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Research progress on photonic and plasmon materials and their applications in sensing and communication

Yang Xu
Changchun University of Science and Technology, Changchun, Jilin

[ Abstract] Photonic and plasmonic materials are core research topics in micro-nano photonics, capable of
breaking the diffraction limit and achieving subwavelength light manipulation, providing key material support for
next-generation optical communication, biosensing, quantum information, and other fields. This paper systematically
reviews the research progress of photonic and plasmonic materials and their applications in sensing and
communication. In terms of material fundamentals, the basic principles and classifications of photonic crystals,
metamaterials, surface plasmons, and localized surface plasmons are introduced, and the strong coupling mechanism
between photons and plasmons is discussed. In terms of fabrication and regulation, preparation techniques such as
molecular-mediated assembly, nanocrystal glass, and two-photon 3D printing, as well as performance regulating
strategies such as ultrafast optical regulation and epsilon-near-zero engineering, are reviewed. In sensing applications,
surface plasmon resonance biosensors, photonic crystal fiber sensors, single-photon sources, and quantum sensing
are analyzed. In communication applications, progress in photonic crystal devices, metasurface optical devices,
plasmonic waveguides, and nonlinear optical signal processing is reviewed. Research shows that photonic and
plasmonic materials are moving towards ultra-compact integration, multifunctional devices, intelligent design, and
quantum applications, with deep learning-assisted materials design and novel two-dimensional material plasmons
being important frontier directions.
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