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Deposition of MoSi2 films on silicon and tantalum substrates applying pulsed laser deposition technique has
been performed. Crystalline, hexagonal symmetry, MoSi2 films were prepared directly from stoichiometric
MoSi2 tetragonal target on room temperature and heated substrates (500 °C). Textured MoSi2 films having
privileged (110) and (115) orientations and average crystallite size of about 105 nm were grown on Si(111)
substrates with a good degree of axial texture (rocking curve full width half maximum of 1.5°). MoSi2 films
grown on Ta(211) substrates, instead, turned out to be polycrystalline, with an average crystallite size of
about 100 nm and 50 nm on substrates kept at room temperature and at 500 °C, respectively. Vickers
hardness for 1.2 μm thick MoSi2 films on Si(111) substrates resulted to be 15 GPa both at room temperature
and 500 °C, while for 0.4 μm thick MoSi2 films on Ta(211) substrates — 26 GPa at room temperature and
30 GPa at 500 °C.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Molybdenum disilicide (MoSi2) is a borderline intermetallic com-
pound, which belongs to a group of high temperature structural
silicides. It possesses a combination of special properties such as high
melting point (≈2030 °C), low density, “ceramic-like” excellent high
temperature oxidation resistance (up to 1600 °C) and “metal-like”
plasticity at elevated temperatures, along with a high thermal
conductivity. Furthermore, MoSi2 is a relatively low cost, non toxic
and environmentally benign material. Another attractive feature of
MoSi2 is that it can be metallurgically alloyed with silicides to further
improve its properties. Materials based on MoSi2 have a variety of
industrial and aerospace applications, including heating elements for
furnaces operating at temperatures up to 1800 °C, power generation
components, turbine aircraft engine hot section components, etc. [1–4].
It is also known to be a lubricant, battery cathode and catalyst.

Among the drawbacks of monolithic MoSi2 are high brittleness, and
low strength and creep resistance at high temperatures. MoSi2 bulk
Vickers hardness is low, about 11.3 GPa [5]. A way to overcome these
problems could be the application of various MoSi2 composites
possessing improved properties [1–3,6,7] or, alternatively, the applica-
tion of MoSi2 in the form of thin films. Due to the excellent oxidation
resistance MoSi2 is a good candidate for protective coatings. Moreover,
MoSi2 thin films are of interest inmicroelectronic applications for gates,
contacts, interconnects and diffusion barriers [8].

Several deposition processes have been tried to produce MoSi2 thin
films, among themsputtering [9,10], chemical vapourdeposition [11,12]
and pulsed laser deposition [13]. The available literature data are related
mainly to MoSi2 films deposited on Si substrates. We report here the
MoSi2 deposition also on tantalum substrates, which could have an
important input for industry. Tantalum is characterized by a high
melting point (about 3000 °C) and a high corrosion resistance. It shares
with MoSi2 some characteristics that allow its broad application in
various technological fields, such as material for heating elements and
for furnaces operating above 1700 °C, as well as anode material. How-
ever, hardness of pure tantalum is rather low 0.9–1.5 GPa. Furthermore,
upon heating over 300 °C, Ta oxidises forming a porous layer of Ta2O5 on
its surface. To improve the resistance to high temperature, it could be
coated with a more inert material, like, for instance, MoSi2.

This study is aimed at the characterization of pulsed laser
deposited MoSi2 films on Si and Ta substrates. Morphological and
structural characterizations of the films were carried out by Scanning
Electron Microscopy (SEM) coupled with a system for microanalysis
(Energy Dispersive X-Ray Spectroscopy (EDXRS)) and Energy Disper-
sive X-Ray Diffraction (EDXRD). Vickers hardness data on MoSi2 films
on the above mentioned substrates are reported.

2. Experimental details

2.1. Materials

Rectangular 10×10 mm specimens of Si(111) slabs (1 mm thick)
and of Ta(211) foil (0.5 mm thick) were used as substrates. MoSi2
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powder (99.9% purity) was purchased from Cerac company. To obtain
a MoSi2 monolithic target, the powder was hot pressed in Argon
atmosphere under the following conditions: 30 MPa, 1720 °C, 10 min.
According to the X-ray Diffraction analysis the target consisted of the
tetragonal MoSi2 phase with a negligible admixture of Mo5Si3 phase.
SEM-EDXRS studies confirmed this result and showed the target to be
formed by pure and stoichiometric MoSi2 phase: 63wt.% of Mo and
37wt.% of Si. Depositions were performed at two substrate tempera-
tures: room (RT) and 500 °C.

