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Rare-earth (RE) doped semiconductors have gained significant attention as a promising new class of materials that emit light from the RE 4f shell by means of electrical injection.  We have succeeded in atomically-controlled doping of Er to various III-V semiconductors such as GaAs and InP by organometallic vapor phase epitaxy [1].  In Er,O-codoped GaAs (GaAs:Er,O), one kind of Er center was formed selectively as an Er atom located at the Ga sublattice with two adjacent O atoms (hereafter referred as Er-2O) together with two As atoms, resulting in drastic enhancement in intensity of Er-related luminescence due to intra-4f shell transitions of Er3+ ions.  We have fabricated GaInP/GaAs:Er,O/GaInP double-heterostructure (DH) light-emitting diodes (LEDs), aiming at realizing the stimulated emission at the Er center under current injection.  Radiant Er-2O electroluminescence has been successfully observed at around 1.54 (m at room temperature under forward bias [2].  Extremely large Er excitation cross section of 10-15 cm2 was obtained by current injection, which is larger by five orders in magnitude than optical excitation cross section in conventional Er-doped fiber amplifiers (10-20~10-21 cm2) [3].  For the improvement in the device performance, we have investigated quantitatively the mechanism of excitation and relaxation of Er ions by external excitation, and found that there is a characteristic ultrafast trapping process for nonequilibrium carriers in GaAs:Er,O [4].  Furthermore, we have newly proposed and fabricated GaAs:Er,O-based LEDs exhibiting lasing at the GaAs band-edge.  At the Conference, our current understanding of GaAs:Er,O and recent progress in GaAs:Er,O-based LEDs with extremely temperature-stable emission wavelength will be reviewed.
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