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Guided mode resonance-based transparent metasurfaces for selective multi-color reflection
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Metasurfaces enable precise and efficient control over light's angular-spectral properties, making them crucial for developing augmented reality displays for information visualization. In this contribution, we will focus on the design of transparent metasurfaces that use guided mode resonances to achieve polychromatic selective reflection, specifically for wearable augmented reality systems. These metasurfaces may be valuable in the realization of near-eye visual aids in support of individuals with cognitive impairment issues.

INTRODUCTION

The nearly linear increase in the average age of the world's population is emerging as one of the most significant social challenges of this century [START_REF] Oeppen | Demography: Broken limits to life expectancy[END_REF]. The natural functional, physical, and cognitive decline accompanying ageing can find relief in new technological solutions devoted to improving the quality of life. Some application areas have considerable importance in promoting "active and healthy" ageing within their own environment, such as those related to the autonomy, mobility, and safety of elderly and/or frail individuals, while respecting their privacy and individual dignity. Electromagnetic field-based technologies can have a great impact on improving quality of life. Radiofrequency to optical frequency systems can be invaluable in increasing the ubiquity of connections, both for the implementation of location and navigation systems and for the implementation of sensitive elements. Optical frequencies in the visible are safe for the human eye (within appropriate power levels) and can be used for both illumination, information display, and communications (see, for example, LiFi systems). In this context, new human-machine interfaces (HMIs) are crucial as they serve as a direct boundary between the systems that produce the information and the users themselves. HMIs can be precious in case of cognitive impairment and sensory loss [START_REF] Bach-Y-Rita | Sensory substitution and the human-machine interface[END_REF][START_REF] Ross | Sensory science at the human-machine interface[END_REF]. Especially in cases of cognitive impairment [START_REF] Chen | The use of visual methods to support communication with older adults with cognitive impairment: A scoping review[END_REF], being able to clearly and effectively present visual information (e.g., in support of indoor navigation, by signalling a direction to take or avoid, or in support of home safety, by signalling hazards) can be a tremendous support to individuals affected by this condition [START_REF] Kwan | Cognitive decline, sensory impairment, and the use of audio-visual aids by long-term care facility residents[END_REF][START_REF] Hervás | An Assistive Navigation System Based on Augmented Reality and Context Awareness for People With Mild Cognitive Impairments[END_REF][START_REF] Alshafeey | Augmented Reality for the Disabled: Review Articles[END_REF]. Such visual information can aid understanding and decision-making even in the presence of varying degrees of cognitive impairment, which would have a significant negative impact on quality of life unless properly supported or compensated. Visual information can be provided to observers through augmented reality (AR) displays, which allow them to see images, symbols, and text superimposed on the entire "natural" scene with which the observer is standing and interacting. Visual and visual-textual stimuli such as photos, memory books and wallets, reminder cards, pictograms, video content, and other visual tools can help with word-finding and communication during conversations [START_REF] Bourgeois | Evaluating memory wallets in conversations with persons with dementia[END_REF] as well as improving their decisional capacity [START_REF]Effects of Visual Aids for End-of-Life Care on Decisional Capacity of People With Dementia[END_REF], especially in mild to moderate dementia conditions. Besides, such visualization systems are of central interest to a variety of fields, ranging from applications related to Industry 4.0 [START_REF] Papcun | Human Machine Interface in Concept of Industry 40[END_REF], vehicle driving aids [START_REF] Abdi | In-Vehicle Augmented Reality Traffic Information System: A New Type of Communication Between Driver and Vehicle[END_REF][START_REF] Kim | Assessing Distraction Potential of Augmented Reality Head-Up Displays for Vehicle Drivers[END_REF], to defence. Augmented Reality systems require a supporting surface (such as, for example, the lenses of a pair of glasses, a windshield, the visor of a helmet, etc.) that is sufficiently reflective for some specific wavelengths and transparent for the remaining visible spectrum. This allows the desired information to be presented to the observer without compromising the brightness or colorimetric perception of the scene. At the heart of the system is a near-eye display, suitably tilted or shaped, mounted on top of a rigid wearable support like a pair of glasses. Additional optics may be included for magnification or for manipulating the light path. The visual information is then projected on the display by means of a laser projector or an LCD display. Ivan Sutherland's first head-mounted AR prototype was devised in 1968 [START_REF] Sutherland | A head-mounted three dimensional display[END_REF] and was given the moniker "Sword of Damocles" because of its weight and the fact that a portion of it was suspended from the ceiling. Since then, other systems with progressively smaller sizes, lighter weights, and better wearability have been presented [START_REF] Cakmakci | Head-worn displays: a review[END_REF][START_REF] Rolland | Head-Worn Displays: The Future Through New Eyes[END_REF]. Though many companies and research centres are presenting their own systems, no final product has yet been made available to the general public. Several parameters need to be optimized at the same time to provide perfect natural vision without any user discomfort, and this entails a challenge that still requires a proper solution. Of course, an ideal display should at once be small, lightweight, easy to wear, and should have enough resolution, a large field of view, a wide eyebox, absence of the vergence-accommodation-conflict [START_REF] Koulieris | Accommodation and comfort in head-mounted displays[END_REF], enough brightness and colour expression