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Learning Objectives

ter studying this chapter the students will be able to: o '

‘Explain the use of transistors as a switch and an amplifier.

Distinguish between intrinsic and extrinsic semiconductors.
Distinguish between P & N type substances.

Explain the concept of holes and électronics in sSemiconductors.
Explain how electrons and holes flow across a junction.

Describe a PN junction and discuss its forward and reverse biasing.

Define rectification and describe the use of diodes for half and full wave rectifications.
Distinguish PNP & NPN transistors.

Describe the operar.ans of transistors.

Deduce current equation and apply it to solve problems on transistors.
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Semiconductors are materials having an Intermedlat_o electric
conductivity between conductors and insulators. Semiconductors
are essential to the good functioning of many modern appliances
and are key products in the electronic systems.
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the applications and uses of physics.
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gn intrinsic semiconductor.

‘ bonding arrarigements may be represented by a two

»
>

4

ntiate between

3 ltrmsic and extrinsic semiconductor.

_Iy pure forrt is culied

‘A semiconductor is considered to be pure when ihére

is less Fhan one impurity atom in a bitlion host atoms.
In a silicon crystal at absolute zero temberaturc the -

dimensional model as shown.

In Feality the semi- conductor is a three dimension'al
solid and the sharing of valance electrons occurs
between nearest neighbor atoms in three dimensions.
At zero Kelvin all valance electrons are strongly
bound to their atoms and they spend most of the times

¢

Two dimensicnal representation of SiorGe s
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between neighborirg atoms.

Since a!l the vaiance electrons are engaged in covaleni bon

rnls
SJas

There wili be no free elcviivis i such ds

So semi-conductor a: zere Kelvin does 1ot condict 2

Intrinsic semiconductors ot ronns iinpsialuly:

»

At highsr tempeiature, the thermzl energy Couges sach
Wiicn the vibraiion become violent, some G the
bond. The zlectrous libernted from Logds beconie fre
spaces that exist in ihc atoms 2l fixed positions.
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The number of clectrons excited to the conduction b
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about its mean position.

, and break away covalent .

excited from valance band

and depends on the amount of thermal energy received by the
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» When a covalent bond breaks in valance band and electro
ce band and ¢

in the valance band. The electron in the valan . : :
vacant level with in respective bands.If an electric field is applied cu

temperature.

Energy band gap: ”
It is the minimum amount of energy required to excite an clectron from valance band to conduction band.

Jt is characteristic of a particular material.

Note: e o e
The motion of valance electron in the valance band is customarily described in term of fictitious particle Calleg
hole which has positive charge +¢ and its mass is equal to the mass of electron.

Iptrinsic carriers: ‘ | *®.
Inpure semiconductors, a single event of bond breaking leads to two carriers, namely an ¢ cctr:)hn and a hole,
electron and hole are created as a pair and the phenomenon is called electron-hole pair generation. The thermal generagjy,
is one possible mechanism for pair generation. , ;
nerated will be thérefore equal to the number of holes generateg

° At any temperature T, the number of electrons ge : 1
If N denotes the number density of electrons in the conduction band and P the number density of holes in g,

valence band, then,
N=P=N, _ N
Where, N; is called the intrinsic density of intrinsic concentration. .
After the generation, the carricrs move independently,. The electron moves in the conduction band and the hole

moves in the valence bond. -
We can also define a semiconductor as intrinsic semiconductor in which free electrons and holes are created only

by excitation of electrons from the valence band to the conduction band.
The energy band structure of a semiconductor is characterized by a valence band and a conduction band separated

by the band gap E, as shown in the fig 17.3:

Ar E 4
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Sl PR T : LT G AN
Bandgap energy E ISB (b)
gap gy Eg (b) electron jumping from valence band to conduction band

The electrons complclcly occup the valence b i cti . A he states in th
y and lcavmg the condu tion band v Sa es i
g acant,
valence band. Electrons in the valcnce bBNd do not poOsSseEss cnough cnergy to_jump into the conduction‘l: d Tt'h:rlclor:
and. )

an externally applied electric field cann
E ot cause a - ~
insilgtor flow of current and the semiconductor nearly at 0% behaves as &0

An additi impurity i intri
ition of impurity into an intrinsic semiconductor is called do

Pentaval . ) '
alent elements from Group V or trivalent elements from group III ping. The impurity added is called a dopan®

are used as dopants. The atoms belonging ¥
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.z (WO gTOUPS Arc nearly of the same size as silj . . .
th:n © of the host atoms in the semiconductor c‘“ silicon or germanium atoms and easily substitutc themselves in place of

?:[hc ?ginal crystal structure. rystal.-Thus, they are substitution impurities and do not cause any distortion

'Exmmic emiconductor:
E2=""A semicond eattn e ,
?ws;mt;i: Oufc:?(:r?:gzd xw‘t.h a impurity atoms is called an extrinsic semiconductor.
miconductors, namely N- type and P-type semiconductors are produced depending upon

(he gOUP of impurity atom.

ﬁ"ulﬂaronﬂatp between N-type and P-type extrinsic semiconductor.

N:Type Semicondiicto :

» AnN-type semiconductor is produces when a pure semiconductor is doped with a pentavalent impurity.

p Phosphorous ,antimony and arsenic are the dopants normally used. ;

p Supposca phosphorous atom is doped with a silicon atom in the crystal. Phosphorous atom has five valence electrons.
Out of the five electrons, only four can participate in the bonding, since these are only four bonds are shown in the fig

the fifth clectron does not form a bond and remain loosely bound to the atom.
$ ou
! o—- Unbonded ‘free
@ elactron donated
[ emees by pentavalent

RN
_____ @ EE

i‘ : i ‘ b4 (+5 valency) atom {
v_...—;: ,.:-;..,..- .._.-r o ’
'---c..' ’l-----oﬂ" ! ——¢- ‘.--‘0-- e
OO .

i

-Electron

(a) s

Doping of semiconductors

> The impurity atoms which contribute electrons to the conduction band are called donor atoms.
They produce electrons without producing holes in the valence band.
At very low temperature, the donor atoms are not ionized and the conduction band is empty.
At slightly increased temperatures, the donor electrons populate the conduction band. -
At ordinary temperatures, somec electrons from the valence band are also excited into the conduction band
through the intrinsic process. :
The holes in the valence band are smaller ar ordinary temperatures. .
> The electrons which are in majority are cailed majority carriers whereas the holes are called minority carriers,
.since they are very small in number.
b As the current is mainly carried by electrons which are negative charge carriers, the semiconductor is called an N-
type extrinsic semiconductor, where N indicates the negative sign of the majority carrier.

o The net charge of N-type extrinsic semiconductor Is zero.

P-Type Semiconducto i

'

H i Ly
> The semiconductor which Is formed by adding trivalent **“”‘"" """"" ‘-""" )
Impurilty to a pure semiconductor is called P-type | " ’,-' i
H } i
S R
1' [ ﬁ {

’ Acceplor core

semiconductor. i i y

» An atom belonging to third group (Trivaleng)such as |~ '--~- S o e
aluminium (Al) , boron (B), gallium (Ga) or Indium has | -+ r=——e7 ,Q-«.;:

three valance electrons.

I~ Hole

0
Q00

OO
OIQ ®

» When a trivalent impurity. atom is added with a |~ '“'“"': o
silicon atom, it falls short of one electron for ’;! - ""‘;'“ ‘‘‘‘ .
completing the four covalent bonds with its I P : !
neighbors as shown. ‘ (a) ‘ 2

Semiconduct~rs doping

-
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sturb the peutrs:

a boron atom docs nct di

> The substitution of & hest silicon atom with, say,
ring atom 2cqui

oy
" r d ner ZN¢
boron atom. However, when an clectron from a neighbo e cacily

leaves behind a hole. - jon
- ion..
o The boron atom having acquired an additional electron becomes & "_egat_wfni mobile.
The hole can move freely in the valence band whereas the impurity 107 'skl_nown a8 acceptor atoms.

)

e  The impurity atoms which accept clectrons from the valence band 8 cneration ©

o The acceptor impurity atoms produce holes without the Si"_“ﬂmneous g
conduction band. : ‘

e At ordinary temperatures, holes ar produced due to intrins
band to conduction band. - . th semiconductor
The result is that no of holes becomes greater than no of electrons n ) v carriers in
Therefore, holes are the majority carriers and clectrons are minority

As positively charged carriers ar mainly contributing 10 the cOm = . n 0
Lt ve sl
known as a P-type extrinsic semiconductor where P signifies positl gn

ic process also, by promonng

- | ' | unit 17 [Electronjg,
. environment around

jumps to me? & bord-h

f the "electrons, in'lhe

electrons from valeng,

]

©  The net cherge of P-type extrinsic semiconductor is zero- -
a
Q.3 What Is P-n Junction? Discuss Forward blas and reverse

in Dotail?

