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Abstract

Silicon carbide (SiC) is a wide band gap material that is slowly but steadily asserting itself as a
reliable alternative to silicon (Si) for high temperature electronics applications, in particular for the
electrical vehicles industry. The passivation of SiC devices with diamond films is expected to decrease
leakage currents and avoid premature breakdown of the devices, leading to more efficient devices.
However, for an efficient passivation the interface between both materials needs to be virtually void
free and high quality diamond films are required from the first stages of growth. In order to evaluate the
impact of the deposition and seeding parameters in the properties of the deposits, diamond films were
deposited on SiC substrates by hot filament chemical vapor deposition (HFCVD). Before the seeding step
the substrates were exposed to diamond growth conditions (pre-treatment PT) and seeding was
performed with a solution of detonation nanodiamond (DND) particles and with 6-12 and 40-60 um grit.
Diamond films were then grown at different temperatures and with different methane concentrations
and the deposits were observed in a scanning electron microscope (SEM); their quality was assessed
with Raman spectroscopy.
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Research Highlights

Diamond films were deposited on SiC substrates; the pre-treatment of the substrate together with
low deposition temperatures induce the lateral growth of the diamond crystals during the initial stages
of diamond deposition.
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Films obtained after seeding with 6-12 um grit show higher quality when compared to films
obtained after seeding with DND particles. These results are attributed to the existence of an sp? shell
surrounding the DND core particles.
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1. Introduction

Silicon carbide (SiC) is a wide band gap material that can be used in applications where silicon (Si)
components reached the performance limits. When the first SiC power device came to the market, back
in 2001, expectations regarding its widespread use for high-efficiency power electronics were very
high [1]. 6" SiC wafers are still much more expensive than their Si counterparts, however SiC intrinsic
properties (lower on-resistance and high temperature operation capability) translate into higher
efficiency, smaller volume and lower system costs. For high temperature operation, such as in the
electric vehicles industry, SiC components are often the only realistic technical solution. At the present
moment, SiC devices such as bipolar integrated circuits operating at 500°C have already been
reported [2]. However, as reverse voltage levels increase, the higher electric fields at the surface may
lead to premature breakdown or excessive leakage currents, raising the need to passivate the devices
surface with adequate materials.

Diamond films deposited by chemical vapor deposition (CVD) have a large reverse breakdown field
and high thermal conductivity, and can be used to passivate SiC devices. Depositing diamond on foreign
substrates requires the previous enrichment of their surface with diamond nano-particles; failure to do
so results in the growth of 102-10° cm™ isolated diamond crystals that do not form a closed film [3]. The
simplest method is to scratch or abrade the substrate with diamond or an abrasive grit [4]. Ultrasonic
(US) seeding [3] can be used to seed complex shapes and the possibility of choosing grit size allows a
finer control of the nucleation process. US seeding with a colloidal solution of detonation nanodiamond
(DND) enables nucleation densities in excess of 102 cm?[5-9]. DND suspensions with different
potential can be obtained with proper functionalization of the particles’ surface [10]; in particular,
suspensions with positive  potential have been used to grow diamond films on gallium nitride (GaN)
substrates [11] and Au (gold) films [12]. Bias-enhanced nucleation (BEN) [13,14] employs in-situ surface
bombardment in the gas phase by carbon species through the application of negative bias on the
substrate. This seeding technique has been used to grow highly-oriented diamond films on multilayered
iridium (Ir) substrates like Ir/yttria-stabilized zirconia/Si [15] or Ir/SrTiO3/Si [16] and to fabricate devices
like mechanical microactuators [17], field effect transistors [18] and high-performance Schottky
diodes [19]. Other seeding methods include dipping the substrate in a suspension containing diamond
nanopowders [20,21], ink jet printing [22—24] or electrostatic self-assembly [25,26].

