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Abstract. Platinum films in the thickness range 20-58thave been sputtered onta120)
sapphire substrates at different substrate temperafigrebhe structural properties of these films
have been studied by high-resolution x-ray scattering techniques. Information about the total
thickness of the film and about the surface and interface roughnesses has been determined by
means of x-ray specular reflectivity measurements. The films sputtergd at300 °C have

shown Laue oscillations about the Pt(111) Bragg peak. The average thickness of coherently
stacked lattice planes has been compared with the total film thickness, obtained from

the reflectivity measurements. The epitaxial relationship between the platinum film and the
sapphire substrate has been determined using in-plane x-ray diffraction. It was demonstrated
that Pt epitaxial films include two in-plane orientations related by a° 1®@@ation. Both
anisotropic compression in thel@] direction and anisotropic expansion in the [111] direction
were observed for these films. A correlated variation of some structural parameters with the
substrate temperatuf® was found.

1. Introduction

Thin metal films are of considerable interest in different fields of science and technology and
several applications of platinum films have been recently demonstrated. Firstly, they can be
used as a model system for the analysis of catalytic reactions on solid-state surfaces and this
fact has been demonstrated for a variety of substrates, including i@ [1], ZnO(0001)
[2], amorphous AIO; and «-Al,03(0001) [3]. Another possible application of thin Pt
films is their use as a seed layer for growth of fcc metal films on insulating substrates.
In the paper [4], the growth and characterization of Pt(111) on basal-plane sapphire has
been described. It has been shown that this epitaxial metal-insulator combination, with
suitable growth conditions, provides a near-ideal seed film for the epitaxial growth of a
wide variety of structures for giant magnetoresistance study. It also provides the basis for a
variety of other epitaxial magnetic structures including multilayers and alloys which exhibit
perpendicular magnetic anisotropy.

Pt films have been obtained by a variety of techniques, including plasma-arc deposition
[5], electron-beam deposition [6], magnetron sputtering [7, 8] and chemical vapour
deposition [9]. In the paper [10], Pt films were grown on,®@4(000) using ion-beam
sputtering and the temperature dependence of the growth as well as its effect on the resulting
morphology have been studied. It has been shown that the substrate temp&gaiae
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fairly sensitive parameter and that deviations from its nominal value of°@@esult in
very different growth characteristics.

In the paper [9], Pt films were grown on (0001)},120) and (0112) sapphire single-
crystal substrates by chemical vapour deposition at temperatytetween 400 and 80.
The epitaxial growth was achieved at deposition temperatures between 500 at@ \wdH
the addition of oxygen to the source vapour. The film orientation and epitaxial relationships
between the films and substrates were determined by means of x-ray diffraction, x-ray
pole figures and reflection high-energy electron diffraction. However, the work in [9] was
restricted to high temperatur@s > 400°C and thick f|Ims(>1000A) and no studies were
made of the early stages of the epitaxy. In order to elucidate the influente ofi the
growth morphology of Pt, we investigated in detail the structure of sputtered films for wide
ranges of the substrate temperatures and film thicknesses.

2. Experimental techniques

Single-crystalline(1120) sapphire with a miscut angle below &and a mosaicity around
0.004 was used as the substrate. Before deposition all of the substrates were cleaned
ultrasonically in acetone and ethanol. Then, they were annealed up ttC50@der a high
vacuum and plasma etched directly before sputtering. Platinum films were deposited by rf
sputtering (13.56 MHz) in a high-vacuum environment with a base pressurexdfo3é—

1 x 107 mbar after LN cooling, at different substrate temperatuf@sequal to 30°C,
100°C, 300°C and 600°C. Ty was controlled by a PID controller supplying a resistive
heater on top of the substrate holder. The 99.99% pure Pt target was mounted 8 cm below
the substrates. Sputtering was carried out in an atmosphere of 99.999% pure Ar at a
pressure of 5 10~3 mbar. The electrical power of the discharge was 100 W which led to a
sufficiently low sputtering rate of 0. 15 s~1. The nominal thicknesses of the Pt films were

20 A, 100 A and 500A. The estimation of this thickness was carried out by measuring
the deposition time. All of the samples were removed from the growth chamber at room
temperature. The sputtering set-up was described in detail in [11].

