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Intrinsic Semiconductors Energy band diagram direct and indirect semiconductoiis Carrier
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and diffusion Hall Effectand devices Ohmic contact$ Schottky diode.

INTRODUCTION

Based onelectrical resistance

0 The resistivity of a semiconductor is lesser then an insulator but more than that of a conductor
U Itisin the order of 1@ to 0.5 ohm meter.

Based on energy band

0 A semiconductor has nearly empty conduction band and almost filled valandeidth very small
energy gap (a 1eV).

4

Conduction band
empty

Valance band filled

Small energy gap

GENERAL PROPERTIES OF SEMICONDUCTORS
U They are formed by covalent bonds.
TheyhaveanemptyconductiorbandatOK Theyhavealmostfilled valanceband.
They have small energy gap Thegyssessrystallinestructure
They have negative temperature co efficient of resistance
If the impurities are added to a semiconductor, its electrical conductivity increases.
Similarly, if the temperature ohe semiconductor increaseis, electrical conductivity increases.

[T et e R

ELEMENTAL AND COMPOUND SEMICONDUCTORS
U Thesemiconductorareclassifiedmainlyinto two typesbasedncompositionof materials.
U Elemental semiconductors Compound semiconductors
Elemental semiconductors
U These semiconductors are made from a single element of fourth group elements of the per,
table.
U They are also known as indirect band gap semiconductors Exa@@tenaniumsilicon

Prepared By: N.Vignesan M.Sc., M,Phil. Pagel of 30

iodic



NADAR SARASWATHI COLLEGE OF ENGINEERING AND TECHNOLOGY, THENI.

Course/Branch: BE/CSE | Year/ Semester. I/ll E"fmat NAC/TLP-07a.5
0.

Subject Code :PH8252 Subject Name:Physics for Information science | rev No. | 02

Unit No 2 Unit Name : Semiconductor Physics Date 14-11-2017

Compound semiconductors

U Semiconductors which are formég combining third and fifth group elements or second ang

sixth group elements in the periodic table.
0 These compound semiconductors are also known as direct band gap semiconductors.

Example —1. Combination of third and fifth group elements

Gallium phsphide (GaP)

Gallium arsenide

Indium (GaAs)

phosphide (InP)

Indium arsenide

Example —2 Combination of second and sixth group elements

cCCcc

U Magnesium oxid@MgO)
0 Magnesium silicon (MgSi)
U  Zinc oxide(ZnO)
U  Zinc sulphide (ZnS)
Types of semiconductors
Basedon the purity semiconductors are classified in to the following two types.
U Intrinsic semiconductors
U Extrinsic semiconductors

Intrinsic semiconductors

U A semiconductor in extremely pure form, without the addition of impuigiksownasintrinsic
semiconductors.

U lItselectricalconductivitycanbe changed due to therne{citation.

U At OK the valance band is completely filled and the conduction band is empty.

U The carrierconcentration(i.e.) electrondensity(or) hole densityincreasesexponentially with
increase iriemperature.

Extrinsic semiconductors
A semiconductoim extremelyimpureform, with the additionof impurities is known as extrinsic
semiconductors.

INTRINSIC SEMICONDUCTORS —ELECTRONS AND HOLES

0 Temperaturencreasesomeelectronrmovefrom valancebandto conductiorband ashownin fig.

U Thereforebothelectronsn conductionbandandholesin valance banaill contributeto electrical
conductivity.

Ui Thereforaghecarrierconcentratior{or) density of electrons ghandholes () has to bealculated.
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At OK At Temperature T
o0 (s ¢/
“ Conductionband —— 000 G008 |
Ec
At OK
E | At 0K Er >
Ev Qoo CO-0-0| Ev
.' e Valance band — T ® . ..
o ¢ 00 =00 . ® =00

i Assume that electron in the conduction band as a free electron ofmeasd the hole in the
valance band behave as a free particle of mass m

U Theelectrons in the conduction band have energieg from Ect o and holesD into the E
valanceshown b.

U Ecrepresents the lowest energy level of conduction Eamnepresents the highest energy level of
the valancdand.

