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Abstract

Silicon carbide (SiC) is a rapidly emerging material for photonic applications, thanks to its exceptional
optical properties. To be used as a waveguide, SiC thin films must be deposited directly on silica at low
temperature. Amorphous SiC films were deposited by RF magnetron sputtering using a single source of
high-purity poly- crystalline SiC. A systematic study of the chemical, structural and optical properties
of the films was carried out, using a combination of XRD, XPS, SIMS, spectroscopic ellipsometry,
Raman spectroscopy and UV—Vis absorption spectroscopy. The aim was to link deposition conditions
to film properties. By exploring a three-parameter space (RF power, substrate temperature, pressure),
we have demonstrated that RF power is the main parameter which controls the entire deposition process
and film properties. By simply adjusting the RF plasma power between 150 and 450 W, it is possible to
adjust the refractive index at a wavelength of 1.5 ym in the range 2.50-2.75 and vary the bandgap from
2.5 to 1.7 eV. This is attributed to a slight variation in film composition, particularly in terms of Si/C

ratio and C—C bond concentration.
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1. Introduction

Silicon carbide (SiC) is a wide bandgap semiconductor material that is currently entering mass
production, associated with the dramatic in- crease in the demand for power electronics, mainly driven by
photo- voltaic (PV) conversion and electric vehicles. The entire chain hasreached a high technology
readiness level, thanks to considerable progress in the size and quality of the 4H-SiC bulk crystals and
epitaxial layers [1-3]. It is also rapidly emerging in new photonic applications due to its unique photonic
properties, facilitated by advances in micro- and nano-fabrication, achieved in the context of power
electronics. Compared to other material platforms, SiC has all the required optical properties: high
refractive index, wide bandgap and high second- and third-order nonlinearities, making it ideally suited
to photonic inte- grated circuits (PICs) [4]. It also has the unique potential to bridge the gap between
classical and quantum photonics, and to technologically advance quantum sensing applications [5]. Many
photonic building blocks have already been demonstrated on 4H—SiC material with very good performance,
such as highly confined SiC waveguides with excel- lent coupling [6], beam splitters [7], polarization beam
splitters [8], optical parametric oscillation [9], optical frequency combs [10] and optical modulators [11].

For integrated optics, amorphous SiC thin films (a-SixCi.x) are excellent candidates because they can be
deposited at low temperatures, even down to room temperature, and in principle on any substrate. Amorphous
SiC films have long been explored, as all their properties - electronic, optical, mechanical, tribological, etc. -
can potentially be tuned by adjusting the film composition. In addition, the use of hydrogenated a-SiC:H
films opens the way to new properties, as they can be easily doped. Finally, properties can be determined by
a combination of deposition strategies, as the properties of a-SiC are strongly linked to the deposition process,
and post-processing such as annealing [12-14]. Hydrogenated a-SiC:H films have been extensively
explored (see for instance the recent review by Greenhorn et al. [15]) but in its simplest surface
contamination or native oXide effect, the measurements were performed after Ar plasma etching of the
surface for 60 s, done in situ composition, a-SixCi-x alloy has been poorly described, especially just
before the measurements. With this procedure, the Si—O, Si—C—-O because of intrinsic, weak ordering
[16].

Since the first report of a-SixCi-x sputtering in 1968 [17], several papers have reported thin film prepared
by RF sputtering of SiC targets (see for instance the review by Bullot et al. [14]). As general rules, the
deposition rate seems to be mainly governed by RF power, and is only slightly affected by temperature. As
expected, the sputtering of poly- crystalline SiC targets in Ar always yields un-hydrogenated material which
is nearly stoichiometric. Co-sputtering from silicon and graphite targets allows varying the film’s composition,
i.e. the silicon/carbon ratio over a wide range. Sputtering in the presence of a reactive gas (Hz, SiH4, CHa,
etc.) allows effectively controlling the Si/C ratio and incorporating various amounts of hydrogen into the film.

Some other papers mentioned highly Si-rich films, with a Si/C ratio decreasing when the applied power to the
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target increased and this, even if using a single, stoichiometric SiC target [18].

In this article, we propose to go back to basics, by exploring the relationships between the conditions of the
deposition process, here using magnetron sputtering of a single SiC source, and the chemical and optical
properties of the film. The aim of this article is to provide a comprehensive picture of these relationships and

finally, to give indications for the subsequent optimization of the films according to the application intended.

