Self-assembled hexagonal array or correlated disorder plasmonic metasurfaces: optical properties comparison
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Abstract: plasmonic metasurfaces have been fabricated following two different approaches in order to deliver large area devices for augmented reality systems. Their optical properties are compared at different levels: the contribution of the plasmonic nanostructures arrangement is evaluated thanks to the metasurfaces structure factors, the physical properties are assessed through optical transmission and reflection measurements, and finally the whole metasurfaces are macroscopically tested in a head-up display.

Metasurfaces based on plasmonic nanoparticles (NP) on glass substrates are of great interest for transparent displays [START_REF] Saito | A transparent projection screen based on plasmonic Ag nanocubes[END_REF] or for augmented reality (AR) applications [START_REF] Bertin | Correlated Disordered Plasmonic Nanostructures Arrays for Augmented Reality[END_REF]: they functionalize transparent plates to have high reflectivity at specific wavelengths (blue, green, red) by choosing the size and shape of the NPs, while preserving good transparency over the whole visible range (i.e. without scattering or diffraction effects) through an appropriate spatial arrangement of NPs [START_REF] Bertin | Correlated Disordered Plasmonic Nanostructures Arrays for Augmented Reality[END_REF]. However, the design of these metasurfaces must also be compatible with the fabrication of large surfaces. Self-assembly of nanoobjects is an efficient bottom-up approach to create nanostructured metasurface on large areas. Nevertheless, despite high deposition quality, arrangement defaults appear which can have a significant impact on the global optical properties of the metasurface. In order to develop transparent semi-reflective plates for AR systems, we compare here large-area metasurfaces with self-assembled patterns with those with correlated disorder patterns well controlled by electron lithography: we consider and discuss as well NPs spatial arrangement impact as plasmonic resonance effects on their global optical properties. We also propose and evaluate a combination of bottom-up and top-down approaches to better control final optical properties.

Fabrication: targeted plasmonic nanostructures constituting the metasurface are nanorods made of silver with typical dimensions of 100 to 200 nm diameter and 30 nm thickness, for operation in the visible range. We consider two samples fabricated with different approaches. The first sample, used as a reference, is made of high-quality correlated disorder nanostructuration obtained on 1 cm² thanks to electron beam lithography followed by a lift-off of silver [START_REF] Bertin | Correlated Disordered Plasmonic Nanostructures Arrays for Augmented Reality[END_REF]. The second sample is realized using soft UV nanoimprint lithography (soft UV-NIL), with an original process to fabricate the nanostructured PDMS (polydimethylsiloxane) stamp: in order to circumvent limitations observed with usual PDMS molding [START_REF] Koo | The fabrication of a flexible mold for high resolution soft ultraviolet nanoimprint lithography[END_REF], we have developed a new approach which enables at the same time large area pattern definition by 200nm diameter polystyrene nanospheres (PS-NS) self-assembly, and PDMS stamp nanostructuration by RIE etching [START_REF] Cardoso | Improved PDMS mold fabrication by direct etch with nanosphere self-assembly mask for Soft UV-NIL subwavelength metasurfaces fabrication[END_REF], as schematized in Figure 1. Thanks to arrangement breakings, the whole hexagonal compact arrangement appears as globally isotropic.

Optical transmission and reflection are performed on the both metasurfaces by using an ellipsometric setup, in order to determine their spectral filtering capabilities. Figure 2 shows that the enhanced reflection wavelength of the P polarization is near 640 nm for the 'e-beam sample', and near 720 nm for the 'self-assembly sample', when the incident angle is around 45°. Additionally the spectra of the latter are significantly broaden and attenuated, revealing the size dispersion of the plasmonic NPs. Structure factor: functionalized plate transparency quality can be numerically evaluated by the structure factor of the metasurfaces. The structure factor S(q) represents the optical response of the structure as a function of spatial frequencies q, without the influence of NPs resonance. 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 Figure 3 we calculate the structure factors using a computer vision program analyzing SEM images of the fabricated metasurfaces ((a),(b)) and of a numerically modified arrangement based on correlated disorder (c) to reduce NP density. Considering the observation range, the self-assembled metasurface with sub-wavelength period seems to be more robust in terms of transparency quality, and the spatial density reduction can be easily performed by choosing appropriate microstructuration. These results will be presented in details, as well as the final performance of the both metasurface on a head-up display system. This work was done with the technical support of the French cleanroom network RENATECH.
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 1 Fig. 1. Self-assembly based metasurface fabrication: (1) PDMS stamp fabricated by self-assembly and (2) RIE etching; (3) Nanoimprint process and (4) silver lift-off to generate the final metasurface.
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 2 Fig. 2. Optical transmission and reflection spectra for polarization p measured on the both metasurfaces with an incident angle of 45°.
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 3 Fig. 3. Factor structure of large area metasurface made of silver nanorods, fabricated (a) by e-beam lithography with correlated disorder arrangement (average distance ~274nm) [2], (b) by self-assembly and nanoimprint (period 200nm) [4], (c) possibly followed by spatial density reduction in a correlated disorder arrangement.