P 265 (It 516 HH R, S B R T R A LT R A

55 55 B4 8 1] T o Vol.55 No.8
2026 4 8 H ACTA PHOTONICA SINICA August 2026

5] 4% 3 : Yao Zefeng, Zhang YaoHui, Xia Handing, et al. Design, characterization, and application in single-longitudinal-
mode laser generation of DBR grating[J]. Acta Photonica Sinica, 2026, 55(8):0814002
WEEEEE SR LDUE 45 . DBROGHEXS BT SR AE K S GBSO 7 A i BT 72 [ 7). 567244, 2026, 55(8) : 0814002

DBR JGMEXT 5 1 e Ak S B AL 7= AR
5%

A RRE LR SR, A, Bl W R R
R AR AR

(1 v [ TR B S B SO AR B 7E bt , U1 48 B 621900)
(2 P RHER A 7 8 508 5 TR 2B, iR 611731)

8 E. 5 A A R4 X (Distributed Bragg Reflector, DBR) #4850 4F gt b B B A A R &8 % kA
PR R A A B AR R AR S, Ak T 2w R TR TR AR Ok F R R T ) AR 5 B AR
B, i, DBRFE AR LR B R A4 b — a5 A 3244 R & KAk (Fiber Bragg Grating, FBG) # &%,
FBG 4k & T besr b ., KX IR T DBRISRIE K RME T RIER LY T A B
AR, Bh, A THEMER L LT AMEHAH T FBG R F R4 58 A B A 20K 6
Ho A, KR T T E A 1053 nm F UM RIBEH G — S FBC AR R RBGALAHKZANE T —2F
FBG,RET —HATHEHELELKTHTFBGCAHEMNEZ &, FATHEHO07pm I FBG RH F 5 A
HAFE MR LR, MFTFBCREFHEmaEMH, "G, LA LR FBGHE T DBR ZEHAH K 4%
AB,EATAE1LI2kHz H F41.7 mW 8988 2 L WML B . 2R LB A2 E K S LERAB P
KEEZEA,

KGRI« LA F AR A S SBE R K o R R A R KSR R AR B

P E S ES TN248.1 SCERARIAED : A doi: 10.3788/gzxh20265508.0814002

0 58§

BB LR BOL A BAT L AT AR TR GE A5 MR b AR AL, I N T TR O AR R R R AR
AH T 1 e T 3O 2R 48 RO B 38 S 0 . 43 A A P A% 59 28 (Distributed Bragg Reflector, DBR) $144
BOLLF OGS B BA B WS RV A 5 B A AR AR SR 00 R B 3148 T2 6 TE . HIAE DBR S 4 A
I EF O 28 8 IR I B 1 6 £F A B et (Fiber Bragg Grating, FBG) , il # 35 — 1 & & ¥ % FBG (High
Reflectivity Fiber Bragg Grating, HR-FBG) fil — 4~ Ik & 4§ % FBG (Low Reflectivity Fiber Bragg Grating,
LR-FBG) , H 3 R Pk (ot P R 56l 98 S R 5 58) B D8 T 0G4 0 i i Dy 38 (B RS i Pk
M7 A OCHEVERE . UL, FBG S8R BU(A (5 5 AN 552 50 R AE , J2 i i P HE DBR S B LR HOG A% 19 S HE N
& HATEX FBG S8 B S MR B L T T WSS s a0, B S N B OR TR A LR R AL
R PRV A5 7 6 FBG B AR A A W kOG5 00 AR A ) 1 S 35 o 17 K% 2 3 S5 AR e 56 0 AT LA 40
504k s R, 2R 8 L 7 F FBG il & T 206 HoAl ABFEFE L bRtk ge g . AR KEZ L T+
FBG 1 3 mi 1 S 0 I8 4 1k 25 20 M, FBG I FH 0 5 20 T F S 27 14 8% RO 27 3 {5 S8 e sk ' SR, & xt
T4 2 DBRIEHR K 1 FBG S 808 it . S B 3R AE S LA B BE 306 7™ A v i I HH 36 0E S5 0F 58 N S A

ESTE . HEARPIERE4S (U2441250, U24A20311) , [ 5 S A & H % (2023YFF0715803)
E—1EE WFH(2001—) , 5, 284 W4, EEBFSE 5 o DBR MU 0oL 3% .
BIAEE  FDUE (1987—) , B RIF T b 1, BEWFE 5 10 o MO F R B EOEH R . Email: hdxia2008@sina.com
s B :2026-04-03; % A B #:2026-06-15
http: // www. photon.ac.cn

