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Studies of diamond films/crystals synthesized by
oxyacetylene combustion flame technique
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High-quality diamond films/crystals were synthesized using the oxyacetylene combustion
flame technique at atmospheric pressure in a narrow acetylene-rich region. Three nozzle
configurations, single-, tilted- and multi-nozzle, were used to explore possible ways to
improve the uniformity of diamond films and to increase the deposition areas. It was found
from the systematic investigation that the surface morphology and crystal structure of
diamond films are strongly dependent on the processing parameters such as the gas
mixture ratio, r, of acetylene to oxygen, substrate temperature, and nozzle configurations.
The appearance of two-dimensional spiral steps on (110) diamond surfaces was observed,
which have not previously been reported in the literature. This phenomenon is explained
using the concept of surface reconstruction. The observed layered steps on (100), (110),
and (111) diamond planes strongly suggest that under certain conditions the synthetic
diamond crystals could grow with a layer mechanism on any major plane, at leastin the case
of films made using combustion flames. Experimental results from X-ray diffraction and
Raman spectroscopy show the presence of compressive stress along the (100) direction in
the diamond films. The films also have good optical transparency, indicating potential for
optical coating applications. The hardness, growth rate, film uniformity, and deposition
areas of diamond films are discussed. Advantages and limitations of these three flame-torch

deposition techniques are also presented.

1. Introduction

Diamond has many potential applications due to its
excellent electrical, optical, mechanical, chemical and
thermal properties. Its high hardness, strength, chem-
ical resistance and low coefficient of friction makes it
an ideal material for abrasive- and wear-resistant sur-
faces, tool coatings and corrosion barriers. The ultra-
violet—visible—infrared transparency makes it suitable
for optical applications, such as windows, lens coating
and X-ray lithography masks. Its high thermal con-
ductivity and good electrical insulation makes dia-
mond film a good heat diffuser material for high-
power semiconductor devices, thus allowing a high
degree of circuit integration and denser packaging
with fewer thermal problems. The high hole mobility,
the wide band gap and the high breakdown voltage of
doped diamond may lead to active semiconductor
diamond elements for high-power/high-frequency
electronic devices and devices to be utilized in high-
temperature, chemically harsh and/or high-radiation
flux environments. Diamond is estimated to have re-
spectively, 1189 and 70 times the potential of GaAs
for high-frequency/high-power and high-frequency/
high-packaging density applications [1]. To realize
the true potential of diamond in the above applica-

tions, diamond must be deposited as films and/or
coatings on non-diamond substrates in an economi-
cally viable manner.

The development of low-pressure diamond film de-
position techniques has generated a great deal of inter-
est in the scientific community. Since the break-
through in low-pressure synthesis of diamond, various
techniques for low-pressure growth of diamond have
been developed. Now diamond films can be syn-
thesized by various chemical vapour deposition
(CVD) techniques such as hot-filament CVD, micro-
wave-assisted CVD, arc-discharge CVD, etc. The cur-
rent status of extensive research activities in the
growth of diamond thin films by the CVD process and
in the applications of these synthetic diamond films
are discussed in several excellent review articles [2-7].

The low-pressure synthesis techniques are all per-
formed in a reduced pressure environment thus re-
quiring a reaction chamber. The physical size of the
reaction chamber poses a limitation on the. size or
length of the article that can be coated [8]. The
low-pressure synthesis techniques usually yield low
growth rates, e.g. the growth rates for the low-pressure
plasma-enhanced CVD are typically 1-3 pmh™*
[9]. Recently, Hirose first reported a new method of
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diamond synthesis using oxygen acetylene combus-
tion flames at atmospheric pressure [10], which was
later confirmed by several other groups [11-20].
Compared with conventional CVD processes, dia-
mond growth rates of the order of 100 pymh ! can be
realized using this method [§].

In the oxygen acetylene combustion flame tech-
nique, the high temperature of the oxyacetylene
flames, about 3000 °C at its inner core near the nozzle
edge [217, ionizes the hydrocarbon gas by thermal
plasma, thus generating the chemical vapour species
for diamond deposition. Apart from the high growth
rates, this simple technique, which only requires low
equipment investment, can produce high-quality dia-
mond films/crystals with optical transparency in the
visible light range, as well as in the infrared and
ultraviolet ranges [22,23]. This technique demon-
strates the diversity of the methods that can be used to
grow diamond. It also offers a new set of experimental
possibilities to study the mechanisms of synthesis and
crystal growth of diamond.

