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e  The intnnsic concentration #, varies with temperature T as
~E, /kT
n2 = AT %8/
where E_is the energy gap at 0 K in electron volt, £ is

the Boltzmann constant in eV/K and 4, is a constant
independent of T.

Effect of Temperature on Conductivity of Intrinsic

Semiconductor

e Anintrinsicsemiconductorwill behaveas a perfect insulator
atabsolute zero.

e  Withincreasing temperature, the density of hole-electron
pairs increases and hence the conductivity of an intrinsic
semiconductor increases with increase in temperature. In
other words, the resistivity (inverse of conductivity)
decreases as the temperature increases.

e  The semiconductors have negative temperature coefficient
of resistance.

Doping

e Itisaprocess of deliberate addition of a desirable impurity
to apure semiconductor in orderto increaseits conducivity.
The impurity atoms added are known as dopants.

EXTRINSIC SEMICONDUCTOR
e  Adopedsemiconductor is known as extnnsic semiconductor.
An extrinsic semiconductor is oftwo types :
n-type semiconductor
p-type semiconductor

n-type Semiconductor

e  When a pure semiconductor of Si or Ge (tetravalent) is
doped with a group V pentavalent impurities like arsenic
(As), antimony (Sb), phosphorus (P) etc, we obtain an
n-type semiconductor. The pentavalent impurity atoms are
known as donor atoms.

e  Itis called n-type semiconductor because the conduction of

electricity in such semiconductoris dueto motion of electrons
i.e. negative charges.

e Itiscalled donortype semiconductor, because the doped
impurity atom donates one free electron to semiconductor
for conduction.

e  Inn-type semiconductor, electrons are majority carriers and
holes are minority carriers.

e  Therepresentation of n-type semiconductoris as shown in
the figure
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e  n-typesemiconductorisneutral as such.
e  Inn-type semiconductor
n=N,>>n,
where N, is the density of donor atoms.

[ p-type Semiconductor

e  When a pure semiconductor of Si or Ge (tetravalent) is
doped with a group I trivalent impurities like aluminium
(Al), boron (B), indium (In) etc, we obtain a p-type
semiconductor. The trivalent impurityatoms are lsxown as
acceptor atoms.

e Itis called p-type because the conduction ofelecwicity in
such semiconductoris dueto motion ofholes i.e. positive
charges.

e Itis called acceptor type semiconductor because the doped
impurity atom creates a holein semiconductor which accep
the electron, resulting conduction in ptype semiconductor.

e In p-type semiconductor, holes are majority carriers and

{ electrons are minority carriers.

The representation of p-type semiconductor is as shown in
the figure.
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Legends

p-type semiconductoris neutral.
e Inp-typesemiconductor
n,=N >>n,
where N, is the density of acceptor atoms.

The number densities of electrons and holes in pure Si at 27°C
is 2 x 10'*m™. When it is doped with indium, the hole density
increases to 4 x 10%2 m™, find the electron density in doped
silicon.

Soln.: For extrinsic or doped semiconductor

| 2

i

2
nyn, = W =n,=

I "

Here, n, = 2 x 10" m= and n, = 4 x 10> m™

2x10"°m™)?
= n,= (———,, _%'— = 10" m=3.
4%x10~ m

In an n-type silicon, which of the following statement is true:

(a) Electrons are majority carriers and trivalent atoms are the
dopants.

(b) Electrons are minority carriers and pentavalent atoms are
the dopants.

(c) Holes are minority carriers and pentavalent atoms are the
dopants.

(d) Holes are majority carriers and trivalent atoms are the
dopants.

Sol. For n-type silicon, statement (c) is true.

& njunction
e  When donor impurities are inscoduced into one side and

! acceptors intothe other side ofa single crystal of an intrinsic

semiconductor, a p-» junction is formed. Itis also known as
Jjunction diode. It is symbolically represented by
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Electronic Devices

e  The most imporsent characteristic of a p-» junction is
1ts ability to condact cuirent in one direction or:ly. In
the other {reverse} direction, it offers very high
resistance.

e The current in the junction diode is given by

L?':‘g;)(gtfffkf..]}
where & = Boltzmann constant, £, = reverse saturation
current.
In forwardbiasing, ¥is positive and low,
&% > > 1 then forward current,
j;ﬂf' {gngcr)
Inreversebiasing, ¥is negative and high
7% = « 1, then reverse current,
I =1

z 2

Depietion Region

¢ In the vicinity of junction, the regien containing the
uncompensated acceptor and donor ions is known as
depietisn region. Thrreis adepietion of mohilecharges (holes
and free eleckons} in this region. Since this region has
immobile {fixed} ions whichare electricaliycharged, itis also
knowm as the space charge region. Theelectric field between
the acceptorand the donor ions is laown as a barrier. The
physical distance from oneside ofthe basrier tothe oter is
knownas the width of tae barrier. The diffierence of potential
fom one side of the bastier to the other side is known as the
height of the barrier.

e Fora siliosa p-7 junction, the barrier poiential is about
0.7 Y, whereas fer a germaninm p-n junction, it is
agproximately 6.3 V.

