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Abstract
This paper demonstrates the 272 nm optically
pumped deep-ultraviolet (DUV) stimulated emissions
from AlGaN/AlN multiple-quantum-wells (MQWs)
structures grown on nano-pattern AlN templates on
sapphire substrates. Based on the better crystal quality
of ELOG AlN layers which is revealed by X-ray
diffraction characterization, 810 kW/cm2 and 690
kW/cm2 threshold power density (Pth) is achieved on the
nano-net and nano-grating AlN templates, and it is 68%
and 72% lower, respectively, than that of the 1-μm-thick
planar AlN layer . Additionally, the Pth of the MQWs on
the nano-grating AlN template is 15% lower than that of
the nano-net AlN template, which benefits from the
design of continuous grating low threading-dislocationdensity MQWs zones above the nano-grating AlN
template are in parallel with the optical resonating
direction.
INTRODUCTION
AlGaN-based DUV laser diodes (LDs) have attracted
considerable attention owing to their potential advantages as
compact coherent light sources in materials processing,
water purification, high-density optical storage, bioagent
detection and portable medical diagnostics . The shortest
stimulated emission wavelength under electrical-injection
mode is limited to 336 nm [1], not in the DUV region. The
slow progress is primarily attributed to the high-Alcomposition AlGaN alloys suffering high density of
threading dislocations, which act as non-radiative
recombination centers in the active region. It is desirable to
grow DUV LDs on foreign substrates like sapphire ones
because they are available at reasonable cost. For DUV LDs,
AlN ELOG on patterned sapphire substrates and patterned
AlN templates upon sapphire substrates have been explored
for threading dislocation suppression [2,3].
In this paper, we present the research on achieving highcrystal-quality AlN layers and around 272-nm optically
pumped DUV stimulated emission with low Pth from

AlGaN/AlN MQWs on the nano-net and nano-grating AlN
templates compared with that on the 1-μm-thick planar AlN
layer. Moreover, the Pth of MQWs grown on the nanograting AlN template is 690 kW/cm2, 15% lower than that
on the nano-net AlN template with Pth of 810 kW/cm2.
EXPERIMENTS
A homemade low-pressure metal-organic chemical vapor
deposition (MOCVD) was used for the Al(Ga)N materials
growth. Nano-pattern AlN templates were fabricated by
nano-imprint lithography, inductively coupled plasma
etching and MOCVD ELOG technique based on 1-μm-thick
planar AlN layers upon 2-inch c-plane sapphire substrates.
Figure 1 shows the top-view scanning electronic microscopy
(SEM) image of the nano-pattern AlN templates on sapphire.
The diameter, depth and period of the holes on the nano-net
AlN template are approximately 550 nm, 740 nm and 1 μm,
respectively. The width, depth and period of the gratings on
the nano-grating AlN template are around 500 nm, 400 nm
and 1.3 μm, respectively. The gratings are aligned along the
AlN [1 00] direction.
The two types of nano-pattern AlN templates were
subsequently re-loaded into the MOCVD reactor for AlN
ELOG, AlGaN/AlN MQWs structure and an AlN cap layer.
Fabry-Perot cavity facets of the MQWs samples were
fabricated along the Al(Ga)N [11 0] direction with the help
of a laser scriber on the substrate backside. The cavity
lengths were controlled to 1 mm. No high-reflection coating
was employed to the cavity facets.

magnitude of the image force on the nano-net AlN template
is larger than that on the nano-grating AlN template.
Figure 2 demonstrates the edge emission spectra of the
two MQWs samples by varied optical pumping power
density. Stimulated emissions at 271.9 nm, 272.7 nm and
271.7 nm were observed from MQWs structures on the
nano-net AlN template, nano-grating AlN template and 1μm-thick planar AlN layer with spectrum FWHM values of
0.66 nm, 0.84 nm and 1.3 nm, respectively.

Fig.1. SEM images of the (a) nano-net and (b) nano-grating AlN
templates.

