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Atomic Structure

Four valence electrons in
the outer (valence) shell

a/ \
°
¢ e
- °
o o &d e o
.
e g
°

o

Silicon atom

-

=
o—
e e
=
= s Q
=
&
e .
@ e
=)
=] =
s
e

Germanium atom



Covalent bond

A silicon (Si) atom with its four valence
electrons shares an electron with each of its four neighbors.

This effectively creates eight shared valence electrons for each atom
and produces a state of chemical stability.

Also, this sharing of valence electrons produces the covalent bonds
that hold the atoms together; each valence electron is attracted
equally by the two adjacent atoms which share it.



Covalent bond in silicon crystal

At absolute zero degree (-273 c) all valence electrons are tightly bonded
to their atoms and there is no free electrons, so the silicon behave as an
insulator .



Rupture of the a covalent bond

(DA/

AAAAAAARARARAAAAANANAAAAAAAAAAAAAAALAA
555555555 55565555
Heat energy

...........

AAAAAAAAAAAAAAAA

TOIIND R b

5

Generation of an
electron-hole pair

Recombination of
an electron with
a hole

When an electron becomes free that is unattached to any atom, a

vacancy is left in the valence band within the crystal. This
called a hole.

vacancy is

For every free electron, there is one hole left in the valence band.

One broken covalent bond — one free electron + one hole.

At room temperature there is one broken covalent bond for

every 3 x102 pure Si atoms.

At room temperature there are few available charge carriers (free

electrons + holes).



Hole Motion

(5) A valence electron moves @ A valence electron moves
into 4th hole and leaves into 2nd hole and leaves @ A free electfon
a 5th hole. s 3rd hiole: leaves hole in

valence shell.

(6 A valence electron moves\ @) A valence electron moves \(2) A valence electron moves
into 5th hole and leaves into 3rd hole and leaves into st hole and leaves ‘9

a 6th hole. j‘ a 4th hole. a 2nd hole.
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When a valence electron moves left to right to fill a hole while leaving
another hole behind, the hole has effectively moved from right to left





