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The Synthesis of Diamond in Thermal Plasma Processing

under Low Pressure

TemuyaIﬂRABARU,TthJSUNAhH,CBananUKUMASA,Sa&mhiSAKIYAMA,
Hiroshi NAITOU and Katashi OSAKI

Abstract

In order to clarify the growth mechanism of diamond, we have studied experimentally on the influence

of some key parameters (i.e. CH,/H, ratio, the substrate temperature, the surface condition of the

substrate etc.) to the synthesis of diamond by using the forced constricted type plasma jet generator.

According to the present experimental results, it is confirmed that the arc discharge and the resultant

plasma flow aren’t affected by injecting H, and CH, gas, that diamond particles have been successfully

synthesized on molybdenum substrate under pressure from atmospheric pressure to 100 Torr by selecting

the experimental conditions, and that the most significant parameters on the synthesis of diamond are the

CH./H, ratio and the substrate temperature.
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Fig. 1 Schematic view of plasma processing device.
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Fig. 2 Arc voltage vs. arc current.
Pt: Vessel pressure.
Qf: H, and CH, gas flow rate.
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Fig. 3 Jet thermal output vs. arc current.
Pt: Vessel pressure.
Qf: H, and CH, gas flow rate.
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Fig. 4 Photographs of the plasma jet.
Pt: Vessel pressure (Torr).
Qf: H, and CH, gas flow rate (I/min).
Arc Current: (a)-(c);1204A, (d)-(f); 140A.
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Fig. 5 SEM photographs of the deposited particle for three different vessel pressures.

Pt: Vessel pressure.

Qf: H, and CH, gas flow rate (1/min).

L: Distance from FR exit.
T: Substrate temperature.
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Fig. 6 X-ray diffraction pattern of the particles grown on a molybdenum substrate.

Pt: Vessel Pressure.
D: Reflections form diamond.
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Fig. 7 Raman spectra of the particles grown on a molybdenum substrate.
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Fig. 8 SEM photographs of the deposited particles for different CH, concentration.

Vessel pressure: 760 (Torr).

Distance from FR exit: 25(mm).

Qf: H, and CH, gas flow rate (I/min).
T: Substrate temperature.
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(b) T=1330°C

Fig. 9 SEM photographs of the deposied particles for different substrate temperture.

Vessel pressure: 760 (Torr).

Distance from FR exit: 25(mm).

H, and CH, gas flow rate : H,=5(1/min), CH,=0.2(1/min).
T: Substrate temperature.

(c) T=1400°C
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Fig. 10 SEM photographs of the deposited particles for different surface conditions of
the substrate.

Vessel pressure: 760 (Torr).

Distance from FR exit : 25 (mm).

H, and CH, gas flow rate: H,=5(1/min), CH,=0.2(1/min).
Substrate temperature: (a); 1330 ('C), (b); 1275 ('C).
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