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(54)
DEVICE IS USED

(57) A plasma generation device (1), provided with:
a plasma generator (10), a plasma power supply unit (2),
and a gas supply unit (3). The plasma generator includes
a partition part (12) for dividing the liquid housing unit
(15) and the gas housing unit (14) from each other. The
partition part has a gas channel (13) for guiding the gas
supplied from the gas supply unit and housed in the gas
housing unit to the liquid housing unit. The first electrode

PLASMA GENERATION DEVICE AND CLEANING DEVICE IN WHICH PLASMA GENERATION

(18) is disposed in the gas housing unit and the second
electrode (19) is disposed in the liquid housing unit. The
plasma power supply unit generates a potential supplied
to the first and second electrodes and sets the potential
of the second electrode to a lower value than that of the
potential of the first electrode. The second electrode is
formed from a material, a material compound, or a ma-
terial mixture that causes sputtering phenomenon.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a plasma gen-
eration device and a cleaning device using the plasma
generation device.

BACKGROUND ART

[0002] A plasma generation device for use with a con-
ventional cleaning device performs dischargingin a liquid
that contains bubbles. This generates radicals or the like
in the bubbles and reforms the liquid. Patent document
1 discloses an example of a conventional plasma gen-
eration device.

PRIOR ART DOCUMENT

[0003] Patent Document 1: Japanese Laid-Open Pat-
ent Publication No. 2012-43769

SUMMARY OF THE INVENTION

PROBLEMS THAT ARE TO BE SOLVED BY THE IN-
VENTION

[0004] The plasma generation device performs dis-
charging by applying high voltage between a first elec-
trode arranged in a gas accommodation portion and a
second electrode arranged in a liquid accommodation
portion. The plasma generation device generates plasma
in regions of gas in the liquid accommodated in the liquid
accommodation portion. The plasma generation device
generates hydroxyl radicals from the water contained in
the liquid and the oxygen contained in the gas. The sec-
ond electrode is arranged in the liquid containing water
in the liquid accommodation portion, and the first elec-
trodeis arranged in the gas. When the plasma generation
device is applied to a cleaning device for an electronic
device having a movable portion, the purging of impuri-
ties from the movable device may cause seizing. In order
to hinder seizing, a user adds lubricant to the liquid that
serves as a cleaning liquid and is accommodated in the
liquid accommodation portion. When using the cleaning
device, the user performs regular maintenance by adding
lubricant, changing the cleaning liquid, and the like. Thus,
the use of the conventional plasma generation device
with acleaning device is burdensome to the user. Further,
cleaning liquid containing the changed lubricant is proc-
essed as wastewater. It is thus desirable that the used
amount of lubricant be minimized when taking the envi-
ronment into account.

[0005] Accordingly, itis an object of the presentinven-
tionto provide a plasma generation device and a cleaning
device using the plasma generation device that facilitates
maintenance.
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MEANS FOR SOLVING THE PROBLEM

[0006] One aspectofthe presentinvention is a plasma
generation device including a plasma generator, a plas-
ma power supply, and a gas supplying unit. The plasma
generatorincludes a liquid accommodation portion, a gas
accommodation portion, a partition wall, a first electrode,
and a second electrode. The liquid accommodation por-
tion is configured to accommodate liquid containing at
least water. The gas accommodation portion is config-
ured to accommodate gas. The partition wall is config-
ured to partition the liquid accommodation portion and
the gas accommodation portion and includes a gas pas-
sage configured to draw the gas from the gas accommo-
dation portion into the liquid accommodation portion. The
first electrode is arranged in the gas accommodation por-
tion. The second electrode is arranged in the liquid ac-
commodation portion so that at least a portion paired with
the first electrode contacts liquid in the liquid accommo-
dation portion. The gas supplying unit is configured to
supply the gas containing at least oxygen to the gas ac-
commodation portion. The plasma power supply is con-
figured to generate potentials supplied to the first elec-
trode and the second electrode and set the potential at
the second electrode to a lower value than the potential
at the first electrode. The second electrode is formed
from one of a material, a material compound, and a ma-
terial mixture that causes sputtering.

[0007] In the above plasma generation device, the
plasma power supply performs discharging by applying
apredetermined potential between thefirst electrode and
the second electrode so that the potential at the second
electrode is lower than that of the first electrode. The
plasma generator generates plasma in regions of gas in
the liquid in the liquid accommodation portion. This gen-
erates hydroxyl radicals from the water contained in the
liquid and the oxygen contained in the gas. In this struc-
ture, the plasma generator is capable of performing dis-
charging between the first electrode and the second elec-
trode while limiting the influence of the electrical resist-
ance of the liquid. The second electrode emits silver mi-
croparticles through sputtering, which occurs when dis-
charging is performed. The silver microparticles are scat-
tered in the liquid in the liquid accommodation portion.
In this structure, when cleaned subjects are arranged in
the liquid accommodation portion, the organic matters
collected on the cleaned subjects are decomposed by
hydroxyl radicals and the microparticles emitted from the
second electrode can be deposited on the cleaned sub-
jects. For example, when the plasma generation device
is applied to a cleaning device of an electronic device
having a movable portion, the silver microparticles can
be deposited on the movable portion of the electronic
device. This reduces the friction resistance of the mov-
able portion and allows for smooth movement.

[0008] In the above plasma generation device, prefer-
ably, the second electrode is formed from one of silver,
a silver compound, and a silver mixture as one of the
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material, the material compound, and the material mix-
ture that causes the sputtering.

[0009] Inthe above plasma generation device, prefer-
ably, the second electrode includes an opposing surface
formed from one of the material, the material compound,
and the material mixture that causes the sputtering, and
the opposing surface is opposed to the gas that passes
through at least the gas passage, and has a surface
roughness of a maximum height value that exceeds 10
pm.

[0010] In the above plasma generation device, prefer-
ably, the second electrode is gas-permeable so that the
gas in the gas accommodation portion passes through
the second electrode and is supplied to the liquid accom-
modation portion.

[0011] Another aspect of the present invention is a
cleaning device including the above plasma generation
device. The cleaning device is configured to emit micro-
particles from the second electrode through the sputter-
ing so that the microparticles are deposited on a cleaned
subject.

[0012] In the above plasma generation device, prefer-
ably, the cleaning device is applicable when cleaning a
hair remover so that the cleaning device the microparti-
cles emitted from the second electrode are deposited on
the cleaned subject of the hair remover.

[0013] Inthe above plasma generation device, prefer-
ably, the hair remover includes a blade unit including a
sliding surface, and atleast a portion of the sliding surface
is arranged at a location where the portion of the sliding
surface does not hinder movement of the microparticles
emitted from the second electrode.