CARRIER CONCENTRATION IN AN INTRINSIC SEMICONDUCTOR

DENSITY OF ELECTRONS IN CONDUCTION BAND

Density of electrons on conduction band n, = fee™ Z(E).F( E)dE " )
From Fermi-Dirac statistics we can write

Z(EXE =2 x/4 [Sm*e/h']"* E dE > (2)

Considening mimimum energy of conduction band as E¢ and maximum ene
We can write equation 2 as

Z(EME = x/2x [8m*e/h’] (E = Ec)"* dE *(3)
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We know Fermi function, probability of finding an electron in a given energy state is

1

B EE)/K T — )
1+eF5 Ry
ne= n/2x[8m*e/h’]** [e(E-Ec)'” _dE )
[l+c1l-l'l_l/K“|]

Substituting equatio(¥) & (3) in equation 1 we have Density of electrons in conduction band within
thelimitskt o B as

Since to move an electron frovalanceband to conduction band the energguired is greateéhan4
KgT (i.e) ETE->>KgT (or) (E- Ef) / KgT >>1

|+ olE Ep) Jxg . o CEER) [¥eT

2\ % NETRCT T dE
%o [T E
ne =T)2 x [ gm elh] j - eLE’EF)}LB'T

3 . CE-Ef ) JregT
Ne - w), * [8ni*e /K] I2 CE-E>Y*> o dE

> - ) IkgT
Ne = o X [Sm*e/hljyl J-E'_ CE-ELBY Q(EP'E Blde

Let us assume that

E=E+xKgT
Differentiating we get dE = KI. dx,
Limits: when E=E x=0
When E = D; x = BDlLimitsare 0 td
Equation(6) can be written as
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ne=n/2x[8m*e/h]** [i* (xKsT)” e % xKaT *'%g"  KgT dx
Ne=T / Y% [Sm*e / hZ] 3/2 .‘()I (X) Va (KBT) 32 e (EF- Ec)/KBT e —xdx

ne=n/2x [8m*e KgT/h] ¥ ¢ & BVKT [1* (%)% . e ™ dx

ne=n/2x [8m*e KgT/h]** e & /5T Va2 o™ (x)%. e ™dx

ne=1/4x[8axm*eKgT /0] % e & B KT

Density of electrons in conduction band is

(E - Ec)/K T
F B

ne=2.[2nm*eKsT/h’]*% e — ()

ny = [." Z(E) [ 1- F(E)ldE s )
we know
Z(EME= =/2x [Sm*h /K] *Ev-E)*dE —— (9)
|
1-FE)=1-
(B VK T
F B
1 -F(E) = o (FE/T
1 +¢u-x r)/xul
Here E-Ep<<KsT, 5% T<<1

cll-.-l-'lfkul<< 1
l"‘L‘d'.Pr”kn' =1
I-F(E) =e "% — (10)
Substituting equation 10 & 9 in 8, we get

m=x/2x[8m*h /] L Ev-B)" ¢ TPTE — (11)

Let us assume that
Ev-E=xKsgT,

Differentiating we get dE = - KgT. dx,

Limits: when E =,

Let us assume that
EviE =X KgT,
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Differentiating we get dE =KgT. dx,

Limits: whenE = b;

WhenEki (D) = x; x = PwhenE=k x=0

Limits are b to OEquation 1lbecomes

m=n/2x[8m*/h]*” [% (xKsT)”e & xKaT 5'%s" .(-KsT) dx

to exclude the negative sign, the limits can be interchanged.
m=n/2x[8m*/h ] [Px) *KeT)*? e € F'XT . e ¥dx
np=m/2x [8m*KsT/h?] ¥ e E - EQ/%T [* (x)*. e~ dx
ny =n/2x [8m*KgT/h?]*? e & 55T /2 [o®(x) . e *dx=n }
ny=1/4x [ nm*, KgT/h?] ¥ e & - EP/KT
Density of holes in valance band is

=2 Ram*, KsT /W) %2, €~ EVET —*(12)

DENSITY OF INTRINSIC CARRIER CONCENTRATION

In an intrinsic semiconductor, the concentration of electrons in the conduction band is equal to the
concentration of holes in the valance band.

