Y
(A) A-B+A-B (B)A-B+A-B
© A-B (D)A+B

For a p-type semiconductor, which of the following

statements is true ? [NEET 2019]
(A) Electrons are the mgjority carriers and trivalent
atoms are the dopants.

(B) Holesarethemgjority carriersand trivalent atoms
are the dopants.

(© Holes are the mgjority carriers and pentavalent
atoms are the dopants.

(D) Electronsarethemajority carriersand pentavalent

atoms are the dopants.
The correct Boolean operation represented by the
circuitdiagramdrawnis: [NEET 2019]
+6V
R
9
Al
=0 LED (Y)
R
0
d
B1 -
(A)AND (B)OR
(C)NAND (D)NOR

g
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ANSWERKEY

EXERCISE - 1
Ql1|2]|3|4a]|5]|6|7]|8]|9|10l11]12|13]14]|15|16|27]|18[19]|20]21[22]23]24]25
aAlc|alp]|bplc|s]|p|B|c|lalalalD|D|D|B|A|C]|B]|D|D|C]|B|A]|D
Q |26|27]28|29|30|31(32]33|34|35(|36(37|38]|39|40]|41|42]43]44|a5]46(a7|4a8]49](50
alc|s|s]|c|lalclalp|D]|B|B|B]|D|A|D|B|A|C]|C|lCc|AlAlA|B]C
Q [51]52|53|54]55|56(57]58]59
Alalp|slalB|lAa]lB]|B]|D

EXERCISE - 2
Ql1|2|3|4|5|6|7]|8|o9]|10|11|12|13|14|15|16]|127]18[19]|20]|21[22]|23]|24]25
A BlD|[c|A]|B B BlD|A|[D|c|c|B|lA|B|B|Cc|A|lB|D|A]|A
Q|26|27|28]|29(30|31|32(33]|34(35(36(37]38
AlB|p|D|c|B|B|A|[B|A]|C|[D|B]|D

EXERCISE - 3

Q 34567
A 6 [24] 9 [10]50

EXERCISE -4
Ql1|2|3|4|5|6|7]|8|9(10]11|12|13[14|15|16|17|18|19]|20|21|22|23|24(|25
A|lA|lCc|c|A|B Blc|p|(B|A|c|c|c|A|D|c|D|B|D|D|[D|D|C|C
Q|26|27|28(29|30(31(32|33|34(35|36|37|38(39|40|41|42|43|44|45|46|47|48|49(50
A|lA|A|D|A|A|lB|A|Cc|B|B|D|D|B|AC|D|C|A|A]|B|D|C|D|C]|C|A
Q|51|52|53|54]|55
Alc|c|B|12]|40

EXERCISE -5
Ql1|2|3|a|5|6|7|8]|9][10[11|12]|13[14[15|16|17[18|19]20[21|22|23[24(25
Alc|lalc|c|p|B|c]|c|p|A]|D|c|B|c|c|c|c|B|B|A|[D|[A]|B|[D]|D
Q [26|27|28(29|30(|31(32(33|34(35(36(37(38(39(40|41|42 (43|44 |45|46|47|48[49 (50
AlpD|p|[B|A]c|AlB|B|[D|[D|A|D|[B|D|B|[A|[B|A|D|[B|A[C|B|B]|D
Q [51|52|53|54|55
AlD|D|[B|B]|C

