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mbination of Electrons and Holes

This 18 the process i1.1 which the free
Joctrons in the conduction band jump into
e valence band to combmg with holes,
* jn this process of rgapmbmation, the
elet‘”""’ho]e (c:h) pair is destroyed. The
ate of recombination is approximately
mportional to the product of electron
oncentration and.h.ole concentration. In
s process, the minimum energy released
o the form of electromagnetic radiation is
equal to the band gap (E;). We have

Eg= hv

where h is Planck’s constant and v is the
frequency of the radiation. The wavelength of
e radiation is given by

where ¢ (= 3 x 108 m/s) is the velocity of light
n free space. The generation and recombina-
tion of electrons and holes are illustrated in
Fig. 21.5.

Conduction
:rc?:e e k=
fridg n| <
T one:f’r)asgk Recombination
_i hv

° o o o

——
Hole Valence band

F
9.21.5: The generation and recombination of
electrons and holes in a semiconductor

Iy :N hile some electron-hole pairs are lost due
‘ dueemmbi“aﬁﬂn, new e-fi pairs are g_enerated
*mizq thermal excitation. For an intrinslic
| lafg OF"ductor at a constant tGmperatw‘e; the
f,, ““Mbination and the rate of generation
g hPalrs are equal, and hence the electron

I concentrations remain constant at
g, ©™al equilibrium value. With the rise
iy Perature, the thermal equilibrium vaiue
hegyect10n and the hole concentrations 4150

qu'r'rylcqnduotars and Applications 545
Intrinsic Conductivity

Since there are two types of charge carriers
(free electrons and holes) in the intrinsic semi-
conductor, its specific conductance is the sum
of the conductivities o, due to free electrons
and o, due to holes. Thus, the electric conduc-
tivity of an intrinsic semiconductor is

0;=0,+0,=ney, +pey, (21.1)
where p, and y, are electron and hole mobili-
ties respectively. The mobility y is defined as
the drift velocity per unit electric field. The
magnitude of , is always less than p, for semi-
conductors. The mobilities of electrons and holes
are p = 1250 cm?/Vs and p, = 480 cn?/Vss.
n and p are concentrations (number of charge
carriers per cubic meter) of electrons and holes
respectively in a semiconductor. Since for an
intrinsic semiconductor

n=p=mn;
one obtains
o; = m;e (, + Wy) (21.3)
The mobilities depend on temperature as a
modest power law, i.e. p goes as 1/T */*

or p,=al /2 and w s BT 2
Thus p’n+ uh= (0'. i B)T -3/2 = 'YT -3/2
Equation (3) becomes
g; =T /2= fen)T ™"
Now n; = CT 2 exp(Eg/ 2k,T)

b 3/2
C= z(gﬁ.}:",_i)

/2
[21:><9.1><10‘31 x1.38x107 T

(21.2)

(6.626) x10
= 4,83 x 10*

Hence 1, = 4.83 x 10%T 3% exp (—Es/ZkBT)
Using this value of 1 one obtains
g, = yCeexp (- E /2 ksT)

0,= Bexp(-E/2 kgT) |

oxp(Eg/285T) _ goxp(By/24eT)
B il (15)

(21.4)
or




Chafge Carrier Densities in Extrinsic
Semiconductors

We have seen that the introduction of
impurities in pure semiconductors increases
the density of one type or another type of
charge carriers. The product of holes and
electrons in a semiconductor is constant
depending on the width of energy gap and
temperature and hence the introduction of the
impurities results in an increase in the density
of one type of carrier and a decrease in the
density of the other type of carrier. In an
extrinsic semiconductor, the carriers intro-
duced by the impurities are called majority
carriers and the other type are called mmolrzty
carriers. It is important to note jchat. tl(lie 0:2’)
value for minority carrer density is due

added recombination. - b e
Let N, be the donor unpurltythe ot

i ‘ nsity, :
acceptor impurity bl lectrons in an

the density of ele
holes and nrm o ducting material. From the

insic se .
gggcllri‘fion of charge neutrality, W€ have
N;+p=N,+1
n=(N-N)*P

or






Charge Densities in Extrinsic Semiconductors

The density of impurity atoms in N- and P
type materials is so low compared to the
density of semiconductor atoms that the rate
of thermal pair generation is not affected
appreciably by the presence of impurity
atoms. In the case of intrinsic semiconductors,
we have scen that the concentration product
Was a constant at a given temperature.

np = n? (21.14)

Assuming all impurity atoms in extrinsic
semiconductors to be ionized at the usual
Operating temperatures, the free charge
densities in impurity material can be based
upon N, the donor atom density in
N-material, or N,, the acceptor atom density
in P-material.

