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(54) ACTIVE GAS GENERATION DEVICE

(57) An object of the present disclosure is to provide
an active gas generation apparatus having a structure of
ejecting high-quality active gas which does not contain
impurity. Provided in an active gas generation apparatus
(100C) according to the present disclosure is a gas sep-
aration structure of separating a gas flow between an
in-housing space (33) and a discharge space (6C) by a
cooling plate (9), an electrode holding member (8), and

a high voltage apply electrode part (1C). The active gas
generation apparatus (100C) further includes an auxiliary
metal electrode (12) provided on an upper surface of an
electrode dielectric film (11) in the high voltage apply
electrode part (1C). The auxiliary metal electrode (12) is
provided to overlap with part of an active gas transmis-
sion path in a plan view, and set to ground potential.
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Description

Technical Field

[0001] The present disclosure relates to an active gas
generation apparatus generating active gas by parallel
plate type dielectric-barrier charge and supplying the ac-
tive gas to a processing space in a subsequent stage.

Background Art

[0002] For example, an active gas generation appara-
tus disclosed in Patent Document 1 is an example of an
active gas generation apparatus generating active gas
by parallel plate type dielectric-barrier charge.
[0003] In a conventional active gas generation appa-
ratus disclosed in Patent Document 1, a processing
space such as a processing chamber is located in a sub-
sequent stage of the apparatus.
[0004] The conventional active gas generation appa-
ratus generates active gas such as nitrogen radical from
material gas such as nitrogen gas using dielectric-barrier
discharge, and ejects the active gas into the processing
space.

Prior Art Documents

Patent Documents

[0005] Patent Document 1: International Publication
No. 2019/229873

Summary

Problem to be Solved by the Invention

[0006] The conventional active gas generation appa-
ratus has a structure that gas which has passed through
a high voltage supply space to which a metal electrode
for applying high voltage provided in a high voltage side
electrode is exposed is led to a discharge space. In this
case, when a component of the metal electrode or the
like is evaporated by high temperature or abnormal elec-
trical discharge, the component enters the discharge
space as it is, and may cause particles or metal contam-
ination in semiconductor forming processing performed
in the processing space.
[0007] That is to say, the conventional active gas gen-
eration apparatus has a problem that it may fail to output
high-quality active gas.
[0008] An object of the present disclosure is to solve
the above problem and provide an active gas generation
apparatus having a structure of ejecting high-quality ac-
tive gas which does not contain impurity by devising a
shape and attachment structure of an electrode consti-
tuting part and a peripheral part thereof.

Means to Solve the Problem

[0009] An active gas generation apparatus according
to the present disclosure is an active gas generation ap-
paratus generating active gas obtained by activating ma-
terial gas supplied to a discharge space, including: a first
electrode constituting part; and a second electrode con-
stituting part provided on a lower side of the first electrode
constituting part, wherein the first electrode constituting
part includes a first electrode dielectric film and a first
metal electrode formed on an upper surface of the first
electrode dielectric film, the second electrode constitut-
ing part includes a second electrode dielectric film and a
second metal electrode formed on a lower surface of the
second electrode dielectric film, AC voltage is applied to
the first metal electrode, the second metal electrode is
set to ground potential, and a dielectric space where the
first and second electrode dielectric films face each other
includes a region where the first and second metal elec-
trodes overlap with each other in a plan view as the dis-
charge space, and the second electrode dielectric film
includes a gas ejection hole for ejecting the active gas
to a lower side, and a path from the discharge space to
the gas ejection hole is defined as an active gas trans-
mission path, the active gas generation apparatus further
including a base flange having conductivity, having a
cross-section structure with a concave shape, and in-
cluding a central bottom surface region and a peripheral
protruding part provided along an outer periphery of the
central bottom surface region to protrude in a height di-
rection, wherein the second electrode constituting part
is provided so that the second metal electrode has con-
tact with the central bottom surface region, the active gas
generation apparatus further including: a conductive
structure with conductivity provided on the peripheral pro-
truding part of the base flange and located above an up-
per side of the first electrode constituting part without
having contact with the first electrode constituting part;
an insulating material provided between the conductive
structure and the first electrode constituting part, having
an upper surface having contact with a lower surface of
the conductive structure, and having a lower surface hav-
ing contact with the upper surface of the first metal elec-
trode; an electrode support member provided on the low-
er surface of the conductive structure to support the first
electrode constituting part from a lower side; and a metal
housing provided on the peripheral protruding part of the
base flange and having an in-housing space housing the
conductive structure, wherein the base flange includes:
a gas supply port receiving the material gas from outside;
a gas transmission path for supplying the material gas
to the discharge space; and a base flange gas ejection
hole for ejecting the active gas ejected from the gas ejec-
tion hole to a lower side, ground potential is supplied to
the base flange, provided is a gas separation structure
of separating a gas flow between the in-housing space
and the discharge space by the conductive structure, the
electrode support member, and the first electrode con-
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stituting part, the active gas generation apparatus further
including a third metal electrode provided on an upper
surface of the first electrode dielectric film independently
from the first metal electrode, wherein the third metal
electrode is provided to partially overlap with a part of
the active gas transmission path in a plan view and set
to ground potential.

Effects of the Invention

[0010] The active gas generation apparatus according
to the present disclosure has the gas separation structure
described above, thereby being able to reliably avoid a
mixing phenomenon that the impurity occurring in the in-
housing space enters the discharge space.
[0011] As a result, the active gas generation apparatus
according to the present disclosure can eject the high-
quality active gas which does not contain impurity without
damaging the first and second electrode dielectric films.
[0012] Furthermore, the active gas generation appa-
ratus according to the present disclosure includes the
third metal electrode set to the ground potential, thereby
being able to reduce electrical field strength in the active
gas transmission path described above.
[0013] As a result, the active gas generation apparatus
according to the present disclosure can purposefully re-
duce the electrical field strength of the processing space
provided on a lower side of the base flange gas ejection
hole without changing a structure of the gas ejection hole
or the base flange gas ejection hole.
[0014] In addition, the active gas generation apparatus
according to the present disclosure has the gas separa-
tion structure described above, thus there is a low ne-
cessity of increasing a degree of firmly attaching the first
and third metal electrodes to the upper surface of the first
electrode dielectric film. Thus, bulk metal from which the
first and third metal electrodes are manufactured rela-
tively easily is used, thus a manufacturing process can
be simplified.
[0015] These and other objects, features, aspects and
advantages of the present disclosure will become more
apparent from the following detailed description of the
present disclosure when taken in conjunction with the
accompanying drawings.

Brief Description of Drawings

[0016]

[Fig. 1] An explanation diagram illustrating a whole
configuration of an active gas generation apparatus
which is an embodiment 1 of the present disclosure.
[Fig. 2] A plan view illustrating an upper surface struc-
ture of a high voltage apply electrode part illustrated
in Fig. 1.
[Fig. 3] A cross-sectional view illustrating a cross-
section structure of the high voltage apply electrode
part.

[Fig. 4] A plan view illustrating a lower surface struc-
ture of a ground potential electrode part illustrated
in Fig. 1.
[Fig. 5] A cross-sectional view illustrating a cross-
section structure of the ground potential electrode
part.
[Fig. 6] A plan view illustrating a planar structure of
a base flange illustrated in Fig. 1.
[Fig. 7] A cross-sectional view illustrating a cross-
section structure of the base flange.
[Fig. 8] A perspective view illustrating a detail of a
gas buffer and a gas diffusion path.
[Fig. 9] A plan view illustrating a planar structure of
an insulating plate illustrated in Fig. 1.
[Fig. 10] A cross-sectional view illustrating a cross-
section structure of the insulating plate.
[Fig. 11] A plan view illustrating a planar structure of
an electrode holding member illustrated in Fig. 1.
[Fig. 12] A cross-sectional view illustrating a cross-
section structure of the electrode holding member.
[Fig. 13] A plan view illustrating a planar structure of
a cooling plate illustrated in Fig. 1.
[Fig. 14] A cross-sectional view illustrating a cross-
section structure of the cooling plate.
[Fig. 15] A plan view illustrating a planar structure of
a base flange according to an embodiment 2.
[Fig. 16] A cross-sectional view illustrating a cross-
section structure of the base flange according to the
embodiment 2.
[Fig. 17] An explanation diagram schematically illus-
trating a feature of a gas diffusion path in a formation
direction.
[Fig. 18] An explanation diagram illustrating a whole
configuration of an active gas generation apparatus
which is an embodiment 3.
[Fig. 19] A plan view illustrating an upper surface
structure of a high voltage apply electrode part and
an auxiliary metal electrode illustrated in Fig. 18.
[Fig. 20] A cross-sectional view illustrating a cross-
section structure of the high voltage apply electrode
part and the auxiliary metal electrode.
[Fig. 21] A plan view illustrating a lower surface struc-
ture of a ground potential electrode part illustrated
in Fig. 18.
[Fig. 22] A cross-sectional view illustrating a cross-
section structure of a ground potential electrode part.
[Fig. 23] A plan view illustrating a planar structure of
an insulating plate illustrated in Fig. 18.
[Fig. 24] A cross-sectional view illustrating a cross-
section structure of the insulating plate.
[Fig. 25] An explanation diagram illustrating a whole
configuration of an active gas generation apparatus
which is an embodiment 4.
[Fig. 26] A plan view illustrating an upper surface
structure of a high voltage apply electrode part and
an auxiliary metal electrode illustrated in Fig. 25.
[Fig. 27] A cross-sectional view illustrating a cross-
section structure of the high voltage apply electrode
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part and the auxiliary metal electrode.
[Fig. 28] A plan view illustrating a lower surface struc-
ture of a ground potential electrode part illustrated
in Fig. 25.
[Fig. 29] A cross-sectional view illustrating a cross-
section structure of a ground potential electrode part.
[Fig. 30] A cross-sectional view illustrating a whole
structure of an active gas generation apparatus for
a first comparison.
[Fig. 31] A cross-sectional view illustrating a whole
structure of an active gas generation apparatus for
a second comparison.

Description of Embodiment(s)

<Embodiment 1>

(Whole configuration)

[0017] Fig. 1 is an explanation diagram illustrating a
whole configuration of an active gas generation appara-
tus which is an embodiment 1 of the present disclosure.
An XYZ rectangular coordinate system is illustrated in
Fig. 1. An active gas generation apparatus 100 according
to the embodiment 1 is an active gas generation appa-
ratus generating active gas 52 (nitrogen radical, for ex-
ample) obtained by activating material gas 5 (nitrogen
gas, for example) supplied to a discharge space 6.
[0018] The active gas generation apparatus 100 in-
cludes, as a main constituting part, a metal housing 3, a
base flange 4, a high voltage apply electrode part 1, a
ground potential electrode part 2, an insulating plate 7,
an electrode holding member 8, and a cooling plate 9.
[0019] The base flange 4 has a cross-section structure
with a concave shape, and includes a central bottom sur-
face region 48 and a peripheral protruding part 46 pro-
vided along an outer periphery of the central bottom sur-
face region 48 to protrude in a height direction (+Z direc-
tion). The base flange 4 is set to ground potential.
[0020] The metal housing 3 is a housing made of metal
with an opening part on a lower side. The metal housing
3 mainly includes an in-housing space 33 housing the
cooling plate 9.
[0021] The metal housing 3 is fixed to the base flange
4 so that the metal base flange 4 constitutes a bottom
surface of the metal housing 3. Specifically, the metal
housing 3 is fixed on the peripheral protruding part 46 of
the base flange 4. Accordingly, the opening part of the
metal housing 3 is shielded by the base flange 4, and the
metal housing 3 and the base flange 4 form a shielded
space including the in-housing space 33. The metal
housing 3 is further set to ground potential via the base
flange 4.
[0022] The cooling plate 9 is disposed as a bottom sur-
face part of the in-housing space 33 in the active gas
generation apparatus 100. Specifically, the cooling plate
9 is disposed on an upper surface of the peripheral pro-
truding part 46 of the base flange 4 so that a peripheral

