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Generation and Control of Microwave-Induced Ar Plasma
Triggered by Ceramic Whiskers under Atmospheric Pressure

by

Yasuhiro SHIMIZU*, Yasumasa YAMAMOTO**
Yuji TAKAO*** and Makoto EGASHIRA*

Microwave-induced plasma discharge behavior of doped and undoped SiC, In,O; and SnO, whiskers
has been investigated in different flowing gases under an atmospheric pressure. The whiskers exhibiting
high electrical conductivity at a level of 102 — 10° S cm™ were brought to a red heat and emitted a strong
light upon microwave irradiation in air flowing, and the light was confirmed as N, plasma by spectral
analysis. In Ar flowing, however, a strong, long and narrow bluish white light was triggered by these
whiskers upon microwave irradiation, and then the light was confirmed as Ar plasma based on the 4s-4p
electron transition. After the Ar plasma was once generated, the whiskers were not needed for maintaining
the plasma. In contrast, such plasma discharge was not observed with undoped SnQO, whiskers having low
electrical conductivity in flowing air as well as Ar. Thus, it is revealed that the whiskers exhibiting ex-
tremely high electrical conductivity act as a trigger for the generation of the Ar plasma. The life-time of the
Ar plasma, i.e. the length of the Ar plasma streak, was enlarged by increasing the flow rate of Ar and the
microwave power irradiated, but was shortened by the introduction of a small amount of He, N,, CO, and
O, to Ar flowing: For the effective use of the Ar plasma generated at atmospheric pressure, therefore, it is
concluded that the control of both the flow rate and the gas composition of Ar-based flowing is of primary

importance.
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Table 1. Conductivity of several kinds of whiskers
and their ability for glowing upon irradia-
tion of microwave under atmospheric

pressure
Sample Conductivity Glowing
at RT(Scm™) inair in Ar
undoped g-SiC whisker 102 -103 O O
N-doped 102 -103 O O
P—doped 102 -10¢ O O
undoped In,0; whisker 100 -10! o o
Sn—doped (1-5 wt%) 102 -103 O O
Ge—doped (1-5 wt%) 103 -10¢ O O
undoped SnO, whisker  102-104 x x
Cr—doped (1-5 wt%) 10-3-10- b X
Nb-doped (1-5 wt%) 10 -103 O O
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-— Air flowing
. <—— Ar flowing

Fig. 1. Photograph of glow behavior of surrounding
gases of undoped -SiC whisker upon irradia-
tion of microwave in atmosphric(a)air flow-
ing and (b) Ar flowing at 200 ml min.
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Fig. 2. Emission spectra of surrounding gases of un-
doped g-SiC whisker activated upon irradia-
tion of microwave under different conditions.
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Fig. 3. Emission spectra of surrunding gases of un-
doped In,0; whisker activated upon irradia-
tion of microwave under different con-
ditons (undoped In,0; whisker was removed
from the microwave irradiation space after
glowing in the case of (c)).
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Fig. 4. Variation in length of Ar plasma streak
generated from undoped pB-SiC whisker

with Ar flow rate (microwave power: 100
W).
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Fig.5. Variation in length of Ar plasma streak
generated from undoped B-SiC whisker
with microwave power (Ar flow rate: 1000
ml min?).
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. Variation in length of Ar plasma steak
generated from pS-SiC whisker with
amounts of gases mixed to Ar flowing at a
rate of 1000 ml min™! (microwave power: 100 W).
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