Quantum Hall Effect
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show graph

time {ps) 89.0

oquit

show average

position: (4.12, 2.06) 10°-6 m

display:

large configure...
run
initialize
E_x (10°4 Wim): 0.0
E_v {10*4 WVim}): 0.0
B_z (T): 0.0
tau (ps): 1.00e+00
temperature {K): 300
omedga (10412/sec): [0
phase {radians)y: 0.0
spead 2
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help...

show graph show

velocity: {-28.4, 40.0) 104 mis

average

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.
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

Vax=- jx/ne

R,=E/]B, = - 1/ne




The Hall Effect (diffusive regime)
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Ry=E,/B, = - 1/ne

multiply both sides by B,
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The Hall resistivity 1s proportional to the magnetic field.




Quantum Hall Effect
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Shubnikov-De Haas oscillations
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Quantum hall effect
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Each Landau level can hold the same
number of electrons.

D, = Mo, _€B,
2zh h
o = eBZ BZ — hDO

If the Fermi energy is between Landau
levels, the electron density n is an
integer V times the degeneracy of the
Landau level n = Dyv




Quantum hall effect
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Magnetic Field (T)

S. Koch, R. J. Haug, and K. v. Klitzing,
Phys. Rev. B 47, 40484051 (1993)



Quantum Hall effect

Edge states are responsible for the zero resistance in p,,

: E¥;
On the plateaus, resistance goes to
zero because there are no states to
scatter into. Er
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Magnetic Field (T) Ibach & Lueth (modified)



Fermi sphere in a magnetic field
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