Wecanwriten ;i =n.=ns&n; =ne.ns
Substituting equation 15 & 16, we have
ni’=2. 2am*eKsT/h]* .e% ™" X2 2am* KeT/H] e, 5"
n I2 =4 [2 T KBT/hZ] 3. e (EF-— Ec+E\'-EF)/kBT [ m*e m*h] R
n=42nKeT/h] > e ® BV [ m*e m¥,]
n?=4[2nKsT/h}]> e ®8%5" [ m*e m*y] **

Where ET1E, = Eg is the forbidden energy gap.

ni=2[2xKsT/h’]*” e B2 [ m*e m*;] **
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DENSITY OF HOLES IN VALANCE BAND

We know F(E) represents the probability of filled states. As the maximum probability 1, the
probability of un filled states will be [LF(E)].

Example, if F(E) = 0.8 thenTIF(E) = 0.2

(i.e) 80% chance of finding an electron in valance band and 20% chance of finding a hole in valanc
band.

Let the maximum energy in valance band heuld the minimum energy bB .
Therdore density of hole in valance bangia given by

FERMI ENERGY LEVEL

For an intrinsic semiconductor number of electrores) (electron density will be the same
as that of the number of holese() hole density.

(.,e) n=m,

Equating equation&) & (12)

312 (E - Ee)/k T _ 312 E -E)/kT
[m¥e ] ¥ | % Epr = (M%) .e(\. s
E -E)/kT
32 e T~ 5%
m*h = e
(E - E)/k T
m*, € v F B

_ (E —-—E-E +E)/k T
= QTR c v R

P (2E —(E +E ))/ k. T
=g F(vc)B

Taking log on both on sides we have

3/2 log [ m*h] -

[2EF — (E\'+ Ec )]

m~, kBT
m*h
2B, = ErE 2% K.Tlog
m*,
EV+EC m*h
Er = +% KgT log > (13)
2 m*,
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If m*h = m*e, then log m*h / m*e =0 sincelog1 =0

CB '\
Ec

Er at OK

VB

(i.e) the Fermi energy level lies in the midway betweearttl E as shown fig (since at OK, T = 0).

Ev+ Ec —_— ( 14)
EF =
2
But in actual case nitm*e and the Fermi energy level slightly increases withrease in temperature as
shown in fig
Mobility

U When an electric field is applied to a semiconductor, the charge daariegly electrons and holes

attain drift velocity \4
U The drift velocity attained bshe charge carrier is proportional to electric field strength E.

Drift velocity Vd is proportionako E

(i.e) V4 UE
vyl B>
Where € is proportional ity c o rlatgecartier eingtonsidered.
Mobility €€ is defined as the vettemgthi ty of a <c
Vi
i =
E
IfFE=1 n = Vy

The electron and hole nobilities are denoted by the symsbalsn d ¢

5 0
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Electrical conductivity of a semiconductor is different from that of a conductor. The charge carr

in a conductor are electrons. In the case s#raiconductor, both electron and holes are charge carriers.

On the basis of free electron theory of solids, the electrical conductivity of metal is given by
lj = 8N --—----- (1)

Using the equatiof, the electrical conductivity of a semiconductor due to electrons in the conduction
band is given by

Where
ne - isthenumberof electrongerunitvolume
e -isthechargeofanelectron
ee -is theelectronmobility.

Similarly, the electrical conductivity of a semiconductor due to holes in the valance band is given by,
h=Mhe> - 3)

where
n, - is the hde density in the valance band
e- is the charge of a hole
enTis the hole mobility

Electron flow

>~ O—>
Hole flow

Conventional current direction
v

Therefordhetotalelectricalconductivityconductivitiesddueto electronsandholes.

O = o HW0p-mmmmmme- 4)
Substituting equation®& 3 in the equation 4,

Ci=Nc¢€HUetNpeEUh

ci=e[Nepetnnpun] o D)

ers
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We have,

For an intrinsic semiconductor, the number of electrons in the conduction band is equal to the numk
holes in the valance band,

(le)n=m=n
Hence, the electrical conductivity of an intrinsic semiconductor is given by
di=e[nee+ney
Thus,the electrical conductivity depends upon the negative exponential of the
Forbidderenergygapfand on the motilitiesd of both ele

