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Transport phenomena

Crystal momentum
Boltzmann equation

Electrical conductivity
Thermal conductivity
Hall effect

Peltier effect

Seebeck effect
Ettingshausen effect
Nerst effect



e Transport
o Thermoelectric effects
o Crystal momentum
Boltzmann equation
Relaxation time approximation
Current densities
Electrochemical potential
Electrical conductivity
Thermoelectric currents
Seebeck effect
Hall effect
Nernst effect
Free-electron model
m Electrical conductivity
m Electrical contribution to the thermal conductivity
m Wiedemann—Franz law
o Transport in 1-D crystals
m Current of Bloch waves in 1-D
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Bloch waves
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Bloch waves are eigenfunctions of the Hamiltonian

http://lampx.tugraz.at/~hadley/ss2/transport/crystalmomentum.php



Crystal momentum nk

Ehrenfest theorem:

in
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translation operator Ty (X) = w (X +a)T

<T> 1s a constant of motion
for a perfect crystal

Consider an external
force 1n the X-direction
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Crystal momentum
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The expectation value of T for a Bloch state is
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Group velocity
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V, 18 the velocity

of a wave packet
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Group velocity
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V, 1s the velocity of a wave packet

Particles 1n a semiconductor can be thought of as free
particles with an effective mass.



Wave/particle nature of electrons

Usually when we think about a current flowing, we imagine
the electrons as particles moving along. Really we should be
thinking about how the occupation of the wave like
eigenstates are changing.

When wave packets are built from the eigenstates, they move
like particles with an effective mass.
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If no forces are applied, the electrons diffuse.

The average velocity moves against an electric field.

In just a magnetic field, the average velocity 1s zero.

In an electric and magnetic field, the electrons move in a straight line at the
Hall angle.
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Master eguation
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Electrical

Particle

Energy

Ist law:

Heat

Current densities
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dU = dQ — dW + udN.

jg = / 5; (E(k) — ) D(R) f(R)d*E:

http://lampx.tugraz.at/~hadley/ss2/transport/intro.php