High seeding or nucleation densities are usually regarded as promoters for the growth of closed
thin diamond films. A high nucleation density indeed facilitates the growth of diamond on non-diamond
substrates [27-29], however this may not be the only important factor when diamond films are to be
used as passivation or heat dissipation layers. As the seeded substrate is introduced in the CVD system,
the seed centers grow three dimensionally until they coalesce with each other (the so-called incubation
period), thus kinetically restricting the supply of gas radicals approaching the substrate. This creates a
void and the gas radicals trapped in these crevices can coalesce in a non-diamond phase (graphitic or
amorphous carbon) [8]. These voids (as the ones reported in [8,9,25]) have an obvious detrimental
effect in the passivation of electric defects or in the extraction of heat from the substrate. In addition,
the boundaries between individual diamond nuclei are saturated with non-sp® bonds, meaning that a
very large nucleation density implies a high percentage of non-diamond bonds. Again this is detrimental
for electric passivation or heat extraction. On one side, if the density of grain boundaries is high enough,
the latter may provide channels through which the charge carriers can flow [30]; on the other side, the
grain boundaries induce phonon scattering and also compromise the thermal conductivity of the
diamond film [31,32].
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The density of voids and grain boundaries at the nucleation surface can be diminished by enhancing
the lateral growth of the grains during the initial stages of diamond deposition. This can be achieved by
exposing the substrate surface to typical diamond growth conditions for a short period of time, prior to
the seeding step (the pre-treatment (PT) described in [33,34]). This procedure (commonly referred to as
NNP) enriches the surface with a nm-thick carbon layer that improves the dispersion of the diamond
particles during the seeding procedure [34] and induces a lateral growth mode during the early stages of
diamond formation, which in turn accelerates grain coalescence and diminishes the number of
voids [33]. This was experimentally verified by Sumant et al. [35], who studied thoroughly the nucleation
surface of nanocrystalline diamond (NCD) films deposited on Si substrates pre-treated and seeded with
diamond nanopowders; the roughness of the nucleation surface was as low as 0.3 nm and the sp?
content was only 1.8%, in comparison with 0.7% on the top side.

To obtain an interface with a defect density as low as possible, the previous optimization of the
CVD parameters should be performed. Substrate temperature and CH./H, ratio directly influence the
morphology and growth rate of the diamond film. CVD diamond growth typically requires substrate
temperatures between 500 and 1200°C; as substrate temperatures drift above or below from this
interval, the film shifts to graphite or diamond-like-carbon (DLC) deposits, respectively. The growth rate
reaches a maximum around 1000°C and the substrate temperature influences significantly the film
morphology [36]. Due to the difference in the thermal expansion coefficients (TEC) of diamond and
substrate, the deposition temperature impacts directly the thermal stress at the interface. When
comparing the TECs of diamond, Si and SiC (1.0 [37], 2.6 [38] and 3.08 x10°® K [39], respectively) it can
be concluded that the mismatch effect is more critical in SiC than in Si. The size and type of the diamond
particles used for the US seeding may also influence the nucleation density and consequently the quality
of the interface and the uniformity of the diamond coating, so this parameter should also be optimized.

This paper reports low temperature deposition of diamond films by hot filament CVD (HFCVD) on
epitaxial and polished SiC samples using NNP. The parameters that were varied include seeding
suspension, deposition temperature and CHs/H, ratio. The deposited films were observed by scanning
electron microscopy (SEM) and the quality was accessed with Raman spectroscopy.

2. Materials and methods

A total of fourteen 10x10 mm? double side polished 300 um-thick 4H-SiC samples were used in this
work. Additional films were deposited on 4 n-type epitaxial 6H-SiC wafers. The roughness of both
polished and epitaxial samples was lower than 0.3 nm. The depositions were performed in a home-
made HFCVD system with rhenium (Re) filaments at 50 mbar. The temperature was measured by a
thermocouple touching the back of a sacrificial SiC substrate.

