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Abstract

Ti,_.Si,N, films with Si contents up to 17.5 at.% and N contents close to 50 at.% were prepared by r.f. reactive magnetron
sputtering. Film densities are within the range 3.4-5.dng . X-Ray diffraction patterns indicated the formation of two crystalline
phases. In the case of low surface mobility, a metast&bieSi)N phase was formed, where Si atoms occupied Ti positions.
With increasing surface mobility, a crystalline TiN phase was observed. This behaviour may be explained by the occurrence of
Si;N, segregation, leading to the formation of a nanocomposite film of the type n@e&ili,Si)N/a-SgN,, although the
presence of §i N phase is difficult to prove. In some of the films, a mixture of Th&i)N metastable phase with the TiN phase
was observed, which indicates that the segregation of both TiN and, Si N phases is not complete. The Young's Bpdiilus,
each coating was evaluated using both indentation tests and the surface acousti¢S#Wesnethod. For most samples, the
results obtained by these two methods are in good agreement. Some differences were observed in films prepared with a bic
voltage of —50 V and Si contents higher than 5.9 at.%. For these samples, indentation values of approximately 10—20% higher
than those obtained from SAW were found. This discrepancy is related to the nanostructure of these coatings, and it should b
pointed out that the SAW results are strongly correlated with the density of the ma@24l02 Elsevier Science B.V. All rights
reserved.

Keywords: Nitrides; Sputtering; Elastic properties; Structural properties

1. Introduction amorphous matrix5,6], where the ternaryTM,Si)N
(TM =transition metal, e.g. Ti, V, W, etcis one of the

The search for new superhard materials has increasednost well-known example§3,5,7—13. In this respect,
considerably in the last few years, being an important the result of Si addition to the TiN matrix has been
area of technological research. These new materials,acclaimed as one of the most promising approaches.
based on grain refinement, are commonly called nanos-This system has been widely prepared by chemical
tructured materials and exhibit unusual mechanical andvapour deposition(CVD) methods([3,5,8,4, although
structural propertiefl—4. A new concept for superhard  they were at first prepared by plasma vapour deposition
materials, whose basic idea is to avoid the usual mech-(pyD) (reactive sputtering from composite targets
anisms leading to the fracture of crystalliGenultipli-  (Ti,Si)) [7,14. These films are said to result in a two-
cation, movement and pile-up of dislocationand  phase alloy of TiN grains embedded in an amorphous
amorphous (growth of microcracks materials has  gjlicon nitride matrix[13,14. The outstanding values of
reached a considerable develc_)pmkéhﬁ]. Basically, this hardnesghigher than 50 GParevealed by this system
concept involves the preparation of a two-phase systeMge attracting the attention of several research teams.
composed of a nanocrystalline material embedded in anThg jncrease in hardness for these composites is directly
" +Corresponding author. Tel.+351-253-510151; fax:+ 351-253- related with the decrease in both TiN crystglllte size and
510153. the presence of the referred amorphous tissue. Beyond

E-mail address: rebouta@fisica.uminho.dL. Rebouta. hardness, which has been widely studied and character-
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ised, the knowledge of other mechanical properties, suchboth film and substrates; and E;, their Poisson’s ratios

as the Young's modulus, is not so good. Moreover, the v; and vs, and densitiesp; and p; and by the film

comparative discussion of the results obtained by differ- thicknesst. For a given frequency valug, the depend-

ent techniques is far from being complete. ence of the surface wave phase velocity on these
With this in mind, indentation and SAW techniques parameters may be represented by the dispersion relation

were used to measure the Young's modulus of samples[17]:

within the referred Ti,Si)N system. Although the inden-

tation technique is commonly used for determining the ¢=fEp Es Vi, Vs pr P 1 f) @

Young's modulus of coatings, the comprehensive Thus, for coated materials, the surface wave velocity

mechanical characterisation of thin hard coatings with turns out to depend on frequency. This phenomenon is

unusual microstructure and mechanical properties, calledsurface-wave dispersion. The kind of combination

demands the application of other mechanical test meth-of film and substrate materials determines the character

ods beyond the traditional one. The laser-acoustic meth-of this dependence#spersion curve. If the film has a

od, based on surface acoustic waves, is a new alternativdower sound velocity than the substrate, the surface

method to measure Young's modulus of thin hard and wave velocity decreases with increasing frequeqmuy-

super-hard films. The Young’'s modulus of the film is mal dispersion In the reverse case, the surface wave

essential to understand the mechanical behaviour of thevelocity increases with increasing frequeri@nomalous

material. This property represents the stiffness of the dispersion. The theoretical dispersion curve can be

material that depends on the inter-atomic forces and is,derived from the equation of elastic wave motion and

therefore, a sensitive indicator for varying bonding the boundary conditions for traction forces and displace-

structures. This is of special interest for thin films ment[18,19.

