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Description
Technical Field

[0001] The present invention relates to a plasma gen-
eration device for ejecting a plasma gas.

Background Art

[0002] Examples of a plasma generation device in-
clude a structure in which a processing gas that is plas-
matized in a reaction chamber, and the plasma gas thatis
plasmatized is ejected from an ejection port formed in a
nozzle or the like. An example of such plasma generation
devices is described in the following Patent Literature.

Patent Literature
[0003]

Patent Literature 1: International Publication No.
W02015/141768

Patent Literature 2: International Publication No.
W02019/180839 A1

Patent Literature 3: Japanese Publication No. JP
2010212182 A

Summary of the Invention
Technical Problem

[0004] An object of the present specification is to im-
prove the usefulness of a plasma generation device
having a structure in which a plasma gas is ejected from
an ejection port. Solution to Problem

[0005] In order to solve the above-mentioned pro-
blems, the present specification discloses a plasma gen-
eration device according to claim 1.

[0006] Accordingly, the present invention provides a
plasma generation device comprising:

a device main body in which a reaction chamber for
plasmatizing a processing gas is formed; a ceramic
nozzle in which a first ejection port for ejecting a plasma
gas thatis plasmatized in the reaction chamber is formed,
anozzle coverin which a second ejection port for ejecting
agas so as to cover the plasma gas is formed to cover the
first ejection port (81 A), wherein the nozzle cover in-
cludes a ceramic cover main body and a metal cover tip,
wherein the cover tip is shaped so as to extend in a
direction away from the cover main body, so that the
cover main body is closer to the reaction chamber and
the cover tip is distant from the reaction chamber.
[0007] In addition, the present specification describes,
as an example not being part of the present invention, a
plasma treatment method including: a plasma gas eject-
ing step of ejecting a plasma gas from a first ejection port
toward a treatment target object; and a shielding gas
ejecting step of shielding the plasma gas by ejecting a
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shielding gas from a second ejection port formed in a
metal member toward the plasma gas ejected from the
first ejection port.

Advantageous Effect of the Invention

[0008] Accordingto the presentinvention, itis possible
to improve the usefulness of the plasma generation
device having the structure in which the plasma gas is
ejected from the ejection port.

Brief Description of Drawings
[0009]

Fig. 1 is a view illustrating a plasma device.

Fig. 2 is a perspective view illustrating a plasma
head.

Fig. 3 is a sectional view of the plasma head cutin an
X direction and a Z direction at positions of an elec-
trode and a body-side plasma path.

Fig. 4 is a sectional view in line AA of Fig. 3.

Fig. 5 is a perspective view of a nozzle cover.

Fig. 6 is a perspective view of a nozzle cover.

Description of Embodiments

[0010] Hereinafter, as exemplary embodiments of the
present invention, examples of the present invention will
be described in detail with reference to the drawings.
[0011] As illustrated in Fig. 1, plasma device 10 in-
cludes plasma head 11, robot 13, and control box 15.
Plasma head 11 is attached to robot 13. Robot 13 is, for
example, a serial link-type robot (may also be referred to
as a multi-joint-type robot). Plasma head 11 is configured
to be capable of irradiating plasma gas in a state where
plasma head 11 is held at a tip of robot 13. Plasma head
11 is configured to be three-dimensionally movable in
accordance with the driving of robot 13.

[0012] Control box 15 is configured mainly by a com-
puter, and collectively controls plasma device 10. Control
box 15 has power source section 15A for supplying
electric power to plasma head 11 and gas supply section
15B for supplying gas to plasma head 11. Power source
section 15A is connected to plasma head 11 via a power
cable (not illustrated). Power source section 15A
changes a voltage to be applied to electrode 33 (refer
toFigs. 3and 4)of plasmahead 11 based on the control of
control box 15.

