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Research advances in the design and performance optimization of novel nonlinear optical crystal materials

Jiao Li

Ningbo University of Technology, Ningbo, Zhejiang

[ Abstract] Nonlinear optical crystal materials are key fundamental materials in laser technology, optical
communication, optical information processing, and optoelectronics, enabling the conversion, modulation, and
control of laser frequencies, and holding an irreplaceable position in modern optical technology. This paper
systematically reviews the research progress in nonlinear optical crystal materials from 2019 to 2024. First, the basic
principles of nonlinear optical effects, the core performance parameters of crystal materials, and the research
background are explained. Second, the research progress in deep ultraviolet nonlinear optical crystal materials is
reviewed, including the design and performance optimization of novel material systems such as fluorinated borates,
mixed coordinated borophosphates, and borate halides. Furthermore, the research progress in infrared nonlinear
optical crystal materials is reviewed, covering the exploration and application of material systems such as
chalcogenides, phosphates, and metal oxyhalides. Subsequently, the cutting-edge progress in theoretical design and
novel material systems, including first-principles design, data-driven methods, and porous crystal materials, is
analyzed. Finally, the future development trends of nonlinear optical crystal materials are discussed from the
perspectives of rational structural design, short-wavelength ultraviolet materials, metal oxyhalides, and nitrate
systems. This paper aims to provide theoretical reference for in-depth research and engineering applications of
nonlinear optical crystal materials.

[ Keywords] Nonlinear optical crystal; Deep ultraviolet; Infrared; Frequency doubling effect; First-principles
design; Fluorooxoborates
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