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The development of mixed-oxide thin films allows obtaining materials with better properties than those of
the different binary oxides, which makes them suitable for a great number of applications in different fields,
such as tribology, optics or microelectronics. In this paper we investigate the deposition of mixed chromium
and silicon oxides deposited by reactive magnetron sputtering with a view to use them as optical coatings
with an adjustable refractive index. These films have been characterized by means of Rutherford
backscattering spectrometry, Auger electron spectroscopy, X-ray diffraction, scanning electron microscopy,
Fourier-transform infrared spectroscopy and spectroscopic ellipsometry so as to determine how the
deposition conditions influence the characteristics of the material. We have found that the deposition
parameter whose influence determines the properties of the films to a greater extent is the amount of oxygen
in the reactive sputtering gas.
l rights reserved.
© 2011 Elsevier B.V. All rights reserved.
1. Introduction

In the last decades, a significant progress in technological areas
related to the use of thin films as hard coatings [1–4], combustible
cells [5–8], antireflecting cells [9,10] or microelectronics [11–13], has
taken place. This is due, to a large extent, to the great development of
the techniques involved both in the preparation and in the
characterization of the different types of thin films.

The increasingneed for a better performance in thesefieldshas led to
the development of mixed thin films so as to improve their
characteristics as against those of the corresponding different binary
compounds. At present, for example, ternary nitrides are prepared to
synthesize superhard coatings consisting of nanocrystals of a hard
material embedded into an amorphous nitridematrix [14–17]. Another
example of this trend is the use of mixed oxides for a great variety of
applications, with a view to improving the behaviour of the isolated
simple oxides. These applications include active layers in photocatalysis
[18–20], gate insulators in complementary metal-oxide-semiconductor
structures [21–23], optical coatings with adjustable refractive index
[24–26], materials with high dielectric constant [27,28], etc. The
applications of each material are given by the choice of oxides, their
deposition method, electronic structure and kind of chemical bonds,
crystalline structure and morphology, thermal stability, amount of
impurities, etc. Therefore, a thorough knowledge about all the processes
involved in the synthesis of the thin films is required in order to control
their properties and, thus, the applications for which they are suitable.

Several chemical vapour deposition (CVD) techniques have been
reported as appropriate for the deposition of mixed oxide thin films,
especially PECVD (Plasma Enhanced CVD) [29,30] and IBICVD (Ion
Beam Induced CVD) [31,32]. However, these techniques pose some
problems associated to the use of metalorganic precursors, like the
incorporation of chlorine, hydrogen or carboxyl groups to the films
[32,33]. For this reason, an alternative deposition technique must be
developed. Reactive sputtering is a promising candidate, since it is a
well-known andmuch studied technique in the field of thin films for a
great variety of applications. Moreover, it has the advantage of
allowing the growth of compact films with an easily-controllable
composition, which is of the utmost importance if they are intended
for optical applications in which the refractive index may be
controlled by varying the composition of the films or their porosity.

Chromiumoxide (Cr2O3) is the hardest oxide that also exhibits low
friction coefficient, high wear and corrosion resistance, chemical
inertness and good optical characteristics [34–36]. This makes it an
optimum material to be included in mixed thin films used, for
example, for tribological applications (protective coatings), optical
applications (solar absorber materials), microelectronic applications,
etc. [37–40]. Apart from this, both planar electronics processing and
the modern integrated-circuit industry have been made possible by
the unique properties of silicon oxide (SiO2), the only native oxide of a
common semiconductor which is stable in water and at elevated
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Table 1
Deposition conditions for samples A–D.

Sample % O2 Power (W) Thickness (μm) Deposition rate (nm/min)

A 5.9 80 0.21±0.04 3.5±0.7
B 5.9 120 0.35±0.10 5.9±1.8
C 1.5 80 0.96±0.12 16.0±2.1
D 1.5 120 1.32±0.04 22.0±0.7
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temperatures, an excellent electrical insulator, a mask to common
diffusing species, and capable of forming a nearly perfect electrical
interface with its substrate [41,42].

The purpose of the present work is to investigatemixed Cr2O3/SiO2

thin films so as to determine whether they can be used as optical
coatings with a refractive index (n) that can be tailored in a wide
range (that is, between 1.45 and 2.75, since these are the values of n
for bulk SiO2 and Cr2O3, respectively [36,43]). With this aim in mind,
we have investigated the way in which the properties of these mixed-
oxide thin films deposited by reactive sputtering are influenced by the
deposition parameters.