[0013] Gas supply section 15B is connected to plasma
head 11 via multiple (four in the presentembodiment) gas
tubes 19. Gas supply section 15B supplies a reaction
gas, acarrier gas, and a heat gas, which will be described
later, to plasma head 11 based on the control of control
box 15. Control box 15 controls gas supply section 15B,
and controls an amount or the like of the gas supplied
from gas supply section 15B to plasma head 11. There-
fore, robot 13 operates based on the control of control box
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15 to irradiate treatment target object W placed on table
17 with the plasma gas from plasma head 11.

[0014] Control box 15 includes operation section 15C
having a touch panel and various switches. Control box
15 displays various setting screens, operation states (for
example, a gas supply state, and the like), and the like on
the touch panel of operation section 15C. In addition,
control box 15 receives various types of information by
operation inputs to operation section 15C.

[0015] Asillustratedin Fig. 2, plasma head 11 includes
plasma generation section 21, heat gas supply section
23, and the like. Plasma generation section 21 plasma-
tizes the processing gas supplied from gas supply sec-
tion 15B (refer to Fig. 1) of control box 15 to generate
plasma gas. Heat gas supply section 23 heats the gas
supplied from gas supply section 15B to generate heat
gas. Plasma head 11 of the present embodiment ejects
the plasma gas generated in plasma generation section
21 to treatment target object W illustrated in Fig. 1 to-
gether with the heat gas generated by heat gas supply
section 23. The processing gas is supplied to plasma
head 11 from an upstream side to a downstream side in a
direction of an arrow illustrated in Fig. 2. Plasma head 11
may have a configuration in which heat gas supply sec-
tion 23 is not provided. That is, the plasma device of the
present disclosure may have a configuration in which the
heat gas is not used.

[0016] As illustrated in Fig. 3 and Fig. 4, plasma gen-
eration section 21 includes head main body section 31, a
pair of electrodes 33, plasma irradiation section 35, and
the like. Fig. 3 is a sectional view cut along with positions
ofthe pair of electrodes 33 and multiple body-side plasma
paths 71 described later, and Fig. 4 is a sectional view in
line AA of Fig. 3. head main body section 31 is formed of
ceramic having a high heat resistance, and reaction
chamber 37 for generating plasma gas is formed in an
inside of head main body section 31. Each of the pair of
electrodes 33 has, for example, a cylindrical shape, and
is fixed in a state where a tip portion thereof protrudes into
reaction chamber 37. In the following description, the pair
of electrodes 33 may be simply referred to as electrode
33. In addition, a direction in which the pair of electrodes
33 arearranged is referred to as an X direction, adirection
in which plasma generation section 21 and heat gas
supply section 23 are arranged is referred to as a Y
direction, and an axial direction of cylindrical electrode
33 is referred to as a Z direction. In the present embodi-
ment, the X direction, the Y direction, and the Z direction
are directions orthogonal to each other.

[0017] Heat gas supply section 23 includes gas pipe
41, heater 43, connection section 45, and the like. Gas
pipe 41 and heater 43 are attached to an outer peripheral
surface of head main body section 31 and are covered
with cover 47 illustrated in Fig. 4. Gas pipe 41 is con-
nected to gas supply section 15B of control box 15 via gas
tube 19 (refer to Fig. 1). Gas (for example, air) is supplied
to gas pipe 41 from gas supply section 15B. Heater 43 is
attached to anintermediate portion of gas pipe 41. Heater
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43 warms the gas flowing through gas pipe 41 to generate
heat gas.

[0018] As illustrated in Fig. 4, connection section 45
connects gas pipe 41 to plasma irradiation section 35. In
a state where plasma irradiation section 35 is attached to
head main body section 31, a first end portion of con-
nection section 45 is connected to gas pipe 41, and a
second end portion thereof is connected to heat gas flow
path 51 formed in plasma irradiation section 35. Heat gas
is supplied to heat gas flow path 51 via gas pipe 41.
[0019] As illustrated in Fig. 4, a part of an outer per-
iphery portion of electrode 33 is covered with electrode
cover 53 made of aninsulator such as ceramic. Electrode
cover 53 has a substantially hollow tubular shape, and
openings are formed at both end portions in a longitudinal
direction. A gap between an inner peripheral surface of
electrode cover 53 and an outer peripheral surface of
electrode 33 functions as gas flow path 55. An opening of
electrode cover 53 on a downstream side is connected to
reaction chamber 37. A lower end of electrode 33 pro-
trudes from the opening of electrode cover 53 on the
downstream side.