[4




SOAL

(SEMICONDUCTOR& COMMUNICATION SYSTEM s) TRY SOLUTIONS
SEMICONDUCTOR & @ ®
5 C
COMMUNICATIONSYSTEMS ~ ©
TRYITYOURSELF-1 © ®
(1)  (C).For P-type semiconductor the doping impurity should () (@ORgate, (b)AND gate
be trivalent. Infig. (&), y1= A+B andY = ¥,
(2) (C).BecauseAsis pentavaent impurity.
Y=A+B =A+B (Boolean algebra)
(3 (A). ac— |Rectifier] > dc -
Clearly fig. (a) representsan OR gate.
(4  (A). Thedepletion layer is the region at the junction of a _
diode which is devoid of charge carriers. Therefore the infig.(b), Y=Y1+Y2=Y1.¥2
potential barrier in the depletion layer isduetoions. (Using de Morgan theorem)
(5) (C).Inn-p-ntransistor current flows form base to emitter. _ _
Therefore in n-p-n transistor negative charge moves from Buty; = A andy, = B
emitter to base s Y= y_ly_z =A-B =A. B whichisan AND operation.
095 095 Clearly fig. (b) representsan AND gate.
©  (A)p=—"—= _ 19 yfig. (b) rep 9
l-a 1-095 005 TRYITYOURSELF-3
| (1)  (B).FM because modulationindex oc B.W.
(7)  (C).Given Current gainof common base (o) = I—c =096. (2) (B).10kHz cannot beradiated (antennasize), 1 GHz and
e 1000 GHzwill penetrate.
We know that current gain of common emitter (3  (B).B.W.of optical fibre rangesfrom 103 to 1015 Hz.
o 096  0.96 4 (A). Frequency of radiation
B =1"w"1To0% 00" v =200 MHz =200 x 105 Hz
Speed of light, C =3 x 108 m/sec
® O L C_ 3x108
(9)  (A). The output ac voltage is 2.0 V. So, the ac collector Wavelength of wave, * = v 200x10°
current i~ =2.0/2000=1.0mA. % 15
The signal current through the base is, therefore given by Length of half wave dipole antenna = 5T T 0.75m
ig=ic/B=10mA/100=0.010mA. (5) (B). Let h be the height of atransmission tower.
Thedc base current hasto be 10 x 0.010 = 0.10 mA. Population density, p = 1000 km2 = 1000 x 1076 m2
Rg=(Vgg—Vge)/lg- =103 m?
AssumingVge=0.6V, Now, d=+/2Rh (whereRisradiusof the earth)
Rg=(2.0.06)/0.10=14kQ. Population covered = prd? = pr.2hR
(10) (B). Thedccollector current| ~=100x 0.10=10maA.
C 22 3
- 20x105=103x —x2xhx6400x10° -, h=50m
TRYITYOURSELF-2 7
1 (© (6) (A). When carrier is suppressed the percentage saving is
@ @) Paving = . 5 = 66.6%
(3  Forgivenlogicgate v — AB+ AB 1+ %
Consider lower stepsin given wave form as 0 and upper B B _
step as 1, we can draw output wave form as () (A).BW.=2xf=2x1500=3kHz.
. ) Frequency deviation 50
= == -7143
output ;—_l—l_l—,_-—° ® (). CamersMing= ;o ng frequency 7

e
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CHAPTER-8: (27)  (B). For half waverectifier, if peak value of outputisV
EM| NDUCT . R thenitsaverage valueon D.C. value (both are same)
MMUNICATION SYSTEM _Vm
EXERCISE- (28) (B) Astf;\eo tput voltage obtained in ahalf waverectifier
. utput v i Wi ifi

g; 8 % ((Q)) S; EB; Eg; Eg)) circuit has a single variation in one cycle of ac

© © (10) (A)  (11) (A) (12) (A) voltage, hence the fundamental frequency in the

(13 O (14)(D)  (15) (D) ripple of output voltage would be =50 Hz.

(16) (B).In forward biasing the diffusion current increases (29) (C).For avx_nde range Of. values of load resistance, the
and drift current remains constant so not current is current in the zener diode may changebt the voltage
due to the diffusion acrossit remains unaffected. Thusthe output voltage
In reverse biasing diffusion becomes more difficult 30 (A _?_chr 0sS the Zener d|o_de_ Ibsl a regulatlt_ed voltage.
so net current (very small) is due to the drift. (30)  (A). Themaximumpermissible current is

(A7)  (A).During the_formati(_)n of p-njunction, and_ dueto the P 364x10°3
concentration gradient across p- and n-sides, holes | Zmex = [V 40mA
diffuse from p-side to n-side (p — n) and electrons z '
diffuse from n-side to p-side (n — p). (31) (C). Semiconductor diodes in which charge carriers are
Thismotion of charge carriersgivesriseto diffusion generated by photons (photo-excitation) are called
current across the junction. Electrons drift to give opto electronic devices. Opto elelctronic devicesare
current. (i) Photodiodesused for detecting optica signal (photo

(18) (C). After alargereverse voltageis PN-junction diode, a _ detectors). Used near automatic doors. _
huge current flowsin the reverse direction suddenly. (i) Light Emitting Diodes (L. ED) which convert electrical
Thisiscalled Breakdown of PN-junction diode. energy into light.

(19) (B). When reverse biasiis increased, the electric field at (iii) Photovoltaic deviceswhich convert optical radiation
thejunction also increases. At some stage the electric into electricity (solar cells).
field bresksthe covalent bond, thusthelargenumber  (32)  (A). GaAsis better (in spite of its higher band gap) than
of chargecarriersare generated. Thisiscalled Zener Si because of its relatively higher absorption
breakdown. coefficient.