2. Experimental details

Mixed silicon and chromium oxide films were deposited on (100)
silicon substrates by DC magnetron sputtering of a chromium/silicon
(80/20 at.%) compound target in a high-purity (99.999%) argon and
oxygen atmosphere. The sputtering chamber was pumped down to a
base pressure below 8.6×10−4 Pa before letting in the gas mixture.
Prior to the deposition of each sample, while covering the substrates
with a shutter, the target was sputteredwith argon for 10 min in order
to clean its surface, and then oxygen was let inside the chamber. Only
after the target was poisoned the shutter was removed. The substrate
holder, placed at a distance of 12 cm from the target, was electrically
isolated, with no bias voltage applied externally. Likewise, no
intentional heating of the substrates was performed during deposi-
tion. The sputtering parameters that were varied in order to
determine their influence on the properties of the material were the
relative amount of oxygen in the reactive gas (between 1.5% and 5.9%)
for a working pressure of around 1 Pa and the DC power (between
80 W and 120 W). The sputtering time was always 60 min, leading to
different film thicknesses (from 0.21 to 1.32 μm) that were deter-
mined with a Veeco Dektak 150 stylus surface profiler by measuring
the height of a step left by a mechanical mask and by cross-sectional
scanning electron microscopy (SEM) observation.

Rutherford Backscattering Spectrometry (RBS) experiments were
performed with the 5 MV HVEE Tandetron accelerator of the Centro
de Microanálisis de Materiales (CMAM) of the Universidad Autónoma
de Madrid (UAM). Spectra were collected using a 3.035 MeV He+

beam, in order to improve the sensitivity to oxygen at the non-
Rutherford cross section resonance 16O(α,α)16O. Data were acquired
simultaneously with two silicon surface barrier detectors located at
scattering angles of 170° with an energy resolution of 16 keV and an
ion dose of 10 μC per detector. The experimental spectra were fitted
using the program RBX [44]. Auger electron spectroscopy (AES)
measurements were carried out in an ultra-high vacuum chamber at a
base pressure below 10−7 Pa using a cylindrical mirror analyzer
(CMA) provided by VARIAN, with a nominal resolution of 0.25%. The
angle between the CMA axis and the normal to the surface of the
sample was 30°. The spectra were recorded in the N′(E) mode using a
modulation voltage of 2 Vpp. In order to avoid electron beam effects on
the analyzed layer, we used a constant primary electron beam current
density of 10−3 A/cm2 at 3 keV. Sputter depth profiling was carried
out using an Ar+ ion current density of about 0.17 A/m2 at 3 keV. The
angle between the ion gun and the normal to the surface of the sample
was approximately 47°. The ion beam was rastered over an area of
10×10 mm2. Instrumental effects during sputter depth profiling were
avoided by aligning carefully the electron and ion beams by means of
a Faraday cup. The peak-to-peak heights of the Si LVV, C KLL, Cr LMM
and O KLL signals were recorded as a function of time. The crystallinity
of the films was assessed by grazing incidence X-ray diffraction (XRD)
carried out at an angle of 1.5° with a Panalytical X'Pert PRO theta/theta
diffractometer, using the Cu Kα1,2 doublet with a graphite mono-
cromator to leave out the Kβ line. SEM characterization was carried
out by means of two field emission scanning electron microscopes
(FE-SEM), an FEI Nova NanoSEM 230 for the top-view images and an
INCAx-sight FE-SEM with a resolution of 136 eV when operating at
5.9 keV for the cross-sectional qualitative element mapping and
images. Fourier-transform infrared (FT-IR) transmittance spectra were
obtained with a Bruker IFS60v spectrometer using non-polarized light
between560 cm−1 and 7000 cm−1with amercury–cadmium–telluride
detector. Spectroscopic ellipsometry was employed to determine the
refractive index and the absorption coefficient of the films in the visible
range (from 400 nm to 900 nm); measurements were performed with
anM-2000Uellipsometerworking in the range of 250–1600 nmwith an
incidence angle of 70°.

3. Results and discussion

Table 1 shows the variable deposition parameters for the four
representative samples we have analysed in this work.

