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Abstract

The thermal stability of two Al Ti;,(O,N,_,) layers prepared by cathodic vacuum arc deposition with different oxygen content
was studied after high temperature annealing of the samples in air. These layers were designed to be part of solar-selective
coating (SSC) stacks. Compositional and microstructural characterization of the thin films was performed before and after the
thermal treatment by elastic recoil detection (ERD), transmission electron microscopy, and Raman spectroscopy. Al Ti; N
sample was stable after 2 h of annealing at 450 °C. Initial stages of the formation of a surface oxide layer after annealing at
650 °C were observed both by ERD and Raman analysis. Contrarily, no changes were found after 2 h annealing treatment
either at 450 and 650 °C in the composition and microstructure of Al Ti; ,(O,N,_,) sample. In both samples, the formation
of a surface anatase TiO, film was reported after 2 h annealing at 800 °C. These compositional and microstructural changes
were correlated with the optical properties determined by spectroscopic ellipsometry. A transition from metallic to dielectric
behavior with increasing annealing temperature was observed. These results complete the durability studies on the designed

SSC based on AL Ti; ((O,N,_,) materials, confirming that these stacks withstand breakdown at 600 °C in air.

1 Introduction

Thin films and coatings are currently being applied as
emergent materials in a wide range of high temperature
applications such as thermal barrier coatings for gas-tur-
bine engines [1], thin films gas sensors [2], energy conver-
sion materials [3], or solar selective coatings for solar ther-
mal energy plant receivers [4, 5]. These materials have to
withstand aggressive environments characterized by high
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temperature, large temperature gradients, cyclic stresses,
or the presence of oxidizing and corroding atmosphere [6].
Hence, an accurate knowledge of the variation of optical
properties, composition, and microstructure with tempera-
ture in the range of 400 to 1000 °C is required prior to their
application. The most common failure mechanisms related
with high temperature or extreme conditions are internal
stresses after thermal expansion, temperature-induce oxide
growth [7], changes in the microstructure, intra and inter-
layer phase transitions, diffusion of internal layers to the
surface, electrochemical corrosion, evaporation of volatile
components, or combination of various modes [8]. In order
to ensure a proper multifunctional performance, multilay-
ered coatings are commonly employed in high temperature
applications. In this regard, solar selective multilayer coat-
ings (SSC) with high absorptance (a) in the solar spectral
range (0.3-2.5 pm) and low thermal emittance (¢) in the
infrared region (2.5-30 pm) are required for improving the
performance of concentrating solar power (CSP) receiv-
ers [9, 10]. SSC deposited by physical vapor deposition
(PVD) techniques are commercially applied in parabolic
trough systems, working at temperatures below 400 °C and
under vacuum environments [5]. For central receivers of
solar tower plants operating at higher concentration factors
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(C>100) and temperatures (T > 565 °C), the substitution
of non-selective absorber paints (i.e., Pyromark® [11, 12])
by solar selective multilayer coatings could overcome the
current limitations of this CSP technology in relation to
operation temperature, efficiency, and costs [10, 13, 14].
Multilayer SSC, based on transition metal nitrides/oxyni-
trides/oxides, have recently received much attention due to
their tuneable optical properties such as reflection, absorp-
tion, refractive index, and their high-temperature thermal
stability. Niranjan et al. have recently reported a multilayer
SSC of W/WAISiIN/SiON/SiO, with a solar absorptance
of 0.955 and low thermal emittance of 0.10 [15, 16]. The
samples exhibited excellent thermal stability in air (500 °C
for 100 h) and in vacuum (700 °C for 200 h) ascribed to
the formation of fine nano-multilayers of W,N and AISiN
in the WAISIN layer structure. A large number of simi-
lar multilayer coatings have been reported in literature,
namely TiAIN/TiAION/Si;N, [17], TIAISiN/TiAISiON/
Si0, [18], TIAICIN/TiAIN/AISiIN [19], TiAIN/CrAION/
SizNy [20], AISiN/AISiON/AISiO, [21], AICrSiN/AICr-
SiON/AICrO [22], WAIN/WAION/AL,O; [23], CrAISiN,/
CrAlISiOyN,/SiAlO, [24], Crg g6Aly 04No 39/Crg g2Aly 33 N/
Cry.53Al 47N, 1o/AL,O5 [25], and MgO/Zr/MgO [26].

