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Abstracts
Sustainable manufacturing of optical metasurfaces with engineered optical materials
Junsuk Rho
Department of Chemical Engineering, Pohang University of Science and Technology (POSTECH), Pohang, Republic of Korea
Department of Electrical Engineering, Pohang University of Science and Technology (POSTECH), Pohang, Republic of Korea
POSCO-POSTECH-RIST Convergence Research Center for Flat Optics and Metaphotonics, Pohang, Republic of Korea
jsrho@postech.ac.kr
Metasurfaces offer unprecedented control of amplitude, phase, and polarization while maintaining an ultrathin form factor. Despite these advantages, their reliance on nanoscale building blocks requires high resolution patterning. Conventional fabrication approaches such as electron beam lithography are based on direct writing, which suffers from low throughput and high cost, and is therefore not sustainable for large scale deployment. To address these limitations, we develop engineered optical materials that are fully compatible with nanoimprint lithography, enabling single step manufacturing of metasurfaces with scalable, low cost, and high throughput production. The first engineered optical material is a nanoparticle embedded resin, PER, created by dispersing high index nanoparticles into a resin to increase its effective refractive index while maintaining imprint compatibility. By choosing nanoparticles with appropriate optical properties, PERs can be tailored for different spectral ranges. TiO2 PER provides high index performance in the visible region, ZrO2 PER offers a wide bandgap and transparency in the ultraviolet, and Si PER enables high index operation in the near infrared. Using these PER, metasurfaces across a wide wavelength range can be produced in a single imprinting step. The second engineered optical material is a hybrid material in which a thin high index coating is deposited on the imprinted resin structures. This approach significantly increases the effective refractive index of the entire nanostructure. Depending on the target wavelength range, ZrO2 hybrid materials are used for ultraviolet operation and TiO2 hybrid materials are used for visible wavelengths. The third engineered optical material is a sol-gel based material that forms TiO2 structures through thermal sintering after imprinting. This method is well suited for fabricating high index metasurfaces and allows control of the TiO2 crystal phase, including anatase and rutile, by adjusting the curing temperature, thereby enabling high performance metasurface implementations. The fourth engineered optical material expands functionality by modifying either the matrix or the inclusions with functional species. Using polyvinyl alcohol as a humidity responsive matrix enables tunable metasurfaces, while hydroxypropyl cellulose allows fabrication of water soluble and environmentally friendly labels. Replacing the inclusions with quantum dots enables directional control of photoluminescence for active optical functionalities. All of these engineered optical materials can be replicated through wafer scale master molds fabricated by photolithography, enabling large area and high-volume production. Furthermore, nanoimprint lithography systems are being advanced from plate-to-plate configurations toward roll-to-plate and roll-to-roll systems, achieving higher yield, improved process automation, and increased throughput, bringing metasurface manufacturing closer to industrial scale. These mass producible metasurfaces are applicable to diverse technologies including VR/AR displays, 3D displays, 3D sensors, LiDAR, and compact imaging systems.
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Harnessing and Suppressing Disorder: From High-Density Mosaic Metasurfaces to Spin-Optical 2D Material Metrology
Changxu Liu
Centre for Metamaterial Research & Innovation, Department of Engineering, University of Exeter, Exeter, EX44QF, United Kingdom
C.C.Liu@exeter.ac.uk
Disorder in optical systems presents a fundamental dichotomy: it can either serve as an architectural degree of freedom or pose a sensitivity-limiting barrier to be suppressed. In my talk, I will explore these two complementary regimes across flat optics and 2D material metrology. First, we demonstrate the deliberate utilization of structural disorder through "disordered mosaic metasurfaces," where randomized spatial sampling of meta-pixels substantially reduces the required active aperture per channel without sacrificing diffraction-limited performance—enabling aperture-scalable achromatic metalenses and single-shot polarimetric imaging of complex vector beams and optical skyrmions [1]. Second, we examine the suppression of disorder-induced measurement ambiguities through spin-dependent optical differentiation at planar interfaces. By harnessing the photonic spin Hall effect, atomic-layer thickness in 2D materials (graphene, MoS2, and WSe2) is mapped directly onto robust real-space edge orientations and topology-like disk-to-ring transitions without spectrometers, scanning probes, or lithographic nanostructures [2]. 
[1] C. Li†, C. Liu†*, C. Peters, H. Yu, A. Forbes, S. A. Maier, Haoran Ren*, “Disordered Mosaic Metasurfaces with Scalable Functional Density”, Nature Comm. 17, 4835 (2026).
[2] D. Zheng, C. Liu *, S. Wen, H. Luo and S. Chen*, “Encoding atomic-layer thickness via spin-dependent optical differentiation”, Nature Comm. , accepted

Tuneable metasurfaces for nonlinear imaging applications
Lei Xu
Advanced Optics and Photonics Laboratory, Department of Engineering, School of Science & Technology, Nottingham Trent University, Nottingham NG11 8NS, UK
lei.xu@ntu.ac.uk
Reconfigurable metasurfaces provide a powerful platform for programmable photonic devices. Here, I will present our recent work on tunable nonlinear metasurfaces for infrared imaging. We achieve dynamic wavefront control through optically induced refractive-index modulation in resonant nanostructures and functional materials, including phase-change materials and liquid crystals, as well as through virtual metasurfaces. These approaches enable active control of harmonic generation, nonlinear wave mixing, and ultrafast nonlinear emission. We further demonstrate infrared-to-visible frequency conversion for enhanced image retrieval and processing, offering a promising route towards ultracompact computational imaging systems.
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Holographic Metasurfaces platforms for biophotonics and enhanced visual prostheses applications
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Holographic metasurfaces (HMSs) offer powerful capabilities for controlling light–matter interactions at the micro- and nanoscale, enabling new approaches for sensing, imaging, optical manipulation, and wearable photonic technologies. By precisely shaping optical fields in compact form factors, metasurfaces can be integrated onto a wide range of platforms, from microfluidic devices to curved and wearable optical systems, overcoming many of the limitations of conventional photonic components. Here, I will present several metasurface platforms developed for biological, biomedical, and visual applications, highlighting how material choice, device architecture, and integration strategies influence performance and functionality. Together, these examples demonstrate the versatility of holographic metasurfaces as compact, multifunctional photonic platforms, opening new opportunities in biophotonics, augmented reality, visual assistance, and biomedical technologies.