2.2. Methods

2.2.1. Pulsed laser deposition
The experimental apparatus has been described in details elsewhere

[14]. Shortly, the ablation laser source is a frequency doubled Nd: YAG
laser (λ=532 nm, E=2.5 mJ, repetition rate=10 Hz, the laser pulse
duration (10 ns)). The substrate was kept at a distance of 2 cm from the
MoSi2 target. The deposition time was 2h. All the experiments were
carried out in high vacuum (4×10−4Pa).

2.2.2. Energy Dispersive X-ray Diffraction analysis
The EDXRD measurements were executed by a non-commercial

machine [15], based on the use of a polychromatic (“white”) primary
X-ray beam produced by aW anode tube, and of an ultrapure Ge solid-
state detector, which allows to accomplish the energy scan of the
diffracted photons. In this way, the reciprocal space scan (or q-scan,
q=aEsinϑ, where q is the normalized momentum transfer magni-
tude, a is a constant, E is the energy of the incident X-ray beam and 2ϑ
is the scattering angle), necessary to collect the diffraction pattern, is
carried out electronically, rather than mechanically, as in the
conventional Angular Dispersive X-Ray Diffraction method. The
main advantage of the Energy Dispersive (ED) mode for X-Ray
Diffraction studies is that the experimental setup is kept fixed during
the pattern acquisition. The energy resolution is about 1.5%, while the
maximum count rate — 10kcounts/s. Source and detector arms are
moved by two linear actuators driven by step motors, leading to a
minimum scattering angle increment of 0.004°.

The same experimental setup was used to perform the investiga-
tions of the structural properties of all the film samples, including the
measurements of their Rocking Curves (RC) [16]. The RC of a
polycrystal represents the statistical distribution of the orientation
of its crystalline domains. The RCmeasurement requires the collection
of the intensity of a given Bragg peak as a function of the asymmetry
parameter α=(ϑi−ϑr)/2, while the total scattering angle (ϑi+ϑr)=
2ϑ is kept unchanged: in these conditions, the RC corresponds to the
Bragg peak intensity vs. α curve, normalized to its maximum value
along the α scan. Moreover, when RCmeasurements are performed the
EDXRDmode is particularly efficient, since all Bragg peakspresent in the
selected q-region are collected simultaneously. This allows the
acquisition of the RCs of all the visible reflections, thus providing richer
statistical information on sample structure and texture.

Themain advantage of the EDmode over its conventional counter-
part in performing X-ray Diffraction experiments is that the geometric
setup is kept fixed during the acquisition of the diffraction patterns,
which simplifies the experimental geometry and prevents systematic
angular errors, as well as possible misalignments. In particular, this
technique provides a faster recording of the Bragg peaks and, con-
sequently, of their RCs since, in the ED mode, the whole diffraction
pattern is obtained in parallel at any q-value.

Preliminary measurements were performed to choose the ideal
scattering angle in order to explore the q-range of interest (containing
both the substrate and most of the polycrystalline molybdenum
silicide Bragg reflections) and the optimized working conditions were
found to be as follows: E=55 keV, I=15 mA and scattering angle
2ϑ=11.5°. This preliminary set up was chosen to perform all the

diffractionmeasurements, in reflectionmode, and to collect the RCs of
all the film samples.

2.2.3. Scanning Electron Microscopy analysis
Scanning Electron Microscopy (a LEO 1450 Variable Pressure

apparatus), working in secondary and backscattered electron modes,
was utilized for morphological studies of the deposited MoSi2 films.
Our SEM apparatus is coupled with a system for microanalysis
(EDXRS) INCA 300 that allows executing qualitative/quantitative
analysis of the elements. The plane and cross-section view images
were obtained, the latter being necessary for the thickness measure-
ments of films. Since the images of the films thickness were obtained
at the sample edge tilted by 45°, the measured values were multiplied
by √2/2.

2.2.4. Vickers hardness measurements
The microhardness measurements were carried out by means of a

Leica VMHT apparatus (Leica GmbH, Germany) equipped with a
standard Vickers pyramidal indenter (square-based diamond pyramid
of 136° face angle). The loading and unloading speed was 5×10−6m/s,
and the time under the peak load was 15 s. Hardness of the substrates,
bulk target and the deposited films were measured according to the
procedure described in detailed in our previous works [17,18].

