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A B S T R A C T

The development of multifunctional coatings that simultaneously prevent Tritium (T) leaks and Li corrosion of the structural steel is necessary to ensure safe 
operation of breeding blankets (BBs) that use liquid metals, such as the Water-Cooled Lithium Lead (WCLL) design in nuclear fusion reactors. In this work, we present 
the development of amorphous Silicon Carbide (a-SiC) coatings deposited by Radio-Frequency (RF) magnetron sputtering as a potential candidate for this appli
cation. We characterize the morphology, elemental composition, density, microstructure, hardness and adhesion to the substrate of the coatings as a function of 
deposition parameters (Ar mass flow rate and bias voltage) and of the bonding material. We observe that low Ar mass flow rates (40 sccm), low bias voltages (-30 V) 
and Cr bonding lead to amorphous coatings with homogeneous and compact morphology, a high density of 3.15 g/cm3, and quite good adhesion (critical load of 303 
mN) to the steel substrate for the aimed purpose. The studied coatings also present a hardness of 30 GPa and a reduced elastic modulus of 246 GPa. Such combination 
of properties makes a-SiC coatings a promising candidate to act as a multifunctional barrier in the breeding blanket of nuclear fusion reactors operating both in the 
inertial and magnetic confinement approaches.

1. Introduction

Nuclear fusion power plants will need to be Tritium (T) self-sufficient 
since there is no natural source of T that can satisfy their demand beyond 
the International Experimental Thermonuclear Reactor (ITER). The 
production of T, together with heat extraction and shielding of other 
components is one of the main requirements for the breeding blanket 
(BB). There, T is produced by neutron-induced transmutation reaction of 
Lithium (Li). A neutron multiplier material such as Beryllium (Be) or 
Lead (Pb) is also needed to ensure T self-sufficiency (or even surplus) 
[1]. With these base materials in mind, several BB concepts have been 
developed, mainly based on solid Li ceramics (such as the helium cooled 
pebbles bed, HCPB) or liquid eutectic PbLi (such as the water cooled 
lithium lead, WCLL) [2]. Both designs use a reduced activation ferritic- 
martesitic (RAFM) such as EUROFER as their structural material due to 
radiological and technological concerns.

However, not only the production of T is important, but also the 
control of its inventory, since it has to be enough for self-operation but 
limited due to safety concerns. Optimal Tritium Breeding Ratio (TBR) 

values have been reported to be between 1.05 and 1.15 [3]. The control 
of the T inventory requires to avoid its permeation through the struc
tural steel, since the T leaks would cause a reduction in the recovered T, 
water activation in those BB concepts that use it as a coolant, and steel 
embrittlement. These facts are very undesirable from the safety and 
operational point of view.

Furthermore, BB designs that use a liquid metal (mainly, PbLi) as 
breeder material face another important issue: the degradation of the 
structural steel due to a collection of phenomena known as liquid metal 
embrittlement (LME). LME includes cracking at the interface, diffusion 
through grain boundaries resulting in decohesion, and various 
corrosion-type processes such as dealloying [4]. In the case of RAFM 
steels (such as EUROFER, the European choice for DEMO), one of the 
most important degradation mechanisms is the dissolution of Cr into the 
PbLi [5]. Therefore, LME must be prevented in order to ensure the 
structural integrity of the BB.

One way to simultaneously prevent T leaks and LME is to cover the 
steel with a multifunctional coating (MFC), which must act simulta
neously as a T permeation and Li corrosion barrier while withstanding 

* Corresponding author at: Instituto de Fusión Nuclear “Guillermo Velarde”, ETSI de Industriales, Universidad Politécnica de Madrid, Madrid, Spain.
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the intense thermal stresses and neutron and gamma irradiation present 
in the BB. The best candidates for this task are amorphous ceramic 
coatings: in some cases, they present a dense, compact and homoge
neous morphology with no grain boundaries that are ideal to stop both T 
permeation and LME. In particular, amorphous alumina (Al2O3) coat
ings have been reported to exhibit very high permeation reduction factor 
(PRF) values [6], while also preserving their morphological integrity 
after PbLi exposure [7]. However, Li has been shown to penetrate along 
the whole thickness of these coatings, accumulating close to the coating 
surface and in the coating/substrate interface [8]. Under real operation 
conditions (neutron irradiation), this Li is expected to transmute into He 
and T which could have important drawbacks in the coating perfor
mance [9].