EFFECT OF THE INVENTION

[0014] The plasma generation device and the cleaning
device using the plasma generation device facilitate
maintenance.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

Fig. 1is a schematic diagramillustrating the structure
of a plasma generation device of a first embodiment.
Fig. 2 is a graph illustrating the value of the voltage
applied to a first electrode and a second electrode
of the plasma generation device of the first embod-
iment.

Fig. 3A is a partially enlarged cross-sectional view
schematically illustrating one operating state of the
plasma generation device of the first embodiment,
and Fig. 3B is a schematic partially enlarged cross-
sectional view illustrating a state when the state of
Fig. 3A continues.

Fig. 4 is a partially enlarged cross-sectional view
schematically illustrating microparticles emitted by
the plasma generation device of the first embodi-
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ment.

Fig. 5 is a perspective view illustrating a cleaning
device of a second embodiment.

Fig. 6A is a perspective view of a hair remover in-
serted into the cleaning device illustrated in Fig. 5,
and Fig. 6B is a schematic diagram illustrating the
structure of an inner blade and an outer blade that
are arranged in a blade unit.

Fig. 7 is a cross-sectional side view illustrating when
the hair remover of Fig. 6A is mounted on the clean-
ing device of Fig. 5.

Fig. 8 is a cross-sectional view illustrating the cross-
sectional structure taken along plane 7Z-7Z in Fig. 7.
Fig. 9 is a partially enlarged view illustrating the en-
larged structure of the portion encircled by the
dashed lines in Fig. 7.

Fig. 10Ais a schematic diagramillustrating the struc-
ture of a plasma generation device of a third embod-
iment, and Fig. 10B is a partially enlarged cross-sec-
tional view schematically illustrating when micropar-
ticles are emitted by the plasma generation device
of Fig. 10A.

Fig. 11Ais a schematic diagramiillustrating the struc-
ture of a plasma generation device of a fourth em-
bodiment, and Fig. 11B is a partially enlarged cross-
sectional view schematically illustrating when micro-
particles are emitted by the plasma generation de-
vice of Fig. 11A.

EMBODIMENTS OF THE INVENTION
First Embodiment

[0016] The structure of a plasma generation device 1
will now be described with reference to Fig. 1.

[0017] The plasma generation device 1 includes a
plasma generator 10, a plasma power supply 2, a gas
supplying unit 3, a first lead line 4, a second lead line 5,
and a gas inlet pipe 6. Thefirst lead line 4 and the second
lead line 5 connect the plasma generator 10 and the plas-
ma power supply 2 to each other. The gas inlet pipe 6
connects the plasma generator 10 and the gas supplying
unit 3 to each other.

[0018] The plasma generator 10 includes a cylindrical
case member 11. The case member 11 does not have
to be cylindrical. For example, the case member 11 may
be polygonal.

[0019] The case member 11 includes a partition wall
12 that partitions the internal space of the case member
11 into an upper portion and a lower portion. The partition
wall 12 is formed from, for example, a ceramic. The upper
side of the partition wall 12 in the internal space of the
case member 11 defines a liquid accommodation portion
15 that accommodates liquid 20 containing water. The
lower side of the partition wall 12 in the internal space of
the case member 11 defines a gas accommodation por-
tion 14 that accommodates gas. Each side in the plane
of the partition wall 12 has a dimension of several cen-
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timeters. The partition wall 12 has a thickness of several
hundred micrometers to several millimeters. The thick-
ness is set to an appropriate value in accordance with
the application. The case member 11 includes a gas inlet
17 in the lower portion of a right wall 11 B. The gas inlet
pipe 6, which is inserted into the gas inlet 17, connects
the gas accommodation portion 14 and the gas supplying
unit 3. The gas supplying unit 3 supplies the gas accom-
modation portion 14 with gas containing at least oxygen.
[0020] The partition wall 12 includes a gas passage
13. The gas drawn from the gas supplying unit 3 into the
gas accommodation portion 14 is delivered into the liquid
accommodation portion 15 through the gas passage 13
in a first movement direction 23.

[0021] The plasma generator 10 includes a ring-
shaped seal 16 arranged in the outer end of the liquid
accommodation portion 15. The seal member 16 seals
the gap between the case member 11 and the partition
wall 12 so that the liquid 20 does not leak from the liquid
accommodation portion 15 into the gas accommodation
portion 14.

[0022] Itis preferable that the gas passage 13 have a
hole diameter set in the range of 100 um to 800 um so
that the liquid 20 in the liquid accommodation portion 15
does not leak through the gas passage 13 into the gas
accommodation portion 14.

[0023] The plasma generator 10 includes a first elec-
trode 18 arranged in the gas accommodation portion 14
and a second electrode 19 arranged in the liquid accom-
modation portion 15. The partition wall 12 spaces the
second electrode 19 apart from the first electrode 18.
The second electrode 19 includes a portion paired with
the first electrode 18 (surface that performs discharging
with the surface of the first electrode 18). The second
electrode 19 is arranged in the liquid accommodation por-
tion 15 so that at least this portion contacts the liquid 20
in the liquid accommodation portion 15.

[0024] Thefirst electrode 18 and the second electrode
19 are each toroidal. The first electrode 18 is arranged
on the surface of the partition wall 12 that defines the gas
accommodation portion 14 so that a center hole of the
first electrode 18 is in communication with the gas pas-
sage 13. The surface of the first electrode 18 is covered
by a dielectric. As described above, the second electrode
19 is arranged in the liquid accommodation portion 15
so that the portion paired with the first electrode 18 (sur-
face that performs discharging with the surface of the
first electrode 18) contacts the liquid 20 in the liquid ac-
commodation portion 15. The second electrode 19 is ar-
ranged on the surface of the partition wall 12 that defines
the liquid accommodation portion 15 so that the center
hole of the second electrode 19 is in communication with
the gas passage 13.

[0025] That is, the first electrode 18 and the second
electrode 19 are concentrically arranged on the two sur-
faces of the partition wall 12. The second electrode 19
is arranged at a position closer to the gas passage 13
than the first electrode 18.
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[0026] The toroidal first electrode 18 is arranged in the
gas accommodation portion 14 so that the first electrode
18 does not contact the liquid 20 drawn into the liquid
accommodation portion 15. The toroidal second elec-
trode 19 (including at least the portion paired with the
first electrode 18) is arranged in the liquid accommoda-
tion portion 15 so that the second electrode 19 contacts
the liquid 20.

