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Discovery of the Quantum Hall Effect

K. Von Klitzing discovers the quantum Hall
effect in on 5 February 1980 in Grenoble

i 5.2.1980 BIRTHDAY OF QHE
(at 2 a.m.)

Resistance at B=0
Resistance at B=19.8 T

,Hallresistance

GATEVOLTAGE

K. v. Klitzing et al, Phys. Rev. Lett., 45, 494 (1980)
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Classical Hall effect
(1879)

Edwin Hall
Lorentz Force (18551 1938)

F. =q(v* B)
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Classical Hall effect (2)

_ BO
n3D(§Cbl

Un

N,p: carrier concentration

2D-system: U BO Hall effect independent of geometrical
H — nce dimensions !
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Realisation of a 2D electron gas

Si MOSFET

Inversion layer

Conduction band

- =50 O O=0 0 O=O=
)
Valence band

p-Si

Varenna 2016 / El. Standards Il



GaAs Heterostructure

/' AuGeNi Contacts
eoonm|  * GaAs N
400 am| n-AlGaAs
10 nm]|— — — — _ 2D El.Gas

Tpm| p-GaAs
350-500 %

um GaAs Substrate /‘

I
Alea1 -xAS | GaAs

Conduction band

Valence
band

t,,

Layers grown by:

Molecular Beam Epitaxy (MBE)
or Metal Organic Chemical
Beam Epitaxy (MOVCD)

4 mm
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Inversion Layer

de Broglie wavelength:
typically 100 nm (GaAs)

level spacing at 10 T:
Si: 7.9 meV
GaAs: 17 meV
Graphene: 120 meV

thermal energy:
T=4K: KT =0.36 meV
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Landau levels

cyclotron motion in a strong magnetic field
Classical:

v _e@B,
,/,/C: —

*
> e m
Quantum mechanics:
Energy values of closed orbits

16 (spin neglected)
E= E0+>Wa@ (), n=012,3...

magnetic length:

>
. . =1v2n+1, | =
Bnm @ 10 T)
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A

Il

Landau quantization (2)

n

>

no scattering

Orbital degeneracy

N = QV Number of states in a
20 2 Landau level
State density
1 _eB

Ng = =
204 h ~
Number of flux quanta within
the area of the sample

Filling factor:
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Quantum Hall effect ?

Hall voltage in a 2D-system:

UH :B_q
n, @
B h .
== o 1=1,2,3...
RH |®]B® ez®

observed when i levels are fully occupied !

Varenna 2016 / El. Standards Il

11



Mobllity gap
A

Fermi |
level

extended states

localized states

State

B,>0 B,>0
no scattering scattering

density

Disorder and scattering
removes orbital
degeneracy

Localized states do not
carry current

Plateau forms when E¢
resides within the
localized states
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QHE in a real device
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QHE in a real device (2)

electronic states at Fermi

/ energy

No energy gaps for real devices with finite width
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Edge state picture

Landauer formalism

Skipping Orbits
source and drain contact are
connected by a common edge

one-dimensional edge channels
carry the current

current = driving force of electronic transport
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Buttiker formalism
Current in 1D channels:

Rs Ts Re, Te e
R1 J h = H H—e— R . .
Tl% - ) T, D m difference electrochemical

/B potential
— = rtz

my L ..

H {“ w} { T: transmission

, ] R: reflection coefficient
s Ty T.=-1,R,=0

R3, T3 R4, T4

m=ng = ny; my=ng =g

e i@m-m)
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QHE Model

A The QHE is a collective phenomenon, it can not be explained
by a microscopic model

A A vanishing longitudinal resistivity indicated the absence of
backscattering

A Under this condition, the QHE is the direct consequence of
the transmission of one-dimensional channels.
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QHE In Graphene

Graphene: 2D crystal of carbon atoms
with charge carriers » massless relativistic
particles

Geim & Novoselov
Nobel Prize in Physics (2010)
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