
2D Materials
an introduction starting from the discovery of graphene

ÅDevelopments in material control now enable perfect 
crystals only one or a few atom thick to be investigated

ÅThe very broad variety of 2D materials available
gives access tounexplored physical phenomena

ÅRealization of artificial materials with properties engineered
by design at the atomic scale

Alberto Morpurgo

Philosophy: some idea is better than no idea



Natural Graphite Exfoliation

Transfer Contact

Novoselov/Geim
2004/2005



Seeing one-atom layers one at a time



Two inequivalent C atoms À À
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Relativistic electrons in graphene
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Direct Experimental manifestations
Graphene field-effect transistor
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Resistivity Quantum Hall effect



Quasiclassicalorbits

Landau levels= 
quantizationof cyclotron motion

Edgestates

Transport throughedgechannels

Quantum Hall effect for dummies
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Band structure topology: basic idea
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Think of Hamiltonian as a k-dependent magnetic field

Bloch functions wind around in the 
Brillouin zone = 
topologically non-trivial

Graphene

Ὄ ὃ
ɝȾς ὦὯ π

π ὦὯ

ὃὄ„

ὄ Ὧ πȟπȟɝȾς ὦὯ

Ὄ ‌ὄ Ὧɇᴆ„
Trivial insulator

yk

xk

No winding

Non-trivial topology leads to states at the edges



Different thickness = different electronic systems
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Gate control of electronic bands

Double-gated devices

V= D/2

V= D/2

Layer potential
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Turn bilayer graphene
into an insulator



Manipulating atomic crystals
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Moire superlatticefor graphene on hBN

Contact with hBN
generates periodic 
potential:

Graphene band structure 
modified

Satellite Dirac points



Contact mode AFM 

removes residues of 

nano-fabrication processes

Optical image Before cleaning During cleaning After cleaning

Cleaning 2D materials
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Advances in Material Control

. . . 

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

A virtually infinite variety of systems
More than 50 monolayers demonstrated, including: Insulators, 
semiconductors, semi-metals, topological insulators, superconductors, 
charge density waves, ferromagnets, antiferromagnetsΧ



Exfoliate/transfer/encapsulate in glove box with controlled atmosphere

Can work with materials not stable in air
Example: CrI3 --- the first ferromagnetic monolayer

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