[0027] The first electrode 18 is electrically connected
to the plasma power supply 2 by the second lead line 5.
The second electrode 19 is electrically connected to the
plasma power supply 2 by the firstlead line 4. The plasma
power supply 2 applies a predetermined voltage between
the first electrode 18 and the second electrode 19.
[0028] Fig. 2 illustrates the voltage applied to the first
electrode 18 and the second electrode 19. The plasma
generation device 1 sets the potential at the second elec-
trode 19 to a smaller value than the potential at the first
electrode 18.

[0029] The second electrode 19 is formed from a ma-
terial, a material compound, or a material mixture that
causes sputtering when a smaller potential is applied to
the second electrode 19 than the first electrode 18 so
that discharging occurs between the first electrode 18
and the second electrode 19.

[0030] As a material that causes sputtering when dis-
charging occurs, for example, the second electrode 19
may be formed from one of silver, a silver compound,
and a silver mixture.

[0031] The material of the second electrode 19 does
not have to be silver, a silver compound, or a silver mix-
ture. The material that causes sputtering when discharg-
ing occurs may include platinum, gold, copper, titanium,
copper, or the like. Other materials may also be used.
[0032] The operation of the plasma generation device
1 and a method for generating hydroxyl radicals will now
be described.

[0033] A process for emitting ozone and hydroxyl rad-
icals into the liquid 20 includes a gas supplying step, a
bubble growing step, a hydroxyl radical generating step,
and a bubble emitting step.

[0034] Inthe gas supplying step, the gas supplying unit
3 supplies gas containing oxygen to the gas accommo-
dation portion 14. The gas supplied to gas accommoda-
tion portion 14 is forcibly delivered through the gas pas-
sage 13 into the liquid accommodation portion 15. The
gas supplying unit 3 forcibly delivers the gas containing
oxygen, which is based on air flowing at a rate of approx-
imately 0.01 L/min to 1.0 L/min, through the gas inlet pipe
6 into the gas accommodation portion 14. The pressure
that forcibly delivers the gas is set to approximately
0.0098 MPa to 0.49 MPa (0.1 kgf/cm?2 to 5 kgflcm?2). A
generally known means such as flow rate control per-
formed by the gas supplying unit 3 is used to control the
flow rate of the supplied gas.

[0035] When the gas supplying unit 3 supplies gas to
the gas accommodation portion 14, the gas accommo-
dation portion 14 shifts to a positive pressure condition
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of approximately 0.11 MPa to 0.59 MPa (1.1 kgf/cm2to
6 kgfilcm?2). When the gas accommodation portion 14
shifts to a positive pressure condition, the gas accom-
modation portion 14 forms the flow of gas from the gas
passage 13 toward the liquid accommodation portion 15
in the first movement direction 23. Further, when the gas
accommodation portion 14 shifts to a positive pressure
condition, the gas accommodation portion 14 restricts
the leakage of the liquid 20 from the liquid accommoda-
tion portion 15 through the gas passage 13 into the gas
accommodation portion 14.

[0036] Figs. 3A and 3B each illustrate the liquid 20 and
the gas near an open end 13A of the gas passage 13 in
the liquid accommodation portion 15.

[0037] As illustrated in Fig. 3A, in the bubble growing
step, the gas accommodation portion 14 supplies gas
containing oxygen to the liquid accommodation portion
15 so that an oxygen-containing fine bubble 24 grows in
the open end 13A of the gas passage 13.

[0038] Inthe hydroxylradical generating step, the plas-
ma power supply 2 applies a predetermined voltage be-
tween the first electrode 18 and the second electrode 19.
The plasma power supply 2 applies a voltage that pref-
erably generates a power of approximately 1 W to 100
W and allows a glow discharge to occur under atmos-
pheric pressure. The plasma power supply 2 includes a
generally known voltage control means for controlling the
voltage applied between the first electrode 18 and the
second electrode 19. The plasma power supply 2 sets
the potential at the second electrode 19 to a smaller value
than the potential at the first electrode 18. The plasma
power supply 2 applies a lower potential to the second
electrode 19 than the first electrode 18 to perform dis-
charging in a gas environment under atmospheric pres-
sure or a greater pressure.

[0039] A technique for generating plasma under at-
mospheric pressure is described in, for example, "Atmos-
pheric Pressure Glow Discharge Plasma and its Appli-
cations" written by Satiko Okazaki for the review lecture
of the 20th JSPF Annual Meeting.

[0040] The plasma generator 10 performs discharging
between the surface of the first electrode 18 that contacts
gas and the surface of the second electrode 19 that con-
tacts liquid. The discharging generates plasmain regions
of gasin the liquid 20 in the liquid accommodation portion
15. The plasma is outstandingly generated in the regions
of gas near the gas-liquid boundary between the growing
bubble 24 and the liquid 20 at the open end 13A of the
gas passage 13. The plasma generator 10 generates the
plasma at the open end 13A of the gas passage 13 so
that ozone, hydroxyl radicals, and the like are generated
from the water contained in the liquid and the oxygen
contained in the gas.

[0041] In this manner, the plasma generator 10 gen-
erates plasma by producing a potential difference near
the gas-liquid boundary of the liquid 20 and the bubble
24 in the liquid accommodation portion 15. The plasma
generator 10 generates a larger amount of ozone, hy-
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droxyl radicals, and the like by producing a potential dif-
ference near the gas-liquid boundary of the bubble 24
and the liquid 20 at the open end 13A of the gas passage
13, which is where hydroxyl radicals are easily generat-
ed. The plasma generator 10 also generates ozone, hy-
droxyl radicals, and the like in a bubble 24 delivered into
the liquid accommodation portion 15 in addition to a bub-
ble 24 near the open end 13A of the gas passage 13 that
faces the liquid 20.

[0042] The flow of gas in the first movement direction
23 delivers ozone, hydroxyl radicals, and the like gener-
ated as described above to the liquid accommodation
portion 15.

[0043] In the bubble emitting step, the plasma gener-
ator 10 uses the flow of the liquid 20 in the liquid accom-
modation portion 15 to shear the bubbles 24 containing
hydroxyl radicals or the like from the partition wall 12 and
release the bubbles 24 into the liquid 20.

[0044] Asillustratedin Fig. 3B, the liquid 20 in the liquid
accommodation portion 15 moves in the liquid accom-
modation portion 15 along the flow in a second movement
direction 25. When the liquid 20 strikes a growing bubble
24, the flow of the liquid 20 acts as a shear force on the
bubble 24. Bubbles 24 are released from the open end
13A of the gas passage 13 into the liquid 20.

