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Fig. 2.4: The energy dispersion relations for 2D graphite are
shown throughout the whole region of the Brillouin zone. The
inset shows the energy dispersion along the high symmetry direc-
tions of the triangle TM K shown in Fig. 2.3(b) (see text).
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Tight binoding : @ Very Simple and crudle Opproximatkion .

Why is it relevanb 4
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For K mvanant wader o lathce 53mme.ky §oup G
He eigenvectors of H-ES form o representarion of 4.

Under small symmetey presenang deformabions

iy representalion d9es  not change .

For non- abelian G this may yield  degeneracies

(irreduciole n.rm,sm{-a.h'on; 0f olim > 1)

In dur CaSe, G = dihedral ACowp of triangle .
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nature Vol. 438, 40 Nov:
(Novoselov , Geim ¢t al.)

48 experimental study ot a relahmdhic GHE

E xperiment  (goaphend) : Gy = 26,4 [-'5'::]
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Qusynin, Sharapov UNCONVENTIONAL INTEGER QHE N GRAPHENE.
(PRL 85, Sept. 2005)

sy = (4 sh’:) (N+4) (Nz20)

oxy(4e"’/h)
A
;1 degwuac, factor:
. f 2 = :H: C-atoms in fund. cell

n (102 cm2)

+ -1

(-Fermion aloubkmz)

2

# spins

P (KQ)

A nonrelativistic treatment yields

c|.| = LI‘g—N {NBO)

in accoroance with the CONVENTIONAL

n(102cm?) [ concenkakion of elechons /holes | INTEGER QHE for orclinary Semi conoluckors

Figure 4 | QHE for massless Dirac fermions. Hall conductivity o,, and
longitudinal resistivity p ., of graphene as a function of their concentration
at B=14Tand T = 4K. 0,, = (4e */h)v is calculated from the measured
dependences of p ,,( Vg) and p (V) as 0, = p,,/ (p,z‘,. + p2). The
behaviour of 1/p, is similar but exhibits a discontinuity at V, = 0, which is
avoided by plotting o,. Inset: 0, in ‘two-layer graphene’ where the
quantization sequence is normal and occurs at integer ». The latter shows
that the half-integer QHE is exclusive to ‘ideal’ graphene.

Expeciment :

graphite film (double -layer graphene )

nature , Vol. 438, Nov. 2005



Explanation of the % shift 4rom the Conventional QHE

Landaw - level (LL) formaron for eleckronS in graphene (under perpend. magn. frelol)
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(electrons, holes)

AWl levels |N>0| occupied by fermions with both (;” pseudospins .

BUT E; =0 has no E7T counterpark (i.e., halved degweracy)

=  The 1% Haul plateau appears ‘at half +he normal filling .

holes

eleckhrons

A fermion mass would open o qap around E=0 :

attribute this qualitative transition between graphene and its two-
layer counterpart to the fact that fermions in the latter exhibit a finite
mass near n = 0 and can no longer be described as massless Dirac

particles. (nature)
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SPONTANEOUS EDGE CURRENTS
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CALCULATION OF EDGE CONDUCTIVITY
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