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Figure 1 (Color online) The schematic diagram of the formation of
dissipative Kerr solitons®™. (a) The gain-loss balance and dispersion-
nonlinearity balance during the formation of dissipative Kerr solitons.
(b) The diagram of dissipative Kerr solitons spreading in microresona-
tors. (c) The formation diagram of dissipative Kerr solitons in
microresonators. The input continuous wave transforms to a broadband
signal by an optical microresonator
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Figure 2 (Color online) Formation of dissipative Kerr solitons with an auxiliary laser™™!. (a) The schematic diagram of the dissipative Kerr soliton
formation in microresonators. (b) The frequency adjustment of the auxiliary laser and the pump laser during the generation of dissipative Kerr solitons
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Figure 3 (Color online) Counter-propagating dissipative Kerr solitons™””. (a) The scheme of two counter-propagating dissipative Kerr solitons in a
microcavity. (b) The experiment set-up of counter-propagating dissipative Kerr solitons. (¢) The optical spectrum of counter-propagating dissipative

Kerr solitons. The insert shows the train of solitons in the time domain
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comb spectroscopy[ , optical tomography, etc.
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Figure 5 (Color online) The generation of optomechanical dissipative solitons!"!

. (a) The optomechanical lattice model of optomechanical dissipative

solitons. (b) Time domain spectra of the mechanical mode in the periodic regime. (c) Time domain spectra of the mechanical mode in the cnoidal
regime. (d) Time domain spectra of the mechanical mode in the soliton regime. Frequency spectra of sinusoidal-wave (), cnoidal-wave (f) and soliton (g)
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A soliton is a stationary local structure that keeps its waveform and spreading speed during propagation. Recent research
shows that chip-scale optical microresonators can support dissipative solitons with surprisingly high energy efficiency and
stability. The formation of optical microresonator dissipative solitons requires two balances, gain-loss balance and
dispersion-nonlinearity balance. The gain-loss balance maintains the soliton’s amplitude while the dispersion-nonlinearity
balance keeps its width. In this paper, we review the formation, development, and applications of dissipative optical
solitons, as well as dissipative mechanical solitons in optical microresonators, and analyze the balances in different
solitons. This review mainly consists of two parts: Optical microresonator dissipative solitons and opto-mechanical
microresonator dissipative solitons. The first part discusses a typical kind of solitons named dissipative Kerr solitons.
Dissipative Kerr solitons balance the propagation dispersion through Kerr nonlinearity in optical microresonators and are
widely studied due to their easy implementation in silicon-based microcavities. In order to improve the practical
performance of dissipative Kerr solitons, researchers have proposed many schemes to improve their stability and
efficiency. Meanwhile, various high-precision sensing applications based on dissipative Kerr solitons, such as photonic
radar, range measurement, and absorption spectrum detection, have drawn extensive attention. The second part introduces
the dissipative solitons in optomechanical microresonators. A recently-discovered type of solitons, optomechanical
dissipative solitons, is introduced. Unlike the dissipative Kerr solitons, the optomechanical dissipative solitons gain their
power from phonon lasing, and compensate the propagation dispersion by optomechanical nonlinearity. The dynamics of
the optomechanical dissipative solitons are described by the modified Korteweg-de Vries equation. Low-frequency
optomechanical dissipative solitons can achieve kHz-accuracy acoustic signal measurement, which can be used in acoustic
detection and communication. Finally, we summarize the formation, development, and applications of dissipative solitons
in optomechanical microresonators. We also provide an outlook for future applications like radio-frequency calibration,
radio-frequency communications, and underwater tomography.

dissipative structure, dissipative Kerr soliton, optomechanical dissipative soliton, dual-comb spectroscopy

doi: 10.1360/TB-2022-0504

3963


https://doi.org/10.1360/TB-2022-0504

	光学微腔中的耗散孤子
	1�� 光学微腔中的耗散光孤子
	1.1�� 光学微腔中的耗散克尔孤子
	1.2�� 光学微腔中的其他耗散光孤子
	1.3�� 光学微腔中耗散光孤子的应用

	2�� 光力微腔中的耗散孤子
	2.1�� 光力微腔阵列中的耗散光孤子
	2.2�� 光力微腔中的耗散机械孤子
	2.3�� 光力微腔耗散孤子的应用

	3�� 总结与展望


