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— Motivation

Possible Applications
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‘—System and methods

L Metasurface visualisation

Considered System

H=250nm

H

T=400nm

T=400nm

In this work we study silicon metasurface based on cubic meta-atoms both
in air medium and on glass substrate.
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‘—System and methods

LTheoretical approach

Multipole decomposition method
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‘— Main results

L Research of single cube properties

Multipole contributions to the scattering cross-section
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LPeriodic silicon structure in the air

Comparison of multipole decompositions

Single Si nanocube, H = 250 nm
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‘— Main results

LPeriodic silicon structure in the air

Connection to the transmission spect
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Main results

L Silicon metasurface on the substrate

Moving to experimental studying
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The fabricated sample and created experimental setup for the transmission
measurements. Silicon metasurface have been fabricated using the FIB

technique.
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L Silicon metasurface on the substrate

Experiment - Modelling comparison of transmission

Transmission

After characterizing the fabricated
structure we performed a numerical
modelling accordingly to the
expected metasurface parameters
(material dispersion, thin film
thickness and so on). Obtained
results presents the similar peak and
dip in transmission. Now we can
attempt to analyze the structure
using the multipole decomposition
technique (currents integration over
one meta-atom and their

900 decomposition).

Wavelength (nm)
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‘— Main results

L Silicon metasurface on the substrate

Multipole analysys of the metasurface on substrate
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‘—Summary

Summary

m Silicon metasurface created based on single particle
investigations have been studied.

m Multipole decomposition of single Si nanocube and periodic
structure based on such meta-atoms have been compared.

m Si metasurface on bk7 substrate have been investigated
numerically and experimentally.

m Multipole decomposition of currents in the meta-atoms of
metasurface on substrate have been performed.
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‘—Summary

L Relevant articles

Published and in preparation

The research described in this talk is summarised in my recent
publications:

1. Terekhov P. D. et al. 'Resonant forward scattering of light
by high-refractive-index dielectric nanoparticles with toroidal
dipole contribution’, Optics Letters 42:4. 835-838 (2017).

2. Terekhov P. D. et al. 'Multipolar response of non-spherical
silicon nanoparticles in the visible and near-infrared spectral
ranges', Physical Review B 96, 035443 (2017).

3. Terekhov P. D. et al. 'Excitation of high-order multipoles in
Si metasurface based on parallelepipedal meta-atoms’ (in
preparation)
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‘—Summary

L Future directions

To be continued

Currently | am doing my research in Ben-Gurion University and
ITMO University under the joint supervision of Dr. Alina
Karabchevsky (BGU) and Dr. Alexander Shalin (ITMO). We are

exploring interesting directions of the research described, such as:

Influence of non-air medium on multipoles excitation.
Enhanced light-matter interaction as with plasmonic
nanoantenas reported by A. Karabchevsky et al, Nature Light
Sci&Appl. 5, e16164 (2016), but using all-dielectric
nanoantennas as alternative.

Coupling of two resonant systems: All-dielectric resonator to
molecular resonator which may be described by high order
multipole moments (A. Karabchevsky and A. Kavokin, Nature
Sci Rep 6:1-7 (2016)).

Continuation of studying of optical properties of all-dielectric

metasurfaces which support high-order multipole excitation. e
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—Our team

Our Team

Our team in Ben-Gurion University of Negev.
Thanks for your attention!
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‘— Additional slides

Multipoles' expressions
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Q - 3/[r'P(r’)+P(r’)r’—g(r’~P(r’))0]dr’ (4)
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Evlyukhin A. B. et al., Physical Review B. 94.20 (2016): 205434
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