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Measurement of Hall resistance

2-dim electron gas



GaAs/AlGaAs heterojunction

(broadened) Landau
levels in a magnetic
field
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Classical Hall resistance

(recall chap 9)
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1985

Rxy deviates from (h/e2)/n by less than 3 ppm on the very first
report of the quantum Hall effect.
• This result is independent of the shape/size of sample.
• Different materials lead to the same effect (Si MOSFET, GaAs
heterojunction… )
à a very accurate way to measure α: a-1 = h/e2c ª 137.036 (unit-indep.)
à a very convenient resistance standard (later)

Quantum Hall resistance (von Klitzing, 1980)



(Kinoshita, Phys. Rev. Lett. 1995)

theory

experiment



Why there are plateaus?
• magnetic field -> Landau levels
• dirty interface -> electron localization -> plateaus

Quantum Hall effect requires
1. Two-dimensional electron gas
2. strong magnetic field (~ 10 Tesla)
3. low temperature (< 4 K)

Broadened LL due to
disorder

Why RH has to be exactly (h/e2)/n ?

• see Laughlin’s argument next page



Quantization of Hall resistance (Laughlin, 1981)
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A0 has no physical meaning, unless the sample
is wrapped into a loop. It is then related to a
fictitious flux through the loop φ = A Lx0

Let us imagine such a system and solve
H Eφ φ φ φψ ψ| |>= >

By the so-called Hellman-Feynman theorem, we
have
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• For localized states, no charge transfer whatever f is.

• For extended states, integer charges may have
transferred along y when f is changed by one f0
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An accurate and stable resistance standard (1990)



The triangle of
quantum metrology
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GaAs/AlGaAs epitaxial heterojunction at 150 mK.

1998

Fractional quantum Hall effect
(Stormer, Tsui, Gossard, 1982)

• superfluid analogy

• anyon excitation

• skyrmion excitation

• composite fermion

• stripe phase

• Josephson-like tunneling

• …

as rich as superconductor


