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Unlike electronics, optics has not followed a kind of Moore’s law. While technology has witnessed a continuous downscaling of electronic components and a progressive increase in computing power density, optics has remained reliant on traditional bulk elements for a long time. Nevertheless, standard optical components like lenses, prisms, mirrors, and their combinations have been the core elements in most light-based applications, spanning fields from life sciences to information and communication technologies. These components have driven research and development across many areas, including astronomy, medicine, biology, imaging, computing, and telecommunications. Only in the last decades the outbreak of nanofabrication techniques inflamed miniaturization and integration also in the optical domain, unlocking new possibilities and revealing unexpected phenomena. Diffractive optics [1], for instance, not only offered lightweight and compact solutions but also paved the way for increasing the density of functionalities. Metasurfaces, the latest evolution in optics [2], unveiled new degrees of freedom in light manipulation [3], enabling spin-dependent [4] and arbitrary vectorial wavefront shaping [5], and including aberration-free optical operations [6]. Alongside these new design and fabrication paradigms, optics has also experienced a widespread interest in controlling the spatial structure of light beams and generating complex spatially variant states, such as vector beams and other exotic configurations. Structured light [7] has inspired groundbreaking advancements in optics and photonics and has benefited from the concurrent evolution of flat optics, enhancing the integration of optical platforms and enabling previously unimaginable ways to manipulate light. The Research Topic aims to showcase the state-of-the-art in flat optics engineering and applications for light structuring and advanced applications, highlighting their pivotal role in shaping the future of optics and photonics.
Among all modern light-based technologies, augmented reality (AR) has gained widespread adoption in various applications, including gaming, education, healthcare, and manufacturing. Flat optical elements represent an enabling technology in near-eye displays (NED) [8], where integrated solutions are essential for lightweight and portable designs that enhance user comfort without affecting optical performance. To this aim, Hwang and Lee presented a holographic printing–recording technology for near-eye display through volume holographic grating analysis in hologram recording and reconstruction, proving its effectiveness in uniformly displaying AR contents of a large screen with reconstructed depth images, inspiring new practical advances in the field.
The review of Xu and Zhang details the principles and improvement schemes of optical edge detection technology, discussing also the research progress and application of scalar and vector vortex filters in nonlinear optics. While a scalar vortex filter achieves edge enhancement through the modulation of amplitude and phase [9], by introducing the polarization degree of freedom, a vector filter enables directional edge enhancement [10] by combining the effects of a vectorial point spread function and a polarizer in cascade. Extending the technique to the nonlinear field enables wavelength conversion, overcoming the limitations of infrared detectors and opening simultaneously to applications for infrared spatial filtering at the few-photon level, or other non-linear processes such as four-wave mixing. The design and exploitation of compact spatial filters are essential for their integration into modern microscopes and imaging tools.
Within the framework of metaoptics, the research of Vogliardi et al. leverages the unique capability of metasurfaces to control light, enabling the encoding of multiple operations into a single optical element. As a matter of fact, by manipulating both the dynamic and geometric phases of a light beam it is possible to design a metasurface acting differently on right-handed and left-handed circularly polarized beams [11]. This approach is exploited to shift the orbital angular momentum content of an input vortex beam by a spin-dependent amount, disclosing a compact and integrated solution based on dual-functional silicon metalenses for optical switching, routing, and computation.
Dynamic tunability is attractive but difficult to achieve in practice. Moreover, standard methods are hardly miniaturizable. Liquid-crystal spatial light modulations (SLM) [12] are complex and power-consuming control systems, characterized by slow deflection speeds, limited deflection angles, and temperature sensitivity. MEMS/NEMS provide a faster and more robust alternative, steering light beams through the rotation of micromirrors [13]. However, their applicability is confined to specific deflection angles due to their limited working states. On the other hand, the advent of metasurfaces promises innovative solutions also on this side. Hu et al. propose a dynamic beam forming and switching method inspired by the mode-hopping effect [14, 15] of lasers. As a proof of concept, they introduce the dynamic beam switching metasurface design, featuring cascaded metaoptics in the telecom infrared with an in-plane mechanical actuation system to finely tune the angular mode overlap and, therefore, the number, directions, and energy of the diffraction orders. The outlined architecture exhibits remarkably versatile functionalities with high speed and reduced degrees of freedom, promising potential applications in light detection and ranging (LiDAR), optical wireless communication devices, and optical switches.