2. Experimental details

Thin films were deposited by radio-frequency (RF) magnetron sputtering, using an MP500S physical vapor
de:position (PVD) system from Plassys. The 3 inches diameter SiC target consisted of a 3 mm thick, high purity
polycrystalline SiC plate, prepared by the physical vapor transport (PVT) process. Crystallized from the vapor
phase, the plate is mainly composed of large grains of hexagonal polytypes of SiC, with a typical nitrogen

residual level in the range of mid 1017 cm—3 to low 1018 cm—3. We can thus consider the target had a
stoichiometry of exactly Si/C = 1.00. The plate was then mounted on a copper base. The distance between
the target and the substrate was 8.0 cm, kept constant for all the experiments. To improve film homogeneity,
a constant rotation of the substrate was used, at a rate of 3 rpm. The substrate holder was of 4 inch in diameter.

In this study, three main parameters were considered: the temperature of the substrate (T), which varied

from 250 °C to 750 °C, the process pressure (Pr), from 0.1 Pa to 0.9 Pa of argon, and the RF plasma
power (Pow) applied to the target, which varied in the 150450 W range. Depending on the deposition
conditions, the thickness of the films could vary between 60 nm and 550 nm. All the other parameters
were kept constant.

The following procedure was implemented for all the samples. After loading, the sputtering chamber was

first pumped down to a base pressure of 100 Pa. Then, the substrate surface was exposed to Ar
plasma for 10 s for cleaning. 40 sccm of high purity argon (5 N) was used as the ambient atmosphere. Different
substrates were used, dependingon the characterization requirements. (001) Si wafers, 2 ym thick SiO2 on
Si wafers, (0001) oriented sapphire and glass were used. A systematic investigation of the chemical, structural
and optical properties of the films was carried out, using a combination of X-ray diffraction (XRD), X- ray
photoelectron spectroscopy (XPS), secondary ion mass spectroscopy (SIMS), spectroscopic ellipsometry,
Raman spectroscopy and UV—Vis absorption spectroscopy.

XPS analyses were carried out in a K-Alpha apparatus from Thermo Fisher Scientific. Sample surfaces
were irradiated with Al K, radiation (1486.6 eV) in a UHV chamber (10_9 mbar). The ejected electrons were
collected by a hemispherical analyzer at 30 eV constant pass energy. The energy scale was calibrated with the

C 1s line from the carbon contamination at 285.0 eV. Analyses were carried out at a constant angle (90°) between

the sample surface and the analyzer. In order to avoid any components in the Si 2p peak and the C—O component



in the C 1s peak were minimized and sometimes almost negligible, although always considered in the fitting
process. The C 1s and Si 2p peaks were fitted using multiple Gaussian functions; the background was removed
by the Shirley subtraction method. The different components were fitted using the kinetic energies gathered in

Table 1. An example of peak deconvolution is given in AppendiX 1. Note that we did not decompose the C—C

contribution into two components, sp3 and sp2, as was done for instance in Ref. [19]. Here the total C-C

bonds are accounted for, without considering the exact nature of the bonds [20].

Table 1. Values of binding energies used for fitting the XPS spectra.

Nature of the components | Binding Energy (eV)
C-Si (C 1s peak) 283.3
C—C (C 1s peak) 284.4
C-O (C 1s peak) 286.3
Si—C (Si 2p peak) 100.8
Si—C—0O (Si 2p peak) 102.6
Si—O (Si 2p peak) 103.7

Secondary ion mass spectrometry (SIMS) was used to measure the Si/C" ratio, with the aim of evaluating
the Si/C ratio of the film. The SIMS analysis was performed in dynamic mode with a magnetic sector mass
spectrometer (IMS7f-CAMECA, Gennevilliers - France). For SiC homoepitaxy, SIMS is usually performed

in order to measure the depth distribution of dopants (as nitrogen) and contaminants (like hydrogen) in the
films. In routine analysis, the raster size is 150x150 pmz, meaning that the primary beam (~few ym of

diameter) sweeps across the sample surface over a 150x150 pmz area. The zone analyzed is restricted to a

diameter of 33 ym to avoid crater edge effects. An electronic gate is set to 70 % to reinforce the rejection of

edge effects. The analysis chamber is kept under high vacuum (~5X10_10 mbar). As the SIMS technique

1s mostly used in SiC to detect electro-negative impurities, measurements are performed with parameters
allowing high sensitivities. Namely, the Cs*/M—— configuration is classically employed: positive primary
ions with a Cs™ source and detection of negative secondary ions of mass M [21]. The energy of the Cs™
primary beam is set to 10 keV. Secondary ions are detected in the negative mode by biasing the sample to

-5kV, leading to an impact energy of the primary ions of 15 keV and an incidence angle of ~23° with respect
to the normal of the sample. We used a primary intensity of 20 nA that leads to a sputtering rate of around
0.26 nm/s in SiC matrix.