For film samples, the measured hardness was that of the film/
substrate composite system. To separate the composite hardness of the
film/substrate system (Hc) on its components, film (Hf) and substrate
(Hs), a Jönsson and Hogmark model based on area “law-of-mixtures”
approach was applied [19], taking into account the indentation size
effect [20]. In this case, composite hardness Hc is expressed as:

Hc = Hs0 + ½Bs + 2ctðHf0−Hs0Þ�=D; ð1Þ

where c≅0.5 for a brittle hard film on a more ductile substrate [19];
Hs0 and Hf0 are the intrinsic hardness of substrate and film,
respectively; t is film thickness; D is the imprint diagonal, and Bs is
the coefficient, which is determined from substrate hardness
measurements.

To evaluate Hs0 and Bs values, hardness of the Si(111) and Ta(211)
substrates was measured separately. The relation between the
measured substrate hardness, Hs, and the reciprocal length of the
indentation imprints is expressed by the following equation [21]:

Hs = Hs0 + Bs =D: ð2Þ

The values obtained for the Si(111) substrate hardness, Hs0 and the
Bs coefficient, equal to 9.4±0.4 GPa and (17.3±2.9)×10−6GPam,
respectively, while for Ta(211) substrate, Hs0 and Bs, equal to 1.0±
0.1 GPa and (5.9±0.5)×10−6GPam, respectively.

To calculate the intrinsic hardness of the films, special attention
was paid to choose correctly the indentation depths, d=D /7 (for
Vickers pyramidal indenter), i.e. in the interval, where the applied
model is adequate. The d / t(=D /7t) range for MoSi2film/Si(111)
substrate system is (0.9–2.0), while for MoSi2film/Ta(211)substrate
system is (1.5–14.6), both being perfectly in the range of substrate-
dominated mixed region, where the film is fractured conforming to
the plastically deforming substrate [22]. In this d / t range, the results
obtained using the Jönsson and Hogmark model have been demon-
strated to coincide well with the estimations resulting from more
complicated models [22,23].

For the MoSi2 bulk target hardness measurements, indentations
were made with 5 loads ranging from 1 to 10 N. On each MoSi2/Si
sample indentations were made with 3 loads ranging from 0.5 to 2 N,
while onMoSi2/Ta samples—with 3 loads ranging from0.3 to 1 N. The
indentations at higher loads led to the imprint cracking. For all the
samples the number of indentations made at each load was
approximately 10–15.
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3. Results and discussion

EDXRD measurements were performed on a series of thin films
deposited from MoSi2 target upon monocrystalline Si(111) and Ta
(211) at RT and 500 °C. The aim of these diffraction measurements
was to detect the stoichiometric composition of the deposited films
and their crystalline/amorphous nature. In Fig. 1, the EDXRD patterns
collected on the molybdenum silicide films on Si(111) substrates are
shown shifted in intensity to make the comparison at various
temperatures easier. Our pulsed laser deposited films exhibited
hexagonal symmetry, while the starting material was tetragonal
MoSi2. Several Bragg reflections attributable to the formation of MoSi2
film (Sys: hexagonal, S.G. P6222(180) [24]) were detected. Both the
films, grown at different substrate temperatures, present the same
crystallographic structure, no shift nor intensity variation being
detected analysing the MoSi2 Bragg reflections. Moreover, for the
film grown at 500 °C threemore peaks were observed, consistent with
the formation of a polycrystalline MoO2 layer, characterized by
randomly oriented grains, the oxidation process being likely induced
by the high temperature. Comparing these results with the crystal-
lographic data for the MoSi2 polycrystalline powder, it turns out that
the relative intensities of the Bragg peaks in the diffraction patterns do
not correspond to a random distribution of the crystal domains
(powder-like). It can be noticed that the MoSi2(115) peak (11%
relative intensity in the powder diffraction database), turns out to be
the most intense reflection, while the MoSi2(111) (100% relative
intensity) is completely missing.

