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50" anniversary of Raman fiber laser: History,
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Ma Xiaoya, Xu Jiangming, Xiao Hu, Leng Jinyong, Liu Wei

(College of Advanced Interdisciplinary Studies, National University of Defense Technology, Changsha 410073, China)

Abstract: The Raman fiber laser (RFL) has been developed for 50 years since the first laser generation in fiber
based on stimulated Raman scattering in 1972 by Roger H. Stolen. Firstly, the development history of RFL was
presented in stages. Through the introduction on classic milestone literatures standing for the significant
technological breakthroughs, the general picture of the development of Raman fiber laser technology could be
formed. Secondly, based on the recent status of RFL, the representative advanced achievements were selected,
together with the novel research hotspots on the random distributed feedback Raman fiber lasers, middle-infrared
Raman fiber lasers and ultra-fast fiber lasers. Finally, the future prospects of RFL were discussed, including the
laser beam combination, laser diode directly pumped RFL and new mechanism on interactions among fiber
nonlinear optics.
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Fig.1 Setup of the first fiber Raman laser'®
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Fig.2 Structure of cascaded RFLs(a) and typical multi-order Raman
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Tab.1 Research progress of Raman fiber oscillator in recent years

Years Research institute Power/W M’ infout  Efficiency BE  Wavelength/nm  References
2004 Wright Patterson Air Force Base 0.8 7/1.6 6% 1 1116 [80]
2006 University of Southampton 10.2 4.8/1.2 48% 9.6 1 660 [79]
2009 European Southern Observatory 153 — 85% — 1120 [77]
2010 OFS Laboratory 81 — 32% — 1 480 [86]
2010 European Southern Observatory 100 2/>1.6 62.5% 0.9 1120 [87]
2013 Siberian Branch of the Russian Academy of Sciences 3 — 35% — 980 [88]
2013 National University of Defense Technology 119 — 82% — 1173 [89]
2014  Shanghai Institute of Optics and Fine Mechanics, CAS 12.3 3.2/1.46 82.7% 2.2 1658 [90]
2015 University of Southampton 6 22/1.9 9% 9.6 1120 [91]
2015 University of Southampton 19 22.2/5 48% 53 1019 [91]
2016 Soreq Nuclear Research Center 80 14/5.6 53% 3.5 1020 [92]
2017 Siberian Branch of the Russian Academy of Sciences 10 20/1.2 15.4% 40 954 [93]
2017 Siberian Branch of the Russian Academy of Sciences 17 — 19% — 954 [94]
2017 Siberian Branch of the Russian Academy of Sciences 50 26/2.6 27% 25 954 [94]
2017 Soreq Nuclear Research Center 154 19.0/8 65% 3 1020 [95]
2018 Soreq Nuclear Research Center 135 7.6/2.5 68% 5.6 1081 [96]
2018 Siberian Branch of the Russian Academy of Sciences 62 30.0/3 30% 25 954 [97]
2018 Soreq Nuclear Research Center 250 8.4/3.3 60% 3.6 1080 [98]
2018 Soreq Nuclear Research Center 1200 8/2.75 85% 7 1120 [85]

YEH: Ferp «— FTRIZSCR T AR
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Tab.2 Research progress of high-power RFA in recent years

Years Research institute Power/W M in/out Efficiency BE Wavelength/nm Gain type References
2002 University of Southampton 0.05 4.4/— 36% 17.5 1069 Raman [78]
2012 Jena University 208 e 87% —  1118-1130 Raman [103]
2013 OFS Laboratory 301 e 64% e 1480 Raman [104]
2014 Shanghai Institute of Optics and Fine Mechanics, CAS 300 — 70% — 1120 Yb-Raman [105]
2014 Beijing University of Technology 143 — 385% —— 2147 Raman [106]
2014 Shanghai Institute of Optics and Fine Mechanics, CAS 1 280 — 70% — 1120 Yb-Raman [102]
2014 National University of Defense Technology 732 — 822% —— 1120 Yb-Raman [107]
2015 National University of Defense Technology 1520 — 75.6% —— 1120 Yb-Raman [108]
2016 Tsinghua University 3890 —/1.49 70.9% —— 1123 Yb-Raman [83]
2018 National University of Defense Technology 528 10.4/4.2 68% 3.8 1 060 Raman [109]
2019 National University of Defense Technology 1002 9.2/5.1 84% 2.6 1 060 Raman [110]
2019 Tsinghua University 3700 —/2.18 e e 1123 Yb-Raman [111]
2020 National University of Defense Technology 762.6  6.12/2.24 25% 2.35 1130 Raman [112]
2020 National University of Defense Technology 2087 ~13.5/89 5933% —— 1130 Raman [113]
2021 National University of Defense Technology 2034 10.52.8  79.35% 112 1130 Raman [114]
2021 National University of Defense Technology 3083  ~11/572  78.7% 29 1131 Raman [82]
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Fig.6 Output power scaling of high-power RFA in recent years
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Fig.7 Scheme of the experimental setup of ytterbium-doped-Raman-hybrid-gain-fiber amplifier!*!
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Fig.8 (a) Experimental scheme of kilowatt RFA with near-diffraction-limited output based on GRIN fiber; (b) Evolution curve of output spot and beam
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Fig.9 (a) Setup of the cascaded RFA; (b) Spectrum of seed laser; (c) Loss spectrum of Raman fiber!
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Fig.11 Experimental setup diagram of the HDFLs pumped by RFLs
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Tab.3 Research progress of RRFL in recent years
Years Research institute Power/W Efficiency Wavelength/nm References
2010 Aston University 0.15 — 1550 [131]
2015 National University of Defense Technology 124 79% 1146 [130]
2017 National University of Defense Technology 27 — 996 [139]
2017 National University of Defense Technology 491 — 1120 [140]
2018 Shanghai Institute of Optics and Fine Mechanics, CAS 100.1 38.4%/27.2% 1 000-1 900 [116]
2019 National University of Defense Technology 985 78.9% 1150 [141]
2021 National University of Defense Technology 1570 77.5% 1120 [142]
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Fig.12 The trend of output power of RRFL in recent years
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