(20) (D). Barrier potentia of a P-N junction diode does not  (33) (D). Light emitting diodes emits visible region of
depend on Diode design. electromagneti c spectrumunder applied forward bias.

(21) (D). Arsenic has five valence electrons, so itisadonor  (34) (D). The emitter base junction is forward biased while
impurity. Hence X becomes collector base junction is reversed biased.

N-type semiconductor. Indium has only three outer  (35)  (B). Because emitter (N) iscommon to both, base (P) and
electrons, so it is an acceptor impurity. Hence Y collector (N).

becomes P-type semiconductor. Also N (i.e. X) is (36)  (B). Emitter isheavily doped.

connected to positive terminal of battery and P(i.e.  (37) (B). Aswe know ig=ic+ig

Y) is connected to negative terminal of battery so

PN-junction isreverse biased. ig _1 ig 1 _1 1 _a

(22) (C).In depletion zone, internal electric field is directed ic e w B B=17
from N to P sidewhich opposesdiffusion of majority
charge carriers. (38) (D). For CE configuration voltagegain =B xR, /R;

(23) (B).In unbiased condition of PN-junction, depletion Power Gain
region is generated which stops the movement of Power gain = BZ xR IR; = —g =B
charge carriers. Voltage gain

(24) (A).Inthegivencondition, diodeisinreversebiasingso (39) (A). For transistor as an amplifier, emitter-Base hasto be
it acts as open circuit. Hence potential difference inforward biasand collector base hasto beinreverse
betweenA and B is6V bias.

(25) (D). For full waverectifier (40) (D). Dopingleve order : Emitter > Collector > Base

81.2 (41) (B).ig=ig+ic _ _ _
N=—"— = Nux =8L2% (;<<R)) As some electrons combine with holes at base, i.e.
14 ig#0, 0ig>ic
R (42) (A).In the schematic symbols used for representing
(26) (C).In a full wave rectifiers, input ac current has a n-p-ntransistors. Thearrowhead from baseto emitter.

frequency “v’. The output frequency of current is 2v

shows the direction of conventiona current in the
transistor.

Erys
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(43)

(44)

(45)

(46)

(47)

(48)
(49)
(50)

(51)
(52)

(53)
(54)

(55)

(56)

(57)
(58)

(C). For atransistor amplifier, the voltage gain islow at
high and low frequencies and constant at mid
frequencies.

(C). The reciprocal of the slope of the linear part of the
output characteristic gives the values of ry. The
output resistance of thetransistor ismainly controlled
by the bias of the base-collector junction.

(C).15 does not depends on V. So, when V¢ is
increased, |z remains constant increase in V¢
appears as increase in V. So, effect on Iy is
negligible.

(A). Voltage gain= current gain x resistance gain

y output resistance y R
input resistance r
Power gain = voltage gain x current gain

_pRLyp-p2iL
r r

(A). Input resistance(r;) : Ratio of changein base emitter

voltage (AVgg) to the resulting change in base

current (Alg) at constant collector-emitter voltage

(Vcp)- Thisisdynamic (ac resistance) and as can be

seen from the input characterigtic, its value varies
with the operating current in the transistor.

. {AVBE }
Alg Vee
(A). The given symbol is of ‘AND’ gate.

(B). It is the symbol of ‘NOR’ gate.

(©). If inputs are A and B then output for NAND gateis
Y =AB

= IfA=B=1,v=11=1=0

(A). The given symbol is of NAND gate.

(D). ‘NOR’ gates are considered as universal gates, be-
cause al the gates like AND, OR, NOT can be ob-
tained by using only NOR gates.

(B). The output of OR gateisY =A + B.

(A).A=1,B=1;HenceY =0
A=0,B=0;HenceY =1
A=0,B=1;HenceY =1
A=1,B=0;HenceY =1
A=1,B=1;HenceY =0
A=0,B=0;HenceY =1
A=0,B=1;HenceY =1
This input and output shows NAND gate

(B). In OR gate, output exists when either of inputs exist.

AB=P
(A)'Q?D_ED*
B

Y=P+B=PB=ABB=A.(B.B)=A.0=0
(B). AND gate
(B). Diode D, isreverse biased as p side is connected to
negative potential and n side to ground.