deposited from extreme energetic condition with the

objective of getting new remarkable properties. The 2.2. Indentation testing: hardness and Young’s modulus

laser-acoustic method measures the dependence of thevaluation

surface wave phase velocity on frequen@ispersion

curve). This dispersion curve is then used to determine  This method consists in making a small indentation

the film modulus E;, by fitting a theoretical curve in the film, recording the indentation load,, and

deduced from the inverse solution of surface wave displacementf, during one complete cycle of loading

dispersion relation in a coated material. For this, a non- and unloading. The Young’s modulus of the fili, is

linear regression method is usually uddd. obtained by the slope of the initial portion of the
unloading curve by adopting Sneddon'’s flat-ended cyl-
2. Theoretical background inder punch model20]. By equating the projected area
in contact under the indenter to the area of the punch,
2.1. Surface acoustic waves they obtained for a Vickers indenter:
The surface acoustic wa¥SAW) is an acoustic wave d. (2)\v?
mode, whose motion is essentially confined to a region ® ~ g, =[;] DE, 3)

within a depth of approximately one wavelength. Thin o _

film testing requires high frequency waves, which have WhereS=dL/dh, represents the initial unloading contact
low penetration depth. Nevertheless, the penetrationstiffness, which is the slope of the initial portion of the
depth must not be smaller than the film thickness. The unloading curve, derived by linearly extrapolating the
surface wave is very sensitive to the presence andlnltlal portl_on of the Unload|ng curve to zero |Odﬂl]
characteristics of the surface coatings, even when they@ndD is Vickers diagonal length. If we assume that the
are much thinner than the penetration depth of the wave.indenter had a pyramidal geometry and, instead of the
The propagation velocity of the surface wavesjn a  diagonal length, using the terry, that represents the
homogeneous isotropic medium is related to the Young's Plastic depth, corresponding to the depth at zero load
modulus, E, the Poisson’s ratioy, and the densityp, after the referred linear flttl_ng at the beginning of the
by the following approximate relatiof6]: unloading stag¢22] we obtain:

087+1.1% | E di 1 ( m A1
_ N 1 ST LU (. (L 4
Y 2p(1+v) WSty 2hp[24.5] [E] @

In this case the velocity does not depend on the E, represents the reduced Young’s modulus, which

frequency. can be expressed by:
For a material consisting of a homogeneous isotropic
: ; ; 1 1-v 1-7
film on a homogeneous isotropic substrate, the surface =~ — = *f , = I (5)

wave velocity is determined by the Young’s modulus of E.  Ei E;
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Fig. 1. Schematic representation of the surface wave equipment.

with E; andv; being the Young’s modulus and Poisson’s
ratio for the film (v;=0.25 [23]) and E; and v;, the
same quantities for the diamond indent&r=1141 GPa
and v;=0.07 [23]). From this last relation it is then
possible to determine the film’s Young’s modulus,

3. Experimental details
3.1. Sample preparation

The Ti,_,SiN, fiims were prepared in ALCATEL
SCM650 equipment, on polished high-speed sta¢Sl

wave pulsegwavelength: 337 nm, pulse duration of 0.5
ns). The pulse peak power was limited to 800 kW,
corresponding a pulse energ®.4 mJ low enough to
avoid ablation of the film material. For the same reason,
and to direct the acoustic wave propagation, the laser
beam was focused into a line on the sample surface by
a cylindrical lens. The heat energy of the laser pulse is
absorbed within a small volume so quickly that a
temperature gradient creates a sound impulsexstic
wave. The surface wave impulse propagates perpendic-
ular to the direction of the focal line along a distance

M2) and Si substrates, by reactive magnetron sputtering,and is detected by a piezoelectric transducer. The trans-
from high purity Ti and Si elemental targets. The ducer consists of a metal wedge pressing a piezoelectric
substrate holder was rotating over the targets at afoil on the surfacg24]. During the measuring procedure

constant speed of 4 rgwnin. The substrates were heated the distance between the laser focus line and the trans-

to 300 °C and d.c. biased from-75 up to +25 V.

ducer is varied with a high degree of accurddyx=

Titanium and silicon targets were coupled to r.f. sources +1 um), Fig. 1 [25].

