DESCRIPTION

Title of Invention: DUST COLLECTOR AND DUST COLLECTION

METHOD

Technical Field
[0001]

The present invention relates to a dust collector and
a dust collection method.

Background Technology
[0002]

For example, fine dust (particles) generated within
or near manufacturing egquipment such as in semiconductor
device fabrication tools is often problematic, contributing
to contamination defects on the processed workpiece.
Therefore, there exists a need to reduce particles and
maintain cleanliness near the workpiece, within or in the
vicinity surrounding the manufacturing equipment.

[0003]

Regarding this conception, methods such as a filter
dust collection system, an electric dust collection system,
and an electric-field curtain system have been previously
proposed.

[0004]

In the filter dust collection system, dispersed



airborne particles are drawn via an air duct, and the air
is purified by the air filter. Consequently, it 1s not
possible to collect particles prior to its dispersal, and
the high pressure drop yields to a low dust collection
efficiency.

[0005]

In the electric dust collection system, particles are
charged through a corona discharge by an ionizer, and the
charged particles are collected to 1its opposing-charged
bipolar electrode. Accordingly, installation locations of
the collection system are restricted due to the ionization
of the peripheral environment and the enlarged footprint.
[0006]

A dust collection device having no ionizer (for
example, Patent Literature 1) has been also proposed;
however, since air must pass between the bipolar electrode
structure, space saving has its limitations.

[0007]

In the electric-field curtain system, unbalanced
electric fields, traveling 1in a single direction are
generated by applying alternating current to polyphase
linear electrodes buried in a dielectric. Then, charged
particles are caused to float and is pushed towards the
direction to be collected. Likewise, due to its large size,

installation locations of the —collection system are



restricted.

Citation List
Patent Literature
[0008]

PTL 1: Japanese Patent No. 6620994
Summary of Invention
Technical Problem
[0009]

From above observations, a dust collector and a dust
collection method are demanded of which can be installed
even in small spaces and efficiently collect dust.

Solution to Problem
[0010]

The present invention provides a dust collector
including a first electrode layer consisted by a conductor,
a second electrode layer consisted by a conductor, of which
having lacking parts therethrough in the thickness direction,
having sufficient size to cover the first electrode layer
in planar view, constructed to interface the first electrode
layer, and an insulating layer consisting of an insulative
material, insulating the first electrode 1layer and the
second electrode layer, forming a single merged layer
structure with the first electrode layer and the second

electrode layer.



Advantageous Effects of Invention
[0011]

According to the present invention, it is possible to
provide a dust collector and a dust collection method that
can be installed even in small spaces of which can collect
dust efficiently.

Brief Description of Drawings
[0012]

[Fig. 1] Fig. 1 is an external perspective view of the
dust collector.

[Fig. 2] Fig. 2 1is a cross-sectional view of the dust
collector taken along A-A line in Fig. 1.

[Fig. 3] Fig. 3 is a planar view of respective layers
of the dust collector.

[Fig. 4] Fig. 4 is a cross-sectional view showing a
state of electric fields generated in the dust collector.
Description of Embodiments
[0013]

Hereinafter, a dust collector according to an
embodiment of the present invention will be explained in
detail.

[0014]

Fig. 1 1is an external perspective view of a dust

collector 1 according to the embodiment, Fig. 2 is a cross-

sectional view of the dust collector 1 taken along A-A line



in Fig. 1, and Fig. 3 is a planar view of respective layers
of the dust collector 1.
[0015]

As shown in Fig. 1 and Fig. 2, the dust collector 1
includes a support base layer 11, a first electrode layer
12, a first insulating layer 13, a second electrode layer
14, a second insulating layer 15, and a dust attraction
layer 16.

A power supply device 2 1s connected to the first
electrode layer 12 and the second electrode layer 14.
[0016]

The support base layer 11 is a layer formed of an
insulator, more preferably an insulative synthetic resin.
[0017]

The first electrode layer 12 is a layer formed of a
conductor. Examples of the conductor include a gold leaf,
a conductive synthetic resin, and carbon. The first
electrode layer is provided on one surface of the support
base layer 11.

