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(57) Atmospheric pressure plasma generator 20 in-
cludes: tubular outer tube 20; inner tube 22, with an outer
diameter smaller than an inner diameter of the outer tube,
that is inserted inside the outer tube, the inner tube being
formed from a material with either positive or negative
electrical polarity; and electrode 26 with electrical polarity
opposite to that of the material of the inner tube, the elec-
trode being provided on an outer circumferential surface
of the outer tube, wherein, in a state with processing gas
flowing in at least one of a first flow path inside the inner
tube and a second flow path between an outer circum-
ferential surface of the inner tube and an inner circum-
ferential surface of the outer tube, processing gas flowing
through the at least one of the first flow path and the
second flow path is plasmarized by applying an electric
current to the electrode.

ATMOSPHERIC-PRESSURE PLASMA GENERATION DEVICE
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Description
Technical Field

[0001] The presentinvention relates to an atmospheric
pressure plasma generator that plasmarizes processing
gas supplied inside a tubular member and emits plasma
from an end section of the tubular member.

Background Art

[0002] There is a known atmospheric plasma genera-
tor that plasmarizes processing gas inside a tubular
member and emits plasma from an end section of the
tubular member. In detail, one of a pair of electrodes is
arranged on an outer circumferential surface of the tu-
bular member, and the other of the pair of electrodes is
arranged on an inner circumferential surface of the tubu-
lar member. And, with processing gas being supplied in-
side the tubular member, by applying current to the pair
of electrodes, processing gas is plasmarized inside the
tubular member and emitted from an end section of the
tubular member. An example of an atmospheric pressure
plasma generator configured as such is disclosed in the
patent literature below.

[0003] Patent literature 1: WO2007/105428

Summary of Invention
Technical Problem

[0004] According to the atmospheric pressure plasma
generator disclosed in the above patent literature, it is
possible to suitably emit plasma. However, with the at-
mospheric pressure plasma generator disclosed in the
above patentliterature, because an electrode is arranged
inside the tubular member, there is a problem in that, due
to deterioration of the electrode, foreign matter may con-
taminate a target object of the plasma. Also, if an elec-
trode is not arranged inside the tubular member, in order
to prevent foreign matter contaminating a target object
of the plasma, there is a problem in that processing gas
cannot be suitably plasmarized inside the tubular mem-
ber. The present invention takes account of such circum-
stances, and an object thereof is suitably plasmarize
processing gas while preventing foreign matter from con-
taminating a target object of the plasma.

Solution to Problem

[0005] To solve the above problems, a disclosed at-
mospheric pressure plasma generatorincludes: a tubular
outer tube; an inner tube, with an outer diameter smaller
than an inner diameter of the outer tube, that is inserted
inside the outer tube, the inner tube being formed from
a material with either positive or negative electrical po-
larity; and an electrode with electrical polarity opposite
to that of the material of the inner tube, the electrode
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being provided on an outer circumferential surface of the
outer tube, wherein, in a state with processing gas flowing
in at least one of a first flow path inside the inner tube
and a second flow path between an outer circumferential
surface of the inner tube and an inner circumferential
surface of the outer tube, processing gas flowing through
the at least one of the first flow path and the second flow
path is plasmarized by applying an electric current to the
electrode.

Advantageous Effects of Invention

[0006] With the disclosed atmospheric pressure plas-
ma generator, an inner tube is inserted inside an outer
tube and the inner tube is formed of a material with either
positive or negative electrical polarity. Also, an electrode
with electrical polarity opposite to that of the material of
the inner tube is provided on an outer circumferential
surface of the outer tube. Therefore, by flowing process-
ing gas such that processing gas contacts the inner tube,
with the inner tube electrified, by applying an electric cur-
rentto the electrode provided on the outer circumferential
surface of the outer tube, current flows between the elec-
trode and the inner tube. Thus, electrical discharge oc-
curs between the electrode and the inner tube, and
processing gas inside the outer tube is plasmarized. In
such a manner, with the disclosed atmospheric pressure
plasma generator, processing gas is plasmarized inside
the outer tube without providing an electrode on the inside
of the outer tube. Therefore, even in a case in which the
electrode deteriorates, it is possible to prevent foreign
matter from contaminating a target object of the the plas-
ma during exposure to plasma. Further, because electri-
cal discharge occurs between the electrode and the inner
tube, itis possible to suitably plasmarize processing gas.

Brief Description of Drawings

[0007]

[Fig. 1]
Fig. 1 shows a cross section of an atmospheric pres-
sure plasma generator of a first embodiment.

[Fig. 2]
Fig. 2 shows a cross section of an atmospheric pres-
sure plasma generator of a second embodiment.