BAND GAP DETERMINATION

Electrical conductivity of an intrinsic semiconductor is given by
6;=2e 2nKgT/h*]* e 25T [m*e m*,] " [+ 1]
o;= AeFe/2kT _ (1)
Where constant A=2e [2  KgT / h?] **[ m*e m*,] * [ ¢ + p 1]
Resistivity of an intrinsic semiconductor,
pi=lie; =1jAeTET e BIEETIA 5 (2)
Ria/l=e ®25T/A — ()
[Since pi =R a/l, Where R ; — Resistance of the semiconductor,
a- area of cross — section of semiconductor
I- Length of the semiconductor]

(or) Ri=1le B25T/Aa —> (4)

Ri=C e "2%T  [sinceC=1/Aa] — (5)

Taking log on both sides we have

Eg/2k T
£ B)

log Ri = log(C e
log R; = logC +loge "&/2*5"

log R; = logC+ Eg/2KsT — (6)

This equation (6) is similar to the equation of a straight line, y=mx+ ¢
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In equation (6),
y=logR;x=1/T; m=F 2KgT and c = log

U From the equatiof), it is noted hat by measuring the resistarafeanintrinsicsemiconductor

atdifferenttemperaturests forbiddenenergygapEg can bedetermined.
U If a graph is drawn between log R and 1 / T, the valuega$ Betermined from the slope of a

straight line.

Slope = B/ 2k
Eq = 2k X slope--- (7)

From the graph slope = dy / dx
Substituting the expression for the slope in equation (7),
we have

Eg = 2k dy dxWhere, kigheB o | t z nc@nstan® s

l()g Ri

1/T
Slope = Eg/ 2k

EXTRINSIC SEMICONDUCTOR

U In a semiconductingnaterial,if the chargecarriersoriginatefrom impurity atoms added to the
original material.

0 Itis also known as dopesgmiconductor.
Doping
0 The method of adding impurities to a pgemiconductorsalled doping agent or dopant.
U The addition of impurities will increase the number of free electrons and holes in a
semiconductor and hence increases its electrical conductivity.
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Advantages of extrinsic semiconductor
U Conductivity is high.
0 Conductivitycanbecontrolledto anydesiredvaluethroughthe controlof doping concentration.
0 Conductivity is not a function of temperature.

Types of extrinsic semiconductor

The extrinsic semiconductors are classified into two types based on the type of iragdeitly
(). nTtype semiconductor
(ii). P itype semiconductor

N -TY E SEMICONDUCTOR

U  When a small amount of pentavalent impurity (group V element) is added to a pure semicondu

U A pentavalentmpurity (arsenic) having five valanetectrons iadded ta pure semiconducting
material having four valance electrons (silicon or germanium).

U The four valance electrons of the impurity atoms bond with four valance electrons of
semiconductor atom and remaining 1 electron of the impurity atom is left fetmwas fig.
Therefore number of free electrons increases, as the electrons are produced in excess.
Sinceelectronsredonatedn thistypeof semiconductatheenergyevelof thesedonated electrons
is called donor energy level {Eas shown irig.

U Eqis very close to conduction band and hence even at room temperatgtectiens are easily
excited to conduction band.

CB

Ec

Er

Eg | | ®© ©® ©® 0 ® @ @ ®@_| Ld

VB

ctor.

the
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P-TYPE SEMICONDUCTOR
0 Pitype semiconductor is obtained by doping an intrinsic semicondurtotrivalent like boron,

gallium, indium etc.,

U The three valance electrons of the impurity atom pairs with three valence electrons of|the
semiconductor atom and one position of the impurity atom remains vacant.

U Therefore the number of holes increasedhwitpurity atoms added to it.

U Since holes are produced in excess, they are the majority charge carrietgpe pemiconductor
and electrons are the minority charge carriers.

U Since the impurity can accept the electrons this energy level is calledacsegrgy level (B.

CB
A Ec
Eg
Ea | OOOO0OO0OOOOOMXO
EF holes
v Ev
VB

Here the current conduction is mainly due to holes (holes are shiftadofie covalent bond to
anoter).

CARRIER CONCENTRATION IN N —TYPE SEMICONDUCTOR

FERMI ENERGY LEVEL

U The energy band structure of type semiconductor ishown in fig.

i At 0K, E-will lie exactly between Eand K, but even at low temperature some electrons may
go from Ed to Ec.

