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Free electron Fermi gas
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Semiconductors and insulators - 1d
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Semiconductors and insulators - 2d
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Semiconductors and insulators - 3d
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Electron density of states for silicon

The density of states for sthcon was calculated using the program Quantum Espresso (version 4.3. 10 Notice that the bandgap 1z too small. This commoenly occurs for sermiconductors when the
bandstructure 15 calculated wath density finctinal theory, Another caleulation that uses wien2E,
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The common way to fix the small bandgap problem iz sumply to merease the energies of the states i the conduction band until the bandgap 1z the nght size. This 15 sometimes known as a scissors
operation. The density of states 15 cut m the bandgap and pushed apart untl the bandgap 15 correct. The density of states after thiz correction has been performed 13 shown below.
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Density of electrons in the conduction band

The free electron density of states is modified by the effective mass.
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Density of electrons in the conduction band

3/2
T T 2m’
= | D(E)f(E)E = —
n j (E)f(E) 2[%2) |

& e—y 8
Q)
o
o
7~/ X\
i~
e
——
o
|
=
QU
0

ﬁ = I\/;e_xdx
2 0




Density of holes in the valence band
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Density of holes in the valence band

x« \3/2 E

_LEV _ ~ 2m, : E—u _
p—L3_IOON(E)(1 f(E))dE 2[}227:2] Iexp( kBT] E —EdE

—0o0

. 3/2
N, =2 (M) = Effective density of states in
27h the valence band



Semiconductors

AE
Conduction band - 7 Y2 u—E.
<1300 k,T
< E}Z ;k
heavy hole band 7 Y2 E —
' . P=Ny0| 577 e
light hole band 300 kyT
Properties s Ge Gads
Bandgap Eg 1.12 eV 066 eV 1424 eV

Effective density of states in conduction band (200 K N

278 % 1047 2

1.04 x 10%° w2

4.45 = 104 2

Effective density of states in valence band (300 E) M,

9.84 x 1044 2

6.0 % 1044

772 % 105 ;3

Effective mass electrons m;* =098 mj* =164 i
+, . " e = 0067
i my =019 my = 0082
Effective mass holes m_rh* =016 mm* =0.044 mm* =0.082
e * * *
el mpn =049 mupn =028 mpnh =045
Crystal structure diatnond diamond zinchlende
Drensity 2.328 glom® 5 3267 glom® 532 gfom?®
Atommefr 5.0 = 102 A 10 4.42 x 10%




The thermodynamic properties of insulators
depend on band edges

Boltzmann approximation

The table below gives the contribution of electrons in intrinsic semiconductors and msulators to some thermodynamic quantities. These results where calculated in the Boltzmann approzimation where it is
assumed that the chemical potential ies in the band gap more than 3k5T from the band edge. The electronic contribution to the thermodynamic quantities are usually much smaller than the contribution of the

phonons and thus the electronic components are often simply ignored.
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Law of mass action
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For intrinsic semiconductors (no impurities)
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For insulators, n; = 0.
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Chemical potential of an intrinsic
semiconductor or an insulator
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Intrinsic semiconductors

In the Boltzmann approxmation, the density of states of a semiconductor is
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Here m¢ and m}, are the 'density of states effective masses' for electrons and holes. Usually in the lterature, effective density of states at 300 K is given instead of the
'density of states effective masses'. The relationship between the two 15
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The density of states can therefore also be written as
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In an intrinsic semiconductar, the density of electrons equals the density of holes. The intrinsic carrier concentration, 124, depends exponentially on the bandgap, E'y For
most semiconductors the bandgap 15 a finction of ternperature. The plots on this page use the temperature dependence specified in the form below
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By sething the concentration of electrons equal to the concentration of holes, it 15 possible to solve for the chemmical potential
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Narrow bandgap semiconductors

/

Use the programs for metals for small bandgap semiconductors.
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Charged particle in a magnetic field
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