[0045] The bubbles 24 released into the liquid 20 are
fine and scattered in the entire liquid 20 without being
immediately released into the atmosphere. Some of the
scattered fine bubbles 24 easily dissolve into the liquid
20. When the bubbles 24 are dissolved in the liquid 20,
the ozone dissolved from the bubbles 24 suddenly in-
creases the ozone concentration of the liquid 20.
[0046] According to "Improvement of Water Environ-
ment Using Microbubble and Nanobubble," written by
Masayoshi Takahashi for Aqua Net in June, 2004, fine
bubbles containing ozone or each type of radicals are
often charged negatively.

[0047] The remaining negatively charged bubbles 24
are easily adsorbed in organic matters, oil and fat mat-
ters, dyes, proteins, germs, and the like. The organic mat-
ters and the like in the liquid 20 are decomposed by the
ozone or each type of radicals dissolved in the liquid 20
and the ozone or each type of radicals contained in the
bubbles 24 that adsorbed in the organic matters and the
like.

[0048] A hydroxyl radical has, for example, a relatively
large energy of approximately 120 kcal/mol. The energy
of a hydroxyl radical exceeds a bond energy (100
kcal/mol or less) including a nitrogen-nitrogen double
bond (N=N), a carbon-carbon double bond (C=C), and a
carbon-nitrogen double bond (C=N). Thus, hydroxyl rad-
icals unbind and decompose organic matters and the like
which are formed by the bonding of nitrogen, carbon, or
the like. The ozone and hydroxyl radicals thatdecompose
organic matters in such a manner are not residual like
chlorine or the like and decompose as time elapses. The
ozone and hydroxyl radicals are thus environmentally-
friendly.
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[0049] When the second electrode 19 arranged in the
liquid accommodation portion 15 is formed from one of
silver, a silver compound, and a silver mixture, and the
second electrode 19 performs discharging between the
first electrode 18 and the second electrode 19 with a low-
er potential than the first electrode 18, the second elec-
trode 19 emits silver microparticles.

[0050] The liquid 20 and the gas near the open end
13A of the gas passage 13 will now be described with
reference to Fig. 4.

[0051] When the second electrode 19 performs dis-
charging between the first electrode 18 and the second
electrode 19 with a lower potential than that at the first
electrode 18, the second electrode 19 is sputtered so
that silver microparticles 19B are emitted from a first por-
tion 19C of the second electrode 19. The silver micro-
particles 19B, which are emitted from the second elec-
trode 19 by the sputtering, are scattered in the liquid 20
in the liquid accommodation portion 15. Since the second
electrode 19 s closer to the gas passage 13 than the first
electrode 18, the second electrode 19 is effectively sput-
tered. This effectively emits the microparticles 19B.
[0052] The plasma generationdevice 1 has the advan-
tages described below.

(1) The plasma generation device 1 includes the
plasma generator 10, the plasma power supply 2,
and the gas supplying unit 3. The plasma generator
10 includes the gas accommodation portion 14 and
the liquid accommodation portion 15, which are par-
titioned by the partition wall 12 inside the case mem-
ber 11. The gas accommodation portion 14 includes
the first electrode 18. The liquid accommodation por-
tion 15 includes the second electrode 19. The sec-
ond electrode 19, including a portion paired with the
first electrode 18, is arranged in the liquid accommo-
dation portion 15 so that at least this portion contacts
liquid. The second electrode 19 is formed from one
of silver, a silver compound, and a silver mixture.
The plasma power supply 2 performs discharging by
applying a predetermined potential between the first
electrode 18 and the second electrode 19 so that the
potential at the second electrode 19 is lower than
that of the first electrode 18. The plasma generator
10 generates plasma in regions of gas in the liquid
20 in the liquid accommodation portion 15 and gen-
erates hydroxyl radicals from the water contained in
the liquid 20 and the oxygen contained in the gas.
In this structure, the plasma generator 10 is capable
of performing discharging between thefirst electrode
18 and the second electrode 19 while limiting the
influence of the electrical resistance of the liquid 20.
The second electrode 19 emits the silver micropar-
ticles 19B through sputtering, which occurs when
discharging is performed. The silver microparticles
19B are scattered in the liquid 20 in the liquid ac-
commodation portion 15. When cleaned subjects are
arranged in the liquid accommodation portion 15, the
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plasma generation device 1 generates plasma and
forms ozone and radicals that decompose organic
matters and the like which are collected on the
cleaned subjects. Further, the plasma generation
device 1 deposits the silver microparticles 19B,
which are produced by the sputtering of the second
electrode 19, on the cleaned subjects. Thus, when
the plasma generation device 1 is applied to a clean-
ing device of an electronic device having a movable
portion, the silver microparticles 19B can be depos-
ited on the movable portion of the electronic device.
This reduces the friction resistance of the movable
portion and allows for smooth movement.

Second Embodiment

[0053] A cleaning device 30 of a second embodiment
uses the plasma generation device 1 of the first embod-
iment. The plasma generation device 1 will not be de-
scribed in detail.

[0054] The structure of the cleaning device 30 will now
be described with reference to Fig. 5.

[0055] The cleaning device 30 serving as a cleaning
device for a hair remover 100 (refer to Fig. 6) includes
an opening 31, which receives the hair remover 100. The
cleaning device 30 includes an operating unit 42, a dis-
play 43, and a ventilation window 44 on the front surface
of a housing 40. The housing 40 includes a stand 41 on
the back surface. The stand 41 includes a contact mem-
ber 45 on the inner surface that defines the opening 31.
The cleaning device 30 includes, on the back of the hous-
ing 40, a tank 50 that accommodates liquid serving as
the cleaning liquid. A user inserts a cleaned subject into
the opening 31.

[0056] The structure of the hair remover 100 serving
as a cleaned subject will now be described with reference
to Figs. 6A and 6B.

[0057] The hair remover 100 illustrated in Fig. 6A in-
cludes a grip 101 and a head 102. The grip 101 includes
an operation switch 103. A user operates the operation
switch 103 to control the operation of the hair remover
100. The head 102 includes a blade unit 104. The blade
unit 104 includes, for example, two outer blades 105.
[0058] In the description hereafter, the direction ex-
tending from the grip 101 to the head 102 will be referred
to as a front direction of a front-to-rear direction, the di-
rection in which the two outer blades 105 are arranged
will be referred to as a vertical direction, and the direction
that perpendicularly intersects the vertical direction and
the front-to-rear direction will be referred to as a sideward
direction.

