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Abstract In this study, we propose a linear polarized fiber laser based on the radiation mode of a 45°-tilted fiber
grating (45°-TFG). The laser is constructed using a ring resonator structure and a fiber Bragg grating, and an all-
fiber single-polarized laser output based on the radiation mode of the TFG is realized for the first time. The

experimental results show that when the input pump light power is greater than 24 mW, a stable laser output can be
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achieved. The central wavelength of the output laser is 1553.45 nm, that of a 3-dB bandwidth is 0.05 nm, degree

tuned from 1553.21 nm to 1554.03 nm, and the tuning sensitivity is 11.37 pm/°C .
OCIS codes 140.3510; 140.3600; 050.2770
1

of polarization is up to 99.8% , and slope efficiency of the laser system is 10.79% . Simultaneously, with the help of
the temperature sensitivity of the fiber Bragg grating, the central wavelength of the output can be continuously

Key words lasers; fiber laser; fiber grating; radiation mode; linear polarized fiber laser
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LD: laser diode;

WDM: wavelength division multiplexer;
EDF: erbium doped fiber;

SMEF" single mode fiber;

FBG: fiber Bragg grating;

45°-TFG: 45°-tilted fiber grating;

PC: polarization controller
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Fig. 1 Configuration of linear polarized fiber laser based on radiation mode of 45°-TFG
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Fig. 2 Distribution of laser beam. (a) Before focusing; (b) after focusing; (c) longitudinal distribution after focusing;

(d) transverse distribution after focusing
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Fig. 3 Experimental results. (a) Optical spectrum of proposed fiber laser; (b) output power under different pump power
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Fig. 5 Thermal tuning. (a) Optical spectra under different temperatures; (b) central wavelength versus temperature

1201007-4



h | W bl
BSCH FIEK EAAR, BE IR E Y ol A 4R AR grating coated with gold nanospheres improves the
Ak, B A A R 11, 37 pm/QC . detection limit of Newcastle disease virus [ ] ].
Biosensors and Bioelectronics, 2018, 100: 169-175.
4 e [9] Huang M, Gu C S, Sun B, et al. Refractive index
sensor based on tilted-fiber Bragg grating coated with
BT 45°-TFG B 58 51 U 40 O 5 1k graphene[J]. Chinese Journal of Lasers, 2017, 44
(A G 2T B 3 R o OB LR U TR DB 4T 0T (12): 1210001.
o U, ST i i R O 2R OG R L i HEOE Y WA, A, IME, T A BRI EMRDLL
PR BE B ik 99. 8% . [RIINE, ) FH % £F 4 Fir K% e Al iy M T S R AL R Ok, 2017, 44.(12):
RO A ST B Ok B D KO fetooot. 4
1553. 21 nm 5] 1554, 03 nm (4 835 . J8 it 72 5 B 2% [10] Zhou K M, Chen X.F, Yanozlj, elhal. ()ptlhcal
spectrum analyzer using a 45° tilted fiber grating
11.37 pm/°C itk T2 F 45-TFG RIS [C]//Bragg Gratings, Photosensitivity, and Poling in
ﬁﬁlﬁt%‘ﬁ'ﬁé?%ij“é%%%%mﬁﬁﬁo Emﬁ%* 93‘?5'% Glass Waveguides, June 17-20, 2012, Colorado
Xt 45°-TFG MR MBS T 04k . S 2O G#5 00 f H Springs, Colorado. Washington, D.C.: OSA, 2012:
S5 5 5 A5 3 A 35 0 B O I 0 7 5 B BWZE. 7.
FE U . 5 8 T AR B %t 45°-TFG 3 47 46 4k 1% [11] Wang G, Habib U, Yan Z, et al. Highly efficient
b LR G AT T L D O T B R T opllfal beam steering usmg an 1nff1b('er dlffr'acuon
grating for full duplex indoor optical wireless
R B UL communication [ J ]. Journal of Lightwave
% 2 % W Technology, 2018, 36(19): 4618-4625.
[12] Wang G Q, Wang C, Yan Z J, et al. Highly efficient

[1] Meltz G, Morey W W, Glenn W H. In-fiber Bragg spectrally encoded imaging using a 45° tilted fiber
grating tap [ CJ // Optical Fiber Communication, grating[J]. Optics Letters, 2016, 41 (11): 2398-
January 22, 1990, San Francisco, California. 2401.

Washington, D.C.: OSA, 1990: TUGI. [13] Remund S, Bossen A, Chen X F, et al. Cost-

[2] Chen X Y, Xu J, Zhang X J, et al. Wide range effective optical coherence tomography spectrometer
refractive index measurement using a multi-angle based on a tilted fiber Bragg grating[J]. Proceedings
tilted fiber Bragg grating [J]. IEEE Photonics of SPIE, 2014, 8938: 89381E.

