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Narrow-Linewidth Laser Based on Prism-Coupled Self-
Injection Locking Technology

LIU Baibing
(School of Electronic Engineering , Beijing University of Posts and Telecommunications, Beijing
100876)

Abstract: Narrow-linewidth lasers have broad application prospects in coherent communication,
ultrafast optical ranging, atomic clocks, and LiDAR. This paper presents a linewidth-compression
scheme for lasers based on prism-coupled self-injection locking technology. Numerical simulations were
conducted to investigate the effects of phase-locking conditions and microresonator-prism coupling
efficiency on the laser locking performance. In the experiment, a magnesium fluoride microdisk cavity
with a quality factor of up to 1.8<1079 was fabricated using mechanical polishing techniques. The prism-
cNarrow-Linewidth Laser Based on Prism-Coupled Self-Injection Locking Technologyoupled self-
injection-locked laser system achieved a narrow-linewidth laser output with an instantaneous linewidth
of 99 Hz. This resulted in a linewidth narrowing effect of more than three orders of magnitude.

Key words: Narrow-Linewidth Laser ; Magnesium fluoride microresonator ; Prism coupling ; Self-
Injection Locking Technology
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Fig. 1 Schematic diagram of the self-injection locking principle
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Fig. 2 Self-injecting locking laser system tuning curves
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Table 1 Initial parameter setting of the dynamic model
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Fig. 3 Simulation and analysis of laser self-injection locking dynamic model
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Figure 5 Transmission spectroscopy of MgF2 microdisk resonator
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Figure 6 Schematic diagram of a self-injecting locking laser system
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Figure 8 Test results of the laser system output signal

3 it

ARSCE SR BTG G 1) ENEABUE SORZEAT AR M AR R B, e T RGB0E
AR ARl -8 5 ) 15 R RHRO G BIUE ROR I SE MO . LU, A A B s 1, R
HUHDOE I L 24 1 nm SR A RE R . iR 71k 1.810° s it ie . s,
I BEABUE O RGRAE T2 TR GG BIEABUEROR LR T8 2R U5 ST AT I, 52
LT BRI 298 99 Hz IR LR oL, R R B MCRIE = E .

[ 3Ci#Ek] (References)

[1] Zhang S, Kam P Y, Yu C, et al. Laser linewidth tolerance of decision-aided maximum likelihood phase estimation
in coherent optical M-ary PSK and QAM systems[J]. IEEE Photonics Technology Letters, 2009, 21(15): 1075-1077.
[2] Lihachev G, Riemensberger J, Weng W, et al. Low-noise frequency-agile photonic integrated lasers for coherent
ranging[J]. Nature Communications, 2022, 13(1): 3522.

[3] Newman Z L, Maurice V, Drake T, et al. Architecture for the photonic integration of an optical atomic clock[J].
Optica, 2019, 6(5): 680-685.

[4] Tang L, Li L, LiJ, etal. Hybrid integrated ultralow-linewidth and fast-chirped laser for FMCW LiDAR[J]. Optics
Express, 2022, 30(17): 30420-30429.

[5] Zhang G, Cen Q, Hao T, et al. Self-injection locked silica external cavity narrow linewidth laser[J]. Journal of
Lightwave Technology, 2023, 41(8): 2474-2483.

[6] Liang W, llchenko V S, Eliyahu D, et al. Ultralow noise miniature external cavity semiconductor laser[J]. Nature
Communications, 2015, 6(1): 7371.

[7] Liang W, llchenko V S, Savchenkov A A, et al. Whispering-gallery-mode-resonator-based ultranarrow linewidth
external-cavity semiconductor laser[J]. Optics Letters, 2010, 35(16): 2822-2824.

[8] Puckett M W, Liu K, Chauhan N, et al. 422 Million intrinsic quality factor planar integrated all-waveguide
resonator with sub-MHz linewidth[J]. Nature Communications, 2021, 12(1): 934.

[9] Yang S, Wang Y, Sun H. Advances and prospects for whispering gallery mode microcavities[J]. Advanced
Optical Materials, 2015, 3(9): 1136-1162.

[10] Sarid D, Cressman P J, Holman R L. High - efficiency prism coupler for optical waveguides[J]. Applied Physics
Letters, 1978, 33(6): 514-515.

[11] Kondratiev N M, Lobanov V E, Shitikov A E, et al. Recent advances in laser self-injection locking to high-Q
microresonators[J]. Frontiers of Physics, 2023, 18(2): 21305.

[12] &, BRW, XIEE0 S 38T S B R FB0s B i N8B e HoR [ 4 B0, 2022, 49(19): 11-
24,

Yu Xia, Chen Xu, Liu Jingmin, et al. Laser Self-Injection Locking Technique Based on Whispering GalleryMode
Resonator[J]. Chinese Journal of Lasers, 2022,49(19):11-24

[13] Kondratiev N M, Lobanov V E, Cherenkov A V, et al. Self-injection locking of a laser diode to a high-Q WGM
microresonator[J]. Optics Express, 2017, 25(23): 28167-28178.

-8-



m ﬂ H i: 2 Eﬁ http://www.paper.edu.cn

205 [14] Lihachev G, Riemensberger J, Weng W, et al. Low-noise frequency-agile photonic integrated lasers for coherent
ranging[J]. Nature communications, 2022, 13(1): 3522.