We applied this standard SIMS conditions for SiC analysis onto ~40 samples, with low mass resolution

settings (usually used to ensure a high level of transmission). 12C~ and 28Si— were the only elements
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detected. We used multi-hole sample holders to measure 4 samples in the samerun. Only one sample holder
at a time could be introduced in the anal- ysis chamber. For each introduction of the sample holder, the
deflectors from the secondary stage were first initialized, then optimized on the center of each sample before
performing the mass calibration of the elements analyzed, followed by the analysis. Each sample was

analyzed 2 or 3 times, close to the adjustment crater, to check reproducibility ofthe measurement in the same

area (~1100 pmz). The goal was to measure the Si—/C~ ratio (meaning the major elements), while the
detection was performed with the Faraday cup which has the advantage of not having dead time. The counting
time was 1 s per point. The analysis was stopped at the interface between the SiC layer and the substrate,
leading to a total analysis time between 200 and 1800 s, depending on the SiC layer thickness. An example of
the SIMS measurement is given in AppendiX 2. With such a procedure, SIMS measurements are far more
precise than XPS measurements on the Si/C determination, typically more than one order of magnitude (see
section 3). Consequently, all the Si/C ratios discussed in the paper have been measured by SIMS.

The amotphous nature of the samples was characterized by X-ray diffraction. Two different set-ups were

used to measure the samples: the first one was a PANalytical X’Pert Pro MPD diffractometer, equipped with

a 1.8 kW Cu source, with automatic slits providing a 12 X 8 mm? illuminated area, and a 1D Pixel detector;
the second set-up consisted ofa Rigaku Smartlab diffractometer equipped with a 9 kW copper rotating anode
source and a Hypix 3000 2D detector for some of the samples. The major advantage of the 2D detector is that

it captures a larger area of reciprocal space, enabling the capture of the signal diffracted by crystal planes

inclined 15° along the Chi axis with respect to the surface. This made it possible to detect the presence of any

crystallites with an orientation which could not be detected by an X-ray diffraction measurement in

conventional geometry. Thus, a range of 16°-125° along 2Theta and 30° wide along the Chi axis was
collected for several samples.

The thickness and refractive index (RI) of a-SiC layers were estimated by spectroscopic ellipsometry (SE).
Measurements were performed on a Semilab SE-2000 tool over a 190-1650 nm range. The optical model
used for a-SiC layers formed on both sapphire a-Al>O3 and 2.0 um SiO»/ ¢-Si substrates was a stack composed
of an effective medium approximation (EMA) layer (roughness) and a bulk a-SiC layer. The dielectric function
of a-SiC was modeled using a Tauc-Lorentz law. Absorption spectra were collected in the UV—visible (190—
900 nm) range using a Shimadzu - 2501pc double beam spectrophotometer. a-SiC thin films deposited on
glass were used for these transmission measurements. Raman analyses were performed on a Renishaw
RM1000 spectrometerat 514 nm with a x50 objective. Laser power was adjusted to avoid any heating or

modification of the sample. The Raman shifts were systematically calibrated using a Si wafer.

3. Results and discussion

The deposition rate (Rq) was plotted on a 2D map as a function of substrate temperature (T) and plasma power
6



