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Fig. 1. Absorption spectrum of the small-core region of the
long tapered fiber.
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Fig. 2. Experimental setup of single frequency fiber amplifi-

er based on tapered double clad fiber.
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Fig. 3. The detected scattering light signals under different output power levels: (a) Time domain when output power reaches

400 W; (b) frequency domain when output power reaches 400 W; (c) time domain when output power reaches 418 W; (d) fre-

quency domain when output power reaches 418 W; (e) time domain when output power reaches 434 W; (f) frequency domain when

output power reaches 434 W.
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Fig. 4. Output power and backward power versus pump power.
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Fig. 5. Spectra of the seed light and the output laser with different power lever: (a) Seed light; (b) output power of 109 W; (c) out-

put power of 255 W; (d) output power of 400 W.

204204-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 20 (2021)

204204

2.0

1.8}

1.6

1.4}

1.2}

1.0 . . . .
0 100 200 300 400
Output power/W

Bl 6 Otsm R T R YRR AR

Fig. 6. Beam quality factor versus output power.

SRR R WL F SBS R, M F i —
AR T 2R T TMI N, I A 5 221
BT AT HE . AREESCHR [11] B9 HT, sk
HEIE LA 2T 0 EARK A RER = TMI B, A< 3C
A BF HEJE DG 2F 19 £F 85 ELAR M 30.3 pum 72 4L 3]
49.3 pm, J5 8 n] DL R R HEIE AT /N (9 £F 85
HARW/NE 25 57 20 pm. [, SCR T RAEIE LA
Rt TAREAT A RS HN, i p AR R T
TMI B9 BIE, A 15 A VT Bo g sl e 21 H5 g
LEX B BB AL AR 1, N —E R 1
iy TMI BfEL. 535, 9256 bk K B s K HEE Ot
£ R4 2 T B O BOE S R R FIDE AR
iR AL, JERTREIEREOEET /Y NA B, HIRR AR
JCEF BRI, LA RIS ™ E. AN, H
HSE R G N AR R GE, J5 SR Fa P i S 56 2
g, SR PR O . TR R Al LR R
i R SIS R AR B, S A D iR ) B0 2
ME S TR AT LT B 45 . 285 LA B,
TG ET 25 T2, BERIZF O HAREUN
I A K] A AR DRl A0 B i 1 HETE AR AU 20
P LA DCRE R BEEOGER, Bk St gt , LI
T OGRS B s AR A SO G

4 % i

KAHETE G T 2 SE AT G 2T O 7 = D) 2R A
TR GH T A A RGR AR . AR SCEET AR — Bt
KR 2.2 m MK EIEBEEECLT, 58 T3
Wi MOPA R%¢, fEE M HRL R 502 W B, 3Rk
BTN 400 W, M2 HF 1.29 (ML 32 dB IR
SISO . O R G RPRECE R 81.7%,

Fefn R DRk 418 W H H B TMI %00 . 33X 52 H i
FE [ 77 1 25 LT SE B S5 s TR R AR 25 B
IIRER S0 SEA e 1 MR e 1 W ) 44 4 QL G i
Y 25 F AT BRI T [ PG AT S P i T R A B
ARG

ST H 58 ISR | B | RR L T AT
S A A SRR B

S 3k

[1] Fu S J, Shi W, Feng Y, Zhang L, Yang Z M, Xu S H, Zhu X
S, Norwood R A, Peyghambarian N 2017 J. Opt. Soc. Am. B:
Opt. Phys. 34 A49

[2] Yang C S, Cen X, Xu S H, Yang Z M 2021 Acta Opt. Sin. 41
0114002 (in Chinese) [ 8%, A0, #REH, TR 2021 Yo
241 41 0114002)

[3] Lai W C, Ma P F, Xiao H, Liu W, Li C, Jiang M, Xu J M,
SuR T, Leng J Y, Ma Y X, Zhou P 2020 High Power Las.
Part. Beam. 32 121001 (in Chinese) PE3CE, Tl &, 152, X
i, 2R, 8 VR, SEORTE, YR, DAl A JEAN 2020 5
WOt SR 32 121001

[4] Chang H X, Chang Q, Xi J C, Hou T Y, Su R T, Ma P F,
Wu J, Li C, Jiang M, Ma Y X, Zhou P 2020 Photonics Res. 8
1943

[5] Dong J Y, Zeng X, Cui S Z, Zhou J Q, Feng Y 2019 Opt.
Express 27 35362

[6] Trikshev A I, Kurkov A S, Tsvetkov V B, Filatova S A,
Kertulla J, Filippov V, Chamorovskiy Y K, Okhotnikov O G
2013 Laser Phys. Lett. 10 1