As was expected, the thickness of the films – the average of the
values obtained by profilometry and SEM – depends on their
deposition conditions. Provided the other deposition parameters
remain constant, the higher the DC power generating the plasma, the
higher the thickness of the films. Additionally, for the same power, the
thickness of the films depends on the composition of the gas, and is
higher when the content of oxygen is smaller. The extraction
efficiency of argon ions is higher than that of oxygen ions, owing to
the difference in their masses [45,46]. Therefore, a reduction in the
oxygen content, for the same working pressure, gives rise to an
increase in the number of argon ions reaching the target and, thus, in
the thickness of the films.

RBS measurements (see Fig. 1) allowed us to determine the density
and composition of the films, by using the thickness of the layers
included in Table 1. These results are summarized in Table 2, and show
that samples A and B are homogeneous in composition and have well-
defined interfaces, as they can be properly fitted by using a single layer
structure. On the contrary, the interfaces of samples C and D are not so
clearly defined, with some diffusion taking place. In particular, two
layers are required to fit the simulation to the experimental data in the
case of sample C, since for this sample the diffusion reaches more than
half the thickness of the overall film; the thickness of these two layers
are 400 nm for the top layer and 560 mn for the bottom layer. Finally,
the presence of a broad interface profile in sample D is evident from the
disagreement between the RBS simulation (which has been carried out
using a sharp interface) and the experimental data. Regarding the
composition of the films, they can also be divided into two groups,
which coincide with those defined by the structural differences
mentioned above. On the one hand, the content of chromium in
samples A and B is lower (around 10 at.%) than that of silicon (around
20 at.%). Both samples have a high amount of oxygen (over 60 at.%),
which results in a low ratio of metal (chromium plus silicon) to oxygen
contents, between 0.4 and 0.5 for these two samples. The densities of
these layers, as derived from the RBSmeasurements, are approximately
2 g/cm3, that is, lower than that of stoichiometric SiO2 (2.5 g/cm3);
therefore, we can describe these two samples as Si(Cr)Ox, with xN2
(that is, sub-stoichiometric silicon dioxide with chromium partly
replacing silicon). In sample C, the silicon content is very low (between
5 and 6 at.%) and that of chromium is high (over 30 at.%), while the
amount of oxygen is slightly lower than for samples A and B (about
60 at.%). There is an small increase in the chromium content (from
31 to 34 at.%), and a subsequent decrease in that of oxygen (from 59 to
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Fig. 1. RBS spectra of samples A (bottom) to D (top): experimental data (open circles)
and simulation (solid line).
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54 at.%) when comparing the top and the bottom layers. These changes
in the composition of the films are related to an increase in the density
from 4.5 to 5.1 g/cm3. At the same time, the ratio of metal to oxygen
also rises from 0.6 to 0.7. In stoichiometric Cr2O3 oxides, the ratio of
chromium to oxygen is 0.67, with a density of 5.2 g/cm3. Thus, sample
C can be described as dichromium trioxide with silicon inclusions
(Cr(Si)2O3). Finally, although the silicon content of sample D remains
similar to that of sample C (6 at.%), there is a clear increase in that of
chromium, aswell as a reduction in the oxygen concentration; this results
in a ratio ofmetal to oxygenof 1.5 and a total contribution of themetals of
30%. As will be proven later, this is related to the presence of metallic
chromium in the layer, so this sample can be described as Crmet+Cr
(Si)2O3. The presence of such a high amount of metallic chromium is due
to the fact that sample D was deposited at a high DC power (120W),
which increased the rate of extraction of material from the chromium-
rich target. At the same time, the low percentage of oxygen in the plasma
was not enough to reactwith all the chromiumsputtered from the target,
so it reached the substrate in metallic form; this effect was enhanced by
the higher extraction efficiency of an atmosphere rich in argon. It is also
worth noting that all the samples contain a certain amount of carbon,
always on their surface, owing to contamination of the samples when
exposed to room atmosphere after deposition.

AES has allowed us to obtain complementary chemical informa-
tion about the samples, and has corroborated the presence of a high
carbon content in sample D. Fig. 2(a) shows the low-energy AES
spectrum involving the Cr MVV and Si LVV transitions for this sample
Table 2
Density and composition of samples A–D, obtained by RBS. Two different layers (top
and bottom) have been necessary to adjust sample C, so data are given for both.

