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To the memory of Professor Anne Henry who was a passionate great scientist, a dedicated teacher, an
excellent supervisor, and, above all, a wonderful lovely person.

1. Introduction

Nitride semiconductors are a well-established family of materials
with vast applications. LEDs[1] and high electron mobility transis-
tors (HEMTs)[2–6] are among the best-known devices based on
the so-called “classical” nitrides, which are the group 13 nitrides
(formerly known as group IIIA nitrides). In the last decade, tran-
sition metals such as Nb, Er, Yb, La, Lu, Cr, W, Fe[7–15] and espe-
cially group 3 nitrides[16–18] have raised a strong interest in the
scientific but also industrial community thanks to several fea-
tures obtainable by alloying them in wide bandgap

semiconductors, and especially scandium
in AlN layers.[19] The presence of an
element like Sc or Y with d orbitals and a
large ionic radius causes relevant effects
on the material properties of AlN. The
induced lattice distortion results in stronger
spontaneous and piezoelectric polarizations
in the wurtzite material that maximize the
total polarization enabling much improved
performances in several applications. The
addition of Sc in AlN increases the piezoelec-
tric polarization and the electromechanical
coupling, which enables a more efficient
mechanical-to-electric energy conversion
and results inmore efficient RF devices.[20,21]

Similarly, micro-electro-mechanical sys-
tems (MEMS) can benefit from high Curie
temperature and high-temperature stability
of AlN-based materials, as well as predicted
high sound velocity and low dielectric per-
mittivity.[22] At the same time, the larger

polarizations play a crucial role in enhancing up to 5 times
the sheet carrier density of 2D electron gas created at the inter-
face between an AlScN barrier layer and a GaN channel layer,
which is beneficial for HEMTs.[23] Recently, the discovery of fer-
roelectricity in AlScN[24,25] has opened the door to another excit-
ing field of applications, such as nonvolatile memories and
energy storage. Indeed, the strain introduced by the presence
of large group 3 atoms reduces the energy barrier for ferroelectric
polarization switching. It seems that Sc in AlScN can flatten the
Gibbs free-energy landscape of the AlScN wurtzite structure,
making it a ferroelectric material.[17] Ferroelectric AlScN layers
having a coercive field of 4.2MV cm�1 at 10 kHz and a remnant
polarization of 135 μC cm�2 were recently demonstrated.[26]

While the advantages of adopting AlScN are still under
investigation and, to a large extent, getting also established
in the semiconductor industry, surprisingly, almost no atten-
tion has been given to the other group 3 nitride: AlYN.
Although yttrium has a very negative redox potential of
�2.37 V, which means that it is even more susceptible to oxi-
dation compared to scandium (Sc has a redox potential of
�2.08 V),[27] its price is up to 100 times lower than that of
Sc,[28] and it is much easier to extract and purify. Several
theoretical studies and early experiments have demonstrated
that AlYN is stable in the wurtzite phase for Y content up to
75% (while Sc contents above 40% in AlScN could degenerate
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Transition metal nitrides, namely group 3 (Sc and Y) elements alloyed with AlN,
are predicted to enhance several characteristics of wurtzite semiconducting
nitrides, thanks to the presence of 3d orbitals and the distortion introduced in the
lattice by the large metals. While AlScN is actively researched and grown by
several techniques, and already many applications benefit from the enhanced
piezoelectric and ferroelectric characteristics of this material. There are very few
experimental reports on AlYN and several promising theoretical studies. The
growth of AlYN by metal-organic chemical vapor deposition (MOCVD) is reported
for the first time. Parameters such as the growth temperature, yttrium con-
centration in the alloy, and the effect of the underlying template on the epitaxial
growth are studied. Structural and morphological characterizations of the epi-
taxial layers show that the growth of wurtzite AlYN with Y concentration up to
30% can be achieved, but cubic inclusions are formed by raising the growth
temperature or the yttrium concentration. Impurities in the precursors and
oxidation effects are discussed as well.
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into the formation of the rock salt phase).[29–34] Besides, the
integration with a GaN layer for HEMTs is favored by the need
for a lower content of Y for AlYN to be lattice matched to GaN
(11% Y, rather than 18% as for Sc, as calculated using Vegard’s
law and the lattice constant 3.9901 Å of YN,[35] in agreement
with what has calculated by Xie et al.[32] for Al0.875Y0.125 N with
a lattice parameter a= 3.22 Å). The enthalpies of formation of
the two possible phases (wurtzite and rock salt) are positive
and close to each other with the wurtzite phase slightly
favored, which means that a high temperature for the growth
is needed, but phase separation and mixing or clustering can
happen.[30]