In this paper, we report experimental results from
our systematic studies on diamond films/crystals syn-
thesized using the oxyacetylene flame technique with
three different nozzle configurations, and also our new
observation of two-dimensional spiral steps on (110)
diamond surfaces, as well as on (100) and (111)
planes. This new phenomenon of growth steps on
(1 10) surfaces is explained with the concept of surface
reconstruction. Advantages and limitations of the
flame diamond film deposition techniques with the
three nozzle configurations, and the effects of process-
ing parameters on the diamond films/crystals are
discussed.

2. Experimental procedure

The combustion flame technique involves the burning
of various hydrocarbons at atmospheric pressure. The
experimental apparatus is schematically shown in
Fig. 1. The oxygen—acetylene welding torch is fitted
with nozzles of three different configurations, as
shown in the insert of Fig. 1. In the first configuration
or single-nozzle, a brazing nozzle (size no. 1), is posi-
tioned vertically above the substrate. The distance
between the torch nozzle and the substrate is main-
tained between § and 14 mm, and the deposition time
is 1 h. In the second tilted-nozzle configuration, the
brazing nozzle (size no. 1) is tilted at an angle, ¢,
between the normal of the substrate and the flame
axis. An angle of 60° has been used for most of the
runs. The distance between the torch nozzle and the
substrate varied between 1 and 3 mm and the depos-
ition times were 0.5-2h. In the third multi-nozzle
configuration, a custom-made multi-nozzle is used.
The distance between the torch nozzle and the sub-
strate was between 3 and 4 mm, and the deposition
time varied from 1-2 h.

The source gases used were 99.5% purity acetylene
and oxygen. The flow rates of the acetylene and oxy-
gen are controlled by mass flow controllers (MKS
model 100) with an accuracy of =+ 0.01 stan-
dard Imin~'. The oxygen gas flow rate was main-
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Figure 1 Schematic drawing of the oxyacetylene deposition experi-
ment. The inserts show the single-, tilted- and multi-nozzle config-
urations.

tained at 1.32 standard 1 min ™! for all the experiments,
while the acetylene gas flow rates were varied in ac-
cordance to the gas ratio, r, of the acetylene to oxygen.
Molybdenum substrates of 12mm x 12 mm in size,
were first polished with sandpaper, followed by 3 pm
diamond paste. The polished molybdenum substrates
were then cleaned in trichloroethylene, acetone and
rinsed with deionized water, before being mount-
ed on a water-cooled holder made of copper. The
substrate temperature, Ts, was measured with an in-
frared pyrometer (Mikron model M90).

The deposited diamond films were characterized
using scanning electron microscopy (Joel JSM S300,
Cambridge Stereoscan 250 MK3), X-ray diffrac-
tometry (Philips PW 1830), Raman spectroscopy
(Spex 1403) and microhardness tests (Matsuzawa
DMH-1).

3. Results and discussion
3.1. Morphology
The surface morphology and other physical properties
of the flame-made diamond films are greatly affected
by the deposition parameters such as gas mixture
ratios of acetylene to oxygen, temperature and sub-
strate interface, etc. For all three nozzle configura-
tions, as the acetylene concentration in the gas
mixture is increased, non-diamond phases are found
to increase, gradually leading to the formation of
amorphous carbon and eventually graphite and soot.
This can be explained on the basis that with increasing
acetylene concentration, the etching effect on graphitic
components by atomic hydrogen, oxygen and OH
decreases, resulting in increasing levels of non-dia-
mond bonded phases in the films.

Diamond crystals can only be synthesized within
a very narrow range of gas mixture ratio. At high gas
mixture ratio, r, ball-like deposition with high
amorphous carbon content was formed. But at too
low a gas mixture ratio, there was no carbon depos-
ition due to the complete oxidation. Fig. 2 shows
scanning electron micrographs of the diamond film
deposited using the single-nozzle configuration, with
an acetylene to oxygen ratio of r = 1.02. The substrate
temperature measured at the centre was about 980°C.
The area of deposition was about 5 mm in diameter.
Fig. 2a~d show the morphology of the diamond film
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Figure 2 Scanning electron micrographs of diamond films deposited using the single-nozzle configuration with r = 1.02. The radial distances

from the centre spot are: (a) 0 mm, (b) 1 mm, (c) 1.8 mm, (d) 2.5 mm.

