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X-ray diffraction analytical techniques have been used to investigate the influence of the deposition
temperature (650-850 °C) on the composition and microstructure of the transition layers formed at
the interface between titanium substrates and diamond thin films. The diamond coatings were
produced by hot-filament chemical vapor deposition using a 1% methane/hydrogen mixture. X-ray
ditfraction analysis, performed both through 6-26 scans and at grazing incidence, allowed
ivestigation of the crystallographic properties and of the structural evolution of the various phases
(TiC, TiH,, a-Ti) generated inside the intermediate reaction layers. The temperature-dependent
orientation of diamond crystallites is discussed with reference to the complex structure of these

interfacial layers. © 1996 American Institute of Physics. [S0003-6951(96)03053-7]

Many modern high-technological areas, such as opto-
electronics, x-ray hithography, tool and engine mechanics,
biomedical prostheses, etc., require high-quality diamond
coatings charactenized by a particular grain orientation and
by strong adhesion of the polycrystalline films to nondia-
mond substrates. However, in the case of chemical vapor
deposition (CVD), both the substrate material and the pro-
cess parameters play a fundamental role not only with re-
spect to grain growth and the consequent formation of tex-
tured diamond layers but also in the creation of spurious
phases at the substrate/diamond interface. It is worth noting
that the formation of such reaction layers may have either
beneficial or detrimental effects on the properties of diamond
coatings. In fact, the mismatch between the different lattice
parameters of the various phases is expected to cause stress-
strain effects and give nse to adhesion problems. On the
other hand, intermediate layers wit specific structures are
found to promote heteroepitaxial growth of diamonds; for
instance, on silicon substrates, highly oriented growth of dia-
mond crystallites can be achieved when the nucleation oc-
curs on oriented B-S1C layers generated ad hoc during the
early stages of the process.'® It is clear that for each mate-
rial substrate, detailed research work 1s needed in order to
select the conditions for the textured growth of diamond
hlms.

In the case of titanium, previous investigations’ have
shown that during the deposition process of diamond by hot-
filament CVD, two crystalline phases are generated at the
film/substrate interface: titanium carbide (TiC) and titanium
hydride (TiH,). By using a combination of several structural
probes, it was possible to define the stratification sequence of
the various phases inside the complex interfacial layer pro-
duced at 650 °C."" Some measurements, however, indicated
that the substrate temperature plays a fundamental role in the
TiH, and TiC formation as well as in determining the crys-
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tallographic properties of the diamond films. The present
work was undertaken to ascertain whether the composition
and the temperature-dependent structural evolution of the in-
termediate layers influence the features of diamond deposi-
tion,

The deposition processes were performed in a CVD
reactor'’ using 1% CH,;/H, mixtures activated by hot-
filament, kept at 2180+ 10 °C. Polycrystalline diamond films
were grown on l-mm-thick titanium plates according to the
following conditions: pressure 36 Torr, gas flow rate 200
sccm, deposition time 240 min. The substrate temperature
was changed from 650 to 850 °C in steps of 50 °C. Before
deposition the substrates were scratched under controlled
conditions with a 0.25 gm diamond paste and thoroughly
cleaned ultrasonically in an acetone bath. Substrate penetra-
tion and gas phase conditions were identical for all samples.

To characterize such diamond films, we used many
complementary techniques, such as scanning electron mi-
croscopy, reflection high-energy electron diffraction, Raman
spectroscopy, etc.'” In the following, we refer to x-ray dif-
fraction (XRD) measurements made with a two-axis diffrac-
tometer in the Bragg—Brentano parafocusing geometry, to-
gether with a graphite monochromator and a Cu x-ray tube.
To investigate the complex structure of the samples, full dif-
fraction patterns were collected, through 6-28 scans, from
34° up to 122°. Moreover, two spectral regions were care-
fully examined: 34°-46° and 73°-79°, where the reflections
from {111} and {220} diamond planes are present together
with many other peaks belonging to the Ti, ThC, and TiH,
phases.“

Using the same diffractometer, x-ray grazing incidence
diffraction measurements were also performed by changing
the incidence angle @ of the sample 1n one-degree steps and
by scanning the 26 axis between 34° and 46°. A typical set of
data files obtained after profile fitting and backgrourd
subtraction'” is shown in Fig. 1. The intensity evolution of
the peaks produced by the various phases shows the relativ=
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FIG. 1. X-ray grazing incidence diffraction spectra taken from a diamond
film deposited at 650 °C.

depth 1nside the intermediate layer and the growth sequence,
which, starting from the topmost layer, is diamond, TiC,
TiH,, and «-Ti.

A Pseudo-Voigt profile fitting'? of the XRD spectra,
obtained through 6-26 scans in the range of 34°-46°, al-
lowed us to deduce the values of net integrated intensity for
the C(220), C(111), TiH,(110), TiC(111), and TiC(200) dif-
fraction peaks. The trend exhibited by these quantities in the
temperature range 650850 °C can be observed in Fig. 2(a)
for the diamond reflections, and in Fig. 2(b) for the reflec-
tions due to TiH, and TiC.