Nevertheless, compressive strain and the choice of a proper
substrate with an off-cut or with a proper nucleation layer,
and the choice of the right growth temperature can help to sta-
bilize the desired wurtzite structure, as done for other metastable
semiconductor materials, such as SiC.[36–39] The growth of AlYN
has been demonstrated only by two groups so far: Linköping
University[29,40] and TU Wien.[22,41] In both cases, the sputtering
technique was used to grow the samples at temperatures below
1000 °C, and the maximum concentration of Y in crystalline
wurtzite AlYN layers was below 22% and 15%, respectively.
Sublimation or sputtering was used to grow pure YN sam-
ples,[42,43] while unsuccessful attempts to incorporate Y by
metal-organic chemical vapor deposition (MOCVD) were
made only by Koleske et al. to deposit GaYN.[44] MOCVD is
the preferred growth method for the semiconductor industry
thanks to its low cost of operation and high yield. However, it
is difficult to grow AlScN or AlYN due to the very low vapor
pressure of precursors for Sc and Y. In 2019 we demonstrated
that it is possible to incorporate scandium in AlN and grow
wurtzite AlScN with Sc content above 30% by MOCVD[45]

thanks to some hardware modifications in the MOCVD
reactor. Although thermodynamic analysis confirms that
it is theoretically possible to grow AlYN by hybrid
chemical vapor deposition,[46] until now, to the best of our
knowledge, nobody has demonstrated either the growth
of AlYN by MOCVD or the deposition of wurtzite AlYN
with Y content above 22%. As mentioned above, AlYN
offers several key advantages compared to AlScN: it is more
stable in the wurtzite phase with Y content up to 75%, it
requires a lower concentration to be lattice-matched
with GaN, and it is a more cost-effective and abundant
transition metal.[47] Therefore, we consider it valuable to under-
stand if it is possible to grow AlYN with a high Y content in the
wurtzite phase that could be adopted for novel MEMS, RF-filter,
HEMT, and ferroelectric applications. Besides, we pursue the
epitaxial growth of AlYN using MOCVD because this could favor
its faster adoption in the semiconductor industry.

Our short report demonstrates that it is possible to grow
AlYN by MOCVD in the wurtzite phase and for Y content of
30% and above, albeit with cubic inclusions. We discuss the
precursor and setup used for the deposition as well as the
effect of the growth temperature and the content of Y in
corporated on the material quality for Al1–xYxN layers with Y
concentrations up to 100% (x= 1) grown onto different
nitride semiconductors (GaN and AlN) on sapphire substrates.
We also present preliminary attempts to grow AlYN/GaN
heterostructures suitable for HEMTs and the growth of pure

YN layers. Finally, we show issues related to the oxidation of
the material.

2. Experimental Results and Discussion

The growth of AlScN by MOCVD presented several challenges,
among which finding a precursor with high vapor pressure and
low impurities represented the most relevant issue.[44,48] We
demonstrated that a slight modification of the gas mixing system
in a commercial MOCVD setup[49,50] could enable the growth of
AlScN by MOCVD with standard commercially available
cyclopentadienyl-based Sc precursors by heating the source to
150 °C.[45,51–53] We have recently reported that new precursors
are under development[54] and feature a higher vapor pressure.
However, the only attempt to grow Y-containing nitrides by
MOCVD relied on using cyclopentadienyl-based Y precursors
(MeCp)3Y and (t-BuCp)3Y, with the last one enabling doping lev-
els of Y incorporated in GaN (5.3� 1018 cm�3).[44] Actually, sev-
eral precursors for yttrium are available for atomic layer
deposition of yttrium oxide,[55] with the company Air Liquide
Advanced Materials (ALAM)[55] being one of the leaders in the
field. We tested the precursor (EtCp)2(iPr-amd)Y supplied by
ALAM in our special MOCVD setup. This precursor is already
liquid at room temperature, making it more stable and reproduc-
ible than a solid precursor like (MCp)3Y, and it has a relatively
higher vapor pressure (1.33mbar at 155 °C). We installed the
yttrium precursor in our MOCVD reactor by placing it in a
temperature-controlled furnace at a temperature of 145 °C,
similar to what we did for Sc precursors like Cp3Sc and
(MCp)2ScCl.

