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Research progress of narrow linewidth fiber laser oscillator (Invited)
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(College of Advanced Interdisciplinary Studies, National University of Defense Technology, Changsha 410073, China)

Abstract: Narrow linewidth fiber lasers can be used in applications such as remote sensing, nonlinear frequency
conversion and beam combination. In this paper, the typical structures and corresponding working principles of
narrow linewidth fiber laser oscillator were introduced. The single-frequency mode selecting technologies were
summarized from the perspective of obtaining narrower linewidth, and the power scaling technologies were
summarized from the perspective of generating higher power. The current status of narrow linewidth fiber laser
oscillator was reviewed, and the development of narrow linewidth fiber laser technologies was prospected.
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Fig.1 Structure of linear short cavity DBR fiber laser
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Fig.2 Structure of linear short cavity DFB fiber laser
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Tab.1 Typical progress of linear short cavity single-frequency fiber lasers

Wavelength band/ Year Institution &t Structure Fiber type Wavelength/ Power/  Linewidth/
um nm mW kHz
2011 South China Uni. of Tech. (SCUT), China!® DBR Yb** phosphate 1060 408 <7
2012 NP Photonics, USA) DBR Yb* phosphate 976 >100 <3
2013 SCUT, China®*! DBR  Yb* phosphate 1064 230 <2
2016 SCUT, China®” DBR Yb** phosphate 1120 62 5.7
2016 Tianjin Uni.(TJU), Chinal*! DBR Nd** silica 930 1.9 44
2016 Beijing Uni. of Tech.(BJUT), Chinal® DBR Yb** silica 1063 21.78 0.54
! 2017 Northwest Uni., Chinal*" DBR Yb* silica 1030 160 6
2017 Inst. of Radio Eng. and Elec., Russia®”! DFB Yb** silica 1030 10 <8
2019 Shandong Uni., China'*"! DBR Yb:YAG silica 1064 110 65
2020 SCUT, China®” DBR Nd** silica 1120 15 71.5
2021 Uni. of Arizona(UA), USA™ DBR Nd** phosphate 915 13.5
2021 Shanghai Uni., China*! DBR Yb:YAG silica 1030 >255 171
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Continued Tab.1
Wavelength band/ Year Institution <"’ Structure Fiber type Wavelength/ Power/ Linewidth/
pum nm mW kHz
2021 UA, USAI™ DBR Yb** phosphate 1050 1150 9.6
! 2021  National Uni. of Defense Tech.(NUDT), China!™ DFB Yb** silica 1030 154 18
1.2 2012 NP Photonics, USA!™! DBR Ho** ZBLAN 1200 10 <100
2012 Shanghai Inst. of Optics and Fine Mech.(SIOM), China!® DBR  Er’*-Yb* phosphate 15403  114.2 4.1
2012 SCUT, China™ DBR  Er**-Yb** phosphate 1550 >50 <
2012 Beijing Jiaotong Uni., China™ DFB Er’'- 1544768  43.5 9.8
2013 UA, USA™! DBR  Er*-Yb** phosphate  1538.2 550 <60
2017 SCUT, China'™ DBR  Er*'-Yb* phosphate 1603 21 <1.9
= 2018 BJUT, China” DBR Er*'- 1552 - <0.3
2018 NUDT, China'™ DFB  Er'-Yb* phosphate 15347  10.44 -
2020 Russian Acad. of Sciences, Russia'"! DFB Er’* phosphate 1550 0.5 3.5
2021 Jiangsu Normal Uni., Chinal®? DFB Er** silica 1550 3.9 <1
2021 Shenzhen Uni., Chinal™ DBR Er*'- 15493  13.17  0.491
1.7 2021 SCUT, China®*" DBR Tm®" germanate 1727 12.4 8.6
2011 Uni. of Southampton, UK"*") DBR Tm® alumino-silicate 1943 580 -
2015 SCUT, Chinal®” DBR Tm®" germanate 1950 102.5 <6
2 2017 TJU, China*! DBR Tm®" silica 1920 50 36
2018 SCUT, China®* DBR Tm*" germanate 1950 617 12.55
2019 Inst. of Aut. and Electrometry, Russia®”! DFB Ho*" silica 2070 53 10
2.8 2015 Laval Uni., Canada® DFB Er’* fluoride 2794.4 12 <20
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Fig.3 Typical structure of ring cavity
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Fig.4 Structure of Fox-Smith linear composite cavity!
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Fig.6 Typical structure of ring composite cavity

I A B2 AP J R 1 KRBT B . 2014 4, Jbasg
K2 11 18 A R —Fh 2P s PR IE s 45
WG kS, LB A5 ERIH 7 m B EDRL 3R
325, R B F T 2.5 m R B B EDLLE AT il
I SR SR AT 108 0 ST, S A T 28 % B IR, OF
TEITE A — > F IR M R 1t KA ] B, Fe 2852
LT 650 Hz (4 B 3 10, LA aniEl 7 Bios . 1
BeEE R A b, Y A NG o B AN [ ) I R
¥, 43 B0 T 249 1 kHZ FE HZ i 00 K B
WO

5%

Laser output
EDF WDM

«o.

