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Recent progress of high power narrow linewidth fiber laser

Chu Qivhui,  Guo Chao,  Yan Donglin, ShuQiang, ShiYi, WenlJing, LinHonghuan, Wang Jianjun
(Research Center of Laser Fusion, CAEP, Mianyang 621900, China)

Abstract: In recent years, fiber laser has been developing rapidly, and gradually applied in many fields. Further
improvement of output power is still the research hotspot of fiber laser. Beam combining is an important method to
scale output power of fiber laser. Beam combining requires that the sub beam is a narrow linewidth fiber laser, so the
research of narrow linewidth fiber laser is of great significance for power improvement. In this paper, the development
and research status of narrow linewidth high power fiber lasers are introduced in detail, and based on the current
research status, the future development trend is prospected.
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Fig. 1 Experiment setup of 450 MHz linewidth kW level fiber laser by Fibertek Inc.
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Fig. 3 Experimental setup of narrow linewidth fiber amplifier based on metal clad fiber by MIT
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Fig. 4 Experimental setup of 560 W polarization maintaining fiber laser with 5 GHz linewidth in National University of Science and Technology
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Fig. 6 Experimental setup of narrow linewidth fiber laser based on PRBS phase modulation in US Air Force Laboratory
P 6 I 28 4550 8 % L T PRBS A 381 i 19 7% £ SO 2T IO 4% S8 56 25 2 1]

AT AT A0 PR A £, DR A — PP T R B2 IRT SBS P

2016 4, 3% B 22 A2 9090 % (9 Nader A. Naderi 25 31— 20 2R FHSUBEA -0 ACRIURE (52 381 il 9 05 sUSE B 17 1 kW
Jefiih, K580 2.3 GHz, LR EANIE 7 B o RAITEH 1038 nm MIZAEHT 1064 nm (9 Fh 5 I ] f A, F2R0CR Gk
J1125/400 38 23 JC LT HEATHOR o Bl IR T PRBS A5 5 AT AL 6 1, 368 oo 00D KOG A O 38 £ 5 4 R0 AAH 829
] 5 ' 1 R [ ) SBS SEOE . AE S5 i Ak G A A Ao R Ao ) D AR LU AR 8 ) 2 88, 128 AE 1064 nm
P BB T 1 RW BOGHT T, RO R B R N M AT L~ 1.2 Z ] DR SE T 2.3 GHZP,

diode

mode field adapter tapered fiber bundle

diode

line broadening

stagel stage2 Stage3

[ ]
]
i
]
|
i
i
\

]

IJ
# : . - \1038 nm power meter
) .

dichroic y low

/ N\ FWD't yPower
i E a
1064 nmseed Wy ' P 0
\ LY . \
BN RF tagging . .
———————————— At A L1 VDL .o ‘_).brlghtfnnge
power meter

EOM variable delay line 50/50 splitter"'-\_

r

i ]

! line broadening_stagel stage2 | Py
L @oH = ’ ; .
i : :

] EOM H |

i e el e et ’ LOCSET |

power meter
dark fringe

Fig. 7 Experimental setup of SBS suppression by combining dual wavelength gain competition and phase modulation in US Air Force Laboratory.
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Pl 8 3 [ S 2T AT P 818 W i 2 <7 GHz £ SE OB AT HOG A S 3 3 ]

PRBS generator

filter
3 stages

RF preamplifier
laser seed amplifier —_=
isolator = !
m & - .
electro-optic .
modulator . s
power meter E : circulator
optical spectrum
pigtail fiber analyzer
with 8°
o mode
.JJ field
e+nx1 S o

cladding stripper combiner

7 m 20/400 YDF
B B .
Fig. 9 Experimental setup of 1.27 kW fiber laser with 2.2 GHz linewidth in Shanghai Institute of Optics and Mechanics
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Table 1 Representative research results of fiber laser with linewidth less than 10 GHz (PM refers to polarization maintained)

time organization power/kW  linewidth/GHz M limited factors polarization reference
2014 Air Force Research Laboratory 1.17 3 1.2 SBS Non PM [26]
2015 National University of Defense Technology 0.56 5 1.3 MI PM [23]
2016 Air Force Research Laboratory 1 2.3 <12 SBS Non PM 27
2019  Korea Advanced Optical Research Center 0.818 <7 near single mode SBS PM [28]
2020 Shanghai Institute of Optics and Mechanics 1.27 2.2 <12 SBS Non PM [29]