X-ray scattering is most suitable for detailed structural characterization of thin films,
since it is a non-destructive method providing surface as well as bulk information on one and
the same sample. Two kinds of scan are carried out: low-angle and the wide-angle scans.
Information about the film thickness, the interfacial roughnesses and the electron density
profile perpendicular to the film plane irrespective of the crystallinity of the film is obtained
via radial scans@—20 scans) in the small-angle regime (reflectivity measurements). The
wide-angle radial scans at a reciprocal-lattice point (Bragg scans) normal to the growth
direction provide information about the nature of the films (polycrystalline or single
crystalline) and in the latter case also about the predominant texture. The transverse scans
through the Bragg peak provide information on the out-of-plane mosaicity of the film.

We used a double-axis diffractometer based on an 18 kW rotating-anode generator
(Cu K radiation, A = 1.54 A) with a graphite monochromator in the incident beam. The
monochromator reduced only the background argl riddiation, and not the contribution
of the Ku, line. A Nal(Tl) scintillation counter was used to detect the radiation. In the
wide-angle region the Bragg angle of the monochromator is near the Bragg angles of the
film and the substrate. This leads to a nearly dispersion-free situation and the resolution is
limited only by slits. The resolution of the diffractometer wva2® = 0.03* at 20 = 37.8°
as obtained from the resolvedaK linewidth of the sapphirg1120) reflection. In the
reflectivity measurements the resolution is limited by geometrical factors, such as the slit
sizes and the monochromator—detector distance. As a good compromise between poorer
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resolution and loss of intensity we have chosen an angular beam divergen@2of 0

Since the information about the in-plane structure of these films is very important for
understanding the Pt film growth process, the in-plane Bragg scans have been carried out for
glancing angles of incidence in order to determine the epitaxial relationship of the platinum
film to the substrate, average crystallite sizes and mosaic distributions of the crystallites with
respect to the preferential orientation. In our experiments the angle of incideneas
kept constant and equal to the critical angle for the total external reflection from platinum.

Using a soller slit of QL5° horizontal divergence, the radial and transverse resolutions were
about 023 and Q10°, respectively.

3. Experimental results

3.1. X-ray reflectivity studies

The intensity of specularly reflected x-rays at small angles provides information on the
average electron density profile of the material studied in the direction along the surface
normal. Assuming a certain electron density profile, the reflectivity can be calculated as a
function of the scattering vector. In this work we calculated the x-ray reflectivity by means

of a dynamic treatment, generally referred to as the Parratt formalism for x-ray reflectivity

[12], using optical boundary conditions for reflection, refraction and transmission at each
interface. The Parratt formulae were modified according &vadtl and Croce [13] to take

the roughness into account; it is defined as the root mean square of the electron density

height fluctuation at the interface. Before fitting, the diffuse non-specular intensity was
subtracted from the data.

Table 1. The thickness and roughness parameters as well as the values of the electron density,
reduced to that of bulk platinum, obtained from the fits of the x-ray reflectivity data.

Nominal

tf}ickness Ts Ugurf lsomf O'é,,, ”':” O'L:t lat Ugub
(A) °C) A p/ert (A) (A p/ore (A) (A p/ore (A) (A
20 30 2 — — [ — [ — 1 21 3
20 300 2 — — - — - — 1 25 1
20 600 5 — — [ — - — 0.42 27 3
100 30 2 0.85 04 — — — 21 1 106 3
100 300 2 0.5 01t —  — — 1 114 5
100 600 11 0.88 105 - — — 10 1 14 2
500 30 5 0.23 12 [ — — 4 1 530 9
500 300 10 0.27 16 - — — 13 1 509 3
500 600 107 0.3 25 6 045 21 49 1 533 16

