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Three-dimensional analysis of dopant atoms in phosphors via HAADF-STEM imaging
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Three-dimensional (3D) distributional analysis of individual dopant atoms in

materials is important to understand their properties. In this study, through-focus high-angle
annular dark-field (HAADF) imaging was developed for 3D distributional analysis of dopant atoms in
phosphors, in which the defocus was changed in narrow steps, and the contrast profile obtained for
various depths at each dopant column was analyzed to determine the depth position of dopant atoms.
For the analysis of Eu atoms in Ca-a -SiAION, the effect of convergence semi-angle was investigated
using multi-slice image simulation. Because the electron beam tends spread instead of channeling
along the atomic columns, the large convergence semi-angle greatly increased the depth resolution.
Through-focus HAADF-STEM imaging was used to analyze the Eu atom distribution. The contrast depth
profile recorded with a narrow step width clearly analyzed the possible depth positions of Eu atoms.
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