(13.56 MH2, with power in the range of 1.9-
3.2x10* W/m?2 for Ti and 0.4-2.& 10* W/m? for Si.
The depositions were conducted in ar/Nr gas atmos-
phere, with a working pressure of approximately 0.4 Pa
and a typical base pressure 0k10 ¢ Pa. The atomic

To eliminate the unknown impulse response of the
transducer, the difference method is used for measuring
the phase velocity. Surface wave impulses are detected
for at least two different distances, and x,, from the
transducer to the laser focus line. The surface wave

composition of the as-deposited films was measured byvelocity is obtained from the relatiof26]:

Rutherford backscattering spectrometRBS). An aver-
age number of five ball crateringBC) experiments
were carried out in each sample in order to extract film
thickness(r). The density of the films was estimated
using the areal atomic density extracted from RBS
measurements, divided by the thickness. X-Ray diffrac-
tion (XRD) experiments were carried out using a Philips
PW 1710 apparatu€CuKa radiation.

3.2. Techniques for measuring the Young’s modulus of
the films

3.2.1. Surface acoustic wave equipment
The basic device for SAW experiments is a pulsed

(xo—x1)2mf
D Toaforn—dalfa)

where ¢, (f.x) and ¢, (f,x,) are the surface wave
phase values for frequency at positionsx; and x,,
respectively. The phase spectra are obtained from a
Fourier transformation of the surface-wave signals reg-
istered by the transducer at both distances and recorded
with an oscilloscope.

The surface wave impulses can be seen as a super-
position of harmonic surface waves of different frequen-
cies. Since each wave propagates with its own velocity,
the impulse form is broadened as the path increases.

(6

nitrogen laser that is used to generate wide band surfacelrhe impulse deformation contains important information
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Table 1

Composition, grain size, thickness and density of the samples produced at different bias voltages

Sample Ti Si N Bias voltage Grain size Thickness Density
(at.%) (at.%) (at.%) V) (nm) (pm) (g/cm®)

Ti 651 14N 1 04 42.6 6.4 51 -75 55 1.3 4.4

Ti 7651 2N 107 37.7 10.6 51.7 —-50 8.5 2.2 45

Ti 51 1N 1 06 40.3 8.3 51.4 -25 7 15 4.7

Ti =51 1N 106 40.3 8.3 51.4 0 23 1.3 5.1

Ti 76Si 5N 1 07 37.7 10.6 51.7 15 25 1.9 4.0

Ti goSi 20N 1.07 38.6 9.7 51.7 25 34 1.7 34

about the film material, including the Young’'s modulus. depths did not exceed one-tenth of the coating thickness.
In a homogeneous(uncoatedd material, the same The system has a load resolution better thanN. and
impulse shape would be detectedxinand x.. the range of the nominal test load is between 4 mN and

Inserting the spectra phase into B@) yields the 1 N. To extract an average value of the Young's
phase velocity of the surface wave as a function of the modulus, 20 indentations were performed in each sam-
frequency. For that purpose, the inverse solution of the ple, and the error extracted for the standard deviation.
surface wave dispersion, given in general form in Eqg. In order to achieve reasonable accurate depth values,
(2), has to be found. A non-linear regression is used, two main corrections were taken into consideration: the
which can be obtained by the principle of minimising calibration of the thermal drift and the calibration of the
the least-square err¢27]: indenter offsef10,29.

Eler=elts Bevo vepo poto plomin () gegiis and discussion

The first term in Eq.(7) is the measured surface-  RBS analyses showed that coatings are almost stoi-
wave velocity spectrume(f), and the second term  chiometric. The nitrogen atomic composition was eval-
represents the theoretical dispersion curve obtainedyated within an error of approximately 3 at.%. The error
numerically from the boundary condition8]. The  in the Sito Ti composition ratid[Si]/[Ti]) was lower
kind of material and the bandwidth of the measurement than 0.02. Oxygen was not detectable by RBS in the
determine how many of the seven parameters in(El.  as-deposited samples, which means that its content is
can be 0btainec{28]. This model was extended for less than approximate|y 2 at.%. An error of approxi-
samples with more than one layE29]. Since most of  mately 0.1 um was estimated for thickness values
our samples where prepared with a Ti interlayer, we yncertainty(maximum deviation to the averagand for
needed to introduce into the fit program the parameterSthe areal atomic density’ extracted from RBS measure-
of this additional layer(thickness, Young's modulus, ments, an error of 5% was assumed. Thus, an error

