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Abstract

Solid-state laser cooling technology is based on the anti-Stokes fluorescence mechanism to achieve
low-temperature refrigeration without vibration and electromagnetic interference, and has broad
application prospects in fields such as precision optical instruments and deep space exploration.
Holmium-doped lithium yttrium fluoride (Ho:YLF) crystal is considered a candidate material for
optical refrigeration in the mid-infrared band due to its large absorption cross section and low pho-
non energy in the 2 um band. However, the abundant 4f level structure of Ho3+ ions introduces a
significant energy transfer upconversion (ETU) effect, which limits the prediction accuracy of
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traditional quasi-two-level models. Based on the multi-level rate equation of Ho3+, this paper estab-
lishes an optical refrigeration model including ETU channels, corrects the external quantum effi-
ciency, and analyzes the net refrigeration power density and refrigeration efficiency of Ho:YLF.
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Figure 1. Ho:YLF energy level structure and transition diagram
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Table 1. Fluorescence branching ratio, radiative lifetime, and energy level flu-

orescence lifetime of Ho*" in YLF crystals [10] [11]
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Figure 2. The net cooling power density of Ho:YLF varies with pump
light intensity and wavelength
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Figure 3. The cooling efficiency of Ho:YLF varies with wavelength
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