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aujourd’hui...

Propriétés de transport
Effet tunnel de Klein

Rubans de graphéne - états de bords



Propriétés de transport
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Physics of the neutrality point
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Minimum de conductivité

devrait étre nulle au point de neutralité ?
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Suspended graphene

Bolotin et al., Columbia PRL 101, 096802 (2008)
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Klein tunneling effect

1 CLASSICAL PHYSICS

Electron as ; No chance of
low-energy —Barrier penetrating
particle barrier

@

2 QUANTUM MECHANICS

Electron as Some
“slow- chance of
moving” penetrating
wave barrier

f\L -

a

3 QUANTUM ELECTRODYNAMICS
Electron as 100% Oskar Klein (1894-1977)

high-speed chance of
wave penetrating

Ji L

Die Reflexion von Elektronen an einem Potentialsprung
nach der relativistischen Dynamik von Dirac.

a

Von (. Klein in Kopenhagen.

(Eingegangen am 24. Dezember 1928.} 12



1) Potential step

2) Potential barrier
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E = Jpc+mc
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E >V, +mc?
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E >V, +mc?
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E = \/pc +m-“c*
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E = \/pc +m-“c*

V, = E+mc*
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E = \/pc +m-“c*

V, > E+mc*
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Velocity

E=anhv, ‘IZ‘
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Potential step

x=0
ZONE 1 ZONE 2

Zone 1 Zone 2

K, 6
2t ah )= C0S ¢ C0S &)
_____ k sin?[ #1%
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2 E E-Vo

Esing=(V,—E)siné,
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+ Continuity equations
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Potential step

04k

transmission
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COS ¢ COS 6,

T(g)=-
sinz(@j

Esing=(V,—E)siné,

E/VO:O
E/Vo2025

E/V,=0.5

E/V,.0.75

When E approches V,, more and more evanescent modes 1




Potential

step
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Esing=(E-V,)sing,
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Potential barrier
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J.N. Fuchs et P. Allain, Klein Tunneling in graphene : optics with massless electrons

EPJB,

Zone 1

Zone 2

Zone 3

arxiv:1104.5632

E-Vo

Kinetic
Energies
E
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Potential barrier

_— E/Vp=0.42, I=LI(hvg/Vp)=4.
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Klein paradox in graphene

Katsnelson, Novoselov and
Geim, Nat. Phys. 2, 620 (2006)
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Les rubans de graphene

/Zig-zag

Mosaique romaine, EI Djem, Tunisie
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Graphene ribbons
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From Geim, Novoselov, Nature mat. 6, 183 (2007)

STM image, 5.6 x 5.6 nm?

Y. Kobasashi et al. PRB 71, 193406 (2005).
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Atomically precise bottom-up fabrication of graphene
nanoribbons Nature 466, 470 (2010)

Jinming Cai'*, Pascal Ruffieux'*, Rached Jaafar', Marco Bieri', Thomas Braun', Stephan Blankenburg',
Matthias Muoth?, Ari P. Seitsonen’*, Moussa Saleh’, Xinliang Feng”, Klaus Miillen” & Roman Fasel'®
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Graphene ribbons

Armchair Zigzag

Boundary conditions along x

V/(F)oceiKr(gpAg;jﬂLeiKT[ﬁixij xe'"” 5 Quantization of K,
¢B ¢B X
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Armchair

O LY. X s, S e | B, I s | )

=) = O > -
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w(0)=0

atelels
Rle2elstel
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w(L)=0

Brey, Fertig, PRB 73, 235411 (2006)

9:(0)=0 oa(L) =0
Possibility of edge states:

¢B (X) 4
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Graphene ribbons

PHYSICAL REVIEW B

VOLUME 54, NUMBER 24

15 DECEMBER 1996-11

Edge state in graphene ribbons: Nanometer size effect and edge shape dependence

Kyoko Nakada and Mitsutaka Fujita
Institute of Materials Science, University of Tswkuba, Tswkuba 303, Japan

Gene Dresselhaus and Mildred S. Dresselhaus

Massachusetts Institute of Technology, Cambridee, Massachusetts 02139-4307
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Attention !

Le périmétre forme un « armchair »

Un nanotube « armchair » est obtenu en recollant des bords « zigzag »

Un nanotube « zigzag » est obtenu en recollant des bords « armchair » 4>



