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Band structure of bilayer graphene and Berry’s phase 27z,
effect of trigonal warping and the Lifshitz transition.

Landau levels and the quantum Hall effect in bilayer and
monolayer graphene.



J% % e' ' o(r-R))
/\/‘ jS;t\omic

sum over N orbital:
atomic positions j=AorB

Bloch _
function Ok, r)

3_[;\5 = <@, H|Dy>

NN kR, - R.)_
=1 ZZ € <, (r-R)H|¢p(r-Rp)>
N RiR; M| e

Brillouin
zone

k

Y

(valleys)
Kl

FV

Two non-equivalent
K-points

B to A hopping
given by n* = p, - ip,

H=v¢ ( 0 7“) =ve(o,p, T o,p,)
T 0

<\ A to B hopping

given by n =p, +1ip,




Bilayer | Bernal (AB) stacking]

per unit cell

4 atoms I = (




Bilayer | Bernal (AB) stacking]

BtoA)and BtoA) & B A B

hopping
given by

T[+ = px- Ip}:

A%
H= VT
vt
VTl

o >0 >




Bilayer | Bernal (AB) stacking]

In the vicinity of each of K points

A B A B

Bilayer 0 0 0 vir\ A
Hamiltonian H=] 0 0 vx 0 B
0 vt 0 7V,

A
vt 0 Y1 O B




McCann, VF | 1 - .
PRL 96, 08¢s0s | “\ B orbitals form dimers — />
(2006) with energy |E| = v, Vi
Quadratic dispersion at low energy:
E=1 p’
2m Y, -
0.0125¢" ARPES: heavily doped bilayer graphene
. 02 synthesized on silicon carbide
> 00 T. Ohta et al — Science 313, 951 (2006)
- 02 (Rotenberg’s group at Berkeley NL)
o
@ 04 . . .
y, 0.4elV & os +<—)— Fermi level in undoped bilayer
2 08 graphene
2 .10
m .12
1.41

Momentum




AB orbitals form dimers —___ />
with energy |E| > v, \

Quadratic dispersion at low energy:

E=+tp — L—/ K
2m ~Y,-

m ~ 0.035m,

McCann, VF
PRL 96, 086805
(2006)

Bilayer Hamiltonian written in a 2 component basis of A and B sites
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Landau levels and the QHE
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In a perpendicular magnetic field B: P ¢ z

m=p, +ip,; 7 =p, —ip,
T —> lowering operator |  of magnetic oscillator
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We are able to determine the spectrum of discrete Landau levels
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Unconventional quantum Hall effect and Berry’s phase of 2z in bilayer graphene
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QHE In graphene synthesised on SiC
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QHE resistance quantisation with accuracy of 3 parts per billion.

A. Tzalenchuk, S. Lara-Avila, A. Kalaboukhov, S. Paolillo, M. Syvéjarvi, R.
Yakimova, O. Kazakova, T.J.B.M. Janssen, V. Fal’ko, S. Kubatkin, Towards
Towards Quantum Resistance Standard Based on Epitaxial Graphene,
arXiv:0909.1220 — to appear in Nature Nanotechnology
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Interlayer asymmetry gap in bilayers.




Interlayer asymmetry gap in bilayer graphene
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Interlayer asymmetry gap
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Gate-controlled interlayer asymmetry gap (transport measurements)
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How robust is the degeneracy of &, = &; = O Landau level

In bilayer graphene?
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