(Pow) (Fig. 1). Rd increased sharply with the RF power applied to the target, with an almost linear relationship
(Fig. 2). For instance, Rq - 0.8Pow at a pressure of 0.9 Pa. When the pressure was lower, for example 0.1
Pa, the deposition rate was much higher and depended even more on RF power. Again, assuming a linear
dependence, Rq = 1.4P,w at 0.1 Pa. To achieve a measurable deposition rate, the minimum RF power required
(X-axis intercept) was around 100 W and 45 W at pressures of 0.9 Pa and 0.1 Pa, respectively. Although the
absolute values depended on the sputtering machine, the trends had already been reported in the literature
[22-28]. They were attributed to a higher species ejection rate when the RF power applied to the target
increased. By lowering the pressure, the ejection rate was enhanced and the collision frequency between the

target and the substrate considerably reduced, which contributed to increasing deposition efficiency. Indeed,

the mean free path should be around 1 cm at 0.9 Pa and 250 °C, and 25-30 cm at 0.1 Pa and 750 °C. The
first set of conditions (higher pressure) imposed a mean free path which was much shorter than the target to
substrate distance (8 cm in our case), whereas the second set of conditions corresponded to a much larger
mean free path. The effect of temperature was much weaker and requires a more subtile description. At first
sight on the 2D map, isolines are almost parallel to the X-axis, suggesting a temperature invariance of Rq. To

check this point, Y-error bars have been added to the 0.9 Pa data in Fig. 2. They represent the (Max-Min)

variation of the deposition rate with temperature, varying between 250 and 750 °C. At low RF power,
there is no dispersion of Rq with varying temperature. When P,y is raised, there is a continuously increasing
effect of the substrate temperature, evidenced by a larger error bar. For example, at the highest power, 1.e.
450W, a linear decrease of Rd with increasing substrate temperature can be seen (Fig. 3). As the substrate
temperature does not affect the ejection rate from the target, it can be stated that an increase of temperature
reduces condensation efficiency. The behavior observed shows an increase of the desorption rate from the
substrate as the temperature increased. Despite narrower parameter ranges explored, such a weak effect of
both pressure and temperature has already been observed [29].

The silicon to carbon (Si/C) ratio was systematically measured by SIMS (Fig. 4). It is the total chemical
element content of the films, without considering their chemical bonding environment. Depth pro- files
showed no variation of stoichiometry with thickness (see for instance AppendiX 2). The maximum error was
estimated at 0.0065 onthe Si/C ratio from a series of consecutive measurements for each sample (standard
deviation). Thus, the error on the Si/C ratio determination was rather low. There was a clear increase of the
Si/C ratio with increasing RF power applied to the target. The stoichiometry varied from very slight
carbon-rich films at the lowest power (Si/C = 0.968) to silicon-rich films at the highest RF power. The films
reached a Si/C =1.138 at 450 W. These values of the Si/C ratio corresponded to a film composition variation
between Sip-49Cos1 and Sio-53Co47. A similar trend has already been observed in the literature [30]. Note
that themeasurements conducted on samples deposited at pressures of 0.1 Paand 0.5 Pa (not shown here)

did not show significant variations of the film stoichiometry at a fixed power, compared to the films
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deposited at 0.9 Pa. The same applies for the temperature, which did not show asignificant effect. We
can thus state that RF power is the main parameterthat controls the film stoichiometry. Despite a similar
trend has been observed between the deposition rate and Si/C ratio as a function of RF power, Ry is not
the parameter that governs the film stoichiometry. Indeed, while for a given RF power, pressure

considerably modifies Rq(see Fig. 2), the Si/C ratio is only slightly modified, or even unchanged.

Deposition Rate [nm/hr]
450 :

306
273
400
239
350 |
. 206
=
o 300 172
=
o]
o 139
250 |-
105
200 4
38

150
300 400 500 €00 700

Temperature [°C]

Fig. 1. 2D plot of the deposition rate (Rq4) as a function of both temperature (T) and plasma power
(Pow). The process pressure is kept at 0.9 Pa.

Moreover, XPS measurements were collected to assess the nature of chemical bonding in the a-SiC films
(Fig. 5). The relative contribution of component of the the C—C component to the total C 1s peak (C—C/Cior)
is plotted as a function of the Si/C ratio determined by SIMS. First, it is worth noting that the data present
a strong dispersion. This is the reason why weadded a linear fit (regression) and a confidence band, simply
as a visual guide to show the trend. This dispersion is the combination of several possible factors. The first
one is the reproducibility of the PVD deposition process itself. To assess this effect, a series of 5 similar

depositions was performed, with conditions corresponding to the central point of the space parameters; i.e.

