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Abstract

In the optical refrigeration of Ho3+:YLF crystals, there exists a strong correlation between the
energy transfer upconversion process and temperature. Therefore, to further investigate the opt-
ical refrigeration performance of Ho3+:YLF crystals at ultra-low temperatures, the influence of
temperature on the refrigeration process was explored for the first time. A theoretical model of
optical refrigeration of Ho3+ ions was developed based on energy transfer upconversion theory
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and its level structure, and numerical simulations were conducted to analyze the variation of the
equivalent external quantum efficiency with temperature. Additionally, numerical simulations
were performed to investigate the impact of ambient temperature on the optical refrigeration
performance of Ho3+:YLF crystals, including variations in system refrigeration efficiency and re-
frigeration power density with temperature and doping concentration. It was found that at ul-
tra-low temperatures, the system’s refrigeration efficiency can be enhanced by moderately in-
creasing the doping ion concentration. However, as the temperature approaches room tempera-
ture, an increase in concentration may adversely affect the system’s refrigeration, significantly
reducing the maximum achievable refrigeration temperature.
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Figure 1. Model of energy level transitions of Ho** ions
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Table 1. Lifetime of energy levels, wavenumbers of energy bands, and transition branching ratios [6]
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Figure 2. The relationship between external quantum efficiency and temperature
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Figure 3. Variation of cooling power density and cooling efficiency with temperature
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TFIBAIRIE R 1% 2% 1500, FLHIA RCR MR RMEZERIAK, #BIE 1.6%A AT . /HTrI 51, BEHEBRIK
FERSE N, BARHAThEREE SRR, HRGN BN,

BRI ER G, TEARR T, BRSSP A RS A, R B A R 2
SRR, B8 —WUORAS KL BRE 7= A 1 Re i DA Am S R S I el e s (HPEIR IS 150 K 2 5, b
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