(59)

@

@
©)

4

®

©)
@

®)

©)

(10)

1)

Diode D, is forward biased as p side is grounded
and n side is at negative potential.
(D). Light pulse produce digital signals.

EXERCISE-2
(A). In forward biased PN-junction, external voltage

decreases the potential barrier, so current is
maximum. While in reversed biased PN-junction,
external voltage increases the potential barrier, so
the current is very small.

(B). Inreversebiasing, width of depletion layer increases.

. 80 . 80 .

(D). Given I =755 %1 = 24=1 5 %1€

= ig=30mA

By using iE :iB+iC:>iB=30—24=6mA.

i
©). ==X =096andi-=7.2mA
Ig E

= ic=096xig =0.96x7.2=6.91mA
.'.iE:ic+iB 272:6914-'8

= ig=029mA.

. Aic
(A). Currentgain p=—=

Aig

:>A|C:l3><A|B:80><250]JA
_ B _ 99
1+p 1+99

(A). AVc =05V ; Aic=0.05x103A
Output resistance is given by

(B). a

AV 0.5 4
Rot =——== —=100Q =10k
Aic  0.05x10
(B). Current gain
Ai , ©
B:AH_CSAIB::LX:LO =10 SA =0.01mA.
Is

By using Aig = Aig +Ai¢

= Aig=001+1=1.01mA.

(B). For ‘AND?’ gate, if output is 1 then both inputs must
bel.

(B). Output resistance(r ) : Ratio of changein collector-
emitter voltage (AV ~g)to the change in collector
current (Al ) at aconstant base current I,

(AVee)
o —L Al J'B

(D). For ‘NAND’ gate C= A B
1

.
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(12)  (A).InCE mode, Inputcurrent=1g 2

Output current = | ~ (25 (A).ngy, = ni2 or Np= n_l
e

| .
From B :I—C, 3 ?mA =1L= 49 n=15x 10 m3,n,=5x 1022 m3
B B —a
35mA . (15x10'%)* _ 2.25x10% 45 109
; (26) (B). If input frequency is decreased then more part of AC
a 0.9 Al C
(13) (D).a=09; B=——"=—"—-=9=—>+ component goes across R, .
—o 1-09 Alg (27) (D). Ey=2eV. Wavelength of radiation corresponding to
= Aic =9Aig =9%4mA =36mA
_ this energy is 7, = ¢ = A0V M _ 0 nm
A _ E 2eVv
A A+B=Y 9
(14 (©).
B 8 o1

(15)  (C). Current will flow when diodeisforward biased. Frequency, v = PP 5x10** Hz

(16) (B).If al the donor states in n-type semiconductor are S 6?0 x10"m _
filled, the number of electrons in donor states will  (28) (D). Diffusionislike opening of ascent bottlein aroom.
increase. Scent particles spread from region of higher to lower
Due to it, the charge density in donor states will concentration.
become more than one. (29) (C).Inan unbiased p-n junction, the diffusion of charge

(17)  (A). A vibrating tuning fork produce analog signalswhich carriers across the junction takes place from higher
is a continuous set of values. concentration to lower concentration.

(18) (B).n,=6x108m=3 _ 9
Volume=1cmxcmx | mm=10"m?3 (30) (B).Vg=igRg= Rg = ———— =257kQ
Number of holes= Number of electrons o 35x10
=n,xV=6x 10'8x 107 =6 x 1011 (31) (B). Energy of incident photon,

(19) (B).LetV bethe potential difference between A and B, 34 g
thenV —0.3= (5 +5) x 103x (0.2 x 1073)=2 E-TC_ 6'6”3 X3X1019 —206eV

or V=2+03=23V L 6x10 " x1.6x10”

(20) (C). For forward biasing, The incident radiation can be detected by a photo
AV=24-20=04V diode if energy of incident photon is greater than
Al=80-60=20mA the band gap. As, D, = 2eV

AV 0.4 D, will detect these radiations.
fip=— =5 =20Q (32) (A). A photodetector detects any change in intensity of
Al 20x10 . . . A
o B _ light by changing either potential difference across
For reversebiasing, AV =~2-0=-2V it or by changing current through it.
Al=-0.25-0=-0.25pA
2
— . & o
=2 5 =8x10°Q (33) (B).Since p=1—— - ap=— e (D)
-0.25x10”
2
(04 (04
n p_|n —a=— = ——
l y B-a g o B—a T -2
Electron
(2) (A).| Emitter |Basecollector B-a _( a2 ) [1_0() 1
|+ 1[I of Ll—aJ o?