The reflectivity data for the films with nominal thickness equal toﬁQOsputtered at
different substrate temperaturé@s, are shown in figure 1(a) with a logarithmic intensity
scale. The open circles represent the data points and the solid lines are fits. The inset shows
the electron density profiles normal to the physical surface resulting from the fit. From the
inset we can see that the 20films sputtered affs = 30 °C and 300°C (solid lines) have
values of the electron density close to the bulk platinum value and a good layer smoothness
with small values of the surface and interface roughnesses. All of the parameters obtained
from the fit are presented in the table 1. For the sample grown at®Qthe dashed line)
the situation is drastically different. The best fit yields a value of the electron density that
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Figure 1. The x-ray reflectivities of Pt films 20\ (a), 100 A (b) and 500A (c) thick on
sapphire, sputtered at different substrate temperatures. The solid lines show fits of calculated
density profiles to the data points obtained using the dynamic formalism. The electron density
profiles used for the fits are given in the insets.

is only 42% of that for the bulk platinum. We assume that the film is not homogeneous but
consists of islands of platinum. s i

The reflectivity data for the films 108 and 500A thick (figures 1(b), 1(c)) exhibit
a clear edge of total external reflection ab 2= 1.15°. For the Pt films 100A thick
(figure 1(b)) sputtered at the substrate temperati@ites: 30 °C and 300°C the electron
density profile (the solid lines in the inset) consists of a thick layer with the bulk Pt electron
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Intensity

Figure 1. (Continued)

density covered by a surface layer of thicknegs; with a reduced electron density. For
these films the parametey,,, reaches low, unphysical values (see table 1) and the value
of the interface roughness,, is too large to allow the assumption of a Gaussian height
fluctuations at the interface. Therefore what is needed for this layer is just a better description
of the surface roughness, and here the surface laygr)( surface §;.,r) and interfaced;,,)
roughnesses represent the surface roughness of the platinum film. The profile corresponding
to the film sputtered al’; = 600°C (the dashed line) differs from the previous case. The
main part of the platinum film (108) has an electron density value equal to 88% of the
bulk platinum electron density. i

Figure 1(c) shows the reflectivity data for samples 580thick. The amplitude
modulation of the reflectivity is clearly seen from the damping of the oscillations at
20 = 2.65 for the sample sputtered & = 300 °C. This modulation is caused by the
presence of a surface layer and, therefore, it is necessary to introduce an additional layer
into the model. For the 508 film, sputtered at the substrate temperatilife= 600 °C,
a second layer with an intermediate electron density should be introduced between the
surface and the bulk layer. The need for the second layer in the surface region indicates
that the conditiory,0 <« 1, which is used in the &vot—Croce formalism, is invalid for
this film, whereq, = (47 /1) sin® is the normal component of the scattering vector. The
introduction of the intermediate layer is therefore only the first step towards a more refined
electron density profile which may be obtained by dividing the surface region into a large
number of thin sheets with different values of the electron density.

3.2. Out-of-plane Bragg measurements

For thin films with a finite numbeV of coherently scattering lattice planes the Bragg
reflection shows typical fringes of Laue oscillations given [14] by

Ly = sirf(q.Nd/2)/ sirf(g.d/2)
whered is the spacing ang, is the normal component of the scattering vector.
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In general, the film does not consist of a constant number of perfectly stacked lattice
planes of infinite extent. Instead, the lateral extent is finite and the number of coherently
scattering planes varies from stack to stack. In order to arrive at a more realistic model we
should take into account fluctuations in the numieof coherently scattering lattice planes.

In our model we assumed a Gaussian distributio&vpfind an incoherent superposition of
the Laue functiony is carried out, leading to the following result [15]:

I~ Ly AN) " exp-(4In2(N — No)*/(AN)’] @
N

where Ny is the average number of coherently scattering lattice planesAavidis the
standard deviation of the Gaussian distribution.