0814002-1



frift— PR

ARSCIFET FBG 5 FLR T S 8O % RAE DL R PR GHO 7™ 2E I 9 S 30 9 . 1 58, 2R FH A% i o B
PEAEDT B AW T FBG it RIAH R IE 5 FBG KX FBG S8R M A9 2w, F 3845 7 1053 nm AL
LFPOGCEIR I T T 09 FBG 805 [ 2k, W R T FBG SO AT 58 5 550 300 I 5845 B, 32 1 JF 38 0F T — Fib
BT RO ORI KT FBG S 800 & 07 ¥ B8 58 05 i %07 ¥ T LORS 4 Dt FBG S 3871 58 L 4 2%
KA 55 45 0 5 e 0, 8 L3R FBG FH 45 8 DBR PGB £F SO #5380 IR s, 048 T4 96 1.12 kHz TR
41.7 mW e B SOG B IR0 R T SR AT IO 1 T SRR R T A KT R R R R R BT R IR e A G B A
bro ASCGEE FiR FBG BRI -RIE-5UE " B CHRAF 5T, 48 T FBG 13 i R AF K B HAO 7™ 28 1
REEH AR, Ay 1 1] = Mg DBR FLABO G OGRS BRI AL T H AR S %

1 FBGSH R BYPRHMAEFZHESTHT

FBG J& —flil i 55 /MR OE A5 T A AR 4758 NS A JE IR i 50 238 08 i 25 40 0 S 2R gk o A e 2
R WE Y50 A 2 FBG W, AR 47 565 258 8] i Ja] 0 268 25 X 5 7 26 50055 19 B ST, 8 A3 e D 2 A hr
K& S5 U T A 0 ) R B % R S K A A S i R AR A T AR T, DT T 32 R R R A 7 A R B S
AN 6 J2 M 2 A A 5 U L Je P AE b a2 55 o G FBG AR it |2 — > 4 i i S 6e
1.1 FBGH Mo

TR A AR B SR ek 2 R T S R AR A — AN T K R A N R AR RS R A AR 1Y
AR

Ap=2n,A (1.1)

B LA SR T DA 2 SR ) 4 A W T B R .
n(z)=n,+ An(z) (1.2)
An(z)::nnc(z)#*nAC(z)cos(?zEZA+'¢) (1.3)

ACL.3) B AT 56 38 1] 7o 2R 7 7 8 568 AR P AOARRIAR 43 5 58 W A7 5 30 0 1) o 22705 A S5 R AR A8
G341 19 R K5 327 FLAIT 565 5978 Al (962 B AR, 41T S5 25 3 A 1 LA S n P 1Ca) BT

(a)
N, (2)
n(Z) { An(Z) Noe (Z)
neff
(b)
nAc,1 AC,2 AC,3 AC,N
nDc,l nDc,z nDc,s e nDC,N
Ll LZ L3 LN

H1 bttt EzomrtbmErxRER, (a) FBCGIHAE R WS H 04 ;(b) LA F X R SR E K
Fig.1 Schematic diagram of grating refractive index profile and transfer matrix method. (a) Distribution of FBG refractive index

change parameters; (b) Schematic diagram of the transfer matrix method principle
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Fig.2 Relationship between FBG parameters and grating length andn,.. (a) Reflection bandwidth; (b) Reflectivity; (c¢) Effective
length
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Fig.3 Simulated reflection spectrum of FBG and single-longitudinal-mode selection. (a) Schematic of single longitudinal mode
selection principle; (b) High-reflectivity spectrum; (¢) Low-reflectivity spectrum
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(b) PM-CIR
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Fig.4 Experimental setup for FBG parameter measurement. (a) Based on broadband femtosecond source and Optical Spectrum
Analyzer; (b) Based on narrow-linewidth fiber laser and high—precision Optical WaveMeter
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Fig.5 FBG Parameter measurement method based on broadband femtosecond source and optical spectrum analyzer. (a) HR re-
flection spectrum; (b) HR transmission spectrum; (c¢) LR reflection spectrum; (d) LR transmission spectrum
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Fig.6 Parameter measurement method based on narrow-linewidth fiber laser and high—precision optical wavemeter. (a) LR re-

flection spectrum; (b) LR transmission spectrum
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Table.1 Comparison table of test results

LR—FBG HR—FBG
) Reflectivity ) L.
Bandwidth(nm) (%) Bandwidth(nm) Reflectivity( %)
0
Design Value 0.041 78.84 0.231 99.94
OSA Method 0.049 73.76 0.246 99.80
OSA Method Deviation 19.51% 6.44% 6.49% 0.14%
Wavemater Method 0.03895 75.67 / /
Wavemater Method
o 5.00% 4.02% / /
Deviation
I ——
PM-ISO
HR-FBG YDF LR-FBG PM-WDM 10/90 Coupler 90 output
e
Temperature control 10\ tap

B 7 DBR KA HOL & K do 45
Fig.7 Experimental setup of the DBR single-longitudinal fiber laser
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Design, characterization, and application in single-longitudinal-mode
laser generation of DBR grating