The electrical neutrality of the material
demands

p=Np=n+N, (21.15)

The LHS of Eq. (21.15) gives the total
positive charge as the sum of holes in the
valence bonds and the positive charge
associated with the donor atoms that have
given up electrons and become positive ions.
The RHS of Eq. (21.15) sums the negative
. charge of the electron density n and the
* negative charge due to electrons held by the
ionized acceptor atoms.

Using Eq. (21.14), one can write

2 2
n=2i and p=0 (21.16)
P H

Only donor impurities are introduced in
N-type material, so N, = 0. The donor density
will be made much larger than the density of
intrinsic holes, i.e.

Np>>p

and in N-type material the electron density is
written from Eg. (21.15) as

nzN, (21.17)

On the similar reasoning for P-type material,
we have N, = 0 and N, >> n. One obtains
density relations in P-type material as

(21.18;
pEN, (21.19)
From the above results, we can conclude
that the density of majority carrier ac.
proximates the impurity atom density a¢ ustal
ambient temperatures and the density of
minority carriers reduces below the intririgic
level. This means that the increased electron
density in N-type material rajses the
probability that an electron will meet and
recombine with a hole and so the hole density
decreases to maintain n? constant.

21.4 SEMICONDUCTOR DEVICES

A semiconductor device can be defined s 2
unit which consists, partly or wholly, of
semiconducting materials and which can
perform useful functions in electronic
apparatus and solid state research. Examples
of semiconductor devices are semiconductor
diodes (P-N junction), transistors, integrated
circuits (ICs), etc. Si, Ge and GaAs are most
commonly used materials for the fabrication
of semiconductor devices. For convenience,
the properties of these semiconductors are
summarized in Table 21.3.

Almost all semiconductor devices are
comprised of a single crystal semiconductor
incorporating two or more semiconducting
regions of different impurity density. The
difference in the electric fields and carrier
densities associated with differently doped
regions, called junctions, permit a wide range
of essentially nonlinear conductivity effects in
devices incorporating two, three or more .
distinct regions. Most semiconductor devices &
can be understood through the simplest of
such junctions, called the P-N junction, Wh}d‘
is a system of two semiconductors in phys
contact, one with excess of electrons (N-type)
other with excess of holes (P-type) (Table 213}

P-N Junction

When a P-type semiconductor is broughtin®®
contact with N-type semiconductor a5 ==
process of crystallisation is taking place:
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density of gemiconductor atoms that the rate
of thermal pair generation is not aﬁvct.vd
appreciably by the presence of impurity
atoms. In the case of intrinsic semiconductors,
we have seen that the concentration pr()d uct
was a constant at a given tompcrature.

np = nj (21.14)

Assuming all impurity atoms in extrinsic
<emiconductors to be ionized at the usual
operating temperatures, the free charge
densities in impurity material can be based
upon Np, the donor atom density in
N-material, or N, the acceptor atom density
in P-material.

The electrical neutrality of the material
demands

p=Np=n+Ny (21.15)

The LHS of Eq. (21.15) gives the total
positive charge as the sum of holes in the
valence bonds and the positive charge
associated with the donor atoms that have
given up electrons and become positive ions.
The RHS of Eq. (21.15) sums the negative
charge of the electron density n and the
negative charge due to electrons held by the
jonized acceptor atoms.

Using Eq. (21.14), one can write
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and in N-type material the electro it
written from Eq. (21.15) as n density is

"% Np (21.17)
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Table 21.3; py

