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1. Conductivity of semicoductors dlua 4il)
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Intrinsic material has limited application carefully chosen impurity alter

electrical properties since conductivity in intrinsic
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Conductivity depends on temperature
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Where, f(1) is a function which depends only on the temperature.
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1.1 Extrinsic Semiconductors
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An addition of impurities to a semiconductor is called doping. Certain type of
impurities and imperfection affect the electric properties of a semiconductor.
Addition of 1B atom to 10° Si atoms increases the conductivity of pure Si by a

factor of 102 at room temperature.
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1.2 Doped semiconductor arkall Jua gal) 42

The doped semiconductor is a semiconductor with adding doping elements which

have ability to change the electrical properties of semiconductor.
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The modern way to produce materials for electronics is to “dope” semiconductor

material with impurity atoms which introduce carriers in a controllable way.
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7.3 Types of dopin _ askadll £1 i

Donor doping state: ztell < siall Al
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The impurity level is usually situated in the forbidden gap. If the impurity level
Is situated near the bottom of conduction band the atom are ionized at low enough
temperatures and provide extra electrons to the band (such impurities are called

donors).
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Arsenic has five valence electrons, but silicon has only four valence electrons.
Thus, four electrons on the arsenic form tetrahedral covalent bonds similar to

silicon, and the fifth electron is available for conduction.
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7.4 Acceptor doping state: Jaiuall (il Alls

If the levels are near the top of the valence band, they take electrons from the

band producing holes (they are called acceptors).
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Acceptor bound level

Boron has only three valence electrons; it can complete its tetrahedral bonds
only by taking an electron from a Si-Si bond, leaving behind a hole in the

silicon valence band. The positive hole is then available for conduction.
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Conditions of doping process: <y sl dleal Lo 5 ) cllia

> impurity atom should fit in crystal without crystal distortion.
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> Doped atom produces electronic state Eq or Ea.
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Types of Impurities 7.5: <43 £ )
7. Impurity n- type (donor atoms)
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Donor atom has one electron extra.
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Effects of the donor doping 7.67=ell cu gidl) <) il
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« Impurity states spreading band width increase as impurity density
increase i.e. gab between Eq, Ec decrease as impurity increase.
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e Electrons density = donor atoms density. These electrons appear in
conduction band and no corresponding hole in valance band.
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7.7 Impurity p- type (acceptor atoms)
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Acceptor atom needs one electron
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7.8 Effects of accepted doping Jafiecal) cu glidl) <) il

e Energy transfer small from valence band, i.e. hole generated in valance
band.
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e Hole density = accepter atom density.
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e Hole appears in valance band and no corresponding electron in conduction
band.
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