Using expression (1) for fitting the experimental data points, only three parameters
are required: the average numhéy of coherently scattering lattice planes, the interplanar
distanced and the mean square fluctuatiorv aboutNy. These parameters can be obtained
with some reliability because each one has a distinctive influence on the diffraction pattern:
d corresponds to the angular position of the Bragg reflection dnénd AN determine
the period and damping of the oscillations, respectively. Multiplying the valugg,diy
d we obtain the average thickness of coherently stacked lattice planes Nod in the Pt
film. Here the parameter,,, = +/8IN2AN d is a measure of the lattice ‘roughness’ of the

coherently scattering planes.

T =30°C ©  experiment
§ fit

Intensity

Figure 2. The Bragg scans of the Pt(111) peak for the sample sputtered at the substrate
temperaturels = 30 °C with the total thickness equal to about 580 The open circles are

the experimental data and the solid line represents a fit according to expression (1). The sharp
reflection corresponds to the diffraction from the sapphire substrate.

Figure 2 shows a profile of Pit11)/Al,05(1120) peaks for the 5008 film grown at
Ts = 30 °C. The open circles are the experimental data and the solid line represents a
fit. The sharp reflection corresponds to the diffraction from the sapphire substrate. We
can see a broad Bragg peak of the Pt(111) reflection@at=2 39.5° without any Laue
oscillations. It is typical for polycrystalline samples and its position gives the value of the
spacingd = 2.276 A.

When the grain size becomes smaller than the film thickness, there is more than one grain
connecting the two film boundaries. Then the paraméigt corresponds to the average
grain size rather than to the average thickness of coherently scattering lattice planes, and
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the parametes,,;, is a measure of the variation of the grain §izes. Wg have found from the
fit that the platinum film consists of grains with sizes fromA8Q@o 140 A. Curves with a
similar shape were obtained for other films deposited at this substrate temperature, but the
fitting of these curves is impossible, since the intensities of the Pt(111) Bragg peaks are
weaker, although these peaks are still visible.

Intensity
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Figure 3. Radial scans of the Pt(111) Bragg peak for samples sputtered at the substrate
temperatures’s = 300 °C (squares) and’s = 600 °C (crosses). The solid lines represent
the fit. The total thicknesses are about&@a), 100A (b) and 500A (c). The sharp reflection
corresponds to the diffraction from the sapphire substrate.

Figure 3 shows Bragg scans from Pt films with the nominal thicknessed 29),
100 A (b) and 500A (c), grown at the substrate temperatuigs= 300 °C (squares) and
Ts = 600 °C (crosses). The Pt(111) Bragg peak is flanked by several Laue oscillations.
The sharp reflection on the left-hand side corresponds to the diffraction from the sapphire
substrate. In figure 3(c), which shows the Pt(111) Bragg profile of the 600m, the
oscillations are still visible; however, their damping indicates the presence of a high density
of defects (clusters, twin boundaries etc). Up to three additional Gaussian profiles of
intensity, which correspond to the diffuse scattering at these defects, should be assumed for
the increased intensity below the Bragg peak in order to improve the fit. The parameters
No and AN deduced from the fit as well as¢c ando,,;, are collected together in table 2.

As mentioned above, the Bragg intensities point to a significant texture, depending on
the growth temperature. The texture was determined directly by scanning the Pt(111) peak
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Table 2. The spacing/, the average numbe¥y of coherently scattering lattice planes and the
parameterAN describing the Gaussian fluctuations M, as well as the coherence lengtly
ando,,,, which are used for obtaining the best fit of the Pt(111) Bragg peaks of the films.