(22) (B). Whenatransistor isused asanamplifier withpositive  (34) (A) (39 (0) (36) (D)
feed back, it works as an oscillator. @7 ® (38) (D)

(23) (D). The conductivity of a semiconductor increases with
increase in temperature because number density of EXERCISE-3
current carriersincreases, relaxationtimedecreases (1) 2. Two ‘NAND?’ gates are required as follows
but effect of decreasein relaxationtimeismuch less -
than increase in number density. Ao—] 4-B |: >:_°Y

(24) (A). Donor energy level isdlightly lessthan energy level B o—

lowest to conduction band.

Y = ABAB = AB

e
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@

©)

O
®

©)

™

@
@

©)
O

®)
©)

™

®)
©

(10)
1)

. . .V (4-) i)
) i=—=-—"==10"A
2. Current flow ispossibleand R~ 300

= =10° V/m

6. E=
5x10~/

V__ 05
d

L 0.96 o
" 1-a 1-096

Voltage gain = B x Resistancegain
o 0.99

P e " @099

10x10°
103

= Voltagegain =99 x 10=990.

10. Given: Total BW = 100kHz, f .., = 5kHz

Any station being modulated by a 5 kHz signal will

produce an upper-side frequency 5 kHz aboveitscarrier

and alower-sidefrequency 5 kHz below its carrier, thereby

requiring abandwidth of 10 kHz. Thus,
Number of stations accommodated

10

Resistance gain =

Tota BW 100x10°
~ BW per station ~ 10x10°
Number of stations accommodated = 10 stations.

50. Modulating signal amplitude E,, = 30
Carrier waveamplitude E-=60

E 30
Modulationindex, My = E—mX100= —0X100= 50%
c
EXERCISE-4

(A). Astemperature increases, no. of free electronsalso
increases. So conductivity increases.

(C). At 'OK" temperature there is no free electron so it
behaveslike insulator.

(C). Insulators

(A). Dopping in emitter is maximum becauseit isused to
produce free change carriers.

(B). Electricfieldismaximum

(A). As temperature increases, no. of free electron
increases so resistance also vary.

(B). When temperature decreases, resistance of metal
(conductor) decreases and resistance of
semiconductor (germanium) increases.

(C). When npntransistor isused asan amplifier electron
move emitter to base and then base to collector.
(D). When temperature decreases, resistance of metal
(conductor) decreases and resistance of

semiconductor (germanium) increases.

(B). Pauli'sexclusion principle

(A). When p-n junction is forward biased then applied
electricfield and electric field of depletion layer are
in opposite direction.

(12)
(13)
(14)
(15)

(16)

17)

(18)
(19)

(20)

(21)

(22)
(23)

(24)

(25
(26)
(27)

(28)

(29)

(©). AE = 12420 1071%  12420x1071°
' 2480x107°

= 0.5eV
(ev) A
(C). Frequency of ripplein full waverectifier
=2 xinput frequency =2 x 50 =100 Hz.
(C). Zero
I NeeAV, Ve 5
O5) “meeavy 5T vy
h Mh®AVh " 4 5 v, h
(D). If itisnot transparent to visible light then forbidden
energy gap should be order of 1.5eV to 3eV soitis
semiconductor and bond is covalent.

l. 5.488mA
©.P=1E="

IB

le=lo+lg; 5.6=5.488+I5; 15=0.112mA

(D). Ec and E,, increase, but E, decreases.
(B). In reverse biasing P should be at lower voltage and
n should be at higher voltage.

(D). Dy isinreversebiasing, °
so current will not flow L 1
through D;. 12V z,
| = e =2A
6

(D). When applied voltage is -5V’ current will not flow
through junction so output voltageis zero, but when
applied voltage is '+5V' current will flow through
junction and output voltage is '+5V".

(D). Forbidden energy gapissmall in Si and Ge but bigin
case of carbon.

(D). No conduction is found between P and Q]

So Pand Q are emitter or collector. So Risbase.

(C). When potential is applied on A or on B or on both
then one or both junction are forward biased, so cut
potential drop B on resistor so 'C' have potential
equalsto applied at A, B or both, so it isOR gate.

(C). Current will flow when diodeisforward biased.

(A).

(A). Truth tablefor given combinationis

AlB X
0]0 10
0O[1 11
110101
111101

This comes out to be truth table of OR gate.