[7) Zhang L, Cui S Z, Liu C, Zhou J, Feng Y 2013 Opt. Express
21 5456

[8] Ma P F, Zhou P, Ma Y X, Su R T, Xu X J, Liu Z J 2013
Appl. Opt. 52 4854

[9] Robin C, Dajani I, Pulford B 2014 Opt. Lett. 39 666

[10] Huang L, Wu H S, Li R X, Li L, Ma P F, Wang X L, Leng J
Y, Zhou P 2016 Opt. Lett. 42 1

[11] Huang L, Lai W C, Ma P F, Wang J, Su R T, Ma Y X, Li C,
Zhi D, Zhou P 2020 Opt. Lett. 45 4001

[12] Lai W C, Ma P F, Liu W, Huang L, Li C, Ma Y X, Zhou P
2020 Opt. Express 28 20908

[13] Wellmann F, Steinke M, Meylahn F, Bode N, Willke B,
Overmeyer L, Neumann J, Kracht D 2019 Opt. Express 27
28523

[14] Dixneuf C, Guiraud G, Bardin Y V, Rosa Q, Santarelli G
2020 Opt. Ezxpress 28 10960

[15] Kobyakov A, Sauer M, Chowdhury D 2009 Adv. Opt.
Photonics 2 1

[16] Jauregui C, Limpert J, Tiinnermann A 2013 Nat. Photonics 7
861

[17] Tao R M, Wang X L, Zhou P 2018 [EEE J. Sel. Top.
Quantum. Electron. 24 1

[18] Tao R M, Ma P F, Wang X L, Zhou P, Liu Z J 2015
Photonics Res. 3 86

[19] Filippov V, Chamorovskii Y, Kerttula J, Golant K, Pessa M,
Okhotnikov O 2008 Opt. Express 16 1929

[20] Trikshev A, Kurkov A, Tsvetkov V, Filatova S, Kertulla J,
Filippov V, Chamorovskiy Y K, Okhotnikov O 2013 Laser

