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【Purpose and Background of the Research】 
We have doped Eu to GaN by organometallic 

vapor phase epitaxy (OMVPE) and succeeded in the 
first demonstration of bright red emission due to 
the intra-4f shell transitions of Eu3+ ions from a 
LED with the Eu-doped GaN (Fig. 1).  The 
development of the GaN-based red LED enables us 
to produce a monolithic full-color LED display and 
a next-generation lighting. 

In this project, based on the interactive 
combination of these achievements and 
computational materials design, we aim at 
developing bright red LEDs with Eu-doped nitride 
semiconductors, using artificially-controlled 
energy-transfer from the host to Eu ions. 

 
Fig. 1  Electroluminescence spectrum in 

Eu-doped GaN red LED. 
 

【Research Methods】 
(1) The excitation mechanism of Eu doped in GaN 

under above-bandgap excitation is generally 
recognized as a trap-mediated process.  It has 
been found in Eu-doped GaN that there are 
several Eu centers coexisting in one sample and 
some of the Eu centers are silent under the 
above-bandgap excitation.  We understand 
what happens in the silent Eu centers because 
it gives a clue to control the energy-transfer. 

(2) We have already found that the intensity of the 
Eu emission is drastically enhanced in 
Eu,Mg-codoped GaN.  The elucidation and 

improvement of the enhancement is necessary 
for brighter red LEDs.  The confinement of 
electron-hole pairs should be also effective for 
the control of the energy-transfer.  We dope 
Eu to quantum structures prepared by 
bottom-up and top-down techniques and 
investigate the luminescent properties. 

 
【Expected Research Achievements and 

Scientific Significance】 
Research on rare-earth (RE)-doped materials 

has been based on experience obtained through 
trial and error, not on materials design by the 
precise control of RE doping and understanding of 
the energy-transfer mechanism.  This project can 
give a guiding principle to design the RE-doped 
materials. 
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