Poisson’s ratio and densijty between 7% and 13% for density values was obtained.
Atomic composition, thickness, density as well as the
3.2.2. Ultramicroindentation set-up grain size are presented in Tables 1 and 2. Further

The ultramicroindentation tests were performed in a information on the as-deposited samples can be found
computer-controlled Fischerscope H100 tester, equippedelsewhere[10]. Density values, estimated as described
with a gquadrangular pyramidal Vickers diamond indent- above (see Section 3)1 are between 3.4 and 5.1/ g
er. The applied load was increased in 60 steps untilcm®. For the TiN sample the value found was 4.9 g
nominal load reached 30 mN, which was the maximum cm?®, which is smaller than that of TiN bulk valug =
load in all tests. As a rule of thumb, the indentation 5.4 g/cm® [30]).

Table 2

Composition, grain size, thickness and density of the samples produced at the same biad vdiayd

Sample Ti Si N Grain size Thickness Density
(at.%) (at.% (at.%) (nm) (pm) (g/cm®)

TiN 50 - 50 8 35 4.9

Ti o551 0N 1.02 a7 25 50.5 8 17 4.9

Ti geSi 1N 1 04 43.1 5.9 51 7 2.2 4.8

TigsSi 1N 103 41.9 7.4 50.7 6 21 4.8

Ti 7681 oN 1 o7 37.7 10.6 51.7 6 2.2 4.5

TieSiaN 112 29.7 17.5 52.8 6 3.2 4.0
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Fig. 2. X-Ray diffraction patterns of Ti, SiN films as a function 6&) Si content and(b) applied bias voltagé—75 to +25 V). TiN phase
is referred as phase 1 and t6H,Si)N metastable phase as phase 2.

4.1. Structural characterisation Some of XRD patterns displayed in Fig. 2 revealed a
mixture of the metastable phase with nanocomposite
coating phases, which indicates that, in general, the
segregation of TiN and $i N phases is not complete.
This means that a nanocomposite of the type nc/TiN
nc«(Ti,Si)N/a-Si N,is probably present, although the
presence of Si N is difficult to be demonstrated. The
relative amount of the TiN andTi,Si)N phases is
dependent of Si content and deposition parameters. For
example, in samples with approximately 14 at.% Si,
prepared at low substrate temperatf@00 °C), the
metastablgTi,Si)N phase is the most significant phase,
but with the increase in temperatufentil 500 °C) this
phase disappeared from the X-ray diffraction pattern
[32].

XRD patterns illustrated in Fig. 2 revealed the pres-
ence of 2 crystalline phases, where phaséldttice
parameter of approx. 0.429 nncan be assigned to a
cubic B1 NaCl type structure, typical for TiN, and phase
2 is also a face centred cubffcc) type structure, but
with a smaller lattice parametér 0.418 nm. Without
ion bombardment, only phase 2 is developed, which
corresponds to a metastab(&i,Si)N phase where Si
atoms are occupying Ti positions, which explains the
low value of the lattice parameter. Transmission electron
microscopy(TEM) experiments confirmed the fcc type
structure for that metastable phd84,33. The presence
of phase 1, suggests the formation of a system where
the segregation of TiN and $i/N phases already
occurred. The higher lattice parameter of phase 1 4.2. Young’s modulus evaluation
(~0.429 nm when compared with that of bulk TiN
(0.424 nm, could be explained by taking into account Fig. 3 shows examples of surface acoustic wave
the effect of the high stress levels in these samples onimpulses detected on high-speed steel substrates, coated
peak positiong ~1% decrease with Tig oSio odN 1 02(2.5 at.% SJ, for the distances ;
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Fig. 3. Surface wave impulse detected on steel coated with
TigeSio 1N 106 at a distance:(a) x ;and (b) x =x #0.005 m;
between the laser focus line and detector.

Fig. 4. Phase spectra of surface-wave impulse received at different
distancest between the laser focus line and transducer.

