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Large Area Plasmonic Metasurface for Augmented Reality

Metasurface made of plasmonic nanostructures (NS) on glass substrate is of great interest for transparent screens [START_REF] Saito | A transparent projection screen based on plasmonic Ag nanocubes[END_REF] or for augmented reality (AR) applications [2]: it can provide transparent plates with high reflectivity at specific wavelengths (i.e. blue, green, red) by choosing NS size and shape, while preserving good transparency on the whole visible range (i.e. without diffusion nor diffraction effects) thanks to suitable NS spatial arrangement [2]. Nevertheless, metasurface design must also be compatible with large area fabrication. In this context we compare the impact of NS spatial arrangement on plasmonic metasurface optical properties, considering two fabrication methods, and we show the relevance of the self-assembly based method for large area metasurface used in AR systems.

Plate transparency can be numerically evaluated by the structure factor of the metasurface. The structure factor S(q) represents the optical response of the structure as a function of spatial frequencies q, without the influence of NS resonance. Only the NS position is taken into account. In order to minimize diffraction and diffusion effects induced by spatial arrangement, the value of S(q) must be zero in the q range corresponding to usual observation conditions of the metasurface in AR systems such as head-up display.

We used images of real samples made of silver NS obtained by e-beam lithography (Fig. 1(a), [2]) or by polystyrene nanoparticles (pNP) self-assembly followed by nanoimprint process (Fig. 1(b),[3]). The positions of the NS were identified with an image processing program. We also evaluated the impact of spatial density reduction by numerically realizing 'NS islands' in a correlated disorder arrangement (Fig. 1(c)). All the studied structures have an isotropic S(q): indeed the compact hexagonal structure of self-assembled arrays takes multiple orientations on the whole surface, up to a globally isotropic arrangement. For this reason 1D structure factors S(q) are sufficient for comparative analysis, as shown for the different considered cases in Fig. 1 (center). The suitable q range in visible and observation angles (15-60°) is represented between dotted lines. In this range the four cases seem at first sight to be relevant for the intended application. Nevertheless, the correlated disorder with high average NP distance (274 nm) has an increasing S(q) at the highest q and can thus exclude use of the metasurface at the shortest wavelength (blue) and/or highest observation angle. Besides the density reduction with the smallest 'NS islands' induces increase of S(q) at the lowest q values (diffusion of the red wavelength and/or near perpendicular incidence). Experimental measurement of the transmittance spectra and of reflected images by these metasurfaces in a miniaturized AR systems will be also shown and discussed.

This study shows that large area metasurface for Augmented Reality should be preferentially realized by using self-assembly of small pNPs (typically 200nm) : such process leads to globally isotropic response metasurface, without diffraction and diffusion effects ; then the spatial density (and thus the ratio reflectivity / transmittance) can be controlled by removing NS following large 'islands' (compatible with optical lithography process). Such a way large area plasmonic metasurface can be fabricated with reduced costs for AR systems.
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 1 Fig. 1 Factor structure of large area metasurface made of silver nanorods, fabricated (a) by e-beam lithography with correlated disorder arrangement (average distance ~274nm) [1], (b) by self-assembly and nanoimprint (period 200nm) [2], (c) possibly followed by spatial density reduction in a correlated disorder arrangement.