ERAGHEN
on is grown in such a way that

If the crystal of gefmaniim oF silic is doped R
it's one half is doped with rivalent imparity and the other helf P gﬂoenttaalg Depletion

with pentavalent impurity, p-nt junction Is formed.
Explanation: '

ey

layer

(2)

vacancies in p-region;

e At the junction, electrons from N-type fill the . »
thus negative and positive ions are formed. 5 I > I 0

ectric field directed from N- to P- type region.

° These ions create an el
and holes and meaintains the

° It stops further diffusion of electrons

(b)
PN junction

separation of charge carriers.

o The junction region is now free of mobile charges and it is called :

depletion region or layer.

e The width of depletion layer depends upon carrier concentration. Thus 2
notential wall or barrier is formed at the junction. : —Hoovgok—
e  The symhol of PN junction (diode) is shown in fig. ‘ e 9900 It
Forward biased PN junction: ' 9800
When P-type region is connected with positive potential with respect to _ 4—E |

N-type region anq the potential drop is increased slowly, the junction barrier

height decreases. ‘ -
| At one point, called as knee voltage, majority charge carriers cross 'thc 9
/" junction and the current flows, as shown in fi is i
; . s g. this is called forward b
- current is called forward current. 'Ias ndthe Ve
Reverse biaged PN junction: —/
If P-type region is made negati i |
gative with respect to N-type, no majori o)
. » . ) ’ a 0 . ‘ |
charge carries cross the junction and hence there is no current ' oy Pyl ncnonpersnee bjLﬂL

A small amount of
current flow P -
s due to minority charge carriers, this biasing is called the reverse bias and the

current is called as reverse current,

The i “ordér of
reverse current is generdlly of the order of few microamperes

”

i
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- .
| Characteristics of PN Junction

Knee voltage:

yoltage. It is also called as cut-in

WN =

(b)

P=N junction diode under foMard
bias current.

(b)
P-N junction diode under reverse
bias current.

L4

gh the PN junction starts increasing rapidly is known as knee
—voltage or threshold voltage.

The VI characteristics of PN junction are shown in fig. The knee voltage is 0.3V for germanium and 0.7V for silicon.
From the VI characteristics, we sec that the forward current increases rapidly beyond the knee voltage. There exists a
maximum current limit for junction, which is decided by the power ratio of the junction. Beyond that, the junction Is

destroyed.

~~\Voltmeter (V)
&

N 1 (mA)
oy )
" M =
illiammeter ]
(mA). 100
< Switch 80
AL (a) 60 —
40 —
{\ﬂmeler (V) S0
100 80 60 40 20
TR N N N | | 1 [ 1,
Bt VA 0204060810
P n - N 10 —
: . |
Microammeter 20
i (nA) 30 -
___‘ﬁl\— ISwnch L(uA) *
= s
(b) (©)

V(V)

Experimental circuit arrangement for studying 'V-I characteristics of a p-n junction
diode (a) In forward bias, (b) in reverse bias.(c) Typical V-l characteristics of a silicon diode.

Reverse saturation current:

) l:‘or adiode in revere bias diode the current is very small (uA) and is called reverse saturation current. It flows due
1o minority carriers. It increases with a increase in temperature.

Zener effect:

| In reverse bias, .if voltage is increased, due to available energy, covalent bonds break and large number of
Clectrons are released. This cause a sudden increase in current. This is called as zener effect. :

2
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t: . . : ‘ ‘

Avalanche o ' inori iers attain high velocity and
< is increased further, minority charge carr :

. rcr‘;lcrsgv:;::tlionds and the current increascs. This 15 called as avalanche effect. Using these effects, zene,

—

clectrons fro
diodes are formed.

-6.14 pifferentiate be

d Avalanche Breakdown:

ons increases
Jectrons. These

: . s —
and they move at a high velocity,
free clectrons, in tum, give rise
he breakdown occurs When 5

tween Zener Breakdown an

erse biased, the kinctic energy of the electr
d give rise 10 free e

—A:s. When the diode is rev
The high-velocity clectrons collide with other atoms an
erse saturation current. This is known as zencr breakdown. The avalanc \
the applied reverse voltage, the electric field across the
d frees them from covalent bonds,

high reverse voltage is applied across the diode. As we incrcase
his electric field exerts 8 force on the electrons a! !
the junctlon"and colli

junction increascs. T

These free clectrons start moving with High velocity across
ults in the rapid increasc of net current. Both these breakdowns occu
Zener Breakdown Avalanche Breakdown .. <ol
n which the electrons move across the ~The process of applying high Yoltagc - and
lence band of p-type material to the increasing the free electrons or electric current in
|is known as zener semiconductors and insulating materials 1s called
an avalanche breakdown. :
d in zener diodes having a zener This is observed in zener diode hav

breakdown voltage Vz greater than § volts.

e The valence electrons are pushed to conduction due
to the energy imparted by accelerated electrons,

to a high value of rev
at the junction an

de the other atom
r in Zener diodes.

s creating more free

electrons. This res

The process i
barricr from the va
conduction band of n-type materia

breakdown.

e This is observe
breakdown voltage Vzof 510 8 volts.

~ons are pulled into conduction due

ing a zener

e The valence «

:(:gi[::_ high . tric field In the narrow depletion which gains its velocity due 1o its collision with
- other atoms.

e The increase in temperature decreases the breakdown | e  The increase in temperature increases the
voltage. breakdown voltage.

w The VI characteristics of a zener breakdown has a | e The VI -characteristic curve of the avalanche
sharp curve. - breakdown is - .. as sharp as the zener breakdown.

w It occurs in diodes that are highly doped. s It occurs ia diodes that are lightly doped.

Drift of Minority Carrie -
field across the junction prevents the diffusion of majority carricrs. However, the electric

It is seen that the electric
ficld has the right dlrecflon to promote the flow of minority carriers across the junction. Electrons arriving at the junction
from the bulk o.f P-region are assisted by the electric field to move into N-region. Similarly, holes in the N-region are
helped to move into P-region. As a consequence, an electric current flows across the junction.

As the current is caused by an electric field it is a drift current. The net drift current through the junction is due to

clectron and hole which is given by.

Tainy=Ie + Iy
" The minority carriers are generated through breaking of covalent bonds.
Q.5 Whatis rectification? Discuss the Working of Different types of Rectifier Circuits? T
g
Some electronic devices like electronically tune radio and TV receivers require DC for their operation. The DC
C supply is generated

supplies like cells, batteries etc. are expensive, low power, and short-lived. Therefore generally a D

using an A.C. supply.
The conversion 0 i i . . )
sy % f AC into DC is called the rectification and a device used for rectification is called the rectifier
iodes provide i - s ~ '
P compact, inexpensive means of rectification therefore it can be used as a rectifier. As W have
. As we

seen, when diode is forward biased it allows the cu
S = . rrent to pass and in i

be used as unidirectional dev : ‘ 1 1n reverse bas it (almost) sto it can

ice (or rectifier). For most power applications, half-waw(: rt:ctiﬁz:atiolzS |tsh ?nc;:rf;;;tén?;‘zrs :;scka

If we need to rcétify AC power to obtai
' tain full use of i : i
configuration must be used. Such circuit is called full-wave rectifli);-lh halficyeles, of sing wave, iffefent rectifer cifetl

CamScanner
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>

Voitage across R, Voitage at A

[OUTPUT VOLTAGE |

"\ AN
(b)

[
| (a) HJ"'\NBVG rectifier circuit.
{ (b) input ac voltag» and output voltage waveforms from the rectifier clrcuil.
> The circut which ¢
sircunl
A half wave rectifier circuit is shown in figure. This circuit uses a transformer to couple the A.C input voltage
f-om the source to lh; rectifier because it can step up or step down the source voltage when needed and also becausc AC
worce 18 electneally isolated from the rectifier thus preventing a shock hazard in the secondary circuit. The voltage across
e secondary of transformer 1s represented as

—
onverts half of the alternating current cycle into direct current is called as hall wave rectificr

V=V_sinax

Where 17 is the peak value of altemating voltage.
Dering the pasitive half evele (0 ——T / 2), of the input A.C signal, the diode is forward biased. So it offers low
resisaance and current flows through it
Dering the negative half evele( T/ 2 ——T), of the input A.C signal, the diode is reverse biased. So it offers very high
urrent flow through R.
process continues for next half cycles and so on for an a. ¢ input. However the current flows in one
irect current, which has pulses. The final output is called pulsating D.C.