The SiC substrates were ultrasonically cleaned using acetone followed by ethanol and were air-
blown dried before being inserted in the HFCVD system for the PT step [33]. The surface of the SiC
substrates from series A was partially covered with flat Si samples during this step; in the remaining
experiments (series B, C & D) the whole surface of the SiC was exposed to the gas phase. Seeding was
performed after the PT step for 90 minutes using one of three different types of diamond suspension: (i)
200 mg of 40-60 um diamond grit dispersed in 20 ml ethanol, (ii) 200 mg of 6-12 um diamond grit
dispersed in 20 ml ethanol and (iii) 10 nm clusters of 4-5 nm detonation nanodiamond (DND) particles
dispersed in dimethyl sulfoxide (DMSO) (with a  potential of (35 = 5) mV) diluted in ethanol (1:3 ratio).
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The diamond grits and the DMSO DND suspension were supplied by Saint-Gobain Ceramic Materials and
International Technology Center, respectively. After being seeded the SiC samples were again
introduced in the system for diamond deposition. The PT, seeding and deposition conditions for all the
samples are listed in Table 1; for convenience the sample name reflects the processing history of each
sample, that is, sample names with same partial name mean that that particular procedure was
performed to all samples simultaneously.

After diamond deposition the samples were observed in a Hitachi SU70 SEM. Micro Raman
measurements were performed at room temperature with a WITEC Confocal Raman Microscope
Alpha300 R. The spectra were excited with a 532 nm laser and with a maximum power of 45 mW.

Pre-treatment (PT) Seeding Growth (G) Grain size Nucleation FWHM
Series| Sample name! Substrate? | CH4H2  Temp.  Duration (S) CH4H:  Temp.  Duration (nm) density (cm)
(%) (°C) (min) (%) (°C) (min) (cm?)
POL PT1 51 G11 1 500 120 500-600 NA.
POL PT1 51 G12 1 600 60 250-350 NA.
A TpoL PTH S1 G13 Pol ! 600 60 40-60 um 5 500 90 400-600 NA.
POL PT1_S1 G4 15 600 30 200-300 NA.
POL PT2 S2 G21 1 500 120 600-800 | 4x108
POL PT2 S2 G22 1 600 60 200300 | 6x108
B IpoL PT2 52 623 Pol ! 600 60 40-60 um =5 500 90 400600 | 4x108
POL PT2 S2 G24 15 600 30 150-250 | 5x108
POL_PT2 S3 - - - - 9x106% -
POL PT2 S3 G3 Pol 1 600 60 4-5nm 1 500 60 50-100 NA. 63
¢ |_POLPT2 53 G4 1 500 180 333-550 NA. 19
EPI_PT3 S4 ~ - - - 4x106¢ -
EPI_PT3_S4_G3 Epi 1 600 60 6-12 um 1 500 60 150-350 NA. 20
EP PT3 S4 G4 1 500 180 350-750 NA. 16
D | EPIPT4 S5G5 Epi 1 500 60 6-12 um 1 500 60 125-225 NA. 19

Table 1. Deposition conditions.
1The sample name reflects the processing history of each sample
2 Epi — epitaxial SiC; Pol — polished SiC
3 The substrate was partially covered with a Si piece during the PT step
4 Spontaneous nucleation density

3. Results and discussion

The samples from series A were given 1 hour PT with 1% CH./H, at 600°C. Following the PT step,
the Si piece was removed, seeding was performed with large 40-60 um diamond grit and diamond was
deposited according to the conditions in Table 1. Figures 1a and b show low magnification SEM images
of samples POL_PT1_S1 G11 and POL _PT1_S1_G14. The diamond deposits are extremely non-uniform
and the shade of the Si piece (marked with a red line) is clearly visible in the SEM images. Figures 1c and
d show higher magnification images of the regions marked with green arrows in Figures 1a and b. The
films deposited on samples POL_PT1_S1_G12 and POL_PT1_S1_G13 follow the same trends and are not
shown. The SEM images show that the diamond films have fully coalesced close to the vicinity of the Si
pieces. On the contrary, only isolated diamond crystals were deposited in the remaining regions. Since
both seeding and growth cycles were performed with the surface of the SiC substrates fully exposed, the
variation of the diamond films characteristics reflects a variation of the local carbon supply during the PT
step. This may be explained in case the gases infiltrated below the Si pieces, trapping the carbon radicals
in the vicinity of the Si piece and artificially increasing the local carbon supply during the PT step. It is
known that the thickness of the PT film increases with the CH4/H, ratio [33], so the trapping of carbon
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radicals would translate in an increased PT film thickness near the vicinity of the Si piece. During the
growth cycle, the existence of regions with an augmented carbon supply would in turn result in the
deposition of a denser film.