end portion of the cooling plate 9 has contact with the
upper surface of the peripheral protruding part 46 of the
base flange 4. The cooling plate 9 is a conductive struc-
ture made of metal such as a metal plate and disposed
not to have contact with the metal housing 3.
[0023] In the meanwhile, the ground potential elec-
trode part 2 which is a second electrode constituting part
is disposed on the central bottom surface region 48 of
the base flange 4. The ground potential electrode part 2
includes, as a main constituting part, an electrode die-
lectric film 21 which is a second electrode dielectric film
and a metal electrode 20 which is a second metal elec-
trode formed on a lower surface of the electrode dielectric
film 21. Accordingly, the ground potential electrode part
2 is placed on the central bottom surface region 48 so
that the metal electrode 20 has contact with the central
bottom surface region 48.
[0024] A combination of the high voltage apply elec-
trode part 1 which is a first electrode constituting part and
the ground potential electrode part 2 which is a second
electrode constituting part constitutes an electrode pair
having the discharge space 6 in an inner portion, and the
ground potential electrode part 2 is provided on a lower
side of the high voltage apply electrode part 1.
[0025] The high voltage apply electrode part 1 in-
cludes, as a main constituting part, an electrode dielectric
film 11 which is a first electrode dielectric film and a metal
electrode 10 which is a first metal electrode formed on
an upper surface of the electrode dielectric film 11.
[0026] AC voltage is applied between the metal elec-
trode 10 and the metal electrode 20 from a high frequency
power source 50. Specifically, the AC voltage is applied
from the high frequency power source 50 to the metal
electrode 10, and the metal electrode 20 is set to ground
potential via the base flange 4.
[0027] The discharge space 6 including a region where
the metal electrodes 10 and 20 overlap with each other
in a plan view is provided in a shielded space functioning
as a dielectric space where the electrode dielectric film
11 and the electrode dielectric film 21 face each other.
[0028] The electrode dielectric film 21 includes a gas
ejection hole 23 for ejecting the active gas 52 into a
processing space 63 on a lower side (subsequent stage)
via a gas ejection hole 43 of the base flange 4.
[0029] The gas ejection hole 43 (a base flange gas
ejection hole) is provided in a position corresponding to
the gas ejection hole 23 of the electrode dielectric film
21 without an intervention of the metal electrode 20 in a
central portion of the central bottom surface region 48 of
the base flange 4.
[0030] As described above, the cooling plate 9 is fixed
on the peripheral protruding part 46 of the base flange
4. The insulating plate 7 is provided on a lower surface
of the cooling plate 9, and the high voltage apply elec-
trode part 1 is disposed so that an upper surface of the
metal electrode 10 has contact with the lower surface of
the insulating plate 7.
[0031] The electrode holding member 8 functioning as
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an electrode support member is provided on the lower
surface of the cooling plate 9. The electrode holding
member 8 is provided in an outer peripheral region of the
insulating plate 7 and the high voltage apply electrode
part 1. A combination structure of the insulating plate 7
and the high voltage apply electrode part 1 is referred to
as "an upper electrode group" in an abbreviated form in
some cases.
[0032] The electrode holding member 8 includes a
pressing protruding part 8a whose lower side partially
protrudes to an inner side (a formation direction of the
upper electrode group). The pressing protruding part 8a
is provided to protrude to the inner side along a horizontal
direction (XY plane) so that an upper surface thereof has
contact with a lower surface of the electrode dielectric
film 11.
[0033] The pressing protruding part 8a of the electrode
holding member 8 and the cooling plate 9 sandwich the
upper electrode group, thereby fixing the upper electrode
group on the lower surface of the cooling plate 9.
[0034] Accordingly, the electrode holding member 8
functions as the electrode support member provided on
the lower surface of the cooling plate 9 to support the
high voltage apply electrode part 1 from a lower side.
[0035] A stainless-steel bolt is used to attach the elec-
trode holding member 8 to the cooling plate 9, and there
is a possibility that impurity of a stainless-steel compo-
nent enters the discharge space 6 when the bolt is ex-
posed to a gas flow 51 of the material gas 5 in a gas relay
region R4 described hereinafter. Thus, all of the bolts are
attached from a side of the in-housing space 33 toward
the electrode holding member 8 via the cooling plate 9.
The illustration of the bolt is omitted. In this manner, the
electrode holding member 8 is attached to the lower sur-
face of the cooling plate 9 so that the upper electrode
group is sandwiched between the pressing protruding
part 8a and the cooling plate 9.
[0036] The plate-like insulating plate 7 which is an in-
sulating material is provided between the cooling plate 9
and the high voltage apply electrode part 1, and an upper
surface thereof has contact with the lower surface of the
cooling plate 9, and a lower surface thereof has contact
with the upper surface of the metal electrode 10 of the
high voltage apply electrode part 1.
[0037] Accordingly, the cooling plate 9 is located above
an upper side of the high voltage apply electrode part 1
without having contact with the high voltage apply elec-
trode part 1 in accordance with an intervention of the
insulating plate 7.
[0038] In this manner, in the active gas generation ap-
paratus 100, the high voltage apply electrode part 1 is
not placed on the ground potential electrode part 2 with
a spacer therebetween but has a feature of being at-
tached to the cooling plate 9 on the upper side.
[0039] The active gas generation apparatus 100 has
the above feature, thus a positioning of a height direction
of the cooling plate 9 can be determined only by a contact
surface of the base flange 4 and the peripheral protruding

part 46. That is to say, the height direction of the cooling
plate 9 can be positioned only by a formation height of
an upper surface of the peripheral protruding part 46 of
the base flange 4.
[0040] Thus, the active gas generation apparatus 100
sets a formation position of the cooling plate 9 accurately,
thereby being able to completely prevent a gas leakage
and a cooling water leakage between the cooling plate
9 and the base flange 4.
[0041] The base flange 4 includes a gas supply port
34 in one side surface of the peripheral protruding part
46 and a gas transmission path 35 in an inner portion of
the peripheral protruding part 46. The material gas 5 sup-
plied from outside flows from the gas supply port 34 to
the gas transmission path 35.
[0042] In addition, the base flange 4 includes a gas
relay region R4 functioning as a region relaying the ma-
terial gas 5 from the gas transmission path 35 to the dis-
charge space 6 on an upper side of the central bottom
surface region 48 (and mainly on a lower side of the elec-
trode holding member 8).
[0043] Accordingly, the material gas 5 flowing in the
gas transmission path 35 is finally supplied to the dis-
charge space 6 via the gas relay region R4. To be exact,
a gas buffer 41 and a gas diffusion path 42 described
hereinafter are located between the gas transmission
path 35 and the gas relay region R4.
[0044] In this manner, the base flange 4 includes the
gas supply port 34 receiving the material gas 5 from out-
side and the gas transmission path 35 for supplying the
material gas 5 to the discharge space 6.
[0045] The gas relay region R4 described above is
completely separated from the in-housing space 33 by
the high voltage apply electrode part 1 (the first electrode
constituting part), the insulating plate 7 (insulating mate-
rial), the electrode holding member 8, and the cooling
plate 9.
[0046] In order to achieve the complete separation de-
scribed above, each of a contact surface of the cooling
plate 9 and the base flange 4, a contact surface of the
cooling plate 9 and the electrode holding member 8, and
a contact surface of the electrode holding member 8 and
the high voltage apply electrode part 1 is sealed by an O
ring (each O ring is not shown).
[0047] Accordingly, a gas flow between the in-housing
space 33 and the discharge space 6 is separated by at
least the electrode holding member 8, the cooling plate
9, and the high voltage apply electrode part 1.
[0048] That is to say, the material gas 5 flowing in the
gas relay region R4 does not enter the in-housing space
33, and impurity, for example, in the in-housing space 33
does not enter the discharge space 6 via the gas relay
region R4 in reverse.
[0049] The base flange 4 includes a cooling water sup-
ply port 44 in the other side surface of the peripheral
protruding part 46 on a side opposite to one side surface
thereof. Cooling water which is a cooling medium sup-
plied from outside flows in an inner portion of the periph-
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eral protruding part 46 and is supplied from a cooling
water transmission hole 451 to the cooling plate 9.
[0050] The cooling plate 9 includes, in an inner portion,
a cooling water path 90 functioning as a cooling medium
path transmitting the cooling water supplied through the
cooling water transmission hole 451. Accordingly, the
cooling plate 9 has a cooling function of flowing the cool-
ing water in the cooling water path 90, thereby cooling
the high voltage apply electrode part 1 (the electrode
dielectric film 11) via the insulating plate 7.
[0051] In this manner, the base flange 4 includes the
cooling water supply port 44 which is the cooling medium
supply port receiving the cooling water which is the cool-
ing medium and the cooling water transmission hole 451
which is the cooling medium transmission hole for sup-
plying the cooling water to the cooling plate 9.
[0052] A procedure of attaching the active gas gener-
ation apparatus 100 having the above configuration is
briefly described hereinafter.

(1) The cooling plate 9 is turned over to reverse a
relationship between the upper surface and the lower
surface of the cooling plate 9.
(2) The insulating plate 7 is placed on the lower sur-
face of the cooling plate 9.
(3) The high voltage apply electrode part 1 is placed
on the insulating plate 7 so that the metal electrode
10 and the electrode dielectric film 11 are placed in
this order.
(4) The electrode holding member 8 is placed on the
lower surface of the cooling plate 9 to secure the
cooling plate 9 and the electrode holding member 8
with a bolt. As a result, the upper electrode group is
attached on the lower surface of the cooling plate 9.
At this time, a portion between the cooling plate 9
and the electrode holding member 8 and a portion
between the high voltage apply electrode part 1 and
the electrode holding member 8 are sealed.
(5) The ground potential electrode part 2 is placed
on the central bottom surface region 48 of the base
flange 4.
(6) The cooling plate 9 to which the upper electrode
group is attached is returned to have the original up-
down relationship.
(7) The cooling plate 9 is placed on the peripheral
protruding part 46 of the base flange 4, and the cool-
ing plate 9 and the base flange 4 are secured with a
bolt. At this time, a portion between the cooling plate
9 and the base flange 4 are sealed.

[0053] In this manner, the active gas generation appa-
ratus 100 according to the embodiment 1 can be assem-
bled through the attachment procedures (1) to (7).
[0054] In the active gas generation apparatus 100 as-
sembled as described above, the material gas 5 is sup-
plied from the gas supply port 34 provided in one side
surface of the peripheral protruding part 46 of the base
flange 4 into the base flange 4.

[0055] In the peripheral protruding part 46 of the base
flange 4, the gas flow 51 of the material gas 5 passes
through the gas buffer 41 and the gas diffusion path 42
described hereinafter from the gas transmission path 35
toward the gas relay region R4. The gas flow 51 passes
from the gas relay region R4 toward the discharge space
6 between the high voltage apply electrode part 1 and
the ground potential electrode part 2. The material gas
5 passes through the discharge space 6 to which dis-
charge power is applied, thus the material gas 5 is acti-
vated, and the active gas 52 is obtained. The active gas
52 is supplied to the processing space 63 on the lower
side via the gas ejection hole 23 and the gas ejection
hole 43. Herein, a path from the discharge space 6 to the
gas ejection hole 23 is defined as an active gas trans-
mission path.
[0056] At this time, the in-housing space 33 can be set
to have a wide pressure range from around atmospheric
pressure of approximately 100 kPa to high vacuum of
approximately 1310-1Pa to 1310-3Pa. Particularly, in a
case where the in-housing space 33 is in a high vacuum
state, there is an advantage that even if an extremely
small leakage occurs between the in-housing space 33
and the discharge space 6, the flow is wholly directed to
the side of the in-housing space 33, thus does not influ-
ence a processed object.
[0057] The active gas generation apparatus 100 ac-
cording to the embodiment 1 has a feature that it has a
gas separation structure of separating a gas flow be-
tween the in-housing space 33 and the discharge space
6 by the cooling plate 9, the insulating plate 7, the elec-
trode holding member 8, and the high voltage apply elec-
trode part 1.
[0058] The separation of the gas flow between the in-
housing space 33 and the discharge space 6 can be
achieved by providing at least the cooling plate 9, the
electrode holding member 8, and the high voltage apply
electrode part 1.
[0059] The active gas generation apparatus 100 ac-
cording to the embodiment 1 has the gas separation
structure described above, thereby being able to reliably
avoid a mixing phenomenon that the impurity occurring
in the in-housing space 33 enters the discharge space 6.
[0060] As a result, the active gas generation apparatus
100 according to the embodiment 1 can eject the high-
quality active gas 51 which does not contain impurity with-
out damaging the electrode dielectric films 11 and 22.
[0061] Furthermore, the cooling function of the cooling
plate 9 including the cooling water path 90 functioning
as the cooling medium path enables the cooling of the
high voltage apply electrode part 1 via the insulating plate
7 (insulating material). Thus, a difference of temperature
between regions in the dielectric film occurring in the elec-
trode dielectric film 11 (first electrode dielectric film) hav-
ing the lower surface forming the discharge space 6 can
be reduced as much as possible.
[0062] The difference of temperature between regions
in the dielectric film is described hereinafter. A thermal
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expansion by a discharge phenomenon in the discharge
space 6 determines an upper limit of a power density. In
the electrode dielectric film 11 of the high voltage apply
electrode part 1, a temperature difference occurs be-
tween a discharge region where the electrode dielectric
film 11 overlaps with the discharge space 6 in a plan view
(a region where the metal electrode 10 is formed) and a
non-discharge region other than the discharge region.
This temperature difference described above in the elec-
trode dielectric film 11 becomes the difference of tem-
perature between regions in the dielectric film.
[0063] When the difference of temperature between
regions in the dielectric film gets large, a difference of
thermal expansion increases, thus a risk of damage on
the electrode dielectric film 11 increases. When the cool-
ing plate 9 cools the electrode dielectric film 11 via the
insulating plate 7 and the metal electrode 10, thereby
being able to minimize the difference of temperature be-
tween regions in the dielectric film as much as possible,
higher discharge power can be applied.
[0064] Accordingly, the active gas generation appara-
tus 100 according to the embodiment 1 can increase the
discharge power applied to the discharge space 6 by
suppressing the difference of temperature between re-
gions in the dielectric film described above, thus can in-
crease a generation amount of the active gas 52.
[0065] The insulating plate 7 is provided between the
cooling plate 9 and the metal electrode 10, thus a short-
circuit phenomenon that the metal electrode 10 and the
cooling plate 9 are electrically connected can be reliably
avoided.
[0066] The above effect is described hereinafter. High
potential is applied from the high frequency power source
50 to the metal electrode 10 of the high voltage apply
electrode part 1, and the cooling plate 9 is grounded via
the base flange 4. Accordingly, a short-circuit phenom-
enon that the cooling plate 9 and the metal electrode 10
have direct contact with each other needs to be avoided.
[0067] Thus, the short-circuit phenomenon between
the metal electrode 10 and the cooling plate 9 in the high
voltage apply electrode part 1 is reliably prevented by
the insulating plate 7 formed of an insulating object.

(High voltage apply electrode part 1)

[0068] Fig. 2 is a plan view illustrating an upper surface
structure of the high voltage apply electrode part 1 illus-
trated in Fig. 1, and Fig. 3 is a cross-sectional view illus-
trating a cross-section structure of the high voltage apply
electrode part 1. An A-A cross section in Fig. 2 corre-
sponds to Fig. 3. An XYZ rectangular coordinate system
is illustrated in each of Fig. 2 and Fig. 3.
[0069] As illustrated in Fig. 1 to Fig. 3, the electrode
dielectric film 11 of the high voltage apply electrode part
1 has a circular shape in a plan view.
[0070] The metal electrode 10 is provided on the upper
surface of the electrode dielectric film 11, and formed
into an annular shape having a circular opening part 15

in a central portion.