PIV=V_
ull-wave rectifie oo
S - . . en a

The circuit which converts'both the half cycles of input Tmnsfom,sr
AC signal in to the D.C signal i1s ealled full-wave rectifier S H Diode 1(D,)

Explanation: : %

A full wave rectifier circuit having a transformer with | e
tenizrtapped secondary winding and two diodes in altemate | ¢ Output
saitching modeds shown in fig. £ -

A full 'wave rectifier allows unidirectional (one way) (a) A full-wave rectifier circuit

“ument through the load during the entire cycle of the input cycle, ‘
“herezs a half wave rectifier allows current through the load during one half of the cycle. The diodes D, and D; operate in
3 - 1

dlzmate switching mode.

For the first half of input A,C cycle: : ’ TR

For the first half cycle point, A becomes positive with respect to B and B becomes positive with respect to C.

th S, H . . . . .
" %.Dyis forward and D, is reverse biased. The current through load is only due to D, while current due to D, is zero.
=07 the second half of input A.C cycle:

For the second half cycle, point C becomes positive with respects to B and B becomes positive with respect to A.

=
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| 4

N and D, is reverse b nd for the sccond B

. i -ard biased O
Now D, is forwa he current is due to Dy

For the first half of the cycle. t
full wave is rectified.

The current flows due to D.
alf cycle, the current is due to D, i

of transformer with center-tapped secondary “’i"-ding

Disadvantage: . - on js necessity
One disadvantage of this full-waW

Dueto i Dueto ;éDueto gEDueto
. D,/ ixD,

—_—

<

¥ 3

<

Z t

=

=4

(2]

&

3]

>

et

= £ A
S
o :
ol Z) D, i D
> W 2 2

Q. > 0 )
= =

- =5

o 2

E t 5

K=, O

)

>

=

s

(b)

o the diode D, at A and to the diode D, at B;

(c)

the full-wave rectifier circuit.

b) input wave forms giver: t .
((c)) Output waveform across the load RL connected in
MCQ's From Past Board Papers
1. At OK semi conductors are . ] _
{A) Conductors (B) Insulators . (C) Perfect conductors (D) Perfect insulators
2. In forward biasing, the value of resistance is
(4) Large (B) Very large (C) Small (D) Very small
3, For rectification we use
(4) Transformer (B) Dicde ' (C) Choke (D) Generator
Reverse current flows due to
(A) Majority charge carriers  (B) Minority charge carriers < (C) Electrons (D) Holes
The photodiodes are used for: 7
(A) Security system (B) Counling system. (C) Automatic door system (D) All of above
The potential barrier of Ge is
(A)08V (8)0.7V (C) 0.5V (D) 0.3V
M is the electrical symbols for:
(A) Diode (B) Photodiode (C) photocell (D) LED
Conversion of A.C. into D.C. is called:
(A) Modulation (B) Amplification (C) Oscillation (D) Rectification
A potential barrier of 0.7 volt exist across p—n junction made from: )
(A) Silicon (B) Germanium (C) Indium (D) Gallium
When a P-N junction is reverse biased, the depletion region is:
(A) Wider _ (B) Narrovs (C) Normal . (D) No change
Universal gate is the gate which can perform the function of: ’
(A) buffer gate (B) any logic gate (O) any basic gate D &l
‘ any excl
The number of terminal in a semiconductor diode are: . (Riimny exlise gats
(A)2 (B)3 - (C)4 (D) 5
A light emitting diode (LED) emits light only when:
(A) Reverse biased (B) Forward biased (C) Unbiased D
None of th
Which factor does not affect the conductivity of PN—junction diode: i i
(A) Doping (B) Temperature (C) Volta v
. boe . ge D) Pressure
Lught‘ gmlmng diodes (LED) are made from semi-conductors: . =
(A) Silicon : (B) Germanium (C) Carbon (D) Gallium arsenide J
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m‘—";““‘ put of full wave rectifier can be made smooth by using circult called:
4 ‘;"' ¥ ter (B) Amplifier (C) Resistor o T )
gpecially designed p.n. junction used as indicator in electronic circuits is: S S
£ D . (B) Solar cell (C) Photo voltaic cel '
§ e ’ ﬂ::::ﬂir?:iz?tlo? d°P°g with a pentavalent element, it becomes IFHRREISESeS
2 \:‘P:; ‘#’:ﬂ :onmc;n n;‘ be useé .)::"YDC semiconductor (C) intrinsic semiconductor (D)' only semiconductor
® (A Rectifier - (B) Amplfier (C) Detector (D) LED
A diode characteristic curve is plotted between :
¥ {a) Current and time (B) Voltage and time
(C) Voltage and current (D) Forward voltage and reverse votage
The ratio of potential barriers of Ge to Si at room temparature is :
w3 . _ ®1:3 ©)2:5 0)3:7
.. Infull wave bridge rectifier the number of diodes required are equal to
A3 _ (B) 4 (C)5 (D)1
,,  Thecolour of light emitted by a LED depends on
© (A tts forward biasing (" the type of semi conductor material used
(C) the amount of forward current (D, «is reverse biasing
" Depletion region carries
i (A) -Ve charge (B) +Ve charge (C) lons (D) No charge
- Light emitting diodes (LED) are made from semi<conductors:
© {A) Sikcon (B) Germanium (C) Carbon (D) Gallium arsenide
% In photovoltaic cell, current is directly proportional to:
(4) wavelength of ight (B) intensity of light (C) frequency of light (D) energy
;7. Inp-type substances, the minority carries are:
(&) Electrons (B) Protons (C) Holes (D) Neutrons
3 Greater concentration of impurity is added in:
‘ (A) Base (B) Emitter (C) Collector (D) LED
|28 which one can be used as temperature sensor in electric circuit?
; (&) Capacitor (B) Diode (C) LDR (D) Thermistor
|38 The barrier potential of Silicon Diode at room temperature is:
i (R)03V (B)0.7V (@Y IV (0)7V
1 Reverse current flows due to
' (A) Majority charge carnes (B) Minority charge carners (C)electrons (D) heles
!!2. During negative half cycle of A.C then p — n Junction offers.
l (£) High resistance (B) Low resistance (€)' Mo resistance (D) All of these
|3 The pulsating output voltage of a rectifier can be made smooth by using a circuit known as: _
f (k) Capacitor and inductor (B) Inductor (C) Filter (D) Resistor
[ A photodiode can turn its current ON and OFF in:
{A) Micro seconds (B) Mega second (C) Nano seconds (D) Muili seconds
EH ACis converted into D.C by
(A)capacitor (B)inductor (C)transistor (D) diode
% Which diode works at reverse biasing?
A (A) LED (B8) Photovoltaic cell (C) Photodiode (D) Siticon diode
a Photodiode detects
(A) Visible light (B) infra-red ight (C) ultraviolet ight (D) all of them
% Photodiode js used for detection of
___(A) Heat (B) Magnet (C) Current (D) Light
2.D J.B 4. B 5.0 6. D 7. D 8. D 9. A 10. A 11.C 12. A
14.D 15.D 16. A 17.A 18.B 19.8 20.C 21.D 22.B 2.8 24.C
26.B 27. A 28.B 29.0 30.8B 3.8 32.A 33.C 34.C 35.0 36.C

38.D

uhat is a Transistor? Discuss its Construction and Different Types?

A transistor consists of two back to back pn-junctions made in a signal piece of semi- conductor crystal.

The word transistor is short form of transference of signal across a resistor.
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Types of modern transistor:

Modem transistor are of two types. e harge carriers. (BJT)
: . ity and minority) charg ]
1. Bipolar: whose function depends upon both (majority i e. field effect transistor. (FET)

2. Unipolar: whose function depends upon majority charge carrier's !

Bipolar junction Transistor. (BJTs) .

| There are two BJTs transistors:
(D p-n-p transistor

(1) p-n-p transistor: ) e
' : = stances, then de rmed is
When n-type substance (Si or Ge) is sandwiched between two p-type su %).