U Letusassume that EEr > KgT. Then thedensity of electrons in conduction band can be written
as
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ne=2.[2nm*e KsT/h}]%? . & BVKT —_— )

CB
Ec

A
EF
Eg o
Ed
v \Y
VB

U Let Nybe the number of donor energy levels per cime3 @ensity of state Z(§}.dE.

U If some electrons donated from donor energy level to conduction band

Thus in general we can write the densityhofes in donor energy level as
N(Eq) dE = Z(&) dE .(1i F(Ej))

(ilke)ny =Ng .(LTHE)) ---(2)
1-F(Eq)=1- 1

- /
1+e(Ed EF) kT

1-FE) = e (B E)/KT . (3)
1+_c"n—71<T
Here Ei—Eps<KuT, B BE Teo

E -E)/KT
e Ty Rl =<1

1 +eE E/KT
Equation 3 becomes
1 - F(Eg)=e “% 8" (4)

\

1 _F(Ed)_ (E -E )/ka

Substituting equation (4) in (2)

(E-E)/k T >
d F B (3)

nh=Ng.e€
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At equilibrium condition
Number of electrons per unit volume Number of holes peralamhe
Conductionband (electron density) = in conduction band (hole density)

Equating equizon (1) and equation (5)

Ny E— (6)

2EF = EC+Ed + KBT l()g
2 [2 nm*e KgT / h’] *?

Ng
Ec+ Ed KBT |0g
Er = +
2 2 2 [2 am*e KT / h’] *?
When T = 0, we can write the above equation

Ec+ Ed o
Er = > (M
2.

Equation (7) shows that, at OKFRuvill lie expertly in the midway betweelc and Eg.

e B E755T, we have,
E+Es Ec 1 Ny '
e B BT =exp. - — pe— g
2132 —_— (8)
2keT  ksT 2 2 [2wm*e KgT /h’] ¥
F  FEa-E 1 Ng i
e & EVET =exp. + — log
T 2 2 [2wm*e KgT /h?] 2
S
/
Eq- E. Ny
= exp.
2 ksT 2 2 wm*e KgT /h?] 2
" — 9

By substituting equation (9) in (1), we have,
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DENSITY OF ELECTRON CONCENTRATION (n)

By substituting Evalue fom equation (7) into exprsi®n

/’

E4- E. Ng
n= 2 [2nm*e KgT/h*]** exp
2 ksT 2
2 [2nm*e KgT /1
\
Eq- Ec
n=(2Ng)"[2 n m*e KsT /h*] " exp > (10)
2 ksT

ELECTRICAL CONDUCTIVITY

We know that electrical conductivity in semiconductor is given by

‘n:rlaé e Phe>y
where, >,=0
‘n:nss e>
112 2, 34 Burks
on=(2Ng) " [2tm*eKgT/h"] " exp | —— e e (11)
2 kgT

This equation represent the electrical conductivity bfype semiconductor.

VARIATION OF CARRIER CONCENTRATION WITH TEMPERATURE INN —TYPE
SEMICONDUCTOR

U When the temperature increased some electronglevé&l may be shifted to conduction band and

hence some vacant sites will be createddteizels.
U ThereforegheFermilevel shiftsdownto separatéhatemptylevelsandthefilled valance band level
as shown irfig.
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Ec
A
B (S s at 0 K
Energy
Ed T ,
High doping level
| [N i TR
Ev _—

Temperature Low doping level

For the same temperature, if the impurity atome.,)(doping level is increased, the electron
concentration increases and hence Fermi lieebases.
We know that electrical conductivity in semiconductor is given by

‘n:ne'S e'BnﬁS h>

Where >,=0
ThENS o>

This equation represent the electrical conductivity tfype semiconductor.
o) 2 Ed-EC
6n=(2Ng)"?[2nm*eKeT/h’ ] exp | ———|epe (1)
2 kgT

VARIATION OF CARRIER CONCENTRATION WITH TEMPERATURE INN —-TYPE
SEMICONDUCTOR

U When thetemperature increased some electronsqite¥#el may be shifted to conduction band and

hence some vacant sites will be creatediiteizels.
U ThereforeheFermilevel shiftsdownto separat¢hatemptylevelsandthefilled valance band level

as shown irig.