[0059] The outer blade 105 is curved and bulged to-
ward the front to have a reversed U-shaped form. The
outer blade 105 includes many slits (blade holes).
[0060] As illustrated in Fig. 6B, in the outer blade 105,
the blade unit 104 includes a reversed U-shaped inner
blade 106 that is arranged along the curvature of the
outer blade 105. The inner blade 106 is oscillated in the
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sideward direction by a drive force generated by a power
source of the hair remover 100.

[0061] The hair remover 100 moves the inner blade
106 relative to the outer blade 105 in the sideward direc-
tion so that the outer blade 105 cooperates with the inner
blade 106 to cut the body hairs inserted into the slits of
the outer blade 105. That is, the inner blade 106 moves
relative to the outer blade 105 in the sideward direction
while an outer surface 106A of the inner blade 106 slides
and contacts an inner surface 105A of the outer blade
105. The blade unit 104 is one example of a sliding unit.
The outer surface 106A of the inner blade 106 and the
inner surface 105A of the outer blade 105 each form a
sliding surface 107. When cleaning the hair remover 100,
a user inserts the hair remover 100 into the opening 31
of the cleaning device 30 with the blade unit 104 directed
downward.

[0062] The structure of the cleaning device 30 that re-
ceives the hair remover 100 will now be described with
reference to Fig. 7.

[0063] The cleaning device 30 includes the plasma
generator 10, the plasma power supply 2, the gas sup-
plying unit 3, a pan 60, the tank 50, an overflow portion
32,and a pump 70. The plasma generator 10, the plasma
power supply 2, and the gas supplying unit 3 form the
plasma generation device 1.

[0064] The pan 60 receives the head 102 of the hair
remover 100, which is inserted through the opening 31.
The tank 50 stores liquid serving as a cleaning liquid.
The overflow portion 32 is in communication with the pan
60. The pump 70 circulates the liquid of the tank 50 in
the cleaning device 30 through a circulation passage that
will now be described. The cleaning device 30 includes
a cartridge 80, an opening valve 33, and the circulation
passage that circulates liquid. The cartridge 80 includes
a filter 81 that filters the liquid. The opening valve 33
controls the sealing of the tank 50.

[0065] The circulation passage includes a liquid inlet
passage 91, a drain passage 92, a first passage 93, a
second passage 94, and a third passage 95. The liquid
inlet passage 91 draws liquid from the tank 50 to the pan
60. The drain passage 92 draws the liquid drained from
the pan 60 to the cartridge 80. The first passage 93 draws
the liquid drained from the overflow portion 32 to the car-
tridge 80. The second passage 94 draws the liquid
drained from the cartridge 80 to the pump 70. The third
passage 95 draws the liquid delivered from the pump 70
to the tank 50. The opening valve 33 is connected to the
tank 50 through an airtight passage 96.

[0066] Each of the components will now be described.
[0067] The stand 41 ofthe housing 40 contacts the grip
101 of the hair remover 100, which is inserted from the
opening 31, and holds the hairremover 100 together with
the pan 60. The contact member 45 is arranged on the
inner surface of the stand 41. When the contact member
45 contacts a back terminal 108 arranged on the back
surface of the grip 101 of the hair remover 100, the at-
tachment of the hairremover 100 is detected. The contact
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member 45 supplies a contact signal and drive power to
the hair remover 100 when contacting the back terminal
108 of the hair remover 100.

[0068] The housing 40 includes a fan 34 in the upper
front portion. The fan 34 dries the head 102 after the hair
remover 100 is cleaned. The housing 40 includes a first
connection port 46, a second connection port 47, and a
third connection port 48, which are formed in the rear
surface that contacts the tank 50. When the tank 50 is
installed in the housing 40, the first connection port 46,
the second connection port 47, and the third connection
port 48 are in communication with a tank outlet port 51,
a tank inlet port 52, and a tank ventilation port 53, re-
spectively. The first connection port 46 is connected to
the liquid inlet passage 91. The second connection port
47 is connected to the third passage 95. The third con-
nection port 48 is connected to the airtight passage 96.
[0069] The pan 60 isrecessed to conform to the shape
of the head 102 of the hair remover 100. The bottom wall
of the pan 60 includes a through hole 62. The plasma
generator 10 is arranged on the back side of the bottom
wall of the pan 60. The liquid accommodation portion 15
of the plasma generator 10 is in communication with the
internal space of the pan 60 through the through hole 62.
The internal space of the pan 60 stores liquid, which
serves as a cleaning liquid, together with the liquid ac-
commodation portion 15 of the plasma generator 10.
[0070] As illustrated in Fig. 8, the cleaning device 30
includes a heater 35 arranged on the back side of the
bottom wall of the pan 60. The heater 35 dries the head
102 in cooperation with the fan 34.

[0071] The inletof the overflow portion 32 is connected
to the pan 60, and the outlet of the overflow portion 32
is connected to the first passage 93. The first passage
93 extends from the outlet port of the overflow portion 32
via a relay port 61, which is arranged on the rear portion
of the pan 60, to the cartridge 80.

[0072] The tank 50 includes on the front surface the
tank outlet port 51, the tank inlet port 52, and the tank
ventilation port 53. The cleaning device 30 opens the
tank ventilation port 53 to control the discharge of liquid
from the tank outlet port 51. When the tank 50 is installed
in the housing 40, the tank outlet port 51 is connected to
the first connection port 46 to draw liquid from the tank
50 to the pan 60 through the liquid inlet passage 91. The
tank inlet port 52 is connected to the second connection
port47 and is connected to a delivery port 71 of the pump
70 through the third passage 95. The tank ventilation port
53 is connected to the third connection port 48 and to the
opening valve 33 through the airtight passage 96.
[0073] The cartridge 80 is box-shaped and accommo-
dates the filter 81. The upper portion of the cartridge 80
includes a cartridge inlet port 82 and the front portion of
the cartridge 80 includes a cartridge outlet port 83. The
cartridge 80 is arranged in the lower rear portion in a
removable manner. When the cartridge 80 is installed in
the housing 40, the cartridge inlet port 82 is connected
to a pan drain port 63 through the drain passage 92 and
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to the outlet of the overflow portion 32 through the first
passage 93. The cartridge outlet port 83 is connected to
a suction port 72 of the pump 70 through the second
passage 94.

[0074] The operation of the cleaning device 30 will now
be described.

[0075] A user attaches the hair remover 100 to the
cleaning device 30 so that the pan 60 receives the down-
wardly directed head 102.