(D). The state of ionosphere varies from hour to hour,
day to day and season to season.

(A).

wrem
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(30)

31

(32)
(33)

(34)

(39)

(36)
37)
(38)

(39)

(40)

(41)

(A). ""m

r=R+hz=R

x=(R+h)2—R2 =h? + 2R
x2 = 25000+ 2 x 500 x 6.4 x 100000
=25000 + (64 x 100000000) = 10* (640025)
=10%x (640025) ; x =8 x 10*m=80km
(B). t=RC=100x 103 x 250 x 1012 sec
=25x10"x 1012 sec=2.5x 10> sec
The higher frequency which can be detected with
tolerable distortion is

1 1
 2n1maRC 27 x0.6x 2.5x107°

Hz

100x 10 4
= Hz =
25x1.2n 12n

Thisconditionis obtained by applying the condition
that rate of decay of capacitor voltage must be equal
or less then the rate of decay modulated singnal
voltage for proper detection of mdoulated signal.

(A). For same value of current higher value of voltageis
required for higher frequency.

(C). For forward Bias, p-side must be at higher potential
than n-side.

(B). Frequencies of resultant signal are
et feandf -1,
(2000 +5) kHz, 2000 kHz, (2000 -5) kHz,
2005 kHz, 2000kHz, 1995 kHz

(B). Resistance of conductor increases and resistance of
a semiconductor decreases with increase in
temperature.

(D).

(D).

(B). Sincex=1if eithera,b,cord=1
x=aubucud. ThegateisOR.

x107% =10.61KHz

(AC). Weknow that = ——
l1-a

1 1
So, EZEJrla”da— arecorrect

p
1+p
(D). The frequencies in amplitude modulated wave is

between o, — o, and o, + o,
(C).vg=A(V—iR)=-Ai R,
V;=A(vge +igRg) = AigRg
\ Ai. R
Y0 __“c e _ B_

A
v Vi  Aig Rg Rp

(42)

(43)

(45)

(46)

(47)

(48)

(49)

(50)

“—ve” sign indicates output is exactly out of phase
i.e. phasedifference= 180°.
(A). Voltage across Si diodein forward biasis 0.7 volts.
Hencevoltage across 200 Q resister is3— 0.7 = 2.3V
23

=500 =11.5mA

(A). Overall bandwidth usefor transmission = 10% of v
Number of telephonic channel

10 9
_Totd bandwidth 100"
Channel bandwidth 5x10°
- e neVd _
(B).j=cE=nevy; o= neE_neu
1 =p= 1 1 =04Qm
c Nelle 1019x1.6x10 %16
3x10°
D). f = o107 30, 10" Hz =375 x 104 Hz

1% of f =0.0375 x 1014 Hz
=3.75x 1012 Hz=3.75x 10 MHz

3.75x10°
Number of channels= 222" =625 x 105
©).9=-v,+V,, -V,=56V
27 VR "2 2000
Vg, =9-56=34
VRl Iz
4 8000
v nNT
g, = 2= 3% 7 mA V2
1 R 200
Vz =VRr, =Ir,(R>)
56 "
s0g=R2 1 IRy =7MA £ 50

I;=(17-7)mA=10mA
(D). To minimise attenuation, wavel ength of carrier waves

iscloseto 1500 nm. ic
(C). At saturation state,

V g becomes zero is c

B
io=—V__10ma .
100002 Lo

Now current gain factor I l

10mA
250

10000

B=?£ ;1
B

(C). Range= ,/2Rht +,/2Rhg

B= = 40uA

50x 10°= |[2x 6400x10% x hy + /2 6400x10° x 70

By solving hy=32m
(A). A logic gateisreversibleif we can recover input data
fromthe output. eg. NOT gate.
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5kQ
a b

a b = 10kQ

(51) (©).

'—
30V

Diodeisinforward bias, so it will behave assimple

0
x5 =10V

wireso, Vab= 510

(52) (C).

I—\Ol—\O‘>
I—‘I—\OO‘UJ
ooor4‘-<

(53) (B). Y=AB-A=AB+A =0+0=0

Y,

(54) 12.00 127

ov
Diode D, isforward biased and D, isreverse biased.
V,=127-0.7=12V.

o—

S 2000

M

av
12v

2000
:j ISV

L 4 1
Currentincircuit = 200100

So power dissipited in each diode= VI

) AR

(55) 40.00

1
Ax—W =
XlOO 40 mwW

EXERCISE-S

o ©

(A) In case of conductors either the conduction and
valance band overlap or conduction band ispartially
filled.