[0020] Reaction gas flow path 61 and a pair of carrier
gas flow paths 63 are formed in the inside of head main
body section 31. Reaction gas flow path 61 is provided
substantially at a center portion of head main body sec-
tion 31, is connected to gas supply section 15B via gas
tube 19 (refer to Fig. 1), and allows the reaction gas
supplied from gas supply section 15B to flow into reaction
chamber 37. The pair of carrier gas flow paths 63 are
disposed at positions where reaction gas flow path 61 is
interposed therebetween in the X direction. Each of the
pair of carrier gas flow paths 63 is connected to gas
supply section 15B via gas tube 19 (refer to Fig. 1), so
that the carrier gas is supplied from gas supply section
15B. Carrier gas flow path 63 allows the carrier gas to flow
into reaction chamber 37 via gas flow path 55.

[0021] Asthe reaction gas (refer tod gas), oxygen (02)
can be employed. Gas supply section 15B allows, for
example, a mixed gas (for example, dry air (Air)) of
oxygen and nitrogen (N2) to flow into between electrodes
33 of reaction chamber 37 via reaction gas flow path 61.
Hereinafter, this mixed gas may be referred to as the
reaction gas for convenience, and oxygen may be re-
ferred to as the refer tod gas. As the carrier gas, nitrogen
can be employed. Gas supply section 15B allows the
carrier gas to flow from each of gas flow paths 55 so as to
surround each of the pair of electrodes 33.

[0022] AnAC voltageisapplied tothe pairof electrodes
33 from power source section 15A of control box 15. By
applying the voltage, for example, as illustrated in Fig. 4,
pseudo arc Ais generated between lower ends of the pair
of electrodes 33 in reaction chamber 37. When the reac-
tion gas passes through pseudo arc A, the reaction gas is
plasmatized. Accordingly, the pair of electrodes 33 gen-
erate discharge of pseudo arc A, plasmatize the reaction
gas, and generate the plasma gas.

[0023] In addition, multiple (six in the present embodi-
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ment) body-side plasma paths 71 arranged atintervals in
the X direction and extending in the Z direction are formed
in a portion of head main body section 31 on the down-
stream side of reaction chamber 37. An upstream end
portion of each of multiple body-side plasma paths 71 is
connected to reaction chamber 37.

[0024] Plasma irradiation section 35 includes nozzle
73,nozzle cover 75, and the like. Nozzle 73 is generally T-
shaped in side view from the X direction, and includes
nozzle main body 77 and nozzle tip 79. Nozzle 73 is an
integral object of nozzle main body 77 and nozzle tip 79,
and is formed of ceramic having a high heat resistance.
Nozzle main body 77 has a generally flange shape and is
fixed to a lower surface of head main body section 31 by
bolt 80. Nozzle tip 79 has a shape extending downward
from a lower surface of nozzle main body 77. Nozzle 73 is
formed with multiple (six in the present embodiment)
nozzle-side plasma paths 81 that penetrate nozzle main
body 77 and nozzle tip 79 in the vertical direction, that is,
the Z direction, and multiple nozzle-side plasma paths 81
are arranged at intervals in the X direction. Multiple
nozzle-side plasma paths 81 are formed at the same
positions as multiple body-side plasma paths 71 in the Z
direction. Therefore, body-side plasma path 71 and noz-
zle-side plasma path 81 communicate with each other.
[0025] As illustrated in Figs. 4 to 6, nozzle cover 75 is
generally T-shaped in side view from the X direction, and
includes cover main body 85 and cover tip 87. Cover main
body 85 and cover tip 87 are separate members, cover
main body 85 is formed of ceramic, and cover tip 87 is
formed of metal, specifically, stainless steel.