_ , argon flux of 100 sccm and nitrogen flux of 5 scgm
and x,=x;+5 mm, between the laser focus line and and by varying the applied bias voltage fromi75 V to

transducer. The observed changes of the impulse shape, 55 v/ The second group includes the samples, whose

reveal that the surface-wave propagation is dispersive.g < were grown with the same bias voltage 50 V)

Fig. 4 shows the _phase spectra of these signals. Thetemperature(BOO °C) and working gas fluX100 sccn):
phase plot of the signal detectedxathas been taken as v yith different Tj/Si target power combinations. The
a reference{¢, (f, x)] and so the phase plot for, N 'y was adjusted in order to control the nitrogen
reveals the effect O_f the wave propagation framtp content close to the stoichiometric condition. Fig. 6a,b
xz. The corresponding spectrum of phase velocity of hreqents the variation of Young's modulus for the two
surface waves as a function of frequency, obtained from groups of samples obtained by the two methods.
inserting the phase spectra into H@) is represented The first note that arises from the observation of the

by the continuous curve in Fig. 5. Only the results in 4, graphs is that Young’s moduli measured by both
the frequency range of 10-50 MHz were used. FOr (gt methods show a similar dependence on bias voltage
lower frequencies the acoustic wavelength gets the 3ng Sj content. A fairly good agreement is observed for
dimension of the sample thickness and plate modesihe samples of first groupvariation in the bias voltage,
propagates instead of the Rayleigh modes, which must,:ig_ 69, excluding the sample prepared with a bias
be excluded from the fit procedure. However, at higher voltage of —50 V.

frequencies the attenuation due to the scattering of the Young’s modulus as a function of Si content obtained
acoustic waves by the steel substrate reduces the gignal by the SAW method, showed that no significant changes
noise ratio below an acceptable limit. This implied that, gre observed with its increasérig. 6b). E; values

in our case, only one parameter of the film material petween 300 and 340 GPa were obtained, except for the
could be obtained, e.g. the Young's modultis from  sample with the highest Si content, where some slight
the adjustment between the measured and calculatedjecrease was observed. However, the indentation method
phase velocity spectrdFig. 5. The Poisson’s ratio, showed a few variations, especially in the samples with
density and thickness of the film material had to be jntermediate Si contents: 7.4-10.6 Si at.%, correspond-

inserted for the fitting procedure. We used for the ing to the region where highest hardness values were
Poisson’s ratia;=0.25[23]. The effect of the Poisson’s

ratio on thekE; result can be neglected, however, the

density(p;) and the thicknesér) values have a propor- 3030 : : :
tional influence on the fitting result foE;. Thus, the 23015} Dispersion eurve
error for the calculated Young's modulus can be 53000 TlosStasNion
estimated agAE; saw/Er saw| =|At/t|+|Aps/ps|. The o

anomalous dispersion suggests a higher sound velocity '3 2985¢

for Ti;_,Si,N, films compared with the substrate. 2 2970}

For a better comparative evaluation of the Young’s 22955 Measured
modulus obtained by both techniques, the samples were = S Caleulated
divided in two distinct groups, according to their prep- L TR TR T R T Y
aration procedure. The samples in the first group were Frequency f (MHz)

prepared with constant deposition paramet880 °C

deposition temperature, Ti and Si power d_enSities of Fig. 5. Surface wave phase velocity ¢, as a function of frequency f
1.91x10* W/m? and 0.7& 10* W/m?, respectively, an  measured in Figs Sios N.o2 -Coated high-speed steel.
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anisotropic film due to the different deformation state

5400 a) | they create in the test material. The loading by the
S T indenter is perpendicular to the surface and can be
é J% """"" — assumed to indicate the elastic deformation of the lattice
3 / planes preferentially oriented into the perpendicular
: 300} /} direction. The propagation of the surface acoustic waves
B causes the volume elements to circulate with a displace-
E 200 -0 indentation ment much smaller compared with the indentation test
[, e SAW . . on an elliptically shaped course. The information this
A 2 wave modes provides can be supposed to reveal more
fas voltage (V) the averaged elastic behaviour of the material for all
directions.
= ‘ ; Apart form the effect of the anisotropy, the experience
g % b) has shown that the indentation method yields higher
%400' oE I ] elastic moduli than the laser acoustic technique for
= IR i porous material§38]. Only few percent porosity formed
2 500l ?/ ~/ N as a network of long-stretched nearly crack-like pores
_E \ 1 reduced the elastic modulus of the ZrO plasma-sprayed
E" o dentation E coatings to approximately 30 GPa compared with 240
200l el saw GPa tabulated for the bulk ceramic materia9].
5 : 5 5 The microindentation technique may give Yqung’s
Si content (at.%) modulus values that correspond to the film material and

are almost independent of the porosity, while the SAW
Fig. 6. Young’s modulus of TL, Si N films as a function df) the results provide an effective modulus averaging the effect

applied bias voltagéTable 1) and, (b) the Si conten(Table 2. of both matrix (bulk materia) and defects or voids.
This may explain why the indentation results are syste-
obtained, with a maximum value close to 47 GRE] matically higher than SAW ones. With a low porosity
(Si content of 7.4 at.% Within this region,E; values level we have higher density values, and in these cases
in the order of 400 GPa were obtained. the results of both methods are indeed closer. However,

