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Abstract- Among all I11-Nitride materials Indium Aluminium Nitride (InAIN) is an important but challenging
material system used in many applications including InAIN/GaN high electron mobility transistors,
INAIN/GaN Bragg reflectors and InAIN-based photodetectors. Despite this, a significant discrepancy (0.3
eV) exists in the band-gaps reported for even the most studied and technologically relevant compositions,
around the lattice matched condition to GaN. For accurate estimation of band-gap across the whole
composition range, a detailed data set for the lowest indium content region is needed, but has not been
available. Here InAIN/AIGaN multiple quantum wells (MQWSs) emitting between 300 and 350 nm have been
prepared by metalorganic organic chemical vapor deposition (MOCVD) on planar AIN templates. Also we
studied InAIN epitaxial layers grown on AIN by MOVPE at different temperatures and determined their band-
gap Eg by means of photoluminescence excitation spectroscopy.
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1. Introduction

I11-nitride-based light emitting devices have
reached high power conversion efficiency in the
blue-violet spectral range. Many efforts are being
made to expand this success into both the
green/yellow region where InGaAIP based emitters
lose their efficiency due to the transition from direct
to indirect band-gap [2], and into the ultraviolet
(UV) region where currently there is no alternative
to Ill-nitrides. For the UV emitters, AlGaN is the
most widely employed as the active region quantum
well (QW) material [3]. AlGaN is a relatively well
understood alloy, both in terms of the physics and
growth conditions used [4]. In contrast, INAIN is
less well understood and requires radically different
growth conditions that are a compromise between
those for the binary components [5]. Furthermore no
work has been reported on its use as a light emitting
material, though Hirayama et al. [6] and a few other
groups [7], [8] and [9] have reported the inclusion
of small (<6%) mole fraction of In and, more
recently, up to 10% [10] into quaternary InAlGaN
alloy QWs. Despite this little, if any, attention has
been maid to InAIN as a material for the active
region of light emitting devices, though it is
extensively used in Bragg reflectors [11], high
electron mobility transistors [12], and as barrier
material in lattice matched GaN/InAIN MQWs [13].
In this paper, we report on the use of InAIN as a
promising alternative active region for 300-350 nm
emitters.

Also band-gap and bowing parameter of this alloy
is reported in whole range of composition.

2. Experimental

All samples studied here were grown on c-Al;Os3
substrates by MOCVD in a 3x2" reactor using
TMGa, TMIn, TMAI and ammonia as precursors.
The choice of substrate was determined by the need
to have UV transparency in practical light emitting
devices, and to ensure the Ill-nitride growth was
also c-oriented, which gives the most reliable
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structural and morphological quality in this material
system. For optical studies the INAIN/AIGaN 5QW
stacks were grown on 2 pum AlGaN templates,
which were deposited on 2.5 um AIN on c-Al>Oa.
All samples were grown at nominally identical
conditions except for QW growth temperature
TQW. Growth temperature was varied in the range
of 710-790°C. Samples were characterized by X-ray
diffraction (XRD) system. Photoluminescence (PL)
was done using a 244 nm laser or monochromator
coupled Xe-lamp at the room temperature. PL and
PL excitation (PLE) spectra were detected using
imaging spectrometer equipped with a CCD camera
and a photomultiplier.

For determination of band-gap and bowing
parameter, 80-100 nm thick InsAlixN epilayers
were grown on 2.5 um AIN-templates on c-Al,0s.
The In composition, X, was varied from below 0.01
to 0.224 using growth temperatures Tq in the range
of 940°C to 730°C. A high V/III ratio of 5400,
TMIn/TMAI ratio of 1, pressure of 70 mbar and
nitrogen ambient were used for InAIN; the growth
rate at such conditions was about 0.05 nm/s,
decreasing slightly with increasing temperature.

3. Results and Discussions

3.1. Photo-Luminescence

As expected the indium composition x(In) increases
with TQW lowering, Figure 1. We have found that
the indium content increase is linear in TQW range
from 790°C down to 730°C. Further drop of the
TQW down to 710°C leads to a significantly smaller
increase of indium composition (cf. the
experimental data for 710, 720°C and the linear fit
of data on 730-790°C). We derived these values
assuming fully strained QWSs in our XRD model,
which might not be the case for the highest indium
content QWs in this series.

This paper is authentic if it can be found in www.opsi.ir.


http://opsi.ir/article-1-2204-en.html

[ Downloaded from opsi.ir on 2025-12-15]

The 26" Iranian Conference on Optics and Photonics (ICOP 2020)
The 12" Iranian Conference on Photonics Engineering and Technology (ICPET 2020)
Kharazmi University, Tehran, Iran, Feb. 4-5, 2020.

sl + : : : .
18l $+\ i
| + |
=
o \ |
12} + ]
700 720 740 760 780 800

Tow (°O)
Figure 1: QW indium content as a function of TQW
determined from XRD data.

The room-temperature (RT) PL spectra of the
samples consist of an AlGaN band at 265 nm, a
wide deep-level-defect band located at 410 nm and
a QW-related band, for which peak position
depends on indium composition, Figure 2.

hv (eV)
48 4.4 4 3.6 3.2 2.8

4 T=205K |

10%F

TQW
1-790°C
2 -770°C B
3 -750°C
4 - 730°C
5-720°C
. 6 - 710°C
260 300 340 380 420 460
2 (nm)

10t

Figure 2: RT PL spectra of INAIN/AIGaN MQWs
grown at different TQW.

3.2 Band-gap and bowing parameter

By extracting bowing parameter b(x) from Eg(x)
using standard expression (1) and endpoints Eginn
and Egan for pure AIN and InN specified in Figure
3, and combining our data to values from literature
[14-18] we managed to obtain expression for INAIN
band-gap bowing parameter:

255
(1+ (omo7s) )

and thus for band-gap itself describing well data in
the whole range of compositions.

b(x) = 0161
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Figure 3: InAIN band-gap as a function of In content.

4. Summary and Conclusions

In summary, we reported on the optical properties
of 80-120 nm thick InsAlixN epitaxial layers
prepared on AIN templates with low In content.
Using the band as a probe for photoluminescence
excitation spectroscopy a detailed determination of
the variation of the InAli.xN effective band-gap
with indium content in the range 0.0022 < x < 0.11.
The band-gap was found to decrease rapidly with
indium content resulting in InkAlixN band-gap
bowing parameter of above 25 eV in the x—0 limit.
By introducing bowing parameter formula, we are
able to calculate band-gap of InAIN alloy at the full
range of composition. Also we were able to get the
near UV emission which proposing new material for
light emitting applications like LEDs and LDs.
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