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Luminescent and magnetic properties of rare-earth (RE) elements doped in insulators and metals have been
well investigated and they have been successfully applied to practically-used fluorescent substances and magnets.
In these applications, however, either luminescent or magnetic property has been independently used.
Furthermore, research on the RE-doped materials has been based on experienced trial-and-error, not on material
design by precise control of RE doping and understanding of energy-transfer mechanism.

The research target of this project is RE-doped semiconductors with atomic-level control. The main
purpose is the exploitation of new functionalities provided by the fusion of luminescent and magnetic properties
as well as the exploitation of each property. We focus here on RE-doped I11-V semiconductors such as GaAs and
GaN, which can be grown with atomic-layer control by organometallic vapor phase epitaxy and molecular beam
epitaxy. The objectives of this project are as follows:

(1) Establishment of atomically-controlled RE doping technology and elucidation of energy-transfer mechanism
concerned with excitation and relaxation of RE ions, leading to development of new functional optical devices
such as a light emitter with extremely temperature-stable wavelength.

(2) Verification of the possibility for new spintronics materials with both luminescent and magnetic properties,
leading to development of circularly polarized LEDs/LDs, spin transistors and tunneling magneto resistance
devices.

(3) Using the doping technology and the energy-transfer mechanism, creation of new fluorescent substances based
on stable and highly efficient RE-doped nitride semiconductors, applicable to display panels and lightings.