This makes the development of alternative MFC materials necessary. 
In this regard, C-based ceramics are promising candidates due to their 
low reactivity with Li. In particular, SiC is a very attractive material due 
to its high thermal stress resistance and low activation among other 
properties [10,11]. Amorphous SiC (a-SiC) coatings have already been 
proposed for different BB applications [12,13], and it has been proven to 
be a great permeation barrier while withstanding simultaneous e- irra
diation and thermal cycling [14].

In this work, we focus on the development of a-SiC coatings depos
ited by radio-frequency (RF) magnetron sputtering. It is worth 
mentioning that while SiC coatings can also be deposited by other 
techniques (such as chemical vapor deposition, CVD (thermal-, laser-, 
halide laser-, hot or warm wall- and halide laser-) [15,16], and pulsed 
laser deposition, PLD [17]); this physical vapor deposition (PVD) tech
nique presents some key advantages: (i) possibility of tuning the coating 
properties as desired by adjusting the deposition parameters, (ii) envi
ronmentally friendly, (iii) industry-ready technology with easy scal
ability, (iv) low cost after initial investment and (v) capable of coating 
complex surfaces [18].

In this work, we study the influence of the deposition parameters (Ar 
mass flow rate, ΦAr and bias voltage, Vbias) as well as that of the bonding 
material (Ti, Cr) on the most relevant properties of a-SiC for its appli
cation as an MFC: morphology, elemental composition, density, micro
structure and mechanical properties; as well as its adhesion to the 
EUROFER-II substrate. To the best of our knowledge, this is the first 
time that the density and adhesion of a-SiC coatings to the EUROFER-II 
substrate have been reported as a function of ΦAr, Vbias, and bonding 
material, which are key parameters to be considered for the develop
ment of suitable MFCs. The final objective is to set the optimal condi
tions to obtain dense and homogeneous a-SiC coatings with good 
adhesion to the substrate, ensuring its quality before testing its perfor
mance as an MFC.

2. Materials and methods

2.1. Deposition procedure

SiC coatings were deposited both on mirror-polished single-crystal
line (100) Si, and polished EUROFER-II steel substrates. Si substrates 
were used for the morphological, elemental composition, and density 
studies; while EUROFER-II substrates were used for the microstructural, 
mechanical and adhesion to the substrate tests. It is worth mentioning 
that no significant dependence of the coating morphology and micro
structure on the substrate was found.

EUROFER-II polishing was performed by sanding down with #500, 
#800, #1200 and #2400 SiC sandpapers and by sequential mechanical 
polishing on napless synthetic clothes with colloidal suspensions of 
varying particle sizes (diamond particles of 6 and 3 μm, and SiO2 par
ticles of 0.25 μm). Cleaning of the substrates before deposition was 
performed with ultrasonic washing in alkaline detergents, rinsing with 
de-ionized water, cleaning with isopropanol and air-drying. After that, 
they were introduced in the deposition chamber and underwent a 
plasma etching process in Ar atmosphere. The etching time was 30 min, 

the DC-pulsed voltage was 400 V, the frequency was 250 kHz, the power 
was 100 W and the Ar pressure was 8.2 × 10− 3 mbar (ΦAr of 137 sccm) 
for all samples.