(Ground potential electrode part 2)

[0071] Fig. 4 is a plan view illustrating a lower surface
structure of the ground potential electrode part 2 illustrat-
ed in Fig. 1, and Fig. 5 is a cross-sectional view illustrating
a cross-section structure of the ground potential elec-
trode part 2. A B-B cross section in Fig. 4 corresponds
to Fig. 5. An XYZ rectangular coordinate system is illus-
trated in each of Fig. 4 and Fig. 5.
[0072] As illustrated in Fig. 1, Fig. 4, and Fig. 5, the
electrode dielectric film 21 of the ground potential elec-
trode part 2 has a circular shape in a plan view.
[0073] The metal electrode 20 is provided on the lower
surface of the electrode dielectric film 21, and formed
into an annular shape having a circular opening part 25
in a central portion.
[0074] The metal electrode 20 is formed to include the
whole metal electrode 10 in a plan view, thus the dis-
charge space 6 where the metal electrode 20 and the
metal electrode 10 overlap with each other in a plan view
is substantially defined by a formation region of the metal
electrode 10. Accordingly, the discharge space 6 is
formed into an annular shape centering on the gas ejec-
tion hole 23 in a plan view as with the metal electrode 10.
[0075] The ground potential electrode part 2 has, in a
center position, the gas ejection hole 23 for ejecting the
active gas 52 generated in the discharge space 6 to the
lower side. The gas ejection hole 23 is formed to pass
through the electrode dielectric film 21.
[0076] As illustrated in Fig. 4, the gas ejection hole 23
is provided in a center position of the opening part 25 of
the metal electrode 20 without overlapping with the metal
electrode 20 in a plan view.
[0077] A hole diameter of the gas ejection hole 23 is
set to be sufficiently small, thus the gas ejection hole 23
can have an orifice function. In the present specification,
"the orifice function" indicates a function of reducing pres-
sure in a region after the gas passes through a gas pass-
ing part (the gas ejection hole 23) to less than pressure
in a region before the gas passes through the gas passing
part regarding the region before and after the gas passes
therethrough.
[0078] Specifically, when a length of a diameter ϕ of
the gas ejection hole 23 is set to 0.69 mm, a formation
depth thereof is set to 1 mm, and a gas flow amount of
the material gas 5 is set to 1 slm, an upstream side pres-
sure in the gas ejection hole 23 can be set to approxi-
mately 30 kPa while a downstream side pressure thereof
is 266 Pa (absolute pressure).
[0079] In this manner, the gas ejection hole 23 having
the orifice function is formed in the ground potential elec-
trode part 2. Thus, a pressure difference occurs between
a downstream side of the active gas generation appara-
tus 100 and the discharge space 6 on an upstream side,
and pressure in the discharge space 6 is maintained at
around 10 kPa to 30 kPa.
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(Base flange 4)

[0080] Fig. 6 is a plan view illustrating a planar structure
of the base flange 4 illustrated in Fig. 1, and Fig. 7 is a
cross-sectional view illustrating a cross-section structure
of the base flange 4. Fig. 8 is a perspective view illustrat-
ing a detail of the gas buffer 41 and the gas diffusion path
42 described hereinafter. A C-C cross section in Fig. 6
corresponds to Fig. 7. An XYZ rectangular coordinate
system is illustrated in each of Fig. 6 to Fig. 8.
[0081] Ground potential is supplied to the base flange
4 made of metal and having conductivity. As illustrated
in Fig. 1 and Fig. 6 to Fig. 8, the base flange 4 has a
circular shape in a plan view, and has a concave shape
structure in a cross-sectional view. The base flange 4
includes the central bottom surface region 48 having a
circular shape in a plan view and the peripheral protruding
part 46 provided along an outer periphery of the central
bottom surface region 48, protruding to an upper side
(+Z direction), and having an annular shape.
[0082] The base flange 4 includes the gas ejection hole
43 (the base flange gas ejection hole) in a center position
of the central bottom surface region 48. The gas ejection
hole 43 passes through the base flange 4.
[0083] The gas ejection hole 43 of the base flange 4
corresponds to the gas ejection hole 23, and is formed
in a position coinciding with the gas ejection hole 23 in
the upper surface in a plan view. That is to say, the gas
ejection hole 43 is provided immediately below the gas
ejection hole 23.
[0084] A hole diameter of the gas ejection hole 43 is
set to be sufficiently small, thus the gas ejection hole 43
can have an orifice function. In this case, "the orifice func-
tion" indicates a function of reducing pressure in a region
after the gas passes through the gas ejection hole 43
which is the gas passing part to less than pressure in a
region before the gas passes through the gas ejection
hole 43 regarding the region before and after the gas
passes therethrough.
[0085] However, the active gas 52 generated in the
discharge space 6 has a longer life as the pressure de-
creases, thus it is preferable that the gas ejection hole
23 closer to the discharge space 6 has the orifice function
compared with the gas ejection hole 43.
[0086] The central bottom surface region 48 and the
peripheral protruding part 46 are provided in an area
ranging from the center position of the base flange 4 to
a peripheral area thereof, and the plurality of gas diffusion
paths 42 and the gas buffer 41 are provided in an inner
peripheral region of the peripheral protruding part 46.
[0087] The gas buffer 41 which is a gas internal flow
path is connected to the gas transmission path 35, and
is formed into an annular shape surrounding the gas relay
region R4 in a plan view. As illustrated in Fig. 7 and Fig.
8, the gas buffer 41 has a groove structure in which a
groove is formed in a cross-sectional view, thus can tem-
porarily house the material gas 5.
[0088] The plurality of gas diffusion paths 42 are dis-

cretely provided between the gas buffer 41 which func-
tions as the gas internal flow path and the gas relay region
R4. Accordingly, the material gas 5 flows from the gas
buffer 41 to the gas relay region R4 through the plurality
of gas diffusion paths 42.
[0089] As illustrated in Fig. 6, the plurality of gas diffu-
sion paths 42 are discretely provided at regular intervals
along a formation direction (a circumferential direction)
of the gas buffer 41.
[0090] A formation width and a formation depth of each
gas diffusion path 42 are set to be sufficiently small, thus
the gas diffusion path 42 can have an orifice function. In
this case, "the orifice function" indicates a function of re-
ducing pressure in the gas relay region R4 after the gas
passes through the gas diffusion path 42 to less than
pressure in the gas buffer 41 before the gas passes
through the gas diffusion path 42 regarding the region
before and after the gas passes therethrough.
[0091] Considered specifically is a usage example that
a gas flow amount of the material gas 5 is set to 1 slm
for the twenty-four gas diffusion paths 42 in total each
having a structure that each gas diffusion path 42 has a
width of 1 mm, a height of 0.4 mm, and a formation length
(depth length) of 3.6 mm in relation to a gas traveling
direction.
[0092] In this usage example, the pressure in the gas
buffer 41 on an upstream side can be 70Pa or more higher
than a downstream side pressure in the gas diffusion
path 42, that is 30 kPa (absolute pressure).
[0093] The material gas 5 supplied in the base flange
4 needs to be flowed evenly from an outer periphery 360°
toward the discharge space 6. The reason is that when
the material gas 5 is flowed into the discharge space 6
in an uneven state, a pressure difference proportional to
the gas flow occurs in the discharge space 6, and thus
the electrical discharge is ununiformed and a generation
efficiency of the active gas 52 is reduced.
[0094] As illustrated in Fig. 7, in the base flange 4, the
material gas 5 supplied from the gas supply port 34 pass-
es through the gas transmission path 35. Subsequently,
the material gas 5 can be temporarily remain in the whole
periphery of the gas buffer 41, which is a groove annularly
formed in a plan view, to surround the whole periphery.
[0095] The material gas 5 temporarily remaining in the
gas buffer 41 flows in a central direction through the plu-
rality of gas diffusion paths 42. At this time, each of the
plurality of gas diffusion paths 42 has the orifice function,
thus a pressure difference occurs between an upstream
side and a downstream side of the plurality of gas diffu-
sion paths 42, and the material gas 5 can be evenly sup-
plied to the whole periphery of the gas buffer 41 by the
pressure difference. At this time, the pressure difference
between the upstream side and the downstream side is
preferably equal to or larger than 70 Pa, at least.
[0096] In this manner, the active gas generation appa-
ratus 100 has a feature that each gas diffusion path 42
is formed with a relatively small dimension so that the
pressure in the gas buffer 41 which is the gas internal
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flow path is higher than the pressure in the gas relay
region R4.
[0097] The active gas generation apparatus 100 ac-
cording to the embodiment 1 has the above feature, thus
the material gas 5 can be evenly flowed in the whole
periphery of the annular gas buffer 41.
[0098] As a result, the active gas generation apparatus
100 according to the embodiment 1 can supply the ma-
terial gas evenly flowed in the gas buffer 41 with a rela-
tively small disbalance to the discharge space 6 through
the plurality of gas diffusion paths 42 and the gas relay
region R4. Thus, the active gas generation apparatus
100 can generate the active gas 52 with a relatively high
generation efficiency.
[0099] As described above, each of the metal elec-
trodes 10 and 20 are formed into the annular shape in a
plan view, thus the discharge space 6 is formed into the
annular shape in an inner side of the gas buffer 41 via
the gas relay region R4. The gas ejection hole 23 is pro-
vided in a further inner side of the discharge space 6.
[0100] The plurality of gas diffusion paths 42 disposed
discretely are provided at regular intervals along the for-
mation direction of the gas buffer 41. Thus, the active
gas generation apparatus 100 according to the embod-
iment 1 can stably supply a predetermined amount of
material gas 5 to the discharge space 6 via the gas relay
region R4.
[0101] As a result, the active gas generation apparatus
100 according to the embodiment 1 can stably output a
predetermined generation amount of active gas to the
external processing space 63 via the gas ejection hole
23 and the gas ejection hole 43.

(Insulating plate 7)

[0102] Fig. 6 is a plan view illustrating a planar structure
of the insulating plate 7 illustrated in Fig. 1, and Fig. 10
is a cross-sectional view illustrating a cross-section struc-
ture of the insulating plate 7. A D-D cross section in Fig.
9 corresponds to Fig. 10. An XYZ rectangular coordinate
system is illustrated in each of Fig. 9 and Fig. 10.
[0103] As illustrated in Fig. 9, the insulating plate 7
which is the insulating material is formed in a circular
shape in a plan view, and partially has a conduction hole
71 passing through the insulating plate 7. The conduction
hole 71 functions as a transmission hole for the electrical
wire applying the AC voltage from the high frequency
power source 50 to the metal electrode 10.
[0104] The insulating plate 7 is formed of an insulating
body of alumina, Shapal, aluminum nitride, for example.
The insulating plate 7 has a configuration that when the
insulating plate 7 tightly adheres to the metal electrode
10 of the high voltage apply electrode part 1, electrical
discharge heat occurring in the high voltage apply elec-
trode part 1 is removed and transmitted to the cooling
plate 9.
[0105] As described hereinafter, the insulating plate 7
has a region overlapping with the cooling water path 90

which is the cooling medium path of the cooling plate 9
in a plan view.
[0106] The insulating plate 7 of the active gas gener-
ation apparatus 100 has the region overlapping with the
cooling water path 90 of the cooling plate 9 in a plan view,
thus the cooling plate 9 can effectively cool the high volt-
age apply electrode part 1 which is the first electrode
constituting part via the insulating plate 7.

(Electrode holding member 8)

[0107] Fig. 11 is a plan view illustrating a planar struc-
ture of the electrode holding member 8 illustrated in Fig.
1, and Fig. 12 is a cross-sectional view illustrating a cross-
section structure of the electrode holding member 8. An
E-E cross section in Fig. 11 corresponds to Fig. 12. An
XYZ rectangular coordinate system is illustrated in each
of Fig. 11 and Fig. 12.
[0108] As illustrated in Fig. 1, the electrode holding
member 8 which is the metal electrode support member
is a member for pressing the upper electrode group in-
cluding the high voltage apply electrode part 1 and the
insulating plate 7 from a lower side, and has the annular
shape in a plan view. The electrode holding member 8
includes, on a lower side, the pressing protruding part 8a
protruding toward in an inner peripheral region. That is
to say, the pressing protruding part 8a has an annular
shape in a plan view.
[0109] As illustrated in Fig. 11 and Fig. 12, the pressing
protruding part 8a of the electrode holding member 8
protrudes toward the inner side of the electrode dielectric
film 11 with a predetermined protrusion length, and is
provided so that an upper surface of the pressing pro-
truding part 8a has contact with part of the lower surface
of the electrode dielectric film 11. As illustrated in Fig.
12, a protrusion direction of the pressing protruding part
8a is a direction parallel to a horizontal surface (XY
plane).

(Cooling plate 9)

[0110] Fig. 13 is a plan view illustrating a planar struc-
ture of the cooling plate 9 illustrated in Fig. 1, and Fig.
14 is a cross-sectional view illustrating a cross-section
structure of the cooling plate 9. A F-F cross section in
Fig. 13 corresponds to Fig. 14. An XYZ rectangular co-
ordinate system is illustrated in each of Fig. 13 and Fig.
14.
[0111] As illustrated in Fig. 1, Fig. 13, and Fig. 14, the
cooling plate 9 which is the conductive structure includes
the cooling water path 90 in an inner portion. The cooling
water path 90 is a region through which cooling water
flowed through the cooling water supply port 92 passes,
and the cooling water is emitted from a cooling water
outlet 93.
[0112] The cooling plate 9 partially includes a conduc-
tion hole 91 passing through the cooling plate 9. The
conduction hole 91 functions as a transmission hole for
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the electrical wire applying the AC voltage from the high
frequency power source 50 to the metal electrode 10.
Accordingly, the electrical wire can be connected from
the high frequency power source 50 to the metal elec-
trode 10 via the conduction hole 91 of the cooling plate
9 and the conduction hole 71 of the insulating plate 7.
The conduction hole 91 has an opening wide enough to
prevent an electrical connection relationship between the
electrical wire and the cooling plate 9.
[0113] The cooling water supply port 92 is provided in
a position enabling to flow the cooling water supplied
from the cooling water transmission hole 451. The cool-
ing water outlet 93 is provided in a position enabling to
supply the cooling water emitted from the cooling water
path 90 to a cooling water transmission hole 452 of the
base flange 4.
[0114] Accordingly, in the base flange 4, the cooling
water transmission hole 451 functions as the transmis-
sion hole for supplying the cooling water to the cooling
water path 90 of the cooling plate 9, and the cooling water
transmission hole 452 functions as the transmission hole
for emitting the cooling water outside from the cooling
plate 9 via the base flange 4.
[0115] As illustrated in Fig. 1, Fig. 13, and Fig. 14, the
cooling plate 9 includes the cooling water path 90 in a
major part of the region thereof except for the conduction
hole 91. Accordingly, the insulating plate 7 includes a
region overlapping with the major part of the cooling water
path 90 of the cooling plate 9 in a plan view.
[0116] In this manner, the insulating plate 7 of the ac-
tive gas generation apparatus 100 includes the region
overlapping with the major part of the cooling water path
90 of the cooling plate 9 in a plan view, thus the cooling
plate 9 can have a cooling function of effectively cooling
the high voltage apply electrode part 1 via the insulating
plate 7 by the cooling water flowing in the cooling water
path 90.