an RF power of 300 W, a substrate temperature of 500 °C, a pressure of 0.5 Pa and a constant deposition
time of 90 min. For this set of experiments, we obtained a deposition rate (Rq) of 303 16 (nm/hr) and a
Si/C ratio measured by SIMS of 1.055 £+ 0.013; the errors indicated correspond to the standard deviation.
The repeatability of the deposition process in terms of Rq and Si/C ratio is thus very good,as shown by the
low standard deviation values. The second factor is the accuracy of the XPS quantification, which is

usually considered to be inthe 10 % range. The third factor could be the amorphous nature of the film:
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even with the same fluX of atoms impinging the surface (deter-mining both the deposition rate and
the Si/C ratio), their chemical structure could vary from one deposition to another. Overall, it appearsthat
the C—C content has a linear dependance with the Si/C ratio. Therelative amount of C—C bonds decreases
as the Si/C ratio increases. Note that the relative amount of C—Si bonds (C—Si/Cio) extracted from the Cls
peak, not shown in Fig. 5, increases with an increasing Si/C ratio, as it is the complementary part or the C—
C/Ciot value, the sum of both being equal to 1. As the stoichiometry progressively shifts towards a Si-rich
composition, the probability of producing C—C bonds is lower. In other words, C—C bonds are progressively
replaced by C—Si bonds, as seen from the C 1s core level. At Si/C = 1.0, about 24 % of the C 1s peak area is
related to C—C bonds, and 76 % to C-Si bonds.
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Fig. 2. Deposition rate (Rq) as a function of RF plasma power (Pow) for two different pressures (Pr): 0.1
and 0.9 Pa. The values displayed for each power are average values from a set of experiments. The Y-

error bars added to the 0.9 Pa data represent the (Max-Min) variation of the deposition rates with

tempera- ture, varying between 250 and 750 °C. Note that these are not the Max and Min values
shown in Fig. 3 but the difference, centered on the mean value. Such a specific error bar could thus
appear as shifted with respect to the data presentedin Fig. 3. The lines are linear regressions of the

experimental data.
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Fig. 3. Deposition rate (Rq) as a function of substrate temperature (T) for three different RF powers
(150, 300 and 450W) at a pressure of 0.9 Pa. These data correspond to a part of the different points
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Fig. 4. Stoichiometry of the SiC film (Si/C ratio) measured by SIMS as a function of RF power applied
to the target. Only the films deposited at a pressure of 0.9 Pa are represented. The different data shown
for a given RF Power correspond to different substrate temperatures. As there was no clear trend on the

effect of temperature, we did not differentiate the substrate temperature in this figure.
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From a structural standpoint, all the samples did not present any diffraction peak, confirming that the SiC

layers grown are amorphous. Fig. 6 presents the X-ray diffraction two dimensional (2D) reciprocal space map

of the film deposited at an RF power =450 W, a pressure of 0.9 Pa and a substrate temperature of 750 °C.
Besides the diffraction spots which come from the Si substrate, there is no signature of anyother crystalline

material. Note that we obtained similar XRD results for all the conditions explored, especially for all the

films deposited at 750 °C, the highest temperature accessible with our magnetron sputtering set-up. Fig. 7

shows the Raman spectra of two thin films deposited on sapphire at two different substrate temperatures, 250

°C and 750 °C, all the other parameters being similar. The two samples, deposited at an RF power of 300 W
have a very similar Si/C ratio of about 1.072 (averaged value), as measured by SIMS (see Fig. 4). Three

obvious broad bands can be observed in the Raman spectra; they can be assigned based on the work of Inoue

et al. [31]. At low wave numbers (400-600 cm_l) a weak band associated with Si—Si bonds corresponds to
amorphous sili- con. When the deposition temperature increases, this band seems to shift slightly towards

higher wave numbers. This had already been seen during a-SiC annealing [32]. The second band which
is also very weak,lies between 600 and 1000 em—1. It is associated with the Si—C bond. Overall, the
spectra are dominated by the more intense C—C band in the 1100-1600 em—1 range, which appears as a
symmetric single peak, characteristic of amorphous-C. There is no obvious presence of the D (1370 cm_l)

and G components (1580 cm_l) whose position, shape and intensity can vary significantly with the

structure, the nature of the bonds and the presence of defects in carbon-based materials [33,34]. The

band is symmetric and narrow enough to be fitted with only one Gaussian centered around 1450 em— L. 1t is

thus not possible to apply a similar fitting procedure to that in Ref. [19] and extract information about possible

sp2 and sp3 carbon content. As mentioned by Baia Netoet al. [32], who observed very similar Raman band

for a-SiC:H films, this type of band is attributed to dispersed C—C bonds which do not form graphitic clusters.
The presence of this strong C-related Raman band is consistent with the significant concentration of C—C

bonds extracted from the XPS C 1s peaks. For the samples shown in Fig. 7, the C—C bond contribution (C—

