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Abstract: Ytterbium-doped all-fiber nanosecond-pulsed lasers have developed rapidly in recent years and have
opened up new horizons in many fields. Especially in the field of laser cleaning, there is a strong demand for
nanosecond pulsed fiber laser with high-power and high-energy. Multi-channel fiber laser beam combining is the
main means to achieve high-power and high-energy laser output. The complexity of the structure depends on the
output characteristics of a monolithic laser. Improving the output characteristics of monolithic nanosecond pulsed

all-fiber laser is very important for laser cleaning and other applications. In this paper, the research progress of
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monolithic Ytterbium-doped all-fiber nanosecond pulsed lasers is summarized, and the main factors that limit its
power and energy expansion are analyzed. Firstly, the recent advances of nanosecond pulsed Ytterbium-doped all-
fiber oscillator is reviewed with active Q-switching, passive Q-switching and gain-switching technology. Then,
the research status of nanosecond pulse Ytterbium-doped all-fiber amplifiers is summarized with large pulse
energy, high average power and collaborative development of the two. In the end, the development trend of

Ytterbium-doped all-fiber laser in scaling of power and energy is prospected from the factors limiting the output

characteristics.
Key words: high average power;

lasers;  laser cleaning
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Tab.1 Research progress of all-fiber nanosecond laser oscillator

Measure YearlRet] Average power Pulse duration Repetition rate Pulse energy Peak power

111.0 mW 140 ns 1 kHz 111.0 pJ 0.8 kW

201372
291.0 mW 181 ns 10 kHz 29.1 pJ 0.2 kW

Active Q-switchi

ctive Q-switching 20142 113 mW 40 ns 100 kHz 113.0 nJ 28W
201924 13W 9 ns 175 kHz 7.4 u] 0.8 kW
2010 9.9 mW 430 ns 9 kHz 1.1l 26W
201174 12.0 mW 70 ns 257 kHz 46.0 nJ 0.7W
201369 1.8W 45 ns 30 kHz 62.0 puJ 1.4 kW
Passive Q-switching 2014 140 W 140 ns 100 kHz 141.0 pJ 1.0kW
20155 92 W 100 ns 100 kHz 92.0 uJ 0.9 kW
6.0W 143 ns 12 kHz 484.0 uJ 3.4kW

201577
21.0 W 49 ns 114 kHz 187.0 uJ 3.8 kW
Gain-switching 20194 30.0 W 38 ns 1 MHz 30.0 pJ 0.8 kW
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Fig.10 All-fiber linearly polarized MOPA laser system. (a) Structural diagram; (b) 6 spots randomly collected during the maximum power output,

indicating that TMI appears ")
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Tab.2 Research progress of all-fiber nanosecond pulse laser amplifier

Ref]

Year! Active fiber Average power Pulse duration Repetition rate Pulse energy Peak power
20100 Deore=20 pm 21.07 W 100 ns 200 kHz 0.1 mJ 1 kW
20127 D¢ re=30 um 300.8 W 8 ns 10 MHz 30 W 3.75 kW
20128 Diore=30 pm 505 W 6 ns 10 MHz 50.5 uJ 7.9 kW
201385% Dire=200 um 0.62 W 12 ns 20 Hz 31mJ 2.58 MW
201379 Deore=30 pm 102 W 14.9 ns 100 kHz 1.02 mJ 68 kW
201357 D¢ re=50 um 265 W 500 ns 25 kHz 10.6 mJ 21.2 kW
20147 Diore=30 pm 253 W 0.223 ns 100 MHz 0.253 WJ 1.13 kW
201454 D¢ re=30 um 913 W 3 ns 10 MHz 91.3 W 28.6 kW
201458 Diore=300 pm 400 W 12 ns 10 kHz 40 mJ 3.5 MW
20144 Dire=50 um 23 W 3 ns 10 kHz 2.3 mJ 697 kW
201482 Diore=30 pm 120 W 0.62 ns 26.3 MHz 4.56 W 7.35 kW
20155 — 293 W 3.51ns 20 MHz 14.65 uJ 3.9kW
20155 Diore=30 pm 608 W 0.81 ns 10 MHz 60.8 pJ 128 kW
20161 D¢ re=20 um 188 W 101 ns 40 kHz 4.5m] 46.5 kW
201751 B 1500 W 90 ns 10 kHz 150 mJ 1.7 MW
1150 W 30 ns 10 kHz 115mJ 3.5 MW
2018 Deore=30 pm 302 W 203 ns 100 kHz 3mJ 15 kW
2018189 D re=25 um 189 W 250 ns 200 kHz 0.95 mJ 3.8 kW
201847 Diore=30 pm 466 W 4ns 10 MHz 46.6 WJ 8.8 kW
2016 Do 100 um 526 W 150 ns 30 kHz 17.5mJ 116 kW
761 W 280 ns 60 kHz 12.6 mJ 45 kW
2021 D,re=100 um 1000 W 260 ns 60 kHz 16.7 mJ 64 kW
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