(Comparison with the other apparatus)

[0117] Fig. 30 is a cross-sectional view illustrating a
whole structure of an active gas generation apparatus
100X which is a first comparison apparatus, and Fig. 31
is a cross-sectional view illustrating a whole structure of
an active gas generation apparatus 100Y which is a sec-
ond comparison apparatus. An XYZ rectangular coordi-
nate system is illustrated in each of Fig. 30 and Fig. 31.
[0118] As illustrated in Fig. 30, the active gas genera-
tion apparatus 100X for a first comparison includes a
ground potential electrode part 102 (a metal electrode
120 + an electrode dielectric film 121) on a central bottom
surface region in a base flange 104 and a high voltage
apply electrode part 101 (a metal electrode 110 + an
electrode dielectric film 111) on a peripheral protruding
part of the base flange 104. At this time, sealing is per-
formed on a contact surface of the high voltage apply
electrode part 101 and the base flange 104.
[0119] The material gas 105 is supplied from the gas

supply port 140 provided on a side surface of the periph-
eral protruding part of the base flange 104 to the dis-
charge space 6.
[0120] In the active gas generation apparatus 100X,
the material gas 105 supplied from the gas supply port
140 is supplied to a discharge space 106. Then, the ma-
terial gas 105 is output as active gas 152 via a gas ejec-
tion hole 123 of the electrode dielectric film 121 and a
gas ejection hole 143 of the base flange 104.
[0121] Also in the active gas generation apparatus
100X, a gas flow 151 of the material gas 105 is separated
between an in-housing space 133 in a metal housing 103
and the discharge space 106 by the electrode dielectric
film 111 of the high voltage apply electrode part 101.
[0122] However, the active gas generation apparatus
100X does not include a cooling means corresponding
to the cooling plate 9, thus a discharge power density in
the discharge space 6 cannot be increased to a certain
level or more. Thus, there is a problem that a generation
amount of the active gas 152 cannot be increased.
[0123] As illustrated in Fig. 31, an active gas genera-
tion apparatus 100Y for a second comparison includes
a ground potential electrode part 202 (a metal electrode
220 + an electrode dielectric film 221) on a central bottom
surface region in a base flange 204. A high voltage apply
electrode part 201 (a metal electrode 210 + an electrode
dielectric film 211) is disposed on an intermediate pro-
truding region of the base flange 204. At this time, sealing
is performed on a contact surface of the high voltage
apply electrode part 201 and the base flange 204. An
insulating plate 207 is further disposed on the high volt-
age apply electrode part 201.
[0124] A cooling plate 209 is provided on an end portion
protruding region in the base flange 204. In this manner,
the base flange 204 is formed into a step-like form from
a center to a peripheral part in a cross-sectional view.
[0125] The material gas 205 is supplied from a gas
supply port 240 provided on one side surface of the base
flange 204, and the cooling water is supplied to the cool-
ing plate 209 from a cooling water supply port 244 pro-
vided on the other side surface of the base flange 204.
[0126] In the active gas generation apparatus 100Y,
the material gas 205 supplied from the gas supply port
240 is supplied to a discharge space 206. Then, the ma-
terial gas 205 is output as active gas 252 via a gas ejec-
tion hole 223 of the electrode dielectric film 221 and a
gas ejection hole 243 of the base flange 204.
[0127] Also in the active gas generation apparatus
100Y, a gas flow 251 of the material gas 205 is separated
between an in-housing space 233 in a metal housing 203
and the discharge space 206 by the high voltage apply
electrode part 201, the insulating plate 207, and the cool-
ing plate 209. The active gas generation apparatus 100Y
further cools the high voltage apply electrode part 201
by the cooling plate 209.
[0128] However, the active gas generation apparatus
100Y does not include a means corresponding to the
electrode holding member 8 in the embodiment 1, thus
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has a structure that the cooling plate 209 is attached to
the base flange 204 while sandwiching the high voltage
apply electrode part 201 and the insulating plate 207.
[0129] In this case, positioning of the cooling plate 209
in a height direction needs to be performed in accordance
with a formation height of the end portion protruding re-
gion in the base flange 204 (first dimension) and a com-
bination thickness of a member formed of the high voltage
apply electrode part 201 and the insulating plate 207
overlapping with each other (second dimension).
[0130] Accordingly, there is a problem that if a differ-
ence occurs between the first and second dimensions,
the cooling water or the material gas 205 may be leaked.
[0131] The problem described above is described in
detail hereinafter. Herein, the first dimension is referred
to as a level difference D1 and the second dimension is
referred to as a thickness D2.
[0132] When the thickness D2 is smaller than the level
difference D1, gas leakage occurs. When the cooling
plate 9 is attached to the base flange 4 with a bolt, the
high voltage apply electrode part 201 is pressed against
the base flange 204 with the insulating plate 207 there-
between. As a result, an O ring (not shown) between the
high voltage apply electrode part 201 and the base flange
204 are crushed, thereby sealing the high voltage apply
electrode part 201 and the base flange 204.
[0133] In this manner, the high voltage apply electrode
part 201 is not directly attached to the base flange 204.
The reason is that if the high voltage apply electrode part
201 is directly attached to the base flange 204 with a
dedicate fastening bolt, outer diameters of the high volt-
age apply electrode 201 and the base flange 204 further
increase to ensure a space for arranging the fastening
bolt, thus such a configuration is not practical.
[0134] However, when the thickness D2 is smaller than
the level difference D1, the high voltage apply electrode
part 1 is not sufficiently pressed against the base flange
4, and as a result, the O ring located therebetween is not
sufficiently crushed. Furthermore, there is a high possi-
bility that a gap occurs between the insulating plate 207
and the cooling plate 209.
[0135] As a result, there is a high possibility that a gap
occurs between the high voltage apply electrode part 1
and the base flange 4 and between the insulating plate
207 and the cooling plate 209, thus the cooling water or
the material gas 205 may be leaked.
[0136] In this manner, the problem occurs in the first
and second comparison structures which does not in-
clude at least one of the insulating plate 7, the electrode
holding member 8, and the cooling plate 9 in the embod-
iment 1, and the effect in the active gas generation ap-
paratus 100 according to the embodiment 1 cannot be
achieved.

<Embodiment 2>

[0137] Fig. 15 is a plan view illustrating a planar struc-
ture of a base flange 4B according to an embodiment 2,

and Fig. 16 is a cross-sectional view illustrating a cross-
section structure of a base flange 4B. Fig. 17 is an ex-
planation diagram schematically illustrating a feature of
a gas diffusion path 42B in a direction in which a diffusion
path is formed. A G-G cross section in Fig. 15 corre-
sponds to Fig. 16. An XYZ rectangular coordinate system
is illustrated in each of Fig. 15 and Fig. 16.
[0138] An active gas generation apparatus 100B ac-
cording to the embodiment 2 has a structure similar to
the active gas generation apparatus 100 according to the
embodiment 1 except that the base flange 4 is replaced
with a base flange 4B. The base flange 4B is mainly de-
scribed hereinafter.

(Base flange 4B)

[0139] As illustrated in Fig. 15 to Fig. 17, the base
flange 4B has a circular shape in a plan view in the man-
ner similar to the base flange 4, and the base flange 4B
includes the gas ejection hole 43 (base flange gas ejec-
tion hole) in a center. The gas ejection hole 43 passes
through the base flange 4B. Ground potential is supplied
to the base flange 4B made of metal and having conduc-
tivity.
[0140] The gas buffer 41 which is a gas internal flow
path is connected to the gas transmission path 35, and
is formed into an annular shape surrounding the gas relay
region R4 in a plan view. As illustrated in Fig. 15 and Fig.
16, the gas buffer 41 has a groove structure in which a
groove is formed in a cross-sectional view, thus can tem-
porarily house the material gas 5.
[0141] A plurality of gas diffusion paths 42B are dis-
cretely provided between the gas buffer 41 which func-
tions as the gas internal flow path and the gas relay region
R4. Accordingly, the material gas 5 flows from the gas
buffer 41 to the gas relay region R4 through the plurality
of gas diffusion paths 42B.
[0142] As illustrated in Fig. 15, the plurality of gas dif-
fusion paths 42B are discretely provided at regular inter-
vals along a formation direction (a circumferential direc-
tion) of the gas buffer 41.
[0143] A formation width and a formation depth of the
gas diffusion path 42B are set to be sufficiently small,
thus the gas diffusion path 42B can have an orifice func-
tion in the manner similar to the gas diffusion path 42.
[0144] As illustrated in Fig. 16, in the base flange 4B,
the material gas 5 emitted from the gas supply port 34
passes through the gas transmission path 35. Subse-
quently, the material gas 5 is supplied to the whole pe-
riphery of the gas buffer 41 which is a groove annularly
formed in a plan view to surround the whole periphery.
[0145] The material gas 5 temporarily remaining in the
gas buffer 41 flows in the gas relay region R4 through
the plurality of gas diffusion paths 42B. At this time, the
plurality of gas diffusion paths 42B are formed as small
grooves in an orifice form, thus a pressure difference
occurs between an upstream side and a downstream
side of the gas diffusion paths 42B, and gas can be evenly
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supplied to the whole periphery of the gas buffer 41 by
the pressure difference. At this time, the pressure differ-
ence between the upstream side and the downstream
side is preferably equal to or larger than 70 Pa, at least.
[0146] Herein, the center position of the annular gas
buffer 41 is referred to as a virtual center point PC. The
virtual center point PC is also a center point of the gas
ejection hole 43. Furthermore, as illustrated in Fig. 17, a
line from a connection position P41 between each gas
diffusion path 42B and the gas buffer 41 toward the virtual
center point PC is referred to as a virtual center line LC.
[0147] In the embodiment 2, a diffusion path formation
direction D42 of each of the plurality of gas diffusion paths
42B has a feature that a path angle θ42 with the virtual
center line LC is set within a range of 30° to 60°. The
path angle θ42 is preferably set to be the same in the
plurality of gas diffusion paths 42B.
[0148] The active gas generation apparatus 100B ac-
cording to the embodiment 2 has the feature described
above, thus the material gas 5 supplied from each of the
gas diffusion paths 42B to the gas relay region R4 spirals,
and the material gas 5 can be evenly supplied to the
discharge space 6 without occurrence of disbalance in
the gas relay region R4.
[0149] As a result, the active gas generation apparatus
100B according to the embodiment 2 can generate the
active gas 52 with a relatively high generation efficiency.
[0150] The above effect is described in detail herein-
after. In a case where the gas diffusion path 42 in which
a direction toward the virtual center point PC is a diffusion
path formation direction is provided as with the gas dif-
fusion path 42 according to the embodiment 1 illustrated
in Fig. 6, that is to say, in a case where a path angle of
the diffusion path formation direction with the virtual cent-
er line LC is 0°, when the material gas 5 is supplied from
the gas diffusion path 42 to the gas relay region R4, un-
evenness occurs in the gas flow of the material gas 5.
[0151] When the unevenness is not resolved before
the material gas 5 reaches the discharge space 6, there
is a possibility that a generation efficiency of the active
gas 52 is reduced in the discharge space 6.
[0152] In the meanwhile, the path angle θ42 is set with-
in a range of 45° 6 15° with respect to the gas diffusion
path 42B and the virtual center line LC illustrated in Fig.
15 and Fig. 17, thus the flow of the material gas 5 has a
spiral form and the material gas 5 flows more evenly to
the discharge space 6, and unevenness of the gas flow
of the material gas 5 does not occur.
[0153] When the path angle θ42 is 45°, expected is a
minimization of a possibility that the unevenness of the
gas flow of the material gas 5 occurs.
[0154] The active gas generation apparatus 100B ac-
cording to the embodiment 2 has a gas separation struc-
ture of separating a gas flow between the in-housing
space 33 and the discharge space 6 by at least the cool-
ing plate 9, the electrode holding member 8, and the high
voltage apply electrode part 1 as with the case in the
embodiment 1.

[0155] The active gas generation apparatus 100B ac-
cording to the embodiment 2 has the above gas separa-
tion structure, thus can eject the high-quality active gas
52 which does not contain impurity as with the case in
the embodiment 1.
[0156] Furthermore, the active gas generation appa-
ratus 100B includes the insulating plate 7 and the cooling
plate 9 as with the case in the embodiment 1, thus can
increase the generation amount of the active gas 52.
[0157] In addition, the base flange 4B of the active gas
generation apparatus 100B includes the gas buffer 41
having the feature similar to that in the embodiment 1.
[0158] The active gas generation apparatus 100B can
supply the material gas 5 in a spiral form without une-
venness to the discharge space 6 through the plurality
of the gas diffusion paths 42B and the gas relay region
R4, thus can generate the active gas 52 with a high gen-
eration efficiency.
[0159] The plurality of gas diffusion paths 42B discrete-
ly disposed are provided at regular intervals along the
formation direction of the gas buffer 41, thus a predeter-
mined generation amount of active gas can be stably
output to outside through the gas ejection hole 23 and
the gas ejection hole 43 as with the case in the embod-
iment 1.

<Embodiment 3>

(First problem in embodiment 1)

[0160] In the active gas generation apparatus 100
which is the embodiment 1, the discharge space 6 and
the gas ejection hole 23 are disposed with a relatively
short distance therebetween Thus, there is a first problem
that insulation breakdown occurs between the gas ejec-
tion hole 23 and the base flange 4, thus atoms constitut-
ing the base flange 4 are evaporated to become a pollu-
tion source. The reason is that atoms of metal as a con-
stituting material of the base flange 4 are easily evapo-
rated when they are exposed to discharge compared with
ceramic as a constituting material of the electrode die-
lectric films 11 and 21.
[0161] An object of an active gas generation apparatus
100C according to an embodiment 3 is to solve the first
problem in the embodiment 1 described above.

