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Development of broadband high-efficiency upconversion phosphors through ligand
field engineering
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Photon upconversion using Er3+ ions is promising for photovoltaics, as it
can convert light of 1.5 pm to light around 980 nm with high power generation efficiency.
Sensitization with Ni2+, which exhibits broadband near-infrared (NIR) absorption, has been proposed
to enhance this process. However, the optical properties of Ni2+ ions are difficult to predict
empirically. In this study, we aimed to control the Ni2+ absorption energy through ligand field
engineering and predict the absorption energy of various Ni2+-doped phosphors using ab initio
calculations. By leveraging the phase transition of Ni2+-doped phosphors, we successfully shifted
the NIR absorption bands by 50 nm. This demonstrates the feasibility of designing devices with
absorption characteristics _tailored to the solar spectrum. Our ab initio calculations predicted the
absorption energies of various Ni2+-doped phosphors, showing that the trend of absorption energy
shifts can be anticipated based on the crystal structure.
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