[0076] In accordance with the user’s operation of the
operating unit 42, the cleaning device 30 draws liquid
into the pan 60 and the liquid accommodation portion 15
of the plasma generation device 1 from the tank 50
through the liquid inlet passage 91. The gas supplying
unit 3 delivers gas containing oxygen, which is based on
air, at a predetermined flow rate into the gas accommo-
dation portion 10 of the plasma generator 10. This shifts
the gas accommodation portion 14 to a positive pressure
condition and forms a flow of gas toward the liquid ac-
commodation portion through the gas passage 13.
[0077] The plasma generator 10 includes the second
electrode 19, which is arranged in the liquid accommo-
dation portion 15 and is formed from one of silver, a silver
compound, and a silver mixture. The plasma power sup-
ply 2 performs discharging between the first electrode 18
and the second electrode 19 by applying a predetermined
voltage between the first electrode 18 and the second
electrode 19 so that the potential at the second electrode
19 is lower than that at the first electrode 18. The plasma
generator 10 performs discharging between the surface
of the first electrode 18 that contacts gas and the surface
of the second electrode 19 that contacts liquid. The dis-
charging generates plasma in regions of gas in the liquid
20 in the liquid accommodation portion 15. The plasma
generation device 1 generates plasma at the open end
13A of the gas passage 13 so that ozone, hydroxyl rad-
icals, and the like are generated from the water contained
in the liquid and the oxygen contained in the gas.
[0078] The flow of gas delivers the generated ozone
and radicals into the liquid 20, which is stored in the liquid
accommodation portion 15 and the pan 60. The gas ac-
commodation portion 14 supplies gas containing oxygen
to the liquid accommodation portion 15 so that fine bub-
bles 24 containing gas grow at the open end 13A of the
gas passage 13, which faces the liquid accommodation
portion 15. The grown bubbles 24 are released from the
open end 13A into the liquid 20 and scattered in the entire
liquid 20. The liquid 20, which is stored in the pan 60 and
the liquid accommodation portion 15 of the plasma gen-
erator 10, functions as a cleaning liquid in which ozone
and radicals are dissolved.

[0079] The plasmageneration device 1 emits the silver
microparticles 19B from the second electrode 19 through
sputtering. The emitted silver microparticles 19B are
scattered into the liquid 20 in the liquid accommodation
portion 15. The liquid 20, which is stored in the pan 60
and the liquid accommodation portion 15 of the plasma
generator 10, functions as a cleaning liquid in which the

10

15

20

25

30

35

40

45

50

55

silver microparticles 19B are contained and ozone and
radicals are dissolved.

[0080] The structure of the plasma generator 10 of the
cleaning device 30 to which the plasma generation de-
vice 1 is applied and the structure of the blade unit 104
of the hair remover 100 will now be described with refer-
ence to Fig. 9.

[0081] The sliding surfaces 107 of the blade unit 104
serving as a sliding unit of the hair remover 100, namely,
the inner surfaces 105A of the outer blade 105 and the
outer surfaces 106A of the inner blade 106, face the plas-
ma generator 10 in the vicinity of at least one of the first
electrode 18 and the second electrode 19. At least a por-
tion of the sliding surfaces 107 is arranged facing the
plasma generator 10 at a location where the portion does
not hinder movement of the silver microparticles 19B
emitted from the second electrode 19.

[0082] The location where the movement of the silver
microparticles 19B is not hindered refers to a location
where the movement of the silver microparticles 19B
emitted from the second electrode 19 is not hindered by
a solid such as a wall so that the silver microparticles
10B reach the sliding surface 107. The cleaning liquid,
which serves as a liquid, and air that contact the second
electrode 19 and the sliding surfaces 107 do not hinder
the movement of the silver microparticles 19B.

[0083] The cleaning device 30 has the following ad-
vantage.

(2) The cleaning device 30 includes the plasma gen-
erator 10, the plasma power supply 2, the gas sup-
plying unit 3, the pan 60, the tank 50, the overflow
portion 32, and the pump 70. The plasma generator
10, the plasma power supply 2, and the gas supply-
ing unit 3 form the plasma generation device 1. The
pan 60 receives the head 102 of the hair remover
100, which is inserted through the opening 31. The
pan 60 and the liquid accommodation portion 15 of
the plasma generator 10 store liquid that serves as
a cleaning liquid. The plasma generator 10 includes
the second electrode 19, which is arranged in the
liquid accommodation portion 15 and is formed from
one of silver, a silver compound, and a silver mixture.
The plasma power supply 2 performs discharging
between the first electrode 18 and the second elec-
trode 19 by applying a predetermined voltage be-
tween the first electrode 18 and the second electrode
19 so that the potential at the second electrode 19
islowerthanthatatthefirstelectrode 18. The plasma
generator 10 generates plasma in regions of gas in
the liquid 20 in the liquid accommodation portion 15
and generates hydroxyl radicals from the water con-
tained in the liquid 20 and the oxygen contained in
the gas. The plasma generator 10 emits the silver
microparticles 19B from the second electrode 19
through sputtering. The flow of gas delivers the gen-
erated ozone and radicals and the silver microparti-
cles 19B into the liquid 20, which is stored in the
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liquid accommodation portion 15 and the pan 60.
The liquid 20 functions as a cleaning liquid. In this
structure, the liquid 20, which functions as the clean-
ing liquid, is supplied to the head 102 that functions
as a cleaned subject. Thus, the organic matters and
the like collected on the head 102 are effectively de-
composed by the ozone and radicals dissolved in
the liquid 20 and the ozone and radicals contained
in the bubble 24. The cleaning device 30 deposits
the silver microparticles 19B on the sliding surface
107 of the blade unit 104 of the hair remover 100.
The cleaning device 30 decomposes the organic
matters and the like collected on the head 102 to
reduce friction and limit wear of the sliding surface
107. This allows for reduction in the amount of lubri-
cant added to a cleaning liquid, the number of times
that the cleaning liquid is replaced, and the number
oftimes thatthe cleaning liquid is added. Thus, main-
tenance is facilitated in the cleaning device 30.

Third Embodiment

[0084] The plasma generation device 1 of a third em-
bodiment differs from the plasma generation device 1 of
the first embodiment in the points described below but
otherwise has the same structure. Same reference nu-
merals are given to those components that are the same
as the corresponding components of the plasma gener-
ation device 1 of the first embodiment. Such components
will not be described in detail.

[0085] The second electrode 19 of the plasma gener-
ation device 1 in the first embodiment has a toroidal
shape and is formed from one of silver, a silver com-
pound, and a silver mixture. As illustrated in Figs. 10A
and 10B, the plasma generation device 1 of the third em-
bodiment includes a second electrode 26 formed from
one of silver, a silver compound, and a silver mixture.
The second electrode 26 includes an opposing surface
26A opposed to at least the gas that passes through the
gas passage 13. The surface roughness of the opposing
surface 26A has a maximum height value that exceeds
10 pm.

