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A pretreatment of the substrate is needed to synthesize continuous diamond film on silicon or metal. The
pretreatment is generally carried out by diamond powder dispersed in acetone or alcohol under ultrasonic irradia-

tion. In this paper we used hexane as the dispersion media, and synthesized the diamond on silicon by conven-
tional MPCVD. The grain size of the continuous film whose substrate was treated in hexane under ultrasonic

irradiation was successfully reduced to < 100nm. The corresponding nucleation density was enhanced to > 10"/
cm? The product was beautifully colored by the interference of light in the visible range. When the substrate was
treated in ethanol , the density was 10%/cm? These diamond films were observed by field emission scanning elec-

tron microscopy (FE-SEM).

1. INTRODUCTION

The density of diamond nuclei is decided in
the initial nucleatioon stage. Substrates must be
treated by hard abrasives, such as diamond powders
prior to the diamond deposition to form a continuous
film. The grain size of a continuous polycrystalline
film formed this way is in the range of a few to a few
tens of micrometers. In other words, the nucleation
density is less than 108/cm?. Itis hard to make a con-
tinuous film smoother than the grain size, so the ap-
plication of this polycrystalline film to optical devices
is rather limited since it is not transparent to visible
light. The synthesis of a nanostructured polycrystal-
line diamond with a grain of less than 100nm, ie. a
nucleation density of > 10°/cm?, has been investi-

gated. If films with this nucleation density can be
achieved, optical and mechanical properties of syn-
thetic diamond would be improved, and the applica-
tion would be much enhanced.

Takarada et al.[1,2] reported that the
nucleation density was much enhanced when the
substrate was treated with diamond powder falling
down to it. Erz et al[3] used different diamond
powder with grain size in the range 0.01-3 «m to
enhance nucleation. Nucleation density up to 3 X10*°
fcm? were achieved by polishing the substrate with 10
nm diamond powder.

In this paper we succeeded in enhancement of
diamond nucleation density to > 10'%/cm? with
simply changing from an ethanol medium to hexane
under the same ultrasonic irradiation.
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Table 1
Experimental Conditions

Material

Total Flow Rate
Total Pressure
Microwave Power

CH4/H2 0.5%
100.5 ccm

40 Torr

400 W

2. EXPERIMENTAL

A mirror-polished (100) silicon wafer was cut
to 10 mm x 10 mm, and pretreated with 8-16 um
diamond powder under ultrasonic irradiation after
Yugo et al. [4] One gram of diamond powder was
dispersed in 30 cc of ethanol or hexane, which was
contained in a 50 cc bottle with a screw cap. The
silicon wafer was placed in a bottle containing this
mixture, and irradiated by ultrasound for 30 min.
The treated substrate was repeatedly washed in the
same liquid under ultrasonic irradiation. Finally, the
substrate was dried in atmosphere for a few minutes,
and placed in MPCVD reactor.  The details of the
reactor system are shown in the previous paper[5].
The synthesis condition is summarized in Table 1.
The deposited product was characterized by Field
Emission Scanning Electron Microscopy (FE-SEM,
Hitachi S-900).

3. RESULTS AND DISCUSSION

A significant difference was observed when
the substrate was pretreated for longer than 30 min in
our ulirasonic system. FE-SEM pictures of the de-
posited product after 30min pretreatment are shown in

Fig.1. The deposition time was 60 min. On the sub-
strate treated in the ethanol medium, a continuous
film was not formed . The longer deposition lead to a
continuous film with a grain size of "1 ¢ m. The cor-
responding grain density was “108 /om?, which was
within the values reported so far [6].  In contrast, a
continuous film with a grain size of ca.100 nm was
synthesized on the substrate treated in the hexane me-
dium after 60 min deposition. In this stage the grain
density is kept at 10 '° fcm? . The FE-SEM view was
shown in Fig. 2. Because of the interference of light
in the visible range, it was beautifully colored in
blue. The color changed depending on the deposition
period, suggesting the homogeneity of the product
thickness on the substrate. Takarada et al. [1,2] and
Erz et al. [3] succeeded in the enhancement of dia-
mond nucleation density with respectively diamond
powder falling down on the substrate and using 10 nm
diamond powder to polish it. Simply changing the dis-
persion medium from ethanol to hexane a similar en-
hancement effect was attained, and a very flat thin
film was synthesized.,



Fig. 1 FE-SEM photograph of diamond syn-
thesized on substrate treated in ethanol me-
dium.

Fig. 2 FE-SEM photograph of diamond syn-
thesized on substrate treated in hexane me-

dium.
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4. CONCLUSIONS

The nucleation density is much enhanced
to > 10"%/cm? via controlled surface pretreatment in
hexane medium. The grain size of the continuous film
was successfully reduced to < 100nm. The product
was beautifully colored by the interference of light in
the visible range. When the substrate was treated in
ethanol , the density was 10%/cm?,
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