C/Ciot) measured by XPS is 0.19 and 0.23 for deposition temperature of 250 °C and 750 °C respectively. The
area of the C-related Raman bands correlates well with the C—C bond component of the XPS spectra.
Unfortunately, a quantitative analysis of the Raman peaks could not be performed at this stage as all the

other samples did not have the same thickness.
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Fig. 6. Typical X-ray 2D reciprocal space map of a 900 nm thick a-SiC film deposited with the
following conditions: Pow =450 W, T = 750 °C, Pr = 0.9 Pa. The diffraction spots correspond to the Si

single-crystalline substrate. The corresponding §-20 scan is given in Figure A3 in appendiX 3.
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Fig. 7. Raman spectra of two thin films deposited on sapphire, with an RF power of 300 W and a
pressure of 0.9 Pa. The films are 250 nm thick, and differ only by the deposition temperatures, which

were 250 °C (black spectrum) and 750 °C (blue spectrum). Measurement conditions were similar.

It is worth noting that we observed the same band shape around 1450 em— ! without splitting and without
any significant shift whatever the deposition conditions explored. Only the intensity (peak area) varied such
as in Fig. 7. This suggests that the concentration of dispersed C—Cbonds varies in the films but not the
chemical nature or the micro- structure (graphitization, C clustering ....). From that point of view, the
behavior of our hydrogen-free a-SiC films considerably differs from the a-SiC:H films deposited by the
same method [32,35].

The main optical properties of the a-SiC films have been measured and are gathered in Fig. 8 as a
function of the film’s Si/C stoichiometry as determined by SIMS. In red (left axis), the refractive index
(RI) was measured using spectroscopic ellipsometry. Here, we show only the RI at a wavelength of 1550
nm, as it is the infra-red telecommunication window that motivated this work. In blue (right axis), the
optical bandgap (Eg) was extracted from the UV—vis absorption spectra in transmission. The absorbance
curves were plotted using the Tauc formalism applied to the indirect bandgap to extract the bandgap
value (see AppendiX 4). As with Fig. 5, linear trends are observed. A linear fittogether with confidence
bands have been added to the plots as a visual guide. The refractive index increases from 2.5 to 2.75 when
the Si/C ratio changes from 0.96 to 1.14. Conversely, the optical bandgap de- creases from 2.4 to 1.7 eV
over the same stoichiometry range. A decrease of optical bandgap with increasing RF power has already been
observed [25,36], but not linked to Si/C variations. A similar comment can be done on the refractive index:
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its increasing with increasing RF power has already been observed, but not necessarily linked to film

composition [25,27].
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Fig. 8. Refractive index (left axis and red plots) measured by spectroscopic ellipsometry at the
wavelength of 1550 nm and bandgap (right axis and blue data), measured in transmission by UV—vis

absorption as a function of the film stoichiometry (Si/C ratio measured by SIMS).

We observed the same dispersion in the data as for the C—C con-centration measured by XPS. Here, such
dispersion cannot be ascribed to the uncertainty of the measurement tools as both ellipsometry and especially
UV-vis spectrometry can provide very accurate values. As already said, the repeatability assessment gave
pretty good values with high reproducibility of Rq and film stoichiometry (Si/C ratio measured by SIMS).
The dispersion of the values thus occurs in the “chemical structure”, i.e. bonding, and the optical properties
(RI and Eg) of a-SixCi.x. The weak ordering pointed out by Tersoff [16], could give rise to such variability.
A combined experimental and theoretical work recently proposed by Favaro et al. [37] also highlighted
the strong variability ofthe optical constants of a-SixCi.x films. They suggested that as-deposited thin films
are in a non-stabilized state. The authors also demonstrated that a long, low temperature annealing could
drastically improve the optical constants.