[0086] The structure of the plasma generator 10 of the
third embodiment will now be described with reference
to Figs. 10A and 10B.

[0087] As illustrated in Fig. 10A, the plasma generator
10includes the second electrode 26 arranged in the liquid
accommodation portion 15. In the same manner as the
first embodiment, it is desirable that the second electrode
26 be closertothe gas passage 13 than the first electrode
18. The second electrode 26 is, for example, a silver sin-
ter. The second electrode 26 is, for example, a silver
sinter having an average particle size of 100 um and a
density of 90%.

[0088] As illustrated in the enlarged view of Fig. 10B,
the surface of the second electrode 26 serving as a silver
sinter includes irregularities.

[0089] When discharging occurs between the elec-
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trodes 18 and 26 with a lower potential applied to the
second electrode 26 than the first electrode 18, the sur-
face irregularities of the second electrode 26 locally in-
creases the height of the electric field applied to the sec-
ond electrode 26. Thus, the second electrode 26 emits
more silver microparticles through sputtering. The emit-
ted silver microparticles are drawn into the liquid accom-
modation portion 15 along the flow of gas in the first move-
ment direction 23, which is formed by the gas accommo-
dation portion 14.

[0090] Thus, itis effective for the second electrode 26
to include the irregularities in the surface of the opposing
surface 26A that is opposed to the flow of gas in the first
movement direction 23. In this case, it is desirable that
the surface roughness of the surface including irregular-
ities have a maximum height value that exceeds 10 um.
[0091] The plasma generation device 1 of the third em-
bodiment has advantage (1) of the plasma generation
device 1 of the first embodiment. More specifically, the
third embodiment has an advantage in that the applica-
tion of a lower potential to the second electrode 26 than
the first electrode 18 causes discharging that generates
and draws the silver microparticles 19B in addition to
ozone, radicals, and the like into the liquid accommoda-
tion portion 15. The plasma generation device 1 also has
the advantages described below.

(3) The plasma generation device 1 includes the
plasma generator 10, the plasma power supply 2,
and the gas supplying unit 3. The plasma generator
10 includes the gas accommodation portion 14 and
the liquid accommodation portion 15 partitioned by
the partition wall 12 inside the case member 11. The
plasma generator 10 includes the first electrode 18
arranged in the gas accommodation portion 14. The
plasma generator 10 includes the second electrode
26 in the liquid accommodation portion 15. The sec-
ond electrode 26 includes the opposing surface 26A
that is formed from one of silver, a silver compound,
and a silver mixture and is opposed to at least the
gas that passes through the gas passage 13. The
surface roughness of the opposing surface 26A has
a maximum height value that exceeds 10 pm. The
plasma power supply 2 performs discharging be-
tween the first electrode 18 and the second electrode
26 by applying a predetermined voltage between the
first electrode 18 and the second electrode 26 so
that the potential at the second electrode 26 is lower
than that at the first electrode 18. In this structure,
when the plasma generator 10 generates plasma
and generates hydroxyl radicals in the liquid 20, the
second electrode 26 can emit more silver micropar-
ticles 19B. Thus, the plasma generation device 1 can
deposit more silver microparticles 19B on a depos-
ited subject when arranging the deposited subject in
the liquid accommodation portion 15.

(4) The plasma generation device 1 is applied to the
cleaning device 30 for the hair remover 100. The
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plasma generation device 1 includes the plasma
generator 10, the plasma power supply 2, and the
gas supplying unit 3. The plasma generator 10 in-
cludes the first electrode 18 and the second elec-
trode 26. The plasma power supply 2 performs dis-
charging between the first electrode 18 and the sec-
ond electrode 26 by applying a lower potential to the
second electrode 26 than the first electrode 18. The
second electrode 26 includes the opposing surface
26A that is formed from one of silver, a silver com-
pound, and a silver mixture and is opposed to atleast
the gas that passes through the gas passage 13.
The surface roughness of the opposing surface 26A
has a maximum height value that exceeds 10 pm.
The cleaning device 30 includes the plasma gener-
ation device 1. At least a portion of the sliding sur-
faces 107 of the blade unit 104 of the hair remover
100 faces the plasma generator 10 at a location
where the portion does not hinder the movement of
the silver microparticles 19B from the second elec-
trode 26. In this structure, many silver microparticles
19B emitted from the second electrode 26 can be
deposited on the sliding surface 107 of the blade unit
104 through sputtering. This restricts the occurrence
of seizing when cleaning the hair remover 100, in
which the large friction resistance of the sliding sur-
faces 107 has a tendency of causing seizing.

Fourth Embodiment

[0092] The plasma generation device 1 of a fourth em-
bodiment differs from the plasma generation device 1 of
the third embodiment in the points described below but
otherwise has the same structure. Same reference nu-
merals are given to those components that are the same
as the corresponding components of the plasma gener-
ation device 1 of the third embodiment. Such components
will not be described in detail.

[0093] In the plasma generation device 1 of the third
embodiment, the second electrode 26 is formed from a
silver sintered body. As illustrated in Figs. 11A and 11B,
the plasma generation device 1 of the fourth embodiment
includes a second electrode 27 formed from a gas-per-
meable porous metal.

[0094] The structure of the plasma generator 10 will
now be described with reference to Figs. 11 A and 11B.
[0095] As illustrated in Fig. 11A, the plasma generator
10 includes the second electrode 27, which is arranged
in the liquid accommodation portion 15. In the same man-
ner as the firstembodiment, it is desirable that the second
electrode 27 be closer to the gas passage 13 than the
first electrode 18. The second electrode 27 is formed
from, for example, a circular silver porous metal having
a packing factor of 10%. The second electrode 27 is ar-
ranged in the liquid accommodation portion 15 so that
the second electrode 27 covers the gas passage 13,
which is formed in the partition wall 12.

[0096] As illustrated in the enlarged view of Fig. 11B,
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the flow of air formed in the gas accommodation portion
14 in the first movement direction 23 is drawn into the
liquid accommodation portion 15 through the large
number of holes in the second electrode 27.

[0097] When discharging occurs between the elec-
trodes 18 and 27 with a lower potential applied to the
second electrode 27 than the first electrode 18, the sec-
ond electrode 27 emits the silver microparticles 19B
through sputtering. The emitted silver microparticles 19B
are drawn into the liquid accommodation portion 15
through the large number of holes in the second electrode
27 along the flow of gas in the first movement direction
23, which is formed by the gas accommodation portion
14.