: . . . - i resentation.
n-p transistor, Its electronic symbolic shown in figure with symbolic rep

2) n-p-n transistor

{2) n-p-n transistor: . ' _ Ubstances, then device formed is called 5.
When a p-type substance is sandwiched between two n-type S s
transistor. Its electronic symbol is shown in figure —
Parts (or-regions) of Transistor: Emitter Coliecs,,
The main parts of transistor are:’ Emitier Base Cechn i -
(i) Emitter (i) Base . (iii) Collector ] 23708 o %J :.
(i) Emitter: : 3 e f
. The emitter has greater concentration of impurity . 5
atoms as compared to collector, so it has more charge B (i) *Base :
carriers than collector. _ : N (a)
. The arrow on emitter terminal shows the direcfion of Efiitter Base’ Collector
conventional current. (Outward for NPN and inward
for PNP) . L |
. Emitter is smaller in size as compared to collector. O—ﬂ L PNCRE A
(ii) Base: — ’
o The central region is known as base. Usually, the base B
. . -6 (i)
is very thin of the order of 10™°m. ) (b)
® It has least concentration of impurity as compared to ) (a) N-P-N transistor and P-N-P transistor, and
emitter and collector. ~ (b) Symbols for N-P-N and P-N-P transistors.
. It controls the flow of electron from emitter to
collector.

(iii) Collector:

. The collector collects majority charge carriers through base.
. The collector has less concentration of impurity as compared to emitter.
. The collector is comparatively larger in size than the emitter because it has to dissipate much heat energy.
Working of a Transistor: ’ -
> Emitter-base junction is forward biased by Vi

> While base-collector junction is reversed biased by V..
» For normal operation V_, is greater than Vs

> After the application of the biasing voltage, emitter base junction is forward biased .
P Soemitter injects the large number of electrons in the base region.

> The electrons in the base can follow two paths
P They can either flow out of base to positive terminal of V| or they can be attracted towards the collector due to V

> Since the base is extremely thin, very few electrons manage to recombine with holes and escape out of the base
P> The most all of free electrons injected from emitter into base are attracted into collector by large positive V_.
[=

P> So an electronic current I’E flow from emitter to base, a very-small current of it I, flows out of the base and current

CamScanner
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¥
m out of the collector.

¢ : :
The direction of conventionga) current
; ent 1 i y
' crefore current equation . S Opposite to the flow of electron,

bjective) 283

)

1
In most cases NPN transistors ara r |
; efe ili
and therefore the operation jg faste‘: rred because mOblllty of electrons is three times more than that of holes

m&, the different types of t
configurations

One electrode is always common 1o both input
od output 1 transistor circuits so there are three typu
ofconﬁ guration of a transistor circuit, pes

c}nﬂ,gnrbase configuration:

he Configurations of transistor.

When a l.)ase. is common to both input and
output  circuits, it is a common base
configuration. Figure shows the circuit diagram
and input and output characteristics of CB
configuration.

Input characteristics:

The variation in the emitter current (Ig) with

respect to change in the base- to-emitter voltage

(Vge) at the constant collector-to-base voltage

(Ves) is input characteristics.

Output characteristics:

The variation in the collector current (Ic) with

change in the collector-to-base voltage (V¢p) at
_ the constant emitter current (Ig) is output

characteristics. The output characteristics have )

three regions of operation, namely, active, cut~ | ;" (™)

Transistors in CB mode: (a) circuit

Saturation Region
(transistor fully ON)

: =0
/ off and saturation. v
. . LC
Active region: R
When the base-emitter junction -is forward 60
biased and the collector-base junction is

reversing biased, it is active region. 50
Cutoff region: .

When both, collector-base and  b=«. emitter
junctions are reverse biased it is cutoff region. 30
The output current is zero in this case.

Q-point

40 (active region)

Cut-off Region
(transistor fully OFF)

Saturation region: _ 20
When both the junctions are forward biased, it is 10
saturation region. Figure shows these regions. =0
Alpha factor: 0 14 2 3 4 5 6 | VYal(V)
The ratio of Ic and I is called as alpha factor. It Va =1 Whenl. =0
is an amplification factor. : . Va®=Vy
since I = I, a = 1. Therefore, Transistors in CB mode: (b) output characteristics.
I
-
A gaic =
£
Aid Al
n adynlmlc o
Al
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Neomm ———dUration; hile base-collector junction i
) onem : T S ard based whi
rc’\'ersc biascd Her configuratiop the base cmitter junction is forwa

g ShO\\'S cire

In uit diagram, input and output characteristics, rcspcctlYCIY'.
= put c!m\-actcrislics: '
he Variation i, b

| - ~to-em;
. ) at constant collector Mitye,
ase current (I,) with change in basc-to-emitter voltage (Vi)
v - i

Oltage (Vee) are Input ch

aracteristics. : . :
Out- ut Chai"a(‘t(‘ristics: :mitter voltage (Vce) at constant base currey, (I
Variation in ¢ to-em _

ollector current (Ic) with change in collector-
are outpyy characteristjes.

A cteristics.
1€ shows active, cut-off and saturation region of output chara
Beta Factor: ’

¢ r.
: is called as beta facto
€ ratip of collector current I and base current 1 is calle _

C ~ Unit17 [Electrw
0 ' ‘
""’nIOn EMitte confj W

I
Thal iS‘ B static =—C
Iy
_ Al
/\nd ﬂ dynamic — AI”

i ent
The beta factor is called as current gain ?r cursl;) oo
amplification factor. Generally it ranges from
We can write,

p= II—C ' L
H]C (i) Circuit arrangement for CE configuratic
S
p= —dclle
1_I('/I/,‘
a
p= [~ 4

i i ion factor.
Alpha factor: The ratio of Ic and Ig is called as alpha factor. It is an amplification fac
P Since Ic= Ig, a = 1. Therefore,

I
Ll
Qstatic = [E (] 73)
AL
and Qldynamic Alg
I/nA <Et ’
1 <10 {Base current (/)|
‘ < |- 604A
100 — Ve =100V E 8 50,/A
80 — E6 40
50 G 304
n s 4 20,]A
40 — 32 — TOHA
A Ie) :
20 — , O ~ L |
| | [ | Vv 0 2 4 6 8 10 12 14 16'
(a) 0204060810 , * (b) Callector to emitter voltage (V) in volts
Transistor in CE mode: (i) circuit (a) input characteristics (b) output characteristics.
3 \ -
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2~ How can we Use a Transis )

78 tor as an Am

as an amplifie eer?

Traf‘slstor as an amplifier: |
A transistor can be characterizeq as a

, S
It has many applications for amplific

The arrangement of common emijtte

fig.

In above figure the input volta (3

e A i g Soilice Eppappears across base and

and emitter. Le. the emitter tCrmin:la':s a}clross the collector -
and output. I shared by the input (a) A simple clrcult of a CE-transiistor amplifier.

285

current nmpliﬁ’er,
ation and switching,
r amplifier is shown in

An increase in voltage or ¢ : i
g urrent level is called as amplifications. The transistor can be used as amplifier.

A small change in input g
If B is 100 then the Ehar(\wc)l!agc or current) produces large change in output (voltage or current). .
] 8¢ in collector current is 100 times the change in base current. The small change in base

current produces large change in collector current
Input Signal . | Output Signal
utpu na
i - put Sig .
,  Thus transistor acts as an amplificr. The energy required for amplification is taken from the power supply. In most
of the cases, CE mode is preferred because its current and voltage gains are high and power gain is the highest |
+ At the input, the emitter junction is forward biased therefore input resistance is small and the ouiput, the cqllector
junction is reverse biased therefore output resistance is high. The current is transferred from low-to-high resistance
circuit. ‘ —

Eﬁ How can we Use a Transistor as a Switch?

Transistor as a switch ‘ ' _
Transistor is used in a great variety of circuits. Transistors switches form the basis of all electronic computers.

No signal to Center of transistor

S

‘:-; -".-3' Transistor Switched On

5 Volt %
Clock Signal |-=3%

5 Volt
Clock Signal il || Transistor Switched Off
(b)
Transistor on off switch
_Ic
As [3_ Iy

With the switch.closed, base current flow c?using collector to flow. The output voltage is Vce= 0 V fig. 1‘7.18(:3)
the battery voltage is dropped across the load causing the collector voltage to fall to a very low value. The trensistor is
' base current flow, therefore no collector current can flow. The transistor is

s2id to be gaturated. With a switch open no _ '
said o be eytoff. Vg = + V (fig 17.18 (B)) these two states are described as 0 and 1, or low and high.: g
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vcQ’s From Past Board aers
1. The usc of LDR is in the circu;ita;):'(.)gic iib

D) oscillator .