TN e

operties of 5§ and Ge semiconductors

i o CIMETCEUONS 209

r : j Villgo g if s
Praperty £ - -~ —d
” ' ) i g | Unit \Germantum (Ge)| Silicon (Si) GaAs
: V A tOmic ﬂ\’m"l’f 1 7 14
Atomic weight 7:2.6 28.08 144.63
Density . kg/m’ | 532410 | 2334100 | 833 x 109
Atom concentration atoms/m? | 4.4 x 102 5 % 108 2.21 » 102
Relative dielectric constant €, 16 118 '10 9
pand gap at 0K Epo eV 0.785 121 143
Band gap at 300 K Eq eV 0.72 11 132
: . Carriers
Intrinsic carrier (generation) n 2.5 x 101 1 6 1092
3300 K i s 5% 10 9.0 = 109
Crystal structure Diamond Diamond | Zinc blende
Lattice constant R A 5.65748 5.43086 5.6534
Melting point 6 936 1420 1250
Minority carrier lifetime second (s) ~10°3 ~2.5 x 1077 ~108
Breakdown field V/m ~107 ~3 x 107 ~4 % 10°
Diffusion constant D, (electron) m?/s 0.009842 0.003367 0.001036
D, (holes) 0.004662 0.001295 0.000906
Effective density of states '
in the conduction band N, m™ 1.04 x 10® 28x 105 | 47x102
Effective density of states
in the valence band ND n’lﬂ3 6.4 x 102‘ 1.02 x 105 7.0 x 102 _
Intrinsic conductivity o, Sm! 2.2428 0.4325 x 107 | 1.2832 x 107
2
m
Mobility (drift) at 300 K u, (electron) Vo 0.38 0.13 0.85
2
m .05 0.04
, (hole) s 0.18 0.05
7
; ¢ 44 48 .
'l : WOfk funcbon W Vol (V) 037 0.063 0.035
4 Monon energy £V g ‘

‘ﬁﬁlﬁng combination is called a P-N junction.

external voltage connected to the P-N junction.

| “diately after it js formed. There is NO

| ng ; 4 5 : a high concentration
i tion has important properties and is,  Since N eﬁéﬁ‘?&“ﬁu’zﬁe@m@ s
'ﬁl:ffm' (e basis of moderp pemieandiicat 0. h concentration of holes, the following
. v(;g and practice, Most semicondgctor gﬁc eg::s s
% contain one or more P-N junctions. ‘ eyl
"t important characteristic of @ P-N ;¢ the junction, holes &%xm
| t’r‘mon 16 ifs ability to conduct current in one diffuse into the N-rej ko the P-regior
ey 1 0nly. In the reverse direction, it offers from the N-regiondittuse &2 ©° © o
- gh resistance, This process iih?lilr:% ‘:;g:m in the
5 inchion vith No Extemal Voltage combine Wi s elsczons combine with
' ,'ISU[@ ‘ s iy s £ ereglon Whﬁm s
iy, 2116 shows a P-N junction jus the holes in the P-region.
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Fig. 21.16: A P-N junction when just formed

1. The diffusion of holes from P-region to
N region and electrons from N-region to
P-region across the junction takes place
because they move haphazardly due to
thermal energy and also because there is
a difference in their concentrations (the
P-region has more holes whereas
N-region has more free electrons) in the
two regions.

ii. As the free electrons move across the
junction from N-type to P-type, positive
donor ions are uncovered, i.e. they are
robbed off free electrons. Hence, a
positive charge is built on the N-side of
the junction. At the same time, the free
electrons cross the junction and uncover
the negative acceptor ions by filling in
the holes. Therefore, a net negative
charge is established on P-side of the
junction. When a sufficient number of
donor and acceptor ions are uncovered,
further diffusion is stopped. It is because
now, a barrier is set up against further
movement of charge carriers. This is
called potential barrier or junction barrier.
The potential barrier is of the order of
0.1 to 0.3 volts. Figure 21.17 shows the
electrostatic potential difference across
the P-N junction. How this potential
barrier is developed? It is because now
positive charge (ions) on N-side repels
holes to cross from P-type to N-type and
negative charge (ions) on N-side repels
free electron to enter from N type to P-
type. Because of this difference in
potential established between the two

sections, which inhibits further electron-
hole combinations at the junction, and

the Fermi level of the two sides i9 i g,
same level as shown in Fig, 2117,
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Fig. 21.17: Potential barrier across the P-N junction

iv. The region across the P-N junction in
which the potential changes from
positive to negative is called the depletion
region. The width of this region is of the
order of 6 x 10~® m. Since this region has
immobile (fixed) ions which are
electrically charged, it is also called as the
space-charge region. Outside this region on
each of side of the junction, material 18
still neutral.

v. The potential barrier for a silicon P-N
junction is about 0.7 V, whereas for
germanium P-N junction it is approx”
mately 0.3 V.