In a former publication [27], we designed multilayer
stacks based on AlL;Ti; ((ON; ) oxynitride films with
variable O/N content to be used as solar selective coat-
ing for high-temperature applications. The reported work
assessed the need of a comprehensive understanding of
the chemical bonding and thin film composition in order
to properly adjust the final solar selectivity of the stack.
The durability of selected multilayers was studied after
(1) asymmetric tests of 12 h at 450, 650, and 800 °C and
(i1) 900 h of heating—cooling thermal cycles between 300
and 600 °C in air [28]. The designed SSC fulfilled the
performance criterion for high-temperature SCC after the
long-term thermal cycling between 300 and 600 °C in air.
However, a noticeable oxidation to crystalline rutile-type
TiO, was identified by GIXRD and ERD profiles after
asymmetric treatment at 800 °C, leading to degradation of
the optical properties. In order to get acquainted with the
observed failure mechanisms, individual Al Ti, ,(O,N,_,)
thin films were exposed to short-term asymmetric tests
of 2 h at 450, 650, and 800 °C in air in this study. Their
microstructure, elemental composition, chemical bonding,
and optical properties were analyzed before and after the
annealing using transmission electron microscopy (TEM),
elastic recoil detection (ERD), and Rutherford backscatter-
ing spectrometry (RBS), Raman spectroscopy, and spec-
troscopic ellipsometry (SE). This comprehensive analysis
could improve the reliability of Al;Ti; ,(O,N,_,) multilayer
stacks as coatings for new generation of parabolic trough
or solar tower receivers [10].
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2 Experimental
2.1 Thin film growth

A setof Al|Ti; ,(O,Ny_,) thin films was deposited on mirror-
polished Inconel HAYNES ® 626 substrates using a com-
mercial direct current (DC) non-filtered cathodic vacuum arc
PL70 Platit setup. The deposition parameters applied for the
ALTi; (O,N,_,) samples can be found elsewhere [27] and
are summarized in Table 1.

As they were optimized previously for similar nitride
films in this CVA chamber [29], the substrate temperature
(450 °C), the arc current (125 A), and the substrate bias
(=75 V) were kept as constant parameters in order to obtain
samples with low residual stress and good adhesion. A single
rectangular Alg;Tis; cathode was employed for all the depo-
sitions. The flow rate of the reactive gases O, and N, was
varied. In this work, two AL Ti; ,(O,N_,) thin film samples
were analyzed. They are named #1 and #5 according to the
notation used in previous works (see Table 2) [27, 28]. Sam-
ples were grown using only reactive gases (N, and O,) with-
out Ar gas assistance. As described in [27], cross-sectional
scanning electron microscopy images of the samples were
used to obtain the thickness of the deposited samples (see
Table 2). It is worth noting that sample #5 was deposited on
top of ~0.5 um AITiN in order to improve the layer adhesion
to the substrate. No delamination was observed in any of the
deposited thin films.

2.2 Thin film compositional and microstructural
characterization

ERD analysis was used to determine the depth-resolved
elemental composition of the samples. The measurements
were carried out using an incident 43 MeV CI’* ion beam of
a 6-MYV tandem accelerator. The angle between the sample
normal and the incoming beam is 75° and the scattering

Table 1 Common deposition parameters employed for Al Ti; ((O,N_,)
samples grown by CVA PL70 Platit setup

Parameter Value
Base pressure (Pa) 2x1074
Working pressure (Pa) 1.5
Deposition temperature (°C) 450
Cathode stoichiometry Alg;Tiss
Cathode size (mm?) 331x174
Discharge current (A) 125

