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I BPP AR S 8 L, NA I EE LR, R
2012 4F, 32 EH Alfalight A "B T f H £ K

1 kW B2k G ar. WS, LR G & L&
A G W TERGE PIAE LTIk 17 i 10 i 1 2o
BB 7R T, 2019 4F, #EE Laserline 20
FIRGE TH R R 17,5 kW Y 28 i) 25 40 2 15k
214 w2020 4F, H AR 2 Al HRGE T a2 R
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Table 1 Typical research results of high power all-fiber laser oscillators

Power

Year Institution Type @ or A NA JkW Beam quality Reference
2012 Alfalight, USA All fiber ¢=20 pm 0. 065 1.0 M*~1.2 Ref. [10]
2014 Coherent. USA Spatial A =800 pm®  0.048 3.0 M*<1.15 Ref. [11]
2014 NUDT, China All fiber =20 pm 0. 065 1.5 M*<1.2 Ref. [12]
2015 TJU, China All fiber =20 pm 0. 065 1.6 M*<1.1 Ref. [13]
2015 Fuyjikura, Japan All fiber A =400 pm® 0.07 2.0 M*=1.2 Ref. [14]
2016 NUDT, China All fiber ¢=20 pm 0. 065 2.5 M*=~1.2 Ref. [15]
2018 TJU, China All fiber ©=20 pm 0.065 2.0 M*~1.5 Ref. [16]
2017 NUDT, China All fiber @=20 pm 0.065 3 M*=~1.3 Ref. [17-18]
2017 SUS Tech, China All fiber =20 pm 0. 065 2 M*<1.2 Ref. [19]
2017 Fujikura, Japan All fiber A =400 pm*  0.07 3 M*~1.3 Ref. [20]
2017 NUDT, China All fiber @=25 pm — 4 M*=~2.2 Ref. [21]
2018 NUDT, China All fiber (f}?\i];‘v‘; —  3.96 M?~2.0 Ref. [22]
2018 Fujikura, Japan All fiber A =600 pm’ — 5 M*=~1.3 Ref. [4]
2018 NUDT, China All fiber =25 pm 0. 065 5.2 M =~1.7 Ref. [3,23]
2019 Universitiat Jena, Germany  All fiber @=20 pm 0.06 4.8 M*~1.3 Ref. [8]
2019 NUDT, China All fiber A =600 pm’ — 6.06 M*~2.6 Ref. [24]
2019  Laserline GmbH, Germany Spatial ©=50-90 pm 0.11 17.5 BPP: 8 mm ¢ mrad Ref. [6]
poz0 raunhofer Institute for LT» g i 100 um 8.113 Ref. [25]
Germany
2020 Universitiat Jena, Germany  All fiber ¢=20 pm 0.07 5 M*=~1.3 Ref. [26]
2020 Fujikura, Japan All fiber A =600 pm’ — 8 BPP: 0.5 mm * mrad Ref. [7]
2.1.1 ZZ&MAEFRGBERAVLER Jeong %1 SR F XL 1) 52 3 1 25 [8] 06 [ 45 4 , 76 £F %

TESC LT HOLAS K i th T2t &
H e DGR M5 A5 1 AR T B 25 A 25 A ik
it P VBB 25 [ B2 4 5 AR R OB T e il 2
we o e 2 (B S5 M Ik v A o, 38 2o 3 45 0 A3 Dt i
PR AT B b A IR I L R 2 (8 B0 Al
SO A B . FAE 2004 4R, e [ K R A

HAAN 43 pm BUEFLAE N 0. 09 L, 365 T
1.01 kW B0tk . [FAR, A8 A 1 25 O 2F %
TFORE 270 B AR AN B0 FL A2 40 g A B 40 pm
0.06,3KM T 1.36 kW AT R (M* =1. O 14
JEH . 2009 A, B R A8 0 K A AF ST N BRI
FAUY 23 [ S50 7 2 LRI AR R 50 pm, NA
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Fig. 1 Experimental setup of the 17.5 kW laser oscillator with spatial configuration™
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Fig.2 Output power and beam quality of 17.5 kW laser oscillator with spatial configuration™ .
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output power; (b) beam quality measurement results
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Fig. 3 Experiment setup of the spatial configured laser oscillator based on gain fiber with fiber grating'”’
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Fig. 4 Experimental results of the spatial configured laser oscillator based on gain fiber with fiber grating"™” . (a) Spectra

in different power; (b) center wavelength in different power
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Fig. 5 Experimental setup of 6 kW all-fiber laser oscillator™"
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Fig. 6 Experimental results of 6 kW all-fiber laser oscillator

[24]

. (a) Power and efficiency curve; (b) output spectrum;

