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Deposition of Diamond Film by Hydrogen-oxyacetylene
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Diamond film was deposited on Mo substrate at atmospheric pressure using a combustion flamme apparatus with
the addition of He. At a temperature above 1000°C, parts of the film were converted into graphites and these were
etched by hydrogen atoms. With increasing C.H./O, ratio, the nuecleation demsity of the film increased. But the
greater part of the film was {formed with cauliflower-shaped amorphous carbon. These amorphous carhon were crys-

tallized by etching amorphous carbon.
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I. Introduction

D iamond has many outstanding physical and chem-
ical properties, which make it desirable for mechan-
ical, thermal, optical and electronic applications. Its high
hardness, strength, chemical resistance and low coef-
ficient of friction make il an ideal material for abrasives,
wear-resistant surfaces, tool coatings and corrosion bar-
riers. The wultraviolet visible infrared transparency
makes it suitable for optical applications, such as win-
dows, lens coating and X-ray lithography masks. Its high
thermal conductivity and good electrical insulation make
diamond film a good heat diffuser material for high pow-
er semiconductor devices, thus allowing a high degree of
circuit integration and denser packaging with fewer ther-
mal problems.™

Hirose™ first reported a new method of diamond syn-
thesis using oxygen acetylene combustion flames at at-
mospheric pressure. In the oxygen acetylene combustion
flame technique, the temperature of the oxyacetylene
flames is up to 3000°C at inner care near the nozzle edge,
thus ionizes the hydrocarbon gas and produce the chem-
ical active species for diamond deposition.” Apart from
the high growth rates, this simple technigque, which only
requires low equipment investment, can produce high
quality diamond films/erystals with optical transparency
in the visible light range, as well as in the infrared and
ultraviolet ranges.®™ In this paper, we studied reaction
mechanism of diamond deposition and discussed the ef
feets of processing parameters in order to produce high-
quality, high growth rate diamond films.

I1I. Experimental Procedures

The experimental apparatus is schematically shown in
Fig. 1. A brazing nozzle(l mm 1,D),) was positioned vert-

ically above the substrate. Mo substrate was mounted an
a water-cooled holder made of copper 1n order to control
the substrate temperature. The distance between the
torch nozzle and the substrate was maintained between 3
and 20 mm, and the deposition time varied from 30 min
to 5 h. The reaction gases used were acetylene, oxygen
and hydrogen. Acetylene(C,H,) was passed through an ac-
tivated charccal filter to remove the residual acetone
and purity of O, and H, gases used were above 99%
without further purification.” The experimental con-
ditiongs were shown in Table 1. Mo substrate with di-
ameter of 254 em was polished with sandpapers, and
then supersonically treated usmg 5 um diamond powder,
The substrate temperature was measured with an opt-
ical pyrometer.

The deposited films wera characterized using SEM
(scanning electron microscopy, Hitachi X-650), XRD(X-
ray diffractometer, Philips PW 1710) and Raman spec-
troscopy.
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Fig. 1. Schematic diagrasm of the experimental ap-
paratus.
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Table 1. Experimental Conditions

torch nozzle LD. 1 mm
C,H, flow rate 0.9~1.7 lmin
0, flow rate 0.9~1.47 l/min

pressure 760 torr
C,Hy/0; ratio 0.93~1.15
H,/O, ratio 0~1.0

suhsirate
temperalure 750~1100°C

time 30 min~b hr

H, flow rate 0.37-1.47 J/min

total flow 1.9~4.64 l/min

III. Results and Discussion

1. The effect of substrate temperalure

Fig. 2 shows the morphologies of the films deposited at
various substrate temperature. There were observed a
few of crystallites at 830°C(a). With increasing the tem-
perature, nucleation density of the film increased gra-
dually but those particles were formed to amorphous
phase as shown in Fig. 2(c), (d).

X-ray diffraction patterns of the films deposited at vari-
ous substrate temperature was shown in Fig. 3. These
patterns compared with the standard peak values of di-
amond such as d(111)=2.06{20=43.9°C, d{220)=1.26(26=
75.3°, There was observed strong peak of Mo substrate
and weak peak of diamond in Fig. 3(a). The peaks of di-
amond were sharpened at 900°C as shown in Fig. 3(b).
With increasing substrate temperature, the peak in-
tensities of diamond significantly decreased and the
peaks of Mo,C and Mo were sharpened{Fig. 3(c), (d)).

