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Fig. 1. An introduction to optical frequency comblf: (a) Temporal waveform of optical frequency comb, the time interval and
phase shift between adjacent pulses correspond to the repetition rate fr and the carrier frequency offset fo of the optical fre-
quency comb; (b) optical spectra of the optical frequency comb and schematic diagram of f - 2f self-reference, the carrier offset fre-
quency fo can be obtained by doubling the frequency of the nth comb line and then beating with the 2n-th comb tooth; (c) schema-

tic diagram of mode-locked fiber laser, electro-optical comb and microcombs.
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Fig. 2. The device and schematic diagram of microcombs generation?'?>?!: (a) Experimental setup for generating microcombs, tun-

able continuously laser pumps the microresonators to generate microcombs, at the same time, a photodetector is used to detect the

beat frequency signal; (b) schematic diagram for microcombs generation in frequency domain, the pump laser produces a series of

equally spaced sidebands through degenerate and non-degenerate four-wave mixing process; (¢) schematic diagram of soliton mode-

locking, the soliton pulse remains stable due to a double balance between gain and loss, dispersion and nonlinearity; (d) temporal

waveform of bright soliton (left) and dark pulse (right).
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Fig. 3. Generation process of microcombs?*340: (a) The intracavity power’s evolution process during pump laser frequency scan-
ning from the blue to red detuning of the cavity mode, various color regions represent different states of the optical field within the
cavity, the green region is the solitons-exiting region, the yellow region is the breathers’ region, and the red region is the region
where solitons cannot exist; (b) temporal intracavity power and optical power spectra of different state regions marked in Fig. (a);
(c) timing series of the pump laser frequency and power, optical frequency comb power and the detuning between the pump laser
and cavity mode in power kick method; (d) schematic diagram of thermal assisted laser stabilizing temperature of the microresonator;

(e) schematic diagram of generating single-soliton optical frequency comb by backward tuning method.
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Fig. 4. Generate microcombs via self-injection locking!*#3]: (a) Schematic diagram of self-injection locking, there is no optical isolator
between the laser and the microresonator, the light scattered by the microresonator can return to the laser cavity in the original
path to feedback the light field in the laser cavity; (b) phase diagram and dynamic curve of self-injection locking, the red region is
the soliton-exiting region, and the green region is modulation instability region, the black curve is the evolution trajectory of self-in-
jection locking; (c) the evolution of comb line power and beat note signal in self-injection locking process; (d), (e) the optical spec-

tra of bright soliton and dark pulse optical frequency comb generated by self-injection locking method.
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Fig. 5. Various material platforms to generate micocombsl46:49-5458-60],
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Fig. 6. The spectra bandwidth of microcombs!*”: (a) The scanning electron microscopy images and cross section of integrated SigN,

microresonator; (b) expand the bandwidth of microcombs using dispersive waves, the dispersive waves located at 1930 nm greatly

broaden the spectrum range; (c) integrated dispersion of the microresonator in Fig. (a).
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Fig. 7. Efficiency of microcombs® ™: (a) Energy flow chart of microcombs generation; (b) optical spectra of dark pulse optical fre-

quency comb, the inset is the temporal waveform of dark pulse emitted out of the microresonator; (c) schematic diagram of pulse

pumping microcombs; (d) schematic diagram of laser-cavity soliton; (e) schematic diagram of recycling pump by using auxiliary

cavity; (f) shift the frequency of pump mode using auxiliary cavity.
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Fig. 8. Flat-top micocommbs®®!: (a) Schematic diagram of multi-frequency photonic crystal microresonators, grating structures
with different spatial periods are etched inside the microresonator to adjust the dispersion; (b) dispersion curve of multi frequency
photonic crystal microcavities, where the grating structures in fig. (a) leads to single mode splitting to blue- and redshifted modes;
(c), (d) the optical spectra of bright soliton and dark pulse generated in multi-frequency photonic crystal microresonators;
(e) schematic diagram of generating Nyquist soliton by spectral filtering; (f) the optical spectra of the Nyquist soliton optical fre-
quency comb generated by various spectral filtering order.
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Fig. 9. Research on the noise of microcombs®%384: (a) Schematic diagram of synthesizing microwave signal using microcombs, a
continuous laser generates soliton pulses within a microresonator, and this pulse sequence is subsequently coupled to a high-speed
photodetector to generate microwave signals with a frequency equaling to the repetition rate of the microcombs, this process also
serves as a conventional method for measuring the repetition rate of optical frequency combs; (b) schematic illustration of noise sup-
pression in microcombs through "quiet point" operation, the microcomb's repetition rate exhibits minimal sensitivity to detuning un-
der a specific detuning condition, which coincides with the microcomb state characterized by the lowest repetition rate noise;
(¢) schematic diagram of Brillouin Kerr soliton, the pump laser generates Brillouin laser in the microresonator, and then the Bril-
louin laser pump the microresonator to generate soliton comb; (d) schematic diagram of injection locking, the pump laser is modu-
lated by electro-optic modulator to generate a pair of sidebands, the comb lines are locked to the modulated sidebands via injection