Cine 4 l:lectrqn!}'*’ﬁj

(C) rectifier
A) night swilch : £
2, '(rh)e s ze of base In 3 transisto(;al)lio - (©) 107°m (D) 107°m .
A) 100 ] ) . :
g .(’;w ratlo 3 In transistor 1 c;‘"(cat;‘vmlage gain (C) Nuclear gain — (D) Emitter gain
o (A) Current gamn , = 0 ohm, then gain of amplifier 1s: finit
4, For non-inverting amplifier if ?é)ﬂzgooflm and Rz (C) +1 (D)’ Infinite
(A) =1 .
5, Transistors are made from: (2 Nietals (C) Conductors (D)Dopped semiconductorg
(A) Plaslics
s ds for: istance (D) Transfer of charge
6 (T/P)c'rtr;rr::!gr:c; 3:&'&“" ’ (B) Transfer of voltage .(C) Transfer of resistan , )
% An expression for current gain of the transistor is given by: ) p _k
=it BB =ln+le (€)p=lc=ls la
8. :;Sog?i’;tml region of a tranals(grEi:nti:;‘:lred: (C) Coliector (D) Neutral
9. Which dne has greater concentration of impurity: () Collector (D) Whole transistor
(A) Emitter (B) Base i iqnal voltage and output signal voltage is;
10. In 2 common emitter amplifier, the phase difference between the IHPUF8 gn g (Federal 2011)
n ;
= (8) = (©0 ) I
) : ‘ edera
11. The commeon emitter current amplification factor § js given by.l i 2011)
(A ®) | (C)3; O,
12. The ratio ﬂt(ansislcr'ln called: ' ) : \
(A) Current gain (B) Voltage gain (C) Nuclear gain l (D) Emitter gain
13 The gain of non inverting op .Amp of «xternal reslatances ki = 10k(x, R, = 100k la
AT (8) 10 (C) 1 (D) =10
14. The gain of Amplifier is glven as: a R
‘ /R XC) (D)1 +R:
(A) ~PRc/ta (B) Bra / Rc Ry : Ry
15. The width of central region of a trangistor ls: _ s
(A) 10-*m ' (8)10°*m ()10~ m (0) 10°m
16. Sl unit of current gain ls: ' ) ) )
(A) ampere ' (B) volt (C) coulomb (D) no unit
17. The gain of transistor amplifier depende upon ] ‘ D2
(A) Resislance connected with colieclor 585 Zuaxstanc? connocted at base )
(C) Input voltage v (D) Gu’pul voliage
18. For normal operation of a transistor, the £~8 Junctlon s alwayas,
(A) Forward biased (B) Reverge biaged (C) Not biased (D) No effect of biasing
1.A |20 |3A |4acCc 5D |[6C {7.D |8 A |9A [10.B [11.D [12.A
13.D i4. A 156. B 16.D 17. A 16. A
25.0 |25.B |27.A, [28.B |28.D {30.B

Q.10 What is digital electronic?

e e M e

=

igital.Electroniés :

» Digital caletlators, watches, modem communication systems and computers_are
widcly used ineveryday life.

¥ All persons working in various fields related to electronics must understand the
performance of Digital Electronics Circuits. , '

»  All sizes of computers. as we know, perform complicated task with fantastic
speed and accuracy.

B Atstores, the cash register read out digital display.

> Digital clock and watches flash the time in ail city shops and restaurants.

> Most automobiles use microprocessors to control engine functions.

- Alrcraft’s defense sectors, factory machines and modern diagnostic in medical

science are controlled by digital circuits.
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e of integrated circuits in dj ital electronics:
The inexpensive fabrication of ; = | l
. of t ircui
S (e leingiom thohsa'::;lq‘a;ed cnrc‘uxts (ICs) has made the subject digiml clectronics casy to study. One
Cirwits' - exciting and‘ iy gr(;wTranslstors Diodes and Resistors. Many ICs are used to construct Digital
Communicaﬁon it i R etcmg field, which uses several principles for the working of computers,
pigital Systems and Digital Eircuits; :
Any device working under Digital Techniau
ake them operational is called Digital Circuits

1 What are optoelectronic j i |
a g onetior Diodes? Junction devices. Discuss the Different Types of Especlallyf Designed

optoelectronic junction'devices
In semiconductor diodes carriers a ’ : S .

toelectronic devices. Three co;ﬁfgg;ﬁ:ssezr‘;uffl";ra;Ed by photons (photo-excitation). All such devices

(i) Photodiodes " " IGCSIAIE .

(ii) Light emitting diodes (LED)

iii) Photovoltaic
il Photo Diode
. A photodiode is a P-N junction diode, operated under reverse
bias. When the photodiode is illuminated with light energy (hv) greater
than the energy gap (Eg) of the.semiconductor, then electron hole pairs
are generated due to the absorption of photons. The diode is fabricated
cuch that the generation of electrons holes pairs takes place in or near
the dqpletion region of the diode. Due to electric field of the junction, \ 1|
electrons and holes are separated before they recombine. Electrons are | An illuminated photodiod
collected on N-side and holes are collected on P-side giving rise to an
em.f, when an external load is connected, current flows. The magnitude of the ph
incident light (photo current is proportional to incident light intensity). Hence photo
optical signals.

> Detection-both visible and invisible lights.

> Logic circuits.

B Optical communication equipment.

P Security systems.

» Used in T-V to rec
i) Light emitting'diod :

It is a heavily doped P-N junction which under forward bias emits spontaneous

radiation. When the diode is forward biased, electrons are sent from N— P (where they are A

minority carriers) and holes are sent from p — N (where they are minority carriers). At the |,
junction boundary the concentration of the minority carriers increases compared to the
hen there is no biasing). On either side of the junction, _

equilibrium concentration (i.e., W _ : her .
excess minority carriers are there which recombine with majority carriers near the

junction. As a result energy is released in the form of photons. The diode is encapsulated
with a transparent cover so that the emitted light can come out (diode converts electrical ﬂm—______‘m
energy into light). LED’s have fast action, long life and endurance and fast on-off |

“switching capability.Special type of semi-conductors such as gallium arsenide and gallium
wsenide phosphide are used in LEDs. The color of light depends upon the nature of the

semiconductor, '

uses; ‘ : ;
Remote controls, ' .
Burglar alarm systems,

Optical communication

Display system

Used in traffic signal.

are called

o under reverse blas.

otocurrent depends on the intensity of
diode can be used for the detection of

vVVvyvyyyvy
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iii) Solar cell ates e.m.f. W

A solar cell is also 2 P-N junction which generalt
inci i the photodiode, except t
on the sam¢ principle (photovoltaic effect) as the p o, e, The e on s i applcd anl i ncti ]iue;

is kept much larger. A simple P-N junction solar cell is

falls on it, is due to the,
i tion of e-h pairs, . '
O Seeraif ; d holes. (Electrons are swept to the N-side

(ii) Separation of electrons an
(iii) The clectrons reaching the N-side are collected by the front contact

back contact.
Thus P side becomes pos!
connected as shown in fig. 2 photocurren

Uses:
1) Top

hen solar radiation falls on the P-N junction, | "

and holes to P-side) '
and holes reaching p-side are collected by t
, &

When an external loag ;
§

tive and N-side becomes negative giving rise to photo voltage.
t I, flows through the load.

ower electronic devices in satellites and space vehicle

2) Solar calculators.
3) Solar watches

“\ sunlight

negative
n-type semiconductor
p-type semiconductor

positive electrode

Cross sectlion of a solar cell
: —D
electric current

P-N Junction solar cell

1. Write any two characteristics of operational amplifier. (Fsd 2016)

Ans. High Input Resistance:
It is the resistance between (+) and (-) inputs of amplifier whose value is of the order of several mega ohms

(2MQ or more). So due to large value of R, practically no current flow i i
| > to large val b s between the tw
Note: In idcal case R, is infinite. e oo input terminals
Low Output Resistance: , 4
:t is the resistance between output terminal and the ground. It value is only a few ohms
t is low about 1002 So, op-amp can deliver i i . '
/ 2. So, practically all its output v
i Lo e N advaniage, ly put voltage to a load of 2kQ2 or more connected
Note: Ideal op-amp has zero output resistance.
Opcen Loop Gain:
It is the ratio of output voltage V, to v i i
, to voltage difference between i i ing i i
no external connection between the input and output. inverting and non-inverting inputs, when therf 8