Description of Preferred Embodiments

[0008] The following describes in detail referring to the
figures an example embodiment of the present invention.

Configuration of atmospheric pressure plasma generator
[0009] Fig. 1 shows an embodiment of the present in-

vention, atmospheric pressure plasma generator 10. At-
mospheric pressure plasma generator 10 is for generat-
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ing plasma at atmospheric pressure. Atmospheric pres-
sure plasma generator 10 is provided with resin housing
20, Teflon (registered trademark of DuPont, USA) tube
22, glass pipe 24, and electrode 26.

[0010] Housing 20 is approximately cylindrical, and an
inner circumferential surface of housing 20 is configured
from small diameter section 30, and large diameter sec-
tion 32 that has a larger diameter than small diameter
section 30. Through-hole 34 that pierces large diameter
section 32 in the diameter direction is formed at the small
diameter section 30 end section of large diameter section
32, and gas introduction pipe 36 is connected to through-
hole 34.

[0011] Teflon tube 22 is approximately cylindrical and
its outer diameter is slightly smaller than the inner diam-
eter of small diameter section 30 of housing 20. Further,
Teflon tube 22 is inserted into small diameter section 30
of housing 20, and an end of Teflon tube 22 protrudes
slightly from the end section of housing 20 on the large
diameter section 32 side.

[0012] Glass pipe 24 is approximately cylindrical and
its outer diameter is slightly smaller than the inner diam-
eter of large diameter section 32 of housing 20. Further,
glass pipe 24 is engaged with large diameter section 32
of housing 20, and an end of glass pipe 24 protrudes
from the end section of housing 20 on the large diameter
section 32 side. Note that, the amount that glass pipe 24
protrudes from the end section of housing 20 may be
greater than the protruding amount of Teflon tube 22 from
housing 20. That is, the end section of Teflon tube 22
protruding from the end of housing 20 may be positioned
inside glass pipe 24 protruding from housing 20.

[0013] Electrode 26 is approximately annular and is
provided on an outer circumferential surface of glass pipe
24. The arrangement location of electrode 26 is roughly
at a central portion of glass pipe 24 in the axial direction,
and electrode 26 faces the end section of Teflon tube 22
sandwiching glass pipe 24.

Generation of plasma by atmospheric pressure plasma
generator

[0014] With atmospheric pressure plasma generator
10, thanks to the above configuration, processing gas is
supplied to both Teflon tube 22 and gas introduction pipe
36, and plasma is emitted from the end section of glass
pipe 24 by applying current to electrode 26. Plasma gen-
eration by atmospheric pressure plasma generator 10 is
described below in detail.

[0015] With atmospheric pressure plasma generator
10, processing gas is supplied inside Teflon tube 22 from
a gas supply device (not shown), and flows inside Teflon
tube 22 in the direction of arrow 50. Further, processing
gas is supplied in gas introduction pipe 36 from the gas
supply give, and flows between the outer circumferential
surface of Teflon tube 22 and the inner circumferential
surface of housing 20 in the direction of arrow 52. Note
that, the processing gas flowing inside Teflon tube 22
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and the processing gas flowing inside gas introduction
pipe 36 are the same, and that processing gas is amixture
at any given ratio of an inert gas such as nitrogen and a
reactive gas such as oxygen from air.

[0016] Further, Teflon tube 22 is formed from a fluor-
opolymer, and the fluoropolymer is a material with neg-
ative electrical polarity. A material with negative electrical
polarity is a material which is easily charged as a cathode
and, for example, in a case of static electricity caused by
friction, material for which the electrical polarity is nega-
tive is charged as a cathode. Therefore, when processing
gas flows inside Teflon tube 22, or between the outer
circumferential surface of Teflon tube 22 and the inner
circumferential surface of housing 20, Teflon tube 22 is
charged as a cathode. Specifically, for example, when
measuring the electric potential on the outer circumfer-
ential surface of glass pipe 24 with processing gas flowing
inside Teflon tube 22, the electric potential on the outer
circumferential surface of glass pipe 24 was -11 volts.
Also, when measuring the electric potential on the outer
circumferential surface of glass pipe 24 with processing
gas flowing between the outer circumferential surface of
Teflon tube 22 and the inner circumferential surface of
housing 20, the electric potential on the outer circumfer-
ential surface of glass pipe 24 was -77 volts. Further,
when measuring the electric potential on the outer cir-
cumferential surface of glass pipe 24 with processing gas
flowing between the outer circumferential surface of Te-
flon tube 22 and the inner circumferential surface of hous-
ing 20 and flowing inside Teflon tube 22, the electric po-
tential on the outer circumferential surface of glass pipe
24 was -50 volts. Note that, the electric potential of Teflon
tube 22 while processing gas was flowing was too low to
be measured.