The deposition setup consists of a high vacuum chamber (P0 < 7 ×
10− 6 mbar) equipped with two rectangular 20 cm × 7.5 cm magnetrons 
designed and manufactured by Nano4Energy SL [19]. First, a pure metal 
bonding layer with a thickness in the nanometer range was deposited by 
DC magnetron sputtering on the bare EUROFER-II before the deposition 
of the SiC coating, to improve the adhesion and to mitigate the coeffi
cient of thermal expansion (CTE) mismatch problem [20]. Two different 
metals were selected: Ti and Cr. Both were deposited at 100 W, from 
pure (99.95 %) rectangular (20 × 7.5 cm) commercial targets at the 
same ΦAr as the corresponding coating. Directly after that and in the 
same deposition chamber, SiC was deposited by RF sputtering from a 
nominal SiC (99.95 %) commercial target in the presence of Ar atmo
sphere (99.9999 % purity) at a plasma power of 300 W. Both depositions 
took place at a normal incidence angle and at room temperature. In both 
cases, the target-substrate distance was 12.5 cm.

In order to study the influence of the deposition parameters on the 
sample properties two series of SiC coatings were deposited. In the first 
one the ΦAr was varied from 10 to 170 sccm (corresponding to Ar 
working pressure from 2 × 10− 3 to 1 × 10− 2 mbar). Once the ΦAr range 
that leads to compact dense and homogeneous coatings was found, its 
value was fixed at 40 sccm, and a second series was deposited to study 
the influence of applying a Vbias. For that purpose, diverse Vbias (-30 V, 
-60 V and -100 V) were applied to the substrate during the deposition of 
SiC. Finally, after finding the optimal Vbias, a sample using Cr as bonding 
layer instead of Ti was deposited to study the bonding material influence 
on the coating’s properties. A summary of the fabricated samples 
together with their deposition conditions is listed in Table 1.

2.2. Elemental, Morphological, and microstructural characterization

The coating morphology and thickness were characterized by Scan
ning Electron Microscope (SEM) imaging, using a Carl Zeiss Auriga 
Compact FESEM microscope equipped with Bruker X Flash EDS 
detector.

The elemental composition was characterized by elastic backscat
tering spectrometry (EBS) in the standard line of the Cockcroft-Walton 
(CW) particle accelerator located at Centro de Micro-Análisis de Materi
ales – Universidad Autónoma de Madrid (CMAM-UAM) [21]. Measure
ments were carried out using a 4He+ beam at 4 MeV. The backscattered 
ions were detected by a standard solid-state Si-barrier detector placed at 
170.5◦ from the beam direction. The chosen experimental conditions 
lead to non-Rutherford cross section for C as reported by Leavitt et al., 
allowing for precise quantification of this element [22]. They also lead 
to a non-Rutherford cross section for Si, as reported by Cheng et al. [23], 
that presents a resonance at high energy (~2 MeV product energy). This 
resonance does not overlap with the C signal and therefore does not 
reduce the accuracy of the C measurement. The ion beam current was set 
to ~18 nA, and the beam spot was 1.5 mm in diameter. Each sample was 
measured until a charge of 15 μC was reached.

The microstructure was characterized by grazing-incident angle 

Table 1 
Summary of deposition conditions for reported SiC coatings.

Sample Code ΦAr (sccm) Vbias (V) Bonding Material

S1–1 10 0 Ti
S1–2 19 0 Ti
S1–3 40 0 Ti
S1–4 59 0 Ti
S1–5 112 0 Ti
S2–1 40 − 30 Ti
S2–2 40 − 60 Ti
S2–3 40 − 100 Ti
S3–1 40 − 30 Cr
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(0.5◦) X-ray diffraction (GI-XRD), using a Panalytical X-PERT PRO 
diffractometer with a Cu-Kα (λ = 0.15405 nm) radiation source. The data 
were collected in the 2θ range from 20 to 90◦ and in continuous scan 
mode. The scan-step was 0.02◦.