Cheng et al. suggested the presence of=C clusters in RF sputtered amorphous SiC films [19] with a mixture

of sp3 and sp2 carbon bonding. They also observed a decrease of the Si/C ratio with increasing RF power,
with a Si/C ratio very far from stoichiometry (always <0.65), despite the use of a stoichiometric SiC target,
which is very different from the literature [14]. In our case, the variability in both the optical constants and
the C—C bond content in the a-SixCi.x suggests that there are correlated, and that the Si/C ratio does not

play the major role, at least for small variations around stoichiometry. For x 0.5 (perfectly stoichiometric
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film, as measured by SIMS), Eg is 2.3 eV and the RI (at 1550 nm) is 2.56. The bandgap decreases with
decreasing C—C bond content. The single, symmetric and relatively narrow carbon related band in the
Raman spectra, without any evidence of band splitting and/or the presence of the usual D and G bands,
suggests that our film is highly amorphous, and the presence of graphitic carbon unlikely. This is also

supported by the XPS C 1s peak which is also relatively narrow, without any shoulder.

4. Conclusion

Amorphous SiC films were deposited by RF magnetron sputtering using a single source of high-purity
polycrystalline SiC. By exploring a three-parameter space (RF power, substrate temperature, pressure), we
demonstrated that RF power is the main parameter that, at first order, controls all the deposition process
and film properties. By simply adjusting the RF plasma power between 150 and 450 W, it is possible with
a Si/C = 1.00 stoichiometric target, to continuously vary the thin film stoichiometry from a C-rich
composition (Sig-49Co.51) at low powerto a Si-rich composition (Sio-53Co.47) at high power. This is also
associated with a linear variation of the deposition rate (Rd) with the RF plasma power. As all the films are
amorphous, it is speculated that the optical properties are closely related to the films’ chemical structure, i.e.
the nature and concentration of the chemical bonds, and especially tothe C—C bond content. By adapting
the sputtering conditions, it is therefore possible to very easily tune the refractive index at a wave- length of
1.55 ym in the range 2.50-2.75 and vary the bandgap from 2.5 to 1.7 eV. This will lead to developing an

easy method to tune a-SixCixfilm using a simple sputtering process for waveguide applications.
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Appendix 1
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Fig. A.1. Examples of deconvolution of the Cls (left) and Si2p (right) XPS peaks for two different

deposition experiments performed at the same substrate tem- perature (250 °C) and pressure (0.9 Pa).
The two experiments varied by the RF power applied to the target: 150 W for the first experiment (top)
and 300 W for the second (bottom) which produced slightly carbon-rich and slightly silicon-rich films,

respectively.
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Appendix 2

Figure A.2. a gives an example of a profile resulting from the analysis of a ~275 nm thick SiC layer.
The 12C— and 28Si—— signal evolutions areplotted as a function of time, from the surface (at time 0 s)
up to the interface (at time ~ 1050 s). The Si—/C~ ratio over the SiC layer can be obtained by dividing the
28Si— signal by the 12C signal over the sputtering time (see Fig. A2 b). Then, the Si—/C ratio in the
stability area located at the center of the plateau is extracted (Si—/C ratio = mean value of the 28Si—

/12C signal over the stabilized area).
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Fig. A.2. (a) SIMS profile (raw data) of a ~275 nm SiC layer with 28Si— and 12C— signals; (b) Profile
of the ratio between 28Si— signal and 12C— signal, the dashed rectangle indicates the stability area

from which the value of the Si—/C— ratio is extracted.
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Appendix 3
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Fig. A.3. Omega-2§scan of a 900 nm thick a-SiC film deposited with the following conditions: Pow =
450 W, T =750 °C, P =0.9 Pa. The scan was obtained by a 3° offset along Omega in order to reduce

the contribution of the intense peaks related to the Si substrate.
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Appendix 4
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Fig. A.4a. Absorption coefficient as a function of wavelength obtained from UV—vis absorbance spectra,
for two different a-SiC films. The two samples selected were deposited using the following conditions:
P: = 0.9 Pa and for red curve: Pow = 375 W and T = 250 °C, for the black curve: Pow = 150 W and T =

625 °C. The corresponding Si/C ratio measured by SIMS and C—C bond content measured by XPS is
indicated in the legend.
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Fig. A.4b. Tauc plots of the two sets of data presented in Figure A4a, considering the bandgap as
indirect. The two samples selected were deposited using the following conditions: P; = 0.9 Pa and for
red curve: Pow = 375 W and T = 250 °C, for the black curve: Pow = 150 W and T = 625 °C. The

corresponding Si/C ratio measured by SIMS and C—C bond content measured by XPS is indicated in
the legend.
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