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DESCRIPTION

A substance that falls between the electrical conductivity values of a
conductor, like copper, and an insulator, like glass, is said to be a
semiconductor. As the temperature increases, its resistivity decreases;
metals respond in the reverse way. By injecting impurities into the crystal
structure, its conducting properties can be changed in useful ways. A
semiconductor junction is produced when two regions in the same crystal are
each differently doped. Diodes, transistors, and the majority of modern
electronics are built on the behaviour of charge carriers, such as electrons,
ions, and electron holes, at these junctions. Silicon, germanium, gallium
arsenide, and elements close to the so-called "metalloid staircase" on the
periodic table are a few examples of semiconductors. A variety of beneficial
characteristics that semiconductor devices can exhibit include changeable
resistance, the ability to transmit current more freely in one way than the
other, and sensitivity to heat or light. Devices manufactured from
semiconductors can be utilised for amplification, switching, and energy
conversion because the electrical properties of a semiconductor material can

be altered by doping, the application of electrical fields, or light.

A modest amount (of the order of 1 in 108) of pentavalent (antimony, phosphorus, or arsenic) or trivalent (boron, gallium,
indium) atoms can be added to silicon to boost its conductivity. Doping is the procedure involved, and the resulting
extrinsic or doped semiconductors are the end product. In addition to doping, raising the temperature of a semiconductor
can increase its conductivity.

This goes against the way metals behave, where conductivity drops off as temperature rises. Quantum physics is used
in modern knowledge of semiconductor characteristics to explain the motion of charge carriers in a crystal lattice. Doping
significantly raises the crystal's charge carrier density. A doped semiconductor is referred to as "p-type" when it has free
holes, and "n-type" when it has free electrons.

To precisely manage the concentration and locations of p- and n-type dopants, semiconductor materials used in
electronic devices are doped. Many p- and n-type regions can be found in a single semiconductor device crystal; the p-n

junctions that connect these regions are what produce the beneficial electrical behaviour. One can rapidly detect whether
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a semiconductor sample is p- or n-type using a hot-point probe. Because a current requires the flow of electrons, and
semiconductors contain full valence bands that impede the entire passage of new electrons, they are poor conductors
in their native form. Semiconducting materials can behave like conducting materials thanks to a number of developed
techniques, such as doping and gating. The two results of these alterations are n-type and p-type. These speak of an
abundance or a deficiency of electrons, respectively. An even distribution of electrons would result in a current moving
through the material. When two differentially doped semiconducting materials are combined, heterojunctions develop.

For instance, a setup might have germanium that is both p- and n-doped. As a result, the variously doped semiconducting
materials interchange electrons and holes.

There would be an excess of electrons in n-doped germanium and an excess of holes in p-doped germanium.

Recombination, a process that brings migrating electrons from the n-type into touch with migrating holes from the p-
type, causes the transfer to continue until equilibrium is attained. A thin band of immobile ions forms as a result of this
action, creating an electric field that spans the junction. A semiconducting material would depart thermal equilibrium
and enter a non-equilibrium state if its electric potential varied. As a result, the system receives electrons and holes,
which interact through a process known as ambipolar diffusion.

In a semiconducting material, the quantity of holes and electrons fluctuates whenever thermal equilibrium is
interrupted. A temperature difference or photons that enter the system and produce electrons and holes can both cause
such disruptions. Generation and recombination are the terms used to describe the processes that produce and destroy
electrons and holes, respectively. Crystalline solids are the most typical semiconducting materials, however amorphous
and liquid semiconductors are also known. These include combinations of arsenic, selenium, and tellurium in various

ratios, as well as hydrogenated amorphous silicon.
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