2.3. Mechanical properties characterization

The mechanical properties of the coatings and their adhesion to the 
EUROFER-II substrate were characterized using a Hysitron TI950 tri
boindenter. For the characterization of the mechanical properties, a 
Berkovich diamond indenter was used. Five cyclic indents were carried 
out to adjust the compliance of the system, and then seven simple 

Fig. 1. Top view (left) and cross sectional (right) SEM images for SiC coatings deposited at different ΦAr.
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indents were performed in each sample to obtain reproducible and 
reliable results. The loading, holding, and unloading times were 5 s, 10 s 
and 2 s respectively, and the peak load was 10 mN for all measurements. 
These conditions ensure penetration depths lower than 10 % of the total 
thickness of the coatings to avoid any influence of the substrate on the 
measurements. The hardness (H) and the reduced elastic modulus (Er) 
were determined from the obtained load-displacement curves using the 
Oliver & Pharr method [24].

The characterization of the adhesion of the coatings to the 
EUROFER-II substrate was done by means of nanoscratch. For these 
measurements, a diamond spheroconical probe with an end radius of 10 
μm was used. Progressive load was applied up to a normal force of 350 
mN at a loading rate of 11.6 mN/s, while recording lateral force and 
penetration depth. The scratch length was 400 μm. The critical loads (Lc) 
were determined by associating sudden changes in the lateral force with 
the cracking points on the scratches seen by SEM imaging. The test was 
repeated five times per sample to achieve reliable and accurate results. 
More information about the adhesion characterization by nanoscratch 
testing can be found in Ref [25].

3. Results and discussion

3.1. Morphology, thickness and microstructural properties

First, the influence of the ΦAr on the coating morphology was stud
ied. Top view and cross-sectional SEM images for SiC coatings deposited 
at different ΦAr are shown in Fig. 1. The micrographs evidence that the 
coatings are homogeneous, with no cracks that can hinder performance 
for the proposed technological application. Cross sectional images show 
that all coatings have a sharp substrate interface in which no signs of 
delamination are observed. This is the first indication that the coatings 
are well adhered to the substrate. The SEM mircographs also show that 
the coating morphology strongly depends on ΦAr. At ΦAr ≤ 60 sccm, the 
coatings are compact whereas at ΦAr > 60 sccm the coatings exhibit a 
columnar-like structure with nanocolumns that grow perpendicular to 
the substrate, having a diameter in the nanometer range that visibly 
increases with rising ΦAr. No voids are observed between the 

nanocolumns within the SEM resolution limit (Fig. 1 – g-j).
In agreement with the Thornton’s morphology diagram [26,27], 

these results evidence that the ΦAr has a strong influence on the sample 
morphology. The morphologies observed in the two different ΦAr re
gimes are mainly related to the number of collisions that the sputtered 
atoms suffer with the working gas. In the low ΦAr regime (ΦAr < 60 
sccm), the number of collisions is low, so sputtered atoms arrive with 
large momentum, high kinetic energy and low incident angles which 
lead to compact morphology. The opposite is true in the high ΦAr regime 
(ΦAr ≥ 60 sccm), resulting in columnar morphology.

Both of these morphologies have already been reported by other 
authors for SiC coatings deposited by sputtering (homogeneous in 
[12,14,28], columnar in [29,30]). In fact, Liu et al. [31] reported the 
same behavior as the one shown in Fig. 1. However, the ΦAr at which the 
transition occurs varies from author to author. This indicates that ΦAr is 
not the only parameter influencing this phenomenon: some others such 
as sputtering power and target-substrate distance may also play a role.

Once the ΦAr which leads to compact and homogeneous coatings is 
found, the next step is to study the influence of applying a Vbias on the 
coating morphology. The aim is to further increase the coating density 
by enhancing the peening effect and the adatom mobility during the 
coating growth [32]. Fig. 2 shows cross-sectional SEM images for coat
ings deposited at a constant ΦAr of 40 sccm (4.9 × 10− 3 mbar) and at 
different Vbias. In view of industrial applications, the selection of the ΦAr 
was done to have the highest deposition rate (5.3 nm/min) that leads to 
compact coatings.