Optical metasurfaces for Edge Enhancement with Dynamic Orientation Selectivity
Xianzhong Chen
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Edge enhancement is vital for revealing fine structural details in samples with weak scattering or low intrinsic contrast. Conventional scalar vortex filtering provides isotropic edge detection but lacks orientation selectivity and can introduce artifacts when adapted for anisotropic imaging. We present a multifunctional edge-imaging system using vector vortex beams that enables dynamic, polarization-controlled, orientation-selective edge enhancement. A metasurface generates the vector vortex beam in a 4f Fourier configuration, while rotating a half-wave plate tunes the spatial polarization distribution in real time. This approach visualizes edges along chosen orientations without changing illumination or optics. Experiments on charts and Saccharomyces cerevisiae confirm contrast.
Etch-Free Nanofabrication of Functional Metal-Oxide Nanostructures by Sol-Gel Nanoimprint Lithography
Marco ABBARCHI
SOLNIL, Pépinière d'entreprises Luminy Biotech, 163 avenue de Luminy, Marseille, France
marco.abbarchi@solnil.com
SOLNIL has developed a proprietary platform for the direct patterning of functional inorganic nanostructures through a unique combination of sol-gel chemistry and nanoimprint lithography (NIL), entirely bypassing the plasma etching steps that dominate conventional nanofabrication. In SOLNIL's process, liquid sol-gel precursor resins are deposited on the substrate and physically shaped into three-dimensional nanostructures, pillars, gratings, holes, and meta-atom arrays, by pressing a soft polymeric stamp onto the wet film. A subsequent thermal annealing step converts the patterned gel into a dense, hard, and chemically stable metal-oxide ceramic, yielding functional devices directly without any etch transfer sequence.
SOLNIL's material portfolio covers a refractive index range of 1.12 to 2.6, encompassing nanoporous SiO₂ (n ≈ 1.12, optical loss < 0.05%), standard silica (n ≈ 1.46), and high-index titania-based resins (2 < n < 2.6). This breadth enables a unified fabrication approach across multiple device layers within a single photonic stack, from anti-reflective encapsulants to high-index meta-optic elements and diffraction gratings for waveguide in-coupling and out-coupling. Recent results further extend the platform to phase-change materials: sol-gel vanadium dioxide (VO₂) films and nanoimprinted metasurfaces with large resistivity contrast and thermally switchable optical response in the visible range have been demonstrated, opening routes to reconfigurable and active photonic devices.
Scalability is a defining feature of the technology. SOLNIL has demonstrated pattern transfer on 200 mm wafers using commercial NIL equipment, on curved substrates including optical lenses, and on flexible films. The etch-free character of the process eliminates plasma-induced sidewall damage, reduces process complexity and cost, and improves device yield and longevity — making SOLNIL's platform a compelling industrial route to next-generation photonic integrated circuits, meta-optics, AR/VR waveguides, and active optical components.
From Design to Device: Metasurface-Based Vortex Beam Generation Using Southampton’s Rapid-Prototyping Foundry
Prof. Xu Fang
Southampton University
This presentation showcases a design-to-device workflow for metasurface-based vortex beam generation enabled by the University of Southampton's rapid-prototyping foundry infrastructure. Leveraging state-of-the-art nanofabrication facilities, including deep-ultraviolet lithography, electron-beam lithography, thin-film deposition, and advanced metrology, the platform enables the rapid translation of novel metasurface concepts into experimentally validated devices. As a representative example, we present recent progress on bilayer metasurfaces fabricated using a multilayer lithographic process.

Engineering Complex Optical Vortices with Flat Optics
Dr. Hammad Ahmed 
Institute for Photonics and Quantum Science, Heriot-Watt University, Edinburgh EH14 4AS, United Kingdom. 
The phase singularity and doughnut-shaped intensity distributions of optical vortices (OVs) have enabled diverse applications such as optical manipulation, microscopy, imaging, and high-capacity optical communications. Recent advances have extended conventional OVs to a broad range of complex beam structures, including composite beams, Ince Gaussian beams, perfect OVs, grafted OVs, vector OVs, arbitrary-shaped beams, and OAM combs. These complex OVs offer additional degrees of freedom for engineering light fields and expanding the capabilities of structured-light-based technologies. However, there are fundamental and technical challenges in conventional generation techniques. Optical metasurfaces provide a compact and versatile platform for the efficient generation and manipulation of complex OVs through precise control of light’s amplitude, phase and polarisation. In this presentation, I will highlight recent developments from our group on metasurface-enabled complex OVs. The talk will cover our recent contributions to the design, generation, and manipulation of ince gaussian beam, multispectral Grafted OVs and OAM combs, demonstrating how metasurface engineering enables compact, multifunctional, and highly integrated structured-light platforms for next-generation photonic technologies.
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