The potential barrier discourages the
diffusion of majority carriers across the
junction, However, the potential barriet helps
minority carriers (few free electrons in the



p.gegion and few holes in lh.u Neregion) to drify
cross the junction. The minority carriers kte
l-nnﬁl“””\ generated due to thermal energy.
gutlectric current cannot flow since no cireuit
has been connected to the P-N junction,

porwafd and Reverse Biasing
rorward Biasing

We have seen that the natural tendency of the
majority carriers (free electrons in the N-
oction and holes in the P-section) was to
ombine at the junction. This is how the
depletion region and potential barrier were
tormed. Actually, the combination of electrons
.nd holes at the junction allows electrons to
nove in the same direction in both the P-and
N-sections. In the N-section, free electrons
move toward the junction; in the P-section, for
the holes to move toward the junction, valence
electrons move away from the junction.
Therefore, electron flow in both the sections
isin the same direction. This, of course, would
be the basis of current flow.

With the P-N junction alone, the action
stops because there is no external circuit and
because of the potential barrier that builds up.
So, for current to flow, a battery can be
connected to the diode to overcome the
potential barrier. And the polarity of the
battery should be such that the majority
carriers in both sections are driven toward the
unction. When the battery is connected in this
way, it provides forward bias, causing forward
o high current to flow, because it allows the
majority carriers to provide the current flow.

To apply forward bias, positive terminal. of
the battery is connected to P-type and negative
‘erminal to N-type as shown in Fig. 21.18a. The
“Pplied forward potential establishes an
eleqric field which acts against the pot.enujal

armier field, Obviously, the resultant field is

;e;]k@ned gnd the barrier height is redsu.ceCEl3
i P-N junction (Figs 21.18b and ). H;/C

Mtial barrier height is very small (0.2 V),

u”';c“la small forward voltage is sufélqeﬂglto

. 8()P ctely eliminate the barrier. O ;,‘:; rric}e,rl

i }:ne forward voltage, the potentia o
¢ P-N junction can be eliminate

. all‘")g‘ithcr, Then the junCtiOﬂ resistance will

become 7€ : 518

8 establi;:lr}?(;gtff)ﬂrr(t’lfeng: ti’;’:VC;:ll:a'tar!cc o
it. Thus, a

large current is generated in the circuit even

for 'thc small potential difference applied. Such

a circuit is called forward bias circuit and the

current is called forward current. The salient

features of the forward bias circuit are as
follows:

1. At some forward voltage, the potential
barrier is eliminated altogether.

ii. The P-N junction offers low forward
resistance (rf) to current flow.

iii. The magnitude of current in the circuit
due to the establishment of low resistance
path depends upon the applied forward
voltage and it reduces as the voltage is
increased thereby forward current
increases. It is given by

[ (eX i) (21.20)

where V = applied voltage

Vr= here T = temperature in Kelvin
11600

n = 1 for Ge and 2 for Si

Electrons

X
48 ¢

L J
5o

K

Depletion —~
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Potential barrier
height (no external
field)

(b) ‘ :
Potential barrier
height (under
external field)

Fig. 21.18: P-N junction showing forward biasing



The mechanism of current flow ina forward

biased P-N junction is as follows:

i. The free electrons from the negative
battery terminal continue to arrive into the
N-region while the free electrons in the
N-region move towards the P-N junction.

ii. The electrons travel through the N-
region as free electrons. Obviously,
current in N-region of the P-N junction
is by free electrons.

iii. When these free electrons reach the P-N
junction, they combine with holes and
become valence electrons. Since a hole is
in the covalent bond, and hence when a
free electron combines with a hole, it
becomes a valence electron.

iv. Current in the P-region is by holes. The
electrons travel through P-region as
valence electrons.

v. These valence electrons after leaving the
crystal flow into the positive terminal of
the battery.

The current flow in a forward biased P-N

junction is illustrated in Fig. 21.19.

Free T .J ’
electron |°* °—l_' | «" 4 *e
flow S o—» | <o
VIfes il t
o+ :‘ ®
O \ P
Current +y=

flow

Fig. 21.19: Current flow under forward bias

Reverse Biasing

We have seen that for forward current flow, the
battery must be connected to drive the majority
carriers towards the junction, where they
combine to allow electrons to enter and leave
the P-N junction. If the battery connections are
reversed, the potential at the N-side will draw
the free electrons away from the junction and
the negative potential at the P-side will attract
the holes away from the junction.