In agreement with previous publications [31], no visible differences 
are observed in the coating morphology for any of the selected Vbias. The 
features seen in Figs. 2a) and c) are produced during the cleaving process 
and do not correspond to any morphological change. Therefore, we can 
conclude that, for the selected ΦAr (40 sccm), the Vbias has no influence 
on the sample morphology. All the coatings, regardless of the applied 
Vbias, are compact.

However, applying a bias changes the coating thickness. It slightly 
increases for the coating deposited at -30 V Vbias (from 1.3 μm to 1.4 μm, 
reaching a deposition rate of 5.9 nm/min) and decreases for coatings 
deposited at Vbias > 60 V (from 1.3 μm to 1.2 μm at − 100 V). This 

Fig. 2. Cross section images for SiC coatings deposited at a ΦAr of 40 sccm and different Vbias: without biasing (a), − 30 V (b), − 60 V (c) and -100 V (d).
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indicates that at low Vbias there is an enhanced energetic ion 
bombardment that increases the deposition rate [32]. On the other 
hand, at high Vbias, the kinetic energy of the ions is sufficiently high to 
promote self-sputtering of the coating surface [33]. The latter decreases 
the coating thickness and compactness, which is not desirable.

The influence of the bonding material on the coating’s morphology is 
also studied. No differences are observed on the morphology of the 
coating when changing the bonding material from Ti to Cr (not shown).

The normalized GI-XRD patterns for compact SiC coatings deposited 
on EUROFER-II at different ΦAr and Vbias are shown in Fig. 3-a and b, 
respectively. Coatings with columnar morphology (ΦAr > 60 sccm) have 
been excluded from the analysis, since they do not fulfill the re
quirements described for MFCs [8]. These samples are not as compact as 
the ones deposited at ΦAr < 60 sccm and exhibit a lower density, as 
further described in section 3.2.

The only sharp peak observed in all spectra is located at θ1 = 45◦

which matches the (100) α-Fe pattern corresponding to the EUROFER 
substrate. The spectra for the coating deposited at a Vbias = − 100 V 
exhibits a small peak at θ2 = 65◦ corresponding to the same α-Fe phase 
(COD ID: 96–900-6602 for both peaks). The variation in peak intensity 
in Fig. 3-b is caused by the varying thickness of the coatings, which 
presents its highest value for the − 30 V sample.

Apart from the peaks related to the substrate, no other sharp 
diffraction peak is observed for any other coating, regardless of the ΦAr 
or bias voltage values, which shows that the coatings are mainly 
amorphous. However, the presence of a broad and noisy peak located 
between 30◦ and 40◦ for coatings deposited at a Vbias of − 30 V and − 60 
V (Fig. 3-b) could match the typical range for the most intense SiC 
diffraction peaks, which could indicate the existence of nanocrystalline 
inclusions. These have already been reported for SiC coatings deposited 
by vacuum kinetic spraying [34]. Further research using high resolution 
techniques (such as electron diffraction patterns from transmission 
electron microscopy and/or synchrotron techniques) is needed to 
elucidate this point. Nevertheless, it has been demonstrated that this 
“amorphization” degree is high enough to make the coatings excellent 
barriers for tritium permeation as stated in a previous publication for 
similar “amorphous layers” [14].

Finally, changing the bonding material from Ti to Cr did not result in 
any difference in the obtained GI-XRD spectra (not shown). Therefore, it 
is concluded that all SiC coatings that present a compact morphology are 
also amorphous within the resolution limit of GI-XRD.

3.2. Elemental composition

The elemental composition of the coatings was determined by 
comparing measured and simulated EBS spectra. The commercial com
puter code SIMNRA was used for the simulations [35]. The spectra were 

fitted using a 3-layer model: The SiC coating, the Ti bonding layer, and 
the Si substrate. A representative fitted EBS spectrum is shown in Fig. 4. 
The “chi-squared” algorithm was used to determine the accuracy of the 
peak fit, obtaining, in all cases, χ2

r values lower than 6. The elemental 
composition of the coatings is constant regardless of the selected ΦAr, or 
Vbias or bonding layer. All coatings are non-stoichiometric, having excess 
C (55 ± 1 at. %).

