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Different types of epitaxial graphene (EG)
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Single layer graphene on Si-face of SiC

Ultrafast graphene transistors
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Infrared/ THz magneto-optical setup
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Optical conductivity of one monolayer (theory)
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Optical conductivity of one monolayer (theory)
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Optical conductivity of one monolayer (theory)
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What magneto-optics can tell about graphene ?
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+ Sees all layers
+ NO contacts/resist

+ No UHV needed
+ Done routinely

+ Thickness / homogeneity
+ Doping level

+ Doping type (p or n)

+ Doping homogeneity

+ Mobility

+ Fermi velocity

+ Cyclotron mass

+ Electron-hole asymmetry
+ Stacking

+ Grains boundaries

.

useful for routine
characterization



Absorption

Extracting physical parameters

Quasi-free standing monolayer
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Electrons or holes ?

Quasi-free standing Monolayer
monolayer on buffer layer
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Drude peak
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Drude peak ... is not a Drude peak !
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+ Plasmon excitation
+ Caused by steps (and wrinkles)
+ Edge resistance should be big

I. Crassee et al. Nano Lett. 12, 2470 (2012)



AFM-near field optical plasmon imaging

AFM topography
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+ SiC terraces and graphene wrinkles
are strong plasmon scatterrers

Details: talk of R. Hillenbrand on Tuesday
See also: J. Chen et a/, Nature 487, 77 (2012); Fei et al, ibid, p. 82.



Magnetoplasmons in graphene
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+ Plasmon splits in
two magnetoplasmons

+ Bulk and edge modes

+ similar to classical works
on 2DEGs

I. Crassee et a/. Nano Lett. 12, 2470 (2012)
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Effective medium approximation
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EMA works surprisingly well !

|. Crassee et al. Nano Lett. 12, 2470 (2012)



Magnetoplasmons in graphene

epitaxial
graphene
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Also magnetoplasmons
observed in the QHE regime
|. Petkovic et al. PRL 110, 016801 (2013)



Multilayer epitaxial graphene on C-side of SiC
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+ approximately charge-neutral

+ /B £, =V~ 2ehB

+ electron-hole asymmetry
+ stacking effects |. Crassee et al. Phys. Rev. B 84, 035103 (2011)



Optical LL transition intensities

twisted multilayer
(15-20 layers)
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Optical LL transition intensities
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+ Intensity catastrophically lower than expected !!!

|. Crassee et al. Phys. Rev. B 84, 035103 (2011)



Optical LL transition intensities

- twisted multilayer
(15-20 Iayelrs)
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Optical LL transition intensities

- twisted multilayer
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+ only 1-2 layers (out of 15-20)
contribute to Landau peaks

+ A stacking effect ?

+ Most layers overdamped?

|. Crassee et al. Phys. Rev. B 84, 035103 (2011)



Graphene for magneto-optical applications
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*provided that layers can be stacked without affecting their properties
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St St et et et |

SiC

by gate !

—

Ultrafast
control !

|. Crassee et al. Nature Physics 7, 48 (2011); Nano Lett. 12, 2470 (2012)



Faraday rotation affected by magneto-plasmons
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+rotation can be controlled by the plasmon frequency
+ higher-mobility samples produce larger rotation
+ defects are useful !

|. Crassee et al. Nano Lett. 12, 2470 (2012)



Graphene-based magneto-optical applications

Types of devices Advantages of epitaxial graphene
+ Absorption modulators
+ Polarization modulators
+ Faraday isolators (valves)...

+ Samples very large

+ Chemical potential homogeneous
+ SiC is transparent

Spheres of application Disadvantages of epitaxial graphene
+ Telecommunications
+ Biosensing

+ Security

+ Astronomy...

+ Gating is relatively difficult
+ Controlled multilayer growth is tricky

H. Da & C.W.Qiu, APL 100, 241106 (2012)
A. Fallahi & Perruisseau-Carrier, APL 101, 231605 (2012)

D. L. Sounas & C. Caloz, IEEE Trans. Microw. Theory Tech. 60, 901 (2012)
Y. Zhou et al, Phys.Chem. Chem. Phys. (2013)



Fabry-Perot enhanced Faraday rotation in graphene
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Theory of FR in graphene in a cavity:
A. Ferreira et a/, PRB 84, 235410 (2011) For details: Nicolas Ubrig, poster on Wednesday



Summary and outlook

+ Magneto-optics (MO) is useful for routine characterization
+ Giant THz Faraday rotation (present record is 9°)

+ Robust (magneto-)plasmons due to nanoscale defects
(i.e. steps and wrinkles)

+ Strong interplay between MO and plasmonic effects
(cyclotron mass about 102 smaller than in noble metals)

+ Graphene is promising for MO applications