(B) Insulators have energy gap of 5eV to 10eV.

(©) Residtivity (opposite of conductivity) decreaseswith
increase in temperature.

(D) Withincreaseintemperature moreand more€e ectrons
jump to the conduction band. So, conductivity
increases.

(2)  (A). Dueto strong electronegativity of carbon.

(3  (C). Number of donors is more because electron from —
ve terminal of the cell pushes (enters) then sideand
decreases the number of uncompensated
pentavalent ion due to which potential barrier is

4

©)

©)

@

®)

©

(10)

(1)

(12)

(13)

(14)

reduced. The neutralised pentavalent atom are again
in position to donate electrons.

(C). At acertain reverse biasvoltage, zener diode allows
current to flow through it and hence maintains the
voltage supplied to any load. Hence it is used for
stabilisation.

(D). On the basis of given graph following table is

possible
A |B|C
0 [0]O
1 [1]1
0O [11]10
1 O[O

It isthe truth table of AND gate.
(B). Alg =+50pA, Alc=5x103A

_Alg 5x10°  5x1000
Alg  50x10°° 50

(C). Inforward biasing of adiode, the emitter should be
at ahigher potential. Here, only in option (C) emitter
isat higher potential.

A Y A
©), Y
B

=100

A B Y
Y'=A+B 0 fo} o
1 o] 1
Y=A+B=A+B 0 1 1
Therefore truth table : 1 1] 1

(D). For a P-type semiconductor, the acceptor energy
level, as shown in the diagram, is slightly above the
top E,, of the valence band. With very small supply
of energy an electron from the valence band can
jump to the level E, and ionise acceptor negatively.

) Av
(A). Voltagegain= 11BA,

Av 10
10-— 2, _10_
1+ (9/100)A, & Av=577100

(D). NOR gate

Rlo|r|lo|>
I E=1K=1k""]
o|o|o|r| <

(C).2eV=hv - v="—

-19
v:—z(:éﬁ;;?m ~5x10"Hz
(B). (iv), (i), (i)

©). % _hc 6.6x107% x3x10°
MXTE T 25x1.6x10710

%< A = 4000A

= 5000A

e
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(15)

(16)

17

(18)
(19)
(20)
(21)
(22)

(23)

(24)

(25)

Alg
Alg
Al=5x103A;Alg=100x 10°A

(C).Alg=Alg +Alg; p=

B= i x 1000 = 50
100
A A+B

©). & j_. v
C
The Boolean expression of the given circuit is
Y=(A+B).C
The truth table of the given input signals:

Al[B[c[A+B|[Y=(A+B)C
o[1]o| 1 0
olol1] o 0
1(o]1] 1 1
1lofo] 1 0

From the truth table output Y = 1,

For theinputsA=1,B=0,C=1
(C). Voltagegain =50

Input resistance, R; = 100Q

Output resistance, R, = 200Q

Resistance gain = Ro _ 2000 _
R, 100Q

(Voltage gai n)2 _ 50x50
(Resistancegain) 2
(B). In a n-type semiconductors, electrons are majority

carriersand holesare minority carriers.

(B). The device that can act as a complete circuit is
integrated circuit (1C).

(A). (ii), (iv) and (iii)

(D). Addition of antimony will make it an N-type
semiconductor.

(A). In forward biasing of the p-n junction the positive
terminal of the battery in connected to p-side and
the depl etion region becomes thin.

(B). Onlyin(a) and (c)

Diodes are forward biased. As p-type should be
higher potential & n-type at lower potential.

(D).n? = nenﬂs
(L5x10%)2=n,(45x 107
Ne=0.5x 100 n =5x10°
n,=45x10%2; n,>>n,

Semiconductor is p-type and n, =5 x 10% m3.

(D). Voltage across zener diode is constant

=1250

Power gain =

2500 | i1o
+ AAA—> .
5 i-io
+
20V N 1sv 1kQ
15v
. 15volt
(1Ko = =15mA
1kQ

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)

(20-15)V 5V 20
2500

(2500 = =20mA

= = A
2502 1000
(1) zener dioge = (20— 15) = 5mA
(D). Here D, isin forward biasand D, isin reverse bias

0 |—X—£—£amp
R 10 2 '

D).V =1cRc=2; Ic = =107 amp

2x10°

|
Current gain= I—C =100
B Ie

———1

Re % O/P=2volt

Input §RE

*——

lc 103 &
B 100 100 0 AP

V;=Rglg=1x103x10°=10"2volt=10mV
(B). | : Cutoff region, I : Activeregion

I11: Saturation region

When the transistor is used in the cutoff or saturation

state, it acts as a switch.
Aj0O|1|1|0
B|{0|O|1|1
c(oj1(11
(C).6C = 182, 262 2p2

145 = 182, 252 2p6, 352 3p?