(¢) output beam profile
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Fig. 7 5 kW all-fiber laser oscillator based on fs laser written fiber grating
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Fig. 8 Experimental results of 5 kW all-fiber laser oscillator based on fs laser written fiber grating
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Fig. 9 Experimental setup of the 8 kW all-fiber laser oscillator”
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Experimental results of the 8 kW all-fiber laser oscillator” . (a) Spectrum in different power; (b) beam quality in 8 kW
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Table 2 Typical products of high power all-fiber laser oscillator in some company

Year Company Pump scheme ¢ /pm  Power /kW Beam quality Reference
2010 Corel.ase, Finland 976 nm LD pump 20 1 M*<1.6 Ref. [29]
2015  Maxphotonics, China - 1.5 M*<1.3 Ref. [28]
2015 CoreLlase, Finland 976 nm LD pump 20 2 M*<1.6 Ref. [29]
2018 GW laser, China 976 nm LD pump 20 3 M*<1.3 Ref. [36-37]
2018 DK laser, China — 3 M*<1.3 Ref. [33]
2018 FeiBo laser, China LD pump 3 Ring laser Ref. [32]
2019 Lumentum, USA 915 nm LD pump 4.2 BPP: 1.5 mm ¢ mrad Ref. [30]
2019 GW laser LD pump 4 Single mode Ref. [36]
2019 Reci laser, China LD pump 4 Single mode Ref. [35]
2019 FeiBo laser, China LD pump 4 Ring laser Ref. [31]
2.3 RARHESHIHABFRIRN b LD 52 57 5 1 15 92305 970 T 46 30

TEJCEAF WOG 3 Sk, 2 F MOPA 4514 1) % 2F
TR 45 T 5 BV IR 1 485 40 114 D' 2 41 35 i 4 P T
TR, 2 3G TR BRI 5 =L B
AR I B g SR SR BROG I 3 & B S AR R
L KW Z . ARF R, BLAE 2009 4, 56
IPG Al SE B0 T % il ) KT 10 kW Y A
KA. BLJE  FERMIR SR , R KA 81 T
KR N AME KA ML e R BT 5~
10 kW BOGLF R dr . Horp, BB R K22 iE AR
K b TARY 5T B b R 2 B LGk

F 10 kW ZhR4E B EE N 10 kW Lk
Kesh B T MR T E M EERHR
S P EE U S DI E NS E S RN O FY -
e E TR A S bR B LD 2 2 A 1 45t
LR 5 20 5 =R b R R AR ST B b G R
BRI 5T PR F B LD 2238 XUCEL 2 18 25 Y647 59 07
ZU HEMOLT R G . — R ER R R LD &
TS JZ B 25 G2 W 5 58 . 75 08 3 G S A2 vl
AW 4 G MR FE AR e LR PR T A L wT IR A
PR AL R S 55O A R S,
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Table 3 Research and industry status of high power all-fiber laser amplifiers
Year Institution Pump scheme Fiber type Power Beam quality Reference
2009 IPG photonics, USA Tandem pump DCF 10 M*=~1.3 Ref. [28]
2015 NUDT. China LD pump  30/400 um DCF 4.1 M:~2.1 Ref. [41]
2016 Universitit Jena, Germany LD pump 23/460 pm DCF 4.3 M*=1.27 Ref. [42]
2016 Xi'an IOPM, China LD pump  30/600 um DCF 4. 62 M?~1.67 Ref. [43]
2016 Huazhong UST, China LD pump 25/400 pm DCF 3.5 M*=~1.28 Ref. [44]
2016 NUDT, China Tandem pump DCF 10 B~1.886 Ref. [45]
2016  Tsinghua Unv. , China LD pump DCF 10 — Ref. [46]
2016 CEAP, China LD pump GT Wave 5 M*=~2.2 Ref. [47]
2017 TJU. China LD pump  30/600 um DCF  5.01 M?<1.8 Ref. [48]
2017 CEAP, China LD pump 30 pm DCF 6.03 M*<2.38 Ref. [49]
2018 CEAP, China LD pump 30/520 pm PIFL 10. 45 — Ref. [38]
2018 CEAP, China LD pump 30/900 pm DCF  10.6 B2 Ref. [39]
2019 SIOM, China LD pump  30/600 um DCF 10 - Ref. [40]
2019 Raycuslaser, China LD pump — 3 — Ref. [34,50]
2019 Scyglight, China LD pump — 3 Single mode Ref. [51]
2019 JPT laser, China LD pump — 4 Single mode Ref. [34]
2019 Maxphotonics, China LD pump — 5 BPP: 1.8~3.0 mm * mard Ref. [52]
2019  Raypower Laser, China 5 Single mode Ref. [53]
2019 DK laser, China — — 5 M?~1.8 Rel. [33,54]
2020 DK lasers China 6 M*<<2 Ref. [55]
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AT 1] S G RE T7 , 2E Mk iy FH 451 0 52 5 Bk
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Abstract

Significance

In recent years, with the continually improved power and beam quality of the high-power Ytterbium-

doped fiber laser oscillator, laser oscillators are being extensively used in industry, scientific research, and other

areas. Compared with the master oscillator power amplification (MOPA) fiber laser configuration, fiber laser

oscillators hold the advantages of compact volume, easy control logic, low cost, anti-reflection, and high stability.