[0026] Cover main body 85 is generally plate-shaped
in plate thickness, and recess 89 having a shape open to
an upper surface and recessed in the Z direction is
formed in cover main body 85. Cover main body 85 is
fixed to the lower surface of head main body section 31 by
bolts 90 so that nozzle main body 77 of nozzle 73 is
housed in recess 89. In addition, heat gas flow path 51 is
formed in cover main body 85 so as to extend in the Y
direction, a first end portion of heat gas flow path 51 is
open to recess 89, and a second end portion of heat gas
flow path 51 is open to a side surface of cover main body
85. An end portion of heat gas flow path 51 thatis open to
the side surface of cover main body 85 is connected to
connection section 45 of heat gas supply section 23.
[0027] Cover tip 87 has a plate shape having a thick-
ness dimension equivalent to a thickness dimension of
cover main body 85, and is fixed to the lower surface of
cover main body 85 by bolts 91 so as to extend downward
from the lower surface of cover main body 85. One
through-hole 93 penetrating in the Z direction is formed
in cover tip 87, and an upper end portion of through-hole
93 communicates with recess 89 of cover main body 85.
Nozzle tip 79 of nozzle 73 is inserted into through-hole 93.
Therefore, nozzle 73 is entirely covered with nozzle cover
75. The lower end of nozzle tip 79 of nozzle 73 and the
lower end of cover tip 87 of nozzle cover 75 are located at
the same height.
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[0028] In a state where nozzle 73 is covered with
nozzle cover 75, nozzle main body 77 of nozzle 73 is
located in an inside of recess 89 of nozzle cover 75, and
nozzle tip 79 of nozzle 73 is located in through-hole 93 of
nozzle cover 75. In such a state, a gap exists between
recess 89 and nozzle main body 77, and between
through-hole 93 and nozzle tip 79, and the gap functions
as heat gas output path 95. The heat gas is supplied to
heat gas output path 95 via heat gas flow path 51.
[0029] According to such a structure, the plasma gas
generated in reaction chamber 37 flows through body-
side plasma path 71 and nozzle-side plasma path 81
together with the carrier gas, and is ejected from opening
81A at the lower end of nozzle-side plasma path 81. The
heat gas supplied from gas pipe 41 to heat gas flow path
51 flows through heat gas output path 95. The heat gas
functions as a shielding gas for protecting the plasma
gas. The heat gas flows through heat gas output path 95,
and is ejected from opening 95A at the lower end of heat
gas output path 95 along the ejection direction of the
plasma gas. At this time, the heat gas is ejected so as to
surround the periphery of the plasma gas ejected from
opening 81A of nozzle-side plasma path 81. In this man-
ner, by ejecting the heated heat gas to the periphery of the
plasma gas, the efficiency (wettability or the like) of the
plasma gas can be enhanced.

[0030] Plasma device 10 is an example of a plasma
generation device. Heat gas supply section 23 is an
example of an ejection device. Head main body section
31 is an example of a device main body. Reaction cham-
ber 37 is an example of a reaction chamber. Nozzle 73 is
an example of a nozzle. Nozzle cover 75 is an example of
a nozzle cover. Nozzle main body 77 is an example of a
nozzle main body. Nozzle tip 79 is an example of a nozzle
tip. Opening 81A of nozzle-side plasma path 81 is an
example of a first ejection port. Cover main body 85 is an
example of a cover main body. Cover tip 87 is an example
of a cover section. Opening 95A of heat gas output path
95 is an example of a second ejection port. The heat gas
is an example of the shielding gas.