204204-5


http://doi.org/10.1364/JOSAB.34.000A49
http://doi.org/10.1364/JOSAB.34.000A49
http://doi.org/10.1364/JOSAB.34.000A49
http://doi.org/10.1364/JOSAB.34.000A49
http://doi.org/10.1364/JOSAB.34.000A49
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.1364/PRJ.409788
http://doi.org/10.1364/PRJ.409788
http://doi.org/10.1364/PRJ.409788
http://doi.org/10.1364/PRJ.409788
http://doi.org/10.1364/OE.27.035362
http://doi.org/10.1364/OE.27.035362
http://doi.org/10.1364/OE.27.035362
http://doi.org/10.1364/OE.27.035362
http://doi.org/10.1364/OE.27.035362
http://doi.org/10.1364/OE.21.005456
http://doi.org/10.1364/OE.21.005456
http://doi.org/10.1364/OE.21.005456
http://doi.org/10.1364/OE.21.005456
http://doi.org/10.1364/AO.52.004854
http://doi.org/10.1364/AO.52.004854
http://doi.org/10.1364/AO.52.004854
http://doi.org/10.1364/AO.52.004854
http://doi.org/10.1364/OL.39.000666
http://doi.org/10.1364/OL.39.000666
http://doi.org/10.1364/OL.39.000666
http://doi.org/10.1364/OL.39.000666
http://doi.org/10.1364/OL.39.000666
http://doi.org/10.1364/OL.393051
http://doi.org/10.1364/OL.393051
http://doi.org/10.1364/OL.393051
http://doi.org/10.1364/OL.393051
http://doi.org/10.1364/OL.393051
http://doi.org/10.1364/OE.395619
http://doi.org/10.1364/OE.395619
http://doi.org/10.1364/OE.395619
http://doi.org/10.1364/OE.395619
http://doi.org/10.1364/OE.395619
http://doi.org/10.1364/OE.27.028523
http://doi.org/10.1364/OE.27.028523
http://doi.org/10.1364/OE.27.028523
http://doi.org/10.1364/OE.27.028523
http://doi.org/10.1364/OE.385095
http://doi.org/10.1364/OE.385095
http://doi.org/10.1364/OE.385095
http://doi.org/10.1364/OE.385095
http://doi.org/10.1364/OE.385095
http://doi.org/10.1038/nphoton.2013.273
http://doi.org/10.1038/nphoton.2013.273
http://doi.org/10.1038/nphoton.2013.273
http://doi.org/10.1038/nphoton.2013.273
http://doi.org/10.1364/PRJ.3.000086
http://doi.org/10.1364/PRJ.3.000086
http://doi.org/10.1364/PRJ.3.000086
http://doi.org/10.1364/PRJ.3.000086
http://doi.org/10.1364/OE.16.001929
http://doi.org/10.1364/OE.16.001929
http://doi.org/10.1364/OE.16.001929
http://doi.org/10.1364/OE.16.001929
http://doi.org/10.1364/OE.16.001929
http://doi.org/10.1088/1612-2011/10/6/065101
http://doi.org/10.1088/1612-2011/10/6/065101
http://doi.org/10.1364/JOSAB.34.000A49
http://doi.org/10.1364/JOSAB.34.000A49
http://doi.org/10.1364/JOSAB.34.000A49
http://doi.org/10.1364/JOSAB.34.000A49
http://doi.org/10.1364/JOSAB.34.000A49
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.3788/AOS202141.0114002
http://doi.org/10.1364/PRJ.409788
http://doi.org/10.1364/PRJ.409788
http://doi.org/10.1364/PRJ.409788
http://doi.org/10.1364/PRJ.409788
http://doi.org/10.1364/OE.27.035362
http://doi.org/10.1364/OE.27.035362
http://doi.org/10.1364/OE.27.035362
http://doi.org/10.1364/OE.27.035362
http://doi.org/10.1364/OE.27.035362
http://doi.org/10.1364/OE.21.005456
http://doi.org/10.1364/OE.21.005456
http://doi.org/10.1364/OE.21.005456
http://doi.org/10.1364/OE.21.005456
http://doi.org/10.1364/AO.52.004854
http://doi.org/10.1364/AO.52.004854
http://doi.org/10.1364/AO.52.004854
http://doi.org/10.1364/AO.52.004854
http://doi.org/10.1364/OL.39.000666
http://doi.org/10.1364/OL.39.000666
http://doi.org/10.1364/OL.39.000666
http://doi.org/10.1364/OL.39.000666
http://doi.org/10.1364/OL.39.000666
http://doi.org/10.1364/OL.393051
http://doi.org/10.1364/OL.393051
http://doi.org/10.1364/OL.393051
http://doi.org/10.1364/OL.393051
http://doi.org/10.1364/OL.393051
http://doi.org/10.1364/OE.395619
http://doi.org/10.1364/OE.395619
http://doi.org/10.1364/OE.395619
http://doi.org/10.1364/OE.395619
http://doi.org/10.1364/OE.395619
http://doi.org/10.1364/OE.27.028523
http://doi.org/10.1364/OE.27.028523
http://doi.org/10.1364/OE.27.028523
http://doi.org/10.1364/OE.27.028523
http://doi.org/10.1364/OE.385095
http://doi.org/10.1364/OE.385095
http://doi.org/10.1364/OE.385095
http://doi.org/10.1364/OE.385095
http://doi.org/10.1364/OE.385095
http://doi.org/10.1038/nphoton.2013.273
http://doi.org/10.1038/nphoton.2013.273
http://doi.org/10.1038/nphoton.2013.273
http://doi.org/10.1038/nphoton.2013.273
http://doi.org/10.1364/PRJ.3.000086
http://doi.org/10.1364/PRJ.3.000086
http://doi.org/10.1364/PRJ.3.000086
http://doi.org/10.1364/PRJ.3.000086
http://doi.org/10.1364/OE.16.001929
http://doi.org/10.1364/OE.16.001929
http://doi.org/10.1364/OE.16.001929
http://doi.org/10.1364/OE.16.001929
http://doi.org/10.1364/OE.16.001929
http://doi.org/10.1088/1612-2011/10/6/065101
http://doi.org/10.1088/1612-2011/10/6/065101
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 2 3R Acta Phys. Sin. Vol. 70, No. 20 (2021)

204204

[21]

22]

(23]

24]

(25]

[26]

[27]

Phys. Lett. 10 065101

Roy V, Pare C, Labranche B, Laperle P, Desbiens L, Boivin
M, Taillon Y 2017 Fiber Lasers XIV: Technology and Systems
San Francisco, CA, January 30-February 2, 2017, p1008314
Xiao H, Dong X L, Zhou P, Xu X J, Chen J B 2011 High
Power Las. Part. Beam. 23 1437 (in Chinese) [H &, #/MK,
JEAR, VRIREZE, BRATE 2011 SRIEOE SRR 23 1437

