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This special issue of Nanophotonics, titled “Programmable Nano-optics and Photonics,” highlights cutting-edge advance-

ments in the field that represents a paradigm shift from traditional optical systems with fixed-functionality to dynamically

tunable systems. This transformation is marked by enhanced performance and the ability to actively manipulate light

propagation, processing, and interaction with matter in unprecedented ways. This issue gathers contributions from

leading experts worldwide, featuring groundbreaking research and perspectives that span from theoretical frameworks

to advanced applications, illustrating the potential of programmable nano-optics and photonics on both free-space and

integrated photonics platforms. In this Editorial, we spotlight the key contributions that illustrate the breadth and depth of

this rapidly evolving field.

A comprehensive review on recent progress towards large-scale programmable silicon photonics for signal processing

is provided by Xie et al. [1]. These high-performance photonic integrated circuits are crucial for applications including

microwave photonics, optical communications, computing, and quantum photonics, reflecting their critical role in future

optical systems. Sreekanth et al. furnish an in-depth review on the development of tunable Fano resonant optical coatings

using phase change materials. The article further highlights their applications in dynamic structural coloring as well as

spectrum splitting for improving photovoltaic efficiency of solar cells [2].

Ullah et al. discuss chalcogenide-based nonvolatile photonic memories using layered polymorphs, which offers an

alternative to conventional memory technologies for applications in optical computing [3]. Chen et al. outline how chalco-

genide phase-change materials can advance programmable terahertz metamaterials, focusing on their integration into 6G

communication technologies [4].

Theoretical limits of multifunctional nanophotonic responses are explored by Shim et al. The study establishes a

general framework for optimizing device performance in various design scenarios [5]. Lee et al. discuss advancements

in spatio-spectral control within coherent nanophotonics, and demonstrate a reconfigurable and multi-spectral modu-

lator operating within a single element [6]. A method for aligning liquid crystals using nanoantennas for tunable high-

performancemetasurfaces is presented by Veetil et al., promising enhanced functionality in diverse applications including

virtual reality [7].

Xiao et al. introduce a programmable topological metasurface capable of real-time modulation of spatial and surface

waves. The demonstration shows versatile wave manipulation capabilities of such a metasurface for potential utilizations

in smart sensing and wireless communications [8]. Wang et al. propose a programmable flip-metasurface that controls

reflection dynamically while maintaining undistorted transmission over a broad spectral band, opening new avenues in

communications and stealth technology [9]. High-resolution non-line-of-sight imaging based on liquid crystal planar optical

elements is showcased by Zhao et al., with wide scanning area and high-quality image reconstruction. Such an approach

could transform securitymonitoring and autonomous driving [10]. Yang et al. present a new concept of ultrafast Q-boosting

in semiconductor metasurfaces. The proposed approach could provide complete dynamic control over the resonance

bandwidth and boost applications in frequency conversion and light trapping [11].
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The inverse design of compact, reconfigurable silicon photonic devices using phase-change materials is demonstrated

by Wei et al., aiming to improve the performance and tolerance to fabrication errors of photonic devices [12]. Feng et al.

introduce scalable and efficient deep learning through integrated multi-operand optical neurons and demonstrate their

implementation in image recognition tasks [13]. Zhang et al. present advances in surface plasmon-cavity hybrid states at

THz frequencies and active modulation using graphene patterns. This development offers new possibilities for advanced

optoelectronic devices for sensing molecules and chemicals, and THz quantum devices, etc. [14].

Hu et al. propose and demonstrate a language-controllable programmable metasurface leveraging large language

models. Such an approach can potentially redefine autonomous electromagnetic manipulation [15]. Using elemental

antimony, Aggarwal et al. present an integratedmicrowave photonic processing unit for all-optical RF filtering, which could

find wide applications in telecommunications and signal processing [16].

A reconfigurable application-specific photonic integrated circuit for solving partial differential equations is introduced

by Ye et al. Thework showcases the potential of this approach in addressing complex scientific challenges [17]. Sharma et al.

develop a new method to compensate for the crosstalk in optical phased arrays for 2D beam-steering, with programmable

amplitude and phase control for each grating antenna element, which can potentially improve applications requiring

precise optical control [18].

Almutlaq et al. present closed-loop electron-beam-induced spectroscopy and nanofabrication around individual

quantum emitters, which enables high-resolution imaging and enhancement of control over emitter-cavity interactions

[19]. Using femtosecond laser writing, Pentangelo et al. present universal photonic processors with high-fidelity and

polarization-insensitivity, which will bring various benefits to applications in quantum information processing [20]. Doshi

et al. demonstrate high-resolution, direct electron beam patterning of electro-optically active PEDOT:PSS. This work paves

the path for novel miniaturized tunable optoelectronic devices [21].

This special issue not only highlights the state-of-the-art advancements in programmable nano-optics and photonics

but also sparks discussions on the existing challenges and potential future directions. By compiling innovative research

findings and opinions, the issue serves as a vital resource for both seasoned researchers and those new to the field,

highlighting the profound potential of programmable optics and photonics to reshape our technological landscape across

multiple domains.

