





both the electron temperature and the sheath voltage
drop between the plasma and the diamond film. As a
result, the etching of oxygen ion was correspondingly
weakened.

Fig. 3 shows the SEM images of the mechanically
polished samples without and after plasma etching.
The polished surface morphology of sample A without
plasma etching is shown in Fig. 3(a). It is found that
only the tops of diamond grains were smoothed after
mechanical polishing for 120 min. Fig. 3(b) shows the
surface morphology of sample B which was etched by
plasma with higher DC power and then mechanically
polished for 60 min. Compared to that of sample A,
the protuberant crystal grains are entirely removed af-
ter mechanical polishing for 60 min, which results in
a relative smooth surface. At the same time, deeper
etch pits around the crystal boundary result in some
large area pits on the polished surface. Fig. 3(c) shows
the mechanical polishing result of sample C, which is
etched by lower power DC plasma. It is found that
confining the etch pits mainly to the crystal surface
can not only result in a fast removal of the protuberant
crystal grains, but also lead to a better polished surface
of sample C than that of sample B.

(a) Sample A with mechanical polishing for 120 min; (b)
Sample B with mechanical polishing for 60 min; (¢) Sample
C with mechanical polishing for 60 min

Fig.3 Polished surface morphology of samples

Table 4 lists the surface roughness results of the pol-
ished samples. It is revealed that polished sample C has
the best surface polishing among the samples A ~ C.
This result is consistent with the SEM observation and
shows that a moderate plasma etching can enhance the
efficiency of mechanical polishing remarkably.

Table 4. Surface roughness of polished samples

Sample R.(nm) Ry (nm)
A 1532 7860
B 350 1547
C 30 266

To further improve the polishing quality, a polish-
ing technique, in which the mechanical polishing was
enhanced by repeated plasma etching, was developed.
Fig. 4 is the SEM result of sample C after repeti-
tious plasma etching enhanced mechanical polishing.
Fig. 4(a) and (b) are the SEM images of sample C af-
ter the second and the third treatment, respectively. As
the protuberant areas were faster removed by plasma
etching enhanced mechanical polishing, the pits of grain

338

Plasma Science and Technology, Vol.10, No.3, Jun. 2008

boundaries decreased and thus a smoother surface to-
pography was obtained. Fig. 5 is the 2D view of AFM
result of polished sample C after the third treatment.
According to the analysis of image management soft-
ware, R, of the polished sample is 4.25 nm and Ry is
50.7 nm.

(a) Etched for 10 min and polished for 60 min; (b) Etched
for 2 min and polished for 60 min

Fig.4 SEM images of polished diamond sample C during
mechanical polishing enhanced by repeating plasma etching
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Fig.5 AFM result of sample C after the third round of me-
chanical polishing enhanced by repeating plasma etching

3.2 Enhancing mechanism of plasma
etching

In order to investigate the enhancing mechanism of
plasma etching, we analyzed the difference of surface
morphology and Raman spectra between the original
and etched diamond grains. It can be found in Fig. 2(a)
that the original diamond grains have compact grain
surfaces and sharp edges which are the encumbrances
of mechanical polishing. Plasma etching can lead to the
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emergence of numerous etch pits on the diamond grain
surface which can be removed more easily as shown in
Fig. 2(b) and (c). In the process of mechanical pol-
ishing, the protruding portions that come into contact
with the diamond powder will cause micro-cracking and
then are removed by the process of brittle fracture on
a microscopic scale called micro-chipping®°]. On the
beam plasma etching can bring about numerous etch
pits which may accelerate the growth of micro-cracks
and thus results in faster micro-chipping between the
diamond powder and the diamond film.

Fig. 6 is the Raman spectra of as-deposited diamond
film, etched diamond film and diamond film after etch-
ing enhanced polishing, respectively. From Figs. 6(a)
and (b) it is found that the intensity of the band cen-
tered at 1550 cm ™!, corresponding to the sp?-bonded
amorphous carbon, increases with the oxygen plasma
etching. A combination of this result and the SEM ob-
servation shows that plasma etching can not only pro-
duce numerous etch pits but also result in amorphous
carbon on the diamond film surface. The weak sp*-
bond of amorphous carbon can accelerate the growth of
micro cracks and thus result in faster micro-chipping.
After polishing for one hour, the obvious broad band
centered at 1550 cm™' becomes very weak as shown
in Fig. 6(c). This result indicates that the amorphous
carbon produced in the plasma etching can be easily
removed during the mechanical polishing without the
decre
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(a) As-deposited diamond film; (b) Etched at 100 Pa and
780 Vx60 mA for 45 min; (c¢) Etched and mechanically pol-
ished for 60 min

Fig.6 Raman spectra of diamond films

4 Conclusion

Moderate plasma etching of CVD diamond film can
enhance the polishing efficiency of mechanical polish-
ing. Through mechanical polishing enhanced by re-
peated oxygen plasma etching, the diamond film can
be polished from that of an average surface roughness
of 3000 nm to that of 5 nm within 5 hours. This pre-
liminary result reveals a great potential for the com-
mercialization of the technique.

The mechanism of plasma etching enhanced mechan-
ical polishing is expected as follows.

a. Plasma etching can eliminate the polishing en-
cumbrances by transforming the compact grains with
sharp edges into the grains with thin surfaces and ob-
tuse edges.

b. Plasma etching can produce a lot of etch pits and
amorphous carbon which can accelerate the growth of
micro-cracks and thus result in faster micro-chipping of
the top surface of diamond film.
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