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Fig. 1. (color online) Pre-amplifier unit optical pathway diagram (L, lens; FR, Faraday rotator; A/2, 1/ 2

wave plate; AMP, amplifier; A\/4, 1/4 wave plate; M, Mirror; R, 90° quartz rotator; P, polarizer; SF, spatial

filter).
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Fig. 2. (color online) Energy extraction unit optical

pathway diagram.
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Fig. 3. (color online) Horizontal pumped scheme.
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Fig. 4. (color online) Fluorescence distribution of slab

amplifier.
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K ISR G BB KT I RE & g Ae X R &
PR 6 fin. 25t Amplifierl, Amplifier2,
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Fig. 5. Pulse waveform diagram: (a) Seed; (b) after pre-

amplifier unit; (c) after energy extraction unit.
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Fig. 6. The output pulse energy, stored power and energy

extract efficiency by each power amplification.
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Fig. 7. (color online) Spatial distribution of the laser

beam in near field: (a) Seed; (b) after amplification.
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Fig. 8. (color online) Output energy in ten minutes.
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Fig. 9. (color online) Output spot far-field distribution.
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Abstract

A joule-level Nd:YAG nanosecond laser of high repetition frequency and high beam quality is developed for Thom-
son scattering diagnosis. The laser is designed as a master oscillator power-amplifier system mainly including single
longitudinal mode seed, pre-amplifier unit and energy extraction unit. The single-longitudinal-mode Q-switched laser
of a high stability is taken as the seed laser of output pulse at uJ level. The pre-amplifier unit amplifies the pJ-level
pulse laser beam into hundreds of mJ level. In order to obtain the high-quality laser beam output, phase conjugation
is adopted to compensate for the laser beam distortion. The ultra-filtered FC-770 is taken as an SBS gain medium
of 0.0011 cm™" absorption coefficient, 197.9 GW/cm? optical breakdown threshold and 3.5 ¢cm/GW gain coefficient.
The double-pass amplification of SBS phase conjugation could realize a real-time repair towards the non-uniformity,
deformation and wavefront aberration caused by thermal distortion of the optical components and the laser amplifier to
achieve the uniform amplified beam output of high quality close to the diffraction limit. In the energy extraction unit,
the amplifier of large-diameter slab is used for energy amplification. The size of the slab is 7 mm X 35 mm X 138.2 mm
of 56° cutting angle and 0.6% Nd>' doping concentration. The slab is plated by a layer of SiO2 against light leak.
Horizontal pumping mode is adopted. And the slow axis of the laser diode is almost the same as the length of the slat
and the direction of laser transmission. The single-plane array is composed of 8 groups of vertical stacks and each group
consists of 12 laser diode bars of power 200 W. At 200 Hz repetition frequency, 250 pus pump pulse width and 140 A
pump current, the up to 2.3 J stored energy can be achieved The energy extraction unit achieves high gain amplification
and finally outputs high-quality laser beam. Under the condition of 200 Hz high repetition frequency and 8.23 uJ single
pulse energy injected by the single longitudinal mode seed, 1.85 J output energy is gained. The energy extract efficiency
of the laser system is 52.46%. The output laser possesses a pulse width of 5.36 ns, a far field beam spot 1.72 times the
diffraction-limited value, and 1.3% energy stability (RMS).
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