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Development of bright red light-emitting devices by elucidation and control of
light-emitting mechanism in rare-earth-doped nitride semiconductors
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We succeeded in the development of a novel red light-emitting diode (LED)

using Eu-doped GaN. The red emission is due to the intra-4f shell transitions of Eu3+ ions, which is
different in a conventional red LED using AlGalnP/GaAs. In this study, in collaboration with
computational materials design, we elucidated and controlled light-emitting mechanism of Eu ions
through the GaN host for bright red emission. Energy transfer efficiency to Eu ions from the GaN
host has been optimized by purposeful engineering of local structures around Eu ions. The
coexistence of donor- and acceptor-like impurities/defects in the vicinity of Eu ions made the
energy transfer drastically effective. Furthermore, the Eu emission was greatly enhanced in
nanostructures. Based on these findings, we were able to prepare an optimized bright LED with the
nanostructure as an active layer, with the world record light output power of over 1 mW. Our LED is
now ready for wide-scale industrial implementation.
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