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Abstract: Visible narrow-linewidth lasers feature extremely high spectral purity, excellent coherence, and good
output power stability. With these core advantages, they serve as key light sources in multiple cutting-edge fields
such as marine exploration, biomedicine, laser spectroscopy, aerospace satellites, and microwave field strength mea-
surement. As related application research continues to deepen, higher requirements have been placed on the compre-
hensive performance parameters of lasers. Visible narrow-linewidth lasers are steadily advancing in directions such
as linewidth compression, power stability, and wavelength tuning. Based on the principle of the interaction between
spontaneous and stimulated emission of lasers, optimizing the laser resonator configuration is a key approach to
achieving precise linewidth control. Currently, various resonator configurations such as short cavity, ring cavity,
composite cavity, and external cavity feedback have been gradually developed. This article systematically reviews
the research progress of visible narrow-linewidth lasers, covering linewidth compression mechanisms, resonator
structures, and nonlinear frequency conversion techniques. It systematically summarizes the performance improve-

ments and technical characteristics of solid-state, fiber, and semiconductor lasers, and explores potential research
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directions in this field, providing a reference for the further development of high-performance visible narrow-line-

width laser sources.

Keywords: narrow linewidth; visible laser band; nonlinear frequency conversion; coherence
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Fig. 1 Schematic diagram of the F-P cavity linewidth com-

pression principle
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Fig. 2 Schematic diagram of the working principle of NPRO
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Tab. 1  Green light narrow linewidth high power laser
4Ry WEFRHLY HOLI (W) HWOLZ T8 (GH2) AR %0k
2014 PG 356 20 35% [36]
2014 PG 356 20 52% [36]
2015 PG 550 20 70% [37]
2017 Osaka University 600 E— 67% [38]
2020 Coherent 1000 45 54% [39]
Shanghai
2021 321 20 40. 9% [35]
Institute of Optics Fine Mechanics

2021 Shanghai Institute of Optics Fine Mechanics 610 20 56.27% [40]
2026 China Academy of Engineering Physics 1600 137.8 60%

2026 Shanghai Institute of Optics Fine Mechanics 1823 e 65. 1% [54]
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