Asthey are away from Nucleus, so effect of nucleus

islowfor Si.

(A). OR gate:

(A). Voltagegain= Vout _ lout | Rout

in Iin Rin
_2x107°  4x10° 2% 10002 2000
40x10°% 100 -
(B). WhenA=1,B=0,C=1thenY =1
. AVe Ry Al
B). VoltagegainA,, = —¢ =-—L—C _4 R
(B). VoltagegainA,, Ve avg COmRL
A
vi _ 9my i:%:AVZZEG
Ay, Om, Av, 002 3
A[B]X
0|0]|0
110|0
O).[oT1Tol: X=A.B
1111

[4
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(35)

(36)

37)

(38)

(39)

(40)

(41)

(42)
(43)

(44)

(45)

(46)

(D). Holes are minority carriers and pentavalent atoms (47)

are dopants.
(A). Solar cell - Opencircuitl =0,

potentia V = emf

— Short circuit | =1, potential V =0
(D). It depends on all.
A

0

0

(B). AND gate

111

(D). When applied voltage is -5V’ current will not flow
through junction so output voltageis zero, but when
applied voltage is '+5V' current will flow through
junction and output voltage is '+5V".

(B). Potential difference onR=3.5-0.5=3.0 volt

3

.V
incircuitl =—=—=30mA
Currentincircuit R~ 100

olr|lolwm
o|o|o| <

(A). Inputsignal V,,, =2 cos (15t+%) ;

Voltage Gain=150
CE amplifier gives phase difference of  betweeninput

and output signals A, :ﬁ, soVy=Ay Vi,
Vin

4
V=150 2cos[15t+%+ ch :300003(15t+?n)

10 5
(B).Vo-Vg=IR=4+6=10°1 = | =E:10 A
(A).R_=800Q,V, =08V

V
= lg=—F=1mA ; R=1920
Re
A |
Current amplification = Output current _ l¢ _ 0.96
Input current g

1mA IZR
lg=— A, =L VL =4 A, =-S5 -=384
096 Vin IBRi IBRI

O F o)~ =arn).C

TogetY =1, Cshould be 1.
(B). Re=2kQ, V=4V
4 4V

lg=——=——=2mA
Re 2kQ

[3:'_0:1003 g _lc _ov108A
I 100
Vi, =1gR=2x107°x 1kQ=20mV

(A). D isreversebiased ; D, isforward biased
10v

|=—=25A
2+2)Q

(48)

(49)

(50)

(51)

(52)

(53)

(54)

(55)

(C).Output Y =(A-B)-C=A+B+C
WhenA,B,Cae0—>Y=1
WhenA,B,Carel >Y =0

(B).

R
Ay =B _100x H2 150
Re 2K

Power gain=f A,, = 100 x 150= 15000

NOR NOR NOT

®)§ >y >y

Y1=A+B yo,=y1+y; =y, =A+B=A+B

y=Y>,=A+B

NORGATE

(D).

.—D’—'\A};{/\N—Q
\% V2

Inforward biasV, >V,

Only % [: -2V

isinforward bias.
(D).Vge=0; Vc=0; V=0 20V

Ic=5%x10°=5mA
Vi=VgetlgRg
V;=0+IgRg
20=15x500x 10

g

_(20-0

|
©7 ax10°

20 -
500x10 g 40x10”

(D). Due to heating, number of electron-hole pairs will
increase, so overal resistance of diode will change.
Due to which forward biasing and reversed biasing

both are changed.
(B). Y=A-B+A-B
A —
A A B
B e— b2
B v
A
o AB
B
(B). In p-type semiconductor, an intrinsic
semiconductor isdoped with trivalent impurities,
that creates deficiencies of valence electrons
called holeswhich are mgjority charge carriers.
(C). Fromthegivenlogiccircuit LED will glow, when

voltage across LED is high.
Truth Table

R|lr|lolo| >
Rrlo|r|lo|lm
o|r|kr|kr|<

Thisisout put of NAND gate.

g
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