\" Vv
So A0L=V _Ov =vo

- I:e opFn loop gain of an amplifier is very hﬁh of the order of 10°
. hat is the principle of virtual ground of operational amplifier?
(D.G.Khan 2015 Group ) (Sgd 2016 GE’_P_E

"

Ans.  Virtual ground:

When an op-amp i i
_ p is used as an inverting amplifier, i
. - - 1 i — .

inverting terminal is grounded as showngis ﬁgp er, input voltage is applied at inverting terminal while the non-

CamScanner
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g3 of ooz b R cmwe g xa
22 Of ODEmD 1B very Rich of the ordec .
» . ) Symmoiteomeror . So V.-Vt ¢ the input voltage (V ) is reduced
vaie thae ¥ may ey 2 F
=Y be assumed 1o be 2 ground, This is called virml ground. {Clearly, i is =¥ the

=2 wihik ofTa— -
S = 1 P Tl - - -
_ < URISES 50 riissance when s forward biasad

PR AL -“""“"bﬂdls;\ L.!\‘?J

/—:'—xs reverss or
/’{;;::c"mx

= . .

lezkage current in p—n junction diode?

P S T2 e 1rimeel -~
RerSs ORESSC a D on tha % Y 3 3 ) T o~ b
3B bt i WU 2 BT ztve tarmimal of the bazeny pulls the holes away mom as jun unction and
g v ] g —— - . -
<gzrve termmal atracts electrons. Ho - - - :
sostive terminal afracts electrons. However, 2 very small curent of the order of few micro amperes flows acrass
e R S .
gmction doe to flon oY charne catriar Thic . = s leak
o= e » of minority charge carrier. This current is known as reverse current or leakage Cu urrent in
= L . Y
3 RERCINOO CMOCE. -

Wwhat is meant by transistor? Name its three regions.
s Trazsistor and its different regions

= or alarferunte mmeavol o 3 = 2
IS 3B SISO NS i“‘. whil

of p-ovpe and n-t\pe substances, insuch @
tt i is used to amplify both

Forward resistance of
pn-junction - Al

Transistor current I
equation

Current gain CE: i R =Lc_
transistor il I

4 || Gain of CE-amplifier A=— A=-p—=

Voltage equation for , o
\l =I RC T\lCE
output loop

Voltage equation for V.. =LR.+V
input loop B .

Open l?op gain of an Ag = Vo 5, O
operational amplifier V.-V
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Galn of an inverting
amp”ﬂer

Gain of an non-
inverting amplifier

-EJR Gate

ln | NOT Gate

[ AND Gate L

thR Gate

3=

oo |

/ 15 ’ XNOR Gate
UNITS
[L Forward or reversed resistance ohm Pa
Voltage gain Nounit
L3 Current gain No unit
CONSTANTS
’ 1 ’ Current gain (B) 30-500 Pa
2 | Open loop gain of an operational s
amplifier ~ 10

CamScanner
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The intrinsic semiconductors have o i
, trins ' o . % . ol s
mpurity s 2dded 1o sompors conductivity which is of little interest. But, when a small amount of

semiconductor. : ctor crystal then it greatly increases the conductivity of the intrinsic

An N-type semiconductor is obtaine
and aluminum.

d by doping an intrinsic semiconductor with trivaient elements such as boron

» PN junction has special properties such as rectification.

s Thenetdrift current through the junction is due to electron a.. . hole.

o The conversion of AC into DC is called the rectification and a device used for rectification is called the rotifer.

& In “a"S‘S‘OT,_thre are two PN junctions, which form either PNP or NPN transistor.
An increase in voltage or current level is called amplification. The transistor can be used as an ampli

i ol B el e e e b - .
. 9w

ﬁer.

-

Example 17.1:

A transistor is connected in a CE configuration. The collector supply voltage is 10V and the voltége drop

across 5002 connected in the collector circnit is 0.6V. If @.= 0,96, find the (2) collector-voltage (b) base current,
and (c) the emitter current. <. | . _ . _

Solution:
5
To collector current, I.= Ve =g§
R.= 50 |
=1.2mA :
(1) Collector-emitter voltage V., =V —V.=10-0.6=9.4V
I/ I 125
) a=—%orl,=-%5=——-125mA
T A T
g le=hrlcoor |

I=1,—I.=125-12=.05mA

Example 17,2;
The constant @ of a transistor is 0.95. What is would be the change in the collector current corresponding
08 change of 0.4mA in the base current in 2 common-emitter arrangement? A '

. . . ki
The current gain of transistor in common-emitter arrangement is B, which is related to its current-gain’ & in

| L . «a b 0.95 :
common-base arrangement [J=-—— by putting values f=——""_=19
4 - p I-a : ,'B 1-0.95
But, # is the ratio of change in collector current to the change in base current.
" K ‘
==C
A Al

Al, =19x0.4x10—3A =7.6mA .

° °® @ e o

or Mczﬂx
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lect the correct answe

questions:

T of the following
tatement is fruc:

Q.1 Se o
0] In an N-type silicon, which of the foﬂo.“":'gl atoms are the dopants.
iority carriers and trivalen B .
- Ellccmms ﬂfr: rr:?:xto)ii?v carriers and pemavalcnt atoms ahrc ;f;; ;’mf; j
ctrons a ) the )
((:’))50‘]05 are minority carriers and pentavalent atomsc atl;cc A
A : ivalent atoms ar :
(d) Holes are majon™ came” am'j m‘alc'f ction diode is only due to: :
(ii) The reverse saturation current in a 'Plem. (&) aceepior ‘s (oo e
(a) Majority carriers (b) minority cam(;rs N A
. o i ircuit produces: ) )
(iii) Improper biasing of a .Iransmor circuit p _ b) e ion B fHe-bifplt sxgnal
(a) heavy loading of'en;lmer CLtlrrrt::itna] (i) Gty location of load line
, v . t ( )
i (c’) cmess“c' ot ceouse:doirn digital circuit they usually operate in the:
% (“)hen.tranSI.stors o : (b) breakdown region
. a) active region ) ' '
! i ion
(c) saturation and cutoff regions . (:) linear reg
i f an NPN transistor flow:
(v) Most of the electrons In the ba'se o . . L e
(a) out of the base Tead (b) into the collector (c) into the emit (d) ase supply
vi In a transistor, collector current is controlled by: .
) - (b) base current (c) collector resistance (d) all of the above
‘ " EXPLANATION

(a) Collector voltage

ANSWER™ A
Holes are minority carriers and | Because by doping of pentavalent impurity, ead|
pentavalent ~ atoms  are the | impurity “atom “donates an electron. So electrons an|
dopants. majority charge carriers and holes are minority char|
carriers in N-type metheds.
i) | ) minority carriers Because for minority charge carrier, the battery in reverse|
baised state serve like a forward baised.
(iii) | (b) distortion in the output signal Because the path of current will not be same as we
) : required.
(iv) l (c) Saturation and cutoff regions Because in digital circuit we use only two logics; logic |
mean saturation and logic 0 means cut off.
(v) I(b) into the collector Because base region is thin and lightly dopped and alse
Vee >> Vi
(vi) [ (b) all of the:above As e =Bly
So for a given transistor collector current is controlled by

e

mean be base current for 1ts normal operatinn.

Comprehensive Questions

Write short answers of the following questions. '
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/ﬁ-;fiﬁ how PN-junction acis as :

l. as a nan-wave rectifier.
’/Sc:};mry Question No. 5

g : -
/F,,ﬁ;m the working of transistor as an amplifier?

{
/::Tiheor} Question No. 8

b é
/D’ra—W' the circuit for a half wave rectifier and fuII ‘wave rectifier.

b
/S::T'heory Question No. 5

/“c?n?are the advantages and disadvantages of full wave rectifier and half wave rectifier.
/'S?e'fheorv Question No. 5 2

/E;;uce the relation between o and B of a transistor.

/EEETheory Question No. 7

Ans:
r'r:'{piam what is meznt by the following terms. :
(a) P-type and N-type materials (b)  Doping of semiconductors
(c)  P-Njunction ‘ (dy . Forward biasing
(e)  Reverse bizsing () Minority carriers
(a) Majority carriers :
:,Ts;——See Theory Question No. 1,2, 3, 4 ' : L

g Discuss the conductive of extrinsic semlconductors and its band gap energy.

