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Abstract -~ We investigated a bias effect for diamond films deposited by a HFCVD(Hot Filament Chem-
ical Vapor Deposition) method using a methane-hydrogen gas mixture. During deposition total chamber
pressure, methane concentration, filament temperature and substrate temperature was 20 torr, 1.0%,
2100°C and 980°C respectively. Also DC bias was applied during both the nucleation stage and the
growth stage systematically. We found that negative bias enhanced the nucleation density at the
nucleation stage, but it made a bad influence on the morphology of films at the growth stage. Positive
bias enhanced the growth rate and resulted in a good morphology of films. Therefore we concluded that
it was effective to apply the negative bias during the nucleation stage and then to switch into the
positive bias during the growth stage in the fabrication of diamond films.
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Fig. 1. Schematic diagram of HFCVD system.
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Table 1. Deposition condition of diamond films

Filament temperature 2100°C
Substrate temperature 980°C
Pressure 20 torr
CH, in 100 sccm H, 1.0%
Nozzle-Filament 25 mm
Filament-Substrate 6 mm
Bias Voltage -300 V~437V

Growth time
Substrate material
Substrate treatment

30 min, 90 min
Si-wafer (n-type, (100))
Diamond paste (0.1 pm, 1 pm)
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Fig. 2. I-V characteristic curve between filament and
substrate.
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Fig. 3. SEM micrographs of diamond films (T=2100°C,
T=980"C, P=20torr, CH.=1%, tu=30 min, nan-bias)
deposited on (a) the silicon substrate scratched with
diamond paste (size: 1 um), (b) the non-scratched silicon
substrate.
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Fig. 4. (a) SEM micrograph of a diamond film
deposited without bias for 1 hour after 30 minutes of
nucleation stage with -280 V (b) SEM micrograph of a
diamond film deposited without bias for 1 hour after 30
minutes of nucleation stage with +35 V.
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Fig. 6. (a) SEM micrograph of a diamond film
deposited with +35 V for 1 hour after 30 minutes of
nucleation stage without bias. (b) SEM micrograph of a
diamond film deposited with -290 V for 1 hour after 30
minutes of nucleation stage without bias.
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Fig. 7. (a)~(d) SEM micrographs and Raman spectra of diamond films deposited under different bias conditions during

the nucleation stage and the growth stage.

Fig. Nucleation Stage (t,,,=30 min) Growth Stage (1,,=30 min)
(a), (¢) non positive
(), () non negative
(©), (g) positive negative
(d), (b negative negative
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Fig. 11. Diamond film deposited at an optimum con-
dition (T:=2100°C, T.=980°C, P=20 torr, CH.=1%, t,,=10
hrs, Nucleation stage:V,=-287 V, 1,=-300 mA, Growth
stage: Vi=+37 V, L;=+300 mA). (a) SEM micrograph. (b)
X-ray diffraction graph.
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