From these results, it iz considered that crystal phase
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Tig. 2. SEM micrographs of the films deposited at various
substrate temperature (C.Hx/0,=1.07, H,/0,=0.3}.

a) 830°C, b) 900°C, ¢) 980°C and d) 1060°C
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Fig, 3. X-ray diffraction pattrerns of the films deposited at
various substrate temperature (C;H;/0,=1.07, Ho/0,=0.3).
a) 830°C, b) 900°C, ¢) 980°C and d) 1060°C

wag formed at lower temperature but, nucleation density
of on the substrate was low because hydrogen atoms
were not so activated in low temperature. The greater
part of the film was formed with amorphous phase.

2, The effect of C,H,/0; ratio

The morphologies of the films deposited at various a-
cetylene to oxygen ratins were observed in Fig. 4. In case
of C,H,/0,<1.07, the films were more crystallized. Espe-
cially, at CJI,/0.=1.0, diamond films showed cubo-oc-
tahedral structure of (100), (111} and crystallinity was
the greatest In case of C,Hy0,>1.07, crystals changed te
cauliflower-shaped amorphous carbon. With increasing C,
H,/(,, C-radicals more increased than oxygen and hy-
drogen etchant. Therefore, films were not etched prop-
erly so, formed with amorphous carbon.™

X-ray diffraction patterns of the films were shown in
Fig. 5. In eondition of the CH,/O, ratio below 0.97, diamo-
nd crystal was not detected as shown in (a). It was sup-
posed that nucleation density on the substrate was very
low. As the C.H./O, ratio increased, diamond peaks in-
creased sharply. However, when the C,Hy(O. ratio was
over 1.07, diamond peaks were eleminated and Mo,C
peaks increased.

3. The effect of H,/0; ratio
It was reported that hydrogen atoms play an im-
portant role in surface activating and etching thus, in-
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Flg. 4, SEM mlcrogTaphs of the films depomted at various
C.H./0, ration (T.=900°C, Hy/(,=0.3).
a) 0.97,b) 1.0, ¢) 1.07 and d) 1.15
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Fig. 5. X-ray diffraction patterns of the films deposited at
various C.Hy/O, ratio (T,=900°C, H,/0,=0.3).
a) 0.97,b) 1.0, ¢) 1.07 and d) 1.15

crease the stability of diamond nuclei and improve the
film quality."® The eftect of hydregen gas was observed

as shown in Fig. 8. The film was formed with amorphous
carbon in the C,H,/(}; atmosphere. As adding hydrogen
gas. the particles deposited on the substrate were crys-
tallized. However, if the the Hy/O, ratio was too high, the
crystal was not deposited properly due to rapid etching
by super-saturated hydrogen.

Fig. 6. SEM micrographs of the films deposited at various
Hy/O, ratio (T,=900°C, C.H/O,=1.0).
a) 0, b) 0.3, ¢) 0.5 and d) 0.7
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Fig. 7. Raman spectrums of the films deposited at various
Hy/0O; ratie (T,=900°C, C,;Hy/0:=1.0).
a)0,b) 0.3, ¢ 05andd) 0.7
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Fig. 8. SEM micrographs of the films deposited at various
depodition time (T,=900°C, C.H,/0.=1.0, H,/0,=0.5)

a) 0.5 br, b) 1 hr, ¢} 1.5 hr, d) 2 hr, e} 3 hr, f) 4 hr and
gl b hr

Raman spectras of the films deposited at various Hy/O,
ratio were shown in Fig. 7. The sharp peaks near the
standard 1332 em' were due to SP’-bond crystalline di-
amond. With increasing H./Q. ratio, diamond peak was
developed but, in condition of Hy/Q, ratio over 0.7, di-
amond peak was weak because deposited particles etch-
ed by supersaturated hydrogen atoms.

From these results, it was noted that hydrogen atoms
were improved the film composition by etching amor-
phous carboen.

In condition of C;H/0:=1.0, H40,=0.5 and Ts(substrate
temperature)=800°C, the results of cross sectional view of
the films were shown in Fig. B. With increasing deposi-
tion time up to 2 hours, the thickness of the film increas-
ed but, there was not significant change after 3 hours.

IV. Conclusion

In this paper, diamond film was deposited by hydrogen-
oxyacetylene combustion flame. The results indicated
that :

1. With increasing substrate temperature, film growth
rate increased due to high nucleation density of diamond
on substrate. At temperature above 1000°C, parts of the
films were formed to amorphous phase.

2. With increasing the C,HyO, ratio, growth rate was
increased. But crystals were cauliflower-shaped and
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most part of the films with amorphous carbon were de-
posited.

3. With addition of H., the nucleation density of di-
amond increased by the improvement of surface activity.
Hydrogen pas improved the film quality by etching ameor-
phous carbon.

With increasing depogition time, the thickness of di-
amond film increased but, there was not significant
change after 3 hours. And in condition of T=900"C, C,H,/
0.,=1.0 and H,/0.,=0.5, the film were covered with cry-
gtalline diamond.
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