Wang X J, Xiao Q R, Yan P, Chen X, Li D, Du C, Mo Q, Yi
Y Q, Pan R, Gong M L 2015 Acta Phys. Sin. 64 164204 (in
Chinese) [EEHWr, &AW, FEF, RS, 25, MR, 280, KKk
T, W25, JLEEE 2015 WyHHEAR 64 164204]

Wang Z H, Xiao Q R, Wang X J, Yi Y Q, Pang L, Pan R,
Huang Y S, Tian J D, Li D, Yan P, Gong M L 2018 Acta
Phys. Sin. 67 024205 (in Chinese) [EZEE, MM, FEHF, K
AKH, ES, A%, BETE, BAET, 250, EOF, SO 2018 1)
F2A 67 024205)

Lin H H, Tang X, Li C Y, Guo C, Liu Y, Zhao P F, Wang B
P, Wang J J, Jing F 2018 Chin. J. Las. 45 0315001 (in
Chinese) [bkZ2 40, FEME, ZEpleR, 2040, XIES, RS &, TUEms,
TR, 50 2018 HEHOE 45 0315001]

Chen X L, Lou F G, He Y, Wang M, Xu Z W, Guo X C, Ye
R, Zhang L, Yu C L, Hu L L, He B, Zhou J 2019 Acta Optic.
Sin. 39 0336001 (in Chinese) [BETE, #EKOE, (5, T&, #&
T, SRR, M, KA, TRE, S, 1%, A% 2019 Ot
2254 39 0336001]

LiXW,YuCL, Hu L L, Shen H, Quan Z, Li Q R, Lou F G,
Wang M, Zhang L, Qi Y F, He B, Zhou J 2019 Acta Optic.
Sin. 39 0636001 (in Chinese) [25%¢3C, TH &, BN, MM,
AW, Rk, RO, £, K&, BER s, 2 2019 Ot

(28]

29]

(30]

(31]

(32]

33]

(34]

204204-6

2244 39 0636001

Liu Y Z, Xing Y B, Liao L, Wang Y B, Peng J G, Li H Q,
Dai N L, Li J Y 2020 Acta Phys. Sin. 69 184209 (in Chinese)
XUp 5, B, B, £, 2R, 2, Waes), 45
HE 2020 P34l 69 184209

Zhang Z L, Zhang F F, Lin X F, Wang S J, Cao C, Xing Y
B, Liao L, Li J Y 2020 Acta Phys. Sin. 69 234205 (in
Chinese) [fK&fE, 3I5057, PRI, | EHEA, W5, TRBUE, B
&, ZEPEIE 2020 PIFR2EAR 69 234205

She S F, Liu B, Chang C, Xu Y T, Xiao X S, Cui X X, Li Z,
Zheng J K, Gao S, Zhang Y, Li Y Z, Zhou Z Y, Mei L, Hou
C Q, Guo H T 2020 J. Lightwave Technol. 38 6924

An 'Y, Yang H, Xiao H, Chen X, Huang L. J, Pan Z Y, Wang
XL, Xi XM, Ma P F, Wang Z F, Zhou P, Xu X J, Jiang Z
F, Chen J B 2021 Chin. J. Las. 48 0115002 (in Chinese) [%
B, MR, H IR, BRGR, B8R, VAR, TV, 2N, SIS,
LR, FAN, FIRE, LA, RaE 2021 hEHEOE 48
0115002]

Lin A X, Zhan H, Peng K, Wang X L, NiL, Wang Y Y, Li Y
W, Liu S, Sun S H, Jiang J L, Tang X, Liu Y, Jiang L, Yu J,
Wang J J, Jing F 2018 High Power Las. Part. Beam. 30
060101 (in Chinese) [BRECHE, B, R, /N, i), L£Hi
e, ZERK, XL, IMEEE, ZEEET, ik, XI5, 27, A, T
A, SR 2018 SREOEERITIR 30 060101

Zhang F P, Lou Q H, Zhou J, Zhao H M, Dong J X, Wei Y
R, He B, Li J Y, Chen W B, Zhu J Q, Wang Z J 2007 Chin.
Opt. Lett. 5 060322