Bias voltage at deposition stage (V) =75
Rotation speed of the substrate (rpm) 10
Distance to the substrate (mm) 150
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Table 2 Gas flow parameters

) A . Sample # Coating type Flow rates (sccm) 0,/(0,+N,) gas flow Thickness
applied for Al Ti; ,(O,N,_,) thin ra%io (3%) d 2
film deposition and measured Ar N, 0, (um)
thicknesses of the deposited
layers ALTi; 4N 0 70 0 0 1.65
5 ALTi; ((ON}) 0 46 12 21.0 1.25

angle is 31° relative to the beam direction. The analyzed
area is about 1.5 x 1.5 mm?. The recoils have been detected
with a Bragg ionization chamber using a full energy detec-
tion circuit for the ion energies and a fast timing circuit to
obtain a Z-dependent signal (Z, atomic number) to separate
ion species. Hydrogen has been detected with a separate
solid-state detector covered by an 18-pm Al foil to stop other
scattered ions and recoils at a scattering angle of 41°. With
this experimental configuration, the ERD spectra of all ele-
ments are obtained, and moreover the RBS spectrum of Ti
(and possible heavy element impurities). All spectra were
fitted simultaneously using the program NDF v9.3 g [30].

The microstructure was analyzed by cross-sectional trans-
mission electron microscopy (TEM) with a TECNAI F30
microscope operated at 300 kV accelerating voltage. It is
equipped with a Schottky-type field emission gun and an
ultra-high resolution pole piece. The thin lamellas required
for the cross-section analysis were made using a Focused
Ion Beam (FIB) Dual Beam Helios 650 microscope. It is
equipped with a 30-kV Ga focused ion beam source com-
bined with a 30 kV electron beam placed at 52° between
them, and with the Omniprobe® manipulator. Sample-pro-
tecting Pt thin films were deposited by electron beam deposi-
tion of (CH;);(C,CH;)Pt.

Micro-Raman spectra were recorded on a LabramHR
spectrometer (Horiba), situated at Helmholtz Zentrum
Dresden-Rossendorf (HZDR). The system is equipped with
a liquid N, cooled charge-coupled device detector and cou-
pled to a BH2 microscope (Olympus). The laser beam of
Nd:YAG solid-state laser with a wavelength of 532 nm was
focussed to a spot diameter of 1 um by a 50-fold magnify-
ing objective. The laser power at the sample was 1 mW. The

Fig. 1 Summary table showing

#1 and #5 samples deposited Sample #
RT
on Inconel substrate at room
temperature (RT) and after 2 h
of thermal treatment in air at
450 °C, 650, and 800 °C 1
S

scattered light was collected in 180° backscattering geom-
etry and dispersed by an 1800 line/mm grating. No sample
degradation occurred under these conditions.

2.3 Determination of optical properties

The optical constants of the deposited thin films were deter-
mined by spectroscopic ellipsometry (SE) in the wavelength
range of 211 to 1688 nm using a spectroscopic ellipsometer
M-2000FI (J. A. Woollam, Inc.) with a fixed angle of polar-
ized light incidence and reflection of 75°.

2.4 Single-stage thermal treatment test

Samples were subjected to short-term single-stage thermal
treatment test that consists of a single heating cycle in an
oven at atmospheric conditions, where the selected tempera-
ture (450, 650, or 800 °C) is kept constant for 2 h. These
temperatures were selected as the current working temper-
ature in parabolic trough plants is 450 °C while in tower
plants, the current target temperature is 650 °C for molten
salts and 800 °C for heat transfer fluids (currently) under
development, respectively. A constant heating ramp of 5 °C/
min was applied to reach the desired temperature. After 2 h,
the sample was cooled down to room temperature inside the
oven. The furnace employed for this test was a Nabertherm
L9/11 with controller P330, equipped with SiC rod.

In Fig. 1, the appearance of #1 and #5 samples as-depos-
ited at room temperature (RT) and after in air thermal expo-
sition at 450 °C, 650, and 800 °C for 2 h is depicted.

