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Chiral electrons:
‘isospin’ direction is linked to 

the axis determined by the 
electron momentum:

Bloch function amplitudes on 
the AB sites - ‘isospin’ ⎟⎟
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1939 - Jack Scaff and Henry Theurer discovered p-type 
and n-type regions in silicon at Bell Labs, Holmdel NJ 
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The PN junction in graphene
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conduction band electrons

valence band
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pr

pr Due to the isospin conservation, A-B symmetric potential 
of PN junction cannot backward scatter chiral electrons, 

Ando, Nakanishi, Saito, J. Phys. Soc. Jpn 67, 2857 (1998)
Cheianov, VF - PR B 74, 041403 (2006)
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Veselago Lens

Veselago, Sov. Phys.-Usp., 10, 509 (1968) Pendry, Phys. Rev. Lett., 85, 3966 (2000)



Graphene bipolar transistor: Veselago lens for electrons
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Focusing beam-splitter for electrons



Wishful thinking about graphene microstructures:
Focusing/caustics and Veselago lens 

in graphene PN junctions.
Cheianov, VF, Althsuler (2006)
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Mirage of a perturbation u on the other side of a sharp PN junction
represented by the local density of states image (STM).

Image of a bilayer island 
(‘dot’) embedded in 

monolayer graphene: 
images show the 

modulation of the difference 
between tunnelling currents 

to the A and B sites.

Image of a charged tip on 
the other side of the 
junction: ‘teleported’
Friedel oscillations. 
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A smooth ‘high density’ PN junction graphene, d>>λF



Transmission of chiral electrons through the PN junction in graphene

Due to the isospin conservation, 
electrostatic potential cannot scatter 
chiral fermions in backward direction.

Cheianov, VF - PR B 74, 041403 (2006)
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Due to selective transmission of electrons with a 
small incidence angle, an PN junction in graphene
should display a finite conductance per unit length 
(no pinch-off) and a characteristic Fano factor 
in the shot noise.

Cheianov, VF - PR B 74, 041403 (2006) Smooth junction,  d>>λF

Transmission of chiral electrons through the PN junction in graphene
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weak-field magnetoresitance of ballistic P-N junctions
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Selective transmission in a smooth junction,  d>>λF