With this battery connection, the majority
carriers cannot combine at the junction and
majority current cannot flow. For this reason,
when a voltage is applied in this way, it is
called reverse bias,

However, reverse bias can cayge

« i i} rp'v
current to flow because minority Camemﬂmr
present in the semiconductor geep are

cti
Remember that although the P-section iq d'(Ons,‘

to have excess holes, yet some electrong are fr
because of thermal agitation, Also, a]th()ughtt'ed
N-section is doped to have excess free electr i
some electrons are freed to produce holes i y
N-section. The free electrons in the P-section ang
the holes in the N-section are the minori
carriers. Now, with reverse bias, one can see that
the battery potentials repel the Minority carriers
toward the junction. As a result, these miny;
carriers cross the P-N junction in exactly the
same way that the majority carriers did with
forward bias. However, since there are mych
fewer minority carriers than there are majority
carriers, this minority current, or reverse current
as it is usually called, is much less and is of the
order of pA. Reverse bias P-N junction is shown
in Fig. 21.20 The salient features of the reverse
biased P-N junction are as follows:

i. The height of the potential barrier is
increased and width of depletion region
also increases (Figs 21.20b and ¢).
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Fig. 21.20: P-N junction showing reverse bias




i The l'p\:(‘]:,\‘(‘ bias P<N inn(‘“ﬂn offers Ve
high resistance to current flow, T(lriy
cesistance is called reverse resislanév (R‘ ;

4 Due to the establishment of high f‘eqirz‘
tance path, very small current flows
the circuit. This current is usually cailé?
as the leakage current or reverse satuy ;.a”(;,
current.

The current in the above situation is given

by

[= Io(e"/™ ~1) (21.21)
Gince applied voltage V' is negative, hence
x it increases, the first term in RHS reduces
very fast and current from Eq. (21.21) reduces
11 = (-, which is quite low and constant.

Volt-Ampere Characteristic of P-N Junction

The P-N junction can be represented by a
symbol of arrow and dash as shown in
Fig. 21.21. The arrow head represents the
Psection of the crystal and shows the direction
of flow of holes or conventional current. Since
te P-N junction diode’s resistance changes
according to the direction of current flow and
hence it is called a nonlinear device. Basically,
its nonlinearity is dependent on the polarity
of the applied voltage.

PO—»—ON

Fig. 21.21: Symbol of the P-N junction diode

A graph between the potential difference
across the P-N junction and the current
through the junction is called the V-I
dharacteristics of the P-N junction direction
diode and is shown in Fig. 21.22.

In the forward direction, though con-
siderably more current flows and the current
lor the most part increases Jinearly as the bias
Voltage is increased, in the forward direction,
11, the P-N junction can be considereq a
"ear device over a large portion of its
“Perating curye, The small portion of the
| %l:.v ¢ that is just above zero bias ig nqnlineag
r”i:[*”r_esults because both majority atrll\
w,‘“" ity currents actually comprise e
“rall current, Since the minority carriers are
energy carriers, majority current starts

TTPTPTIINNARRINI IW WA

firat as
st and the e i
then as the voltage is raised, mirority

current jol -
t joing in, causing a nonlinear rise in

current, |

'.mnt)l::.-t But as the voltage is increased further,

there ur-y Ullrrem becomes saturated since
e only few minority carriers, The curve

then follow
8 the majority current incre:
which is linear. jority current increase

Because of the nonlinearity of the curve, if

T Forward
current

Linear

Breakdown or %:
= region

zener voltage

<—
Reverse
bias

Ed
[ —p
= Forward
bias

-]

Reverse
bias

Fig. 21.22: V-/ characteristics of a P-N junction
diode

a very small signal voltage is applied to the
diode so that it only operates around the knee,
the signal will be distorted. The signals must
be large enough so that they operate mostly
over the linear part of the curve.

When reverse bias is applied, a slight
reverse current flows. This reverse current
increases only negligibly as the bias voltage is
increased a lot (20 to 25 volts). At this stage,
current suddenly rises in the reverse direction
due to the breakdown of the crystal, i.e.
covalent bonds of the crystal are broken in
very large number. This breakdown reverse
bias is called the breakdown or zener voltage.
Diodes are also designed to produce a useful
wide range of zener breakdown region qnd
are used in special voltage-regulating circuits.

Effect of Temperature on P-N Junction

Diodes |
We know that temperature rise boosts the

eneration of electron-hole pairs in semi-
conductors and increases their conductivity.
From the consideration of the energies of the
carriers crossing the dgpletxon regnoni in a
P-N junction diode, an involved calculation



21.7 PHOTODIODE

A photodiode is a P-N junction diode packed

Into a transparent plastic working under
reverse biased condition.

Principle

A very small current flows through a P-N
junction diode when it is reverse biased. It is
because minority charge carriers take part in
conduction. The number of minority carriers
depend upon the working temperature.
However, when photons (light) of suitable
frequency are incident on the junction, the
number of charge carriers increases. But this
happens only when light radiatlops touqh the
junction which is not the case in ordinary

diode.