Based on these observations, a hypothesis, concerning the prefer-
ential orientation and the film texture along the MoSi2(110) and (115)
crystallographic directions, can bemade. To validate this hypothesis, the
rocking curve analysis was performed. As discussed above, the RC of a
polycrystal represents the statistical distribution of the crystallites
orientation. This analysis was carried out for both the films in the same
asymmetry range (−1.2°<α<1.2°). In Fig. 2, the results of theMoSi2 RC
analysis are shown together with the RC of the Si(111) substrate
(triangles),whichwas used as an internal reference. In the upper part of
the figure (film deposited at RT), the rocking curves obtained by the
analysis of themost intenseMoSi2(110) (hollow dots) and (115) (filled
dots) reflections are shown. The evaluation of the full width half max-
imum (FWHM) of the Gaussian fit of these RCs confirmed a moderate
texture of the film (FWHM(110) RT=1.5°±0.1° and FWHM(115) RT=
1.7°±0.1°, respectively). Moreover, the film is grown with a certain
mismatch with respect to the substrate (0.5°±0.1°), as deduced by the
angular distance between the MoSi2 RCs maxima and the Si(111) RC
maximum.

In the lower part of Fig. 2, the same RC analysis accomplished on
MoSi2filmgrownat 500 °C is reported. As visible, theRCs corresponding

to the Si(111) substrate, and to the MoSi2(115) (filled dots) and MoSi2
(110) (hollow dots) overlap satisfactory with those of the RT grown
film, the numerical values being FWHM(110) 500°C=1.5°±0.1° and
FWHM(115) 500°C=1.6°±0.1°.

Moreover, the RC analysis was also performed on the MoO2 peaks
in order to confirm that these reflections can actually be attributed to
a textureless surface oxide. Indeed, as visible in Fig. 2, the reported RCs
(MoO2(110) filled squares and MoO2(101) hollow squares) do not
show any preferred orientation of the grains, the distribution of the
relative intensities being flat.

The EDXRD measurements upon molybdenum silicide films depos-
ited on monocrystalline Ta(211) substrate were performed under the
same experimental conditions described above. In Fig. 3, the patterns
collected from these films are shown, the lower spectra corresponding
to the RTfilm,while the upper— to the 500 °C grownfilm. Both patterns
correspond to MoSi2 (Sys: hexagonal, S.G. P6222(180)) films. However,
significant differences can be noticed while comparing the spectra. The
diffraction pattern collected from the RT grown film evidences that the
MoSi2(115) reflection is the most intense and only a few other
diffraction peaks can be detected. For the 500 °C film, all the most
intenseMoSi2 diffraction peaks are present and their relative intensities
are in good agreement with the corresponding powder theoretical
diffraction pattern, indicating that a truly polycrystallineMoSi2 film has
grown [24]. However, at 500 °Cmore intense and sharp reflectionswere
expected, since higher temperature usually facilitates the crystallite
growth enhancing the diffracted intensity and diminishing the full
width half maximum of the peaks.

Fig. 1. EDXRD patterns collected upon MoSi2/Si(111) crystalline films deposited at RT
(lower pattern) and 500 °C (upper pattern), respectively.

Fig. 2. Rocking curve analysis of crystalline reflections representative of Si(111)
substrate and the MoSi2 film grown at room (upper graph) and 500 °C (lower graph).
The experimental points are labelled as follows: Si(111) — triangles; MoSi2(110) —

hollow dots; MoSi2(115) — filled dots; MoO2(110) — filled squares and MoO2(101) —
hollow squares.
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Furthermore, traces of TaO2, whose formation was likely induced
by the high temperature, were detected. The tantalum dioxide peaks
are labelled in Fig. 3 according to [24].

The accurate rocking curve analysis upon RT and 500 °C grown
MoSi2/Ta films demonstrated that the films are characterized by a
random distribution of the crystallites contributing to the diffracted
signal, flat RCs being observed for all the reflections in the explored
asymmetry parameter range. In the inset of Fig. 3 the RC of the substrate
only, Ta (211), is plotted (FWHM=0.13°±0.02°). It exhibits a lower
texture than the Si(111) substrate (FWHM=0.07 °±0.02°). The RC
analysis was also performed on the TaO2 peaks, confirming the random
orientation of its grains.

The MoSi2 crystallites average size was calculated from the Laue
equations, which lead to a relation equivalent to the Scherrer formula,
but more suitable for the ED mode:

1
2
tq1 = ðn−1Þπ and

1
2
tq2 = ðn + 1Þπ: ð3Þ

Combining these equations the average crystallite diameter (in the
peak triangular shape approximation) t=4π /Δq≅2π /σ[hkl], where
σ[hkl] is the standard deviation of the [hkl] peak, obtained by its
Gaussian fit [25]. From σ[hkl] the average crystallite size can be
evaluated. The MoSi2(110) and (115) crystallites grown onto Si(111)
resulted to be (105±5) nm, regardless of the growing temperature.
However, on the Ta(211) substrate the average size of the crystallites
decreases from (100±5) nm at RT to (50±5) nm for the film grown
at 500 °C. This grain size reduction is in agreement with the reduced
MoSi2 diffracted intensity observed at 500 °C.

