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SEMICONDUCTOR MATERIALS

Energy Bands Theory in Solids
Energy levels
The angular momentum of an electrons is always tigeghand is integral muIUpIBsg'i

Thus the electrons can have certain orbital rddie electrons in these orbits hav N’a certain

values of energy. These certain values of energgleaftrons in an atom arg‘called the energy

levels of the atom. /\
The energy levels of an isolated single atom afliedefined us II presented by series
of horizontal lines. When the two identical atorms aelose to e her their electrons move

under the influence electromagnetic fields of twonas. As t@ sult, each energy level split
into two levels, one higher and other lower thwdbrre%djng level of the isolated atom.
Energy Band

When the numbers of atoms are broug &ethen ascrystal, they interact with one
another. As the result, each energy level spli several sub-levels. A group of such energy
sub-levels are called an energy band. \

The number of energy sub ev<¥Tn a band is efquie number of atoms in a crystal.
The energy band in a crystal cg%oonds to theggrevel in an atom. And an electron in a
crystal can have an energy alls within ontheke bands.
Forbidden Bands

The energy@ are separated by gaps in whick theo energy level. Such energy

gaps are calle i@sdden bands. The electron mapjfrom one energy band to another by
acquiring e equal to the energy of forbiddeergy gap.

Valence %\nds

e electrons in the outermost shell of an atomcafied valance electrons. Therefore,
theienergy band occupied by valance electrondledcihe valance band. The valance band may
be either completely filled or partially filled viatthe electrons but can never be empty.
Conduction Band
The energy band next to the valance band is cahedconduction band. The valance and

conduction bands are separated by forbidden ergagy. The conduction band may be empty or
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partially filled. The electrons in the conductioand can drift freely in the materials and are
called free or conduction electrons.
The width of forbidden energy gap between valamzk@nduction band decide whether

a material is a conductor, insulator or a semicetaiu
Distinction between Conductors, I nsulators and Semiconductors on the bass
of Band Theory of Solids

N
Conductors Q\OO

e

All metals are good conductors of electricity antkit

resistivity is of the order of0 8 2 — m. In case of conductors, ther

. _ ] Conduction Band
is no forbidden energy gap between the valancetla@donducti Overlap”]

band. The valance band and conduction band aréalbarﬁll%}) region

room temperature. So the electrons can easily jinoqm valance Conductor

band to the conduction band. Due to this reasamch ?1 easily
pass through conductors. (@
Insulators @

The insulators have the very large.Value of resigtivhich is of | Cenduction Band

the order of10° Q2 —m. In case of ulators, the valance band | Large energy
gap between

completely filled and the cond (%h band is empihe energy gap | valenceand

conduction bands.

between the valance and co tion band is vegglarhus, no electron
can jump from valencex to conduction band. lfeset are no free —

electrons in insula@hce no current can gassigh insulators.

Insulator
Semiconductors
The materi ich have intermediate values abtigdy (of the order
of 102 m) called semiconductor materials. The energy gdpden
the v,&l@ce and conduction band is very small. c ey
A iconductor is a material that is between cotata and insulators in

its ability to conduct electrical current. A semmduactor in its pure —
(intrinsic) state is neither a good conductor ngoad insulator. The most
Semiconductor

common single-element semiconductors are silicomgeium, and

carbon. Compound semiconductors such as galliuenals are also commonly used.
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Intrinsic Semiconductors

A pure semiconductor is known as intrinsic semieaadr. The most common examples
of intrinsic semiconducting materials are silic&iach atom of silicon has four valance electrons.
Moreover each atom of silicon is surrounded by fatoms.

A silicon (Si) atom with its four valence electrosbares an - j °
electron with each of its four neighbors to formvaent bond. This « ¢  wé =« ¢
effectively creates eight shared valence electrfamseach atom and « - @

@

produces a state of chemical stability. °

Silicon atom
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The semiconducting materials have n@we temperabefficient of resistivity. At low
temperatures, the valence band is com‘p.@sely filled conduction band is completely empty.
Thus the semiconducting materials be%Ve like ateulat low temperatures.

At comparatively higher temperature, the electronwvalance band acquire sufficient
energy to jump in conductio . As the tempeeaincreases, the probability of the electrons
to jump from valance conduction band increas€&herefore, the conductivity of
semiconductors incredgv;ith increase in temperatu

At absolut 0, the intrinsic semiconducting make behaves like insulators because
they have electrons. But as the temperattiiacreases, the thermal agitation in the
atoms aks some covelent bonds which resultoimdtion of electron hole pairs. The
elec@ ump from valance band to conduction dan@bsorbing the thermal energy. As the

It,"the conductivity of semiconductor increaséh increase in temperature.

0 K (No electrons
in conduction band.) 300 K

Conduction Band
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Extrinsic Semiconductors

The semiconductors doped with some impurity areedadxtrinsic semiconductors. The
conductivity of silicon and germanium can be dialy increased by the controlled addition of
impurities to the intrinsic (pure) semiconductivaterial. This process, called doping, increases
the number of current carriers (electrons or hol€ke two categories of impurities a@-type
and p-type. \

N-Type Semiconductor %

To increase the number of conduction-band electroniitrinsic pentavalent
impurity atoms e.g., arsenic (As), phosphorus fmuth (Bi), and an ?&y (Sb) are added.
Each pentavalent atom (antimony, in this case) $orm (\
covalent bonds with four adjacent silicon atomsur-af
the antimony atom's valence electrons are usedrto f c @ o s

the covalent bonds with silicon atoms, leaving erera™

e Sl e
electron. This extra electron becomes a corg@;\t \ @ ( i/) @
electron because it is not attached to any at@ * > °
Because the pentavalent ator\fyv S up @
electron, it is often called a donor at he nemif

conduction electrons can be care@y controlledthyy number of impurity atoms added to the

>

in N-Type Semiconductor

silicon.

Majority and Minority Car ki
In an n-type se ducting material, most of therent carriers are electrons. So, the
electrons are call e majority carriers in netypaterial. Although the majority of current
carriers in n-ty aterial are electrons, theeeadso a few holes that are created when electron-
hole pairs are'thermally generated. Holes in aype-taterial are called minority carriers.
P-Typ iconductor
To increase the number of holes in intrinsic siticc
t&ent impurity atoms e.g., boron (B), indiumn)l and Hoe fom B som
gallium (Ga) are added. All three of the boron amnalence (/_\\/
electrons are used in the covalent bonds; and,e sfoar Q
electrons are required, a hole results when eaddnt atom is ) Q )

added. Because the trivalent atom can take anreafect is

e
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often referred to as an acceptor atom. The numbéples can be carefully controlled by the
number of trivalent impurity atoms added to thesit.
Majority and Minority Carriersin P-Type Semiconductor

In a p-type semiconducting material, most of therent carriers are holes. Holes can be
thought of as positive charges because the absérareelectron leaves a net positive charge on
the atom. The holes are the majority carriers tgge material. Although the majority.of current
carriers in p-type material are holes, there ase al few free electrons that %e ted when

electron-hole pairs are thermally generated. Eb@stin p-type material are t inority carriers.

&
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