A few facts may explain the small differences between this porosity—density correlation and the anisotropy
the results given by the two techniques. First of all, it induced by columnar structure are not enough to explain
should be pointed out that the results obtained with the all the differences, since there is a good agreement
SAW method show a correlation with the density of the between both methods for some low densities values
material. A density dependence of Young's modulus (3.4 g/cn? and 4.0 gcm?®), and distinct behaviours were
following the relation E=E(p/po)™ where m is found for samples with similar densif4.8 and 4.9 ¢
between 3 and 4 was already repor{é8], and similar cm®). It should be taken in consideration that samples
dependence was obtained by other auth{84,39. with lowest density values were prepared with positive
Apart from the decrease of the density, typically bias, which usually results in coatings with low values
observed in sputtered thin films as compared with the of hardness and Young's modulus. These films only
bulk material[36], there is also a variation of the density revealed the presence of the metastd@dlieSi)N phase
with the Si content(for a Si content of 2.5 at.% a and also presented relatively high grain sizes. The other
density of 4.9 gcm® was observed, while for a Si samples with relatively low densities were prepared with
content of 17.5 at.%p=4 g/cm®). We note that for  different conditions(one with a bias of—75 V and the
high density value$>4.9 g/cm?) the Young's modulus  other with a bias of—50 V and the highest Si content
obtained by both techniques is very similar. It was found and in both cases a mixture of TiN and metastable
that the low density of several films was not sensitively (Ti,Si)N phases is present.
indicated by the microindentation techniqui84,37. However, the TiN samples and the film with 2.5 at.%
The films have a columnar structure, which suggests Si also revealed relatively higher grain sizes and only
that their macroscopic elastic behaviour is anisotropic. one phase is present. A good agreement was found
However, pores between the columns may be supposedetween results from the two techniques.
to have a long-stretched shape and to be preferentially However, the group of samples with higher Si con-
oriented perpendicular to the surface and, therefore, maytents (Fig. 6b) shows a discrepancy that, although
cause an additional anisotropy. This would result in justifiable by the density, columnar structure or preferred
different Young’'s moduli parallel and perpendicular to growth orientation, may also be attributed to a distinct
the film. It cannot be excluded that indentation and microstructure. The presence of Si atoms induced the
laser-acoustic test methods yield different results for an formation of a nanocomposite material consisting of
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TiN and (Ti,Si)N nanocrystallites and eventually a samples that revealed one phase much more important
SiN, amorphous phase. The grain size decreases withthan the other and a grain size also relatively higher,
the increase of the Si concentrati¢eee Table 2 In which is related with higher degree of crystallinity.
case of sufficiently high surface mobility, the segregated However, for samples where the mixture of TiN and
Si can be enough for the nucleation and development(Ti,Si)N phases is present the indentation method
of SizN, phase, which limits the growth of the TiN showed relatively higher values. In these samples the
nanocrystallites. These components have distinctly dif- grain size is lower, which results in a higher volume
ferent elastic properties, which can justify a distinct fraction of grain boundaries. The reasons for these
response of the material when subjected to a differentdifferences are not yet well understood, but they are
kind of solicitation. The indentation and SAW measure- certainly related with the limits of validity of each of
ments induce different amplitude of elongation of the the two methods, which are connected with a distinct
material. During indentation the material is elongated response of the nanocomposite material when subjected
above the limit of plastic deformation. However, the to a different kind of solicitation. However, the different
extension of the atoms displacement induced by SAW textures, microstructure, density and correlated porosity
is in the range of the inter-atomic distance. also have some influence.

From the obtained results, it is clear that the conju- The use of these two techniques and the clarification
gation of the two referred methods is important to better of the discrepancies that might be revealed, are surely
characterise the Young's modulus of a thin film. The important for a better understanding of either physical
differences between the values obtained by the two and/or mechanical behaviours which depend on Young's
methods can be due to several factors where the kindmodulus characterisation.
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