Sample Density (g/cm3) Cr (at.%) Si (at.%) O (at.%) C (at.%) (Cr+Si)/O

A 2.1 9 17 64 10 0.41
B 2.0 12 17 62 10 0.47
Ctop 4.2 31 5 59 5 0.61
Cbottom 4.5 34 6 55 5 0.73
D 4.0 45 6 34 15 1.5
after a two-minute bombardment with Ar+, while Fig. 2(b) shows the
C KLL transition, as well as the overlapping between the Cr LMM and
O KLL transitions for the same sample and the same bombardment
conditions. It follows from Fig. 2(a) that the bombarded surface is
characterized by four peaks at 27.7, 33, 42 and 77 eV. Those located at
33 and 42 eV are assigned to the Cr MVV transition in the oxide and to
autoionization, respectively, and are therefore consistent with the
presence of Cr2O3 in the sample [47]. A peak at 76 eV is expected for
SiO2 [48]; the observed shift for this peak and the peak at 27.7 eV
point to the formation of a Cr–Si mixed oxide. In addition, the average
concentration of chromium, oxygen, silicon and carbon, derived from
the AES depth profile using sensitivity factors for each element, is 40%,
36%, 13% and 9%, respectively. There is a fair agreement between these
results and those obtained by RBS for chromium and oxygen, with a
slight deviation in the case of silicon and carbon. Although such
differences could be attributed to preferential sputtering effects
owing to the bombardment with Ar+, it should be pointed out that
these are very difficult to explain for this complicated quaternary
system, so further work in this direction is required.

These samples were also analysed by XRD in order to determine
their crystallinity; the diffraction patterns are shown in Fig. 3. As can
be seen, samples A, B and C are virtually amorphous, with traces of
very broad peaks centred at approximately 2θ=23° for samples A and
B (typically attributed to amorphous SiO2 [49]), and at 35° for sample
C (corresponding to a chromium-rich oxide [50]). In the case of the
diffraction pattern of sample D, there is a distinctive peak centred on
44.4° corresponding to metallic chromium [36], which corroborates
our explanatory theory about the high chromium content in this
sample detected by RBS, discussed above.
Fig. 2. AES spectra of sample D after a two-minute bombardment with argon ions.



Fig. 3. XRD patterns of samples A (bottom) to D (top).
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Fig. 4 shows top-view SEM images of the four samples under study.
As can be seen, the aspect of their surface evolves from the smoother
surface of samples A, B and C to the rougher one of sample D.

In order to delve into the study of the structure of the four films, we
obtained cross-sectional SEM images, which are shown in Fig. 5. Once
again, there is a clear distinction between samples deposited at high
(A and B) and low (C and D) oxygen flux. While the former present a
dense featurelessmorphology, sample C presents an incipient columnar
growth, which becomes clearly evident in sample D. According to XRD
measurements, metallic chromium must be responsible for this
remarkable columnar structure of sample D.

We also obtained mapping images of these cross-sectional images
for the four samples (presented in Fig. 6), in order to determine the
Fig. 4. Top-view SEM photographs of sample
distribution of each of the chemical elements within the films. These
results clearly point in the same direction as the RBS measurements,
inasmuch as there is an obvious distinction between two groups of
samples, A and B, on the one hand, and C and D, on the other. In
accordance with the RBS data in Table 2, the amount of chromium
(green dots) in samples C and D is much higher than in samples A and
B, in which the predominantmetallic element is silicon (red dots). The
image of sample C evidences the double-layer structure already
suggested by the RBS measurements: in particular, and in agreement
with them, it can be observed that the oxygen content (blue dots) in
the top layer is higher than in the bottom one. In sample D, chromium
seems not to be combined with oxygen to the same extent as in the
rest of samples, whichwould account for its presence inmetallic form.
This is also supported by the evolution of the Cr MVV AES transition
during depth profiling (not shown), in which a new peak at 35 eV,
indicative of metallic character, appears in addition to the peak at
33 eV (associated, as we mentioned previously, to chromium oxide)
as the profiling approaches the interface with the substrate. It can also
be observed that the interface between the film and the substrate is
much less defined in samples C and D than in samples A and B, which
had already been proved by the RBS measurements.