capacity. Visual acuity is ability to perceive and recognize small details with naked eye. Regardless of the distance between the screen and the eye, it requires a minimum resolution of 1 arcmin, which in turn corresponds to a display resolution of 60 pixel per degree. Near-eye displays can be obtained by exploiting waveguides [START_REF] Chen | Waveguide-based near-eye display with dual-channel exit pupil expander[END_REF][START_REF] Cheng | Design of an ultra-thin near-eye display with geometrical waveguide and freeform optics[END_REF][START_REF] Chen | Near-eye display with a triple-channel waveguide for metaverse[END_REF], refractive freeform optics [START_REF] Jeong | Holographically Printed Freeform Mirror Array for Augmented Reality Near-Eye Display[END_REF][START_REF] Shu | Compact full-color augmented reality near-eye display using freeform optics and a holographic optical combiner[END_REF], metasurfaces [START_REF] Lan | Metasurfaces for Near-Eye Augmented Reality[END_REF][START_REF] Neshev | Enabling smart vision with metasurfaces[END_REF], pinlight [START_REF] Maimone | Pinlight displays: wide field of view augmented reality eyeglasses using defocused point light sources[END_REF], holography, transmissive mirror devices and other approaches, and even based on their combination. In this contribution we will focus on metasurface-based near-eye display. Metamaterials offer unprecedented angle-spectral control over electromagnetic waves interacting with them. Whether they are purely dielectric [START_REF] Magno | Stable planar mesoscopic photonic crystal cavities[END_REF][START_REF] Magno | Controlled reflectivities in self-collimating mesoscopic photonic crystal[END_REF][START_REF] Magno | Mesoscopic self-collimation along arbitrary directions and below the light line[END_REF] or plasmonic [START_REF] Leroy | Integrated plasmonic nanoantenna gratings for large area coherent optical source[END_REF][START_REF] Gralak | Design of optical metasurfaces for innovative display devices[END_REF][START_REF] Bertin | Correlated Disordered Plasmonic Nanostructures Arrays for Augmented Reality[END_REF][START_REF] Bertin | Periodic and disordered plasmonic nanostructures arrays for visualization application[END_REF][START_REF] Magno | Strong coupling and vortexes assisted slow light in plasmonic chain-SOI waveguide systems[END_REF][START_REF] Magno | Numerical demonstration of surface lattice resonance excitation in integrated localized surface plasmon waveguides[END_REF][START_REF] Dantonio | Localized surface plasmon resonances in gold nano-patches on a gallium nitride substrate[END_REF] in nature, the meta-atoms that form the periodic unit of metamaterials enable an unparalleled control of electromagnetic waves on dimensional scales comparable to wavelength or smaller. Similarly, metasurfaces, two-dimensional equivalents of metamaterials, promise to overcome the angle-spectral limitations of purely refractive surfaces while offering extremely smaller form factors. Besides, metasurfaces can be used in conjunction with other tools like nanoantennas [START_REF] Ecarnot | Ultra-efficient nanoparticle trapping by integrated plasmonic dimers[END_REF][START_REF] Magno | Integrated plasmonic nanotweezers for nanoparticle manipulation[END_REF], mode coupling [START_REF] Magno | High-efficient ultra-short vertical long-range plasmonic couplers[END_REF][START_REF] Magno | Asymmetric hybrid double dielectric loaded plasmonic waveguides for sensing applications[END_REF][START_REF] Magno | Numerical analysis of the coupling mechanism in long-range plasmonic couplers at 155 μm[END_REF][START_REF] Dagens | Direct observation of optical field phase carving in the vicinity of plasmonic metasurfaces[END_REF], guided-mode resonances [START_REF] Grande | Graphene-based perfect optical absorbers harnessing guided mode resonances[END_REF], Pancharatnam-Berry phase [START_REF] Zhan | Pancharatnam-Berry optical elements for head-up and near-eye displays [Invited[END_REF], freeform optics [START_REF] Falaggis | Freeform optics: introduction[END_REF], etc. to permit such arbitrary manipulation of the optical wavefront. For instance, the metaform paradigm combines metasurfaces and freeform optics into a single flat optical device [START_REF] Hong | Flat metaform near-eye visor[END_REF][START_REF] Nikolov | Metaform optics: Bridging nanophotonics and freeform optics[END_REF]. In the context of supporting medium to severe cognitive impairments, a near-eye display should be able to selectively reflect at least two colours (for example, red and green) to effectively represent information while allowing the light spectrum to pass by unhindered over the other colour components, making it sufficiently transparent and chromatically neutral (must not alter colour perception). In order to engineer the spectral response and create a single metasurface with spectral peaks in reflection centred at the wavelengths corresponding to the primary colours, we want to take advantage of the paradigm of guided-modes resonances [START_REF] Wang | Theory and applications of guided-mode resonance filters[END_REF]. From the point of view of a near-eye display, a diffraction grating, placed near a waveguide, plays the role of a phase adapter between the incident wave and the mode supported by the guide, allowing guided modes to be excited by direct illumination. Thus, a resonance arises from the coupling between the diffracted fields from the grating and the leaky modes that can propagate in the guide. Guided-mode resonance-based filters (GMRF) have been shown to be particularly suitable for tailoring the transmission properties of an interface to design colour filters characterized by a narrow linewidth and high efficiency. Dielectric grating-based structures, particularly 1D ones that produce a single reflecting colour filter for display, have proven effective in numerous studies [START_REF] Uddin | Guided-mode resonant polarization-controlled tunable color filters[END_REF][START_REF] Uddin | Highly efficient color filter array using resonant Si3N4 gratings[END_REF][START_REF] He | Membrane guided-mode resonant color filters exhibiting adjustable spectral response[END_REF]. Besides, multiple guided-resonances have been demonstrated in the NIR spectral domain by exploiting either multimode waveguides [START_REF] Wang | Polarization-Insensitive Filter for Incidence Between Classic and Full Conical Mountings[END_REF] and 2D crossed gratings [START_REF] Wang | Spectral Features of Guided Mode Resonant Filter With Two-Dimensional Crossed Grating[END_REF].