Figure 2(a), clearly shows that at 650 °C the diamond
crystallites are preferentially oriented in the (£h0) direction.
According to previous measurements,'> at 650 °C the inter-
face has a polycrystalline structure (mean grain size 15-25
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FIG. 2. Net integrated intensity as a function of the deposition temperature
on (a) for the diamond (220) and (111) diffraction peaks and (b) for the

TiH, (110), TiC(200), and TiC(111) peaks. The dashed lines define the
critical zone around 700 °C.
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(dashed-line, left scale).

nm) mainly formed by randomly oriented TiC, and by the
TiH, grains oriented in the direction {(kh0), with a preva-
lence of the TiH, phase in the mixed TiC/TiH, layer.

The formation of a diamond film textured for about 87%
(Fig. 3) along the (hh0) direction occurs, therefore, on a
mixed TiC/TiH, layer characterized by the preponderant
presence of hydride grains aligned along the (hh0) direction.

With increasing substrate temperature, the (hA0) orien-
tation of the diamond crystallites progressively converts to
(hhh). At 700 °C only ~45% of the grains are aligned in the
(hh0Q) direction. Concerning the structure of the interfacial
layers, present results indicate that going from 650 to
700 °C, the integrated intensity of the TiH, line is halved,
and the titanium hydride signal no longer appears in the
750 °C diffraction pattern. In this temperature range, the
lowering of the TiH,(#2A0) signal mimics the trend of the
diamond (220) peak intensity. On the contrary, the formation
of the TiC phase is enhanced at temperatures higher than
700 °C, as witnessed by the increasing values of intensity for
both (Ah0) and (Ahh) TiC reflections. From inspection of
Figs. 2(a) and 2(b), the general outline is that, under the
conditions of the present experiments, T7=700 °C represents
a critical value for the diamond deposition process.

A further increase in deposition temperature, up to about
750 °C, 1s found to promote {111) textured growth of dia-
mond films. The formation of progressively thicker carbide
layers probably explains the observed disappearance of the
T1 peaks trom the diffraction patterns at 7>>750 °C. More-
over, the decrease in the full width at half-maximum
(FWHM) values'® obtained for the TiC reflections (111),
(200), and (222) after normalization of each (hkl) peak to
the same height (Fig. 4), indicates an increase in the titanium
carbide grain size with deposition temperature. After 800 °C,
however, both the net integrated intensity [Fig. 2(b)] and the
FWHM (Fig. 4) show a trend variation, probably due to
some saturation effect in the TiC growth process. It is, in-
deed, worth stressing that when the TiC layer reaches a criti-
cal thickness, further growth of the carbidic phase is limited
by titanium diffusion through the carbidic layer itself.’> At
temperatures higher than about 800 °C, also observed is a
decrease in the net integrated intensity for the C(111) peaks
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FIG. 4. Trend of the FWHM values for the TiC peaks vs substrate tempera-
ture.

[Fig. 2(a)]. This result can be rationalized if we consider that
for T7>750 °C the CVD process on titanium progressively
yields an increasing amount of codeposited nanocrystalline
graphite and/or amorphous diamond-like carbon,'® which has
a detrimental eftect on diamond nucleation.

The trend of preferred orientation for diamond crystal-
lites 1n the whole temperature range investigated is better
demonstrated in Fig. 3. The C(220)/C(111) intensity ratio
shows an exponenttal decrease, with values going from 6.57
at 650 °C to 0.17 at 850 °C.

A completely inverted trend, 1.e., a gradual enhancement
of the (hh0) growth direction with increasing temperature
was, conversely, found by other researchers'’ for diamond
coatings on silicon. The discrepancy noted at first a glance
between the two sets of data (cf. Table Il of Ref. 17, and Fig.
3, present work) can be, however, rationalized if one consid-
ers that the reported trends refer to different substrate mate-
rials, namely, silicon and titanium. The difference in growth
mode exhibited by diamond films according to whether de-
posited on silicon or titanium can safely be ascribed to dif-
ferences in the process of nucleation and growth on surface
layers characterized by different kinetics of carbon diffusion,
adsorption, desorption, and carbide formation. Moreover, in
the case of titanium, the formation of the hydride phase must
be taken mto consideration.

We wish to emphasize that, in our CVD conditions, the
hlm’s thickness seems to enhance the degree of preferential
orientations, whereas the crystallite’s growth direction re-
mains unchanged. According to previous results’ at 650 °C
the degree of preferential orientation along [hh0] as a func-
tion of the deposition time, and therefore of the film thick-
ness, was found to be of the order of 30% for 20 min depo-
sition time, and to approach the value of 90% for 180 min
grown films.'®

Overall, the present findings indicate some relationship
between the preferred orientation of diamond films and the
structural characteristics of the layers generated at the tita-
nium surface during the CVD process, and agree with the
conclusions of studies performed on the Si1/SiC/diamond
system.®

Preliminary results obtained by using silica--glass'” and
Ta™® substrates also suggested that the final texturing of the
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diamond films strongly depends on the composition and mi-
crostructure of the mnterfacial layers deposition. Unfortu-

nately, whereas many studies have investigated the competi-

tive growth mechanism for the various diamond planes®' on

silicon substrates,”*>! only scarce information is currently
available for other substrate materials used for diamond
deposition.

We hope that present results can help to identify and
select the experimental conditions that promote textured
growth of diamond films on various materials via epitaxial
relationship with the underlying structures.
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