FT-IR measurements were carried out in order to determine the
chemical bonds present in the amorphous deposited coatings. Fig. 7
shows the spectra of the four samples described in Table 1. Although
measurements have been carried out up to 7000 cm−1, Fig. 7 is
restricted only to the window between 560 cm−1 and 2000 cm−1, so
as to display the area of interest in a greater detail. The only feature in
the spectra outside the shown area is a broad band at approximately
3200 cm−1 in samples A, B and C, which we have attributed to
structural hydroxyl groups [51,52]. The bands between 1400 cm−1

and 1600 cm−1 also correspond to OH species [52], while those
appearing at 610 cm−1 are a consequence of the scattering of the light
s a, b, c and d (magnification of ×100 k).

image of Fig.�3
image of Fig.�4


Fig. 5. Cross-sectional SEM photographs of samples a, b, c and d. Magnifications of ×250 k, ×110 k, ×30 k and ×20 k, respectively.

Fig. 6. Transversal sections of samples a to d: compound images from the separate mapping images of silicon (red), chromium (green) and oxygen (blue).
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Fig. 7. FT-IR transmittance spectra of samples A to D.

Fig. 8. Ellipsometry measurements of samples A to D: (a) Refractive index and
(b) Extinction coefficient, as a function of the wavelength. Sample C has been simulated
by means of two different layers.
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by electric dipoles that result from the oxidation of the surface of the
silicon substrate [53]. The most striking feature of the spectra in Fig. 7
is the comparatively low transmittance of sample D as compared to
that of the other three samples. This can be easily explained both by its
higher thickness and by the presence of metallic material reflecting
part of the incident signal. Once again, Fig. 7 provides evidence for the
existence of two different sets of samples, A and B on the one side, and
C and D on the other. The spectra of samples C and D (taking into
account the differences owing to the attenuation of the spectra of
sample D) show a similar aspect, and so do the spectra of samples A
and B, to the extent of overlapping almost completely in the low
wavenumber zone. Absorption bands around 1100 cm-1 are known to
be related to the infrared active vibrations of the Si–O–Si bonds,
present in all SiOx films, whose frequency of vibration depends on the
environment of the silicon atoms. In particular, it is the frequency of
the Si–O–Si asymmetric stretching mode for SiO2 which appears
about 1100 cm−1 [54,55]. All the spectra in Fig. 7 present these weak
bands around 1100 cm−1, which shows that there is a low amount of
Si–O bonds in all the samples, in accordance with their low silicon
contents detected by RBS (see Table 2). The large, broad band at
920 cm−1 for sample C (traces of which can also be spotted in the
spectra of sample D), less intense for samples A and B, probably
characterizes oxygen species of the Cr–O–Cr type [56]. Our RBS results
also predicted this behaviour, by determining that the amount of
chromium in samples C and Dwasmuch higher than in samples A and
B, leading to a higher number of Cr–O bonds.

Ellipsometry measurements in the visible range, shown in Fig. 8,
have allowed us to determine both the refractive index (n) and the
extinction coefficients (k) of the films. The oxide layers were fitted
using Cauchy's Eq. (1), which describes the dispersion of the refractive
index of the film as a slowly-varying function of wavelength (with an
exponential absorption tail [57]. The results of the fitting are
summarized in Table 3.

