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Abstract: Optical frequency combs (OFCs) based on optical microcavities have the characteristics of low
threshold, wide spectrum, and compact structure, and have important application prospect in the fields of
precision measurement, sensing and et al. Therefore, microcavity based OFC has become an international research
hotspot in recent years. At present, relevant researches focus on the generation principle and application of mode-
locked OFCs in the infrared band. Although the OFCs in the visible light band have special applications in the

fields of precision spectroscopy, atomic clocks and biomedicine, the realization of visible light OFCs is extremely
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challenging. Based on a brief description of the generation principle of OFCs, this paper introduces the main

challenges of realizing OFCs in the visible light band, and the current research progress of three implementation

schemes, including the use of the second-order and third-order nonlinear effects of materials, the regulation of the

geometric dispersion of the microcavity, and the regulation of the dispersion via modal strong coupling effect to

generate visible light frequency combs.
Key words: optical frequency combs;

mode coupling
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Fig.2 Several kinds of Kerr OFCs. (a) An octave-spanning frequency comb generated in a silica microtoroid *); (b) Spectrum of solitons comb

generated in Si;N, microtoroid™”; (c) Spectrum of solitons comb generated in silica!*!
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Fig.3 Visible light OFCs are generated using second harmonic generation, four-wave mixing and sum-frequency effects. (a) Generate simultaneous near

IR and visible wavelength frequency comb lines; (b) The effective index of the fundamental TE mode in near IR spectral range and the third-order

TE mode in the visible spectral range; (c) The group velocity dispersion (GVD) of the fundamental TE mode™; (d) The effective index of TMy,

mode in near IR spectral range and TM,,. TM,, mode in the visible spectral range; (¢) Normalized modal overlap; (f) Generation of IR, second

harmonics and near-visible microcombs ©°"
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Fig.4 (a) The second-order dispersion D,/(2x) for the fundamental TE and TM modes; (b) The effective index for the fundamental TE, TM modes at the

pump frequency and higher-order modes at the third-harmonic frequency; (c) Generation of IR microcombs; (d) Generation of third harmonics and

green light comb
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Fig.5 (a) Scanning electron microscope image of the deformed microtoroid resonator; (b) Chaos-assisted dynamical tunneling from WGMs to chaotic

states; (c) Nonlinear frequency conversion from infrared combs to visible wavelengths!®
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Fig.6 Wedge angle modulation of microdisk cavity dispersion to generate visible OFCs. (a) Illustration of the mode profile for the fundamental TM,,

mode inside the cavity; (b) Dispersion characteristics of the TM o, TM,,, TM;, modes(Inset: simulated mode profiles of the TM o, TM,, and TM3,

modes); (c) Variation of the dispersion when changing the thickness of the disk at different wedge angles; (d) Generation of near-visible Kerr

OFCs 7
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