MonynpoBOAHUKOBbIE METAaNOBEPXHOCTHU
ANA HeNMHENHOW GOTOHUKMK

AHapen PepgaHUH

dusnyeckumn pakynetetr MMy
nanolab.phys.msu.ru

nanixlab



MonynpoBOAHNKOBbIE METAaNOBEPXHOCTU
ANA HeNAMHENHOW GOTOHUKMK
N ONTUYECKMX aHAJIOTOBbIX BbIYNCIEHUN

AHapen PepgaHUH

dusnyeckumn pakynetetr MMy
nanolab.phys.msu.ru

nanixlab



Mie scattering. Basics
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Mie-type resonances in high-index nanoparticles
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All-dielectric photonic metasurfaces
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Nonlinear optics of Mie-resonant nanoparticles

Goals: - small values of y® and y©®
- small volumes

. . - no phase matchin
 Nonlinear optical enhancement P J

e Magnetic vs. electric resonances
e Coupled nanoparticles: oligomers and metasurfaces
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Third-harmonic generation confocal microscopy
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Silicon nanodisk trimers sample design
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THG spectroscopy of silicon trimers
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Quadrumers: optical retardation and collective resonance
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etters ,



THG enhancement at magnetic Fano resonance
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Enhanced Nonlinear Light Generation in Oligomers under Vector Beam lllumination

Experiment
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Tailored nonlinear anisotropy in Mie-resonant dielectric oligomers

Idea:
- linear scattering remains isotropic

- azimuthal dependence of THG signal
reflects their point-group symmetry

Adv. Optical Mater. 7, 1900447 (2019)



All-optical switching by nanophotonic elements

control
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coherent approaches
— via wave mixing or other multiphoton processes
— no relaxation time

out

ooc)y

incoherent approaches
— via solid-state excitations
— relaxation time is a strong limiting factor



All-optical switching in Si and GaAs metasurfaces

Two-photon absorption enhancement observation in Mie-
resonant Si metasurfaces

Free-carrier-induced ultrafast tuning of direct band gap GaAs
metasurface

silicon

gallium arsenide

Nano Letters 15, 6985 (2015) Nature Commun. 8, 17 (2017)



Nonlinear absorption: Im Y3 (w = w + w — w). Silicon
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Intensity dependent reflectance. Gallium Arsenide
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Frequency-degenerate pump—probe spectroscopy
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Frequency-degenerate pump—probe
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Pump-probe spectroscopy with supercontinium probe
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Bloch surface waves
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- light localization on the surface

- no absorption

- long propagation distance (> cm in experiments)
- arbitrary spectral range (from UV to mid IR and THz)

- TE- and TM-polarized BSW
- narrow spectral and angular resonance
- wide variety of PC materials

V. Koju, W. Robertson Opt. Lett. (2016)
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Applications of BSW:

- sensing

- enhancing light-matter interaction
- SERS

- optical manipulation

- integrated photonics

A

BSW waveguides on top of PC can be made of

low-refractive-index materials

|

Two-photon lithography for printing
single-mode and multimode BSW waveguides
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Bloch surface waves

SR — 2[001 e - BSW visualization via enhanced fluorescence
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Optical Forces

used for optical manipulation
are divided into the gradient
and the scattering components
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Optical tweezers:
trapping particles
with a tightly focused
laser beam

D.G. Grier, Nature 424, 810 (2003)
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Experimental Setup: the Idea

D.A. Shilkin et al, Opt. Lett. 40, 21 (2015)



Experimental Setup: Realization
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Photonic Force Microscopy with BSW

exponential decay at large distances and a surprising decrease at small ones
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Mie-driven directional nanocoupler for BSW photonic platform




Mie-driven directional nanocoupler for BSW photonic platform
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Mie-resonant dielectric photonics with 2D semiconductors
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The nonlinear response of MoS: is
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SHG enhancement by MD Mie-resonances at fundamental wavelength

and exciton excitation on SHG wavelength



Mie-resonant dielectric photonics with MoS, nanodisks
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In the spectral region of the MD resonance, an increase in the SHG is observed
Laser Photonics Rev. 16, 2100604 (2022)



Cryogenic SHG enhancement of TMDC monolayer coupled
with high-Q dielectric metasurface

TiO,
- dielectric

- low losses
- high refractive index (2.4)

Nanophotonics 13, 3429 (2024)

A

Transmittance

1.0 -
08 W{l ED
Spectral overlapping of
0.61 MD high-Q resonance with exciton
0.4
0.2 = exp |
== calc SH wavelength, nm
00 . . 375 400 425 450 475 500
650 700 750 800 10 1.0
Wavelength, nm —
0.8 295 [O8
g 0.6 —e— 10K 0.6 g?
. UL -Uv.0D
MoSe, £ :
H ~ LD“ =
- exmton2 800 nm (1.5 eV) = 040 x10)  (x10) 0.43
- high x® values -
0244+ 0.2
0.0 ; . : =t 0.0
750 800 850 900 950 1000

Fundamental wavelength, nm



Nonlinear spectroscopy of high-Q dielectric metasurface
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®OTOHUKA U aHaANOroBble BbIYUCNEHUA

MpenmywectBa POTOHUKU
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MeTtanoBepXxHOCTU ANA 33434 AaHANOroBbIX BbIYMCNEHUMN

YcTponcTBa Ha OCHOBE MeTanoBepXHOCTEN

¢ axpomMaTnyeckme MeTanunH3bl

* reHepaTopbl roforpamm
* (pasoBble KOPPEKTOPSI
® MPOCTPaHCTBEHHbIE MOAYNATOPbLI CBETA

BXOOHOe Pypbe-punkTp pesynbrart

n3obpaxxeHune

6ykBbl “O”

Koppensaumm

NMpumeHeHne MeTanoBepXHOCTEN

*  3IEMEHTbI CBEPTOYHbIX HEMPOHHbLIX CETEN

e npenobpaboTka n3obpaxxeHumn

* BblAeneHne rpaHumL

*  MOWCK ONOPHbLIX O6BLEKTOB Ha M30BOpaKEHUSIX
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YOH 193, 1284 (2023)



Fourier filtering system with a silicon metasurface

Bright-field miCroscope image
of the whole metasurface

Output g(x, y) b rface M(u, v)

N

Max. correlation

A SEM image of a region
ACS Photonics 11, 2506 (2024) of the metasurface




Fourier filtering system with a silicon metasurface
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