The guest editors would like to express their gratitude to all the authors for their outstanding contributions to this

special issue. We also extend our sincere thanks to the reviewers, whose high-quality and timely feedback has significantly

improved the collection of articles. Special appreciation goes to Dennis Couwenberg, Publishing Editor, and Tara Dorrian,

Managing Editor of Nanophotonics, for their invaluable support and steadfast commitment throughout the preparation

process.

References

[1] Y. Xie, et al., “Towards large-scale programmable silicon photonic chip for signal processing,” Nanophotonics, vol. 13, no. 12, pp. 2051−2073,
2024..

[2] K. V. Sreekanth, S. Jana, M. ElKabbash, R. Singh, and J. Teng, “Phase change material-based tunable Fano resonant optical coatings and their

applications,” Nanophotonics, vol. 13, no. 12, pp. 2075−2088, 2024..
[3] K. Ullah, Q. Li, T. Li, and T. Gu, “Melting-free integrated photonic memory with layered polymorphs,” Nanophotonics, vol. 13, no. 12,

pp. 2089−2099, 2024..
[4] K. Chen, et al., “Chalcogenide phase-change material advances programmable terahertz metamaterials: a non-volatile perspective for

reconfigurable intelligent surfaces,” Nanophotonics, vol. 13, no. 12, pp. 2101−2105, 2024..
[5] H. Shim, Z. Kuang, Z. Lin, and O. D. Miller, “Fundamental limits to multi-functional and tunable nanophotonic response,” Nanophotonics, vol. 13,

no. 12, pp. 2107−2116, 2024..
[6] J. S. Lee, et al., “Spatio-spectral control of coherent nanophotonics,” Nanophotonics, vol. 13, no. 12, pp. 2117−2125, 2024..
[7] R. M. Veetil, X. Xu, J. Dontabhaktuni, X. Liang, A. I. Kuznetsov, and R. Paniagua-Dominguez, “Nanoantenna induced liquid crystal alignment for

high performance tunable metasurface,” Nanophotonics, vol. 13, no. 12, pp. 2127−2139, 2024..
[8] Q. Xiao, et al., “Programmable topological metasurface to modulate spatial and surface waves in real time,” Nanophotonics, vol. 13, no. 12,

pp. 2141−2149, 2024..
[9] C. Wang, et al., “Programmable flip-metasurface with dynamically tunable reflection and broadband undistorted transmission,” Nanophotonics,

vol. 13, no. 12, pp. 2151−2159, 2024..



T. Gu et al.: Programmable nano-optics and photonics — 2049

[10] Z. Zhao, et al., “High-resolution non-line-of-sight imaging based on liquid crystal planar optical elements,” Nanophotonics, vol. 13, no. 12,

pp. 2161−2172, 2024..
[11] Z. Yang, et al., “Ultrafast Q-boosting in semiconductor metasurfaces,” Nanophotonics, vol. 13, no. 12, pp. 2173−2182, 2024..
[12] M. Wei, et al., “Inverse design of compact nonvolatile reconfigurable silicon photonic devices with phase-change materials,” Nanophotonics,

vol. 13, no. 12, pp. 2183−2192, 2024..
[13] C. Feng, et al., “Integrated multi-operand optical neurons for scalable and hardware-efficient deep learning,” Nanophotonics, vol. 13, no. 12,

pp. 2193−2206, 2024..
[14] Y. Zhang, et al., “Surface plasmon-cavity hybrid state and its graphene modulation at THz frequencies,” Nanophotonics, vol. 13, no. 12,

pp. 2207−2212, 2024..
[15] S. Hu, J. Xu, M. Li, T. J. Cui, and L. Li, “Language-controllable programmable metasurface empowered by large language models,” Nanophotonics,

vol. 13, no. 12, pp. 2213−2222, 2024..
[16] S. Aggarwal, et al., “All optical tunable RF filter using elemental antimony,” Nanophotonics, vol. 13, no. 12, pp. 2223−2229, 2024..
[17] J. Ye, et al., “Reconfigurable application-specific photonic integrated circuit for solving partial differential equations,” Nanophotonics, vol. 13,

no. 12, pp. 2231−2239, 2024..
[18] A. Sharma, et al., “Optimization of a programmable λ/2-pitch optical phased array,” Nanophotonics, vol. 13, no. 12, pp. 2241−2249, 2024..
[19] J. Almutlaq, et al., “Closed-loop electron-beam-induced spectroscopy and nanofabrication around individual quantum emitters,” Nanophotonics,

vol. 13, no. 12, pp. 2251−2258, 2024..
[20] C. Pentangelo, et al., “High-fidelity and polarization-insensitive universal photonic processors fabricated by femtosecond laser writing,”

Nanophotonics, vol. 13, no. 12, pp. 2259−2270, 2024..
[21] S. Doshi, et al., “Direct electron beam patterning of electro-optically active PEDOT:PSS,” Nanophotonics, vol. 13, no. 12, pp. 2271−2280, 2024..



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