Ans:  See Theory Quc'ifilgn No. 1 .
10. Explain the forrnation of depletion region in a PN-junction.

Ans:  See Theory Questicn No. 11
1. What causes majority carriers fo flow at the moment when P-region and N-region are boought
together? VWhy does thiis flow not continue until'and the carriers have recombined?

Aus:  See Theory Question No. 3, 4
2. Discuss the carrier’'s movemant across the emitter base and collector base junctions.

Ans:  See Theory Question No. 6

13.  Whatis the effect of increasing the junction temperature of a diode on reverse 5 saturation?

Ans:  See Theory Question No. 3

14. In a transistor the emitter and ¢ollector are of the same type of semiconducting material. Yet
they cannot be interchanaing ina circuit connection. Explain. '

Ans:  See Theory Question No. 6 )

18, IEs thle frequency content of the output of a half wave rectifier and full wave rectifier the same?
xplain,

Ans- ans: - See Theory Question No. S

<._ - Describe the advantages of digital electronics.

ns: SecThcory Question No. |0

#1. | ConceptualQuestions

1, : .
IGplam the formation of depletion region in a PN-junction.

Ans_ .
If one half of the semiconductor material dopped with trivalent impurity while the other half is dopped with

[::m&valem impurity. So by diffusion of electrons from N-type to P-type region, an ionic rc:ion formed. The ionic
dcgllon contains positive and negative 1ons which are immobile charges for solids. Thle ionic region is called
pletion region whose width depends upon impurity concentration.

Depletion region have deficiency of majority charge carriers.

-

CamScanner
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o e
e—| ' P -=|+ N
-4+
- —|4 4
S s
deplaticn .
region -
- : the collector is larger
2 Explain why in a transistor (a) the base is thin lightly doped and (b) in
= i t of a transistor. Tt conty
p s b is the conrolling elemen ( -01&
ol i i transrstorlslrsr,?:ll: ?oaa;;:’:;:; };::)sllcctor, Its width is of _thc order of micron and i jg

the flow of charge carricrs from

lightly doped.

It is lightly doped so that the deplet : '
flow from emitter to the base region. So’duc 10 1
recombine with charge carriers of the base region an ‘
collector to contribute into collector current. _ -

i tor region.

The main function of the collector is to collec’ the charge carriers mh th[c .co‘ljl;,:i atedgthrouD::tht-Q
interaction of charge carriers, the collector regic heais up and all the heat Is dissip ' g .ls
region, eventuzlly leading transistor to burn out. . i
So, in order to save the transistor from over he ng and burning, the width of the collector region is
always greater than emitter and base regicns.

. ..o and resistance is small. As the charge CarTiers wij)
pletion region is th:; asnmall doping, very few of them will ' manage 1
d over 99 percent charge carrier will flow towar

(b)

Explain why the base current is weak as compa! to collector current? -

As base is the controlling element of a transistor, wh is of small width and lightly d.oped._ Du? to these
¢ region, only few of them recombine with hide.

Ans.
characteristics, the charge carrier move [rom Emitter tok ) )
As collector-Base junction is reversed baized by battery weltage Ve, which is very much greater than Emitter-
Base junction battery Vie (i.e., Vec ) Vas) 5¢ the yolta Veeswept layer number of charge caries from base to
| . . i 7 - 1 >
the collectot resion. Hence the collector current will increcse and base current will decrease considerably.
_==Since | is very layer, so Iz will be very smalls ’ _
/ - - . = . - - - .
4. Why the emitter basae junction ig/forward bazed 2o collector base junction is reverse biased?
Ans:  As transittor is the combination of two side by side PN-Junctions, one is emitter-base junction and the other is
N coliector-base junction, .
The emitter-base junction ig\forward baised, so tiie width of depletion region decreases, which will decrease the
forward resistance. Hence a layer number of ~harge carmier will move from emitter region to the base region.
The collector-base Junction,is reversed baised, so that this reverse voltage will be able to move the tharge carriers
from base region 2long with i€ charge carriers of coliector regions.
i Draw the diagram ef NPN and PNP transistors and explain how it works., E&- C
ins. NPN Traunsistor B
In NPN. transistor, a p-type region is sandwiched between two N-type regions. VT
Forward baised voltage at emi_ncr-basejunction Vs will move the free electrons from : L
emitter {0 base region which are swent toward collector region due to layer-reverse - T Ve:
baised voltage Vec connected at collector-base junction, =
PNP Transistor ' - %__LC
" )' s It It 14 AR " 1 M P s ‘
in PNP transistor, a N-type region is sandwiched between two P-type regions. 8
Fony&rd b».i;_‘..d v a a . . o e . o i
. baized oltage at emitter-base junction Vg, will shift the holes from emitter to Vol
ase region which are sw c ion “
Mcaniie. ept towards collector region due to layer reverse baised Vo
voitage Ve connected at collector-base Jjunction. - : ‘ —+- T¢
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E Distinguish between N

© Ans.

~type semiconductors and P-type Semiconductors. ]

N-type .Mat'efiaiﬁ" RSN

U PipEMaterale s o
1. They are formed by doping of trivalent impurity.

l . - h as ar. i 1 y . i i i i i

belongs to 3th group. ' |3

S, majoni oL 3 = .
» Majonty charge carriers are | 3. In these materials, majority change carriers are

free electrons. hol
oles..

4. In these materiajg

minorij : . P ' :
hofes: . nority .Charge carriers are | 4. In these materials minority charge -carriers are free

electrons. >

Free Elect-on

5. Impurity atom is donor atom. 5. Impurity atom is acceptor atom.

7. A P-type semiconductor has a large number of holes but still It is electrically neutral. Why?

Ans:  First of all we know that atoms are electrically neutral because it contains equal number of electrons and the
protons. _ ' . ‘ - o
As the P-type materials are the result of doping from trivalent impurity in pure semiconductors. This will produce
the ability to accept an electron which is called hole and is taken as positive. As the charge on acceptor ion is
equal and opposite to the charge on hole, so the crystal will remain to neutral. . :

8. Explain why CE configuration is widely used in ampilifier circuits?

Ans:  The common emitter configuration (CE) provides the maximum voltage gain as well as maximum current gain.
The other configuration provide either high current gain or voltage gain but not the both. So choice of CE
configuration become obvious. For this purpose emitter-base junction is forward baised so input resistance is low ‘
whereas collector-base is reversed baised so output resistance is high so the current flows from low resistance to.

_ high resistance. : ‘ '

8. Whytransistor is called current amplification device?

Ans:

-a current operating device.

Transistor is basically a current amplifying device. Commonly we use common-emitter (CE) configuration for
amplification. : ’ :
As some external signal which is to be amplified is provided between base and emitter, it will cause to change the
input voltage. So input current Iy will also change. Since the current gain can be expressed as

_ Bk

—_— ; . -

Alg -
or . Alc - B AIB
So it will leads the large change in collector current. It expresses that output current. Hence transistor is basically
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7 silicon atoms and 10 trivalent atoms. If the temporatm

d holes are there inside the semiconductor?

296

10. A doped semiconductor has 10’
' 25C°, how many free electrons an

Given dats: | ) ‘ _ : | , |
T=25°C=298K " ‘ .
. Total no. of atoms = 10'° + 10' = 1 £ 10,
Solution: '
3
- As K.E = i‘NkT
= %xlx’.lomx 138x 1072 x 298 , ’
= 617x107"J
617 x 107"
T o16x10 € -
= 3.86x10%eV _ L
As the breakage each covelent bond results in electron-hole pair, so and energy required-to break it in-Si is 1.09
eV. So ' '
3.6 x 10°
No. of free electrons = no of holes = Tor
- = 354 x 10° A
Where as energy required to break the covelent bond in Ge is 0.72 eV. So
3.86 x 10° * . &
No. of free electrons = no of holes = 072 .