Annealing Temperature
450°C

650°C 800°C
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3 Results and discussion

The ERD elemental depth profiles of the Al Ti; ((ON,_,)
samples #1 and #5 are displayed in Figs. 2 and 4, where the
depth in at/cm? (areal density) are directly obtained from the
measurements. This unit can be converted to nm using an
estimated density of the layer obtained by taken the weighted
mean of the atomic densities. The formula used for the con-
version is as follows:

=NM-<MZ> W
PNy

with ¢ the thickness in cm, N, the areal density in at/
cm?, <M,> =X f, M, the average atomic mass in g/mol

(with f, and M, the atomic fraction and the atomic weight
of element Z, respectively), p the density in g/cm?, and N,
Avogadro’s number (mol~!). The depth profiles are based
on the recoil spectra except for Ti, for which also the pro-
file based on the CI*’ backscattering spectrum (marked as
Ti (RBYS)) is displayed in order to increase the information
depth for this element. As explained in [27], the analysis
depth limit is different for each element due to limitations in
the separation of each recoil ion from the scattered Cl ions.
This is reflected in the graphs by the abrupt drop of the ERD
intensity for the elements Al and Ti. The elemental concen-
tration of the as-deposited and after heated #1 and #5 sam-
ples measured by ERD analysis is summarized in Table 3.
The elemental concentrations are based on a sample model
that is fitted to the measured spectra. The concentrations

Fig.2 ERD ion beam analysis (a) T T ' ' ' (c) ‘ o T T T
of #1 AITiN sample deposited _60F #1As depo’\sl,lted . 1 __sof #1650%C N . ]
on Inconel substrate at (a) RT, xR VAT P edtah 2 o X o nelt /-\/ ."\'/.\.I\f o oe o
and after 2 h of thermal treat- :@'/50 , '\.’1.‘-" I \j\'\,/ Tt s @50_ ¢ 2 R "/\/V *..;".-f\." a‘\"‘./\;
ment in air at (b) 450°C, (¢) Saof A / 1 Saof 3
650°C and (d) 800°C. In (d) a = : =
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. . O O
:Ee app;ommlated thickness of LS) 2 ] % 2ob ]
e oxide scale S S
10 ] 10F 1
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Table 3 Elgmental composition # Coating type Temperature (°C) Elemental composition (at.%)
of as-deposited and after
heated Al Ti; ,(O,N;_,) #1 (¢} N Ti Al C H
and #5 samples. The estimated
uncertainty is+0.5 at. % 1 AITIN As-deposited 0.5 52.0 17.0 30.0 0.5 0.0
450 1.0 51.0 17.0 30.5 0.5 0.0
650 2.0 49.0 17.5 31.0 0.5 0.0
800 (bulk layer) 6.5 48.0 17.0 28.0 0.5 0.0
800 (top oxide) 58.0 35 15.0 23.0 0.5 0.0
5 ALTi; ((ONN ) As-deposited 20.0 35.0 15.0 30.0 0.5 0.5
450 20.5 34.0 15.5 29.5 0.5 0.0
650 21.0 335 15.5 29.5 0.5 0.0
800 (bulk layer) 20.0 34.5 15.0 30.0 0.5 0.0
800 (top oxide) 59.5 3.0 11.0 26.0 0.5 0.0
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Fig.3 HR-TEM images of #1 AITiN sample deposited on Inconel »

substrate at (a) RT, and after 2 h of thermal treatment in air at (b)
800 °C. In ¢, an amplified HR-TEM image of the~ 130 nm oxidized
region marked in b with a blue rectangle is shown

were calculated from the main part of the layer, excluding
the surface region with elevated oxygen concentrations,
where the effects of roughness or interface mixing are also
visible.

Figure 2 shows the ERD ion beam analysis results of the
as-deposited and after heated at 450, 650, and 800 °C sample
#1. ERD analysis on the as-deposited sample #1 reveals a
homogeneous AITiN layer along the thickness of the sample
before the film was subjected to high temperature (Fig. 2(a)).
This is confirmed by the HR-TEM cross-section image of the
as-deposited sample shown in Fig. 3.