Here we propose a structure that exploits such multiple resonances in the visible spectral domain to selectively reflect two or more colours simultaneously in near-eye displays. It consists of an asymmetric waveguide constituted by of a h-thick SiN film on a SiO2 substrate and a 1D subwavelength grating of period p, with t-thick SiN ridges of width w, placed on its top. The structure, whose sketch is shown in Fig. 1(a), is excited by a plane wave with an incidence angle θs=45° in the xz-plane with respect to the metasurface normal plane. The polarisation is taken along the x-axis (TE). To ease fabrication, t is set equal to 100 nm. The behaviour of the structure as a function of remaining parameters was studied by means of FDTD simulations. For h = 100 nm and for w = 0.6×p, when p increases between 200 and 400 nm, the reflectance shows a single peak that redshifts at a rate of about 1.3 nm for every 1 nm increase in period. Besides, this peak reaches an amplitude close to unity when w is between 0.5×p and 0.7×p. Therefore, we set w = 0.6×p to maximise the reflectance. shows the reflectance of the proposed structure as a function of h (between 0 and 0.8 µm) and wavelength when p = 240 nm and the remaining parameters chosen as previously reported. For h values below 0.2 µm, only one reflectivity peak is found, which redshifts as h increases. For an increasing h greater than 0.2 µm, an increasing number of narrow reflectance peaks arise and redshift, reflecting the presence of an increasing number of guided modes in the structure. For h = 480 nm (corresponding to the horizontal white solid line in Fig. 1(b)), two distinct reflectance peaks are observed crossing the 10 nm-wide tolerance regions shown in Fig. 1(b) and located in the vicinity of green (543.5 nm) and red (635 nm), reaching 96% and 99.9% respectively. These two peaks have a linewidth of approximately 3 nm and 1.5 nm, respectively, while the total transparency of the structure, evaluated in the spectral range between 400 and 700 nm, is higher than 83%.

CONCLUSIONS

In this contribution we proposed AR near-eye display as a tool to alleviate mild to moderate cognitive impairments by presenting the user with visual information to support of indoor navigation, home safety, communication, and decision-making. We then discussed metasurfaces as an instrument for the development of augmented reality displays for information visualisation. We also proposed the numerical design of a simple transparent metasurface that exploits guided mode resonances to achieve polychromatic selective reflection in green and red. This structure can be valuable for the realisation of visual aids to support individuals with cognitive impairment.
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 1 Figure 1. (a) Sketch of the proposed metasurface. (b) Reflectance of the proposed structure as a function of wavelength and waveguide thickness, for t = 100 nm, p = 240 nm, w = 0.6×p, for incidence θs = 45 and TE polarisation. Vertical white lines delimit a tolerance interval of 10 nm around the wavelengths corresponding to green (543.5 nm) and red (635 nm) colours, while the horizontal white solid line highlights h = 480 nm.
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 1 Fig.1(b) shows the reflectance of the proposed structure as a function of h (between 0 and 0.8 µm) and wavelength when p = 240 nm and the remaining parameters chosen as previously reported. For h values below 0.2 µm, only one reflectivity peak is found, which redshifts as h increases. For an increasing h greater than 0.2 µm, an increasing number of narrow reflectance peaks arise and redshift, reflecting the presence of an increasing number of guided modes in the structure. For h = 480 nm (corresponding to the horizontal white solid line in Fig.1(b)), two distinct reflectance peaks are observed crossing the 10 nm-wide tolerance regions shown in Fig.1(b) and located in the vicinity of green (543.5 nm) and red (635 nm), reaching 96% and 99.9% respectively. These two peaks have a linewidth of approximately 3 nm and 1.5 nm, respectively, while the total transparency of the structure, evaluated in the spectral range between 400 and 700 nm, is higher than 83%.
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