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Technology to Predict Optical Absorption Spectra of Phosphors Utilizing Ab Initio Electronic
Structure Calculation
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Most white light-emitting diodes (LEDs) are composed of a blue LED and phosphors that perform color conversion. The optical wavelength
conversion process in the phosphors consists of the following three subprocesses: (1) absorption of light, (2) relaxation of the electronic state, and
(3) emission of light. In order to obtain highly luminescent phosphors, it is necessary to enhance the efficiency of each subprocess.

To facilitate the development of highly efficient phosphors, Toshiba has developed a technology to predict the optical absorption spectra of
phosphors in subprocess (1) utilizing ab initio electronic structure calculation taking into consideration the electron correlation and spin-orbit
couplings. Through the application of this technology to divalent-europium (Eu?*)-doped calcium fluoride (CaF,) crystal, we have confirmed that the
calculated absorption spectra of Eu?*-doped CaF; are in relatively good agreement with the experimental trends.
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Model cluster affected by surrounding CaF; crystal ions
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Active electrons and active space for complete active space self-consistent
field (CASSCF) calculations
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Configurational coordinate models of Eu?*-doped CaF.
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Comparison of calculated and measured absorption spectra without spin-
orbit couplings
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Comparison of calculated and measured absorption spectra with spin-orbit
couplings
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