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Fig. 1. Schematic diagram of side-pumped polygonal thin-
disk laser structure: (a) Top view of the structure; (b) par-
tial enlarged view.
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Fig. 2. 2-D and 3-D distributions of the absorbed pump

laser in the crystal.
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Fig. 3. Fluorescence distribution in disk.
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Fig. 4. Experiment setup of thin disk laser.
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Fig. 5. Output energy vs pump energy under different

transmittance of output coupling mirror.
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Fig. 7. Output energy of thin disk laser under different

pulse repetition rates.
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Abstract

The high-average-power diode-pumped solid-state laser is one of the main research directions in the field of
international laser technology, and has major applications in the fields like space exploration, precise detection,
fusion research, etc. Under high-power pumping conditions, the conventional rods or slabs are not conducive to
effectively removing waste heat. And the thermal effect causes the quality of the laser beam to deteriorate,
which limits the further increase of the output power. In this article, the polygonal Nd: YAG thin disk is taken
as a gain medium for the laser, and experiments verify that the side pumping method can obtain a higher
output power of the all-solid-state pulsed laser while ensuring high beam quality. The gain medium is a regular
pentagonal Nd: YAG thin disk with a side-cut-angle of 45°, the crystal thickness is 1.5 mm, and the diameter of
the inscribed circle on the front face is 16 mm. Five laser diode arrays are placed symmetrically around the disk,
and the pump surfaces are parallel to the sides of the disk. The pump laser propagates along the zigzag path
between the upper and lower surface of the disk, thus improving the absorptive efficiency and pump uniformity.
Through the optimization study of its gain characteristics and optical characteristics, the high-efficiency high-
uniform pumping is achieved. Along the pump light coupling transmission path, the fast-axis collimator is used
to control the beams in the fast-axis direction to be nearly parallel, and the large-area pump light is compressed
through the coupling structure of cylindrical lens and light guide to match the size of the thin disk, and the
pump coupling efficiency measured experimentally is 97%. When the Nd** doping concentration in the crystal is
0.3 at.%, the gain medium absorptive efficiency is 87%, and the root mea squared pump absorptive distribution
uniformity in the gain medium is 3.21%. The fluorescence distribution of the gain medium is in good agreement
with the simulated data. When the pump energy is 2.2 J, a laser output with an energy of 0.85 J is obtained,
and optical-to-optical efficiency and slope efficiency are 38.8% and 40.1%, respectively. The single pulse energy
stability is 2.7%(RMS) at 1 Hz frequency. In the stable cavity, the beam quality § - factor is measured to be
about 10.

Keywords: thin disk laser, side pump, pump uniformity

PACS: 42.55.—f, 42.55.Xi, 42.60.By, 42.62.—b DOI: 10.7498/aps.70.20210287

* Project supported by the National Key R&D Program of China (Grant Nos. 2018YFB0407400, 2018 YFB0407402), and the
National Natural Science Foundation of China (Grant No. 6187030118).
1 Corresponding author. E-mail: keith0311@163.com

164202-6


http://doi.org/10.7498/aps.70.20210287
http://doi.org/10.7498/aps.70.20210287
mailto:keith0311@163.com
mailto:keith0311@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