Technology Letters, 2017, 29(9): 719-722. [14] Qin H, He Q, Moreno Y, et al. Compact linear

[3] LiuZ, Shen C, Xiao Y, et al. Liquid surface tension polarization spectrometer based on radiation mode
and refractive index sensor based on a tilted fiber shaped in-fiber diffraction grating [ J]. Optics
Bragg grating [J]. Journal of the Optical Society of Letters, 2019, 44(21): 5129-5132.

America B, 2018, 35(6): 1282-1287. [15] Yan Z J, Mou C B, Zhou K M, et al. UV-

[4] Albert J, Shao L Y, Caucheteur C. Tilted fiber inscription, polarization-dependant loss characteristics
Bragg grating sensors [ J]. Laser & Photonics and applications of 45° tilted fiber gratings [J].
Reviews, 2013, 7(1): 83-108. Journal of Lightwave Technology, 2011, 29 (18):

[5] Zhang Y J, Wang M, Wang Z F, et al. Research 2715-2724.
progress of tilted fiber Bragg gratings[J]. Laser & [16] Zhang Z X, Mou C B, Yan Z J, et al. Switchable
Optoelectronics Progress, 2016, 53(7): 070005. dual-wavelength Q-switched and mode-locked fiber
RFEE 5, TEE, . WADEL e uT o i lasers using a large-angle tilted fiber grating [J].
0. BOLSLH F53E )%, 2016, 53(7): 070005. Optics Express, 2015, 23(2): 1353-1360.

[6] LaoJ, Sun P, LiuF, et al. In situ plasmonic optical [17] Dai L L, Zou C H, Huang Q Q, et al. Continuously
fiber detection of the state of charge of tunable mode-locked fiber laser based on tilted fiber
supercapacitors for renewable energy storage [J]. grating[J]. Chinese Journal of Lasers, 2019, 46(5):
Light: Science & Applications, 2018, 7(1): 34. 0508026.

[7] Guo T, Liu F, Guan B O, et al. Tilted fiber grating ALk, ARfEhr, T T, . AT AL LM
mechanical and biochemical sensors [J]. Optics & FECET] R B O AR (] P E Ok, 2019, 46
Laser Technology, 2016, 78: 19-33. (5): 0508026.

[8] Luo B B, Xu Y F, Wu S X, et al. A novel [18] Mou C, Zhou K, Zhang L, et al. Characterization of
immunosensor based on excessively tilted fiber 45°-tilted fiber grating and its polarization function in

1201007-5



th i

#

G

[19]

[20]

[21]

[22]

fiber ring laser[J]. Journal of the Optical Society of
America B, 2009, 26(10): 1905-1911.
Yan Z J, Zhou K M, Zhang L.

polarizer based on UV-inscribed 45° tilted grating in

In-fiber linear
polarization maintaining fiber [J]. Optics Letters,
2012, 37(18): 3819-3821.

Wang T X, Yan Z J, Mou C B,

bandwidth passively mode locked picosecond erbium

et al. Narrow
doped fiber laser using a 45° tilted fiber grating device
[J]. Optics Express, 2017, 25(14): 16708-16714.
Yang J M, Lin Y L, Huang Q Q, et al. Wavelength-
tunable linearly polarized Yb-doped fiber laser based
on tilted fiber grating[J]. Acta Optica Sinica, 2020,
40(3): 0314003.

B, WES, T T, 5. T 0RO TR
WA IR B RO WOEAE [T]. JE¥ ¥ 4M, 2020, 40
(3): 0314003.

LiJF, YanZ ], Sun Z Y, et al. Thulium-doped all-
fiber mode-locked laser based on NPR and 45°-tilted

[23]

[24]

[25]

[26]

1201007-6

fiber grating [J]. Optics Express, 2014, 22 (25):
31020-31028.
Liu X L, Wang H S, Yan Z J, All-fiber

normal-dispersion single-polarization passively mode-

et al.

locked laser based on a 45°-tilted fiber grating [J].
Optics Express, 2012, 20(17): 19000-19005.

Yan Z J, Wang H S, Zhou K M, et al. Broadband
tunable all-fiber polarization interference filter based
on 45° tilted fiber gratings[J]. Journal of Lightwave
Technology, 2013, 31(1): 94-98.

Xing Z K, Guo X, Qin H B, et al. A simple all-fiber
solc filter based on 45°-tilted fiber gratings[J]. IEEE
Photonics Technology Letters, 2019, 31(20): 1631-
1634.

Qin H B, He Q Y, Xing Z K, et al. Numerical and
experimental characterization of radiation mode of 45°
tilted fiber grating [ ] ].
Technology, 2019, 37(15): 3777-3783.

Journal of Lightwave



