Shaping the spatial and spectral phase with reflectives nanoresonators

Boher Micke 1 , Julien Jaeck *1 , Patrick Bouchon 1 , Jérôme Primot 1 and Riad Haïdar 1,2 1 DOTA,ONERA,Université Paris Saclay F-91123 Palaiseau -France 2 Ecole Polytechnique, Département de Physique, 91128 Palaiseau, France, * micke.boher@onera.fr

Since the work of Federico Capasso in 2011 [START_REF] Yu | Light propagation with phase discontinuities: Generalized laws of reection and refraction[END_REF], metasurfaces for optics, or how to structure a surface to provide optical properties (focusing, deflection, dispersion, etc.), have been proposed for numerous applications. The function of an optical component is determined by the local modification it induces on an incident electromagnetic field. The goal is to control the phase of a transmitted or reflected field by texturing the matter at the sub-wavelength scale and minimizing the influence on the amplitude (at least in the spectral band of interest).

A solution to this problem is the use of MIM (Metal-Insulator-Metal) nano-antennas [START_REF] Zhang | High efficiency near diffraction-limited mid-infrared flat lenses based on metasurface reflectarrays[END_REF], which consists in metallic rods deposited on a layer of transparent material itself deposited on a metal mirror. Such a structure can only work in reflection because of the metallic mirror and behaves like an horizontal Fabry-Perot resonator whose resonance is controlled mainly by the length of the rod and which is accompanied by a significant phase jump up to 2π. Here we use two properties of these structures, the chromaticism induced by the resonance and the interaction surface which is greater than the geometrical surface of the nano-rod [START_REF] Bouchon | Wideband omnidirectional infrared absorber with a patchwork of plasmonic nanoantennas[END_REF], to combine the different dimensions of nano-antennas locally in order to create two optical functions on the same surface. Our proposed structure is illustrated in figure (a), it deflects the incident beam at 3µm in one direction and the one at 5µm in the opposite direction. This prism is composed of four periodic areas, each of them adding a π/2 delay to the previous one by modifying the length of antennas. As shown in figure (b) these nano-antennas create two opposite phase ramps at two different wavelengths. This is possible thanks to the chromaticism of MIM structures and the fact that they interact with the light included in an effective section much larger than their dimensions.

As we can see on figure (c) the phase response of a given structure varies with the wavelength. We use the fact that when the resonance is localized at 5µm (respectively at 3µm) the introduced phase at 3µm (respectively at 5µm) is negligible. That is to say that the three smallest patterns will modify locally the phases at 3µm only and the three greatest patterns will do the same for 5µm only. This dual prism paves the way to the creation of more complicated dual optical functions metasurfaces.
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  Figure. (a) Illustration of the proposed dual prism. (b) Illustration of one period of the dual prism and associated phase ramps. (c) Phase response of the nano-antennas according to their lengths in function of the wavelength. The colors correspond to the ones of previous figure.