Working

In a photodiode, visible light 1s focuss%d.on
the junction through a lens. Light ocrl\ heigsg
incident produces free electrons an oses.
Thus, the number of charge carriers 1ncrlela ¢
and hence current increases. Generally,

hotodiode is optimized for its sensx;tgietgg
light. As the light intensity mcreasze;ated o

more charge carriers are gen
reverse bias current increases.



In this respect, a photodiode acts as a photo
detector, a device which converts incoming
light signal into electrical signal.

Applications

Some of the important applications of
photodiodes are (i) photo detection (both
visible and invisible) (ii) demonstration (iii)
logic circuits (iv) switching (v) optical
communication system.

21.8 SOLAR CELLS

Solar cells, which convert the sunlight directly
into electricity, at present furnish the most
important long duration power supply for
satellites and space vehicles. These cells have
also been successfully employed in small-scale
terrestrial applications. Today, the solar cell
is considered a major device for obtaining
energy from the sun. It can convert sunlight
directly into electricity with high conversion
efficiency, provide nearly permanent power
at low operating cost and is virtually free of
pollution. Recently, research and pollution
development of low-cost, flat panel solar cells,
thin film devices, concentrator systems and
many innovative concepts have increased. We
can that in near future, the costs of small
solar power modular units and solar power
plants will be economically feasible for large-
scale use of solar energy.

The first solar cell was developed by Chapin
et al. in 1954 using a diffused silicon P-N
junction. Subsequently, the cadmium sulphide
solar cell was developed by Raynolds et al. in
1954. Till date, solar cells have been made of
many other semiconductors, using various
device configurations and employing single-
crystal, polyciystal and amorphous thin film
structures.

Photovoliaic Effect and Solar Cells

The photovoltaic effect can be observed in nature
in a variety of materials, but the materials that
have shown the best performance in sunlight
are the semiconductors. In photovoltaic
conversion, the solar radiation falls on devices
called solar cells which convert the sunlight

directly into electricity. The principal adyang,

associated with solar cells are that they haye .
moving parts, require little maintenance ang
work quite satisfactorily with beam or diffige
radiation. :

21.9 LIGHT-EMITTING DIODE (LED)

LED is a solid state (P-N junction diode) lighe
source which has replaced incandescent lamps
in many day to day applications.

LED is just not an ordinary P-N junction
diode where silicon is used. Here we yse
compounds having elements like gallium,
arsenic and phosphorous which are sem;-
transparent unlike silicon which is opaque.
(Gallium arsenide gives infrared radiations
and gallium arsenide phosphide gives visible
light either red or yellow).

The advantages of an LED are:

i. Low voltage of operation
ii. Long life (more than 20 years)
iii. Fast ON-OFF switching (10~ sec).

The other uses of LED are:

1. For indicating power ON/OFF (powet

level indicators) |

2. Optical switching applications

3. Solid state video displays

4. Optical communication—Energy coupling

circuits.

All natural colours are composed from
three primary colours namely red, green and
blue. LED in red and green have been available
but the blue one has been missing. Blue !lght
emitters have several potential applicatior®
They can be used for full colour displays®
large area, They can be used in traffic 18
as replacements for ordinary bulbs resul
in huge power savings as well as cost. Use
blue lasers can also result in higher densty
storage of information in optical CD- g
Blue light emitters have been fabricated v
several materials including ZnQO,
SiC. These attempts have been red
successful, However, maximum success mm

: ith G
few years has been achieved with
material has proved to be very usef“l owe
also capable of operating at high P
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ot‘ charge carriers (electr
onb) per unit vol
; “. Wio i« ( ) i gwen ume, then the relation between the current

."" - :{L

t ' ne (8.31)

Ve ue va in Eq. (8.28), we get

1
Bt/ B
[ ne) x P2 (8.32)

(1/n ) 1s called Hall coefficient for the material or the specimen slab and is represented as

, ,
'?-‘“hi

gl (8.33)

(8.34)

Yy d

o. o 3
' RH (1,/5d)B, 1, B, Q-m*/Wb

ression, B, is in weber/metre and d is in metre.
ider the influence of applied electric field E, and Hall electric ﬁeld Ef**
rge carriers makes an angle with the x-dlrectlon. This ang



from Eq, (8.34), we get

S s e Y
B, =u, kB,




