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Landau levels

kX kX
B=0 Bx0
The number of solutions 1s conserved
. hk
ik,y y
=e VPd(X—X,). X, =—2=
4 P( 0 ) 0 9B,

27z Y
In 2-D, the k-volume per K state is: (Tj

B =0 — states are filled up to the Fermi energy. B > 0 — the total energy does not change

and the number of occupied states does not change so k-space is filled to the same radius.



Density of states 2D
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The number of states between ring v-1 and ring v 1s
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Spin

In a magnetic field, there is a shift of the energy of the electrons because of their
spin.
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ization of the Schridinger equation for free electrons a magnetic field in 2 and 3 dimensions.

2-D Sclwddinger equation
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3-D Scluddinger equation
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Figenfunction solutions

w=g,(x)exp ik, y)

g,(x) is aharmonic oscillator wavefunction

w=g,(x)exp(ik, y Jexp(ik,2)

£,(x) is aharmonic oscillator wavefun
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Energy spectral density 2d
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unfilled Landau level

analog to the Planck radiation law



Fermi energy 2d
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Internal energy 2d
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Magnetization 2d
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Scattering at the Fermi surface

At room temperature, phonon energies are much less than the
Fermi1 energy. The energy of electrons hardly changes as they
scatter from phonons. Electrons scatter from a point close to

the Fermi surface to another point close to the Fermi surface.

Changing the magnetic field changes the number of states at
the Fermi energy.

There are oscillations 1n the electrical conductivity as a
function of magnetic field.



Shubnikov-De Haas oscillations
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Quantum Hall Effect
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Heterostructure

pn junction formed from two semiconductors with different band gaps




MODFET (HEMT)

Modulation doped field effect transistor (MODFET)
High electron mobility transistor (HEMT)
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The magnetic field can be at an angle to the 2DEG. The Landau
splitting experiences the component perpendicular to the plane. The
Zeeman splitting experiences the full field.
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Drift

The electrons scatter and change direction after a time .
Classical equipartition: +mv;, =3k, T
At 300K, vy, ~ 107 cm/s.

mean free path: = vy 7., ~ 10 nm ~ 200 atoms




Drift (diffusive transport)
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Review of the Hall effect
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http://lampx.tugraz.at/~hadley/ss2/transport/drude.php
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The average velocity moves against an electric field.

In just a magnetic field, the average velocity is zero.

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

The drift velocity decreases as the B field increases.



The Hall Effect (diffusive regime)
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E, =vy,B, = V,/W=Ry,B, Vy, = Hall voltage, R, = Hall Constant
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The Hall Effect (diffusive regime)
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The Hall resistivity 1s proportional to the magnetic field.



Quantum Hall Effect
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