[54] Our setup enables a reproducible control of
the molar flow of the precursor thanks to a mass flow controller
installed upstream of the bubbler and a pressure gauge to moni-
tor the pressure at the bubbler outlet. Employing this setup, we
could control and calculate the molar flow of the Y precursor as
described in our previous works,[45] which was fixed for all our
experiments and calculated to be 8.6� 10�6 mol min�1.

AlYN epitaxial layers were deposited in a commercial MOCVD
reactor equipped with a showerhead injection system and a
1� 100mm wafer configuration. We used 100mm sapphire
(0001) wafers with a previously grown either 1 μm-thick AlN
layer,[57] or 1 μm-thick GaN layer,[58] depending on the targeted
experiment. The carrier gas was hydrogen, while ammonia
(molar flow 1.9� 10�1 mol min�1) and trimethyl-aluminum
(molar flow 1.9� 10�5 mol min�1) were the precursors used
for N and Al. The growth pressure was always 40 mbar, and
the growth temperature was varied between 900 and 1200 °C,
which are growth conditions typically adopted for the growth
of wurtzite AlScN.[45,51–54] We used a Laytec EpiTT tool[59] to
monitor in situ thickness of the layer, estimate the growth rates,
and monitor the wafer curvature that depends on the tensile or
compressive stress induced in the epitaxial layer. We deposited
300–600 nm-thick AlYN epitaxial layers on top of AlN/Al2O3 tem-
plates for structural characterization and investigated the effect
of the growth temperature and the concentration of yttrium by
tuning the TMAl molar flow. We also performed a couple of
experiments using GaN/Al2O3 templates to understand the
impact of using a buffer layer, such as GaN, having a larger lattice
parameter, but also tried to make AlYN/GaN heterostructures
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with the intent of forming a 2DEG, suitable for HEMT
structures. Finally, we used both kinds of templates to deposit
pure YN layers.

We deposited �500 nm-thick AlYN layers on AlN/Al2O3 tem-
plates at the growth temperatures of 900, 1000, 1100, and
1200 °C. The color of the wafers was different for each experi-
ment (see Figure S1, Supporting Information), indicating not
only a different Y content but also the possible presence of
defects and inclusions of the rock salt phase, in which bandgap
was calculated to be in the yellow/red portion of the light
spectrum,[30] similar to what also observed for AlScN samples.[60]

The level of Y incorporation into the layers was determined by
time-of-flight secondary-ion mass spectrometry (TOF-SIMS) uti-
lizing an IONTOF M6 Plus instrument (IONTOF GmbH,
Münster, Germany) by depth profiling, performed in a dual
beam mode using a sputter beam of 2 keV Csþ ions in combi-
nation with a primary beam of 30 keV 1Biþ ions for the crater
analysis. The calibration of Y concentration was achieved in pos-
itive polarity using reference samples, formerly calibrated using
time-of-flight energy elastic recoil detection analysis (TOF-E
ERDA) with an accuracy of �3%,[29] with Y content up to
22%. Linear extrapolation was used to estimate the Y content
for the samples exceeding the Y concentration of reference
samples. The samples grown at different temperatures had a
concentration of Y of 18%, 15%, 20%, and 33%, respectively
(see Table 1). Apart from the unexpectedly higher Y concentra-
tion in the sample grown at 900 °C, there is a clear trend of incor-
porating more Y with higher growth temperatures, similar to
what we observed in the MOCVD of AlScN.[51] We speculate that
the higher growth temperature facilitates the cracking of the Y
precursor and probably enhances the mobility and incorporation
of Y in the solid phase. The morphology of the layers was smooth
and crack-free based on optical microscopy analysis but charac-
terized by 3D features (Figure S2, Supporting Information) as
noticed by atomic force microscopy analysis conducted in tap-
ping mode, and displayed a root mean square (RMS) roughness
ranging from 1.5 to 5.5 nm. The assessment of the layer’s struc-
tural properties, namely if the crystal structure of the layers is
wurtzite, was done by X-ray diffractometry (XRD) equipped
with a Cu radiation source providing Cu Kα1 radiation and a
two-bounce Ge 220 monochromator. Different kinds of