[0017] In this manner, when processing gas flows so
as to contact Teflon tube 22, Teflon tube 22 is charged
as a cathode. Therefore, when processing gas is sup-
plied to Teflon tube 22 and gas introduction pipe 36 and
positive electric voltage is applied to electrode 26, electric
current flows between Teflon tube 22 and electrode 26.
In this case, electrical discharge occurs between Teflon
tube 22 and electrode 26, and processing gas flowing
from inside Teflon tube 22 to inside glass pipe 24, and
processing gas flowing from between the outer circum-
ferential surface of Teflon tube 22 and the inner circum-
ferential surface of housing 20 to inside glass pipe 24 is
plasmarized. By this, atmospheric pressure plasma gen-
erator 10 emits plasma from the leading end of glass pipe
24.

[0018] With aconventional atmospheric pressure plas-
ma generator, generally, one of a pair of electrodes is
arranged on the outer circumferential surface of glass
pipe 24 and the other electrode of the pair is arranged
on the inner circumferential surface of glass pipe 24, and
processing gas inside glass pipe 24 is plasmarized by
positive electric voltage being applied to the electrode
and negative electric voltage being applied to the other
electrode. Therefore, with a conventional atmospheric
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pressure plasma generator, the electrode arranged on
the outer circumferential surface of glass pipe 24 deteri-
orates, and due to deterioration of the electrode, foreign
matter may contaminate a target object of the plasma.
However, with atmospheric pressure plasma generator
10, because electrical discharge occurs between Teflon
tube 22 and electrode 26, it is not necessary to arrange
an electrode on the inside of glass pipe 24. Therefore,
by performing plasma processing with atmospheric pres-
sure plasma generator 10, itis possible to prevent foreign
matter from contaminating a target object of the plasma.
[0019] Also, with atmospheric pressure plasma gener-
ator 10, processing gas flows not only inside Teflon tube
22, but also between the outer circumferential surface of
Teflon tube 22 and the inner circumferential surface of
housing 20, and that processing gas is plasmarized. This
enables a large amount of processing gas to be plasmar-
ized, meaning that plasma is emitted efficiently.

[0020] SecondembodimentFig.2showsasecondem-
bodiment, atmospheric pressure plasma generator 70.
Atmospheric pressure plasma generator 70 of the sec-
ond embodiment is provided with the same configuration
elements as atmospheric pressure plasma generator 10
of the first embodiment, except for the electrode. There-
fore, the same reference numbers are given to configu-
ration elements that are the same as configuration ele-
ments of atmospheric pressure plasma generator 10 and
descriptions of those items are omitted.

[0021] Atmospheric plasma generator 70 is provided
with pair of electrodes 72 and 74. Each of the pair of
electrodes 72 and 74 is approximately annular and elec-
trodes 72 and 74 are provided on an outer circumferential
surface of glass pipe 24 slightly separated from each
other. Electrode 72is provided roughly ata central portion
of glass pipe 24 in the axial direction and electrode 74 is
provided between electrode 72 and the end of glass pipe
24 atthe side protruding from housing 20. Note that, elec-
trode 72 faces the end section of Teflon tube 22 sand-
wiching glass pipe 24.

[0022] With atmospheric pressure plasma generator
70 with such a configuration, negative electric voltage is
applied to electrode 72 and positive electric voltage is
applied to electrode 74 with processing gas being sup-
plied to Teflon tube 22 and glass introduction pipe 36.
By this, electric current flows between electrode 72 and
electrode 74, and between electrode 74 and Teflon tube
22. In this case, electrical discharge occurs between
electrode 72 and electrode 74, and between electrode
74 and Teflon tube 22, and processing gas flowing from
inside Teflon tube 22 to inside glass pipe 24, and process-
ing gas flowing from between the outer circumferential
surface of Teflon tube 22 and the inner circumferential
surface of housing 20 to inside glass pipe 24 is plasmar-
ized. By this, similarly to atmospheric pressure plasma
generator 10, atmospheric pressure plasma generator
70 emits plasma from the leading end of glass pipe 24.
[0023] Inthis manner, with atmospheric pressure plas-
ma generator 70, a pair of electrodes 72 and 74 is used,
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and that pair of electrodes 72 and 74 is provided on the
outer circumferential surface of glass pipe 24, and elec-
trical discharge occurs between electrode 74 and Teflon
tube 22 inside glass pipe 24. Therefore, similarly to at-
mospheric pressure plasma generator 10, with atmos-
pheric pressure plasma generator 70, because no elec-
trode is provided inside on the inside of glass pipe 24, it
is possible to prevent foreign matter from contaminating
a target object of the plasma.