In summary, this Research Topic discloses representative works on integrated optics state-of-the-art and applications for light shaping and control. We expect that this Research Topic will build a bridge among different research areas, further promoting the development of complex light manipulation based on advanced flat optics.
AUTHOR CONTRIBUTIONS
GR: Writing–original draft, Writing–review and editing. JY: Writing–review and editing. PG: Writing–review and editing. XL: Writing–review and editing.
FUNDING
The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 1. Khonina SN, Kazanskiy NL, Butt MA. Exploring diffractive optical elements and their potential in free space optics and imaging – a comprehensive review. Laser Photon Rev. (2024):2400377. doi:10.1002/lpor.202400377
 2. Yu N, Genevet P, Kats MA, Aieta F, Tetienne J Capasso F, et al. Light propagation with phase discontinuities: generalized laws of reflection and refraction. Science (2011) 334(6054):333–7. doi:10.1126/science.1210713
 3. Zhao X, Sun Z, Zhang L, Wang Z, Xie R Zhao J, et al. Review on metasurfaces: an alternative approach to advanced devices and instruments. Adv Devices Instrum (2022) 2022:2022. doi:10.34133/2022/9765089
 4. Guo Y, Zhang S, Pu M, He Q, Jin J Xu M, et al. Spin-decoupled metasurface for simultaneous detection of spin and orbital angular momenta via momentum transformation. Light Sci Appl (2021) 10:63. doi:10.1038/s41377-021-00497-7
 5. Song Q, Liu X, Qiu CW, Genevet P. Vectorial metasurface holography. Appl Phys Rev (2022) 9:011311. doi:10.1063/5.0078610
 6. Aieta F, Genevet P, Kats MA, Yu N, Blanchard R Gaburro Z, et al. Aberration-free ultrathin flat lenses and axicons at telecom wavelengths based on plasmonic metasurfaces. Nano Lett (2012) 12:4932–6. doi:10.1021/nl302516v
 7. Forbes A, de Oliveira M, Dennis MR. Structured light. Nat Photon (2021) 15:253–62. doi:10.1038/s41566-021-00780-4
 8. Xia X, Guan FY, Cai Y, Magnenat Thalmann N. Challenges and advancements for AR optical see-through near-eye displays: a review. Front Virtual Real (2022) 3:838237. doi:10.3389/frvir.2022.838237
 9. Bernet S, Jesacher A, Fürhapter S, Maurer C, Ritsch-Marte M. Quantitative imaging of complex samples by spiral phase contrast microscopy. Opt Express (2006) 14:3792–805. doi:10.1364/OE.14.003792
 10. Ram BSB, Senthilkumaran P. Edge enhancement by negative poincare–hopf index filters. Opt Lett (2018) 43:1830–3. doi:10.1364/OL.43.001830
 11. Vogliardi A, Ruffato G, Dal Zilio S, Bonaldo D, Romanato F. Dual-functional metalenses for the polarization-controlled generation of focalized vector beams in the telecom infrared. Sci Rep (2023) 13(1):10327. doi:10.1038/s41598-023-36865-z
 12. Zhang Z, You Z, Chu D. Fundamentals of phase-only liquid crystal on silicon (lcos) devices. Light Sci Appl (2014) 3:e213. doi:10.1038/lsa.2014.94
 13. Pribosek J, Bainschab M, Sasaki T. Varifocal mems mirrors for high-speed axial focus scanning: a review. Microsyst Nanoeng (2023) 9(1):135. doi:10.1038/s41378-022-00481-0
 14. Muduli PK, Heinonen OG, Akerman J. Decoherence and mode hopping in a magnetic tunnel junction based spin torque oscillator. Phys Rev Lett (2012) 108(20):207203. doi:10.1103/PhysRevLett.108.207203
 15. Kosulnikov S, Zalipaev V, Shchelokova A, Melchakova I, Glybovski S Slobozhanyuk A, et al. Mode hopping in arrays of resonant thin wires over a dielectric interface. Phys Rev B (2018) 98(17):174302. doi:10.1103/PhysRevB.98.174302
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2024 Ruffato, Yu, Genevet and Luo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: Advanced flat optics for complex light manipulation		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Physics

Editorial: Advanced flat optics
for complex light manipulation





OPS/images/logo.jpg
P frontiers | Frontiers in Physics