measurements were performed, such as phase analysis
(2θ/θ-scan), azimuthal Φ-scan (e.g., to easily distinguish the
presence of cubic inclusions), and pole figures (e.g., to estimate
the presence of textures or twisting). While the AlYN layers
deposited between 900 and 1000 °C showed typical wurtzite
phase-related peaks (0002 peak at �35°–36°) and the cubic phase
could not be detected, the layer grown at 1100 °C seemed to have
traces of cubic phase inclusions, while the sample growth
at 1200 °C was rich in cubic phase inclusions (100 peak at
�31°–32°),[22,40] as visible in the Φ-scan (Figure 1).

While keeping a constant temperature of 1100 °C, we
varied the TMAl flow to affect the relative amount of Y in
the AlYN layers. The molar flow of TMAl changed from
1.9� 10�5 mol min�1 to 1.4� 10�5 and 4.9� 10�6 mol min�1.
The ammonia flow was also reduced to keep a constant V/III
ratio of �7000. As expected, the concentration of Y increased
from 20% to 26% and 30% when decreasing the TMAl flow.

Table 1. List of the samples described in this report and their main growth parameters and observations.

Growth temp. [°C] TMAl molar flow [mol min�1] Substrate Y content [%] RMS [nm] Cubic inclusion [Φ-scan] Bandgap [eV]

900 1.9� 10�5 AlN/Al2O3 18 1.52 None 4.34

1000 1.9� 10�5 AlN/Al2O3 15 1.49 None 4.39

1100 1.9� 10�5 AlN/Al2O3 20 5.42 Trace 4.04

1200 1.9� 10�5 AlN/Al2O3 33 4.88 Prominent 3.39

1100 1.4� 10�5 AlN/Al2O3 26 3.24 None 4.3

1100 4.9� 10�6 AlN/Al2O3 30 4.25 Prominent –

1100 1.9� 10�5 GaN/Al2O3 27 1.72 None –

1100 1.4� 10�5 GaN/Al2O3 41 4.66 Prominent –

1100 9.7� 10�6 GaN/Al2O3 n.m. 4.5 – –

1100 0 AlN/Al2O3 100 8.61 Cubic –

1100 0 GaN/Al2O3 100 nm Cubic –

Figure 1. XRD analysis on AlYN epitaxial layers grown at different
temperatures (900, 1000, 1100, and 1200 °C) on AlN/Al2O3 (0001)
templates. The Φ-scan indicated the presence of cubic inclusions in
the samples deposited at higher temperatures.
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The morphology and roughness did not change significantly
compared to the previous experiments. The XRD analysis
(Figure 2) confirmed that the sample with the highest Y content
of 30% had cubic inclusions, while the other samples were pre-
dominantly wurtzite AlYN phase (the cubic phase could not be
detected). Apparently, the higher Y content and the higher tem-
peratures triggered the formation of cubic inclusions, which may
be explained considering that the enthalpies of the wurtzite and
cubic phase of AlYN are very close to each other, although the
wurtzite phase enthalpy of formation is slightly lower and con-
sequently favored for Y content up to 75%.[11,29,30,33]

We performed growths of AlYN also on top of GaN/Al2O3

templates and used similar conditions as the one adopted when
using AlN templates, i.e., a growth temperature of 1100 °C, a
molar flow of the Y precursor of 8.6� 10�6 mol min�1, and a
varying TMAl molar flow of 1.9� 10�5 mol min�1 to
1.4� 10�5 and 9.7� 10�6 mol min�1. Interestingly, the sample
with the lowest TMAl molar flow of 9.7� 10�6 mol min�1