Nominal thickness Ty d Lc Ocoh
(A) S A No AN (A (A)
500 30 2.276 37 23.5 84.2 535
100 100 2.276 27 20.4 615 465
20 300 2.290 10.7 1 24.5 5.4
100 300 2.273 51 3 1159 16.0
500 300 2274 214 4 487 21.2
20 600 2.277 12 2.5 27.3 134
100 600 2.263 51.8 425 1172 2238
500 600 2.264 256 8 580 42.4
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Figure 4. Rocking curves for 106 Pt films grown at different substrate temperatufgswith
a logarithmic intensity scale.

in the transverse direction, i.e. by performing the rocking scan with a fixed detectofat a 2
position and stepping th@-position of the sample. The rocking curves for the platinum
films that were 100A thick, grown at different substrate temperatuf®s are shown in
figure 4, with a logarithmic intensity scale.

Analysing the out-of-plane texture by taking rocking curves, we have found again
differences between films deposited at low (30—10Pand high (300-600C) temperatures.
In the first case we have smooth Gaussian-shaped rocking curves with the full width at
half-maximum (FWHM) equal to about 1q7s = 30 °C) and 3 (Ts = 100 °C). High-
temperature samples, in contrast, exhibit rocking curves consisting of two contributions: a
very sharp component with a FWHM of@ superimposed on a broad component with a
FWHM of 0.7°. The broad component may arise from a distribution of structural defects
such as twin boundaries and local deformation of the lattice planes. This is a characteristic
for all of the samples but with different ratios of the integrated intensities for the sharp
and broad components. With increasing film thickness the integrated intensity of the sharp
component decreases in comparison with that of the broad component.
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Figure 5. The rotational orw-scan of the R220) in-plane reflection of a 108, film deposited
at Ts = 300°C. The reflections are separated by G@dicating a sixfold symmetry.

3.3. Surface x-ray diffraction

It should be noted that the out-of-plane rocking scans, described above, only probe the
texture and the mosaicity normal to the film plane. Therefore, nothing can be concluded
from these scans about the in-plane structure. In analogy to the previous paragraph, we have
measured the in-plane coherence length and the crystal orientation in the surface scattering
configuration.

Figure 5 shows am-scan where the sample is rotated about an axis parallel to the film
normal and the detector is kept fixed at th€2R€) Bragg position for a film 10\ thick
deposited af's = 300°C. The Pt reflections appear at°366°, 156, 216, 276" and 336,
in accordance with the sixfold symmetry, indicating rotational twinning with some grains
rotated by 180 round the [111] axis with respect to the others. The varying intensity is
caused by a slight misalignment of the sample.

A scan like that shown in figure 5 was also carried out for th@2) Bragg position,
which allows one to perform a mapping of the in-plane reciprocal lattices of platinum and
sapphire and, in particular, to determine the epitaxial relationships between the Pt film and
the substrate. The result is shown in figure 6, where the sapphire in-plane Bragg peaks are
indicated as small dots and the Pt peaks are streaks proportional to the in-plane mosaicity of
the films. According to this figure, the Pt[2]land Pt{l12] axes are aligned parallel to the
Al,0O3 [0001] axis, and the Pti0] axis is parallel to the A5 [1100] axis. This suggests
R180 twinning about the [111] axis, as observed in prior work fo¢1Rfl)/Al,O3(0002)

[4] and for Pysapphir¢1120) samples studied in [9]. The origin of the rotational twinning
could be steps on the sapphire substrate. Figure 7 demonstrates the radial scan through the
Pt(220) Bragg peak for the 10@ film of platinum, grown at 300°C. From the position

of this peak we have obtained the interplanar distai;%e: 1.374 A, which is very close

to the spacinglyioo Of sapphire, and from the radial width we have estimated the in-plane
coherence length to be about 20
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Figure 6. Epitaxial relationships between the platinum film and ¢h&20) sapphire substrate.

The background grid and small dots indicate the reciprocal lattice of the sapphire substrate. Bold
lines and streaks mark the Pt reciprocal space. Each of the @20Pand (224) reflections lie
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Figure 7. A radial scan of the P220) Bragg peak for a film 100A thick sputtered at the
substrate temperatuf@® = 300 °C.