(2) £k 5% <100 GHz 641 ot o%
X T4 S 10~100 GHz 3 Bl G LR 06 A8, B A AR Ir R30I T /D YBDC 21 IR 35 4% T 2R iR 45 F4 FTAH
A7 VA ) BRI O 2% D R AR P AR T o PR T R0 R XONAE TR B R R OR R, FEAR S5 F934  MOPA
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Fig. 10 Experimental setup of 2.9 kW fiber laser with 0.31 nm Fig. 11 Experimental setup of 2.19 kW fiber laser with 86.5 pm
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Fig. 12 Experimental setup of 2.09 kW fiber laser with 0.24 nm linewidth in South Korea
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Fig. 13 3 kW level narrow linewidth polarization maintaining fiber laser system of China Academy of Engineering Physics
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Fig. 17 Experimental setup of 2.43 kW polarization maintaining Fig. 18 Experimental setup of 2.7 kW fiber laser with
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£ 0 R L T OL SE 58 R e IR il th D% 50 GHz £ ST WO S 40 R 58
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TELE 58 R 32 GHz B, SEIL T 2.62 kW Ze ot Hi it , Ye R it o MP<1.3, iR I 6 LR 96.3%, T3y if — L4 Tt
Z BT MI »ir“[“l

| pre-amp
| e =
| {/ A o L Lo
| | -: ] EEQ P2 o
o\ e T w0 R
| 9mYDF 20/400 \ N\ | MFA .1'3 . ! (25GHz| | PM pre-amplifier port2
| EE@ ‘ RFA i
L " - —_——- i _:_ ) . 73

foward A backward A Camp | PM SF pfla_SE? modulation PMISO / PM TAP

: : seed PM YDF portl
| ‘
... l. < LDs
e . MPC , MpC FTOPCRS

10 m YDF 25/400 endcap : = — - .

'E E g E E E endcap & PM CPS PM TFB PM MFA

¥ llimat <
foward B backward B cotiimator < 4 LDs
Fig. 19 Experimental setup of 3.5 kW fiber laser with 0.18 nm Fig. 20 Experimental setup of 1.5 kW fiber laser with 13 GHz
linewidth in China Academy of Engineering Physics linewidth in China Academy of Engineering Physics
19 rhE TR BT BE 3.5 kW it 20 0.18 nm 20 ohE TR BT EE 1.5 kW D
2 55 6 £ O B8 5 1 4 o ] 13 GHz £ 58 62T WOL 92 50 4 1 5]

F 245 T 10~100 GHz &k SiOGLF HOGA I FEM R . B4R E, ZFETE 100 GHz LN B GEF OB A H
A e P 3 3.5 kWL EUR HOG R BT i A 2%, S 2RO o i D AR B — D R T R EEZ IR T SBS AU
T MI BN
F2 10~100 GHz & E XA HAFHRREARER G PM RRREREEF)

Table 2 Representative research results of fiber laser with 10~100 GHz linewidth (PM refers to polarization maintained)

time organization power/kW  linewidth/GHz M limited factors polarization reference
2016 China Academy of Engineering Physics 2.9 82 multi-mode Ml Non PM [30]
2017 Shanghai Institute of Optics and Mechanics 2.7 50 <12 pump power Non PM [40]
2018 China Academy of Engineering Physics 35 48 1.89 Ml Non PM [41]
2017 National University of Defense Technology 243 68 near single mode  pump power PM [38]
2019 Tsinghua University 2.19 23 1.46 pump power Non PM [31]
2019 China Academy of Engineering Physics 1.5 13 1.24 SBS PM [42]
2019 China Academy of Engineering Physics 2.62 32 <13 MI PM [43]