[0031] Thus, the presentembodiment, which has been
described heretofore, provides the following effects.
[0032] In plasma head 11, ceramic nozzle 73 is cov-
ered with nozzle cover 75 having metal cover tip 87.
Therefore, it is possible to prevent nozzle 73 from being
damaged. Thatis, since nozzle 73 is formed of ceramic, it
is brittle and susceptible to damage. On the other hand,
cover tip 87 serving as a tip portion of nozzle cover 75 is
formed of a metal and is not easily damaged. Therefore,
even when the tip of plasma head 11 comes into contact
with treatment target object W or the like during the
plasma irradiation by plasma head 11 or the like, nozzle
73 is protected by metal nozzle cover 75, so that nozzle
73 is prevented from being damaged. In addition, cera-
mic is relatively expensive, but metal is inexpensive.
Accordingly, even if cover tip 87 is damaged, deformed,
or the like, cover tip 87 can be exchanged at a reduced
cost.
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[0033] As described above, nozzle cover 75 includes
cover main body 85 and cover tip 87, cover main body 85
is formed of ceramic, and cover tip 87 is formed of
stainless steel. Therefore, it is possible to secure appro-
priate plasmatization and to achieve cost reduction. That
is, although the cost can be reduced by forming the entire
nozzle cover with metal, if the upper end portion of the
nozzle cover closer to reaction chamber 37 of head main
body section 31, that is, cover main body 85 is made of
metal, discharge may generate in the periphery of cover
main body 85 by the application to electrode 33 in reac-
tion chamber 37. In such a case, it is not possible to
secure appropriate plasmatization by discharge in a re-
gion other than reaction chamber 37. Accordingly, cover
main body 85 closer to reaction chamber 37 is formed of
ceramic, and cover tip 87 distant from reaction chamber
37 is formed of metal. Therefore, it is possible to secure
appropriate plasmatization and to achieve cost reduc-
tion.

[0034] In other words, metal cover tip 87 is shaped so
as to extend in a direction away from cover main body 85.
That is, metal cover tip 87 has a shape extending in a
direction away from reaction chamber 37. Therefore, itis
possible to further suitably prevent discharge in a region
other than reaction chamber 37, and it is possible to
further secure appropriate plasmatization.

[0035] Nozzle tip 79 of nozzle 73 also has a shape
extending in a direction away from nozzle main body 77,
thatis, downward, similarly to cover tip 87 of nozzle cover
75. Nozzle tip 79 extending downward is inserted in an
inside of cover tip 87 extending downward. Therefore, the
plasma gas ejected from opening 81A of nozzle tip 79 can
be appropriately ejected to the outside of nozzle cover 75.
[0036] In plasma head 11, heated heat gas flows be-
tween nozzle 73 and nozzle cover 75, so that the heated
heat gas is ejected to the periphery of the plasma gas.
Therefore, as described above, the efficiency (wettability
or the like) of the plasma gas can be enhanced.

[0037] The present disclosure is not limited to the
above embodiments, and can be practiced in various
forms without departing from the extent of the invention,
which shall be determined by the appended claim. Spe-
cifically, for example, in plasma head 11, although the
heat gas flows between nozzle 73 and nozzle cover 75,
the heat gas need not to flow. That is, nozzle cover 75, in
which however, in accordance with the invention, a sec-
ond ejection port for ejecting a gas so as to cover the
plasma gas is formed to cover the first ejection port, may
be disposed only as a cover for protecting nozzle 73.
[0038] Inthe above embodiments, the plasma gas and
the heatgas are ejected fromone plasmahead 11, butthe
plasma gas and the heat gas may be ejected from two
heads. That is, the plasma gas may be ejected from one
head, and the heat gas may be ejected from a head
different from the head. In addition, nozzle-side plasma
path 81 and heat gas output path 95 may be formed at
different positions on one head, and the plasma gas and
the heat gas may be ejected from the respective paths.
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[0039] Inthe above embodiments, nozzle 73 and noz-
zle cover 75 are fixed to head main body section 31, but
may be simply provided. That is, nozzle main body 77
may be provided in head main body section 31. Nozzle tip
79 may also be provided in nozzle main body 77.