[0024] Note that, atmospheric pressure plasma gen-
erator 10 is an example of an atmospheric pressure plas-
ma generator. The item configured from housing 20 and
glass pipe 24 is an example of an outer tube. Teflon tube
22 is an example of an inner tube. Electrode 26 is an
example of an electrode. Atmospheric pressure plasma
generator 70 is an example of an atmospheric pressure
plasma generator. Electrode 72 is an example of a sec-
ond electrode. Electrode 74 is an example of an elec-
trode.

[0025] Further, the present invention is not limited to
the above example embodiments, and various changed
or improved methods of embodiment are possible based
on the knowledge of someone skilled in the art. Specifi-
cally, for example, in an above embodiment, a fluoropol-
ymer is used as a material with negative electrical polar-
ity, and possible materials include silicon, vinyl chloride,
acrylic, polyurethane; polypropylene, polyester, rubber,
and so on. That is, instead of Teflon tube 22, a tubular
member formed from a material such as silicon, vinyl
chloride, or the like may be used.

[0026] Also, in an embodiment above, Teflon tube 22
formed from a material with negative electrical polarity is
provided on the inside of housing 20, but a tubular mem-
ber formed from a material with positive electrical polarity
may be provided instead of Teflon tube 22. However, in
a case in which a tubular member formed from a material
with positive electrical polarity is provided instead of Te-
flon tube 22, negative electric voltage must be applied to
electrode 26. By this, electrical discharge occurs be-
tween the tubular member formed from a material with
positive electrical polarity and electrode 26, and the same
effects as the above atmospheric pressure plasma gen-
erator 10 are achieved. Note that, as a material with pos-
itive electrical polarity, for example, glass, nylon, or the
like may be used.

[0027] Also, in an embodiment above, the processing
gas supplied to Teflon tube 22 and the processing gas
supplied to gas introduction pipe 36 are the same, but
different processing gases may be supplied to Teflon
tube 22 and gas introduction pipe 36. Further, in an em-
bodiment above, processing gas supplied to Teflon tube
22 and gas introduction pipe 36 is gas in which an inert
gas such as nitrogen is mixed with an active gas in the
air such as oxygen at a given ratio, but the processing
gas may be only an inert gas, or only a reactive gas.
[0028] Also, in an embodiment above, processing gas
is supplied to both Teflon tube 22 and to gas introduction
pipe 36, but processing gas may be supplied to one of
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Teflon tube 22 and gas introduction pipe 36. That is,
processing gas may be only supplied to Teflon tube 22
and that processing gas plasmarized, or processing gas
may only be supplied between the outer circumferential
surface of Teflon tube 22 and the inner circumferential
surface of housing 20, and that processing gas plasmar-
ized.

Reference Signs List

[0029] 10: atmospheric pressure plasma generator;
20: housing (outer tube); 22: Teflon tube (inner tube); 24:
glass pipe (outer tube); 26: electrode; 70: atmospheric
pressure plasma generator; 72: electrode (second elec-
trode); 74: electrode

Claims

1. An atmospheric pressure plasma generator com-
prising:

a tubular outer tube;

an inner tube, with an outer diameter smaller
than an inner diameter of the outer tube, that is
inserted inside the outer tube, the inner tube be-
ing formed from a material with either positive
or negative electrical polarity; and

an electrode with electrical polarity opposite to
that of the material of the inner tube, the elec-
trode being provided on an outer circumferential
surface of the outer tube,

wherein, in a state with processing gas flowing
in at least one of a first flow path inside the inner
tube and a second flow path between an outer
circumferential surface of the inner tube and an
inner circumferential surface of the outer tube,
processing gas flowing through the at least one
of the first flow path and the second flow path is
plasmarized by applying an electric current to
the electrode.

2. The atmospheric pressure plasma generator ac-
cording to claim 1, wherein
the inner tube is formed from a material with negative
electrical polarity and the electrode is a positive elec-
trode.

3. The atmospheric pressure plasma generator ac-
cording to claim 1 or 2, wherein, in a state with
processing gas flowing in both the first flow path and
the second flow path, processing gas flowing through
the first flow path and the second flow path is plas-
marized by applying an electric current to the elec-
trode.

4. The atmospheric pressure plasma generator ac-
cording to any one of the claims 1 to 3, further com-
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prising:

a second electrode with the same electrical po-
larity as the material of the inner tube, provided
on the outer circumferential surface of the outer
tube, wherein, in a state with processing gas
flowing in at least one of the first flow path and
the second flow path, processing gas flowing
through the at least one of the first flow path and
the second flow path is plasmarized by applying
an electric current to the electrode and the sec-
ond electrode.
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