(Whole configuration)

[0162] Fig. 18 is an explanation diagram illustrating a
whole configuration of an active gas generation appara-
tus which is the embodiment 3 of the present disclosure.
An XYZ rectangular coordinate system is illustrated in
Fig. 18. The active gas generation apparatus 100C ac-
cording to the embodiment 3 is an active gas generation
apparatus generating active gas 52 obtained by activat-
ing material gas 5 supplied to a discharge space 6C.
[0163] The active gas generation apparatus 100C in-
cludes, as a main constituting part, the metal housing 3,
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the base flange 4, a high voltage apply electrode part 1C,
a ground potential electrode part 2C, an insulating plate
7C, the electrode holding member 8, the cooling plate 9,
and an auxiliary metal electrode 12.
[0164] The base flange 4 has a cross-section structure
with a concave shape, and includes a central bottom sur-
face region 48 and a peripheral protruding part 46 pro-
vided along an outer periphery of the central bottom sur-
face region 48 to protrude in a height direction (+Z direc-
tion). The base flange 4 is set to ground potential.
[0165] The metal housing 3 is a housing made of metal
with an opening part on a lower side. The metal housing
3 mainly includes an in-housing space 33 housing the
cooling plate 9.
[0166] The metal housing 3 is fixed to the base flange
4 so that the metal base flange 4 constitutes a bottom
surface of the metal housing 3. Specifically, the metal
housing 3 is fixed on the peripheral protruding part 46 of
the base flange 4. Accordingly, the opening part of the
metal housing 3 is shielded by the base flange 4, and the
metal housing 3 and the base flange 4 form a shielded
space including the in-housing space 33. The metal
housing 3 is further set to ground potential via the base
flange 4.
[0167] The cooling plate 9 is disposed as a bottom sur-
face part of the in-housing space 33 in the active gas
generation apparatus 100C. Specifically, the cooling
plate 9 is disposed on an upper surface of the peripheral
protruding part 46 of the base flange 4 so that a peripheral
end portion of the cooling plate 9 has contact with the
upper surface of the peripheral protruding part 46 of the
base flange 4. At this time, the cooling plate 9 is disposed
not to have contact with the metal housing 3. The cooling
plate 9 is a conductive structure made of metal and hav-
ing conductivity.
[0168] In the meanwhile, the ground potential elec-
trode part 2C which is a second electrode constituting
part is disposed on the central bottom surface region 48
of the base flange 4. The ground potential electrode part
2C includes, as a main constituting part, an electrode
dielectric film 21 which is a second electrode dielectric
film and a metal electrode 20C which is a second metal
electrode formed on a lower surface of the electrode di-
electric film 21. Accordingly, the ground potential elec-
trode part 2C is placed on the central bottom surface
region 48 so that the metal electrode 20C has contact
with the central bottom surface region 48.
[0169] A combination of the high voltage apply elec-
trode part 1C which is a first electrode constituting part
and the ground potential electrode part 2C which is a
second electrode constituting part constitutes an elec-
trode pair having the discharge space 6C in an inner por-
tion, and the ground potential electrode part 2C is pro-
vided on a lower side of the high voltage apply electrode
part 1C.
[0170] The high voltage apply electrode part 1C in-
cludes, as a main constituting part, an electrode dielectric
film 21 which is a first electrode dielectric film and a metal

electrode 10C which is a first metal electrode formed on
an upper surface of the electrode dielectric film 11.
[0171] AC voltage is applied between the metal elec-
trode 10C and the metal electrode 20C from a high fre-
quency power source 50. Specifically, the AC voltage is
applied from the high frequency power source 50 to the
metal electrode 10, and the metal electrode 20C is set
to ground potential via the base flange 4.
[0172] The discharge space 6C including a region
where the metal electrodes 10C and 20C overlap with
each other in a plan view is provided in a shielded space
functioning as a dielectric space where the electrode di-
electric film 11 and the electrode dielectric film 21 face
each other.
[0173] The electrode dielectric film 21 includes a gas
ejection hole 23 for ejecting the active gas 52 into a
processing space 63 on a lower side (subsequent stage)
via a gas ejection hole 43 of the base flange 4. Accord-
ingly, a path from the discharge space 6C to the gas
ejection hole 23 is defined as an active gas transmission
path.
[0174] Furthermore, the auxiliary metal electrode 12
as a third metal electrode is provided on an upper surface
of the electrode dielectric film 11. The utility metal elec-
trode 12 is provided independently from the metal elec-
trode 10C. Thus, the auxiliary metal electrode 12 does
not have an electrical connection relationship with the
metal electrode 10.
[0175] The auxiliary metal electrode 12 is provided to
overlap with part of the active gas transmission path de-
scribed above in a plan view. The auxiliary metal elec-
trode 12 is further set to ground potential described in
detail hereinafter.
[0176] The gas ejection hole 43 (a base flange gas
ejection hole) is provided in a position corresponding to
the gas ejection hole 23 of the electrode dielectric film
21 without an intervention of the metal electrode 20C in
a central portion of the central bottom surface region 48
of the base flange 4.
[0177] As described above, the cooling plate 9 is fixed
on the peripheral protruding part 46 of the base flange
4. The insulating plate 7C is provided on the lower surface
of the cooling plate 9, and the high voltage apply elec-
trode part 1C is disposed so that an upper surface of the
metal electrode 10C has contact with the lower surface
of the insulating plate 7C.
[0178] The electrode holding member 8 functioning as
an electrode support member is provided on the lower
surface of the cooling plate 9. The electrode holding
member 8 is provided in an outer peripheral region of the
insulating plate 7C and the high voltage apply electrode
part 1C. In the embodiment 3, a combination structure
of the insulating plate 7C, the high voltage apply electrode
part 1, and the auxiliary metal electrode 12 is referred to
as "an upper electrode group" in an abbreviated form in
some cases.
[0179] The electrode holding member 8 includes a
pressing protruding part 8a whose lower side partially
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protrudes to an inner side (a formation direction of the
upper electrode group). The pressing protruding part 8a
is provided to protrude to the inner side along a horizontal
direction (XY plane) so that an upper surface thereof has
contact with a lower surface of the electrode dielectric
film 11.
[0180] The pressing protruding part 8a of the electrode
holding member 8 and the cooling plate 9 sandwich the
upper electrode group, thereby fixing the upper electrode
group on the lower surface of the cooling plate 9.
[0181] Accordingly, the electrode holding member 8
functions as the electrode support member provided on
the lower surface of the cooling plate 9 to support the
high voltage apply electrode part 1C from a lower side.
[0182] In this manner, the electrode holding member
8 is attached to the lower surface of the cooling plate 9
so that the upper electrode group is sandwiched between
the pressing protruding part 8a and the cooling plate 9.
A stainless-steel bolt is used to attach the electrode hold-
ing member 8 to the cooling plate 9 in the manner similar
to the embodiment 1.
[0183] The plate-like insulating plate 7C which is an
insulating material is provided between the cooling plate
9 and the high voltage apply electrode part 1C and be-
tween the cooling plate 9 and the auxiliary metal elec-
trode 12, and an upper surface thereof has contact with
the lower surface of the cooling plate 9C, and a lower
surface thereof has contact with the metal electrode 10C
of the high voltage apply electrode part 1C.
[0184] Accordingly, the cooling plate 9 is located above
an upper side of the high voltage apply electrode part 1C
without having contact with the high voltage apply elec-
trode part 1C in accordance with an intervention of the
insulating plate 7C.
[0185] In this manner, in the active gas generation ap-
paratus 100C, the high voltage apply electrode part 1C
is not placed on the ground potential electrode part 2C
with a spacer therebetween but has a feature of being
attached to the cooling plate 9 on the upper side.
[0186] The active gas generation apparatus 100C has
the above attachment feature, thus a positioning of a
height direction of the cooling plate 9 can be determined
only by a contact surface of the base flange 4 and the
peripheral protruding part 46. That is to say, the height
direction of the cooling plate 9 can be positioned only by
a formation height of an upper surface of the peripheral
protruding part 46 of the base flange 4.
[0187] Thus, the active gas generation apparatus
100C sets a formation position of the cooling plate 9 ac-
curately, thereby being able to completely prevent a gas
leakage and a cooling water leakage between the cooling
plate 9 and the base flange 4.
[0188] The insulating plate 7C further includes a
through hole 72 for electrically connecting the cooling
plate 9 and the auxiliary metal electrode 12 in addition
to the conduction hole 71. The through hole 72 is provided
in a region overlapping with the auxiliary metal electrode
12 in a plan view. Accordingly, the auxiliary metal elec-

trode 12 can achieve the electrical connection with the
cooling plate 9 via the through hole 72 relatively easily.
[0189] Specifically, an electrical connection member
for electrically connecting the insulating plate 7 and the
auxiliary metal electrode 12 is considered to be provided
in the through hole 72. For example, a spring (not shown)
having conductivity such as a metal spring is disposed
in the through hole 72, an upper end of the spring has
contact with the lower surface of the cooling plate 9, and
a lower end of the spring has contact with the upper sur-
face of the auxiliary metal electrode 12. As a result, the
electrical connection between the cooling plate 9 and the
auxiliary metal electrode 12 can be achieved by the
spring as the electrical connection member. In this man-
ner, an electrical connection member such as a spring
having conductivity is provided in the through hole 72 of
the insulating plate 7C, thus the cooling plate 9 and the
auxiliary metal electrode 12 can be electrically connected
to each other.
[0190] The base flange 4 includes a gas supply port
34 in one side surface of the peripheral protruding part
46 and a gas transmission path 35 in an inner portion of
the peripheral protruding part 46. The material gas 5 sup-
plied from outside flows from the gas supply port 34 to
the gas transmission path 35.
[0191] In addition, the base flange 4 includes a gas
relay region R4 functioning as a region relaying the ma-
terial gas 5 from the gas transmission path 35 to the dis-
charge space 6C on an upper side of the central bottom
surface region 48 (and mainly on a lower side of the elec-
trode holding member 8).
[0192] Accordingly, the material gas 5 flowing in the
gas transmission path 35 is finally supplied to the dis-
charge space 6C via the gas relay region R4. To be exact,
a gas buffer 41 and a gas diffusion path 42 are located
between the gas transmission path 35 and the gas relay
region R4.
[0193] In this manner, the base flange 4 includes the
gas supply port 34 receiving the material gas 5 from out-
side and the gas transmission path 35 for supplying the
material gas 5 to the discharge space 6C.
[0194] The gas relay region R4 described above is
completely separated from the in-housing space 33 by
the high voltage apply electrode part 1C (the first elec-
trode constituting part), the insulating plate 7C (insulating
material), the electrode holding member 8, and the cool-
ing plate 9.
[0195] In order to achieve the complete separation de-
scribed above, each of a contact surface of the cooling
plate 9 and the base flange 4, a contact surface of the
cooling plate 9 and the electrode holding member 8, and
a contact surface of the electrode holding member 8 and
the high voltage apply electrode part 1C is sealed by an
O ring (each O ring is not shown).
[0196] Accordingly, a gas flow between the in-housing
space 33 and the discharge space 6C is separated by at
least the electrode holding member 8, the cooling plate
9, and the high voltage apply electrode part 1C.
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[0197] That is to say, the material gas 5 flowing in the
gas relay region R4 does not enter the in-housing space
33, and impurity, for example, in the in-housing space 33
does not enter the discharge space 6C via the gas relay
region R4 in reverse.
[0198] The base flange 4 includes a cooling water sup-
ply port 44 in the other side surface of the peripheral
protruding part 46 on a side opposite to one side surface
thereof. Cooling water which is a cooling medium sup-
plied from outside flows in an inner portion of the periph-
eral protruding part 46 and is supplied from a cooling
water transmission hole 451 to the cooling plate 9.
[0199] The cooling plate 9 includes, in an inner portion,
a cooling water path 90 functioning as a cooling medium
path transmitting the cooling water supplied through the
cooling water transmission hole 451. Accordingly, the
cooling plate 9 has a cooling function of flowing the cool-
ing water in the cooling water path 90, thereby cooling
the high voltage apply electrode part 1C (the electrode
dielectric film 11) via the insulating plate 7C.
[0200] In this manner, the base flange 4 includes the
cooling water supply port 44 which is the cooling medium
supply port receiving the cooling water which is the cool-
ing medium and the cooling water transmission hole 451
which is the cooling medium transmission hole for sup-
plying the cooling water to the cooling plate 9.
[0201] A procedure of attaching the active gas gener-
ation apparatus 100C having the above configuration is
briefly described hereinafter.

(1) The cooling plate 9 is turned over to reverse a
relationship between the upper surface and the lower
surface of the cooling plate 9.
(2) The insulating plate 7C is placed on a center of
the lower surface of the cooling plate 9.
(3) A spring (not shown in Fig. 18) having conductivity
passes through the through hole 72 of the insulating
plate 7C and is placed on a central portion of the
lower surface of the cooling plate 9.
(4) The auxiliary metal electrode 12 is placed on the
spring.
(5) The high voltage apply electrode part 1C is placed
on the insulating plate 7C so that the metal electrode
10C and the electrode dielectric film 11 are placed
in this order.
(6) The electrode holding member 8 is placed on the
lower surface of the cooling plate 9 to secure the
cooling plate 9 and the electrode holding member 8
with a bolt. As a result, the upper electrode group is
attached on the lower surface of the cooling plate 9.
At this time, a portion between the cooling plate 9
and the electrode holding member 8 and a portion
between the high voltage apply electrode part 1C
and the electrode holding member 8 are sealed.
(7) The ground potential electrode part 2C is placed
on the central bottom surface region 48 of the base
flange 4.
(8) The cooling plate 9 to which the upper electrode

group is attached is returned to have the original up-
down relationship.
(9) The cooling plate 9 is placed on the peripheral
protruding part 46 of the base flange 4, and the cool-
ing plate 9 and the base flange 4 are secured with a
bolt. At this time, a portion between the cooling plate
9 and the base flange 4 are sealed.