4. Discussion

The average thickness of coherently stacked lattice plapegersus the total film thickness

t.or, Obtained from the reflectivity measurements, is shown in figure 8. For films deposited
at high substrate temperature®; (= 300 °C (open circles) and’s = 600 °C (triangles))

the coherence lengthc equals the total film thickness, (the dashed line in this figure
corresponds to the equatidiy = #,,,). For the films 500A thick (for both temperatures)

it is difficult to obtain precise values fak. as well ast,,, for reasons mentioned in the
previous section, but within experimental error this equality is valid too. This means that
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Figure 8. The coherence length of the Pt film thickness obtained from the Laue oscillations
versus of the total film thickness obtained from the reflectivity measurements. The dashed line
corresponds to the equatidir = 7.

at these substrate temperatures the films mainly consist of grains that were grown from the
substrate up to the surface. As we mentioned earlier, for the films sputtered at low substrate
temperaturesi(s = 30°C andTs = 100°C) the parameteNyd represents only the average
grain size, which turns out to be independent of the film thickness (filled squares and filled
circles, respectively). Here the error bars show the range of grain sizes.
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Figure 9. The spacing of platinum in the growth directi@f;1 as a function of the substrate
temperaturel’s. The dashed line indicates the bulk value.

The interplanar distance in the growth directidn, versusTs is plotted in figure 9.
The dashed line indicates the spacing of the Pt(111) bulk value (ZAZGFor the films
with thicknesses 106\ (circles) and 500A (triangles), deposited at 60CC, d is nearly
equal to the bulk value, but for lowefs, an increase of the spacing up to the value
d=2275+0. 002 A takes place, corresponding to expansion in the growth direction. For
the films 20A thick the situation is a little different. Fofs = 600 °C, the film spacing



728 A Nefedov et al

equals the valud = 2277 A (which is close to the values for thicker films, deposited at
low T%), but for Tg = 300°C an additional increase of the film spacing upite- 2.290 A
takes place.

In order to understand the reasons for this expansion of Pt films, we compared the lattice
parameters of sapphire and Pt in directions parallel to the film surface. For the sapphire the
spacing in the [0001] directionlyoos, equals 2. 1648\ In the Pt(111) plane the atomic row
distance in the [12] direction is 3,,; = 2. 4024 A, which leads to a misfit of 11%. In the
[1100] direction the relevant distancedgs, = 1.373 76A, which matches very well with
the bulk Pt valuady;g = 1. 387 A (the misfit is about 1%). Moreover, as we stated above,
from the in-plane scan we have obtained for thin f||dj§o = 1.374A. In the case of the

epitaxy, the Pt film is compressed in thel( direction by the amoumd,s = dysg— dazgo
and, hence, the expansion of the interplanar distance in the growth direction is a result
of strain in the film plane, according to Poisson’s ratio. These intrinsic strains have
also been observed in other metallic films [16, 17]. Sidc#11/d111 = © Adyso/dos0s
where i = 0.36 is Poisson’s ratio for Pt, we obtain the spacing in the growth direction
diyp = di11(1 + p Adyg/dyg) = 2. 273 A. Within the experimental error, this spacing is
equal to the values which we have obtained from the fit of the experimental curves for the
films with the nominal thicknesses 1@0and 500A sputtered afl’s < 300°C.

For films grown atls = 600°C island growth is preferred, which leads to the formation
of a lot of grain boundaries. Therefore the growth of the film at this temperature takes place
with bulk parameters of spacings in accordance with the mechanism of a stress relaxation
via the grain boundaries [18]. The strong diffuse scattering in the rocking curves for these
films confirms the presence of these boundaries. It is in accordance with the results obtained
in [4], where Pt nucleates as islands at 6@

%b 2D-mode growth 3D-mode growth
ae] . .
= polycrystalline crystalline / w
)

104 ® ;7 —4100 §
g : ; ] &°
g ; 8
g ] — 3
- / &
3) K 0
£ 13 5
= ] / 53
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Figure 10. The dependencies of the surface roughnegs; obtained from the reflectivity
measurements (open circles) and the FWHM of the rocking curves (solid circles) versus the
reduced temperaturgs/ Ty, for Pt films 100A thick.

