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From high to ultra high mobilityFrom high to ultra high mobility
Graphene's mobility is routinely high
● ~104 cm2/Vs mobility at room T and high density

● Still limited by extrinsic scattering

Geim and Novoselov, 
Nat. Mater. (2007)



  

From high to ultra high mobilityFrom high to ultra high mobility
Ultra high mobility in suspended samples at low T
● >105 cm2/Vs mobility after current annealing

Solid State Commun. (2008)

Nature Nanotech. (2008)



  

From high to ultra high mobilityFrom high to ultra high mobility
Ultra high mobility in suspended samples at low T
● ~106 cm2/Vs mobility (Manchester group)

PRL 105, 266601 (2010)



  

From high to ultra high mobilityFrom high to ultra high mobility
Ultra high mobility in suspended samples at low T
● ~106 cm2/Vs mobility (Manchester group)

Not explained by acoustic in-plane phonons!
~105 cm2/Vs at room T    Hwang & Das Sarma, PRB (2008)

PRL 105, 266601 (2010)
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The metallic side

stretching bending

Castro Neto et. al., RPM (2009);   Vozmediano et. al., Phys. Rep. (2010)

Landau, Lifshitz, Elasticity
Nelsson, Piran, Weinberg

+ screening

The coupling

The elastic side
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Ingredients bilayerIngredients bilayer

The metallic side 

stretching bending

Castro Neto et. al., RPM (2009);   Vozmediano et. al., Phys. Rep. (2010)

Zakharchenko et al.,
 PRB (2010)

+ screening

The coupling

The elastic side
Just thicker
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Resistivity – flexural phononsResistivity – flexural phonons

Assumptions
● Harmonic approximation
● Doped regime:

  semi-classical transport + Born approx.
● Quasi-elastic approximation 

● High T  (T>>TBG) Mariani & von Oppen, PRB (2010)
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Resistivity – flexural phononsResistivity – flexural phonons

Assumptions
● Harmonic approximation
● Doped regime:

  semi-classical transport + Born approx.
● Quasi-elastic approximation 

● High T  (T>>TBG)
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Mariani & von Oppen, PRB (2010)
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PRL 105, 266601 (2010)

Zakharckenko et al., PRL (2009)

Choi et. al., PRBr (2010)

Castro Neto et. al., RPM (2009);   
Vozmediano et. al., Phys. Rep. (2010)
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Mobility – MonolayerMobility – Monolayer
Mobility

PRL 105, 266601 (2010)

Zakharckenko et al., PRL (2009)

Choi et. al., PRBr (2010)

Castro Neto et. al., RPM (2009);   
Vozmediano et. al., Phys. Rep. (2010)

● Logrithmic divergence

Onset of anharmonic effects           

            natural ir cutoff at long wave lengths
Zakharchenko et. al., PRB (2010)



  

Mobility – BilayerMobility – Bilayer
Mobility

arXiv: 1102.0807

Zakharckenko et al., PRB (2010)

Choi et. al., PRBr (2010)

Castro Neto et. al., RPM (2009);   
Vozmediano et. al., Phys. Rep. (2010)

● Logrithmic divergence

Onset of anharmonic effects           

            natural ir cutoff at long wave lengths
Zakharchenko et. al., PRB (2010)



  

Resistivity / mobility in experimentsResistivity / mobility in experiments

PRL 105, 266601 (2010)



  

Resistivity / mobility in experimentsResistivity / mobility in experiments

       depends on strain

       factor compatible with u~10-  4

Roldán et. al., arXiv:1101.6026

Chen et. al., Nature Nanotech. (2009)

PRL 105, 266601 (2010)
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ConclusionsConclusions
Room T resistivity dominated by 

flexural phonon contribution

How to avoid flexural phonons?
● Strain strongly suppresses 

     scattering by flexural phonons

● Go back to substrate (ex: BN)

Thank you for your attention!

Bilayer graphene
● Qualitatively similar

● Quantitatively different
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Just a thicker membraneJust a thicker membrane
Reasonable approach for acoustic phonons

Zakharchenko et al.,
 PRB (2010)



  

Electron-phonon couplingElectron-phonon coupling
Two types of e-ph terms allowed by symmetry

Scalar potential like Vector potential like

Castro Neto et. al., RPM (2009);   Vozmediano et. al., Phys. Rep. (2010)

Suzuura & Ando, PRB (2002)

Choi et. al., PRBr (2010)

Chen et. al., Nat. Nano. (2008)

Which g ???

Include screening!

● Deformation potential

● Bond length change



  

Assumptions
● Doped regime:

  semi-classical transport + Born approx.
● Quasi-elastic approximation 

Resistivity – in-plane phononsResistivity – in-plane phonons

Chen et. al., 
Nat. Nano. (2008)

High T (T>>TBG)

Low T (T<<TBG)
Efetov & Kim PRL.(2010)

Mariani & von Oppen, PRB (2010)

arXiv: 1102.0807



  

When strain is presentWhen strain is present



  

Anharmonicity and strainAnharmonicity and strain



  

The bilayer graphene caseThe bilayer graphene case

Electronically: massive chiral electrons

Elastically: just a thicker membrane (ac. ph.)

arXiv: 1102.0807
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