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| Nonlinear Photonic Metasurfaces
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« Surface/Local Plasmon resonances Dimensions < wavelength

« Mie resonances l 1
Resonant enhancement of EM field Relaxed phase matching conditions




| Mie resonances in dielectric spheres
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Mie resonances
* Low losses

* Much larger mode volume
* High nonlinear coefficient materials
(GaAs: ~200pm/V)




| Nonlinear dielectric metasurfaces

Third Harmonic Generation Four-Wave Mixing
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| GaAs (100) lattice plane
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GaAs (100) single disk and metasurface emission patterns
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| Tailoring of SHG in normal direction

Use of non-normal incidence Use of additional gratings
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Goal: Redirection of the SHG emission
to zeroth diffraction order in GaAs
metasurfaces

second harmonic/ntensity




| Use of (111) GaAs/AlGaAs
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| Fabrication of GaAs metasurface
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Fabrication of GaAs metasurface
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Experimental setup: Fourier-space imaging
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1 SHG in GaAs (111) metasurface
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.1 SHG in GaAs (111) metasurface: Fourier-space image
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.1 SHG in GaAs (111) metasurface: Fourier-space image

Power dependence for the
zeroth-order diffraction
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Comparison: Fourier-space images for metasurfaces with
s« different crystallographic planes
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Comparison: Fourier-space images for metasurfaces with
71 different crystallographic planes
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1 Conclusions

- We utilize IlI-V semiconductor metasurface fabricated from GaAs grown on
(111) lattice plane to control the spatial distribution of the SHG intensity.

« By changing the orientation of the GaAs crystal from (100) to (111) plane we
were able to redistribute the SHG generation to the zeroth diffraction order.
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9| SHG for different orientations of the crystal, (111), (110), (100)
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.1 Nonlinear plasmonics

a Metasurfaces for SHG
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 Plasmonic structure: small modal volume
(surface nonlinearities)

A (nm) SHG efficiency ~ 5.1x10-1° W/W?2
467514 593 700 812

Sartorello, et al. ACS Photonics 3.8 (2016): 1517-1522.




Period, nm

21

Reflectance spectrum

0

Wavelength, um

Reflectance, %

120

100
80|
60|
40|

20

0

GaAs (111)

1200 1300 1400
Wavelength, nm

1500 1600




