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Editorial on the Research Topic 
Recent Advances in Micro-Nanostructured Optoelectronic Devices

Optoelectronic devices, including lasers, light-emitting diodes (LED), optical detectors and solar cells, have gained substantial attention in scientific research and been widely used in military and national economy fields such as laser detection and measurement, display and solid-state lighting, optical communications and environmental monitoring, and renewable energy sources (Bonaccorso et al., 2010; Lopez-Sanchez et al., 2013; Cao and Yan, 2021; Ye et al., 2021; Mao et al., 2021). The performance of optoelectronic devices needs to be continuously optimized towards high efficiency, small size, and low power consumption to meet the increasing demand of consumers. However, further improvement in performance remains a daunting challenge due to limited light extraction or absorption in conventional device architectures. Inspired by the organisms in nature, a growing number of researchers have demonstrated that micro-nanostructures could attribute unique optical, electrical, and mechanical properties to optoelectronic devices thus serving as one of the most promising solutions to this problem (Bi et al., 2013; Feng et al., 2017; Fusella et al., 2020; Linic et al., 2021). By designing and optimizing the construction in optoelectronic devices, the various micro-nanostructures can be acquired to realize corresponding efficient light manipulation effect such as enhancing light scattering and reducing light reflection, utilizing resonant plasmonic structures to improve light extraction or light absorption, adopting specific resonator geometries to achieve optical feedback, using photonic crystal to guide light propagation path and designing optical metasurfaces to control radiation properties directly at the source level (Choi et al., 2019; Joo et al., 2020; Liu et al., 2020; Zhou et al., 2020; Fu et al., 2021).
To present these inspiring developments, we launched a Research Topic in Frontiers in Chemistry entitled “Recent Advances in Micro-Nanostructured Optoelectronic Devices.” This Research Topic covers fabrication, light management mechanisms of micro-nanostructures in optoelectronic devices, and their emerging applications in display and lighting, solar energy harvesting, telecommunication, light sensing and detection, and other fields, including seven minireviews and three original research articles contributed from 51 researchers.
The controllable fabrication of micro-nanostructures is a crucial condition to construct efficient micro-nanostructured optoelectronic devices. With the emergence of various kinds of micro-nanostructures manufacturing technologies, laser fabrication technologies can be used to fabricate micro-nanostructures by the interaction between lasers and materials, which show high efficiency, high precision, and low thermal effect, proving to be a competitive manufacturing method. To this end, a minireview article was delivered to address recent advances in micro-nanostructures fabricated by laser technologies for optoelectronic devices (Yi et al.), which covers both typical light trapping mechanism and surface plasmon-polariton of micro-nanostructures and outlines the typical applications such as photodetectors, photovoltaic cells, organic light-emitting devices. Among kinds of structures, grating structures have demonstrated the superior light trapping properties, coupled with simple fabrication process and easy adjusting of size and morph, which make it widely used optical management structures. Bai et al. introduced 1D and 2D grating structures into the hole injection layer of organic light emitting diode (OLED) to couple the power loss trapped in devices. As a result, both 1D and 2D grating OLEDs gained significant improvement both in luminance and efficiency compared with planar devices. Besides, 2D grating OLED could bring greater enhancement than 1D grating OLED because 2D grating has higher coupling and excitation efficiency for surface plasma and WG mode. This method provides an effective strategy to improve the performance of OLEDs. Wang et al. summarized recent developments of grating structures in optoelectronic devices regarding their typical mechanisms in photon-related devices and their application in many optoelectronic devices. They also have presented how to improve the controllability of fabrication for grating structure and balance the relationship between optical and electrical performance are the bottlenecks that still need to be solved.
Regarding the application examples, several minireviews summarized the recent research activities in developing micro-nanostructures for different optoelectronic devices fields. In the direction of lasers, Chen et al. reviewed the recent advances and existing problems toward microlasers based on organic-conjugated polymers, and the configurations and working mechanism of several typical optical feedback, relevant micro/nano-fabrication strategies and their applications in biological/chemical sensing and organic laser display were also discussed in detail. Periodically arranged photonic crystals fibers could overcome the problems in fiber lasers such as small mode field, low degree of nonlinearity, and non-adjustable dispersion because of their unique nonlinear effects and have been the most important gain medium for high-power ultrashort pulse lasers. Hou et al. discussed recent developments in photonic crystal fiber lasers doped with different ions. They pointed out the major challenge at present is the pulling of photonic crystal fibers and 3D printing microstructured optical fiber process might be an effective approach to solve this problem. In the area of monitoring and sensing, micro-nanostructures are also crucial for optimizing the performance of optoelectronic devices. Yu et al. reviewed latest achievements, the challenges and future prospects of photodetectors with different micro-nanostructures in environmental monitoring, optical communication and electronic information. Meanwhile, Ma et al. gave a minireview of gas sensors based on different micro-nanostructure materials under UV light and visible light activation. They discussed the light activation mechanism and introduced the applications of light-assisted gas sensors with improved properties under light activation.
In addition to the above, in the framework of this special topic, there are also two highly innovative manuscripts on light emitting diodes and carrier dynamics of strong coupling system. Chuai et al. reported the epitaxial growth of Bi2Se3 thin film by means of molecular beam deposition (MBE) method. The Bi2Se3 thin film was incorporated into N-Bi2Se3/P-CuScO2 infrared transparent heterojunction diodes because of its remarkable optical transparency in the wide-band infrared region and great n-type electrical conductivity. The diodes had an abrupt interface and exhibited rectifying I-V characteristics with the threshold voltage of ∼3.3 V. It provides a promising window electrodes alternatives in infrared detectors, as well as other scenarios in the wide infrared wavelength range. Another research article from Luo et al. investigated a strong coupled system composed of MAPbIxCl3-x perovskite film and Al conical nanopits array by steady-state measurements, which experimentally demonstrated that strong coupling could be achieved with SPs and free charge carriers generated in CH3NH3PbClXI3-X film. Benefiting from intriguing phenomena originated in strong coupling regime, this work is conducive to develop low-cost nanoplasmonic optoelectronic devices working in a strong coupling regime.
The investigation on transparent conductive electrode is an important complementary part to development of flexible optoelectronic devices in next-generation wearable display and lighting fields (Fan et al., 2019; Kayser and Lipomi, 2019; Wang et al., 2019; Chen et al., 2020). A minireview from Hou et al. firstly systematically analysed advantages and shortcomings of several notable alternative transparent electrodes, and focused on the recent advances in silver nanowire electrodes for flexible organic/perovskite light-emitting diodes regarding the relationship between electrode optimization and device performance. They have presented a perspective on the current challenges and future directions for development of physical mechanisms and encapsulation approach in flexible OLEDs and PeLEDs.
In brief, this Research Topic presents some excellent minireviews and leading-edge researches on the recent advances in micro-nanostructured optoelectronic devices, which shows great potential in military and numerous national economy fields. At this point, we would like to thank all those who have devoted valuable time and effort to this special issue. At the same time, we would also thank the readers for their interests on this special issue. Lastly, we sincerely hope that this Research Topic will inspire the enthusiasm of researchers about micro-nanostructures in optoelectronic devices.
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