at points 0,1,1.8 and 2.5 mm away from the film
centre, respectively. The film morphology changed
from Fig. 2a at the centre to Fig. 2d at the periphery of
the deposit, showing the non-uniformity and surface
morphology variation across the deposition area. At
the centre of the deposition (Fig. 2a), diamond crystals
have an average grain size of 20 pm, with a large
number of small (100) oriented crystals growing on
top of large crystals. It shows clearly the secondary
nucleation and growth of diamond crystals. In Fig. 2b,
at a region 1 mm away from the central position,
-crystals with sizes of 10—15 um are observed. There is
a large proportion of (110) oriented crystals in this
region, indicating a decomposition of (1 00) crystals at
a higher temperature through (1 10} at a middle tem-
perature, to (1 11) oriented crystals at a lower temper-
ature. The conclusion is that a cubic habit predomi-
nates at high temperatures, while octahedral faces
result at low temperature [ 16, 24]. The densely packed
diamond crystals having predominantly (111) ori-
entation can be found at a region 1.8 mm away from-
the centre (Fig. 2c). At the periphery of the deposition
area (Fig. 2d), scattered faceted diamond crystals of
2-4 um in size can be observed. During the deposition
process, oxygen in the surrounding air diffuses
through the periphery of the flame into the inner zone.
This addition of oxygen is believed to increase the
atomic hydrogen concentration, resulting in the
formation of high-quality diamond crystals [25].
However, the atomic hydrogen concentration in the
combustion flame is quite low, estimated to be only
a fraction of 1074 [9, 26]. Frenklach and Wang pro-
posed that the OH radical and atomic oxygen might
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also play a similar role for atomic hydrogen [27]. The
accumulation of data [28] in the literature suggests
that the graphite-etching capability of atomic oxygen
and the OH radical can be two to three orders of
magnitude greater than that of atomic hydrogen.
Thus, it is believed that a higher concentration of the
OH radical and atomic oxygen at the periphery of the
flame contributes to the high quality of the diamond
films.

We have also produced diamond films with con-
siderable improvement in uniformity, optical trans-
parency and relatively large deposition area, using the
tilted torch deposition technique [29]. Fig. 3 shows
a diamond film made by this method. In this figure,
scratches and defects on the substrate can be clearly
seen through the film, showing that the film is optical-
ly transparent. Fig. 4 shows two scanning electron
micrographs of a diamond film synthesized with
r =1.04 and T at the film centre is about 750°C.
Fig. 4a is at the central spot, while Fig. 4b is at the edge,
about 4 mm away from the centre. These two pictures
are almost identical in terms of their surface morpho-
logy and vary only slightly in their particle sizes,
giving evidence of the improvement in the film uni-
formity. It has been found in our experiments that the
tilted torch deposition technique results in frequent
delamination and breakage of film because of poor
adhesion between the diamond films and the substra-
tes. This is a result of the reduction in the velocity of
gas flux normal to the substrate. The higher the mo-
mentum of deposition particles impacting on the sub-
strate surface, the higher is the probability of these
particles diffusing into the substrate, resulting in better



Figure 3 Optically transparent diamond film deposited using the
tilted-nozzle deposition.

Figure 4 Scanning electron micrographs of diamond films depos-
ited using the tilted-nozzle configuration with r = 1.04. They are at
(a) the centre of the film and (b) the edge of the film.

adhesion. With a large tilt angle, ¢ (Fig. 1), in the
tilted-nozzle configuration, a considerable amount of
the gas flux momentum is parallel to the substrate
surface, and does not contribute to the interface ad-
hesion.

To increase the deposition area, we have designed
and built a custom-made multi-nozzle for synthesizing
diamond film. Fig. 5 shows a series of scanning elec-
tron micrographs of the surface appearance of a film
deposited with an acetylene to oxygen ratio r = 1.0
using the multi-nozzle technique. The deposition area
is about 12 mm diameter, which is three or four times
larger than that produced using a single nozzle [19].
Fig. 5a—d are about 0, 3,4 and 5 mm away from the

film central spot, respectively. The substrate temper-
ature at the deposition centre is about 875°C. In
Fig. 5a, diamond crystals with an average size of about
30 um have the preferred (1 11) orientation, and this
preference is extended to region (b), giving a relatively
large uniform deposition area. Fig. 5¢c shows the ap-
pearance of (100) faces on top of triangular (111)
crystals, as well as a mixture of these two oriented
diamond crystals, indicating that this region is in the
morphological transition field. The periphery of the
deposited film is predominated by (100) faces, as
shown in Fig. 5d. However, small deposition areas

'with no crystallographic diamond features are also

observed in some samples from the multi-nozzle
method. Most of these areas are scattered between the
central spot and the outside regions. This may be due
to the influence and/or disturbance of the gas fluxes
and the distribution changes of temperature and spe-
cies concentrations in the multi-nozzle flames.