(highest Y concentration) started to deteriorate when exposed
to open air; consequently, we did not measure it either by
TOF-SIMS or XRD. The other two samples (TMAl molar flow
of 1.4� 10�5 and 1.9� 10�5mol min�1) had a Y content of
41% and 27% (Figure 3), respectively, which is remarkable con-
sidering that they were grown at the same conditions as those on
AlN/Al2O3 templates, but the Y concentrations was only 26% and
20%, respectively, in those samples. We speculate that such a
higher incorporation of Y when using GaN templates may be
due to a strain effect, similar to the compositional pulling effect,
whereas compressive strain suppresses indium incorporation,
and tensile strain promotes it.[61] Indeed, we observed by in situ

curvature measurements that the AlYN layers deposited on AlN
templates were highly compressive, while those deposited on
GaN templates were only slightly compressive, which may have
favored a higher incorporation of Y atoms in the solid phase.

Indeed, Y is a relatively large atom whose incorporation is
likely facilitated when occurring on the larger GaN layer with
a lattice constant a of 3.19 Å, rather than on AlN with a lattice
constant a of 3.10 Å. It has been calculated[30] that the lattice
parameter a of Al0.75Y0.25 N is 3.35 Å. Consequently, the GaN
template offers a more compliant substrate for incorporating a
higher amount of yttrium. Regarding the morphology, the
layers remained rough with a relatively high RMS roughness
(still below 5 nm) but were crack-free. The phase analysis per-
formed by XRD shows that the sample with 27% of Y should
be pure wurtzite because it had only a peak at �35° that could
be assigned to the 0002 peak, while the sample with 41% had
more peaks (200 peak at �37°, 400 peak at �75°) that could
be assigned to the cubic phase, based on what is reported in
the literature for rock salt YN[42,43] (Figure S3, Supporting
Information), as well as a peak at 29° possibly due to the presence
of an oxide layer or to the Al2O3 substrate. The FWHM of omega-
scans of AlYN 00.2 ω-scan is 1.9° for the sample with Y content of
27% (600 nm thick), and 2.4° for the sample with Y content of
41% (770 nm thick).

Another intriguing observation was the behavior of the growth
rate (Figure 4). As expected, the growth rate increased propor-
tionally with the total molar flow of the group 3 (Y) and 13
(Al) precursors, as we performed the growth with an excess of
ammonia (V/III flow ratio of �7000). The experiments were per-
formed by keeping a fixed molar flow of the Y precursor and by
increasing the flow of the Al-precursor, which explains why for
higher molar flows, the Y content decreased.

All of these samples were not passivated and most of them did
not show any signs of surface oxidation except for the YN layer
grown on GaN, which started to turn from bright red to white
and to peel off three days after growth, and the AlYN samples
with an Y content of 30% or more, on which interference rings
appeared after 2–4 weeks after growth. All of these samples were
orange to the eye and presumably contained a high amount of
cubic phase. Only the sample grown at 1200 °C, brightly red
and with a Y content of 33% did not show any macroscopic signs
of oxidation or other kind of decomposition. YN could be

Figure 2. XRD phase analysis on AlYN epitaxial layers grown at different
temperatures (900, 1000, 1100, and 1200 °C) and TMAl flows on AlN/
Al2O3 (0001) templates. Cubic inclusions seem to be present in the sam-
ples grown at 1100 and 1200 °C, while the sample grown at the lowest
temperature also showed a Y2O3-related peak (29°).[43] The Y content
of these samples is listed in Table 1.

Figure 3. TOF-SIMS analysis of a 600 nm-thick Al0.77Y0.27 N layer depos-
ited on a GaN/Al2O3 template.
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stabilized growing a SiNx cap on top. In the literature, fast oxi-
dation was reported for sputtered AlYN.[22,62] We speculate that
the presence of the cubic phase at elevated Y contents might be
related to the higher sensibility to oxygen. Due to the unavailabil-
ity of oxygen standard reference material, the O concentration
was not determined. However, the intensity of the 18O� signal,
measured by TOF-SIMS, indicates its very high concentration.
The same applies to carbon, which is another common impurity
in nitrides, in which content seemed to be high in all the samples
(Figure 5).