Yao Zefeng'?, Zhang YaoHui', Xia Handing', Li Bowen®, Zheng Junwen', Li Jianbin', Tian
Xiaocheng', Zhang Fan', Zhang Rui', Chen Lin', Li Ping'
(1 Laser Fusion Research Center, CAEP, Mianyang 621900, China)
(2 School of Information and Communication Engineering, University of Electronic Science and Technology of Chi-
na, Chengdu 611731, China)

Abstract: Single-longitudinal-mode (SLM) fiber lasers are recognized for their narrow linewidth, high
coherence, excellent beam quality, and ease of integration, making them indispensable for a wide array of
applications, including coherent optical communication, LiDAR, and gravitational-wave detection. Their
ability to generate high—quality, stable, narrow-linewidth light is crucial for ensuring the integrity and
precision required in these fields. Additionally, distributed Bragg reflector(DBR) SLM fiber lasers provide
several key advantages, such as flexible wavelength tuning, mode—hop—free operation, and relatively low
fabrication costs. These benefits have contributed to their growing adoption across various industries and

0814002-11



T oF

research areas. However, the output performance of DBR SLM fiber lasers is heavily influenced by the
intracavity fiber Bragg grating (FBG) , whose spectral characteristics directly impact critical parameters
such as linewidth, side-mode suppression ratio (SMSR) , wavelength stability, and output power.
Consequently, precise control and accurate characterization of FBG parameters are essential for optimizing
the performance of DBR SLM fiber lasers. This study investigates the design, characterization, and
application of FBG in DBR resonators for SLM laser generation, following a comprehensive technical
framework that includes theoretical simulations, device fabrication, and experimental validation. The
transfer matrix method is utilized to simulate the effects of refractive index modulation depth and grating
length on the reflectivity, reflection bandwidth, and effective grating length of the FBG. Through this
method, a detailed understanding of the relationship between structural parameters and spectral responses
is obtained. Based on the requirements for stable SILM operation, an optimized set of FBG parameters is
determined to ensure the efficient operation of the laser around 1053 nm. The simulated high-reflectivity
FBG (HR-FBG) achieves a peak reflectivity of 99.94% and a bandwidth of 0.231 nm, while the low-
reflectivity FBG (LR-FBG) exhibits a reflectivity of approximately 78.47 % and a bandwidth of 0.041 nm.
These optimized parameters are crucial for maintaining stable SILM operation and confirming the
effectiveness of the simulation methodology in achieving the desired laser performance.Subsequently, a pair
of FBG is fabricated based on the optimized parameters for experimental validation. A high—precision
wavemeter—based measurement method for characterizing FBG is introduced, offering a significant
improvement over conventional methods that utilize broadband femtosecond sources and optical spectrum
analyzers (OSA). The wavemeter—based method achieves a remarkable precision of 0.7 pm for both FBG
reflectivity and reflection bandwidth measurements, allowing for the detailed observation of the FBG side-
mode lobes, which is crucial for understanding the fine spectral features of the laser. Experimental results
show that the traditional OSA-based measurement technique introduces significant errors, especially when
determining the 3 dB bandwidth of the LR-FBG. In contrast, the proposed wavemeter-based method
offers superior accuracy, with minimal deviation from the simulation results, demonstrating its reliability
and precision for FBG characterization. Finally, the characterized FBG pair is fusion—spliced with a 7-mm
section of high—gain ytterbium—doped fiber to form a compact DBR resonator, and the performance of the
resulting laser is experimentally validated. The laser operates at a center wavelength of 1052.992 nm, with
a linewidth of 1.12 kHz, measured over a 100 ps integration time, indicating excellent temporal coherence
and stability. Continuous, mode—hop—free tuning of 0.348 nm is achieved by varying the temperature from
3°C to 55 °C, demonstrating exceptional thermal tuning capability and environmental adaptability. Under a
730 mW pump power at 976 nm, the laser delivers an output power of 41.7 mW, with a side-mode
suppression ratio exceeding 75 dB, indicating high spectral purity and effective mode filtering. These
results validate the optimized FBG design and the high—performance operation of the DBR SLLM fiber laser.
This work contributes to the advancement of the design and characterization of FBGs for SLM fiber lasers,
significantly improving the accuracy and precision of FBG parameters. While this study focuses on FBG
characterization under static, room—-temperature conditions, future research will explore the evolution of
FBG parameters under varying temperature ranges, dynamic mechanical stress, and exposure to radiation.
Additionally, the performance of the laser in practical applications, such as coherent detection, high—
precision sensing, and coherent synthesis for high-power laser systems, will be further investigated to fully
exploit the potential of SLLM fiber lasers in real-world environments.

Key words: fiber Bragg grating; single longitudinal mode; grating characterization; distributed Bragg
reflector cavity; fiber laser
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