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Fig. 1. Curve of solar spectrum.
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Fig. 2. Matching curve of crystals and solar spectrum: (a) Tm:
YAG; (b) Tm:YAP.
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Table 1. Spectral matching analysis results of crystals.

Active Dobine density /cm? Absorption Irradiance in absorption Percentage of solar
medium oping density/cm band/nm band/W-m 2 radiance/%
360—410 21.91041
456—480 38.78578
Tm:YAG 1.261x10% (1 at.%) 22.9
656—720 84.80076
747—812 69.35269
360—394 19.52938
450—494 68.23487
Tm:YAP 1.965%x10% (1 at.%) 29.8
643—726 108.88686
744—836 95.81626
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Fig. 3. Schematic diagram of Tm?* ion level transition.
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Table 2. Crystal parameters.

Tm:YAG Tm:YAP
. 1.26x10% 1.965x10%
. . 3
Doping density/cm (1 at.%) (1 at.%)
Upper level lifetime/ms 10.5 44
Bt?ltzmann factor 0.46 0.29
in upper level
B(?ltzmann factor 0.017 0.015
in lower level
Emission cross section/cm?  2.5x10°% 3.81x10%
Quantum efficiency 1.8 1.9

Calculation results of
absorption coefficient
curve: Y. miG;\; /cm

Refractive index 1.82 1.91

46.0069x107 51.5739x10°7
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Fig. 4. (a) Two-stage pumping model; (b) structure dia-
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Fig. 7. Axial irradiance distribution of different-length crystals.
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Abstract

Solar energy has become one of the new types of energy sources for humanity in the future due to its
abundant recourse, clean use and huge reserve. Solar-pumped laser has potential applications in free space
optical communications, remote sensing and other fields. However, the research on solar-pumped laser is limited
to 1 pm band with neodymium-doped material as a gain medium. To expand the output wavelength range of
solar-pumped solid-state lasers, thereby expanding their application fields is one of the goals pursued by
researchers in the field. According to the analysis of the absorption spectra of existing solid laser materials, we
find that the thulium-doped crystals also have strong absorption peaks in visible light band where solar
radiation is strong. Therefore, it is possible that solar-pumped laser could also generate output at 2 pm eye-safe
wavelength. In this paper, the absorption spectrum and spectral matching of two common laser
crystals—Tm:YAG and Tm:YAP with solar spectrum are analysed and calculated. According to the quasi-
three-level transition rate equation of thulium ion and the model of solar-pumped laser system, we obtain the
theoretical threshold pump power densities of these two crystals to be 1.14 kW/cm® and 1.434 kW /cm?,
respectively. We choose the Tm:YAG crystal with lower threshold pump power density as the gain medium and
built a two-stage pumping model with TracePro software. In our model, Fresnel lens is the primary solar light
concentrator, and a conical cavity with diffusion reflection surface is used as a secondary concentrator to couple
the solar energy to laser crystal. Laser setup parameters such as the distance between the Fresnel lens and the
window of conic cavity, length of crystal, taper of conic cavity are optimized with the model. The work in this
paper offers a valuable reference for future experimental research of 2 um solar-pumped laser. Finally, we point
out the challenge of the future work. Special attention needs to be paid to the huge thermal effect caused by a
large amount of sunlight shining on the Tm:YAG crystal. We could find a new kind of diffuse reflection

coolants or use thermally bonded crystals to mitigate thermal effects. It will be the focus of future work.

Keywords: eye-safe, solar-pumped laser, threshold pump power, Tm:YAG/Tm:YAP
PACS: 42.55.—f, 42.55.Ah, 42.60.By DOI: 10.7498/aps.69.20191985
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