Prepared By: N.Vignesan M.Sc., M,Phil. Pagel7of 30




NADAR SARASWATHI COLLEGE OF ENGINEERING AND TECHNOLOGY, THENI.

Course/Branch: BE/CSE | Year/ Semester. I/ll E"fmat NAC/TLP-07a.5
0.
Subject Code :PH8252 Subject Name:Physics for Information science | rev No. | 02
Unit No 2 Unit Name : Semiconductor Physics Date 14-11-2017
Ec
A
EF smmsmsmmmmmones: SOOI
Energy
Ed T .
High doping level
B | st s
Ev S

Temperature Low doping level

For the same temperature, if the impurity atoms (i.e) doping level is increased, the electron concentrg
increases and hence Fermi level increases

CARRIER CONCENTRATION AND FERMI LEVEL INP —TYPE SEMICONDUCTOR

CARRIER CONCENTRATION

U For pitypeat absolute zerofwill be exactly between fand E.
0 At low temperature some electron from valence band fills the holes in the acceptor energy |

as shown in figure.

We know the density of holes in the valence band,

(E-E)/kT
S

nm=2.2am* KsT/h]*? e ()

Let Na be the number of acceptor energy levels per cm 3 which has energy Ea above valence
band.

CB Ec

Electron

/—'

I M4 Hole

7’7. O (@I D) Ea
Er

Ev

0]
O~
B
|
L
L
[

VB
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Na

2Er = E+E,-KgT log i
2 [2 m m*h KT/ h’] *?

By substituting the Fermi energy level E¢, we have

Density of Holes= (2 N,)"?  [2am*, KeT/h’]** exp[E, - E./2 KgT]

Therefore in general the electron density in the acceptor energy level can be written as
N(E) dE = Z(& dE F(&)

N(E.) dE = Z(E.) dE F(Ea)

Y

(i.e) n. =N, F(E,) (2)

1

F(Ea) =
1+e (Ea—EF)I kT
Ea— E>>KgT (or) (Ea - Ef) / KgT >>1
e (Ea- EF)/KBT >>1
l1+e (Ea-EF)/I\'BT= e (Ea-EF)/KBT
1 » )
F(Ea) =

(Ea-E )/ kT
€ F

Substituting equation (3) in (2), we get

Na - = (4)
ne= ey iy &
e (&:-EF)/kT
At equilibrium condition
Number of electrons per unit volume in Number of holes per unit volume
Conductionband (electron density) = in conduction band (hole density)
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Equating equation (1) and equati@) we gé

Na
P 2y 32 e BB
2. R KeT/H)? . o€ -BI5T =
(Ea-k )/ KT
¢ F
Na
(E - E +Ea-E )/k T
C F 13 B - 2. 30
2. [2am*,KgT/h] ™
—_— 5
Na
E «Ea<2E Yk T
e ™ =

2. [2 xm*, KpT/ h]*?
Taking log on both sides

. Na
log[cﬂ:\'fﬂ--l" )/lull e |0g s oa
2. [2xm* KgT /W] ¥
o
Na
(EA+E,)2E = log o
e [2wm*, KgT /0] *?
KaT <<
FERMI ENERGY LEVEL
At OK, when T= 0 we can write equation (5)
Evt Eq KgT log Na
Er = - )
2 2 2 [2 x m*h KT/ h*] *?

At OK, when T= 0 we can write equation (5)

E\'+ Ea
Er=
2
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VARIATION OF FERMI LEVEL WITH TEMPERATURE AND IMPURITY COCENTRATION IN
P-TYPE SEMICONDUCTOR

U When the temperature is increased, some Fermi energy level shifted upward direction for daping
level of

Na= 1021atoms/n¥as shown ifigure.

U Fromthefigureit canbeseernthatfor thesameemperatureif theimpurityatoms (.e.) doping level

is increased sayd\= 10 243toms /n3, the hole concentration increases and hence the Fermi level

decreases.
Therefore at low temperatutike Fermi energlevelthe Fermi energy levehay be increased

CB Ec

Low doping level

Energy /!'Ei
__———Tilehdopinglevel

Ea
F==mo—- EF
Ev

v

VB Temperature
HALL EFFECT:

0 Measuremendf conductivitywill notdeterminevhethertheconductionis due to electron or holes
and therefore it will be very difficult to distinguish betweentype and ntypesemiconductors.

