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Novel specialty optical fibers refer to optical fibers that have been engineered in terms of design, material and structure, and have been post-processed for novel functionalities and applications. The optical properties in novel specialty optical fibers can be manipulated to achieve optimum performance, resulting in numerous important applications. In this Special Issue, the recent advancements in specialty fiber technology are highlighted and reviewed, with a focus on design, development, and application, as well as future challenges and emerging opportunities.



Eight review papers and seven original research papers are published in this Special Issue, “Novel Specialty Optical Fibers and Applications”. A brief overview of the published work is presented in this section.



Specialty fibers composed of special materials introduce new functionalities and open up new spectral windows for applications due to the presence of special materials. Chalcogenide glass (ChG) microfibers (MFs) have introduced wide opportunities in the mid-infrared (mid-IR) spectral range due to their broadband transparency, high optical nonlinearity, and hospitality to rare-earth dopants. The emerging and fast-growing field of ChG MFs in mid-IR optics and applications is reviewed in [1]. Bismuth-doped fiber power amplifier is developed to cover the spectral range of 1650–1700 nm, which is unavailable with rare-earth-doped fibers, enabling applications in optical telecommunication and optical-based methane sensing [2].



The original properties offered by light propagation within hollow-core fibers leads to novel opportunities in light generation, fiber sensing, communication, and light manipulation. W. Pei et al. report here the development of an all-fiber laser operating at the 1.6–1.7 μm band based on deuterium-filled hollow-core photonic crystal fibers [3]. This all-fiber structure enhances the Raman scattering of deuterium gas, offering tunable laser operating from 1643 nm to 1656 nm. An all-fiber gas cavity based on anti-resonant hollow-core fibers is fabricated and experimentally demonstrated with the stable and efficient pump coupling of 78.1% at a maximum injecting laser power of 260 W [4]. This work demonstrates a feasible and simple method for an all-fiber gas cavity for the development of high-power fiber gas lasers. The opportunities offered by hollow-core fibers for sensing are reviewed in these two contributions. Recent developments related to all-fiber online Raman sensors with hollow-core fibers are reviewed in [5], and their applicability in relation to reusability, easiness to clean, rapid detection for safety inspections, food detection, water quality detection, etc., is emphasized. The development of anti-resonant hollow-core fiber (AR-HCF)-based sensing applications is reviewed in [6]. This novel class of hollow-core fiber offers a unique sensing platform to achieve highly accurate and ultra-compact fiber optic sensors with large measurement ranges.



Different strategies exploiting the functionalization of specialty optical fibers with liquids or metals and/or specific fiber designs, such D-shape multicore fibers, have been investigated for developing more sensitive fiber sensors. Thereby, the refractive index sensing performance of functionalized fiber can be significantly enhanced with gold film (and a thin layer of titanium dioxide) deposited on a D-shaped honeycomb-microstructure optical fiber. This novel fiber design, proposed in [7], is expected to achieve an ultra-high wavelength sensitivity of 20,100 nm/RIU and a minimum resolution as low as 4.98 × 10−7 RIU (from numerical studies). The functionalization of fiber tips with an array of metallic nanodots is experimentally demonstrated to achieve substantially improved large-angle light-collection performance at multiple wavelengths [8]. This concept paves the way for high-performance fiber-based optical devices and is particularly relevant within the context of endoscopic-type applications in life science and light collection within quantum technology.



In addition to metal functionalization, structural engineering in specialty fibers has resulted in the greater flexibility and controllability of optical properties and thus led to versatile applications for physical and biomedical sensing and communications. Multicore fibers that were initially introduced as a promising platform to realize spatial division multiplexed transmission have been attracting growing interest in sensing applications, as reviewed in [9]. Finally, the specific guiding properties at the critical wavelength (CWL) in Mach–Zehnder-based interferometers (MZIs) have been exploited through different designs of few-mode special optical fibers and microfibers for various sensing applications. The recent development of such a configuration, as reviewed in [10], offers desirable sensing advantages, such as large measurement range, high sensitivity, and multi-parameter sensing.



Specialty fibers for distributed fiber sensor technologies are reported in two review papers in the Special Issue. The recent development of specialty fiber-based Brillouin optical time domain analysis (BOTDA) is reviewed in [11]. These specialty fibers present many opportunities for BOTDA systems, including breakthroughs in Brillouin gains, the discriminative sensing of temperature and strains, multiplexed sensing systems, and the distributed sensing of parameters such as curvature, pressure and salinity. In addition, scattering-enhanced specialty-fiber-based distributed acoustic sensing (DAS) systems are reviewed in [12]. These specialty scattering-enhanced optical fibers enable practical applications for DAS systems in many fields, including geological and resource exploration, structural health monitoring, and hydroacoustic exploration.



In addition to spectroscopy and sensing applications, one review paper and two regular papers report specialty fibers for communication applications. Stable orbital angular momentum (OAM) mode generation and transmission in novel fibers are reviewed in [13]. It is worth noting that improvements in fabrication techniques, such as ensuring the uniformity of the longitudinal hollow structures of the novel fibers, remains a critical challenge for OAM mode stability. Through design optimization and simulation investigation, a gold-coated photonic crystal fiber design is proposed to achieve a high loss ratio for polarization filtering at 1550 and 1310 nm [14]. In addition, a dual-core photonic crystal fiber with a liquid–crystal infiltration-based polarization beam splitter is proposed to achieve a splitting bandwidth of 349 nm, covering the entire E + S + C + L + U communication bands [15].
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