Lecture 19-20

Quantum Hall effect in 2D electron systems and its
Interpretation in terms of edge states of Landau levels

Two-dimensional electrons
in GaAs/AlGaAs heterostructure,
or in a Si/SiO, field-effect transistor
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Figure 2.2. Chart recordings of Vy and Vi vs.' B
for a GCaAs-AlCaAs heterostructure cooled to 1.2 K.
The epirce-drain current is 25,5 pA and n = 5.6 x /1011
electrons/cm?. Cage et al. (1985).
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Landau levels for electrons
In a magnetic field
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the same for all values of
g, that is for all positions
of a magnetic oscillator
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centre: infinite degeneracy.

magnetic flux quantum
to a magnetic flux per
electron.
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Edge states of Landau levels and edge currents
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an ideal ‘ballistic quantum wire°
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‘ballistic quantum wire°
due to edge states: edge current
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Integer quantum Hall effect factor. g
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€19} The Nobel Prize in Physics 1985

"for the discovery of the quantized Hall effect”

(1980)

Klaus von Klitzing

N = number of filled
spin-polarised
Landau levels
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‘relativistic-type’
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Graphene synthesised on SiC
flake growth and lies as a carpet over SiC substrate.

Seyller (Erlangen), Yakimova (Linkoping)

Z Range: 7.793 nm
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Development of QHE resistance
standard using SiC-synthesised
graphene.

Currently: 9 digit accuracy
(Chalmers, NPL-UK, Lancaster)