The change of crystal orientation is the exact oppo-
site to the previous observation shown in Fig. 2. These
contradictory surface observations, in fact, reflect the
wide debate in the literature on the diamond morpho-
logy dependence upon the processing variables.
Kobashi et al. [30] have shown that the polycrystal-
line diamond films change from (11 1) orientation at
low methane concentration, to (100) orientation as
the methane concentration is increased, with a very
narrow concentration range of 0.4% for causing this
transformation. Spitsyn et al. [24] reported that high
concentrations of methane in hydrogen and low sub-
strate temperatures favoured the formation of (111)
faces, while low concentrations of methane in hydro-
gen and high substrate temperatures produced mainly
(100) faces. Within the optimum temperature range,
diamond is highly faceted, but there is no consistent
variation in form with temperature. With increasing
temperature, changes of predominant surfaces from
both (100) to (111) [31, 32] and (111) to (100) [33,
34] have been reported. From the thermodynamic
equilibrium point of view, the most stable growth
planes of diamond are the octahedral (111) faces,
followed by (1 10) faces and the cube (100) faces [35].
However, the growth conditions of diamond in low-
pressure CVD processes and in oxyacetylene combus-
tion flame synthesis are far from the thermodynamic
equilibrium conditions, therefore, even small shifts in
processing variables, which vary from case to case, can
have a significant effect on the final surface appear-
ance. Moreover, due to the great temperature and
composition gradients, high flux velocity, and high
flux density in the combustion flame, non-uniformity
and surface morphology variation of the flame-made
diamond films/crystals are always anticipated. There-
fore, caution should be exercised with interpreting the
diamond surface features.

3.2. Hardness

The hardness of the synthesized films was measured
by a microhardness tester (Matsuzawa DMH-1) using
the Vickers indentor. It has been reported that when
a measurement is performed with a light load, the
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Figure 5 Scanning electron micrographs of diamond films deposited using the multi-nozzle configuration with r = 1.00. The radial distances

from the centre sport are: (a) 0 mm, (b) 3 mm, (c) 4 mm, (d) 5 mm.

microhardness value is dependent on the load applied
[36]. For measurements of thin film coating, the effect
of the substrate on the film hardness measurement
must be taken into account if the depth of indentation
exceeds 10%—-25% of the film thickness [37]. The
substrate is usually thought to exert little influence
when the indentation depth is less than one-tenth of
the film thickness [38]. A single load of 300 g was used
throughout our tests to eliminate the significance of
load dependence. Table I lists the average hardness
values of the different morphologies and crystal struc-
ture of the deposited diamond films. Diamond films
with a ball-like structure have an average hardness of
2800 HV; while those with crystalline structure of the
(100) and (1 11) directions have very similar average
hardness values of 7800 HV and 8000 HV, respective-
ly. Regions of the diamond film with transitional mot-
phology between bali-like and well-defined crystalline
structure have an average hardness value of 5500 HV.
A maximum microhardness value of 8000 HV, ob-
tained from the flame-made diamond films is quite
close to the microhardness value of 10000 HV for the
natural diamond. From the above results, it is obvious
that the hardness value is strongly dependent on the
morphology and crystal structure of the diamond
films.

3.3. X-ray Diffraction

Fig. 6 shows two typical X-ray diffraction patterns for
our diamond films. To perform the X-ray analysis, the
film is peeled off the substrate and mounted on a glass
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TABLE I Average hardness value for different morphology and
crystal structure of diamond films

Morphology Hardness HV
(kgmm~?)

Molybdenum substrate 265

Ball-like structure 2800

Transition from ball-like to crystalline 5500

Cubic structure (100) direction 7800

Dense pinhole free (11 1) direction 8000

sample holder. From both patterns, the diamond
(111),(220),(113),(400) and (33 1) peaks are identi-
fied, but no graphite peak can be detected from the
measurement. The results confirm that the films have
mainly diamond structure. Curve (a) indicates a pre-
ference for (100) orientation in the film, because the
ratios of the (100) peak to others from the film are
much higher than those for the polycrystalline dia-
mond powders (JCPDS, 6-675). For pattern (b), the
ratios of the (11 1) peak to others from the film are
much higher than those for polycrystalline diamond
powders (JCPDS, 6-675), indicating the preference for
the (111) orientation in the film. The peak intensity
and d-spacing of the film (pattern b) and the polycrys-
talline diamond are listed in Table II. It is interesting
to note that the d-spacing of the (4 00) crystal orienta-
tion of the film is smaller than that of natural dia-
mond, whereas the others are more or less the same as
those of natural diamond. This suggests the existence
of compressive stress along the (100 axis in the film
due to compacted lattice spacing of the planes [39].
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Figure 6 X-ray (CuKe) diffraction pattern of diamond films: (a)
with preference for (11 1) orientation; (b) with preference for (100)
orientation.