®  Thewidth ofthedepletion layer ant magnitsde of potential
barrier depends upon the nature of the material of
semiconductorand theconcentration of Enpunity atorms.
The thickness of the depletion region is ofthe order ofone
tenth ofa micrometie.

Ferward Biasing of a p-# Junction

¢  When the positive terminal of extersal battery is commected
to p-side and negative to n-side ¢f p-# junction, then
the p-n junction is said to be forward biased.

e In forward biasing, the width of the depletion region
decreases and bartier height reduces.

e Theresistance of the p-# juaction becomes low in forward
biasiing

Reverse Blasing of a p-# lunciicn

& YWheatheposiiiveienninal of fheexicrnal hatteryis connected
tc »-side and ke negaiive teminalto p-side efa p-» junction,
then the p-# junetion i said to be reverse biased.
Inxeversebissing, the width of the depletionregion increases
and barrier height increases.

e Theresistance ofthe p-# junction becomes high in reverse
Dbizsing.

reshdown Yoltage

& A very small earert flows through p-# junction, when it
is reverse biased. The flow of the ctarent is due to the
movement of minority charge carriers. The reverse current
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is almogt independent of the applied voliage. However, if
the reverse bias voliage is contmuously mersased, for a
certain reverse voltage, the current through the p-=
junction will increase abruptly, This reverse bias volimge
is thus known as breakdown voliage. There cas be two
different causes for the break dowmn. One is know:1 as
zener breakdown and the other is known as avaianche
breakdow .

I-¥ characteristies of 2 p-r junction.

¢  The i-¥ characteristics of a p-» junction do not obey
Ohm’slaw, The ¥ characteristics of a p-# junction are
as shown in the figure.
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In a p junction, the depletion layer of thiclmess 107 m
has §.1 ¥ potential across it. Find the elecwic fizid.

yiv)

Flf

Soin.: Electric field = 7

if the forward voltage i & semicoaductor diode is changed
from 0.5 Vto G.7 ¥, then the forward curzent changes by
1.0 ro&. Find the forward resistance of diode juncson.

) AV
8e¢ln.: Forward resistance = ——-
AF
AV 0.7-0.5
L = - o= 3000

DIODE AS A RECTIFIER
e It is a device which c¢ooverts ac voltage to d¢ voltage.
®  Rectifier is based on the fact that, a forward biss =
juncticn conducts and @ reverse bias p-» juncthcn does
not conduct. :
@  Reciifiers are of two types:
o Half wave rectifier
G Full wave rectifier

Half Wave Bectifier

o The circuit diagram, input and cutput veitage
waveforms fer a half wave rectifier are as shown ia
the following figure.
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. I
O dcvalueofcurrentis Iy, =

(e}

m Ry Output voltage
l Y
Time

Input
voltage
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Peak value of current is

V.

= m
m
T+ Ry

»Time

Output
voltage

where r,is the forward diode resistance, R, is the load

resistance and ¥_ is the peak value of the alternating
voltage.

rms valueof currentis I, =2

m

Peak inverse voltageis P.LV =V
dcvalue of voltageis

i
Vae =1lac Ry =f 153

Full Wave Rectifier

Qo

The circuit diagram, input and output waveforms fora

full wave rectifier are as showninthe figure.
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Output voltage V]
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Peak value of current is I, = IR
7 L

. 2
dc value of current is T4, =—nﬂ

rns value of current is Igns =

S

Peak inverse voltage is P1.V =2V

m

dc value of voltage is Vy, =I4.R; = Zi—’” Ry

=
r
v =
r

Ripple frequency

v, = 50 Hz (half wave rectifier)
2v,= 100 Hz (full wave rectifier)

@ Ripple factor
The ripple factor is a measure of purity of the dc output
of a rectifier, and is defined as

s value of the components of wave
r=

average or dc value

- V/(f;;ﬁ]z -1

For half wave rectifier,
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. For full wave rectifier,
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e Rectification efficiency

o

The rectification efficiency tells us what percentage
of total input ac power is converted into useful dc
output power. Thus, rectification efficiency is
defined as

dc power delivered to load
ac input power from transforiner secondary

‘n:

For a half wave recufier,
dc power delivered to the load is

I 2
Py =I5R. = (;—"J R
Input ac power is

2
I
P =TIgns (re +Rp) =[‘;‘] (ry +Ry)

Rectification efficiency

0

2

e Un/™ R 100%
¢ (n12)% (s +Ry)
. 406
= ———/0

1+ ¢ /RL
Ifr,<<R,
Maximum rectification efficiency, 1) = 40.6%.
For a full wave rectifier,
dc power delivered to the load is

2
21
2
P =T3R, = [“;tm‘] Ry
Input ac power is
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