3.3. Density

The average coating density was calculated by combining data from 
SEM images (thickness) and EBS measurements (composition and areal 
density) according to eq. 1: 

ρ
(
g
/
cm3) =

areal density (at/cm3)

thickness (cm)
⋅
(
[C]⋅Mat C

NAv
+
[Si]⋅Mat Si

NAv

)

(g/at) (1) 

Where ρ represents the density, [C] and [Si] the concentration of each 
element in at. %, Mat C/Si the atomic masses, and Nav the Avogadro’s 
number.

The calculated density values are shown in Fig. 5-a as a function of 
ΦAr. Error bars represent the standard deviation in datapoints where 
more than one sample was measured. For comparison, the maximum 
(6H-SiC) and minimum (3C-SiC) density values reported for crystalline 

Fig. 3. XRD spectra for as-deposited SiC coatings on EUROFER-II substrates at different ΦAr (a) and at 40 Ar sccm with varying bias voltage (b).

Fig. 4. C and Si content in at. % as a function of ΦAr during deposition, and 
miniature of an EBS spectrum of one of the analyzed samples.
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SiC are also illustrated [11]. The density calculated for coatings depos
ited at ΦAr between 10 and 60 sccm, is constant (2.9 ± 0.1 g/cm3) within 
the standard deviation. These values are lower than that reported for the 
cubic 3C-SiC polytype crystalline phases reported in [11] (3.166 g/cm3). 
This can be due to the presence of C excess in the coatings and/or to their 
amorphous nature. The density of the coating deposited at ΦAr = 112 
sccm strongly decreases. This may be due to their columnar morphology, 
even when no voids are observed between the columns within the SEM 
resolution limit. As previously mentioned, the reduced density of 
columnar SiC coatings will be detrimental to their performance as 
multifunctional barriers.

Fig. 5-b shows the density of the coatings as a function of the applied 
Vbias for those coatings deposited at a fixed ΦAr of 40 sccm. Applying a 
Vbias of − 30 V, increases the coating density up to 3.15 g/cm3, which is 
very close to that reported for the 3C-SiC crystalline phases. At higher 
Vbias, the coating density decreases. At -60 V, the density is in the range 
of the non-biased sample, while at -100 V the density is in the lower end 
of the standard deviation range of the non-biased sample. These results 
show that applying a Vbias below the self-sputtering regime leads to 
densification due to the increase in the kinetic energy of the impinging 
ions. The decrease in the coatings density observed for higher Vbias 
further indicates that the sputtering of the coating surface has been 
activated [33].

3.4. Mechanical properties

The hardness (H) and reduced elastic modulus (Er) of SiC coatings 
were characterized by nanoindentation. All samples present a H of 30 ±
1 GPa and an Er of 246 ± 7GPa, with no significant variations. Results 
reveal that ΦAr, Vbias or bonding material have no influence on H or Er in 
the studied ranges.

These coatings present a higher H and lower Er than crystalline SiC 

[15], which is expected due to their mainly amorphous microstructure. 
The H values are also in the range of those reported by other authors 
working on similar coatings [31,36]. These results contrast somehow 
with those previously reported in which an influence of these parame
ters on the mechanical properties of a-SiC is observed [31].

3.5. Adhesion

Fig. 6 shows a detailed SEM image of a typical coating after under
going a scratch test. The coating shows a brittle response to the 
increasing normal load, with Hertz cracking and spallation being the 
most prominent types of cracks [25]. Three critical loads that corre
spond with different mechanical responses can be defined: (i) Lc0: Non- 
elastic response and first surface cracking of the coating. (ii) Lc1: First, 
major edge cracking and delamination. Cohesive failure at the interface. 
(iii) Lc2: Total coating failure and complete substrate exposure. Lc1 is the 
reported critical load, since it is where the first cohesive failure between 
coating and substrate occurs.