The denser zones (marked with red arrows) were observed under higher magnification, revealing
films with different trends. The deposition times are different for all the samples and it can be seen that
for the same temperature (Figures le and g, Figures 1f and h) longer deposition times resulted in larger
crystals, as expected (Table 1). The grains of films deposited at 600 °C (Figures 1f and h) are more
faceted than the ones deposited at 500°C. This influence of the substrate temperature on the film
morphology has been widely reported in the literature [40]. A closer analysis to the surface of the
diamond films further suggests that the crystals obtained with lower deposition temperatures and
CHs/H, rates are larger and flatter. These deposition conditions translate in lower growth rates;
however, at the same time, the PT film acts as a steady carbon supply during the first moments of
deposition. This extra carbon source, combined with the lower growth rates induced by the substrate
temperature and gas composition, result in the lateral growth mode of the crystals during the initial
moments of deposition. Figure 2a shows the Raman spectra obtained from the denser zones. The
Raman spectrum obtained from the SiC substrate alone is included as a reference. The diamond peak is
centered around 1332 cm™ and is considerably broad for all films, with the exception of the film
deposited at 500°C with 1.5% CH4/H,. However, as discussed above, if the gas molecules were trapped
below the Si surface the local carbon content changed, so it is not possible to relate the quality of the
films with the deposition conditions. A weak band centered around 1150 cm™ is seen in all the films,
indicating the presence of NCD or trans-polyacetylene. The films deposited with 1% CH./H> show the G-
band at 1590 cm™. An additional broad band centered at =1500 cm™ is seen in some spectra, however
the strong SiC band centered at 1520 cm™ makes it difficult to distinguish the signals coming from
substrate and film.

6/16



Si piece

SU70 5.0kV 6.3mm x35 SE(M)

(b)
1:5% CH/H,, 600°C

SU70 5.0kV 5.9mm x2.00k SE(M)

1% €H,/H,, 6005C - 4
A SeNY ‘

Y ‘*_

1% CH,/H,, 500°C

9mm x40.0k SE(U)

1.5% CH,/H,, 600°C:

-

) SuU m x40 )
(g) (h)
Figure 1. Low magnification SEM images of series A samples (a) POL_PT1_S1_G11 and (b) POL_PT1_S1_G14. Magnified images
of areas marked with green arrows, samples (c) POL_PT1_S1_G11 and (d) POL_PT1_S1_G14. SEM images of denser zones
marked with red arrows, samples (e) POL_PT1_S1_G11, (f) POL_PT1_S1_G12, (g) POL_PT1_S1_G13 and (h) POL_PT1_S1_G14.
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Figure 2. Raman spectra of samples from series (a) A and (b) B.

The following set of samples (series B) was prepared under the same conditions as series A (Table
1), but the PT was performed on the whole surface of the SiC samples. The deposited films are uniform
all over the sample but they did not coalesce to form closed films (Figure 3). The films coalescence
decreases from samples 3a to 3¢, 3b to 3d; in other words, 1% CH4/H; and 500°C is the condition which
favored the effective closing of the films (thanks to the lateral growth of the grains), whereas 1.5%
CH4/H, and 600°C did not promote the formation of closed films. This somewhat counter intuitive fact (it
is the general understanding that higher substrate temperatures and CHs/H, concentration promote
diamond growth, irrespective of the film quality) again suggests that the carbon in the PT film plays a
crucial role in the early growth of the diamond crystals. It is interesting to note that the shape of the
individual crystals follows the trend observed in series A, since crystals deposited at 500 °C (Figures 3a
and c) have a tendency to be larger and flatter. The average size of the crystals in samples from series A
and B deposited under the same conditions is also similar (Table 1). The nucleation density in the four
samples is listed in Table 1 and is in the range 6x10% cm™; the differences are ascribed to the difficulty in
identifying all the individual crystals in samples POL_PT2_S2 G21 and POL_PT2_S2 G23. From these
results it can be concluded that the seeding of the SiC substrates with the 40-60 um diamond is not
effective.
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Figure 3. SEM images of series B samples (a) POL_PT2_S2_G21, (b) POL_PT2_S2_G22, (c) POL_PT2_S2_G23 and (d)
POL_PT2_S2_G24. Insets: details of isolated grains.