[0202] In this manner, the active gas generation appa-
ratus 100C according to the embodiment 3 can be as-
sembled through the attachment procedures (1) to (9).
In order to achieve the procedure (3), the through hole
72 of the insulating plate 7C has a shape wider than a
diameter of the spring described above for electrically
connecting the auxiliary metal electrode 12 and the cool-
ing plate 9.
[0203] In the active gas generation apparatus 100C
assembled as described above, the material gas 5 is sup-
plied from the gas supply port 34 provided in one side
surface of the peripheral protruding part 46 of the base
flange 4 into the base flange 4.
[0204] In the peripheral protruding part 46 of the base
flange 4, the gas flow 51 of the material gas 5 passes
through the gas buffer 41 and the gas diffusion path 42
described hereinafter from the gas transmission path 35
toward the gas relay region R4. The gas flow 51 passes
from the gas relay region R4 toward the discharge space
6C between the high voltage apply electrode part 1C and
the ground potential electrode part 2C. The material gas
5 passes through the discharge space 6C to which dis-
charge power is applied, thus the material gas 5 is acti-
vated, and the active gas 52 is obtained. The active gas
52 is supplied to the processing space 63 on the lower
side via the gas ejection hole 23 and the gas ejection
hole 43.
[0205] At this time, the in-housing space 33 can be set
to have a wide pressure range from around atmospheric
pressure of approximately 100 kPa to high vacuum of
approximately 1310-1Pa to 1310-3Pa. Particularly, in a
case where the in-housing space 33 is in a high vacuum
state, there is an advantage that even if an extremely
small leakage occurs between the in-housing space 33
and the discharge space 6C, the flow is wholly directed
to the side of the in-housing space 33, thus does not
influence a processed object.
[0206] The active gas generation apparatus 100C ac-
cording to the embodiment 3 has a feature that it has a
gas separation structure of separating a gas flow be-
tween the in-housing space 33 and the discharge space
6C by the cooling plate 9, the insulating plate 7C, the
electrode holding member 8, and the high voltage apply
electrode part 1C.
[0207] The separation of the gas flow between the in-
housing space 33 and the discharge space 6C can be
achieved by providing at least the cooling plate 9, the
electrode holding member 8, and the high voltage apply
electrode part 1C.
[0208] The active gas generation apparatus 100C ac-
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cording to the embodiment 3 has the gas separation
structure, in the manner similar to the embodiment 1,
thereby being able to reliably avoid a mixing phenome-
non that the impurity occurring in the in-housing space
33 enters the discharge space 6C.
[0209] As a result, the active gas generation apparatus
100C according to the embodiment 3 can eject the high-
quality active gas 52 which does not contain impurity with-
out damaging the electrode dielectric films 11 and 21 in
the manner similar to the embodiment 1.
[0210] Furthermore, the cooling plate 9 which is the
conductive structure includes the cooling water path 90
functioning as a cooling medium path, and includes a
cooling function. The cooling function of the cooling plate
9 enables the cooling of the high voltage apply electrode
part 1C via the insulating plate 7C (insulating material).
Thus, a difference of temperature between regions in the
dielectric film occurring in the electrode dielectric film 11
(first electrode dielectric film) having the lower surface
forming the discharge space 6C can be reduced as much
as possible.
[0211] Accordingly, the active gas generation appara-
tus 100C according to the embodiment 3 can increase
the discharge power applied to the discharge space 6C
by suppressing the difference of temperature between
regions in the dielectric film described above, thus can
increase a generation amount of the active gas 52.
[0212] The insulating plate 7C is provided between the
cooling plate 9 and the metal electrode 10C, thus a short-
circuit phenomenon that the metal electrode 10C and the
cooling plate 9 are electrically connected can be reliably
avoided in the manner similar to the embodiment 1.

(High voltage apply electrode part 1C)

[0213] Fig. 19 is a plan view illustrating an upper sur-
face structure of the high voltage apply electrode part 1C
and the auxiliary metal electrode 12, and Fig. 20 is a
cross-sectional view illustrating a cross-section structure
of the high voltage apply electrode part 1C and the aux-
iliary metal electrode 12. An H-H cross section in Fig. 19
corresponds to Fig. 20. An XYZ rectangular coordinate
system is illustrated in each of Fig. 19 and Fig. 20.
[0214] As illustrated in Fig. 18 to Fig. 20, the electrode
dielectric film 11 of the high voltage apply electrode part
1C has a circular shape in a plan view.
[0215] The metal electrode 10C is provided on the up-
per surface of the electrode dielectric film 11, and formed
into an annular shape having a circular opening part 15C
in a central portion. A formation region of the metal elec-
trode 10C is larger than that of the metal electrode 10
according to the embodiment 1 in accordance with a state
where the opening part 15C of the metal electrode 10C
has a smaller diameter than the opening part 15 of the
metal electrode 10 according to the embodiment 1.
[0216] The auxiliary metal electrode 12 is provided in
a center position on the upper surface of the electrode
dielectric film 11, and formed into a small circular shape.

At this time, the opening part 15C is located between the
auxiliary metal electrode 12 and the metal electrode 10C,
thus the auxiliary metal electrode 12 and the metal elec-
trode 10C keep a relationship electrically independent
from each other.

(Ground potential electrode part 2C)

[0217] Fig. 21 is a plan view illustrating a lower surface
structure of the ground potential electrode part 2C illus-
trated in Fig. 18, and Fig. 22 is a cross-sectional view
illustrating a cross-section structure of the ground poten-
tial electrode part 2C. An I-I cross section in Fig. 21 cor-
responds to Fig. 22. An XYZ rectangular coordinate sys-
tem is illustrated in each of Fig. 21 and Fig. 22.
[0218] As illustrated in Fig. 18, Fig. 21, and Fig. 22, the
electrode dielectric film 21 of the ground potential elec-
trode part 2C has a circular shape in a plan view.
[0219] The metal electrode 20C is provided on the low-
er surface of the electrode dielectric film 21, and formed
into an annular shape having a circular opening 25C in
a central portion. A formation region of the metal elec-
trode 20C is larger than that of the metal electrode 20
according to the embodiment 1 in accordance with a state
where the opening part 25C of the metal electrode 20C
has a smaller diameter than the opening part 25 of the
metal electrode 20 according to the embodiment 1.
[0220] The metal electrode 20C is formed to include
the whole metal electrode 10C in a plan view, thus the
discharge space 6C where the metal electrode 20C and
the metal electrode 10C overlap with each other in a plan
view is substantially defined by a formation region of the
metal electrode 10C.
[0221] Accordingly, the discharge space 6C is formed
into an annular shape centering on the gas ejection hole
23 in a plan view as with the metal electrode 10C. The
discharge space 6C is formed to extend to a position
closer to the gas ejection hole 23 compared with the dis-
charge space 6 according to the embodiment 1, thus has
a larger spatial volume than the discharge space 6.
[0222] The ground potential electrode part 2C has, in
a center position, the gas ejection hole 23 for ejecting
the active gas 52 generated in the discharge space 6C
to the lower side. The gas ejection hole 23 is formed to
pass through the electrode dielectric film 21.
[0223] As illustrated in Fig. 21, the gas ejection hole
23 is provided in a center position of the opening part
25C of the metal electrode 20C without overlapping with
the metal electrode 20C in a plan view.
[0224] Accordingly, the auxiliary metal electrode 12
which is the third metal electrode is provided in a region
overlapping with the gas ejection hole 23 in a plan view
in the opening part 15C.
[0225] In addition, with regard to the metal electrode
10C, a distance from the metal electrode 10C to the gas
ejection hole 23 is made small in a plan view compared
with the metal electrode 10 according to the embodiment
1. In the similar manner, with regard to the metal elec-
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trode 20C, a distance from the metal electrode 20C to
the gas ejection hole 23 is made small compared with
the metal electrode 20 according to the embodiment 1.
[0226] Accordingly, an active gas transmission dis-
tance as a distance of the active gas transmission path
from the discharge space 6C to the gas ejection hole 23
is made small in accordance with a state where the dis-
charge space 6C is formed to extend closer to the gas
ejection hole 23 compared with the discharge space 6 in
the active gas generation apparatus 100C according to
the embodiment 3.
[0227] A hole diameter of the gas ejection hole 23 is
set to be sufficiently small, thus the gas ejection hole 23
can have an orifice function in the manner similar to the
embodiment 1.

(Base flange 4)

[0228] A structure of the base flange 4 is similar to that
according to the embodiment 1 illustrated in Fig. 6 to Fig.
8.

(Insulating plate 7C)

[0229] Fig. 23 is a plan view illustrating a planar struc-
ture of the insulating plate 7C illustrated in Fig. 18, and
Fig. 24 is a cross-sectional view illustrating a cross-sec-
tion structure of the insulating plate 7C. A J-J cross sec-
tion in Fig. 23 corresponds to Fig. 24. An XYZ rectangular
coordinate system is illustrated in each of Fig. 23 and
Fig. 24.
[0230] As illustrated in Fig. 23, the insulating plate 7C
which is the insulating material is formed in a circular
shape in a plan view, and partially has a conduction hole
71 and a through hole 72 passing through the insulating
plate 7C. The conduction hole 71 functions as a trans-
mission hole for the electrical wire applying the AC volt-
age from the high frequency power source 50 to the metal
electrode 10C.
[0231] The through hole 72 having a circular shape in
a plan view is provided to pass through a center of the
insulating plate 7C, and provided to place an electrical
connection member such as a spring having conductivity
in the inner portion as described above. As described
above, the diameter of the through hole 72 is set to be
larger than the diameter of the spring for electrically con-
necting the auxiliary metal electrode 12 and the cooling
plate 9.
[0232] The insulating plate 7C is formed of an insulat-
ing body of alumina, Shapal, aluminum nitride, for exam-
ple. The insulating plate 7C has a configuration that when
the insulating plate 7C tightly adheres to the metal elec-
trode 10C of the high voltage apply electrode part 1C,
electrical discharge heat occurring in the high voltage
apply electrode part 1C is removed and transmitted to
the cooling plate 9.
[0233] In the manner similar to the embodiment 1, the
insulating plate 7C has a region overlapping with the cool-

ing water path 90 which is the cooling medium path of
the cooling plate 9 in a plan view.

(Electrode holding member 8)

[0234] A structure of the electrode holding member 8
is similar to the electrode holding member 8 according
to the embodiment 1 illustrated in Fig. 11 and Fig. 12.

(Cooling plate 9)

[0235] A structure of the cooling plate 9 which is the
conductive structure is similar to the cooling plate 9 ac-
cording to the embodiment 1 illustrated in Fig. 13 and
Fig. 14.

(Effect)

[0236] The active gas generation apparatus 100C ac-
cording to the embodiment 3 has an effect described
hereinafter in addition to the effect similar to that accord-
ing to the embodiment 1 described above.
[0237] The active gas generation apparatus 100C ac-
cording to the embodiment 3 includes the auxiliary metal
electrode 12 set to ground potential. Thus, potential
around the auxiliary metal electrode 12 is reduced. The
auxiliary metal electrode 12 is located close to the active
gas transmission path, thus the potential of the active
gas transmission path can be reduced.
[0238] Accordingly, the active gas generation appara-
tus 100C can reduce electrical field strength in the active
gas transmission path described above, thus insulation
breakdown does not occur in the base flange 4 even in
a case where a distance from the discharge space 6C to
the gas ejection hole 23 is small.
[0239] As a result, the active gas generation apparatus
100C according to the embodiment 3 can purposefully
reduce the electrical field strength of the processing
space 63 provided on the lower side of the gas ejection
hole 43 without changing an arrangement and a structure
of the gas ejection hole 23 or the gas ejection hole 43.
[0240] The above effect in the active gas generation
apparatus 100C according to the embodiment 3 is de-
scribed in detail hereinafter. As described above, the ac-
tive gas generation apparatus 100C has features (1) and
(2) described hereinafter.

(1) The auxiliary metal electrode 12 is provided to
overlap with part of the active gas transmission path
described above in a plan view.
(2) The auxiliary metal electrode 12 is set to ground
potential.

[0241] The active gas generation apparatus 100C ac-
cording to the embodiment 3 has the feature (1) and the
feature (2) described above, thus the auxiliary metal elec-
trode 12 as the third metal electrode set to the ground
potential can reduce the electrical field strength in the
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active gas transmission path described above.
[0242] As a result, the active gas generation apparatus
100C according to the embodiment 3 has a main effect
of being able to purposefully reduce the electrical field
strength of the processing space 63 provided on the lower
side of the gas ejection hole 43 without changing the
structure of the gas ejection hole 23 or the gas ejection
hole 43 functioning as the orifice part. Furthermore, first
to fourth secondary effects described hereinafter can be
obtained in accordance with the main effect described
above.
[0243] The first secondary effect: an occurrence of ab-
normal electrical discharge is suppressed in the process-
ing space 63, an occurrence of metal contamination is
suppressed in the processing space 63, and a damage
on a processed object such as a wafer can be reduced
in the processing space 63.
[0244] The second secondary effect: the metal elec-
trodes 10C and 20C can be disposed so that the active
gas transmission distance as the distance of the active
gas transmission path is made smaller.
[0245] As a result, the active gas generation apparatus
100C according to the embodiment 3 can efficiently sup-
ply the active gas 52 to the processing space 63 without
increasing the electrical field strength in the processing
space 63. Furthermore, the active gas generation appa-
ratus 100C can be downsized by the reason that the ac-
tive gas transmission distance described above is re-
duced.
[0246] Adopted in the embodiment 3 as a method of
reducing the active gas transmission distance described
above is a structure that the diameter of the opening part
15C in the metal electrode 10C is reduced to bring an
inner peripheral part of the metal electrode 10C closer
to a center.
[0247] The third secondary effect: a formation length
of the gas ejection hole 23 and the gas ejection hole 43
functioning as the orifice part can be reduced.
[0248] As a result, the active gas generation apparatus
100C according to the embodiment 3 can efficiently sup-
ply the active gas 52 to the processing space 63 without
increasing the electrical field strength in the processing
space 63. Furthermore, the active gas generation appa-
ratus 100C can be downsized by the reason that the for-
mation length of the gas ejection hole 23 and the gas
ejection hole 43 is reduced.
[0249] The fourth secondary effect: the AC voltage ap-
plied from the high frequency power source 50 can be
further increased. As a result, the active gas generation
apparatus 100C according to the embodiment 3 can sup-
ply the large-volume active gas 52 to the processing
space 63 without increasing the electrical field strength
in the processing space 63.
[0250] In addition, the active gas generation apparatus
100C according to the embodiment 3 has the gas sepa-
ration structure described above, thus there is a low ne-
cessity of increasing a degree of firmly attaching the met-
al electrode 10C and the auxiliary metal electrode 12 to