RESULTS AND DISCUSSIONS
The full width at half-maximum (FWHM) values of
symmetric (0002) and asymmetric (10 2) planes of the
ELOG AlN layer on the nano-net AlN template are 76 and
306 arcsec, respectively. The FWHM values of (0002) and
(10 2) planes of the ELOG AlN layer on the nano-grating
AlN template are 114 and 357 arcsec, respectively. As a
comparison, the FWHM values of (0002) and (10 2) planes
of the 1-μm-thick planar AlN layers are around 60 and 600
arcsec, respectively. The crystal qualities of the ELOG AlN
layers on the nano-pattern AlN templates are better than that
of the 1-μm-thick planar AlN layer, due to coalescence
overgrowth of ELOG AlN enhancing the possibility of
threading dislocation annihilation [4]. It is also noticed that
the crystal quality of the ELOG AlN layer on the nano-net
AlN template is better than that on the nano-grating AlN
template. The possible reason is that image force works on
threading dislocation annihilation during the ELOG process
and its magnitude is inversely proportional to the distance
between the void sidewalls and the threading dislocations.
Because of the configuration shown in Figure 1, the

Fig. 2. Emission spectra of MQWs on the (a) nano-net AlN
template, (b) nano-grating AlN template and (c) 1-μm planar AlN
layer.

The spectral integrated intensity as a function of the PD
for the three MQWs samples are shown in Figure 3.The
optical pumping source was the 248-nm KrF excimer laser
with pulse width of 20 ns and repetition frequency of 50 Hz.
The KrF laser beam size was 2000 μm × 350 μm. The
MQWs on the 1-μm-thick planar AlN layer exhibit Pth of 2.5
MW/cm2. The Pth of the MQWs on the nano-net and nanograting AlN templates with better crystal quality
significantly reduce to 810 kW/cm2 and 690 kW/cm2, 68%
and 72% lower than that on the 1-μm-thick AlN layer,
respectively. Based on this, it can be deduced that the Pth of
the MQWs on the nano-net AlN template, which has better
crystal quality, is higher than that on the nano-grating AlN
template. However, the result shows that the Pth of the
MQWs on the nano-net AlN template is 15% lower.

Fig. 3. Spectral integrated intensity as function of optical pumping
power density for the three MQWs samples.

Combined with Figure 4, the mechanism for lower Pth on
the nano-grating AlN template is explained below. For the
MQWs grown on the nano-net AlN template, the low and
high threading dislocation density (TDD) zones are in
alternate arrangement along the AlN [1 00] direction. So
light resonance along the AlN [1 00] direction passes
through the low and high TDD zones alternately. For the
MQWs on the nano-grating AlN template, both the low and
high TDD zones extend from one laser facet to the opposite
along the AlN [1 00] direction.
Non-radiative recombination is undesirable and
proportional to the density of threading dislocations that act
as non-radiative recombination traps. Carriers may be
captured by the traps and the energy loss is then converted
into heat without generating useful photons. With the
increase of TDD, there is more non-radiative recombination
processes and lower radiation efficiency, which could limit
the performance of LDs.
Therefore, in comparison with the resonant light going
through the discontinuous low TDD MQWs zones on the
nano-net AlN template, when it passes through the
continuous low TDD MQWs zones on the nano-grating AlN
template, higher gain, less non-radiative recombination and
lower Pth can be achieved. It should be noted that the XRD
result reflects the average crystal quality of epitaxial layers.
The reduced Pth of the MQWs on the nano-grating AlN
template is more related to the localized TDD distribution.
Therefore, LDs on the nano-grating AlN template can
achieve Pth reduction in comparison with those on the nanonet AlN template with better average crystal quality.

Fig. 4. Schematic of the full layer structures and top view of
dislocation distributions on nano-net and nano-grating AlN
templates.

CONCLUSIONS
Optically pumped DUV stimulated emissions around 272
nm from AlGaN/AlN MQWs on nano-pattern AlN templates
are demonstrated, achieving significant Pth reduction
compared to that on the 1-μm-thick planar AlN layer.
Moreover, the Pth of MQWs grown on the nano-grating AlN
template is 690 kW/cm2, which is 15% lower than that on
the nano-net AlN template. These results from the
continuous grating low TDD MQWs zones above the nanograting AlN template designed in parallel with the optical
resonating direction. This research opens a new avenue of
reducing Pth through the ordered distribution of low and high
TDD MQWs zones for AlGaN-based waveguide LDs.
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ACRONYMS
DUV: deep-ultraviolet
MQWs: multiple-quantum-wells
Pth: threshold power density
LDs: laser diodes
MOCVD: metal-organic chemical vapor deposition
SEM: scanning electronic microscopy
FWHM: full width at half-maximum
TDD: threading dislocation density