As reported in [27], the film exhibits a clear columnar
growth only interrupted by defects attributed to the release
of macroparticles during the deposition process [31]. In that
work, selective area electron diffraction (SAED) pattern
revealed a polycrystalline structure of AITiN corresponding
to lattice plane distances of 2.4, 2.1, 1.5, 1.3, 1.2, and 0.9 A,
in good agreement with (111), (200), (220), (311), (222),
and (400) reference values of fcc-Al0.5Ti0.5 N (ICCD card
04-018-6856). No changes in the composition were found
after the 2-h annealing treatment at 450 °C (Fig. 2(b)) in
accordance with the thermal stability reported earlier for
solar-selective coatings based on aluminum titanium nitrides
at such temperatures [28, 32]. In Fig. 2(c), the initial stages
of the formation of an aluminum-titanium oxide layer on
top of the AITiN #1 sample after annealing at 650 °C were
observed. This is in good agreement with a previous study
reported in literature where a combined analysis of RBS and
X-ray absorption spectroscopy (XAS) showed the formation
of a protective Al-Ti—O layer as a result of a 2-h annealing
of AITiN at 700 °C in an Ar+ O, atmosphere [33]. Finally,
after 800 °C annealing, a surface Al,O; layer is fully formed
followed by a mixed Al-Ti oxide layer (see dashed line in
Fig. 2(d)). The original AITiN layer composition is well pre-
served underneath these oxides although some interdiffusion
of oxygen could be detected. Assuming a density p=3.95 g/
cm? (typical value for Al,05), the formation of an oxide
scale of ~ 120 nm after annealing at 800 °C could be derived
from Eq. (1). HR-TEM images in Fig. 3b and ¢ confirmed
the formation of these oxide films, estimating a total thick-
ness of the scale of ~ 130 nm in very good agreement with
the thickness calculated by ERD.

Figure 4 shows the ERD ion beam analysis results of
the as-deposited and after heated at 450, 650, and 800 °C
sample #5. The as-deposited ERD spectrum of AITiON
#5 (Fig. 4(a)) exhibits a first region with a higher amount
of oxygen, followed by a subsequent region with a con-
stant 20% at. of oxygen. This first region was attributed
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Fig.4 ERD ion beam analysis
of #5 AITiON sample deposited
on Inconel substrate at (a) RT,
and after 2 h of thermal treat-
ment in air at (b) 450 °C, (¢)
650 °C, and (d) 800 °C. Ind,

a vertical dashed line indicates
the approximated thickness of
the oxide scale

Fig.5 HR-TEM images of #5
AITiON sample deposited on
Inconel substrate at (a) RT, and
after 2 h of thermal treatment
in air at (b) 800 °C. In ¢, an
amplified HR-TEM image of
the ~350 nm oxidized region
marked in b with a blue rectan-
gle is shown
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Fig.6 Raman spectroscopy analysis of (a) #1 AITiN and (b) #5
AITiON samples deposited on Inconel substrate at RT and after 2 h
of thermal treatment in air at 450 °C, 650 °C, and 800 °C. The weak
and sharp peak at~480 cm™ is due to the Hg-e line emission from
outward of the Raman lab

in [27] to surface roughness which causes that the spectra
are more rounded in the surface region compared to the
simulation without surface roughness [34]. Moreover, the
HR-TEM cross-section image of the as-deposited sample
#5 (Fig. 5(a)) showed no evidence of the creation of an
oxide layer on top of the AITION #5. The abrupt change of
morphology and image contrast at a thickness of 500 nm
corresponds to the interface between AITiON #5 and
AITiN #1 interlayer. The interplanar distances calculated
from SAED in the #5 sample were 2.5, 2.1, 1.5, and 1.2
and correspond to (111), (200), (220), and (222) planes of
fecc-Al0.5T0.5 N (ICCD card 04-018-6856), respectively,
without any evidence of crystalline Al,O5 or TiO, for-
mation [27]. No significant changes in the composition
of #5 sample were found after the 2-h annealing treat-
ment either at 450 (Fig. 4(b)) or 650 °C (Fig. 4(c)). These
results confirmed the higher thermal stability of aluminum
titanium oxynitrides (21 at.% O) as compared to the pure
AITiN film of sample #1 (0 at.% O). In fact, in [28], it was