the upper surface of the electrode dielectric film 11. The
reason is that even when distortion, for example, occurs
in the lower surface of the metal electrode 10C made of
bulk metal and a minute space occurs between the lower
surface of the metal electrode 10C and the upper surface
of the electrode dielectric film 11, an discharge phenom-
enon does not occur in the minute space.
[0251] When bulk metal is used for the auxiliary metal
electrode 12, processing of placing the auxiliary metal
electrode 12 on the spring functioning as the electrical
connection means can be executed relatively easily as
with the procedure (3) of the attachment procedure de-
scribed above.
[0252] In the similar manner, when bulk metal is used
for the metal electrode 10C, processing of placing the
metal electrode 10C on the insulating plate 7C can be
executed relatively easily as with the procedure (5) of the
attachment procedure described above.
[0253] In this manner, bulk metal from which the metal
electrode 10C and the auxiliary metal electrode 12 are
manufactured relatively easily is used, thus a process of
manufacturing the active gas generation apparatus 100C
can be simplified.
[0254] Furthermore, the active gas transmission dis-
tance of the active gas transmission path can be set to
be relatively small in the embodiment 3.
[0255] Thus, the active gas generation apparatus 100
according to the embodiment 3 makes the spatial volume
of the active gas transmission path smaller than the spa-
tial volume of the active gas transmission path in the em-
bodiment 1, thereby being able to efficiently suppress
the phenomenon that the active gas temporally attenu-
ates (dissolves) and is inactivated.
[0256] Furthermore, the insulating plate 7C is provided
between the cooling plate 9 and the metal electrode 10C
in the active gas generation apparatus 100C according
to the embodiment 3, thus a short-circuit phenomenon
that the metal electrode 10C and the cooling plate 9 are
electrically connected can be reliably avoided.
[0257] In the active gas generation apparatus 100C
according to the embodiment 3, the auxiliary metal elec-
trode 12 is electrically connected to the cooling plate 9
which is the conductive structure via the through hole 72
of the insulating plate 7C, thus the auxiliary metal elec-
trode 12 can be stably set to the ground potential via the
base flange 4 and the cooling plate 9.
[0258] Specifically, as described above, the spring
having conductivity is provided in the through hole 72, to
electrically connect the auxiliary metal electrode 12 and
the cooling plate 9, thus the auxiliary metal electrode 12
can be set to the ground potential via the spring, the cool-
ing plate 9, and the base flange 4. The spring described
above functions as the electrical connection member.
[0259] In the active gas generation apparatus 100C
according to the embodiment 3, the circular auxiliary met-
al electrode 12 is provided in a region overlapping with
the gas ejection hole 23 in a plan view in the opening
part 15C of the metal electrode 10C.
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[0260] That is to say, the auxiliary metal electrode 12
is disposed so that the center position of the opening part
15C and the center position of the auxiliary metal elec-
trode 12 coincide with each other. Thus, the auxiliary
metal electrode 12 and the metal electrode 10C can be
electrically independent from each other and a shape
thereof can be ensured relatively widely.
[0261] The reason is that the center position of the
opening part 15C is a position farthest away from the
inner peripheral part of the metal electrode 10C.
[0262] As a result, the active gas generation apparatus
100C according to the embodiment 3 can maximize an
effect of reducing the electrical field strength in the active
gas transmission path described above.

<Embodiment 4>

(Second problem in embodiment 1)

[0263] In the active gas generation apparatus 100
which is the embodiment 1, the active gas transmission
path is located between the discharge space 6 and the
gas ejection hole 23.
[0264] A time for the active gas to pass through the
active gas transmission path is increased in proportion
to the spatial volume of the active gas transmission path,
thus there is a second problem that it is difficult to com-
pletely suppress a phenomenon that the active gas tem-
porarily attenuates (dissolves) and is inactivated.
[0265] An active gas generation apparatus 100D ac-
cording to an embodiment 4 described hereinafter posi-
tively overcomes the second problem in the embodiment
1 described above. The active gas generation apparatus
100C according to the embodiment 3 reduces the active
gas transmission distance to resolve the second prob-
lem.

(Whole configuration)

[0266] Fig. 25 is an explanation diagram illustrating a
whole configuration of an active gas generation appara-
tus which is the embodiment 4 of the present disclosure.
An XYZ rectangular coordinate system is illustrated in
Fig. 25. The active gas generation apparatus 100D ac-
cording to the embodiment 4 is an active gas generation
apparatus generating active gas 52 obtained by activat-
ing material gas 5 supplied to a discharge space 6.
[0267] The active gas generation apparatus 100D in-
cludes, as a main constituting part, the metal housing 3,
the base flange 4, the high voltage apply electrode part
1, a ground potential electrode part 2D, the insulating
plate 7C, the electrode holding member 8, the cooling
plate 9, and the auxiliary metal electrode 12.
[0268] The high voltage apply electrode part 1, the met-
al chassis 3, the base flange 4, the electrode holding
member 8, and the cooling plate 9 are similar to those in
the active gas generation apparatus 100 according to the
embodiment 1 illustrated in Fig. 1 to Fig. 3, Fig. 6 to Fig.

8, Fig. 13, and Fig. 14. Accordingly, the same reference
numeral is assigned, and the description is appropriately
omitted.
[0269] The insulating plate 7C and the auxiliary metal
electrode 12 are similar to those in the active gas gen-
eration apparatus 100C according to the embodiment 3
illustrated in Fig. 18, Fig. 23, and Fig. 24. Accordingly,
the same reference numeral is assigned, and the de-
scription is appropriately omitted.
[0270] Feature points of the active gas generation ap-
paratus 100D according to the embodiment 4 is mainly
described hereinafter.
[0271] The ground potential electrode part 2D which
is a second electrode constituting part is disposed on the
central bottom surface region 48 of the base flange 4.
The ground potential electrode part 2D includes, as a
main constituting part, an electrode dielectric film 21D
which is a second electrode dielectric film and the metal
electrode 20 which is a second metal electrode formed
on a lower surface of the electrode dielectric film 21D.
Accordingly, the ground potential electrode part 2D is
placed on the central bottom surface region 48 so that
the metal electrode 20 has contact with the central bottom
surface region 48.
[0272] A combination of the high voltage apply elec-
trode part 1 which is the first electrode constituting part
and the ground potential electrode part 2D which is the
second electrode constituting part constitutes an elec-
trode pair having the discharge space 6 in an inner por-
tion, and the ground potential electrode part 2D is pro-
vided on the lower side of the high voltage apply electrode
part 1.
[0273] The high voltage apply electrode part 1 in-
cludes, as a main constituting part, the electrode dielec-
tric film 11 which is the first electrode dielectric film and
the metal electrode 10 which is the first metal electrode
formed on the upper surface of the electrode dielectric
film 11.
[0274] AC voltage is applied between the metal elec-
trode 10 and the metal electrode 20 from the high fre-
quency power source 50. Specifically, the AC voltage is
applied from the high frequency power source 50 to the
metal electrode 10, and the metal electrode 20 is set to
ground potential via the base flange 4. The auxiliary metal
electrode 12 is set to ground potential via the electrical
connection member provided in the base flange 4, the
cooling plate 9, and the through hole 72 of the insulating
plate 7C in the manner similar to the embodiment 3.
[0275] The discharge space 6C including a region
where the metal electrodes 10 and 20 overlap with each
other in a plan view is provided in a shielded space func-
tioning as a dielectric space where the electrode dielec-
tric film 11 and the electrode dielectric film 21 face each
other.
[0276] The electrode dielectric film 21D includes a gas
ejection hole 23D for ejecting the active gas 52 into the
processing space 63 on the lower side (subsequent
stage) via the gas ejection hole 43 of the base flange 4.
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Accordingly, a path from the discharge space 6 to the
gas ejection hole 23D is defined as an active gas trans-
mission path.
[0277] The electrode dielectric film 21D includes a pro-
truding part 21a functioning as a dielectric protruding part
protruding in a height direction to fill part of the active gas
transmission path described above. Accordingly, the ac-
tive gas transmission path described above is narrowed
to be a narrow path between the upper surface of the
protruding part 21a and the lower surface of the electrode
dielectric film 11.
[0278] Furthermore, in the active gas generation ap-
paratus 100D according to the embodiment 4, the auxil-
iary metal electrode 12 as the third metal electrode is
provided on the upper surface of the electrode dielectric
film 11 in the manner similar to that in the embodiment
3. The utility metal electrode 12 is provided independently
from the metal electrode 10.
[0279] The auxiliary metal electrode 12 is provided to
overlap with part of the active gas transmission path de-
scribed above in a plan view. The auxiliary metal elec-
trode 12 is further set to ground potential in the manner
similar to the embodiment 3.
[0280] The gas ejection hole 43 (a base flange gas
ejection hole) is provided in a position corresponding to
the gas ejection hole 23D of the electrode dielectric film
21D without an intervention of the metal electrode 20 in
a central portion of the central bottom surface region 48
of the base flange 4.
[0281] As described above, the cooling plate 9 is fixed
on the peripheral protruding part 46 of the base flange
4. The insulating plate 7C is provided on the lower surface
of the cooling plate 9, and the high voltage apply elec-
trode part 1 is disposed so that the upper surface of the
metal electrode 10 has contact with the lower surface of
the insulating plate 7C.
[0282] The electrode holding member 8 functioning as
an electrode support member is provided on the lower
surface of the cooling plate 9. The electrode holding
member 8 is provided in an outer peripheral region of the
insulating plate 7C and the high voltage apply electrode
part 1. In the embodiment 4, a combination structure of
the insulating plate 7C, the high voltage apply electrode
part 1, and the auxiliary metal electrode 12 is referred to
as "an upper electrode group" in an abbreviated form in
some cases.
[0283] The plate-like insulating plate 7C which is an
insulating material is provided between the cooling plate
9 and the high voltage apply electrode part 1, and an
upper surface thereof has contact with the lower surface
of the cooling plate 9, and a lower surface thereof has
contact with the upper surface of the metal electrode 10
of the high voltage apply electrode part 1. The insulating
plate 7C further includes the through hole 72 for electri-
cally connecting the cooling plate 9 and the auxiliary met-
al electrode 12 in addition to the conduction hole 71 in
the manner similar to the embodiment 3.
[0284] A procedure of attaching the active gas gener-

ation apparatus 100D having the above configuration is
briefly described hereinafter.

(1) The cooling plate 9 is turned over to reverse a
relationship between the upper surface and the lower
surface of the cooling plate 9.
(2) A spring (not shown in Fig. 25) made of metal
and having conductivity is disposed in a central por-
tion of the lower surface of the cooling plate 9.
(3) The auxiliary metal electrode 12 is placed on the
spring.
(4) The insulating plate 7C is placed on the lower
surface of the cooling plate 9. At this time, the aux-
iliary metal electrode 12 passes through the through
hole 72 of the insulating plate 7C, and the spring
described above is located in the through hole 72
provided in the insulating plate 7C.
(5) The high voltage apply electrode part 1 is placed
on the insulating plate 7C so that the metal electrode
10 and the electrode dielectric film 11 are placed in
this order.
(6) The electrode holding member 8 is placed on the
lower surface of the cooling plate 9 to secure the
cooling plate 9 and the electrode holding member 8
with a bolt. As a result, the upper electrode group is
attached on the lower surface of the cooling plate 9.
At this time, a portion between the cooling plate 9
and the electrode holding member 8 and a portion
between the high voltage apply electrode part 1 and
the electrode holding member 8 are sealed.
(7) The ground potential electrode part 2D is placed
on the central bottom surface region 48 of the base
flange 4.
(8) The cooling plate 9 to which the upper electrode
group is attached is returned to have the original up-
down relationship.
(9) The cooling plate 9 is placed on the peripheral
protruding part 46 of the base flange 4, and the cool-
ing plate 9 and the base flange 4 are secured with a
bolt. At this time, a portion between the cooling plate
9 and the base flange 4 are sealed.

[0285] In this manner, the active gas generation appa-
ratus 100D according to the embodiment 4 can be as-
sembled through the attachment procedures (1) to (9).
[0286] The active gas generation apparatus 100D ac-
cording to the embodiment 4 has a feature that it has a
gas separation structure of separating a gas flow be-
tween the in-housing space 33 and the discharge space
6 by the cooling plate 9, the insulating plate 7, the elec-
trode holding member 8, and the high voltage apply elec-
trode part 1.
[0287] The active gas generation apparatus 100D ac-
cording to the embodiment 4 can eject the high-quality
active gas 52 which does not contain impurity without
damaging the electrode dielectric films 11 and 21D in the
manner similar to the embodiment 1.
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(High voltage apply electrode part 1)

[0288] Fig. 26 is a plan view illustrating an upper sur-
face structure of the high voltage apply electrode part 1
and the auxiliary metal electrode 12 illustrated in Fig. 25,
and Fig. 27 is a cross-sectional view illustrating a cross-
section structure of the high voltage apply electrode part
1 and the auxiliary metal electrode 12. A K-K cross sec-
tion in Fig. 26 corresponds to Fig. 27. An XYZ rectangular
coordinate system is illustrated in each of Fig. 26 and
Fig. 27.
[0289] As illustrated in Fig. 25 to Fig. 27, the electrode
dielectric film 11 of the high voltage apply electrode part
1 has a circular shape in a plan view.
[0290] The metal electrode 10 is provided on the upper
surface of the electrode dielectric film 11, and formed
into an annular shape having a circular opening part 15
in a central portion in the manner similar to the embodi-
ment 1.
[0291] The auxiliary metal electrode 12 is provided in
a center position on the upper surface of the electrode
dielectric film 11, and formed into a small circular shape.
At this time, the opening part 15 is located between the
auxiliary metal electrode 12 and the metal electrode 10,
thus the auxiliary metal electrode 12 and the metal elec-
trode 10 keep a relationship electrically independent from
each other.

