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Novel InN/GaN MQW visible-light-emitters consisting of one monolayer-thick InN wells inserted in GaN matrix
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We propose a novel functionality photonic-device structure consisting of very thin InN wells in GaN matrix, i.e., atomically sharp and flat one monolayer (1 ML)-thick and/or fractional ML (FML)-thick and also sometimes 2 MLs-thick InN wells in GaN barriers.

The novel InN/GaN MQWs are considered as promising new-structure active layers for high efficiency laser diodes working in visible wavelengths for blue-green region and drastic improvements in lasing performances are expected. Because, 1) excitons in GaN are effectively localized at InN wells, resulting in thermally stable excitons even at room temperature, 2) the oscillator strength is remarkably increased in this kind of nanostructures, 3) much narrower lasing gain spectrum is expected than that in typical InGaN/GaN-based laser diodes, since the compositional inhomogeneity leading to potential fluctuation can be avoided in principle, and 4) quantum confined Stark effects (QCSE) by piezoelectric fields in the QWs can be ultimately reduced in principle for this kind of thin ~1 ML-thick InN wells. 

Since the critical thickness for the growth of InN on c-plane GaN is about 1 ML, theses MQWs are free of misfit dislocation in principle. Further, the growth temperature for 1 ML InN epitaxy on GaN can be remarkably increased, because of increased effective bonding strength between In and N due to the effects of GaN matrix. Therefore this new structure of InN/GaN MQWs possesses potentially high quality nature.

We fabricated MQWs consisting of 5-40 periods of 1 ML-thick In-polarity InN well and 10 nm-thick Ga-polarity GaN barrier for different growth temperatures from 500 to as high as 650 C by MBE. We characterized the MQWs by HR-XRD, HR-XTEM, PL/CL and finally by preliminary EL also. We have concluded that these MQWs were fabricated under the self-ordering process in highly mismatched and immiscible InN-GaN system and no newly induced misfit dislocations were observed at the interface of the InN well and GaN barrier in the samples grown at higher temperatures above 600 C. We observed very strong blue-green PL/CL emissions from these MQWs at room temperature. 

Finally, on the basis of preliminary investigation for LED performance of this novel InN/GaN MQWs, we have confirmed their potentiality by observing blight EL emissions in violet to blue range with no QCSE for current densities in two orders of magnitude.
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