locking effects.
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Abstract

Optical frequency comb (OFC) has coherently bridged the gap between light and microwave. Its advent
has brought revolutionary progress to the accurate measurements of optical frequency and time, and profoundly
promoted the technological development of technology of the contemporary world. The earliest optical
frequency combs are generated from mode-locked laser systems. However, optical frequency combs based on
mode-locked lasers have typically been limited to laboratory applications, due to their complexity, large size,
and high cost. In recent years, a new type of optical frequency comb has emerged to address these problems. It
is excited by continuous-wave laser coupling into a high-quality optical microresonator, generating equidistant
sidebands in the frequency domain through four-wave mixing, and achieving mode locking in the time domain
by using nonlinear effects to balance dispersion. This novel optical frequency comb is named "microcombs".
Compared with traditional optical frequency combs, microcombs offer advantages such as compact size,
integrability, low power consumption, and a wide repetition frequency range. Their occurrence marks the era of
the generation of optical frequency combs towards chip-scale size and has aroused increasing attention from the
scientific and industrial communities. This paper is ended by summarizing the current challenges faced by

microcombs and giving a prospective outlook on their future development.
Keywords: optical frequency comb, optical microresonators, microcombs, optical soliton
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* Project supported by the National Key R&D Program of China (Grant No. 2021YFB2800601), the Natural Science
Foundation of Beijing, China (Grant No. Z210004), and the National Natural Science Foundation of China (Grant No.
92150108).

1 Corresponding author. E-mail: leonardoyoung@pku.edu.cn

234203-15


http://doi.org/10.7498/aps.72.20231816
mailto:leonardoyoung@pku.edu.cn
mailto:leonardoyoung@pku.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

BRI E. REEMA
2 HFEFT RMIZ BN
Generation, development, and application of microcombs

Jin Xing  Xiao Shen-Yu  Gong Qi-Huang  Yang Qi-Fan

5] Fi{5 B Citation: Acta Physica Sinica, 72, 234203 (2023) DOI: 10.7498/aps.72.20231816
TEZE RT3 View online: https:/doi.org/10.7498/aps.72.20231816
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

e B T RS 45 SR Hh e R AR R PERIAR LR 3 2 20 b

Stability and non-linear dynamic analysis of Kerr optical frequencycombs in dual-coupled microcavities with high—order dispersion

WIFEAEA. 2022, 71(18): 184204  hitps://doi.org/10.7498/aps.71.20220691

BT R B LAEOLIK b O Y 2205 A= 2L MR
Fiber—type difference frequency generation infrared optical frequency comb based on the femtosecond pulses generated by a mode—

locked fiber laser
YIBR2A4R. 2018, 67(9): 094207  https://doi.org/10.7498/aps.67.20172503

IEH OBrS AR TOCA I BT SR ™ A
Design of normal dispersion high nonlinear silica fiber and generation of flat optical frequency comb

YrH2A 4. 2022, 71(23): 234209  hitps://doi.org/10.7498/aps.71.20221115

S A O A DR A
Spatiotemporal evolution and spectral character of second harmonic generation in optical microresonator

WIFEAEAR. 2020, 69(2): 024203 https://doi.org/10.7498/aps.69.20191294

ST 15 I B 3 22 AT S — et ) R A 37 15

Analysis of main parameters of spectral interferometry ranging using optical frequency comb and animproved data processing method

PIFEAEA. 2019, 68(19): 190602 https://doi.ore/10.7498/aps.68.20190836

ST HE A RO RIS e R e
Optical frequency linked dual-comb absorption spectrum measurement

Y27, 2018, 67(9): 090701 https://doi.org/10.7498/aps.67.20180150


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20231816
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.71.20220691
https://doi.org/10.7498/aps.67.20172503
https://doi.org/10.7498/aps.71.20221115
https://doi.org/10.7498/aps.69.20191294
https://doi.org/10.7498/aps.68.20190836
https://doi.org/10.7498/aps.67.20180150

	1 引　言
	2 微腔光梳的产生
	3 微腔光梳的发展
	3.1 微腔光梳的频谱宽度
	3.2 微腔光梳的效率
	3.3 微腔光梳的平坦性
	3.4 微腔光梳的噪声

	4 微腔光梳的应用
	5 总结与展望
	参考文献

