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Compact and efficient light emitters in a middle ultraviolet (MUV) spectral range
(A<300 nm) are required for numerous applications involving medicine, telecom, lightning,
etc. AlGaN-based semiconductor compounds are to be most suitable materials for
manufacturing the MUV optoelectronic devices. However, AlGaN heterostructures exhibit
a large density of defects (especially in the case of c-sapphire substrates) and strong electric
fields induced by spontaneous and piezoelectric polarizations in AlGaN quantum wells
(QWs), causing the quantum-confined Stark effect (QCSE). Both factors harmfully affect
radiative properties of the AlGaN based heterostructures emitting below ~300 nm. The figure
of merit of the required QW structures is the internal quantum efficiency at room temperature,
which can be characterized by the amount of reduction of photoluminescence (PL) intensity
with increasing temperature from a cryogenic range (~4 K) up to 300 K.

In our recent paper [1] dedicated to suppression of the QCSE in a corrugated 6-nm-thick
Alp31Gag coN/Alg45Gag ssN QW we demonstrated that three-dimensional QW morphology can
significantly improve the room temperature quantum efficiency. However, corrugated layers
can hardly be used for fabricating planar laser heterostructures, which makes development of
AlGaN-based QWs with plane morphology and high quantum efficiency of particular interest.
In this work we report on comparative optical studies of a series of single 2.2-nm-thick
AL Ga;N/Al01GagoN QW structures (x>0.45) with planar interfaces, grown by plasma-
assisted molecular beam epitaxy (PA MBE) on a thick Al(Ga)N multilayer buffer deposited
atop of a c-sapphire substrate. The structures differing mainly in the growth regimes and,
hence, in the density of extended defects were studied by both cw and time-resolved PL
spectroscopy and spatially resolved cathodoluminescence in the whole range of temperatures
between 2 and 300 K. To evaluate composition, strain, and defect density in the structure
layers X-ray diffraction measurements were carried out as well. As a result, temperature-
dependent kinetics of exciton localization and recombination has been evaluated as dependent
on density of extended defects in planar AIGaN QWs. The sample with the lowest total defect
density (~4.5x10° cm™), emitting at ~280 nm, demonstrates only three-fold reduction of the
integrated PL intensity at 300 K as compared to 4.5 K, that implies the room temperature
internal quantum efficiency as high as ~30%. At present, this result is one of the best known
for AlGaN/c-Al,O3 heterostructures that makes PA MBE very promising for fabrication of
efficient mid-UV lasers.
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