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Intrinsic semiconductors

October 21st, 2026



free electrons (simple model for a metal)
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Silicon band structure
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near the bottom of the conduction band, the band structure looks like a parabola.



Effective mass
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This effective mass is used to describe the response of electrons to external forces in the particle picture.
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Anisotropic effective mass in silicon

Silicon ‘ .

6 I The electrons seem to have different masses when the

| E,oq1ev electric field is applied in different directions.
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valence band, holes

= When all states in a band are occupied, the band does not contribute to the current.
= There are as many left-moving electrons as right-moving electrons.
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valence band, holes

In the valence band, the effective mass is negative.
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Holes

* Charge carriers in the valence band can be considered to be positively charged holes.

* The number of holes in the valence band is the number of missing electrons.

effective mass of holes M,
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Silicon density of states
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Boltzmann approximation
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Density of electrons in the conduction band
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Density of electrons in the conduction band
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Properties 51 Ge GaAs
Bandgap Eg 1.12 eV 066 eV 1424 eV

Effective density of states in conduction band (300 E) M

27% % 102 g

1.04 x 104 4.45 x 102 g2




Density of holes in the valence band
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Silicon valence bands

https://journals.aps.org/rmp/pdf/10.1103/RevModPhys.30.122
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Boltzmann approximation
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Density of holes in the valence band
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PHT.301 Physics of Semiconductor Devices

Boltzmann approximation

Near the top of the valence band and the bottom of the conduction band the density of states of a semiconductor can be approximated as,

D,E,—E, forE < E,
D(E)= < 0, for B, < E < E,

Dc\,’E —FE, fooE.<E

Where D, and D, are constants that describe the form of the density of states near the band edges. Often in the literature, these constants are given in terms of the 'density
states effective masses' m; and mg or the 'effective density of states at 300 K' Ny(300) and N,(300). The relations to I)y and I); are,

5 (2m: )% /aN,(300) (2m2)¥?  /mN,(300)
TRt akgT)¥2 T T 2R 2(kp300)%2

Data for different semiconducting materials can be found in the NSM Archive.

The plot below shows the density of states of various semiconductors in this approximation. The Fermi function is plotted as well. At low energies the value of the Fermi
function is 1 and those states are occupied. At high energies the Fermi function goes to zero and those states are unoccupied. In the limit of low temperture, the Fermi ene
the middle of the band gap, Er = F,;/2. As the temperature increases, the Fermi energy moves towards the band with the lower density of states.
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Density of holes in the valence band
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Properties S51 Ge GaAs
Bandgap Eo 1.12 eV 066 eV 1.424 W
Effective density of states m conduction band (300 K N 278 % 104 1.04 x 10%° @~ 445 % 1047 g2
Effective density of states in valence band (300 E) Ny 984 % 10°% g2 6.0 % 1054 2 772 % 1084 3
Effective mass electrons m;* =038 m_r* =164 -
x, * - m = 0067
[ myp =019 myp = 0082
Effective mass holes mn = 0.16 wapp = 0,044 g = 0.082
m mhh* =049 mhh* =028 m;m* =045
Crystal structure diamond diamond anchlende
Denaity 2.328 gfem?® 2.3267 glem® 5,32 glom®
Atotnsfm? 5.0 x 10% 442 % 10% 442 % 10%




New Semiconductor Materials. Biology systems.
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Characteristics and Properties

Semiconductors n,k
database InGaAsP Levels Equivalents Bibliografic database

NSM Archive - Physical Properties of Semiconductors

Si - Silicon Ge - Germanium

GaP - Gallium Phosphide GaAs - Gallium Arsenide

InAs - Indium Arsenide C - Diamond

GaSb - Gallium Antimonide InSb - Indium Antimonide

InP - Indium Phosphide GaAs14Sby - Gallium Arsenide Antimonide
AlyGaqxAs - Aluminium Gallium Arsenide

AIN - Aluminium Nitride InN - Indium Nitride

BN - Boron Nitride GaN - Gallium Nitride

http://www.matprop.ru/semicond



Exam March 2007 Problem 1

The band structure of a semiconductor 15 shown below. The zero of energy 15 chosen to be the top of the valence band.
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(&) Is thiz a direct or an mdirect sericonductor? Why?

(b) What 15 the band gap?

() What are light holes and heavy holes? Explan how you can determune the effective mass of the holes from this diagram.



Law of mass action

Er —E E,—E
np = N, exp( FkBT C) N, exp( kaT F>
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For intrinsic semiconductors (no impurities)
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intrinsic carrier density







Intrinsic carrier concentration
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Good for thermometer, bad for designing circuits.



Fermi energy of an intrinsic semiconductor
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Temperature dependence of E.
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Properties Si Ge GaAs
Bandgap Eg 1.12 eV 066 eV 1.424 eV
Effective density of states in conduction band (300 E) N 278 % 102 g 104 % 1047 o2 445 % 104 g2
Effective density of states in valence band (300 K N, 984 x 10°% 2 6.0 % 108 o2 772 % 108 g3
Effective mass electrons m_r* =095 m_r* =164 ®
x * + ma =0.0867
m py =019 . = 0082
Effective mass holes mm* =016 mm* =0.044 mm* =082
mr mhh* =049 mhh* =028 mhh* =045




Intrinsic semiconductors
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