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Abstract: Stimulated Brillouin Scattering (SBS) is a third-order nonlinear optical effect, the reflected beam of
which has the property of phase conjugation. The reflected beam is time inversed on amplitude, phase and
polarization with the incident beam and maintains the same wavefront as the incident light. In the Master
Oscillator Power Amplifier (MOPA) nanosecond laser system, the thermal effect in the laser amplifiers and a
large number of optical elements in the optical path cause serious wavefront distortion of the transmitted beam,
which not only deteriorates the beam quality, but also limits the possibility of further power improvement.
Stimulated Brillouin Scattering Phase Conjugate Mirror (SBS-PCM) is utilized widely in this kind of laser system
for the fact that using SBS-PCM by making the beam transmit along a round trip in amplifiers which bring in
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serious wavefront distortion compensates the distortion in real time, therefore is capable of optimizing the beam

quality and improving the output power, so as to promote the development of nanosecond laser system in the

direction of both high power and high beam quality. In this paper, the basic principle and phase conjugation

characteristics of SBS-PCM were briefly introduced theoretically. Then the characteristics and application scope

of different SBS-PCM media were compared. The research progress by domestic and foreign institutions on SBS-

PCM and the typical application and development process of SBS-PCM in high power nanosecond lasers were

summarized. Finally, the development trend of SBS-PCM was prospected.
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Fig.1 Evolution of the wavefront as the beam pass a round trip through
crystal with an irregular surface. (a) Reflected by plane mirror;

(b) Reflected by SBS-PCM
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Fig.2 Optical layout of MOPA system with SBS-PCM adopted by

Zel’dovich et al'
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Tab.1 Applications of SBS-PCM in high power nanosecond lasers

Properties of laser system

Properties of SBS-PCM

Institute Year Output Output  Repetition ~ Pulse Beam Medium Input Input Reflectivit Ref.
power/W  energy/]  rate/Hz duration/ns quality power/W energy/J Y
1993 100 - 100 7 1.1DL Freon 113 30.5 - 85% [27]
America TRW 1997 690 - 2.5k 20 1.1DL - 200 - >90% [38]
1998 940 - 100 75 2DL Liquid 100 - 98% [39]
America LLNL 1995 150 25-30 6 14 1.25DL CCly 15 25 88% [40]
2003 362 - 1k 29 12DL FC-75 90 - 75% [41]
Japan Osaka 50, 368 - 50 50 I5DL FC-75&FC-72 43 - 98% [42]
University
2012 766 - 100 - - FC-75 & FC-72 - - - [43]
Germany 1997 104 - 100 90 - Fiber - - 50% [44]
Technische
Universitit Berlin 2001 315 - 2k - M=26 Fiber - - - [30]
Australia EOS 2017 800 - 170 20 M3 FC-770 153 - 952%  [45]
China HIT 2008 - 1066 2 rsnhlgtper 20 - cal, - >30 ~60%  [46]
ChinaZIU 2011 42 - 1k 15 M~23 Fiber - - 50% [36]
2017 1k - 200 6.6 1.7DL FC-770 220 W - 98% [3]
China AOE
2018 550 - 500 10 M2 FC-770 150 W - 92% [47]
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Fig.3 Optical layout of 690 W laser system developed by Pierre et al’**
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Fig.4 Optical layout of 940 W laser system developed by Pierre et al”*”
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Fig.5 Optical layout of 362 W laser system developed by Kiriyama et al*"
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Fig.6 Optical layout of 766 W laser system developed by Yoshida et al™*’!
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Fig.7 MOPA system with fiber SBS-PCM developed by Eichler et al™”!
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Fig.8 Optical layout of 100 J level laser system developed by Wang et al*!
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