Graphene viewed through
STM and transport
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Graphene on graphite: STM

+ m Temperature T=4 (2K)
m Magnetic field B=13 (15T)
m Scanning range 101° -10= m

» Topography
»Spectroscopy B=0
»Spectroscopy B>0

G. Li, E.Y. A - Nature Physics,ﬂ 3, 623 (2007)
G. Li, A. Luican, E. Y. A., arXiv:0803.4016
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Spectroscopy B=0
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B>0 Landau level spectroscopy
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Pereira et al (PRB,2007)
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Graphene vs graphite
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Landau level spectroscopy




Massless Dirac Fermions

Slow down due to
Electron-phonon

interactions

V. = 0.8 x10° m/s s :

= 16.6x0.5 meV
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Fermi Velocity
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Electron phonon coupling
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E-ph coupling strength
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Electron phonon coupling
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High resolution STS — 4T

HOH =4T T=4.36 K —— D: (140,116) spi20182

A=12.8 meV
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16 resolved LL
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Quasiparticle lifetime
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High resolution STS (B>0)
SPLITTING of n=0 LL

pH=4T T=4.36 K

A~12 meV

W

Zeeman energy - Splitting at DP!
g*ug ~ 0.17 meV/T
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STS (B = 0)
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GAP at Dirac Point B=0
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m Gap at DP (not E;)
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Spontaneously broken symmetry CDW?
Substrate induced potential modulation




Suspended graphene

*Substrate roughness

Eliminate substrate!

*Trapped charges
*Quench condensed ripples

| £~600 nm
| W=16um

« X. Du, |I. Skachako, A. Barker, E. Y. A. Nature Nanotech. 3, 491 (2008)
* Bolotin et al. Solid State Comm. 2008 *



ShdH Oscillations
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Substrate induced
Potential fluctuations
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Substrate induced
J_Potential fluctuations

suspended

sat

40 EF EhVF Neat T
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Residual carriers
ng ~ 4 10%m-2 ‘

Mobility ~ 200,000 cm?/V s
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Non suspended

Residual carriers
—~ 11 -2 . .
Ng, ~ 10Mcm reduced potential fluctuations

Mobility ~ 20,000 cm?/V s
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Ballistic transport

T<100K:
At low densities: o~n"?~E_
Approaching Ballistic transport!
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Temperature dependence of
minimum conductivity

- ~T for T<150K

O min

» Slope — sample dependent

Eva Andrei




Mean-free-path

suspended vs non-suspended Temperature dependence of
graphene suspended graphene
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n (10%cm™)

Suspended Non-suspended
Short range Long range

scattering scattering
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Summary

+- Graphene on graphite

m Honeycomb structure
Direct observation of Landau levels

Dirac fermions
— Linear Density of states
— Well defined Dirac point

Long lived
Slow down by interactions with lattice
Mass ~ 0.002m, ?

Current
m Suspended graphene panealed
Well defined Dirac point L §
Ballistic transport on micron scales
Quantum Hall effect
v=0 Insulating

suspend
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