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2 1 Nonlinear Photonic Metasurfaces
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• Surface/Local Plasmon resonances
• Mie resonances
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Resonant enhancement of EM field

M .R. Shcherbakov, et. al. Nano Letters 14, 11,
6488-6492, 2014
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3 1 Mie resonances in dielectric spheres
Ex
ti
nc
ti
on
 c
oe
ff
ic
ie
nt
 

Mie resonances in Dielectric spheres
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Mie resonances

• Low losses
• Much larger mode volume
• High nonlinear coefficient materials
(GaAs: -200pm/V)
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Four-Wave Mixing High-Harmonic Generation

Ge H=200nm

Grinblat, G., et al, ACS Photonics
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Second Harmonic Generation (10-8 W/W2)
Nonlinear Frequency Mixing
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1 GaAs (100) lattice plane
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6 1 GaAs (100) single disk and metasurface emission patterns

[100]

AIGaAs

de ff

[010]

0 0 0 d41 0 0

0 0 0 0 d41 0

0 0 0 0 0 d41

SHG radiation pattern in AIGaAs (100)
nanodisks at MD resonance

0.6

0.4

0.2

ii

330° 30°

300° 60°

270

240 120°

210° 150°
180°

L. Carletti et al., ACS Photonics, 3(8), 1500-1507, 2016

Absence of SHG in normal direction

SHG diffraction in the GaAs (100) metasurface

second harmonic intensity

I lit 1
tee

890 nm- — -
o °

NA

max

min

Löchner, F. J. ACS Photonics, 5(5), 1786-1793, 2018

[Absence of the zeroth-order 1



7 1 Tailoring of SHG in normal direction
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8 1

Goal: Redirection of the SHG emission
to zeroth diffraction order in GaAs

metasurfaces



9 Use of (111) GaAs/AIGaAs
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10 1
Fabrication of GaAs metasurface
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,2 1 Experimental setup: Fourier-space imaging
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SHG in GaAs (111) metasurface
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SHG in GaAs (111) metasurface: Fourier-space image
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15 1 SHG in GaAs (111) metasurface: Fourier-space image
Power dependence for the
zeroth-order diffraction
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161 different crystallographic planes I
Comparison: Fourier-space images for metasurfaces with
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171 different crystallographic planes I
Comparison: Fourier-space images for metasurfaces with

► 4

1

0.75
,?-4-
CD
=
Cn

0
. k< 
5 ,=;

pa

0.25 c

0

►

(100)

1

0.75

I

I

1



18 1 Conclusions

We utilize III-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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I 9 SHG for different orientations

,

z AIGaAsmu

[100]

(d)

of the crystal, (111), (110), (100)

(c) 1=55° x2

90 180 270 360 0 90 1N 2;70 360

ROTATION ANGLE cp ( degree )

Kulyuk, Leonid L., et al. Nonlinear Optics of Low-
Dimensional Structures and New Materials. Vol.
2801. International Society for Optics and
Photonics, 1996.



201 Nonlinear plasmonics
a Metasurfaces for SHG
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Plasmonic metasurfaces:
• Ohmic losses
• Plasmonic structure: small modal volume

(surface nonlinearities)
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