Fig. 7 shows the average critical loads (Lc1, as defined in Fig. 6) for 
several a-SiC coatings deposited on EUROFER substrates as a function of 
ΦAr (a) and Vbias for ΦAr set at 40 sccm (b). The error bars represent the 
standard deviation obtained from performing 5 scratches per sample. 
The data show that ΦAr has no significant influence on the critical load 
for the studied range, whereas Vbias has. The highest Lc1 value is ob
tained for the sample deposited at 40 Ar sccm with -30 V bias, reaching 
282.1 ± 12.4 mN. The Lc1 value for the equivalent non-biased sample is 
264.9 ± 4.3 mN. This means that a moderate increase (6.5 %) in 
adhesion is achieved by applying a small bias. Higher bias values result 
in a significant drop in adhesion.

The adhesion of the coating to the substrate is also related to the 
energy of the impinging atoms below the self-sputtering regime. The 
higher it is, the larger the adhesion. However, this effect is not observed 

Fig. 5. Calculated density for SiC coatings as a function of (a) ΦAr.and (b) Vbias for coatings deposited at 40 sccm ΦAr. Maximum (6H-SiC) and minimum (3C-SiC) 
densities of crystalline SiC phases marked for reference. Values obtained from ref. [11].

Fig. 6. Detailed SEM image of a scratch performed on an a-SiC coating deposited on a EUROFER-II substrate, with the three critical load points marked for reference.
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for the selected ΦAr values due to the small investigated range. It is 
noticeable when applying a small Vbias (-30 V) due to the increase in 
kinetic energy of the impinging ions. Higher voltages, on the other hand, 
are detrimental to the adhesion, due to an excessive increase in the in
ternal stress of the coating. This behavior has also been reported for 
crystalline TiN and TiN-MoSx coatings deposited by DC magnetron 
sputtering [37,38], but other authors have only observed a decrease in 
adhesion with increasing Vbias [39,40]. It is clear that the influence of 
Vbias on adhesion depends on the material and deposition process.

Finally, we compared the effect of using Ti or Cr for the bonding 
layer on the adhesion of the a-SiC coatings to the EUROFER II substrate. 
We observe that using Cr as bonding layer instead of Ti does not 
significantly change fracture mode or the distance between critical loads 
defined in Fig. 6. However, the use of Cr bonding increases Lc1 up to 
302.8 ± 5.0 mN without notably changing the fracture mode and the 
distance between critical loads defined in Fig. 6. This represents a 7 % 
increase when compared to the coating with Ti bonding.

Both Ti a Cr form phases with SiC [41,42], but Cr has greater affinity 
with the Cr-based EUROFER substrate. Furthermore, first principles 
calculations show that the work of separation is significantly higher for 
the crystalline SiC – Cr interface than for the crystalline SiC – Ti one for 
all studied orientations [43]. Both of these facts can explain the small 
enhancement in adhesion when using Cr instead of Ti for the bonding 
layer.

4. Conclusions

In this work, we have successfully optimized the properties of a-SiC 
coatings deposited by RF sputtering by modifying the ΦAr, Vbias applied 
to the substrate, and bonding material. The enhanced adatom mobility 
and increased ion bombardment provided by Vbias of -30 V has proven to 
enhance most properties (density, adhesion, sputtering rate); while 
higher voltages have been shown to be detrimental due to excessive ion 
bombardment that triggers self-sputtering of the coating surface. All 
coatings remain amorphous regardless of the ΦAr, Vbias or bonding ma
terial. The configuration that leads to the best a-SiC coating in terms of 
compactness, density and adhesion is an ΦAr of 40 sccm with a Vbias of 
-30 V, using a Cr bonding layer. This combination of properties makes 
this a-SiC coating a promising candidate for its application as an MFC in 
the BB of nuclear fusion reactors operating both in the inertial and 
magnetic confinement approaches.
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Fig. 7. Average critical load (Lc1) of a-SiC coatings deposited on EUROFER substrates at varying ΦAr with no bias voltage (a); and deposited at 40 Ar sccm with 
varying bias voltage (b).
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