98/1 550 nm SA >90%

Tunable-NB-FBG

Subing-cavity 980 nm LD

7 FLILE P IO R A R B 1Y
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Fig.9 Structure of single-frequency fiber laser based on F-P cavity mode
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Fig.12 Structure of narrow linewidth fiber laser based on F-P fiber loop filter!"*")
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Fig.17 Structure of virtual folded cavity single-frequency fiber laser!'*”!
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Fig.19 Structure of Rayleigh scattering narrow linewidth random fiber laser using doped fiber gain!
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Fig.20 Structure of Rayleigh scattering narrow linewidth random fiber
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laser using SBS!
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Fig.21 Structure of high power narrow linewidth fiber laser based on

PCF("!
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Fig.22 Structure of linear polarized high power narrow linewidth fiber

laser based on polarizer'*”

F T BT S80I, i ' 8 B 1 Bl s S5 g
B — 7 ]I, A R 505 58 R 8 /N, 3t AT LS
IV B e 1 43 B, s B DR 1 25 Y6 2F R 42 S
SR H LM TR B, IR i T R I e S B
Bz 77 A PTAS S ) B S 3 A A — A R 7 1)
T T4 AT — i P A = i, 92 3k M P
B o X — R B B ME AR PR BERE AR R, vT LS
A LT EEH, Z5H B, RUE T .

2007 4, H A HL S0E {5 K 2% 1Y Shirakawa 55 A &
T FBG #E1T IR PR e, SR BUIE S5 #2977 5, 45
AP 1L FBG M FHEL, SC3 T 255/ T 20 pm,
R E YR 8 W Y 1064 nm 28 I 47 75 28 55 OCH

20210879-15



ISk A2

% 64

s

www.irla.cn % 51 %

PER 2 18 dB"™, 2012 4, i ERL 7B F G # %
HLAR A 5% BF 1Y Wang 55 AR FH 1IE 38 %5 4% FBG 19 75 0
HEAT K SRR Y B8R, JETF 4.2 m AR IR 1B BOLET
SCILT 101 W28 26 T8 2l B o, £R 98 0.21 nm,
PER 2} 15 dBP™, 2013 4, Hfih % LA K=Y Willis 55
NAE 2 m K BRI 45 55 6 £F PR s 1 58 0 722 £ O ' il
o S A A i L, e KW AIR BE 18.8 dB, HUL K
1958.3 nm, % 1 £& 55 /T 80 pm™. 2016 4F, [ iRl
R0 e 5 AARGE T 35T R AR DAL 2 B
LR BB T 1152 nm&Zk iR YR OB &8, SRR T
Tk FBG 1 s 41 L £ H R, 8 ik = sl i 45 6 2F
M ASE, 3515 T fe i 13 W 5 i 31, PER K
18 dB, 3 dB £ 5 & 0.14 nm(#) 42 GHz)*™, [F4E, i%
B Y22 8 A AR SMISEE A, Il F KA 37 1 14 25
R I I (3.1 m) LRI T 2 b Rin; A ok
R T R B, SR SRR D Bl L 3 95 492 05 =Xk A 7 i 4 i
e, 920 T PO K 1064 nm, £ 55/ T 52 pm, Ha i
UK 32.7 W, i PR T 6 e 23 dBRY IO, ot a
ShkgnlEl 23 roR PR, S, IR Y 5K A AR
1E 38k s B Al L, 3 2o AR B 45 ] 45 00 1) 4
T, SEHL T 190.2 W bk, 3 dB 475624 159.8 pm,
PER 7y 13.7 dB.

Cross-splicing point
1

O \:, Pump stripper
’1 PR e o —f

i T
Pump LD HR FBG PLMA-YDF-15/130 OC FBG Output port

Fast axis Slow axis
Slow axis$ Fast axis $

23 ST AR L AR = D) R AR R SO O AR )

Fig.23 Structure of linear polarized high power narrow linewidth fiber

laser based on polarization maintaining gratings>*!
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Fig.24 Structure of linear polarized high power narrow linewidth fiber

laser based on bending loss™”!
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Tab.2 Typical progress of high power narrow linewidth fiber lasers

Year Institution (Re] Gain fiber PRE/dB Wavelength/nm Power/W Linewidth/nm
2012 SIOM, China®"! 42mYb' PM 15 1120 101 0.21
2013 Uni. of Central Florida, USAP! 2m Tm* PM 18.8 1958.3 4 <0.08
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Continued Tab.2
Year Institution ! Gain fiber PRE/dB  Wavelength/nm  Power/W  Linewidth/nm
2013 Yunnan Uni., China" 5mYb' PM 22-24 1064.30 30.2 0.11
2014 Ryerson Uni., Canadal"*! 1.5m Yb* Non 1088 38.5 0.05
2015 NUDT, China*” 3.7mYb* Non 1018 107.5 0.26
2015 HFB Photonics, China'*®! 6mYb* Non 1070 6 <0.1
2016  China Acad. of Eng. Phy.(CAEP), China™""! 11 mYb*" Non 1080 240 0.39
2016 NUDT, China®”! 6.5mYb" PM 18 1152 13 0.14
2016 NUDT, China®®”! 3.1 mYb*' PM 23 1064 32.7 <0.052
2017 NUDT, China®* 1.3 m Yb** PM >15 1064 45 <0.044
2017 Tsinghua Uni., China®"”! Yb* Non 1080.2 292 0.78
2018 Tsinghua Uni., China®** 4mYb* PM 21.6 1063.26 44.1 0.1
2019 Tsinghua Uni., China®'”! 10 m Yb** Non 1070 80 0.0366
2019  Uni. of Science and Tech. of China, China'" 4mYb* Non 1064 80 0.1
2019 CAEP, China*'! 1.5 m+3 m Yb*" Non 1067 7.3 0.027
2020 CAEP, China"”! 1.5 m+1.5 m Yb* PM - 1064 10.68 0.0307
2021 Tsinghua Uni., China®'? 5mYb” Non 1070 145 0.078
2021 NUDT, China 45mYb* PM 13.7 1050 190.2 0.1598
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