1. In a certain circuit, the transistor has a collector current of 10 rmA and a base current of 40p A
What is the current gain of the transistor? ‘

Civen: Coliector current Ic = 10mA = 10 % 10° A
Base current Ig =40pA =40 x 10° A

To Find:

Current gain 3 =2
Solution:

The current gain ‘B’ of transistor is

Putting values : _ :

(80250 x10° = 250]

(%3 CamScanner
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7. The current flowing into the bas
e of a transistor is 100p A. Find its collector current Ic, its

emitter current i
le, and the ratio IJl¢if the value of current gain B is 100

_
GlVC“: ] i
Base current IR = 100pA = 100 x 104
Current gain 3= 100
To Eind: - .
Collector current I¢ = 2
Emitter current Ig = 2,

.,
I
So]uﬁon: - "
The current gain ‘B’ of transistor is
— lC i
15 .
Ic=pIB

Putting values:
Ic=100x 10 A
[lc=10x 107 A=10mA]
The emitter current IE is the sum of base current Ig and the collector current IC.
Therefore I[g=1g+IC
Putting values  IE=100x 10° A+ 10 x 10° A

[IE=10.1x10" A=10.1 mA|

Ic
Theratio—réis ]
Ic __10x103A
I 10.1x10-3A

Ic
g 0.99
3. A transistor is connected in ~E configuration. The voltage drop across the load resistance (Rc)

3k Q is 6 V. Find the base cusrent. The current gain P of the transistor is 0.97.

Given: Load resistance Rc = 3k2 =3 x 10°Q
Voltage drop at load V¢ = 6V <
Current gain B =0.97

To Find: Base current Ig=?

Solution:
-
The current gain ( of transistor is B B I =<5

The collector current I¢ can be calculated by using Ohm’s law I¢ =¥R':

. 6V
Putting values: Ie =_"‘3 < 10°Q
Ic=2x10°A
Putting values in equation (i)
a2 10° A
BT 0.97

Ig=2.06x10" A
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Additional Concgpid&izs,ﬁortngs_tiqn§ With Answers

. ™ 25
VAR S SRR

' , onductor?
What is difference between an elemental semiconductor and compound semic

. : ies of atoms like Ge, Si. But in compoy,

Ans. An clemental semiconductor consist of single species of ato
semiconductor, there are more than one element e.g. Ga As P. — ——o motal?*l
iconductor m |

r How will you distinguish between pure semiconductor and ‘sen? : AR

Ans. The resistance of semiconductor made of Ge ar.1d S,i dc?crcase w:tthmrése In tempe ' o

a semiconductor made from metals increases with rise in temperature. TR o

3. How does the motion of an electron in a n-type substance differ from the motio p.|

type substance? ‘ ™. t" ;
. . (& 1

Ans. In n-type substange, electrons are the majority chmge- carrier. Electron Tofytchscsf;o:ectrons il:on aﬁ:‘;
{(negative terminal) to a higher potential {positive terminal). The movement 0 |
as electronic current. : . . St
In p-type substance, holes are in majority charge carrier. Holes move from hlghe;'] ;)lotequal (pOS;mgi
potential) to a lower potential (negative potential). The movement of these hcles is named !
conventional current. A ' %

C— C— N O C—n p !
< — < —1 o= g
|
+:.; “'%: ‘
Electronic current Conventional current _%
4. What Iz the net charge on a n-type or a p-type substance? '

Ans. There is no net charge on n-type or a p-type substance. There are electrically neutral, because thest

substances contains same number of positive and negative charges. |
5. Why charge carriers are not presant inthe deplstion region?

“Ans.  An n-region contains free clectrons as majofity charge carriers and p-region contains holes as majorit
charget;:larpcrsﬁJust after the. formation of the junction, the diffusion of electrons and hole takes plact‘
across the junction.

=
© ! S
; +
® ' = + O]
. = +
® . :
= + ©
As aresult of their diffusion a charge les; ion s for '
: ’ rc 1 H . .
are not present. = gion is formed around the Junction, in which charge caﬂi"{.
6. Which gates are knows ag universal gate? j
Ans.  NOR gate, NAND are called universal gate. Bec

we can produce the basic gates OR, AND o 81;:%; ;); : Suitable combination of NOR and NAND g

PP ..
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or's F

Self-Assessnent Paper 1

Encircle the correct option.

0.1 .
ﬂ.N T p‘“'P transistor, the collector current is
1, A)cqunl 10 the emitter current e alinhtlv .
( ter than emitter current (B) slightly less than emitter current
(D) equal to basc current

(C) gred
The semiconductor diode can be used as a rectifier becau
', it has low resistance to the ¢ i
; (A oo rosigian current flow when forward biased & hi
| has IO : csistance to the current flow when forward biased
(C) ithas NE )y resistance 1o the current flow when reverse biased
(D) none of these
pecially designed i :
; The speciatty = igned semi conductor diodes used as
'A) the light emitting, diodes
() photo » oltaic ccll
obtain an n — (ype semiconductor germanium cryst

gh resistance when reverse biased

fast counters in clectronic circuits are :

(B) photo diodes

(D) solar cells

it must be dopec cign atoms whose

1 with for

To
B yglencyls
(A)2 . - (B)3 (C) 4 (D)5
In f(‘m\ ard bias the width of potential barrier
(A) increases (BB) decreasces 7 (C) remains same (D) no cffect
Ina ?rﬂ‘n.‘lsmr‘ collector current is controlled by:
(A) [;m‘mcr (B) base (C) collector (D) none of these
The thickness of base is a transistor is of the order of.
a3
(A) 107 m (B) 107" m (€)10°m (D) 107 mm
Light emitting diodes (LID) are made from semiconductors. : ,
(B) Germanium (C) Carbon (D) Gallium arsenide

(A) Silicon
The reverse saturation cu
(A) majority carriers

esult-of flow of:

rrent in Pn junctionis the r
(C) acceptor ions

(B) minority carriers (D) donor ions

. The current gain /3 of a transistor is:
] &5 I I
(A) 7 (B) 7~ C)=~ D) &
1, I, (€) I, < (D) I.
No.2 Write Short Answers any SIX of the following questions.

What is the principle of virtual ground?
Explain the formation of depletion region in PN junction.
What are the applications of photo-diode?

What is the net charge on il and p-type substance?

The inputs of a gate are 1

Why the base current ina
What are biasing and switching term

and 0, identify the gate if its output is (a) 0(b) 1.

transistor is very small?

inal of a common ing its a switcﬁ?

emitter transistor for work

No.3Extensive Question.
(3) What is amplification” D

(b) In a certain circuit; the ra
the current gain.of the transistor?

erive the expression for the gain of common emitter amplifier. :
£10 mA and a base current of 40 micro ampere. What is

nsistor has a collector current O
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Q.No.1 Encircle the correct option. : —

The colour of light emitted by LED depends on

A) its i d biasing -(B) the type of semi conductor material used
(A) its forward biasin k ;

, (D) its reverse biasing
(C) the amount of forward current " :
i 0K is.
2. The encrgy gap for Germanium at . v
(A)1.12eV (B) 0.02eV - (C)6.72eV | (D)7.2eV.
3. In reverse bias the width of potential barrier _
(A) increases (B) decreases (C) remains same D) “‘;Cfff":t . .
4. To obtain an n — type semiconductor germanium crystal, it must be doped with foreign atoms whe,,
valency is »
(A)2 (B)3 (C) 4 (D)5
. Light emitting diodes (LED) are made from semiconductors. ) N
(A) Silicon - (B) Germanium (C) Carbon (D) Gallium arseniae
6. A pn junction cannot be used as: ‘
(A) A detector (B) A rectifier (C) An amplifier (D) A counter
7. The minimum number of semi conductor diodes required for full wave rectification are.
(A) 1 (B)2 (©)3 (D)4
8. The gain of non inverting OP — Amp of external resistances R, = 10Q ; R; = 100Q
: (A) 0.1 (B) 10 (C) 11 (D)-10
9. A sensor of light is .
(A) transistor (B)LED
(C) light dependent resistance (D) semi conductor diode
Q.No.2 Write Short Answers any SIX of the following questions.
1. What is a logic gate? Explain. Why ordinary silicon light does not emit light? R
2 Why base current in transistor is very small?
3. Why transistor is called current amplification device?
4. Why photodiode is operated in reverse biased state?
S What are forward and reverse biasing of PN junction diode? .
6. What are the biasing requirements of the junctions of a transistor for its normal operation? Explain how these
requircments are met-in a common emitter amplifier?
1

Why NAND and NOR gates are called universal gates?

Q.No.3Extensive Questions.

Q. (a) Define rectification. Explain half-wave rectifier.

(b) A transistor is connected in CE configuration, The voltage drop

: : . across load resistance is 3 kilo ohm is 6V. Find
the base curren, The current gain of the transistor'is 0.97.

OOOOOOE
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