U Therefore Hall Effect is used to distinguish between the two types of aterggrsandtheircarrier
densitiesandis usedto determinghe mobility of chargecarriers.

STATEMENT

0 When a conductor (metal or semiconductor) carrying current () is placed perpendicular fo a
magnetic field (B), a potential difference (electric field) is developed inside the conductor in a
direction perpendicular to both current and magnetic field.

U Thisphenomenon is known as Hall Effect and the voltage thus generated is called Hall voltage.
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THEORY

Hall Effect in n- type semiconductor

U Letus consider a-type semiconductor material in the form of rectangular slab. In such a material
current flows in Xi direction and magnetic field B applied in drection.

U As a result, Hall voltage is developed alongdfrection as shown in figure.

Y
Face 1
O O O O
+ Hall v
Current
i %,
_' _
O 00 O B © %
Face 2
Z magnetic field

0 Now due to magnetic field applied the electron moves towards downward direction with velocity
v and cause negative charge to accumulate at face (1) of the material as shown in fig.
U Thereforethe potential difference is established between the face (2) and faceh@)specimen

which gives rise to EH in the negative Y direction.

Face 1
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Here, the force due to potential differencee£y---(1)

Force due magnetiteld =- Bew---(2)
At equilibrium equation (1) equation (2)
-e B, =-Bev

Ey = Bv---(3)
We know the current density ih the X- direction is

Jk =-neev

E T
Hole —»——»
© \O‘\OQ O

V=-JX/ne e--(4)

Face 1

Substituting equation (4) in equation (3) we get
Ey =-BXk/ne e ----- (5)

B =Ry . JX B--{6)

Where R is known as the Hall coefficient, is given by
Ry =-(1/ne e)y----(7)

The negative sign indicates that the field is developed in the negativir&ction.

Hall Effectin p -type semiconductor

U Letusconsidera p 1type semiconductingnaterialfor which the currentis passed along X
direction from left to right and magnetic field is applied alorigdirection as shown in fig.

U Sincethe direction of current is from left to right, the holes will also move in the same directior
as shown irig.
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Y
Face 2

+ Hall volt
Current
urrent %,
_’ o
O OO0 O O O X
Face 1

Z magnetic field

Now due to magnetic field applied the holes moves towards downward direction with velocity v and
accumulates at the face (1) patential difference is established between face (1) and (2) in the positive
Y - direction.

<

Force due magnetic fiekd Bev-----(9)
At equilibrium equation (1) = equation (2)

e B, = Bev
EH = Bv-----(10)

We know the current density Jx in the rection is
JX=rhev

v =Jx/n, e---(11)
Substituting equation (4) in equation (3) we get

BEs=BJx/he

E =R .JX.B

Where R is known as the Hall coefficient, is given by
Ry =(1/n, e}----(12)
The positive sign indicates that the field is developed in the positivairgction

Hall coefficient in terms of hall voltage

If the thickness of the sample is t and the voltage developég thenHall
voltage Vy =Eq .t---- ((13))
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Substituting equation (6 )in equation (13), we have
Vy =Ry JXB .t-------- (14)

If b is the width of the sample then

Area of the sample = b.t

Current density = Jx = Ikbt------ (15)

Substituting equation (15) in equation (vhget

Ry Ix Bt
Vu=
bt
RulxB
Vu=
b
Vit , (16)

Hall coefficient, Ry =

IxB
The sign for \ will be opposite for n and p type semiconductors

Mobility of charge carriers
We know that Hall coefficient,
Ri=-(1/nce)

The above expression is valid only for conductors wheregélueity is taken as the drift
velocity.