13 ERRELENRFHAgR

XEFOLTE A B AR, HEIN & RO T A B 2 4R A R R B R AR 2 —, OB O & B LI E
A7 Bl 3 IOETE G R O T AREGE, SIS R, J AT A6 R F Y 1050~ 1072 nm, #E—
A AR AR ST O LA BB IE R 2 1030 nm P BeXG & AR HA RS S P, AR 2 058 HLR X e

121004-9



weOoW s 5 Ol TR

K (BN T 1040 nm) 42 2R SOGLF OB UEAT TAFGE . A8 SCFZEXT 1030 nm YGLF OB AT ST, K638 Ak
WO T A K SE YR £ 1030 nm.

AN TR A G LT SO 0 B 1 R P 32 A2 38 25 D6 £ MRS R ke S % A s e, X T A DK OB AR OGS, AL T
O HAE 581 B (1060~ 1080 nm) , 3 £5 S £ (4 W ISR TET 35, 7™ A 19 6 0 K SO AR 25 5 7 18 25 G 2F vh g i g
W7 A B K O S, B 2R ASE, il HC R D R Az R

2011 4F, HE 52K 2% O. Schmidt 45 >R F 78 £ 56 ASE WG AE N0 FIa AT UK, 7R/ an 18 21 fim . R
ARG b T2 TE 4R R 7E 12 pm, BT 2R 400 mW, 0K 1030 nm. Rl 7R 25 PRGOS — SR
FH 40/200 F)6F AR IBOGER, 55 90 42/500 H G iR GER, B2k i T3 697 W, JGH T Oy MP=1.341),

FBG1
(A2=1.1 nm)

FBG2
(A4=12 nm)

P
[
SM-LD1I |« S50V
\

X
|

Yb2 (2 m)

Fig. 21 Experimental structure of narrow linewidth ASE source in Jena University
& 21 HBERZAEL 5 ASE U5 50 50 45 44 &

2016 4F, € [ 245 4252 1K %8 i) Nader A. Naderi 25 i il PRBS 15 5 il 1030 nm A9 BT OE 85 0 Fl 7R, Bl 18
LR 58N 3.5 GHz, Z J5 LIRS AT UK, SEI0 28 BN 22 Bk o % R G064 1030 nm i B A 065 2h R 47t
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Fig. 22 Experimental setup of 1030 nm narrow linewidth fiber laser in US Air Force Laboratory
P22 32750 A 1030 nm A8 £k SO6EF OG5 10 5 T

2014 4%, 2 Nufern 22 F B Ye Huang 467 1028~ 1100 nm A3 K TE N, SEBL T kw G 0GH B9S2
FEXT 1028 nm A1 1100 nm FJOGERHEAT T 05T, IS5 5 5 1064 nm A EOGEE XS L, K IUAH L T1% 50 B 27
JEAE, HE IR R I ROB LT BOG AR ASE RN #B 4 I W0 . AR ALt Xt ASE SN A I, 7E 1028 nm I B E
T 1215 W BLBEEOE I SRR 75%.

2016 4, 35 [ IPG /A Al ) Roman Yagodkin 55 X 545 4 i 2E 47 AH AL I8 i VE o B 78, SR G153 58] > 1.5 kW
WOLH L, BOEH LIS R 1030~ 1070 nm, YEiE2E 58 <15 GHZ™, AR K T A9 63 B 23 iR, A
JETE B ] LR, AT 1064 nm B I 0O, HE IR0 OGS I ASE ] LEARZY 15 dB. 2017 4E, SEE IPG 24
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