We used transmission spectroscopy at an incident angle of
Θi= 0° with a Lambda 950 UV/UV–vis spectrophotometer from
PerkinElmer to measure approximately the bandgap of the AlYN
layers grown on AlN templates. For these measurements, the
backside of the samples was polished. The transmission spectra
of the TMAl flow series (including a spectrum of a pure AlN ref-
erence and excluding the 30% sample which decomposed before
the measurement) are shown in Figure 6a, and those of the

temperature series are shown in Figure 6b. The absorption edge
shifts from lower to higher energies with decreasing Y content.
From the transmission percentage T we approximated the
absorbance A and the optical absorption coefficient α(λ) using
A= 2–log10(T ) and α(λ)= 2.303Ad�1, where d is the thickness
of the film determined by TOF-SIMS. Subsequently, the bandgap
was determined by linear fitting to the Tauc plot for direct
bandgap,[63] and the calculated values are listed in Table 1.
This is shown for the temperature series samples in
Figure 6c. The onset slope of the (αE)2 curves indicates that
sub-bandgap absorption increases with increasing Y content,
which might be related to cubic rock salt phase in the layer.
Calculations of the bandgaps of the wurtzite and cubic AlYN
by Ramírez-Montez et al.[30] indicate that the bandgap of cubic
AlYN with an Y content of 0.5–1.0 lies in the energy range of
the visible spectrum that we see as red. As the sample grown
at 1200 °C appears red (visible in Figure S1, Supporting
Information), we assume that at least some cubic phase is pres-
ent. Indeed, a fit in the sub-bandgap area of the (αE)2 results in
1.88 eV bandgap. In Figure 6d, the determined bandgap values
are plotted versus the Y content determined by TOF-SIMS. The
experimental values of the sputtered samples presented by
Sedrine et al.[40] are shown as well as the theoretical values of
Ramírez-Montez et al.,[30] who calculated the direct and indirect
wurtzite and cubic bandgaps of AlYN over the whole composition
range, concluding that both the binary rock salt compounds as
well as wurtzite Al0.25Y0.75 N and YN have an indirect bandgap.
These calculations underestimate the experimental bandgap of
wurtzite AlN by 0.815 eV. Our measurement is not sensitive
to indirect bandgaps, all our values are of the direct bandgaps.
An in-depth optical analysis of the layers will be subject of future
investigations.

A few attempts to make AlYN/GaN heterostructures were
made but with no satisfying results. We used similar heterostruc-
tures as those used in our former works[52,53,58] and targeted
an AlYN barrier thickness of 10 nm with a Y content below
15%. However, sheet resistances measured by a contactless
eddy-current setup were very high (above 2000Ω sq�1) regardless
of the growth conditions (different growth temperatures and
amounts of yttrium incorporated). The best sample had a mobil-
ity of 188 cm2 V�1 s�1 and a sheet carrier density of up to
3.7� 1013 cm�2. TOF-SIMS measurements indicated that a high
quantity of impurities (namely oxygen and carbon) was incorpo-
rated, which may be the primary source for the bad electrical
characteristics.

Pure YN films having a thickness of 400 nmwere deposited on
both AlN and GaN templates. As it is reported in the literature
that YN is unstable in air and easily converted to yttria (Y2O3), the
sample deposited on the AlN template was in situ capped with a
10 nm-thick amorphous SiNx layer. While both samples had a
uniform red color when unloaded from the reactor, the YN layer
deposited on GaN slowly converted to yttria, which could be
distinguished by a white color that appeared in a few days.
Differently, the sample capped with SiNx did not show any
change of its reddish coloration. XRD phase analysis showed that
the passivated sample had the typical fingerprint of rock salt YN
with no peak assignable to yttria despite the presence of oxygen
in the samples. A last noteworthy characteristic was the conduc-
tivity of the YN layers, which we measured in terms of sheet

Figure 5. TOF-SIMS analysis of the O and C impurities in a 600 nm-thick
Al0.77Y0.27 N layer deposited on a GaN/Al2O3 template. The oscillation in
the signal of 12C� is presumably caused by charging effects during the
measurement.