Following these results with large 40-60 um grit, the subsequent seeding cycles were performed
with 4 nm DND and 6-12 um grit. The four samples from series C (two epitaxial and two polished) were
initially given a similar PT step (1 hour at 600°C and 1% CHa/H, ratio). After the PT, the polished samples
were seeded with 4 nm DND suspension and the epitaxial samples were seeded with 6-12 um diamond
grit. Figures 4a and ¢ show low magnification images of the surface of the seeded SiC samples. Both
samples show isolated crystallites that grew spontaneously on the SiC surface during the PT step, with a
density of 9 and 4 x10° cm™ for DND and 6-12 um grit, respectively. The surface of the polished sample
shows approximately twice more crystals; even though the difference is not considerable, this may
indicate that the polishing of the SiC wafer increases the number of nucleating sites for diamond
growth. The inset in Figure 4a is a magnification of the top-right area of the image where polishing lines
resulting from the polishing of the SiC wafer are clearly seen. It is interesting to note that these lines
were not visible before the PT and seeding procedures. The polishing of hard materials like SiC of WC-Co
is routinely performed with diamond grit, starting with large particles and then refining the particle size
until the final desired roughness is met. However, even though the final roughness may be very low
(<0.3 nm), the final polishing may not remove the deeper defect lines caused by the initial polishing with
large diamond grit— and that offer improved sites for diamond nucleation. These polishing lines can also
be seen in the nucleation surface of diamond films grown on polished Si substrates [9]. However, and
despite these lines, it should be noted that the roughness of both substrates is similar and, as a
consequence, the particular type of substrate is not expected to have any major influence on the
morphology and quality of the diamond films. Instead, any meaningful differences are attributed to the
influence of the particular suspension (DND vs. 6-12 um grit) used to seed the substrates. Going back to
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Figures 4b and d, from these images it can be concluded that seeding with both diamond suspensions
results in a uniform surface coverage. However, when the seeding is performed with DND suspension
the nanoparticles tend to form agglomerates that can be as large as 70 nm on the surface (Figure 4b).
Even though the size of the individual DND particles in the suspension is 4-5 nm, it is known that they
tend to form primary aggregates with average sizes below 30 nm that are very difficult to separate by
simple sonication. These aggregates have a tendency to further agglomerate due to the inherent
tendency to reduce the surface energy [41]. The presence of both primary and secondary aggregates is
clearly seen on the surface of the sample seeded with DND suspension. Seeding with 6-12 um grit gives
different results. When the 6-12 um diamond particles hit the SiC substrate during the US seeding, small
diamond particles are chipped off from the larger particles, resulting in a uniform “seeding mat”. Some
40-70 nm-sized clusters composed of diamond particles are also present on the SiC surface (Figure 4d).
A large crystal that grew during the PT step can be seen in the top-left corner of sample seeded with
DND (Figure 4b).

SU70 4.0kV 6.8mm x130k SE(U)

SU70 4.0kV 7.6mm x10.0k SE(U) SU70 4.0kV 5.6mm x130k SE(U) 400nm

(d)
Figure 4. SEM images of series C samples after PT and seeding cycles; (a), (b) POL_PT2_S3; (a) inset: visible polishing lines; (c),
(d) EPI_PT3_S4.

