;A A
CHINESE JOURNAL OF LUMINESCENCE

XEHES: 1000-7032(XXXX)XX-0001-09

K FAZE T R Rl e SR 5 X e B8 20 Hr 55 A1k

KEAEL ', T=E4°, ke, EXFE", £ &"
(1. E BB B R B LM S W LB 5T BT, Ak KB 130033,
2. M EBAE R, dEaT 100049
3 b RtEET R Je i, dbat 100081)

8 EE - WO R A I 2 T A R LR B I S S B — A B UM T OGIEAS ORE Tk LA R i A R A v A
BE v B BB o A TR TR ST A FURE AR PR RE AR B L S R R T L B AR
G, XX B AN PO LR B A0 B A AR AR TS R o R S 48 IR ORI SRR A 5 A 2 SE R AE L 23 )
T T S A0 I 748 3 A T RIS S I 30T B Al AR T PR GE I6F 19 0 28 T B BR A o ST A T 4650 I 558 R IR
22 5O AR LR 58 2 A 1952 1 0 & AR SE I OB 2R KB, 15 3] T 24 RUESE AR AU R 98 . i i 5
S 25 AR WY A0S T I S AE N A% PR, T 0 2 B T 26 40 A R D S IR A A MR | R A S R TR O
T TS T R AR AL ™ O R 2 S840k o 55 Ah AR SCR TG AE IR 1 Ah 22 7 36 0 65 5 0 0T & A0 IO 6 430 R AR
WA SE T BT TR AR I A IO 2F PR BT I 301 KA IR 878 A X I 4 R 5200 . R BRI B B
A1 2 0 A5k EL A AN [) B4 R P R O R T A R S DI DI AU 1) e YA R R LR P RAE T B

X 8O OB ORBUESEER; A2 Tk

R E 3 S: TN247 TEFFRIRAD . A
DOI: 10.37188/CJ1.20260218 CSTR: 32170.14.CJ1..20260218

Linewidth analysis and characterization of frequency microcomb

modes via heterodyne interferometry

ZHANG Langlang'?, DING Baoke®, ZHOU Zhilei'?, WANG Wenting”, LIANG Lei'”

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Betjing 100049, China;
3. School of Optics and Photonics, Beijing Institute of Technology, Beijing 100081, China)

* Corresponding Authors, E-mail: wiwang@bit.edu.cn; liangl@ciomp.ac.cn

Abstract: The linewidth of an optical frequency comb is one of the key parameters for evaluating its performance
and is of considerable importance in applications such as spaceborne coherent optical communication, precision me-
trology, and time - frequency standards. To improve system sensitivity and overall performance, the linewidths of
frequency-comb modes generally need to be narrowed to the kilohertz or even hertz level, which imposes more strin-
gent requirements on the accurate characterization of individual laser-mode linewidths. This work investigates the
linewidth characterization of Kerr microresonator frequency-comb modes under two delayed self-heterodyne measure-
ment regimes: short-delay partial coherence and long-delay approximate incoherence. A quantitative relationship is
established between the power difference of the second peak and the second valley in the coherent envelope and the
intrinsic linewidth of the optical frequency comb. By optimizing the delay-fiber length, the linewidths of multiple mi-
croresonator frequency-comb modes are obtained. Theoretical analyses and experimental results demonstrate that,

under appropriate short-delay conditions, coherent-envelope analysis based on the peak-to-valley power difference
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can mitigate spectral broadening caused by low-frequency frequency noise and is suitable for estimating the linewidth

component associated with rapid phase diffusion. In addition, the linewidths of the pump laser and microresonator

frequency-comb lines are measured using the long-delay self-heterodyne method, and the effects of low-frequency fre-

quency noise, environmental perturbations in the long optical fiber, and variations in the coherence state on the mea-

surement results are analyzed. Short-delay and long-delay self-heterodyne measurements exhibit different noise-re-

sponse characteristics and can therefore serve as complementary approaches for evaluating the linewidths of narrow-

linewidth microresonator optical frequency combs.
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Fig. 6 Long-delay self-heterodyne linewidth measurement results: (a) beat-note spectrum and Lorentzian fitting result of the

pump laser measured using a 5 km delay fiber; (b) beat-note spectrum and Lorentzian fitting result of a microcomb

mode measured using a 5 km delay fiber.
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