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Aim of the research project 

 
White LED is widely used for energy saving and has contributed much on it. White LED is basically composed of 

blue-emitting diode and yellow phosphor. In order to enhance color-rendering property of White LED, red-emitting 

phosphor is necessary. For such red-emitting diode, rare-earth ions have been used. Recently, Mn doped phosphors have 

been studied not to use rare-earth ions for red-emitting phosphors. In these phosphors, oxides are selected for matrix 

materials because of their stability for long term use. In the current research, we focus on the search of the efficient 

red-emitting phosphors by doping with Mn ions in oxide matrix. For this purpose, we will synthesize various kinds of 

materials and analyze their photoluminescence property. At the end, efficient red-emitting phosphors with long life time 

can be found without rare-earth ions. 
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Contents and results of the research 

 

Last year we performed a series of analysis, i.e., X-ray diffraction for structure analysis, UV-Vis for 

electronic structure analysis, photoluminescence (PL) analysis and electronic structures analysis in the 

framework of the density functional theory (DFT), to search the efficient Mn-doped oxide red-emitting 

phosphors, such as Mn-doped CaAl12O19 and Sr4Al12O25, at ZAIKEN, Waseda University.  

In the earlier reports, additional doping such as Mg
2+

 and Zn
2+

 could enhance the emission intensity. Then 

the current study, influence of additional co-doping of Ca
2+

, Ba
2+

, and Zn
2+

 in Mn-doped CaAl12O19 and 

Sr4Al12O25 was systematically examined both experimentally and theoretically. 

All the samples were fabricated with the conventional solid-state reaction method, whose crystal structures 

were examined by the X-ray diffraction technique.  

The electronic structures of the samples were examined by the diffuse reflectance spectra using integration 

sphere equipped with the UV-Vis spectrometer. In these measurements, change in band-gap and absorption 

states created by the Mn-doping in CaAl12O19 and Sr4Al12O25 were determined. 

Photoluminescence spectra of the Mn-doped CaAl12O19 and Sr4Al12O25 were observed both in excitation 

and emission modes, which enable us to know the emission intensity and wavelength, i.e., color, of the 

sample powders. 

The excitation spectra of Ca
2+

, Ba
2+

, and Zn
2+

 co-doped Sr4Al12O25 Mn doped showed stronger emission 

intensities than those without Ca
2+

, Ba
2+

, and Zn
2+

 co-dopings. The results suggested that the Ca
2+

, Ba
2+

, 

and Zn
2+

 play important role to enhance the emission intensity. The electronic structure of these Mn-doped 

materials were investigated by the first-principles calculations with the modified Becke-Johnson potential, 

which was recently developed electron-electron correlation functional. Although these calculations could 

improve the reproduction of band-gap energy, emission energy, which corresponds to energy difference 

between the up and down spin states of Mn-d in the band-gap, could not be reproduced. In order to 

improve such discrepancy, we have added the Hubbard type corrections, say mBJ+U, for the d-d 

interactions for Mn ions, which could successfully reproduce the emission energies for a series of 

Mn-doped materials here synthesized.  

 

 

 

 

 

Outputs of the project (publications, presentations, patents) 

 
1. We have successfully summarized the both experimental and calculation results of the current joint 

research, which will be submitted to the international journal as joint papers. 

2. Mekhrdod Subhoni, Zafari Umar and Tomoyuki Yamamoto, “The DFT Study of the Electronic and 

Optical Properties of Functional Materials” The First International Conference on Molecular Modeling 

and Spectroscopy, Feb., 2019, National Research Centre, Cairo, Egypt 

3. Z. Umar, M. Subhoni, T. Yamamoto and R. Farhod, “Theoretical investigation of the electronic 

structure of LaScO3:Mn
4+

 within density functionality theory”, Reports Academy of Science of 

Republic of Tajikistan (in press)  
4. M. Subhoni, Z. Umar and T. Yamamoto, “Electronic structure analysis of of Mn-doped CaMO3 

perovskites”, AMTC Letters 6, 2019, (submitted) 

 

 

 