reported a better optical performance for solar-selective
multilayer coatings containing aluminum titanium oxyni-
trides. Finally, after 800 °C annealing, the ERD spectrum
of #5 showed 3 different zones (see Fig. 4(d)): (1) a homo-
geneous mixed oxide on top, probably (Al Ti),05, with
an estimated thickness of ~290 nm according to Eq. (1)
is followed by (2) a transition interlayer where oxygen
and nitrogen content are gradually changing until reach-
ing (3) the pristine AITiON #5 layer. HR-TEM images in
Fig. 5(b and c) confirmed the formation of these oxide
films, estimating the total thickness of the oxide scale to be
of ~350 nm again in very good agreement with the thick-
ness calculated by ERD.

The compositional and microstructural characterization
was completed by performing Raman spectroscopy on the
as-deposited and annealed #1 and #5 samples. Raman spec-
tra of the as-deposited AITiN #1 and AITiON #5 films show
two broad bands centered at ~ 265 and ~ 690 cm™!, as can
be seen in Fig. 6(a and b), respectively. As demonstrated in
previous publication [27], these samples have fcc-cubic crys-
talline structure, which means that every ion is at a site of
inversion symmetry and that there are no first-order allowed
Raman active phonon vibration. Consequently, the observed
bands represent the phonon-density of states (P-DOS) of the
samples. In first approximation, the lower energetic bands
can be attributed to the P-DOS of the heavier elements
Ti and Al, the higher energetic one to that of N and/or O.
The P-DOS-type Raman spectrum of both samples did not
change at all during in-air treatment at 450 °C. After heat-
ing to 650 °C, the two broad band Raman characteristics
is conserved, but a slight downshift of the higher-energetic
Raman band to ~ 660 cm™' occurred. This downshift reflects
the increased concentration of oxygen in both samples. A
qualitative change of the Raman spectra is found after heat-
ing at 800 °C. For both samples, distinct Raman lines at
~ 148 cm™!, » 396 cm™', ~ 516 cm™', and ~ 641 cm™
demonstrate the formation of crystalline Anatase-type
TiO, [35, 36]. The most intense anatase mode, E, observed
at 148 cm™, is slightly blue shifted as compared to pure
anatase TiO, (144 cm™"). A blue shift of this line has been
reported for Anatase-type TiO, nanoparticles and ascribed to
phonon confinement and oxygen sub-stoichiometry [37, 38].
Moreover, the Raman spectra of both samples indicate two
more new features at ~ 450 cm™! and at ~ 610 cm™! that hint
to fractions of Rutile-type TiO, [39]. The much higher rela-
tive intensity of the Anatase-type compared to the Rutile-
type Raman lines cannot be attributed to a resonant Raman
effect, since the band gap of both polymorphs are similar,
with 3.2 eV for Anatase and 3.0 eV for Rutile, respectively
[40]. Thus, this observation points to the preferred forma-
tion of Anatase-type TiO, in the studied samples. This is
surprising since the Rutile modification is thermodynami-
cally more stable at 800 °C, and it was the only TiO, phase
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Fig.7 Ellipsometry parameters
(y, A) of #1 (a, b) and #5 (¢, d)
deposited samples on Inconel
substrate at RT and after 2 h

of thermal treatment in air at
450 °C, 650 °C, and 800 °C

#5 AITION
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200 400 600 800 1000 1200 1400 1600 200 400 600 800 1000 1200 1400 1600
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observed after in-air heating of complete AL/Ti;_,(O,N,_)
SSC at 800 °C [28]. On the other hand, Anatase is preferen-
tially formed at lower temperatures during thin film growth
[41]. Thus, it might be argued that the precursors AITiN and
AITiON lead preferentially to Anatase-type TiO,, while, if
the oxidation starts from a TiN interlayer [27], the Rutile-
type modification is dominant.

