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Formation of energy band in silicon crystal
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At room 

temperature

Excitation of electrons from VB to CB
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Electron and Hole in intrinsic silicon

Eg = 1.14 eV

E

Partially empty

Partially filled

Electronic Devices and Circuit Theory – Boylestad, Nashelsky

At room 

temperature there 

are approximately 

1.5 × 1010 free 

carriers in 1 cm3

of intrinsic silicon.
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Density of states

g

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

• 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)
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Density of states

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

wikipedia
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Density of states

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

nx is equal to 1, 2, 3 . . . .

The electron waves in the crystal are standing waves 

L

𝜆
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Density of states

The wavelength is related to the

electron momentum through the

de Broglie relationship

nx is equal to 1, 2, 3 . . . .

Modern Semiconductor Devices for Integrated Circuits – C. Hu



Dr Rashid, 2020Jashore University of Science and Technology

Density of states

Modern Semiconductor Devices for Integrated Circuits – C. Hu
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Density of states

Modern Semiconductor Devices for Integrated Circuits – C. Hu

A sphere in the momentum 
space represents a constant total 
momentum, p, and therefore a 
constant kinetic energy, E.
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Density of states

Kinetic energy:

Derivative of E w.r.t. p:

Rearranging:
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Modern Semiconductor Devices for Integrated Circuits – C. Hu

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

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

The number of states per unit volume per unit energy is
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Density of states

Elementary Solid State Physics – Ali Omar
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Thank You

You may also let us know your comments.

To receive notification of new video 
please subscribe to our channel.