[0098] The plasma generation device 1 of the fourth
embodiment has advantage (1) of the plasma generation
device 1 in the first embodiment. More specifically, the
advantage of the fourth embodiment is in that the appli-
cation of lower potential to the second electrode 27 than
the first electrode 18 causes discharging that generates
and draws the silver microparticles 19B in addition to
ozone, radicals, and the like into the liquid accommoda-
tion portion 15. The plasma generation device 1 also has
the following advantage.

(5) The plasma generation device 1 includes the
plasma generator 10, the plasma power supply 2,
and the gas supplying unit 3. The plasma generator
10 includes the gas accommodation portion 14 and
the liquid accommodation portion 15 partitioned by
the partition wall 12 inside the case member 11. The
plasma generator 10 includes the first electrode 18
arranged in the gas accommodation portion 14. The
plasma generator 10 includes the second electrode
27 arranged in the liquid accommodation portion 15.
The second electrode 27 is formed from a gas-per-
meable porous metal. The plasma power supply 2
performs discharging between the first electrode 18
and the second electrode 27 by applying a predeter-
mined voltage between the first electrode 18 and the
second electrode 27 so that the potential at the sec-
ond electrode 27 is lower than that at the first elec-
trode 18. In this structure, when the plasma gener-
ator 10 generates plasma and generates hydroxyl
radicals in the liquid 20, the second electrode 27 can
emit the silver microparticles 19B. The emitted silver
microparticles 19B are drawn into the liquid accom-
modation portion 15 through many voids (holes). In
this structure, the plasma generation device 1 uses
the second electrode 27 to limit clogging of the gas
passage 13 caused by silicon, calcium, and the like,
which are deposited from the liquid in the liquid ac-
commodation portion 15. Thus, the plasma genera-
tion device 1 can stably generate hydroxyl radicals
and the like and emit the silver microparticles 19B.
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Other Embodiments

[0099] The presentgeneration device and cleaningde-
vice include embodiments other than the first to fourth
embodiments. Modified examples of the first to fourth
embodiments will now be described as other embodi-
ments of the present generation device and cleaning de-
vice. The modified examples described below can be
combined with each other.

[0100] The plasma generation device 1 of the first em-
bodiment includes the partition wall 12 that serves as a
partition wall having the gas passage 13. However, the
partition wall and the gas passage 13 are not limited to
the structure illustrated in the first embodiment. The par-
tition wall of the plasma generation device 1 of a modified
example is formed by, for example, a glass plate. The
glass plate includes a hole, which is formed by photoen-
graving and etching. The hole functions as the gas pas-
sage 13. The hole of the glass plate is fine and has a
diameter of approximately 1 wm to 10 um. Other mate-
rials can be used instead of a glass plate.

[0101] In the plasma generation device 1 of the first
embodiment, the gas supplying unit 3 supplies the gas
in the atmosphere to the gas accommodation portion 14.
The gas supplied by the gas supplying unit 3 is not limited
to that described in the first embodiment. For example,
the gas supplying unit 3 of the plasma generation device
1 of the modified example supplies gas having an oxygen
concentration that differs from that of the atmosphere.
The gas supplying unit 3 may include a gas type selecting
unit. In this case, the gas type selecting unitis configured
to supply one selected from the gases in the atmosphere
and other types of gases.

[0102] In the plasma generation device 1 of the first
embodiment, the partition wall 12 serving as a partition
wall includes the gas passage 13. The partition wall and
the gas passage 13 are not limited to the structure of the
first embodiment. For example, the partition wall of the
plasma generation device 1 in a modified example in-
cludes a plurality of gas passages.

[0103] Inthe cleaning device 30 of the second embod-
iment, the pan 60 includes the drain port 63. The pan is
not limited to the structure of the second embodiment.
For example, the pan 60 of the cleaning device 30 in a
modified example includes a drainage groove to drain
liquid from the drain passage 92.

[0104] The second electrode 27 of the plasma gener-
ation device 1 of the fourth embodiment is formed from
an air-permeable porous metal. The second electrode
27 is not limited to the structure of the fourth embodiment.
For example, the second electrode 27 is meshed in the
plasma generation device 1 of a modified example.

Claims

1. A plasma generation device comprising a plasma
generator, a plasma power supply, and a gas sup-
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plying unit, the plasma generation device charac-
terized in that:

the plasma generator includes

a liquid accommodation portion configured to
accommodate liquid containing at least water,
a gas accommodation portion configured to ac-
commodate gas,

a partition wall configured to partition the liquid
accommodation portion and the gas accommo-
dation portion, wherein the partition wall in-
cludes a gas passage configured to draw the
gas from the gas accommodation portion into
the liquid accommodation portion,

a first electrode arranged in the gas accommo-
dation portion, and

a second electrode arranged in the liquid ac-
commodation portion so that at least a portion
paired with the first electrode contacts liquid in
the liquid accommodation portion;

the gas supplying unit is configured to supply
the gas containing at least oxygen to the gas
accommodation portion;

the plasma power supply is configured to gen-
erate potentials supplied to the first electrode
and the second electrode and set the potential
at the second electrode to a lower value than
the potential at the first electrode; and

the second electrode is formed from one of a
material, a material compound, and a material
mixture that causes sputtering.

The plasma generation device according to claim 1,
wherein the second electrode is formed from one of
silver, a silver compound, and a silver mixture as one
of the material, the material compound, and the ma-
terial mixture that causes the sputtering.

The plasma generation device according to claim 1
or 2, wherein the second electrode includes an op-
posing surface formed from one of the material, the
material compound, and the material mixture that
causes the sputtering, wherein the opposing surface
is opposed to the gas that passes through at least
the gas passage, and has a surface roughness of a
maximum height value that exceeds 10 pm.

The plasma generation device according to claim 1
or 2, wherein the second electrode is gas-permeable
so that the gas in the gas accommodation portion
passes through the second electrode and is supplied
to the liquid accommodation portion.

A cleaning device comprising the plasma generation
device according to any one of claims 1 to 4, wherein
the cleaning device is configured to emit microparti-
cles from the second electrode through the sputter-
ing so that the microparticles are deposited on a
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cleaned subject.

The cleaning device according to claim 5, wherein
the cleaning device is applicable when cleaning a
hair remover so that the microparticles emitted from
the second electrode are deposited on the cleaned
subject of the hair remover.

The cleaning device according to claim 6, wherein:

the hair remover includes a blade unit including
a sliding surface, and

at least a portion of the sliding surface is ar-
ranged at a location where the portion of the
sliding surface does not hinder movement of the
microparticles emitted from the second elec-
trode.
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