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Electrical conductivity

ide range of values!

rly attempts to model:
rude: free electron gas
mmerfeld: quantum free electron gas
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Electrical conductivity

“Modern models: much more complicated!
Band theory is an important model

e o o o

E,=11eV(51)

Ei =067 eV (Ge)

E;=141¢V (GaAs)
Semuconductor

ENERGY BANDS IN SOLIDS

Fermi E:

~ highest

occupied
state
at0 K

Fermi E

semiconductor

Fermi energy lies in the Fermi energy Fermi energy lies in the
gap; gap is relatively large lies in band of gap; gap is relatively small
(~10 eV); e- cannot be accessible (~1eV); some e- can be

excited to higher states states! thermally excited to higher
states




Origins of Bands

two Na atoms
on Pauli

Origins of Bands

two Na atoms
on Pauli
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Large N Na atoms

Isolated
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E Bands: Another view

auli exclusion principle holds: no two e- in same sta

One atom Two atoms N atoms

LCOA - Language of Chemists

Catalog of Bonding Interactions

A

p-

5-C
Figure 12, The MO diagram for most diatomic

molecules from the first 3 rows of the penodic
table.

voh.chem.ucla.edufvohtar/winter00/20A/lec6.html
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e model:
free electron gas

ee e- contribute to conduction

h . 7
uction e- density = Paly

-/unit cell, Z, = # valence e-/atom

de model: free electron gas

he conductivity can be written as

o=n (e_r) e=n u, e, where u = electron mobility
m

ase with which e- move through materi




Drude model successes

The Drude model contained some very extreme
ifications: electrons treated as classical, ide
de Model was quite successful at explai
er of observed phenomena of m

Classical Hall Effect (Hall, 1879)

- Effect of magnetic field on the current in a conductor
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~ Classical Hall Effect (Hall, 1879)
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charge | charge
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RecallthatJ=-nev

Drude model failures Metal  1/(neR,)

Drude -1
Na 1.2
K -1.1
Ag -1.3
Al +0.3

ct: no T or B, dependence of R,
not allow for positive values:




Electrical conductivity

odern models: much more complicated!
d theory is an important model

E,=11eV(51)

Ei =0.67 eV (Ge)

E;=141¢V (GaAs)
Semuconductor

Sommerfeld Theory

application of quantum mechanics to statisti
anics led to modification of Drude's theo
pt theory for the many-fermion system
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Sommerfeld Theory

application of quantum mechanics to statisti
hanics led to modification of Drude's theory
apt theory for the many-fermion system.

istribution approaches M
ibution at large T;

antum Free Electron Gas:
sity of available states

rt with the simple cubic lattice!

’ = volume of unit cell in real space

cubic "volume" of unit cell in k-
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Quantum Free Electron Gas:
Density of available states

For electrons in a SC solid of lattice parameter
L, the density of states as a function of energy

g(E)=(V /2z2*)(2m/h*)?E"?

auli Exclusion Principle
at we “fill up” this
arting at the lowest E

‘What about T > 07?
* Fermi-Dirac distribution function:

1 where E is the Fermi ener:
1 + e(E-Er)/keT and kg is the Boltzman co

f(E)=

|
—= Boltzmann
| approximation
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Fermi Surface

3 dimensions, we can define a sphere in k-

), the density of occupied states is then

DOS = f(E)g(E)

total number of conduction
S is given by
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