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 Schrédinger equation for free electrons a magnetic field in 2 and 3 dimensions.

2-D Schradinger equation
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3-D Schrodinger equation
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Figenfunction solutions

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

£,(x) is aharmonic oscillator wavefunction

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

£,(x) is aharmonic oscillator wavefun
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Energy spectral density 2d
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analog to the Planck radiation law



Fermi energy 2d

EF
n= [ D(E)dE
—00
0.0040 0.00&0
0.0035 00050
0.0030
0.0040
Ep[ev] P00 Ep[eV]
0.0030
0.0020
00020
00015
0.0a10 0.0010
0 5 10 15 0 25 30 0.0 010 015 0.20
B[T] 1B [T

When there is only one Landau level, the
Fermi energy rises linearly with field.
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Internal energy 2d

Ep
AtT=0 u= j ED(E)dE

000000220 000000220
00000021 5 00000021 5
000000210 000000210
_9. 000000205 _7, 000000205
[T ] 12 [T 7]
000000200 000000200
000000125 0.00000125
000000120 000000120
5 10 15 a0 0050 0075 0.100 0125 0150 0175 0200
B[T] VBT

ho, heB

u=n = _—

2 2m

Large field limit



Magnetization 2d
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Heterostructure

pn junction formed from two semiconductors with different band gaps
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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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Scattering at the Fermi surface

At room temperature, phonon energies are much less than the Fermi 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 in the electrical conductivity as a function of magnetic
field.



Shubnikov-De Haas oscillations

. e o




Quantum Hall Effect
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