Figure 10 shows the dependencies of the surface roughngssas obtained from
the reflectivity measurements (open circles) and the FWHM of the rocking curve (solid
circles) versus the reduced temperatdikg 7, for films 100 A thick, where Ty, is the
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melting temperature for platinum (177Z). Two temperature ranges with changing film
microstructure have been identified. At the substrate temperafiress 30 °C and

Ts = 300 °C the platinum films grow very smoothly. On the other hand, the values

of the FWHM point to a state of disorder at the low substrate temperaligres30 °C and

Ts = 100 °C, with polycrystalline properties without any texture. Only near 200does

the texture appear, and for higher substrate temperafyregarly ideal Laue oscillations

of the (111) Bragg peak have been observed. Although the in-plane mosaicity is still rather
large, the in-plane Pt axes are strongly correlated with the substrate axes on a macroscopic
scale. This result is supported by the growth of 03 multilayers with high-quality
structure of the Pt layers and with the same epitaxial alignment of the Pt on sapphire [19].

This behaviour seems to be universal for many metallic films when compared to
the reduced temperatur® /Ty [20]. For thick films deposited at high deposition rates
(R > 100A s1), a few temperature zones have been found, each of which is characterized
by a different type of microstructure [21, 22]. F@k < 0.3T,, film growth proceeds
by ballistic aggregation and the internal structure is porous and contains a high density of
dislocations. For BTy, < Ts < 0.5T),, columnar grains, which extend vertically through
the film, are formed. The lateral grain size increases with increagingnd the micro-
structure is mainly controlled by a large surface diffusion.

Although this classification scheme has been applied for high deposition rates, a
computer simulation shows that the transition temperatures depend on the deposition rate
[23]. The slower surface diffusion at lowefs can be compensated by a longer time
of migration of adatoms to build up a monolayer. From the experimentally established
boundary temperaturg, ~ 0.3T, for R ~ 1000A s~1 a smallerT; ~ 0.217T,, is obtained
for R~1Ast [23]. One should not place too much reliance on the good agreement with
the transition to crystallinity af; ~ (0.24 £ 0.03)T), for the Pt films, but it does indicate
that this model should also be applicable in our case.

For films grown atTs = 600°C (Ts/ Ty, = 0.42), island growth has been observed, and
therefore we can suppose that’gt~ 400-500°C a change in growth mode takes place.
This is in accordance with the results obtained in prior work [10] in which, in the growth
of platinum films by chemical vapour deposition, two growth regimes were distinguished.
The activation energies suggest a reaction-controlled regime 24} 200 kJ mot?) at
Ts < 470°C (Ts/ Ty < 0.36) and a diffusion-controlled regime [24Ef; = 60 kJ mot™)
at high temperatures. However, a detailed investigation of these temperature zones should
be carried out and the precise definition of the boundary temperatures should be established.

5. Conclusions

Platinum films in the thickness range 20-580were sputtered ontq1120) sapphire
substrates at different substrate temperatdies A correlated variation of the structural
parameters with substrate temperatéizewas found. The films sputtered @ = 30 °C

and 300°C are very smooth with small values of the surface and interface roughnesses. For
films grown atTs = 600°C, island growth dominates. The films deposited’at= 300°C

mainly consist of grains which were grown from the substrate up to the surface. The epitaxial
relationship between the platinum film and the sapphire substrate has been determined using
in-plane x-ray diffraction. It was demonstrated that Pt epitaxial films contain two in-plane
orientations related by a 18@otation. Anisotropic compression in thelfd] direction and
expansion in the [111] direction has been observed for these films. This is a result of strain
in the film plane, which corresponds to a tension due to Poisson’s ratio.
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