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Abstract The dual-comb spectroscopy (DCS) based on optical frequency combs (OFCs) offers a revolutionary new
spectroscopic method that can combine the advantages of high spectral resolution, high detection sensitivity,
broadband spectral coverage, and fast measurement in one. In the past few years, the DCS has experienced rapid
development, resulting in numerous demonstrations of new measuring principles and implementation schemes, as
well as the availability of new measuring technologies and applications. Therefore, it is necessary to systematically
review the current development status for the DCS and predict its future trends objectively. To provide a reference
for relevant scientific and technical personnel to grasp the whole development of DCS, based on the mechanism of
asynchronous optical sampling and the noise properties, we begin with the OFC and provide a comprehensive review
on research advances of DCS regarding measuring principles, implementation schemes, performance indexes,
application technologies, and instrumentations, and predict possible development trends in the future.
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Fig. 1 (a) Time domain and frequency domain diagrams for pulse electric field of ideal mode-locking laser;

(b) three typical locking schemes for OFCs
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Fig. 2 (a) Schematic for actively measuring principle of OFC-based FTS®;

measuring principle™ ;

(b) schematic for DCS

(¢) asynchronous optical sampling and measuring process in time domain;

(d) multiheterodyne in frequency domain for measuring process of DCS
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and (b) spectral interleave scheme
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Table 1  Performance indexes for reported DCS

DCS NEA /(em™ ! « Hz %)  Fgw/(HZY) SNR Resolution /GHz  Spectrum coverage
CE-DCS™ 1Xx10°"° 4.6X10° 380@18 ps 4.500 20 nm@1040 nm
CE-OE-DCS'™ 1.5X10® 2.9 10" 189@320 s 0.203 50 GHz@1550 nm
OP-DCS™*! 7.3X10° 1 1.4X10° 588@300 s 0.100 32 nm@1620 nm
LA-DCS™#! 2.2X1077 2.3%10° 316000@24 h 0.100 18 THz@1560 nm
A-DCSH 4.2X1077 1.25X 107 20@467 ps 1.100 14.5 THz@1560 nm
OPO-DCS 5.3X10°7 5.3X10° 81@720 ps 6.000 10.5 THz@3 pm
Raman-DCS™] 2X10°° 1.8x107 1000@296 ps 120.000 42 THz@12 pm
OE-DCS 1.7X10°° 1.3 10° 2600@52 ms 0.300 35 GHz@1550 nm
MC-DCSH 2.5X10°7 3X10° 74@20 ps 22.000 4 THz@1550 nm
Notes: CE-DCS represents cavity enhanced DCS; CE-OE-DCS represents cavity enhanced opto-electronic comb DCS;

OP-DCS represents open-path DCS; LLA-DCS represents long-term averaged DCS; A-DCS represents adaptive DCS; OPO-DCS

represents optical parametric oscillator comb DCS; Raman-DCS represents coherent Raman DCS; OE-DCS represents opto-

electronic comb DCS; MC-DCS represents micro-comb DCS.
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