n λð Þ = B0 +
B1

λ2 +
B2

λ4

κ λð Þ = κampe
−aλ

ð1Þ

The model includes a 5 nm-thick layer of native oxide on top of the
silicon substrate. It isworthnoting that the onlymodelling that required
the inclusion of a significant roughness (of approximately 20 nm) was
that of sample D, in accordance with the SEM observations of Fig. 4. The
ellipsometrymeasurements yielded refractive index values of 1.60, 1.61
and 2.75 at 600 nm for samples A, B and D, respectively. However, the
behaviour of sample C was reproduced better when using two different
oxide layers than when using only one, which agrees with the RBS
measurements (Fig. 1) and the cross-sectional SEM mapping (Fig. 6).
Thebottom layer has a thicknessof 560 nmanda refractive indexof 2.30
at 600 nm,while the top layerwas forced to have a thickness of 400 nm,
and has a higher refractive index of 2.57 at 600 nm. Additionally, the
values of the absorption coefficient at 600 nm of the four samples,
determined from the measurements shown in Fig. 8(b), are of 0.04
(samples A and B), 0.15 (sample C, bottom layer), 0.18 (sample C, top
layer) and 1.30 (sample D). The refractive index and extinction
coefficient of SiO2 are 1.45 and b0.1 at 600 nm, respectively [58]; they
are commonly assumed to be of 2.5 and 0.1, respectively, for Cr2O3,
although it is known that they can vary depending on the oxygen
content in the film. Our values are within the reported ranges, as the
refractive index and extinction coefficient of chromium oxide change
from 2.3 to 2.7 and from 0.07 to 0.22, respectively, when increasing the
amount of oxygen in the deposition chamber during deposition [59].
Finally, the values of n and k at 600 nm for metallic chromium are 3.19
and 3.30, respectively [58]. These values allow us to conclude that, as
was the case with all the previous results presented in this work, the
four samples under study can be distributed into two separate groups.
The optical properties of samples A and B are very similar to those of
SiO2, althoughwith slightly higher values of both n and k (which can be
attributed to the low amount of chromium present in the films). We
have already described sample C as dichromium trioxide with silicon
inclusions, and the ellipsometry results do support this assumption.
Finally, the behaviour of sample D, with higher n and k values, can be
perfectly explained by the presence of metallic chromium in the
structure of the films.

It should be noted that all the data that we have presented in this
work are in remarkably good agreement as to the different behaviour
of samples A and B as opposed to that of samples C and D, which
allows determining in an unequivocal way that the amount of oxygen
in the plasma represents the main factor influencing the properties of
the films. As far as the structural characteristics of the samples are

image of Fig.�7


Table 3
Values of the adjustable parameters used to fit the experimental refractive index and absorption coefficient of samples A to D using Eq. (1). Two different layers (top and bottom)
have been necessary to adjust sample C, so data are given for both.

Sample B0 B1 (nm2) B2 (nm4) kamp α (nm−1)

A 1.573±0.002 0.0340±0.001 −0.0034±0.0001 0.068±0.001 1.432±0.064
B 1.583±0.002 0.0186±0.001 −0.0013±0.0002 0.072±0.001 0.737±0.060
Ctop 2.348±0.001 0.0816±0.001 −0.0069±0.0001 0.402±0.002 0.776±0.005
Cbottom 2.331±0.001 −0.0280±0.001 0.0065±0.0003 0.421±0.004 1.001±0.005
D 3.240±0.003 −0.1918±0.002 0.0062±0.0004 1.462±0.003 0.113±0.001
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concerned, both RBS and SEM measurements show that the interface
between the substrate and the oxide layer in samples A and B,
deposited with a higher oxygen percentage than samples C and D, is
more clearly defined. Samples A and B present no clear morphology,
while samples C and D have a columnar structure, more prominent in
the case of sample D, probably owing to the presence of metallic
chromium (evidenced also by XRDmeasurements). Additionally, both
of these techniques point to the existence of two layers with different
characteristics within sample C owing to the marked diffusion that
takes place in this sample. From a chemical point of view, all the
characterization techniques we have employed (RBS, AES, SEM
mapping images and FT-IR) prove that the chromium content of
those samples (A and B) deposited using a plasma rich in oxygen is
much lower than in the case of the samples deposited with a lower
amount of oxygen in the plasma (C and D). Ellipsometry corroborates
the double-layer structure of sample C and, besides, in accordance
with the different distribution of chromium and silicon in the two
groups of samples made evident by the chemical characterization
techniques, shows that the optical properties (refractive index and
extinction coefficient) of samples A and B are similar to those of SiO2

(with a higher refractive index owing to the partial replacement of
silicon with chromium), while those of samples C and D are closer to
those of Cr2O3 and Cr2O3+Cr, respectively.

4. Conclusions

Mixed silicon and chromium oxide filmswere deposited by reactive
DC magnetron sputtering varying the applied power and percentage of
oxygen in the gas during deposition, so as to investigate the influence of
these parameters on the properties of the films. This work presents an
analysis of four representative samples that were analysed bymeans of
RBS, AES; XRD, SEM, FT-IR and ellipsometry. All these techniques point
towards the distribution of the samples into two groups, depending on
the oxygen content, whose influence predominates over that of the
applied power. In thiswaywe are able to vary the refractive index of the
mixed oxides in a controlled way between those of each of their
constituent single oxides, which makes our films suitable for a wide
range of applications.
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