With the development of fiber components and processing technology, the output power and beam quality of fiber

laser oscillators will improve, and may be used instead of the MOPA fiber laser in the future.
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Progress In scientific research, early in 2012, the Alfalight company reported all fiber laser oscillators with output
power of 1 kW. Since then, the output power of the laser oscillator continued to increase every year and increased a
lot in the last two years. In 2014, the Coherent company reported single-mode fiber laser with power of 3 kW in
spatial structure. Soon, Laserline Gmbh reported 17.5 kW multi-mode fiber laser in spatial structure in 2019 (Fig. 2).
Compared with the oscillators in spatial structure, all fiber laser oscillators got more attention by the researchers.
After 2016, many institutions studied single-mode laser oscillators in detail, and the output power increased from
2 kW in 2015 to 8 kW in 2020. In 2020, Fujikura reported the highest single-mode, all-fiber laser oscillator with
output power of 8 kW (Fig. 9). In our group, we are studying laser oscillator from 2010. In 2012—2020, we also
demonstrated all-fiber laser oscillators with output power from 1 kW to 6 kW (Fig. 6).

In 2010, the CoreLase company launched the fiber laser oscillator product with output power of 1 kW. After
5 years, the CoreLase company launched a 2 kW laser oscillator product. In 2015, Maxphotonics company in China
also launched a 1.5 kW laser oscillator product in cooperation with our group. Since 2017, a lot of laser companies
such as Lumentum, GW laser, Reci laser, Feibo Laser, and DK laser launched fiber laser oscillator products with
output power from 2 kW to 4 kW (Table 2).

As we know, IPG photonics demonstrated a 10 kW single mode fiber laser with MOPA configuration. After that
time, fiber laser with MOPA configuration was being developed. Many institutions demonstrated output power from
5 kW to 10 kW in recent years (Table 3). In China, some institutions including CEAP, Tsinghua University,
Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, and our group demonstrated MOPA
laser with power more than 10 kW (Table 3). However, in the industry, only after 2019, Raycus laser and
Maxphotonics launched MOPA laser products with power 3—6 kW (Table 3), and most of these were not single mode
products. On comparing the production of fiber laser in scientific research and in industry, we can see that the time
from scientific reported laser to the industry product in fiber laser with MOPA configuration needs almost three
years, which is longer than that of the fiber laser oscillator. The possible reason could be that the laser oscillator
holds the advantages of anti-reflection and high stability than the fiber laser with MOPA configuration, which gives
the fiber laser oscillator a more practical option in industry. So, we can see that laser oscillators are widely used than
the MOPA fiber lasers in industry. And also, in some experiment, researchers found that the fiber laser oscillator
held a higher mode instability threshold than that in fiber laser with the MOPA configuration (Fig. 11).

For the future, the develop tendency of Ytterbium-doped fiber laser includes scaling both power and efficiency
with good beam quality, generating special beam pattern in practice application, and extending the laser wavelength
to short and long wavelengths.

To scale the fiber laser performance, close attention needs to be paid to these key technologies: high efficiency
and loss pump & signal combiner are the essential preconditions for high power and good beam quality fiber laser;
high efficiency and relative low absorption laser diode as the pump source for the gain fiber is the key component for
increasing laser power and efficiency; new types of gain fiber such as spindly fiber are an effective method for
balancing the nonlinear effect and mode instability; specific fiber grating is an effective way for lasers with
controllable beam quality. Considering these technologies, a technical proposal for 10 kW high-power Ytterbium-
doped laser oscillator is provided. In this proposal, we have used most of the above-mentioned technologies.

Conclusions and Prospect With further expansion in the fiber laser, the requirements for the power and beam
quality of the fiber laser oscillator will increase. If using the conventional technology method for the near single-mode
fiber laser oscillator, technical bottleneck will be encountered during the power increasing. Our new technical
proposal combined the special high efficiency and loss pump & signal combiner, high efficiency and relative low
absorption laser diode, gain fiber with vibrational core diameter and end cap with tapered fiber, which can provide a
breakthrough regarding the power limitation of the conventional fiber laser, and help scale the power of single mode
fiber laser oscillator to more than 10 kW.
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