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Outline of the lectures

I. Graphene — band structure and topology

II. Symmetries of graphene and friends

III. Transition metal dichalcogenides (TMD)

IV. Twisted bilayer graphene
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ILecture 1

Graphene — band structure
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Hexagonal (honeycomb) lattice
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Brillouin zone
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Vortex pattern close to K () point
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l.ecture 2

Symmetries of graphene
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Bilayer graphene in Bernal stacking
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Bilayer graphene in Bernal stacking
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Group theory

/Space group

Symmetries of a crystalline lattice. Combination of lattice translations - forming a

Bravais lattice - with point group operation such as reflection, rotation, improper

rotation + screw axis and glide plane symmetries

o

~

/(crystallographic) point group

Group of symmetry operations (rotations, plane symmetry, etc) which leave a

point invariant
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Examples of space groups

TABLE 1. The space groups and wave-vector point groups for
monolayer, N-layer graphene, and graphite (N infinite) at all points
in the BZ.

Spacegroup I' K(K') M T(T') X wu

Monolayer P6/mmm D¢, Di, Dy, Gy, Cy, Cyy
N even P3ml1 D,, Dy Cy C, C, C
N odd P6m2  D;, Ciy, G, Cp Cy Cy
N infinite  P63/mmc Dg, Dz, Dy, Cp Cy Cyy

Christophe Mora

Ecole LIA - Circuits et matériaux quantiques, September 2019 13



Character table for D5,
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DFT calculation for monolayer graphene

=
1(_-) E/

10

Ut

Energy (eV)

r K M r

Christophe Mora Ecole LIA - Circuits et matériaux quantiques, September 2019 15



Lecture 3

Transition metal dichalcogenides
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DFT for MoS,
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Character table for Cs,,

1 - 2 2
E l w w -1 —w —w
1 - 2 2
E5 l w* w -1 —w* —w
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Circular dichroism
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Valley Hall etfect

Mak, Mac Euen et al., Science (2014)
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lLecture 4

Twisted bilayer graphene
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Twisted bilayer graphene

Simple and straightforward principle:

Overlaying two honeycomb lattices (graphene)

with a small relative twist

Creates a Moiré pattern
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Shifted Dirac cones and flat bands
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Moiré Brillouin zone
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Moiré Brillouin zones
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Two narrow bands close to the Fermi energy
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Two narrow bands close to the Fermi energy
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Correlated states Quantum anomalous Hall effect
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