The pre-treated and seeded series C samples were again introduced in the system. Diamond was
deposited for one and three hours using the conditions that led to the largest crystals (500 °C and 1%
CH4/H> ratio) and a polished and an epitaxial (seeded with DND and 6-12 um diamond particles,
respectively) SiC sample were coated in each run. The morphology of the deposited films can be seen in
Figure 5. After only one hour of growth at 500 °C, the sample seeded with DND suspension shows a
completely closed and uniform film (Figure 5a). On the other hand, the film deposited on the sample
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seeded with 6-12 um diamond grit looks very uniform, despite the presence of some small gaps (marked
with a red rectangle in Figure 5b). The inset shows a magnified view of a =400 nm hole. Curiously, the
crystals on sample seeded with 6-12 um are larger than the crystals on sample seeded with DND
particles (150-350 nm against 50-100 nm after one hour diamond growth). In the case of the grit-seeded
sample, the surface was covered with a complete layer of diamond nanoparticles that chipped off from
the larger diamond particles during the US seeding (Figure 4d). Once under growth conditions, these
particles start growing immediately, without any incubation period. On the other hand, it is known that
commercial DND particles typically have an outer shell of graphitic or amorphous carbon [42,43]. This
shell delays the effective growth of the diamond seeds— thus explaining the difference in the size of the
grains on samples seeded with grit and DND after one hour of growth. Despite the fact that the film
obtained with DND seeding has smaller crystals, it is fully closed and no holes can be seen, suggesting
that seeding with DND particles results in a higher nucleation density than seeding with 6-12 um grit.
After three hours growth, both films are closed and uniform (Figure 5c, d). The grains of sample
EPI_PT3_S4 G4 are again slightly larger than the grains of sample POL_PT2_S3_G4 (350-750 nm against
300-550 nm), even though the difference is not as marked as after one hour of growth.

dIRERE

o
S B
D= r“"”}sf‘(

kV 7.6mm x10.0k SE(U)

Figure 5. SEM images of samples (a) POL_PT2_S3_G3 and (b) EPI_PT3_S4_G3 (one hour growth); (c) POL_PT2_S3_G4 and (d)
EPI_PT3_S4_G4 (three hours growth). (a) inset: magnified view of a hole in film on sample POL_PT2_S3_G3.

