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Electrical Properties

relates the current I—or time rate of charge passage—to the applied voltage V as follows :
V=IR

where R is the resistance of the material through which the current is passing .The units
for V, I, and R are, respectively, volts (J/C), amperes (C/s), and ohms( V/A).

The value of R is influenced by specimen configuration, and for many materials is
independent of current. The resistivity (p ) is independent of specimen geometry but
related to R through the expression:
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where | is the distance between the two points at which the voltage is measured and A is
the cross-sectional area perpendicular to the direction of the current . The units for p
are ohm-meters (Q-m).
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Resistivity (p): The reciprocal of electrical conductivity, and a measure of a material’s
resistance to the passage of electric current.
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Electrical Conductivity:

The proportionality constant between current density and applied electric field ; also a
measure of the ease with which a material is capable of conducting an electric current . It
is simply the reciprocal of the resistivity, or:
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It's units are reciprocal ohm-meters [(©2-m) 1].
Ohm’s law, also, may be expressed as:
J=6¢

in which J is the current density, the current per unit of specimen area I/A, and &is the
electric field intensity, or the voltage difference between two points divided by the
distance separating them, that is:
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Ohm’s law: The applied voltage is equal to the product of the current and resistance;
equivalently, the current density is equal to the product of the conductivity and electric
field intensity
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Materials

- Q-m) 1 6=1010-102°
Conductors(metals) Semiconductors (Q-m)

6=10’ 6=10%-10*(Q-m) ! Insulators
(Q-m)

Energy Band Structures in Solids:
When atoms come together to form a solid, their valence electrons interact with
each other and with nuclei due to Coulomb forces.
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As a result of these effects, the valence electrons of atoms form wide electron energy
bands. The bands are separated by gaps, where electrons cannot exist .for materials
that are insulators, the band gap is relatively wide, whereas for semiconductors it is narrow
and the conductor materials has no gaps.
ool 33 G Jaai g drsl 5 A g i A8 o s (0 5S5 (g <l A1 8SEN cls g pSU ( dlall 13gd A
gl e g I e kel claliw
Electrons revolving around the nucleus are of two types:
1. Electrons connected to the nucleus and not involved in electrical conduction
2. Electrons are free and far from the nucleus and the strength of its connection to the
nucleus is weak and participates in the process of electrical conduction.
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The difference between semiconductors and insulators is that in semiconductors
electrons can reach the conduction band at ordinary temperatures, where in
insulators they cannot .
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In metals: The process of transmission of electrical energy within the metal material is
carried out by the transmission of the free electron in the outer electronic envelope of the
atom (far from the nucleus). This electron is stimulated until it is transferred from one
atom to another by shedding electrical energy from an external source. Atom to another
atom and in a specific and regular direction, and the group of these regular electrons form
the electricity current. In metals, any value from the external energy will stimulate the
electrons and the electric energy is transmitted easily because there are no gaps between
the atoms, which are atoms interconnected.
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The semiconductor materials :are composed of atoms that separate these atoms. These
gaps are electrons free. When the electron moves from one atom to another, it will need
energy so that it can cross the gap to reach the other atom. The external energy must be
equal to the gap so that the electron Of the transition of these materials need high power.
Possible that the electrons move in the semi-conductor materials at temperatures normal.
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The insulating material :consists of a group of atoms separated by wide gaps, so the
electron needs a high energy to move from one atom to another. Insulators can not transfer
electrical energy at normal temperatures.
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Free electron: An electron that has been excited into an energy state above the Fermi
energy (or into the conduction band for semiconductors and insulators) and may
participate in the electrical conduction process.
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Hole: For semiconductors and insulators, a vacant electron state in the valence band that
behaves as a positive charge carrier in an electric field.
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Holes have energies less than Ef and also participate in electronic conduction.
A hole is considered to have a charge that is of the same magnitude as that for an electron,
but of opposite sign (+1.6x101°C)
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Electron Mobility
When an electric field is applied, a force is brought to bear on the free electrons .
All the free electrons experience an acceleration in a direction opposite to that of the
electric field.
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Indeed, a current reaches a constant value the instant that a field is applied, because of the
““frictional forces’” which counter this acceleration from the external field.

These frictional forces result from the scattering of electrons by imperfections (impurity
atoms, vacancies, interstitial atoms, dislocations, and thermal vibrations of the atoms
themselves). Each scattering event causes an electron to:

1- Lose kinetic energy
2- Change its direction of motion
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Several parameters are used to describe the extent of the scattering phenomenon , these
include:
1- The drift velocity
2-The mobility of an electron.
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Drift Velocity (Va): represents the average electron velocity in the direction of the force
imposed by the applied field.
It is directly proportional to the electric field as follows:
Va = 1,8
L : electron mobility, indicates of the frequency of scattering events; its units (m? /\V-s)
The conductivity(6) of most materials may be expressed as:
6 = nlel pe
Where:
n: Number of free or conducting electrons per unit volume.
lel : Absolute magnitude of the electrical charge on an electron (1.6x102°C).
Thus, the electrical conductivity is proportional to both, the number of free electrons and
the electron mobility.
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Electrical Resistivity of Metals:
Since crystalline defects serve as scattering centers for conduction electrons in metals,
increasing their number raises the resistivity (or lowers the conductivity).
The concentration of these imperfections depends on temperature and composition.
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Where :pt,pi, and pqg represent the individual thermal, impurity, and deformation
resistivity contributions, respectively.
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