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Graphitic devices
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Atomic Structure
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Reciprocal lattice in 3D:Review
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Dispersion Relation in 3D
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Band Energy Effective Mass
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Dispersion Relation in Graphene
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Dispersion Relation in Graphene

10RPCM08- IPM



k y

k
x

E
(1

0−1
eV

)

10

20

30

40

50

60

11RPCM08- IPM



Valley Degeneracy
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Review: C2DES vs 2DEG



Review: Mono- and Bi-layer
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Pseudospin
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Chirality
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How do we determine Fermi Surface?
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Evidence: Exp. Observation
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Bilayer Graphene
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Summary
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Summary
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Gapped Graphene
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Transport in Graphene
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Transport in Graphene
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Novoselov, et al Nature 438,197 (2005)
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Dirac Massless: Evidence
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Quantum transport measurements

Nature 438 (2005) 04233   Manchester group
Nature 438 (2005) 04235   Columbia group
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Quantum transport 

K. Namura and A. H. MacDonald  PRL 98,076602 (2007)
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Minimum Conductivity?

Tan et al. PRL 99,246803 (2007)
Adam et al PNAS 104, 18392 (2007) 30



Suspended graphene

Xu Du et al.  To appear in Nature   (2008)

Adam and Das Sarma CM/0803.0735

Bolotin et al. CM/0802.2389
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Scattering mechanisms

•Charged impurities
•Neutral defects ( short range scattering)
•Interface roughness 
•Ripples 
•Phonons, etc.
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Chiral Linhard Function
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Chiral Linhard Function
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Plasmons: C2DES vs 2DES



Conduction

Valence

Shung PRB (1986)
Wang PRL 99, 236802 (2007)
Wunch N J P. 8, 318 (2006)

Hwang PRB 75, 205418 (2007)

χ0(q,iΩ)

Chiral Linhard Function

Barlas, Tami, Asgari, Polini
MacDonald PRL93, 236601 (2007) 36RPCM08- IPM



Ground State Energy: RPA
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Spin Suseptibility

Barlas, Tami, Asgari, Polini  MacDonald PRL 93, 236601 (2007) 38



Compressibility

Asgari, et al  PRB 77, 125432 (2008)
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Self-enery

Polini, Asgari,  Barlas  Tami, MacDonald  PRB 77, 081411 (R ) (2008)



Polini, Asgari,  Barlas
Tami, MacDonald 
PRB 77, 081411 (R ) (2008)

Spectral function: Open Gap!
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e-h Puddles

Martin et al.  Nature  Physic 4, 144  (2007)
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XC in Graphene

Polini,  Asgari, MacDonald, CM/0803.4150 43



XC potential in C2DES vs 2DEG
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DFT in Graphene

Polini,  Asgari, MacDonald, CM/0803.415045



Thanks for your attention
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Rotenberg’s group,
Nature physics
3, 36   (2006)

47



Zhou et al. Nature Material  6, 770(2007)

Minding the gap in expitaxial graphene

SiC substrate, 
gap is 0.26 eV

48RPCM08- IPM



Single impurity
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Pseudospin, Helicity and Chirality
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