2D Materials

an introduction starting from the discovery of graphene
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A Developments in material control now enalierfect
crystals only one or a few atom thittckbe investigated

A The very broad variety of 2D materials available
givesaccess tainexplored physical phenomena

A Realization of artificial materialwith properties engineered
by design at the atomic scale

Philosophy: some idea is better than no idea
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Relative Green Shift

Seeing oneatom layers one at a time
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Relativistic electrons In graphene
Two inequivalent C atoms

Dirac Equation
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Direct Experimental manifestations
Graphene fieleeffect transistor ~ Novoselo¥Geim’/Kim2005
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Quantum Hall effect for dummies
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Band structure topology: basic idea
Think of Hamiltonian as adependent magnetic field
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Blochfunctionswind aroundin the
Brillouinzone =
topologically nortrivial

No winding

Nontrivial topology leads to states at the edges



Different thickness = different electronic systems
Bilayer

Monolayer
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Gate control of electronic bands
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Manipulating atomiccrystals
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Moire superlatticefor graphene orhBN

Graphene
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Cleaning 2D materials

leaning== After cleaning

Optical image Before cleaning=»During c
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A virtually infinite variety of systems

More than 50 monolayers demonstrated, includihgsulators,
semiconductors, semmetals, topological insulators, superconductor:
charge density wavefgrromagnets antiferromagnetX

Phosporene

Graphene

Theorypredicts that ~ 1000 different atomic crystals can be produce
using similar techniques




Can work with materials not stable in air
Example: Cgl--the first ferromagnetic monolayer

= 2 minutes 15 minutes

Thin crystals (even 50 nm) dissolve in a few minutes

Exfoliate/transfer/encapsulate in glove box with controlled atmosphere