In all the samples studied no shift of the MoSi2 peaks and, con-
sequently, no stress induced by the temperature have been registered.

SEM micrographs of films are shown in Figs. 4 and 5 (plane view)
and in Fig. 6 (cross-section view). All the prepared films have smooth
and compact morphology, exhibiting a tight resemblance regardless
of the substrate material and deposition temperature. Droplets of a
very broad range of size, from about 0.1 μm to almost 10 μm, likely
originated from the expulsion of the target, are present on the film
surface, being distributed uniformly throughout the surface area. The
presence of these droplets and their size range are independent on the
substrate material and temperature.

As estimated by the SEM cross-sectional observation, thickness of
theMoSi2/Si films is 1.2±0.2 μm, and that of theMoSi2/Ta films is 0.4±
0.1, approximately. In our earlier work [26] we reported that during
MoSi2 target laser ablation, the plasma contains (MoSi2)n (n up to 2)
clusters together with Si and Mo atoms. Therefore, such a difference in
thefilm thickness under equal deposition conditions could be explained
by apartial dissolution of silicon in the Ta substrate, lowering in thisway
the film thickness in the MoSi2/Ta system. At the same time, silicon
cannot be dissolved in the Si substrate of the MoSi2/Si system, resulting
in a thicker film deposition.

According to the SEM-EDXRS analysis data, our pulsed laser
deposited films contain about 56wt.% of Mo and 44wt.% of Si (average
values throughout the film surface), the amount of silicon in the films
being slightly higher than its stoichiometric amount in a MoSi2
compound (37wt.%). The droplets contain slightly higher amount of
Mo — about 59wt.%. In the films deposited at 500 °C substrate
temperature, the presence of small amount of oxygen was also
detected: about 1–3wt.% for the films on Si(111) substrates, and
about 5wt.% — on Ta(211) substrates. These results are in agreement

Fig. 4. SEM micrograph of MoSi2 film on Si substrate at RT.

Fig. 5. SEM micrograph of MoSi2 film on Ta substrate at 500 °C.
Fig. 3. EDXRD patterns collected upon MoSi2/Ta(211) crystalline films deposited at RT
(lower pattern) and 500 °C (upper pattern), respectively.

Fig. 6. SEM micrograph of MoSi2 film on Ta substrate at RT: cross-section view.
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with those of the EDXRD measurements, which registered the
formation of molybdenum dioxide in the case of the Si(111) substrate
film, and of tantalum dioxide in the case of the Ta(211) substrate film.
Taking into account both the SEM-EDXRS and EDXRD results, one can
conclude that the films are composed of MoSi2 mainly, with a not
significant amount of amorphous Si andwith small amounts of oxides,
these latter constituents being registered only for films deposited at
500 °C.

In Fig. 7, the experimental data on Vickers hardness of MoSi2 bulk
target versus the inverse imprint diagonal are presented. The average
bulk hardness increased from 5.0±0.8 GPa under 9.8 N (1000 g) of
load to the maximum of 11.8±1.7 GPa under 1.0 N (100 g) of load.
These values are not in contradiction with those reported in the
literature [5,26], a rigorous comparison being complicated due to
different sintering conditions of monolithic MoSi2 preparation. It was
observed that the hardness of monolithic MoSi2 decreases with the
increase in the sintering temperature [27], as shown in Table 1, where
literature data [27] and our results are presented. Authors [5] report
for MoSi2, a bulk hardness of 11.3 GPa under 1 N of load, which is in
good agreement with our results, despite the sintering conditions
were different (15 MPa at 1400 °C for 24 h). The Vickers hardness of
MoSi2 sintered bulk of 8.8 GPa under 9.8 N of load was reported by
the authors [6], their value being higher than our experimental result
5.0±0.8 GPa under the same load.

All the mentioned above literature hardness values for MoSi2 bulk
are related to the tetragonal phase. In Ref. [28], the results of the first-
principles density functional theory calculations, reporting calculated
Vickers hardness of the hexagonal MoSi2 phase as 10 GPa, are
presented.

