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Introduction

Due to the increased interest for controlling the reflectance property of material surfaces for several optical applications during these last year, the research has been intensified to develop novel methods to nanostructure surfaces with nanowires, nanorods, nanodisks, or nanopillars with conical or pyramidal shapes [START_REF] Lee | Fabrication of broadband anti-reflective sub-micron structures using polystyrene sphere lithography on a Si substrate[END_REF][START_REF] Saffih | Fabrication of silicon nanostructures with large taper angle by reactive ion etching[END_REF][START_REF] Yi | Study on silicon nanopillars with ultralow broadband reflectivity via maskless reactive ion etching at room temperature[END_REF][START_REF] Khorasaninejad | Enhanced firstorder Raman scattering from arrays of vertical silicon nanowires[END_REF]. The choice of materials, metals or dielectrics, as well as the dimensions of nanostructures depend on the required optical properties. In the field of solar cells silicon nanowires are commonly used to reduce reflection through destructive interference [START_REF] Fang | Fabrication of slantingly-aligned silicon nanowire arrays for solar cell applications[END_REF][START_REF] Tsakalakos | Silicon nanowire solars cells[END_REF][START_REF] Kundu | Tapered silicon nanopillars for enhanced performance thin film solar cells[END_REF]. At the opposite, the reflectance of transparent display must be increased head-up display and augmented reality systems [START_REF] Bertin | Correlated Disordered Plasmonic Nanostructures Arrays for Augmented Reality[END_REF]: in that respect thanks to the metal nanostructuration the reflectance spectrum and the apparent color can be controlled with a high spatial resolution down to subwavelengh dimension. In order to avoid any diffraction and diffusion effects, the NSs are arranged following a correlated disorder. Besides, for a different objective, a substrate with fully random metallic nanoparticles has been proposed as a transparent display revealing a blue image by scattering effect in the plane of the substrate [START_REF] Hsu | Transparent display enabled by resonant nanoparticle scattering[END_REF]. Patterned flexible films with micro and nanostructures allow other functions compared to rigid substrates. Authors report the interest of poly(dimethylsiloxane) PDMS for its mechanical, optical and physical properties and to obtain flexible functionalized film for different optical applications [START_REF] Dai | Flexible Light-Emitting Diodes Based on Vertical Nitride Nanowires[END_REF][START_REF] Visser | Optical properties and fabrication of dielectric metasurfaces based on amorphous silicon nanodisk arrays[END_REF]. It is elastic, flexible and transparent. Its flexibility permits a good conformity on non-planar surface. For these points we propose to present a new manufacturing method to embed metallic and dielectric NSs with a correlated disordered arrangement in a flexible PDMS film.

Fabrication

The objective is to embed NSs in a flexible 2 mm thick PDMS film. Metallic and dielectric NSs are firstly fabricated by electron beam lithography. For metallic nanostructures, manufacturing process is schematized in Figure 1. E-beam lithography is made on molybdenum sacrificial layer (Fig. 1a) by a Nanobeam (NB4) system with an accelerating voltage of 80 Kv and a current of 2 nA. Preliminary step is a spin-coated PMMA A2 resist on molybdenum sacrificial layer deposited on a silicon substrate by sputtering.

An Ag layer is deposited lithographied resist and followed by a lift-off process (Fig. 1b). PDMS is then coated to embed metallic nanoparticles (NPs) in flexible substrate before a bake (Fig 1c). The usage of soluble sacrificial layer is necessary to successfully transfer the NPs to the PDMS film with no mechanical peeling. Flexible film with metallic nanostructure grating is separated from silicon substrate after dissolution of molybdenum in H2O2 (Fig. 1d). In the case of dielectric NSs, amorphous silicon (aSi) is deposited on molybdenum sacrificial layer before e-beam lithography, and a metallic mask is fabricated by lift-off before reactive ionic etching of the aSi layer. Transfer of the Si NSs follows then the same process as in the case of metallic NSs.

Correlated disorder

Following our previous work [START_REF] Bertin | Correlated Disordered Plasmonic Nanostructures Arrays for Augmented Reality[END_REF], the NSs have been arranged according to a correlated disorder. The design of correlated disorder has been determined by using centroidal Voronoi tessalation algorithm applied on an initially random arrangement [START_REF] Du | Centroidal Voronoi Tessellations: Applications and Algorithms[END_REF]. It is characterized by the structure factor (Fig. 2, right) determined by calculating the Fourier transform of the NS assembly pair correlation function. The structure factor is equal to zero for kD values lower than ~: considering that k is the projection of wavevector  and D the average distance between NSs, diffusion effect will be reduced for wavelength higher than ~D. We have fabricated such assembly in the case of D~250nm for metallic NSs [START_REF] Bertin | Correlated Disordered Plasmonic Nanostructures Arrays for Augmented Reality[END_REF], and we have checked improvement of reflectance at  =590nm with no parasitic diffusion neither diffractive effects. We will show preliminary results obtained in the case of similar NSs embedded in PDMS.

Conclusions

We have developed a new technological process in order to embed metallic or dielectric nanostructures in PDMS: the process is based on sacrificial layer, without requirement of mechanical peeling. In order to obtain transparent functionalized substrates without diffusion and diffraction effects, the nanostructures are arranged following a correlated disorder arrangement. Such flexible and repositionable substrates can be used in many applications like augmented reality or glazing functionalization.
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 1 Figure 1: Scheme of the developed process.
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 2 Figure 2: SEM image of correlated disorder arrangement of silver NPs, and calculation of the structure factor (Fast Fourier Transform of the pair correlation function).
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