The abovementioned compositional and microstructural
changes observed by ERD, HR-TEM, and Raman after the
short-term single-stage thermal treatment tests up to 800 °C
had a direct correlation with the optical response (as meas-
ured by spectroscopic ellipsometry) of the studied samples.
In Fig. 7, the ellipsometric parameters y and A of #1 and #5
samples deposited on Inconel substrate at room temperature
and after 2 h of thermal treatment in air at 450 °C, 650 °C,
and 800 °C are shown. As described in [27], the as-deposited
#1 and #5 samples could be fitted using one Lorentz and two
Gauss oscillators in the range from 211 to 1688 nm. The
absorbing character of the layers is well preserved after the
short-term treatment at 450 °C as both ellipsometric param-
eters showed no noticeable changes. However, after 650 °C,
the higher sensitivity of the SE revealed a change in the
optical behavior of the annealed samples. In particular, the
psi spectra of Fig. 7 evolved towards a characteristic shape
with pronounced oscillations typical of transparent materi-
als in the VIS range. This observation is consistent with the
formation of a thin top oxide on both samples after 650 °C
as detected by ERD, being this oxide thicker for the #5 sam-
ple. Finally, after annealing at 800 °C, both samples devel-
oped a thick Al-Ti oxide layer. This is clearly reflected in
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the drastic change in the ellipsometry parameters observed
in Fig. 7 and it is correlated with the formation of oxide
scales of ~ 130 nm and ~350 nm, for samples #1 and #5,
respectively, as measured both by ERD and TEM. Moreover,
in the optical images of Fig. 1, a clear change in the color of
the samples after 800 °C is observed.

4 Conclusions

Two ALTi; ((ONy_,) layers prepared by cathodic vacuum
arc deposition with different oxygen content (#1 [O] =0
at.%, #5 [O] =21 at.%) were evaluated after 2 h of anneal-
ing in air at 450, 650, and 800 °C. Both samples showed no
compositional (ERD), structural (Raman), or optical (SE)
modification after the annealing treatment at 450 °C. ERD
and Raman revealed the initial formation of an aluminum-
titanium oxide layer on top of the AITiN #1 layer after the
annealing treatment at 650 °C. Sample AITION #5 pre-
sented a higher thermal stability at this temperature with
no significant compositional changes. However, the slight
increase of the oxygen concentration found by ERD and the
slight downshift detected for the higher-energetic Raman
band to ~ 660 cm™! are ascribed to an increased oxygen
concentration also in this sample. These observations are
good agreement with the gradual transition from metallic
to dielectric optical behavior observed by SE at this anneal-
ing temperature. A complete oxidation of both films was
reported after 2 h annealing at 800 °C. Raman observation
conclude to the preferred formation of Anatase-type TiO, in
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the studied annealed samples at 800 °C, although the pres-
ence of Rutile-type TiO, cannot be discarded. In a previ-
ous work [27], Rutile-type TiO, was the only oxide present
after in-air heating at 800 °C of complete SSC stacks using
AlLTi; (ON,,) layers and a TiN interlayer. Hence, it can be
claimed that the individual Al Ti; (O4N, ) layers promote
the formation of Anatase while in the complete stack, the
oxidation of the TiN interlayer leads to a Rutile-type forma-
tion. These results complete the durability studies on the
designed SSC based on AL Ti; (O;N,_,) materials, confirm-
ing that these stacks withstand breakdown at 600 °C in air.
However, the formation of Al-Ti—O layers at 800 °C hinder
the application of these stacks at higher temperatures. In this
regard, the substitution of titanium for chromium and the
application of Al,Cr,_(O,N,_,) layer with a higher oxidation
resistance could be considered [25].
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