Dong X L, Xiao H, Xu S H, Pan Z Y, Ma Y X, Wang X L,
Zhou P, Yang Z M 2011 Chin. Opt. Lett. 9 111404


http://doi.org/10.1088/1612-2011/10/6/065101
http://doi.org/10.1088/1612-2011/10/6/065101
http://doi.org/10.1088/1612-2011/10/6/065101
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.1109/JLT.2020.3019740
http://doi.org/10.1109/JLT.2020.3019740
http://doi.org/10.1109/JLT.2020.3019740
http://doi.org/10.1109/JLT.2020.3019740
http://doi.org/10.1109/JLT.2020.3019740
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.3788/COL201109.111404
http://doi.org/10.3788/COL201109.111404
http://doi.org/10.3788/COL201109.111404
http://doi.org/10.3788/COL201109.111404
http://doi.org/10.3788/COL201109.111404
http://doi.org/10.1088/1612-2011/10/6/065101
http://doi.org/10.1088/1612-2011/10/6/065101
http://doi.org/10.1088/1612-2011/10/6/065101
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.1109/JLT.2020.3019740
http://doi.org/10.1109/JLT.2020.3019740
http://doi.org/10.1109/JLT.2020.3019740
http://doi.org/10.1109/JLT.2020.3019740
http://doi.org/10.1109/JLT.2020.3019740
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.3788/COL201109.111404
http://doi.org/10.3788/COL201109.111404
http://doi.org/10.3788/COL201109.111404
http://doi.org/10.3788/COL201109.111404
http://doi.org/10.3788/COL201109.111404
http://doi.org/10.1088/1612-2011/10/6/065101
http://doi.org/10.1088/1612-2011/10/6/065101
http://doi.org/10.1088/1612-2011/10/6/065101
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.3788/HPLPB20112306.1437
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.64.164204
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.7498/aps.67.20171676
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/CJL201845.0315001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0336001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.3788/AOS201939.0636001
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200466
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.7498/aps.69.20200620
http://doi.org/10.1109/JLT.2020.3019740
http://doi.org/10.1109/JLT.2020.3019740
http://doi.org/10.1109/JLT.2020.3019740
http://doi.org/10.1109/JLT.2020.3019740
http://doi.org/10.1109/JLT.2020.3019740
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.3788/CJL202148.0115002
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.11884/HPLPB201830.180110
http://doi.org/10.3788/COL201109.111404
http://doi.org/10.3788/COL201109.111404
http://doi.org/10.3788/COL201109.111404
http://doi.org/10.3788/COL201109.111404
http://doi.org/10.3788/COL201109.111404
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 70, No. 20 (2021) 204204

400-W single-mode single-frequency laser output from
homemade tapered fiber”
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Abstract

In recent years, the high-power single-frequency fiber lasers have developed rapidly, and they have been
used in nonlinear frequency conversion and gravitational wave detection. The main factors limiting the output
power of single-frequency fiber lasers are the nonlinear effect and transverse mode instability (TMI) effect. In
general, large-core fibers can mitigate nonlinear effects while small-core fibers help to suppress the TMI effect.
Owing to the core diameter varying in the longitudinal direction, tapered double clad fiber (T-DCF) is a
promising solution to simultaneously suppress the nonlinearity and TMI effects. In the present study, we have
fabricated a piece of 2.2-m-long Ytterbium-doped T-DCF. The core diameter and the cladding diameter of this
fiber vary gradually from 30.3 pm to 49.3 pm and from 245 pm to 404 um, respectively. Using this homemade
fiber, we constructe an all-fiberized single-frequency master oscillator power amplifier system, which is pumped
by laser diodes with a central wavelength of 976 nm. The seed of the system has a central wavelength of 1064
nm, and output power of 30 mW. The T-DCF is coiled on a piece of cooling plate, whose output end is cleaved
at a 8° angle. The laser is output to free space and collimated by a free-space collimator. After the collimator,
dichroic mirror is utilized to strip out the residual pump power for measuring power, spectrum, time-domain
signal and beam quality. The output power increases linearly with the pumping power increasing. When the
pumping power is 502 W, the output power reaches 400 W. And there is no stimulated Brillouin scattering
(SBS) nor TMI under the power level. The corresponding slope efficiency is 81.7% while the M? is measured to
be 1.29, exhibiting the single-mode output characteristic of the system. When the output power is further
increased to 418 W, the TMI effect is observed, which limits further the power scaling of the single-mode
output. To the best of our knowledge, this is the highest output power of single-frequency fiber laser based on
home-made gain fibers. The results indicate that T-DCFs can simultaneously suppress the nonlinearity and
TMI, thus providing a useful reference for further power scaling of single-frequency fiber lasers. Higher output

power is expected by optimizing the parameters of T-DCF and the structure of system.

Keywords: single-frequency, high power fiber lasers, long tapered fiber, transverse mode instability
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