(Ground potential electrode part 2D)

[0292] Fig. 28 is a plan view illustrating a lower surface
structure of the ground potential electrode part 2D illus-
trated in Fig. 25, and Fig. 29 is a cross-sectional view
illustrating a cross-section structure of the ground poten-
tial electrode part 2D. An L-L cross section in Fig. 28
corresponds to Fig. 29. An XYZ rectangular coordinate
system is illustrated in each of Fig. 28 and Fig. 29.
[0293] As illustrated in Fig. 25, Fig. 28, and Fig. 29, the
electrode dielectric film 21D of the ground potential elec-
trode part 2D has a circular shape in a plan view.
[0294] The metal electrode 20 is provided on the lower
surface of the electrode dielectric film 21D, and formed
into an annular shape having a circular opening part 25
in a central portion in the manner similar to the embodi-
ment 1.
[0295] The metal electrode 20 is formed to include the
whole metal electrode 10 in a plan view, thus the dis-
charge space 6 where the metal electrode 20 and the
metal electrode 10 overlap with each other in a plan view
is substantially defined by a formation region of the metal
electrode 10. Accordingly, the discharge space 6 is
formed into an annular shape centering on the gas ejec-
tion hole 23D in a plan view as with the metal electrode 10.
[0296] As illustrated in Fig. 29, the electrode dielectric
film 21D includes the protruding part 21a protruding in
the height direction (+Z direction) to fill part of the active
gas transmission path described above in a region cor-
responding to the opening part 25 of the metal electrode

20 in a plan view.
[0297] As illustrated in Fig. 29, in the electrode dielec-
tric film 21D, a region where the protruding part 21a is
formed is referred to as a protruding part formation region
RT and a region except for the protruding part formation
region RT is referred to as a dielectric film main region
RM Furthermore, a length of the protruding part 21a pro-
truding from an upper surface of the dielectric film main
region RM in the height direction (+Z direction) is defined
as a protrusion length of the protruding part 21a.
[0298] The protrusion length of the protruding part 21a
is set to be a little smaller than a distance (gap length)
from the lower surface of the electrode dielectric film 11
and the upper surface of the dielectric film main region
RM in the electrode dielectric film 21D. Thus, a little gap
is provided between the upper surface of the protruding
part 21a and the lower surface of the electrode dielectric
film 11 of the high voltage apply electrode part 1 (abbre-
viated as "active gas transmission gap" in some cases
hereinafter).
[0299] In this manner, in the active gas generation ap-
paratus 100D according to the embodiment 4, the pro-
truding part 21a of the electrode dielectric film 21D fills
the part of the active gas transmission path described
above in the dielectric space described above to limit at
least the part of the active gas transmission path de-
scribed above to the narrow active gas transmission gap
described above.
[0300] That is to say, the protruding part 21a functions
as an active gas auxiliary structure provided to fill the
part of the active gas transmission path between the dis-
charge space 6 and the gas ejection hole 23 in the die-
lectric space.
[0301] The ground potential electrode part 2D has, in
a center position, the gas ejection hole 23D for ejecting
the active gas 52 generated in the discharge space 6 to
the lower side. The gas ejection hole 23D is formed to
pass through the protruding part 21a in the electrode di-
electric film 21D. The gas ejection hole 23D is formed to
pass through the protruding part 21a, thus has a longer
formation length than the gas ejection hole 23 according
to the embodiment 1.
[0302] As illustrated in Fig. 28, the gas ejection hole
23D is provided in a center position of the opening part
25 of the metal electrode 20 without overlapping with the
metal electrode 20 in a plan view.
[0303] Accordingly, the auxiliary metal electrode 12
which is the third metal electrode is provided in a region
overlapping with the gas ejection hole 23D in a plan view
in the opening part 15.
[0304] A hole diameter of the gas ejection hole 23D is
set to be sufficiently small, thus the gas ejection hole 23D
can have an orifice function in the manner similar to the
embodiment 1.

(Base flange 4)

[0305] A structure of the base flange 4 is similar to that
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according to the embodiment 1 illustrated in Fig. 6 to Fig.
8.

(Insulating plate 7C)

[0306] The structure of the insulating plate 7C is similar
to the insulating plate 7C according to the embodiment
3 illustrated in Fig. 23 and Fig. 24.
[0307] Accordingly, the insulating plate 7C includes the
conduction hole 71 and the through hole 72. The through
hole 72 is provided to pass through the center of the
insulating plate 7C, and provided to place the electrical
connection member such as the spring having conduc-
tivity in the inner portion.

(Electrode holding member 8)

[0308] A structure of the electrode holding member 8
is similar to the electrode holding member 8 according
to the embodiment 1 illustrated in Fig. 11 and Fig. 12.

(Cooling plate 9)

[0309] A structure of the cooling plate 9 which is the
conductive structure is similar to the cooling plate 9 ac-
cording to the embodiment 1 illustrated in Fig. 13 and
Fig. 14.

(Effect)

[0310] The active gas generation apparatus 100D ac-
cording to the embodiment 4 includes the auxiliary metal
electrode 12 set to ground potential in the manner similar
to the embodiment 3. Thus, the active gas generation
apparatus 100D according to the embodiment 4 can pur-
posefully reduce the electrical strength of the processing
space 63 provided on the lower side of the gas ejection
hole 43 without changing an arrangement and a structure
of the gas ejection hole 23D or the gas ejection hole 43.
[0311] In addition, the active gas generation apparatus
100D according to the embodiment 4 has the gas sepa-
ration structure described above, thus bulk metal from
which the metal electrode 10 and the auxiliary metal elec-
trode 12 are manufactured relatively easily is used in the
manner similar to the embodiment 3, thus a manufactur-
ing process can be simplified.
[0312] In the active gas generation apparatus 100D
according to the embodiment 4, the auxiliary metal elec-
trode 12 is electrically connected to the cooling plate 9
which is the conductive structure via the through hole 72
of the insulating plate 7C, thus the auxiliary metal elec-
trode 12 can be stably set to the ground potential in the
manner similar to the

embodiment 3.

[0313] In the active gas generation apparatus 100D
according to the embodiment 4, the circular auxiliary met-

al electrode 12 is provided in a region overlapping with
the gas ejection hole 23D in a plan view in the opening
part 15 of the metal electrode 10. Thus, the auxiliary metal
electrode 12 and the metal electrode 10 can be electri-
cally independent from each other and a shape thereof
can be ensured relatively widely.
[0314] As a result, the active gas generation apparatus
100D according to the embodiment 4 can maximize an
effect of reducing the electrical field strength in the active
gas transmission path described above in the manner
similar to the embodiment 3.
[0315] Furthermore, the electrode dielectric film 21D
in the active gas generation apparatus 100D according
to the embodiment 4 includes the protruding part 21a
which is the dielectric protruding part as a specific feature.
The protruding part 21a functions as an active gas aux-
iliary structure of filling the part of the active gas trans-
mission path described above.
[0316] Accordingly, the active gas generation appara-
tus 100D according to the embodiment 4 reduces the
spatial volume in the active gas transmission path de-
scribed above by filling the part of the active gas trans-
mission path described above with the protruding part
21a, thereby being able to sufficiently reduce the time for
the active gas to pass through the active gas transmission
path described above to an extent that the active gas is
not inactivated.
[0317] As a result, the active gas generation apparatus
100D according to the embodiment 4 has an effect of
being able to minimize a volume of inactivated active gas.
[0318] Furthermore, in the embodiment 4, the protrud-
ing part 21a is formed as the part of the electrode dielec-
tric film 21D, thus the active gas auxiliary structure is
achieved without increasing the constituent element.
[0319] Thus, the active gas generation apparatus
100D according to the embodiment 4 can be manufac-
tured by substantially the same attachment procedure
as the embodiment 3. Accordingly, the active gas gen-
eration apparatus 100D according to the embodiment 4
can minimize a volume of inactivated active gas without
complicating a manufacturing process.
[0320] Furthermore, the active gas transmission gap
described above formed on the upper surface of the pro-
truding part 21a is sufficiently narrowed, that is to say,
the length of the material gas transmission gap described
above in the height direction (Z direction) is sufficiently
reduced, thus the active gas transmission gap described
above can have the orifice function. The active gas trans-
mission gap described above has the orifice function,
thus a pressure difference occurs between the process-
ing space 63 in the subsequent stage (lower side) of the
active gas generation apparatus 100D and the discharge
space 6, and pressure in the processing space 63 can
be sufficiently reduced.
[0321] At this time, the processing space 63 is set to
have sufficiently low electrical field strength, thus insula-
tion breakdown can be avoided also in the processing
space 63 under a relatively low pressure environment.
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<Other>

[0322] In the embodiments described above, water is
indicated as the cooling medium supplied to the cooling
water path 90, a cooling medium such as Galden may
also be used.
[0323] In the embodiment 4, the protruding part 21a is
provided as the part of the electrode dielectric film 21D,
however, the dielectric auxiliary member may be used
as the other member different from the electrode dielec-
tric film 21. For example, considered is a modification
example that the dielectric auxiliary member is disposed
on a region corresponding to the opening part 15 in a
plan view in an upper surface of the electrode dielectric
film 21 not having the protruding part 21a.
[0324] In the modification example, a film thickness of
the dielectric auxiliary member is set to be smaller than
a distance (gap length) from the electrode dielectric film
11 to the electrode dielectric film 21. Accordingly, the
active gas transmission gap described above is provided
between the upper surface of the dielectric auxiliary
member and the lower surface of the electrode dielectric
film 11 of the high voltage apply electrode part 1.
[0325] In this manner, the dielectric auxiliary member
is provided on the upper surface of the electrode dielectric
film 21, thus the part of the active gas transmission path
described above is filled between the discharge space 6
and the gas ejection hole 23 in the dielectric space to
limit the active gas transmission gap described above.
[0326] As a result, the dielectric auxiliary member func-
tions as an active gas auxiliary structure provided to fill
the part of the active gas transmission path between the
discharge space 6 and the gas ejection hole 23 in the
dielectric space as with the protruding part 21a.
[0327] However, the dielectric auxiliary member is a
member different from the electrode dielectric film 21,
thus the constituent element is added. In the modification
example, the constituent element is added, thus the man-
ufacturing process is complicated compared with a case
of the embodiment 4 illustrated in Fig. 25 to Fig. 29.
[0328] The present invention has been shown and de-
scribed in detail, the foregoing description is in all aspects
illustrative, thus the present invention is not limited there-
to. It is therefore understood that numerous modification
examples can be devised without departing from the
scope of the invention.

Explanation of Reference Signs

[0329]

1, 1C high voltage apply electrode part
2, 2C, 2D ground potential electrode part
3 metal housing
4, 4B base flange
5 material gas
6, 6C discharge space
7, 7C insulating plate

8 electrode holding member
9 cooling plate
10, 10C, 20, 20C metal electrode
11, 21, 21D electrode dielectric film
12 auxiliary metal electrode
21a protruding part
23, 23D, 43 gas ejection hole
34 gas supply port
35 gas transmission path
41 gas buffer
42, 42B gas diffusion path
44 cooling water supply port
50 high frequency power source
52 active gas
72 through hole
90 cooling water path
451, 452 cooling water transmission hole
R4 gas relay region

Claims

1. An active gas generation apparatus generating ac-
tive gas obtained by activating material gas supplied
to a discharge space, comprising:

a first electrode constituting part; and
a second electrode constituting part provided on
a lower side of the first electrode constituting
part, wherein
the first electrode constituting part includes a
first electrode dielectric film and a first metal
electrode formed on an upper surface of the first
electrode dielectric film, the second electrode
constituting part includes a second electrode di-
electric film and a second metal electrode
formed on a lower surface of the second elec-
trode dielectric film, AC voltage is applied to the
first metal electrode, the second metal electrode
is set to ground potential, and a dielectric space
where the first and second electrode dielectric
films face each other includes a region where
the first and second metal electrodes overlap
with each other in a plan view as the discharge
space, and
the second electrode dielectric film includes a
gas ejection hole for ejecting the active gas to a
lower side, and a path from the discharge space
to the gas ejection hole is defined as an active
gas transmission path,
the active gas generation apparatus further
comprising
a base flange having conductivity, having a
cross-section structure with a concave shape,
and including a central bottom surface region
and a peripheral protruding part provided along
an outer periphery of the central bottom surface
region to protrude in a height direction, wherein
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the second electrode constituting part is provid-
ed so that the second metal electrode has con-
tact with the central bottom surface region,
the active gas generation apparatus further
comprising:

a conductive structure with conductivity pro-
vided on the peripheral protruding part of
the base flange and located above an upper
side of the first electrode constituting part
without having contact with the first elec-
trode constituting part;
an insulating material provided between the
conductive structure and the first electrode
constituting part, having an upper surface
having contact with a lower surface of the
conductive structure, and having a lower
surface having contact with the upper sur-
face of the first metal electrode;
an electrode support member provided on
the lower surface of the conductive struc-
ture to support the first electrode constitut-
ing part from a lower side; and
a metal housing provided on the peripheral
protruding part of the base flange and hav-
ing an in-housing space housing the con-
ductive structure, wherein
the base flange includes:

a gas supply port receiving the material
gas from outside;
a gas transmission path for supplying
the material gas to the discharge
space; and
a base flange gas ejection hole for
ejecting the active gas ejected from the
gas ejection hole to a lower side,
ground potential is supplied to the base
flange,
provided is a gas separation structure
of separating a gas flow between the
in-housing space and the discharge
space by the conductive structure, the
electrode support member, and the first
electrode constituting part,
the active gas generation apparatus
further comprising
a third metal electrode provided on an
upper surface of the first electrode die-
lectric film independently from the first
metal electrode, wherein
the third metal electrode is provided to
partially overlap with a part of the active
gas transmission path in a plan view
and set to ground potential.

2. The active gas generation apparatus according to
claim 1, wherein

the insulating material includes a through hole,
and the through hole is provided in a region over-
lapping with the third metal electrode in a plan
view, and
the third metal electrode is electrically connect-
ed to the conductive structure via the through
hole.

3. The active gas generation apparatus according to
claim 1 or 2, wherein

the first metal electrode is annularly formed to
have an opening part in a central portion in a
plan view,
the third metal electrode is formed into a circular
shape in a plan view, and
the third metal electrode is provided in a region
overlapping with the gas ejection hole in a plan
view.

4. The active gas generation apparatus according to
any one of claims 1 to 3, further comprising
an active gas auxiliary structure provided in the die-
lectric space to fill part of the active gas transmission
path between the discharge space and the gas ejec-
tion hole.

5. The active gas generation apparatus according to
claim 4, wherein

the second electrode dielectric film includes a
dielectric protruding part protruding in a height
direction to fill part of the active gas transmission
path, and
the dielectric protruding part functions as the ac-
tive gas auxiliary structure.

6. The active gas generation apparatus according to
any one of claims 1 to 5, wherein
the base flange includes:

a cooling medium supply port receiving a cooling
medium from outside; and
a cooling medium transmission hole for supply-
ing the cooling medium to the conductive struc-
ture, and
the conductive structure includes a cooling me-
dium path transmitting the cooling medium sup-
plied through the cooling medium transmission
hole to an inner portion.
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