
HAL Id: hal-04406187
https://inria.hal.science/hal-04406187v1

Submitted on 19 Jan 2024

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

Distributed under a Creative Commons CC BY 4.0 - Attribution - International License

Advancing wavefront shaping with resonant metasurface
Enzo Isnard, Sébastien Héron, Stéphane Lanteri, Mahmoud Elsawy

To cite this version:
Enzo Isnard, Sébastien Héron, Stéphane Lanteri, Mahmoud Elsawy. Advancing wavefront shaping with reso-
nant metasurface. OWTNM 2023 - Optical Wave & Waveguide Theory and Numerical Modelling, May 2023,
Marseille, France. ⟨hal-04406187⟩

https://inria.hal.science/hal-04406187v1
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


Advancing wavefront shaping with resonant metasurface
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In metasurface design, the use of look-up tables based on a local periodicity approximation have been tradi-
tionally employed, but can result in sub-optimal designs due to lack of consideration of near-field coupling
effects, which are particularly important for resonant systems. This paper explores the benefits of taking into
account near-field coupling while optimizing non-local resonant metasurfaces to enhance their performance for
wavefront shaping, including the state-of-the-art Huygens’s metasurface.

Summary

Fig. 1. Deflection efficiency of metagrat-
ings obtained with a look-up table and with
global optimization. The inset indicates the
schematic representation of the structure un-
der consideration [1]

Metasurfaces are two-dimensional planar structures
constituted of sub-wavelength sized elements that
can alter electromagnetic wave properties, including
phase, amplitude, and polarization. Metasurfaces are
generally locally approximated by periodic structures
around each nano-element. This approximation al-
lows the use of the look-up tables to design them,
consisting in simulating the optical response of iso-
lated nano-elements and placing them according to a
phase profile given by the generalized Snell’s law. In
highly resonant structures the meta-atoms are not iso-
lated and their response may depend on their neigh-
bors, making the local periodicity approximation ir-
relevant. In our previous work, we exploited the ben-
efits of global optimization coupled with full-wave
solver to significantly improve the performances of
metasurfaces [2, 3]. The present work considers res-
onant configurations including the state-of-the-art Huygens’s metasurfaces where the apparition of
collective resonances [4] makes the local periodicity assumption obsolete. We use Kriging-based
Bayesian optimization as it is well suited for expansive black-box function and can be adapted to
handle fabrication uncertainty [5] and multi-objective problems [3]. We illustrate our methodology
in the case of a meta-deflector taken from ref. [1]. Figure 1 shows the deflection efficiency of both
the optimized and the look-up table design, where simulations are performed using the software suite
DIOGENeS [6] developed at Inria Sophia Antipolis. The drastic improvement of efficiency highlights
the need for optimizing the whole period at once in the case of highly resonant structures.
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