Reference Signs Selected List

[0040] 10: plasma device (plasma generation device),
23: heat gas supply section (ejection device), 31: head
main body section (device main body), 37: reaction
chamber, 73: nozzle, 75: nozzle cover, 77: nozzle main
body, 79: nozzle tip, 81A: opening (first ejection port), 85:
cover main body, 87: cover tip (cover section), 95A:
opening (second ejection port)

Claims
1. A plasma generation device (10) comprising:

a device main body (31) in which a reaction
chamber (37) for plasmatizing a processing
gas is formed;

a ceramic nozzle (73) in which a first ejection
port (81A) for ejecting a plasma gas that is
plasmatized in the reaction chamber (37) is
formed; and

a nozzle cover (75) in which a second ejection
port (95A) for ejecting a gas so as to cover the
plasma gas is formed to cover the first ejection
port (81A), wherein

the nozzle cover (75) includes

a cover main body (85) formed of ceramic,
and

a cover tip (87) wherein

the cover tip (87) is shaped so as to extend
in a direction away from the cover main
body (85), so that the cover main body
(85) is closer to the reaction chamber (37)
and the cover tip (87) is distant from the
reaction chamber (37),

characterised in that

the cover tip (87) is made of metal.

Patentanspriiche

1. Eine Plasmaerzeugungsvorrichtung (10) aufwei-
send:

einen Vorrichtungshauptkérper (31), in dem ei-
ne Reaktionskammer (37) zum Plasmatisieren
eines Prozessgases ausgebildet ist;

eine Keramikdise (73), in der eine erste Aus-
stolR6ffnung (81A) zum Ausstolien eines in der
Reaktionskammer (37) plasmatisierten Plas-
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magases ausgebildet ist; und
eine Dusenabdeckung (75), in der eine zweite
AusstolR6ffnung (95A) zum AusstofRen eines
Gases zum Abdecken des Plasmagases aus-
gebildet ist, um die erste AusstoR6ffnung (81A) 5
abzudecken, wobei
die Disenabdeckung (75) umfasst
einen Abdeckungshauptkdrper (85), der aus
Keramik gebildet ist, und
eine Abdeckungsspitze (87), wobei 10
die Abdeckungsspitze (87) so geformt ist, dass
sie sich in einer Richtung vom Abdeckungs-
hauptkorper (85) weg erstreckt, so dass der
Abdeckungshauptkérper (85) naher an der
Reaktionskammer (37) liegt und die Abde- 15
ckungsspitze (87) von der Reaktionskammer
(37) beabstandet ist,
dadurch gekennzeichnet, dass
die Abdeckungsspitze (87) aus Metall besteht.

20

Revendications

1. Dispositifde génération de plasma (10) comprenant:
25

un corps principal de dispositif (31) dans lequel
une chambre de réaction (37) pour une plasma-
tisation d’'un gaz de traitement est constituée ;
une buse de céramique (73) dans laquelle un
premier port d’éjection (81A) pour éjecter un 30
gaz de plasma qui est plasmatisé dans la cham-
bre de réaction (37) est constituée ; et
un capot de buse (75) dans lequel un deuxieme
portd’éjection (95A) pour éjecter un gaz de sorte
a couvrir le gaz de plasma est constitué pour 35
couvrir le premier port d’éjection (81A), dans
lequel
le capot de buse (75) inclut
un corps principal de capot (85) constitué de
céramique, et 40
une pointe de capot (87) dans lequel
la pointe de capot (87) est formée de sorte a
s’étendre dans une direction s’éloignant du
corps principal (85), de sorte que le corps prin-
cipal de capot (85) est plus proche de la cham- 45
bre de réaction (37) et la pointe de capot (87) est
distante de la chambre de réaction (37),
caractérisé en ce que

la pointe de capot (87) est faite de métal.
50

55
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[Fig. 3]
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[Fig. 4]
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