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Abstract  Chaotic laser is a kind of unstable output form of semiconductor laser, with the characteristics of broad
spectrum, noise-like and low coherence, which has a wide range of applications in the fields of communication, radar and
sensing. This paper introduces three main working mechanisms of chaotic semiconductor lasers: optical feedback, optical
injection and optoelectronic feedback method, and focuses on the chaotic performance of typical chaotic semiconductor
lasers such as spectral bandwidth, time-delay characteristics as well as complexity and their research progress; then focuses
on the development trend of photonically-integrated chaotic semiconductor lasers; at last describes the role of chaotic
semiconductor laser in the classified optical communication, random number generator, LiDAR, distributed fiber optic
sensing technology, chaotic optical time-domain reflectometer and other fields. This review would provide a reference for
the development and application prospects of chaotic semiconductor lasers with broadband power spectrum and low time
delay signatures.
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Fig. 1 Chaotic laser generation methods. (a) Optical feedback;

(b) optical injection; (c) optoelectronic feedback
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Fig. 2 Generation of broadband chaotic lasers by active optical feedback loop based on HNLF ", (a) Experimental setup;

(b) power spectra
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Fig. 3 Generation of flat broadband chaotic lasers using asymmetric dual-path optical feedback”. (a) Experimental setup;
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Fig. 5 Generation of chaotic lasers with broadband and TDS suppression based on the asymmetric mutual injection method .

(a) Experimental setup; (b) chaotic characteristics, including power spectra, optical spectra, time series, and ACF
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Fig. 7 Three-segment photonic integrated chip based on optical feedback structure®”. (a) Experimental setup; (b) chaotic

characteristics, including optical spectrum, power spectrum, time series, and ACF
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Fig. 8 Wavelength-tunable monolithic integrated chaotic semiconductor laser chip'.

(a) Experimental setup; (b) chaotic

characteristics, including optical spectrum, time series, power spectrum, and phase diagram; (c¢) wavelength-tunable

characteristics of chaotic laser, including optical spectra, power spectra, side mode suppression ratio and linewidth, and
standard bandwidth
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Fig. 9 Monolithic integrated chaotic semiconductor laser based on stochastic feedback and mutual injection ™. (a) Experimental setup;

(b) chaotic characteristics, including time series, power spectrum, ACF, and phase diagram; (c) simplified model diagram of

the random grating in a passive optical waveguide
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Fig. 10 Generation of chaotic laser by a curved-edge hexagonal microcavity laser based on internal mode interactions .

]

(a) Experimental setup; (b) characteristics of chaos, including time series, power spectrum, ACF, correlation integral curves,

correlation dimension, and K-entropy
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Table 1 Bandwidth and delay characteristics of a typical discrete chaotic semiconductor laser
Methods of )
. . Bandwidth / _
chaotic laser Structural characteristics GH TDS Institute Year Reference
bipV/
generation
Chaotic laser injected into fiber . . .
) 26.5 Taiyuan University of Technology 2013 [39]
ring resonator
FBG optical feedback 0.04 City University of Hong Kong 2015 [33]
Ontical Random fiber grating feedback 0.005 University of Ottawa 2019 [49]
tica
feeijback Phase conjugate optical feedback 18.0 Paris-Saclay University 2019 [25]
Hidden in the University of Electronic Science
Self-phase modulated feedback 24. 6 i . 2019 [76]
background noise and Technology of China
Asymmetric dual-path optical . . .
36.1 Taiyuan University of Technology 2021  [43]
feedback
Cascade optical injection 35.2 Saitama University 2015 [54]
. S Hidden in the . o
Dual-chaotic optical injections ) Southwest Jiaotong University 2015 [77]
background noise
Optical Constant-amplitude self-phase- University of Electronic Science _
L 24.3 . 2020 [55]
injection modulated and Technology of China
. L Hidden in the Beijing University of Posts and
Optical combs injection 32.4 i o 2023 [48]
background noise Telecommunications
Asymmetrical mutual injection 33.5 0.059 Taiyuan University of Technology 2023 [57]
F 2 BB ORI RO SR 58RI SE R
Table 2 Bandwidth and delay characteristics of a typical integrated chaotic semiconductor laser
Methods of )
. L Bandwidth / '
chaotic laser Structural characteristics GH TDS Institute Year Reference
z
generation
optical feedback with chip facet 8.0 University of Athens 2008 [58]
Air gap multi-optical feedback 7.0 Technical University of Moldova 2009 [60]
Passive ring waveguide 10.0 NTT 2011 [63]
Optical feedback Amplified feedback laser 26.5 Institute of Semiconductors 2013 [65]
Two-dimension external cavity 5.0 Kanazawa University 2014 [64]
i Taiyuan University of .
DBR laser optical feedback method 4.9 2022 [68]
Technology
Mutual injection Tsinghua University 2014 [71]
Optical injection Y-type waveguide Saitama University 2017 [72]
Random grating and mutual injection 13.1 0.06  Taiyuan University of Technology 2020 [73]
Selich Dual-mode microcavity laser 11.6 No TDS Institute of Semiconductors 2022 [74]
Self-chaos
Tri-mode microcavity laser 33.9 No TDS Institute of Semiconductors 2023 [75]
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