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Fig. 1. Schematic diagram of HMHX system.
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Fig. 2. (a) OES of pure argon, methane with the flow rate of 85 and 145 sccm; (b

with the flow rate of 85 and 145 sccm.
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Fig. 3. Emission intensity of CH, Cy, H Balmer and Ar” as a

function of methane flow rate.
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Fig. 6. (a) +Ion mass spectrometry (CH, 85 sccm); (b) +Ion content in plasma under different methane flow; (¢) RGA mass spec-
trometry (CH, 85 sccm); (d) RGA content in plasma under different methane flow. SEM, secondary electron multiplier.
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SPECIAL TOPIC—Several problems in plasma physics and material treatment

In-situ diagnosis of Ar/CH, helicon wave plasma for
synthesis of carbon nanomaterials”
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Abstract

A variety of carbon-based thin films are prepared by self-developed helicon wave plasma chemical vapor
deposition (HMHX, HWP-CVD) through changing the parameters of plasma discharge. The Ar/CH, plasma
discharge is diagnosed in situ by Langmuir probe, emission spectroscopy and mass spectrometry. The carbon
thin films are characterized by scanning electron microscopy (SEM) and Raman spectroscopy (Raman). The
results show that under the given parameters, the plasma discharge modes are all helicon wave discharge modes.
Under a given CH, flow rate, the energy distribution in the plasma is enough to dissociate the methane
molecules and form carbon free radicals. The preparation of different carbon-based films is realized by adjusting
the CH, fluence. The research result shows that when the plasma is rich in CH and H radicals, it is suitable for
growing diamond-like carbon films. When the plasma is rich in C, radicals and less H, it is favorable for
growing vertical graphene nanosheets. According to the results of plasma diagnosis and material
characterization, the decomposition mechanism of methane molecules under the action of Ar helicon wave
plasma (HWP) is proposed, and the growth model of carbon-based materials is established, the feasibility of
Ar/CH,-HWP in the preparation of carbon-based nanomaterials is verified, which provides a reference for

preparing the carbon-based materials by HWP-CVD technology.

Keywords: optical emission spectroscope, mass spectroscopy, carbon nanomaterials, helicon wave plasma
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