But for semiconductor velocity is taken as average velocign$or n- type semiconductor is modified
Ry =-3n/8[1/n. €]
RH=-1.18/HCC —-)(l)

We know the conductivity forn—typeisc.=n.e .
Or p.=o0./n,e —» (2)

From equation (1) we can write

1/nce =-Ry/1.18 ———» (3)
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as

Substituting equation (3) in equation (2) we get

He=-[ccRu/1.18]

VuB

We know that, Ry=

IxB
For ni type semiconductor, the mobility of electron is

pe=-[0e/1.18](VuB ] —_— > 4

x B
Similarly for p7type semiconductor, the mobility of hole is

prh=[on/1.18]| VuB _ (5)
IxB

EXPERIMENTAL DETERMINATION OF HALL EFFECT

U A semiconductingnaterialis takenin theform of arectangulaslabof thickness aandbreadthb.

v
£ %

>VH

Magnetic field

Ix mA R
T P
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This sample is placed in between two poles of an electro magnet such that magnetic field is
applied along 4 axis.

u Due to Hall Effect, Hall voltage (3} measuredby fixing two probesat the centersof the bottom
andtop facesfacesof the sample.
U By measuringHall voltage, Hall coefficient is determined from the formula

From the hall coefficient, carrier concentration and mobility can be determined.

Vub
Hall coefficient, Ry =

IxB
APPLICATIONS OF HALL EFFECT

0 Itis used to determine whether the materiakigpe or rtype semiconductor.

U If Ryisnegativehenthematerialn-type.

U If theRuis positivethenthematerial ptype.

U Itis used to find the carrier concentration

0 Itis used to find the mobility of chargea r r €k, enred s

U Itis used to find the sign of the current carryohgrges.

U Itis used to design magnetic flux meters and multipliers on the basis of Hall voltage.

It is used to find the power flow in an electromagnetic wave.
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Ohmic contact

The Ohmic contacis a low resistance junction (n@actifying) providescurrent conduction from
metal tosemiconductoand vice versa. Theoretically speaking the current should increase/ decrease lir
with the applied voltage. With an immediate response for the any small voltage.

Ageurmdalion region Bealk wervdcandacin

shimike canboet N -

Hulel n-lype semiccaducize Matal  paype samsanduiar

(a) Before contact (b) After contact

Schottky Diode

TheSchottky Diodeis an electronic component which is used to radio frequency (RF) funtikens
a mixer or a detector diode. It comes useful for functions having power because of possessing low f
voltagedrop that would result in power loss at the least levels in comparison to the déNegraiction
diodes In some cases, it is sometimes addressed as the surface barrier diode or hot carrier diode.

The other names of a Schottky diode bagrier diode, hot electron diod®ot carrier diode, majority carrier
diode.

The symbol for the Schottky barrier diode is based around the basic diode circuit symbol. The circuit s
of the Schottky diode is shovim the figure.

Symbol for Schottky Diode

Cathode

Schottky Diode Symbol

learl

DI'wa

ymbe
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V-1 Characteristics of Schottky Diode

TheV-I characteristic®f Schottky diode are very much similar to thejymction diode. Current is

the dependent variable while voltage is the independent variable in Schottky diode. The forward voltage drc
of Schottky diode is low between 0.2 to 0.3 volts.

£

<«——Forward
characteristic

Current

Voltage

Reverse
characteristic

Working of a Schottky Diode

1 The operation relies on the princigleat the electrons in different materials have different potentjal
energy.

T N-type semiconductors have higher potential energy than electrons of metals.

Metal

1 When these two are brought into contact, there is a flow of electrons in both directions across th
metal-semiconductor interface.

T Avoltage is applied to the Schottky so that the metal is positive when compared to the semiconductc
1 The voltage opposes the biitt potential and makes the current flow easy.
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Applications of Schottky Diode

Schottkydiodes have been useful for the industry of electronics that has spotted many applic
in diode rectifiebecause of its unique properties. Here are some of the major areastidarndely used.

U RF mixer and detector diode:

U Power rectifier;

U Power OR circuits:

U Solar Cell Applications:

U Advantages of Schottky diode

Following are the advantages of Schottky diode:

The capacitance of the diode is low as the depletion region ofdtle & negligible.

1

1 The reverse recovery time of the diode is very fast, that is the change from ON to OFF state is
1 The current density of the diode is high as the depletion region is negligible.

1

The turn on voltage of the diode is 0.2 to 0.3 vaitsich is very low.

Disadvantages of Schottky diode

ation

fast

The only disadvantage of Schottky diode is that the reverse saturation current of the diode is large.
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