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Formation of energy band in silicon crystal
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Excitation of electrons from VB to CB
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Electron and Hole In intrinsic silicon
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Density of states

* Energy bands: A number of closely-spaced energy levels/states

e Density of states, g(E):
- g(E) is the number of states per unit volume per unit
energy range
- g(E) dE is the number of states per unit volume in the
energy range (E, E + dE)

number of states in AE
AE X volume
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Density of states

Consider a cube of semiconductor crystal with length L on each side
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Density of states

Consider a cube of semiconductor crystal with length L on each side

The electron waves in the crystal are standing waves
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Density of states

The wavelength is related to the o i
electron momentum through the
de Broglie relationship
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Density of states

b
Allowed energy states occupy °T , ________ .
points separated from one another 0
by h/L in p,, p,, and p,. There RS S i
are two allowed states (the factor - -
of 2 accounting for the two spin TN ‘ ‘ o
directions) for every cube of h3/L3  _Bd 0 Wt 2% o
volume in the momentum space. | |
Each state therefore occupies a ~ [h T ) )
volume of h?/2L°. b -

PSS

7 .

Modern Semiconductor Devices for Integrated Circuits — C. Hu




Density of states

A sphere in the momentum D,
space represents a constant total
momentum, p, and therefore a

constant kinetic energy, E. p/ \W 1P
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Qm* E +dE

m™ 1s the effective mass
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Density of states

Kinetic energy: F —

Derivative of Ew.rt. p: — = —

Rearranging: dp =
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Density of states

Two spheres that differ in energy
dE have two radii that differ by dp:

m*
dp =/ ——dE
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Volume = 47p°dp = 47 (2m* E)dp
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Density of states

The number of states contained in this shell between E and E + dE is

“E 23
{7 \/m x —dE

The number of states per unit volume per unit energy is

8rm*/2m*E
g(E) = e
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Density of states

Using A = h/2m, reduced Planck’s constant, we have
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m™ 1s the effective mass
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To receive notification of new video
please subscribe to our channel.

You may also let us know your comments.
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