Figure 4. Plot of the growth rate of AlYN epitaxial layers deposited either
on AlN templates (red circles) or on GaN templates (blues squares). The
layers were grown by keeping a constant molar flow of the yttrium precur-
sor and different molar flows of the aluminum precursor. The value nearby
the square or dots indicates the Y content in the AlYN alloy.
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resistance (Ω sq�1). The sample that was deposited on the GaN
template and not passivated had a low sheet resistance of
1300Ω sq�1 that can probably be attributed to a high concentra-
tion of carriers (from oxygen) in the semiconducting YN layer.[43]

In contrast, the passivated sample had a very high resistance
above 49 kΩ sq�1.

3. Conclusion

In conclusions, we have demonstrated the growth of AlYN and
YN by MOCVD. We could grow AlYN layers in the wurtzite
phase with Y content above 30% by tuning the molar flows
and the growth temperature. We observed that growth temper-
atures above 1100 °C and Y content above 20% tend to trigger the
formation of cubic inclusions, but also that the incorporation of
yttrium in the layers increases with higher growth temperatures
and when using a more lattice-compliant substrate such as a GaN
template. However, a 600 nm-thick Al0.73Y0.27 film on top of a
GaN/Al2O3 substrate was demonstrated, which is a pure wurtzite
layer with a Y concentration above what was demonstrated so far

in the literature. We could also demonstrate the growth of YN
layers that, thanks to the presence of a passivation layer, had
insulating characteristics. Extensive optical, structural, and elec-
trical characterizations will follow up this report.

The precursor adopted in our experiments is suitable for the
MOCVD growth of AlYN, which can likely be employed for
RF-filter andMEMS. Further purifying the precursor will probably
allow the deposition of AlYN suitable for HEMT heterostructures
but also for demonstrating the predicted ferroelectricity of AlYN.
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P. Waltereit, M. Mikulla, R. Quay, O. Ambacher, Phys. Status Solidi
RRL 2022, 17, 2200387.

[55] C. Dussarrat, N. Blasco, W. Noh, J. Lee, J. Greer, T. Teramoto,
S. Kamimura, N. Gosset, T. Ono, Coatings 2021, 11, 497.

[56] https://electronics.airliquide.com/offer-brands/our-offer/electronics-
advanced-materials (accessed: March 2023).

[57] I. Streicher, S. Leone, L. Kirste, O. Ambacher, J. Vac. Sci. Technol. A
2022, 40, 032702.

[58] S. Leone, F. Benkhelifa, L. Kirste, C. Manz, S. Mueller, R. Quay,
T. Stadelmann, Phys. Status Solidi B 2018, 255, 1700377.

[59] https://www.laytec.de/home.
[60] M. T. Hardy, E. N. Jin, N. Nepal, D. S. Katzer, B. P. Downey, V. J. Gokhale,

D. F. Storm, D. J. Meyer, Appl. Phys. Express 2020, 13, 065509.
[61] Y. Inatomi, Y. Kangawa, T. Ito, T. Suski, Y. Kumagai, K. Kakimoto,

A. Koukitu, J. Appl. Phys. 2017, 56, 078003.
[62] J. P. Dismukes,W.M. Yim, J. J. Tietjen, R. E. Novak,RCARev 1970, 31, 680.
[63] J. Tauc, R. Grigorovici, A. Vancu, Phys. Status Solidi B 1966, 15, 627.
[64] https://liu.se/en/organisation/liu/ifm/halv (accessed: March 2023).

www.advancedsciencenews.com www.pss-rapid.com

Phys. Status Solidi RRL 2023, 2300091 2300091 (8 of 8) © 2023 The Authors. physica status solidi (RRL) Rapid Research Letters
published by Wiley-VCH GmbH

 18626270, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pssr.202300091 by Fraunhofer IA

F, W
iley O

nline L
ibrary on [05/05/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://electronics.airliquide.com/offer-brands/our-offer/electronics-advanced-materials
https://electronics.airliquide.com/offer-brands/our-offer/electronics-advanced-materials
https://liu.se/en/organisation/liu/.ifm/halv
http://www.advancedsciencenews.com
http://www.pss-rapid.com

	Metal-Organic Chemical Vapor Deposition of Aluminum Yttrium Nitride
	1. Introduction
	2. Experimental Results and Discussion
	3. Conclusion