In Figs. 8 and 9, the experimental data on the composite film/
substrate hardness (Hc) versus the inverse imprint diagonal (1/D) for
all the four films are presented. The plots were well approximated by
linear regressions. Calculated intrinsic hardness values for MoSi2 films
on Si(111) and Ta(211) substrates under study are given in Table 2.

It should be noted also that the presence of droplets up to almost
10 μm of diameter on the film surface influenced and complicated the

hardness measurements, since the minimum average imprint diag-
onal (D) resulted to be comparable with the droplet's diameter, being
about 8 μm in the case of the MoSi2/Si system and about 5 μm in the
case of the MoSi2/Ta system under the lowest load. This led to the
enlargement of the composite hardness of the film/substrate system
and, consequently, of the intrinsic film hardness range, specially at
low loads. At high loads, for the MoSi2/Ta system this phenomenon is
not present, since the average D value reaches 41 μm, being much
larger than the biggest droplets. In the case of theMoSi2/Si system, the
average D range is 8–17 μm and thus, even at high loads, this effect is
present.

As one can see from Table 2, the intrinsic MoSi2 films hardness on
Si(111) substrates (15 GPa) is somewhat higher, while MoSi2 films
hardness on Ta(211) substrates (26–30 GPa) is much higher than that
of the MoSi2 bulk. Likely, the enhanced hardness in the latter case
could be justified by much smaller film thickness (0.4 μm). The
increased hardness for thinner films was also registered in our
previous studies for TiC films on titanium substrate [17].

For the MoSi2/Si system, no substrate temperature dependence on
hardness was observed, while for the MoSi2/Ta system, the films
deposited at 500 °C are harder than those deposited at RT. This latter
result regarding the enhanced hardness of the MoSi2 films on Ta
substrate, and the data obtained by EDXRD, registering two times
decrease in the average crystallite size from 100 nm at RT to 50 nm at

Fig. 7. Vickers hardness of MoSi2 bulk versus inverse imprint diagonal.

Table 1
Vickers hardness of MoSi2 bulk at different sintering temperatures (applied load is
1.0 N).

Temperature, °C Hardness, GPa Literature

1150 14.0 [27]
1300 13.1 [27]
1450 12.4 [27]
1720 11.8 our data

Fig. 8. Composite Vickers hardness of MoSi2 film/Si substrate system versus inverse
imprint diagonal.

Fig. 9. Composite Vickers hardness of MoSi2 film/Ta substrate system versus inverse
imprint diagonal.

2054 J.V. Rau et al. / Thin Solid Films 518 (2010) 2050–2055
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500 °C, are in agreement with literature [29], reporting that for
intermetallics the transition to a nanocrystalline state is accompanied
by an increase of hardness.

4. Conclusions

Stoichiometric MoSi2 films on Si(111) and Ta(211) substrates
were prepared by pulsed laser deposition technique. The deposition at
room and 500 °C substrate temperatures led to the formation of
crystalline films with hexagonal symmetry. Moderately textured
MoSi2 films with privileged (110) and (115) orientations were grown
on Si(111) substrates both at RT and 500 °C, the average degree of
axial texture being FWHM(hkl)≅1.5°. At 500 °C, the formation of
disordered polycrystalline MoO2 was detected. The average crystallite
size for the MoSi2 films on Si substrates is about (105±5) nm,
independently of the substrate temperature.

The films grown on Ta(211) substrates both at RT and 500 °C are
composed of polycrystalline MoSi2. At high temperature, the
formation of disordered TaO2 was detected. The average crystallite
size is about (100±5) nm at RT and about (50±5) nm at 500 °C.

Deposited MoSi2 films are harder than the corresponding bulk
material. Vickers hardness for 1.2 μm thick MoSi2 films on Si(111)
substrates is about 15±6 GPa both at room temperature and 500 °C;
while for 0.4 μm thick MoSi2 films on Ta(211) substrates is 26±3 GPa
at room temperature and 30±4 GPa at 500 °C.
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Table 2
Hardness of MoSi2 films on Si(111) and Ta(111) substrates.

Film/substrate
system

Substrate
temperature

Thickness, μm Vickers hardness,
GPa

MoSi2/Si Room 1.2±0.2 15±6
MoSi2/Si 500 °C 1.2±0.2 15±5
MoSi2/Ta Room 0.4±0.1 26±3
MoSi2/Ta 500 °C 0.4±0.1 30±4
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