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1. Semiconductors Crystals:

Semiconductors are generally classified by their electrical resistivity at room
temperature, with values in the range of 102 to 10° ohm-cm, and strongly
dependent on temperature. At absolute zero a pure, perfect crystal of most

semiconductor will be an insulator.
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Devices based on semiconductors include transistors, switches, diodes,
photovoltaic cells, detectors, and thermistors. These may be used as single circuit

elements or as components of integrated circuits.
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A highly purified semiconductor exhibits intrinsic conductivity, as distinguished
from the impurity conductivity of less pure specimens. In the intrinsic
temperature range the electrical properties of a semiconductor are not essentially

modified by impurities in the crystal.
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The conduction band is empty at absolute zero and is separated by an energy

gap E, from the filled valence band.
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The energy gap is the difference in energy between the lowest point of the
conduction band and the highest point of the valence band. The lowest point
in the conduction band is called the conduction band edge; the highest point in

the valence band is called the valence band edge.
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As the temperature is increased, electrons are thermally excited from the
valence band to the conduction band. Both the electrons in the conduction band
and the unoccupied orbitals or holes left behind in the valence band contribute

to the electrical conductivity.

paludt Jra sill (3las ) 58S (glai (e Gl ja g ST Suiali oy 5l jall da a8l
SIS g 8 e a5 e lall @l gl plaall g Jaa il Blas 853 s sall <l 5 iSIY)
el Jaa sl b

6.1 Band gap: 4« j=llssad

The intrinsic conductivity and intrinsic carrier concentrations are largely
controlled by , the ratio of the band gap to the temperature. When this ratio is
large, the concentration of intrinsic carriers will be low, and the conductivity

will be low.
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In a direct absorption process the threshold of continuous optical absorption at
frequency , measures the band gap E, = hw, as shown in Figs. la and 2a. A

photon is absorbed by the crystal with the creation of an electron and a hole.
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In the indirect absorption process in Figs. 1b and 2b the minimum energy gap
of the band structure involves electrons and holes separated by a substantial
wavevector k.. Here a direct photon transition at the energy of the minimum gap

cannot satisfy the requirement of conservation of wavevector, because photon

wavevectors are negligible at the energy range of interest.
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But if a phonon of wavevector K and frequency € is created in the process, then

we can have
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k(photon) = k. + K =0; how = E; + hQ2
The phonon energy r2 will generally be much less than £,
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Figure 1

Figure 2

6.2 Intrinsic Semiconductors dwsbuy) cdua gall sludil

A highly purified semiconductor exhibits intrinsic conductivity, as distinguished

from the impurity conductivity of less pure specimens.
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Intrinsic semiconducting behaviour occurs in an insulating solid when koT is large

enough to permit some thermal excitation of electrons from the upper part of an
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otherwise filled band to the lower portion of the next higher (normally empty)
band.
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The number of conduction band electrons and valence band holes as follows:

no = density of conduction band electrons for a situation of thermodynamic

equilibrium.
n = total density of conduction band electrons (not necessarily at equilibrium).

ne = (N — Nng) = excess electron density in the conduction band caused by a

departure from equilibrium.
po = density of valence band holes in thermodynamic equilibrium,
p = total density of valence band holes.
Pe = (p — Po) = excess free hole density caused by a departure from
equilibrium
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If a semiconductor is completely pure and crystallographically perfect, the
densities no and po must be equal, for conduction band electrons can then be

.derived only by excitation of valence band states
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n; is the intrinsic electron-hole density. A single Fermi level characterizes the
energy distribution of both the free holes and the free electrons, and this

intrinsic Fermi level is close to the center of the intrinsic gap,
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The semiconductors are defined as insulators with small forbidden gaps. At finite
temperature some electrons are excited from the lower valence band to the upper,
conduction one. So there are holes in the valence band and the electrons in the

conduction one. Such semiconductor is called intrinsic.
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6.3 For electron ¢ S

Number of electrons < s <IN aae n = If(E) -g(E)dE
E,
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Effective density of conduction band states
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Normally electron excited from valence band leave hole.
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In equilibrium n = P i.e. number of holes = number of electrons.
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n,=\np  effective mass law
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