TABLE 1! X-ray data of intensity and d-spacing from a diamond
film and from the powder diffraction of natural diamond

Index Measured (Pattern b) JCPDS 6-675

dnm Ii/lmax d(nm) Ii/Imax
(111) 0.20602 100 0.20603 100
220 0.12615 7.0 0.126 14 25
(113) 0.107 55 9.9 0.107 54 16
400) 0.089 11 45 0.08917 8
33D 0.08184 1.9 0.08182 16

3.4, Raman spectroscopy

The Raman spectra at the central (1 1 1) and periphery
{100) region of the film shown in Fig. 5a and b are
given, respectively, in curves (a) and (b) in Fig. 7. The
Raman spectrum (a) reveals a sharp diamond peak at
1332 cm ™}, confirming the existence of diamond crys-
tals. The full width at half maximum (FWHM) of this
spectrum is 4.5 cm !, within the top-quality range of
synthetic diamond using CVD or combustion flames
[6, 22, 40], although it is wider than that of natural
diamond of 1.65-2cm™' [33, 41]. This curve also
shows a small, broad peak around 1525 cm ™!, which
is more pronounced in spectrum (b). The appearance
of this continuous broad peak suggests the presence of
sp? bonded carbon in the form of graphite, amorph-
ous carbon or a combination of both. These non-
diamond forms of carbon are mainly located at grain
boundaries, evinced by the fact that the broad Raman
peak in curve (b) is enhanced by small grains. It is
plausible that this broad peak indicates the existence
of various local carbon clusters with relaxed sp? bind-
ings modified by surrounding vacancies [42, 43].
A striking feature of spectrum (b) is that the Raman
peak excited from diamond (1 00) planes is located at
1338 cm ™. This implies that there is a compressive
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Figure 7 Raman spectra of diamond films deposited using the
multi-nozzle configuration (a) at the centre with (1 1 1) surfaces, and
(b) near the film edge with (1 00) surfaces.

stress on these (100) diamond planes [33, 44-47],
which is consistent with the result found from the
X-ray diffraction, as discussed in the previous section.
For stress parallel to the diamond {(100) axis, the
stress can be obtained from the magnitude of the shifts
by [48]

X = — (108 GPacm™) 8(k,)

where 8(k,) is the peak shift (cm ~!) and X is the stress
(GPa). Thus the compressive stress along the {100)
direction in the sample can be estimated to be
5.4 GPa.

3.5. Growth rate, columnar growth and
interface

The combustion flame technique has the advantage of
high growth rates compared to the CVD technique.
Fig. 8 shows the growth rate versus the flow rate ratio,
r, of acetylene to oxygen in the single nozzle case. The
growth rate increases with the gas mixture ratio,
reaching 85 um h™*'. The experiments are conducted
with the oxygen flow rate maintained at 1.32 standard
Im ~?, while the acetylene flow rate is varied in accord-
ance with the gas mixture ratio. With increase in
nozzle size and flow rate, it is possible to obtain even
higher growth rates of diamond films by this tech-
nique. It was also observed that the tilted nozzle
deposition generally yields much lower growth rates
compared with the normal flame deposition, because
of the loss of a large amount of gas species flowing
parallel to the substrate surface.

Fig. 9 shows a scanning electron micrograph of the
rear side of the film. Diamond crystals of the order of
1 um size can be observed from the traces of grain
boundaries. Compared to the top surface of the dia-
mond film with crystals of 30 mm size in Fig. 5, it can
be deduced that during crystal growth of diamond
films, the grain size increases from the substrate face to
the top film surface. The protruding line shown in
Fig. 9 is the replica of a scratch line on the substrate
surface. Small particles can be observed on the replica
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Figure 8 Growth rate of diamond films as a function of the gas
mixture ratio, r, of acetylene to oxygen.

