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Part II: The Quantum Hall Effect 
Overview 

Á Classical Hall effect 

Á Two-dimensional electron gas 

Á Landau levels 

Á Measurement technique 

Á Accuracy of the quantized Hall resistance 

Á Applications in dc and ac electrical 

metrology 
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Discovery of the Quantum Hall Effect 

Varenna 2016  / El. Standards II 3 

K. Von Klitzing discovers the quantum Hall 

effect in on 5 February 1980 in Grenoble   

K. v. Klitzing et al, Phys. Rev. Lett., 45, 494 (1980) 



Classical Hall effect 

(1879) 
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Classical Hall effect (2) 
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Hall effect independent of geometrical 

dimensions !  
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Realisation of a 2D electron gas 

Si MOSFET 
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GaAs Heterostructure 

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 = 4 K: kT = 0.36 meV 
0 10 20 30

E

z (nm)

EF
E0

E1

Conduction
band

8 



Varenna 2016  / El. Standards II 

Landau levels 

cyclotron motion in a strong magnetic field 

Classical: 
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Quantum mechanics: 

Energy values of closed orbits 
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(8 nm @ 10 T) 

(spin neglected) 
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Landau quantization (2) 

B = 0 Bz>0

no scattering

E Orbital degeneracy 
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Quantum Hall effect ? 

observed when i levels are fully occupied ! 
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Hall voltage in a 2D-system: 
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Mobility gap 

extended states

localized states

state
density

Fermi
level

Bz>0

no scattering

Bz>0

scattering

mobility gap

Disorder and scattering 

removes orbital 

degeneracy 

 

Localized states do not 

carry current 

 

Plateau forms when EF 

resides within the 

localized states 
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QHE in a real device 
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QHE in a real device (2) 
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electronic states at Fermi 

energy 

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

Landauer formalism 

current = driving force of electronic transport 

 

Skipping Orbits 

source and drain contact are 

connected by a common edge 

 

one-dimensional edge channels 

carry the current 
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Büttiker formalism 
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Dm:  difference electrochemical 

potential 

 

T: transmission 

R: reflection coefficient 

Ti = 1, Ri =0 
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QHE Model 
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ÁThe QHE is a collective phenomenon, it can not be explained 

by a microscopic model 

ÁA vanishing longitudinal resistivity indicated the absence of 

backscattering 

ÁUnder this condition, the QHE is the direct consequence of 

the transmission of one-dimensional channels. 



QHE in Graphene 
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Graphene: 2D crystal of carbon atoms 

with charge carriers » massless relativistic 

particles 

Geim & Novoselov 

Nobel Prize in Physics (2010) 
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