Figures 6a and b show the Raman spectra of the diamond films after one and three hours
deposition, respectively, for the series C samples. The SiC spectrum is again included as a reference.
Raman spectra were obtained from 5 different locations for each sample and they are quite similar,
attesting the uniformity of the diamond deposits. After 1 hour of deposition, and despite being closed,
the film deposited after DND seeding (POL_PT2_S3_G3) shows a very poor diamond signal, a broad peak
with amplitude comparable to the one of the G-band, centered around 1590 cm™. On the contrary, the
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sample EPI_PT3_S4_G3, seeded with 6-12 um grit, shows a diamond peak centered at =1333 cm™ and
20 cm? full with at half maximum (FWHM); a small band at 1135 cm™ is attributed to the presence of
nanocrystalline diamond or trans-polyacetylene and the G-band, if present, is not prominent. It should
be noted, however, that the Raman spectrum of the SiC substrate has a band at 1525 cm™, which may
be partially superimposed on the G band thus hampering its proper identification. After 3 hours growth
the diamond peak sharpens for both samples (FWHM of 19 and 16 cm™ for samples seeded with DND
and grit, respectively) and the G-band contribution (reflected in the amplitude ratio between the sp3
peak and the G-band) decreases clearly. Once again, since the superposition of the SiC 1525 cm™ band
hampers the accurate determination of the amplitude of the G-band, we opted not to quantify it. The
comparison of the Raman spectra of the different samples suggests that, even though the nucleation
density obtained with DND particles may be larger than the one obtained with 6-12 um grit, seeding
with grit improves the quality of the initial layers of the diamond deposits in comparison to seeding with
these particular DND particles — and this is advantage when the diamond films are intended to passivate
surface electric defects or to extract heat from a particular device. This difference in quality can be due
to the presence of the amorphous carbon / graphitic shell surrounding the sp® cluster. DND powders
synthesized by detonation contain core particles with a size of 4-5 nm agglomerated in primary,
secondary and larger aggregates. The larger and secondary aggregates can be broken down into primary
aggregates with diameters of 100-200 nm by ultrasonic treatments, but the further breaking of these
primary aggregates into the 4-5 nm core particles requires a more energetic technique, typically bead
milling [5]. However, this approach introduces contamination from the bead material and creates an sp?
shell on the surface of the DND core particles [42],[7] whose removal requires further processing
methods like treatment with super-critical water, ozone, oxidizing acids or boric anhydride [10]. It has
been shown that exposure of DND seeds to H; plasma in a microwave plasma CVD (MPCVD) system at
720°C for 5 and 15 minutes reduces the C-C sp? XPS peak down to 10 and <5%, respectively, in
comparison with the same peak in the un-hydrogenated seeds [44]. In the present study, samples were
deposited in a HFVCD system (with a lower concentration of atomic H) and at considerably lower
temperatures. The combined effect of atomic H etching and sp® growth due to the presence of CHy is
thus not expected to lead to the total etching of the amorphous shell. These results outline the
importance of using DND particles that have been further processed to remove the outer sp? shell when
the quality of the diamond film at the interface is of utmost importance, as is the case when passivation
of electronic devices or improved heat extraction are required.
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Figure 6. Raman spectra of samples (a) POL_PT2_S3_G3, EPI_PT3_S4_G3 and EPI_PT4_S5_G5 (one hour growth); (b)
POL_PT2_S3_G4 and EPI_PT3_S4_G4 (three hours growth). SiC spectrum shown as a reference.
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Finally, in order to depict the influence (if any) of the PT temperature, an epitaxial SiC substrate was
given PT for one hour at 500 °C. Seeding was performed with 6-12 um diamond grit and diamond was
deposited at 500 °C for one hour (sample EPI_PT4 S5 G5). SEM images (Figure 7) reveal the diamond
film is not closed and the crystal size is comprised between 125-225 nm, whereas the crystal size of the
sample prepared under similar conditions but with PT performed at 600°C (EPI_PT3_S4_G3) was
somewhat larger (150-350 um). It is known that the carbon atoms in the PT film act as an additional
carbon supply during the initial stages of diamond growth, promoting lateral growth and the film
coalescence [33]. On the other hand, the PT film thickness increases with temperature, meaning that for
a lower deposition temperature the amount of C incorporated in the PT film is lower. As a consequence,
and even though the deposition conditions were similar for both EPI_PT3_S4_G3 and EPI_PT4_S5_GS5,
the total supply of C atoms in the case of sample EPI_PT4_S5_G5 was smaller and the film did not
coalesce fully in one hour. The Raman spectrum of sample EPI_PT4_S5_G5 (Figure 6a) is similar to the
Raman spectrum of sample EPI_PT3_S4_G3 .This suggests that the conditions of a particular PT cycle
play a vital role in the incubation time of the diamond film (as the carbon content of the PT film
increases the grains coalesce faster, thus decreasing coalescence time) but do not influence the quality
(almost identical FWHM values in Table 16) of the final deposits.

1.00um

Figure 7. (a, b) SEM images of sample EPI_PT4_S5_G5.

4. Conclusions

Thin diamond films were deposited on SiC substrates using HFCVD at temperatures as low as
500 °C; seeding was performed with 4-5 nm DND, 6-12 and 50-60 um diamond suspensions. Some of the
substrates were partially covered during the PT step with a Si piece; SEM images suggest that this piece
induced the trapping of activated species immediately below the edges of the Si piece, which in turn
cause the deposited films to be highly non-homogeneous. Lower deposition temperatures (500 °C)
induce the lateral growth of the diamond crystals, in comparison to higher temperatures (600 °C).
Seeding with 40-60 um grit was not effective, since the SiC substrates only showed isolated crystals. On
the contrary, after 1 hour CVD at 500 °C the sample seeded with DND showed a completely closed
diamond film but isolated small holes could be seen in the sample seeded with 6-12 um. However, the
quality of the film obtained with 6-12 um seeding was considerable better than the quality of the one
obtained with DND seeding (FWHM of 16 and 19 cm™ after 3 hours deposition, respectively), suggesting
that the DND seeds used in this study had an outer sp? shell. The temperature at which the PT film was
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formed was shown to have an impact on the incubation time of the diamond deposits: an increase in
the PT temperature leads to a larger incorporation of carbon atoms in the PT film and a consequent
decrease in the incubation time.
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