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Coherent beam combining of fiber laser array based on
diffractive optical element
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Abstract: This article summarizes the research progress of common aperture coherent beam combining based
on diffraction optical elements domestically and abroad, starting from the basic principles of diffraction optical
elements, and focusing on the two application fields of continuous waves and pulsed waves. Domestically, the
Shanghai Institute of Optics and Fine Mechanics has achieved the synthesis of both continuous and pulsed light.
Continuous light output of 206 W was achieved with a beam quality of 1.38 and a beam combining efficiency of
29.6%; pulsed light output of a nanosecond-level pulse coherent combining beam with a peak power of 1.02 kW and a
repetition frequency of 2.2 MHz was achieved, beam combining efficiency is 61%. Abroad, 4.9 kW coherent beam
combining output has been achieved in continuous light, with a beam coupling efficiency of 82%; in the case of pulsed
light, a femtosecond-level pulsed coherent beam combining beam with an average power of 150 mW and a repetition
frequency of 100 MHz has been achieved, with a beam coupling efficiency of 83.4%. Finally, the future development
of laser coherent beam combining technology based on diffraction optical elements is discussed, and it is believed that
in the near future, diffraction optical element-based coherent beam combining technology will continue to develop,
gradually break through technical bottlenecks, and lay a solid foundation for more application fields.
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Fig.2 Schematic diagram of injection locking structure of binary grating coherent beam combining (CBC) technology co-cavity structure
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Fig. 3 Basic principle and experimental setup of coherent beam combining of three-channel single-mode fiber lasers
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Table 1 Representative research results of DOE CW CBC

year institution result reference

2008 Northrop Grumman 5 fiber lasers with 109 mW overall power, M*=1.04, combination efficiency is 91.4% [53]
5 fiber lasers with 1.93 kW overall power, M*=1.1,

2012 M husetts Institute of Technol 54
assacusetls Jstitate o Lechmalogy combination efficiency is 79% [54]
15 fiber lasers with 600 W overall power, M*=1.1,
2012 Northrop Grumman L. . . [55]
combination efficiency is 68%
2014 Nosthron G 3 fiber lasers with 2.4 kW overall power, M*=1.2, s6
orthrop Lrdmman combination efficiency is 80% [56]
. 5 fiber lasers with 4.9 kW overall power, M*=1.1,
2016 Air Force Research Laboratory [57-58]

combination efficiency is 82%
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Fig. 16 Experimental setup of deterministic stabilization of eight-way 2D diffractive beam combining using pattern recognition
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Table 2 Representative research results of DOE pulse CBC

Year institution result reference

2014 Shanghai InS}tltute of Optics and lf‘lne Mechanics, channel number is 2; £,-9.6 ns; £,~2.2 MHz; P=1.02 kW 7=61% [64]
Chinese Academy of Sciences

2017 Lawrence Berkeley National Laboratory channel number is 4; £,=120 fs; f,=100 MHz; P,=150 mW; #=83.4% [59]

2018 Lawrence Berkeley National Laboratory channel number is 8; £,=120 fs; f;=100 MHz; =85.4% [60]

2019 Lawrence Berkeley National Laboratory channel number is 8; £,=100 fs; 7=84.6% [61]

2021 Air Force Research Laboratory channel number is 81; #=60.4% [62]
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