Figure 9 Scanning electron micrograph of the rearside of the dia-
mond film.

of the scratch line, reflecting the preference for in-
homogeneous nucleation at the defect regions [5, 33].
On the interface of the diamond film, which is in
intimate contact with the molybdenum substrate,
there are uniformly distributed small sesame-seed-like
particles. These are believed to be carbides, which are
formed as an intermediate layer during the deposition
of diamond on molybdenum substrates and other
carbide-forming substrates such as silicon, tungsten
and titanium [5, 11, 49]. Fig. 10 shows a scanning
electron micrograph of the columnar growth of a dia-
mond thin film. Columnar growth is a common phe-
nomenon in synthetic diamond films [30, 41. 50],
implying that the physical properties of these diamond
films are anisotropic in nature, for example, thermal
conductivity.

3.6. Step-growth mechanism

An SEM micrographic observation of a film shows
two-dimensional spiral steps on (110) and (111)
planes in Fig. 11a and (100) planes in Fig. 11b. The
layered steps indicate that the crystal growth takes
place by the Burton—Cabrera—Frank mechanism
[51], that is, it proceeds by a spiral growth using
a screw dislocation. It is well known [52] that the glide
planes in a diamond are {111} with Burgers vectors
1/2 {100>. Therefore, the screw dislocation must be
parallel to {111} planes. In fact, these two-dimen-
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Figure 10 Scanning electron
growth of the diamond film.

micrograph showing columnar

2 ym

Figure 11 Scanning electron micrographs of two-dimensional
steps: (a) on (110) and (111) planes; (b) on a (100) plane.

sional steps can be virtually seen on any major plane
in the figure. The occurrence of the layered steps
strongly suggests that under certain conditions, syn-
thetic diamond crystals can grow with the layer mech-
anism on any major plane, at least in the case of films
made by the combustion flame technique.

The appearance of spiral layers on (110) diamond
surfaces synthesized using combustion flames
is in strong contradiction with the periodic-bond-
chain (PBC) theory formulated by Hartman [35]. Ac-
cording to the PBC theory as applied to diamonds, an
uninterrupted chain of C—C bonds is called a PBC,



and diamond faces are classified into three groups,
namely, flat (F), zig-zagged (S), and kinked (K), de-
pending on the number of PBC contained in a surface
layer dj. (111) planes containing two PBC are F-
planes, which have the slowest growth rate and grow
by a layer mechanism; (100) planes containing no
PBC are K-planes, which have the highest growth rate
and should not appear as diamond facets; and (110)
planes containing one PBC are zigzagged S-planes,
which grow by a one-dimensional nucleation mecha-
nism. Based on Hartman’s theory, the expected dia-
mond crystal should be an octahedron composed of
(111) planes only. Apparently, our observation of
two-dimensional spiral layers on (1 10) faces conflicts
with the PBC prediction. Moreover, spiral steps on
(100) planes were reported by Okada et al. [53],
which is not consistent with the PBC theory either.
The layered steps on (110) planes observed in our
experiment can probably be interpreted using the con-
cept of surface reconstruction [54]. As is known in
synthetic diamond films, there is a certain number of
dangling bonds on the top surface layer, thus it has
high surface free energy and is in a thermodynamically
unstable state. To stabilize the surface layer, surface
reconstruction takes place. In such a process, an extra
PBC, as well as some vacancies are created, and surface
atoms rearrange in a manner to minimize the surface
free energy to a crystallographically stabilized surface.

4. Conclusion

The oxyacetylene combustion flame technique has
been successfully used to obtain high-quality diamond
films/crystals at atmospheric pressure. The surface
morphology and crystal structure depend strongly on
the processing conditions, such as the gas mixture
ratio of acetylene to oxygen, deposition temperature,
and gas-flow conditions due to different nozzle config-
urations. It has been found that the microhardness of
these films is closely correlated with the surface ap-
pearance and film quality. Small changes in processing
variables can have a significant effect on the final
surface appearance, and it is especially true in the
diamond film deposition using the oxyacetylene com-
bustion flame technique, because the deposition con-
ditions are far from the thermodynamic equilibrium
conditions. Compressive stress has also been observed
along the (100) axis of the diamond crystals by both
X-ray diffraction and Raman spectroscopic measure-
ments. A relatively high growth rate is achievable with
this combustion flame technique. The new observed
spiral layered steps on (110) diamond planes (not
previously reported in the literature) strongly suggest
that under certain conditions, the synthetic diamond
crystals can grow with surface reconstruction
by the step-growth mechanism in any major plane,
at least in the films made by the combustion flame
technique.
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