[0018]

The first insulating layer 13 is a layer formed of an
insulator, more preferably an insulative synthetic resin
not interfering with an electric field. Examples of the
insulative synthetic resin not interfering with electric

field include polyimide. The first insulating layer 13 is



provided on a side of the support base layer 11 where the
first electrode layer 12 is provided and surrounds the first
electrode layer 12 with the support base layer 11 or alone
surrounds the first electrode layer 12, for insulation.
[0019]

The second electrode layer 14 is a layer formed of a
conductor. Examples of the conductor include a gold leaf,
a conductive synthetic resin, and carbon. The second
electrode layer 14 1is provided at a position where the
second electrode layer 14 is opposed to the first electrode
layer 12 with the first insulating layer 13 interposed
therebetween. The second electrode layer 14 has lacking
parts piercing therethrough in a thickness direction and
has sufficient size to cover the first electrode layer 12
in planar view.

[0020]

The second insulating layer 15 is a layer formed of
an insulator, more preferably an insulative synthetic resin
not interfering with an electric field. For example,
polyimide can be cited as the insulative synthetic resin
not interfering with the electric field. The second
insulating layer 15 is placed at a position where the second
insulating layer 15 is opposed to the first insulating layer
13 with the second electrode layer 14 interposed

therebetween, and surrounds the second electrode layer 14



with the first insulating layer 13 or alone surrounds the
second electrode layer 14, for insulation.
[0021]

The dust attraction layer 16 is placed at a position
where the dust attraction layer 16 is opposed to the second
electrode layer 14 with the second insulating layer 15
interposed therebetween. The dust attraction layer 16 is
formed of a material suitable for collecting fine dust
(particles) and retaining them. An adhesive, a material
with high intermolecular force or a material with high
friction force can be suitably selected and adopted as the
material for the dust attraction layer 16.

[0022]

The dust collector 1 is formed as a layered sheet or
a layered plate in which the support base layer 11, the
first electrode layer 12, the first insulating layer 13,
the second electrode layer 14, the second insulating layer

15, and the dust attraction layer 16 are stacked in this

order.
[0023]

The first insulating layer 13 and the second
insulating layer 15 may be integrally formed. Moreover,

the support base layer 11 may be integrally formed with the
first insulating layer 13 and the second insulating layer

15 using the same material as the first insulating layer 13



and the second insulating layer 15.
[0024]

As shown in Fig. 2 and Fig. 3, the dust collector 1
according to the embodiment can be formed to have, for
example, a square shape in planar view. An example in which
the dust collector 1 is formed to have the square shape will
be explained below; however, the dust collector 1 may have
other shapes.

[0025]

The support base layer 11, the first insulating layer
13, the second insulating layer 15, and the dust attraction
layer 16 are formed to have the approximately same square
shape and size in planar view in which each side has a
length L1.

[0026]

The second electrode layer 14 is formed to have a
square shape in which each side has a length L2 shorter than
the length L1.

[0027]

The first electrode layer 12 is formed to have a square
shape in which each side has a length L3 shorter than the
length L2.

[0028]
Accordingly, the first electrode layer 12 fits within

the second electrode layer 14, and the second electrode



layer 14 fits within the support base layer 11, the first
insulating layer 13, the second insulating layer 15, and
the dust attraction layer 16 in planar view seen from the
dust attraction layer 16 side.

[0029]

As shown in Fig. 2, the first electrode layer 12 is
formed so that edges of the first electrode layer 12 are
located on an inner side by a width W or more from edges of
the second electrode layer 14. The width W is desirably 5
mm or more.

[0030]

A thickness T1 of the first electrode layer 12 1is
thinner than a thickness T2 of the first insulating layer
13. A thickness T3 of the second electrode layer 14 is
thinner than a thickness T4 of the second insulating layer
15.

[0031]

As shown in Fig. 3, each of the support base layer 11,
the first electrode layer 12, the first insulating layer 13,
the second insulating layer 15, and the dust attraction
layer 16 1is formed without having a lacking part in planar
view, each with their own unique layer.

[0032]
On the other hand, the second electrode layer 14 has

circular through holes 14H at equal intervals and piercing



therethrough in the thickness direction as lacking parts.
An inner diameter of the through holes 14H is, for example,
5 mm to 15 mm, and an interval between adjacent through
holes 14H is 10 mm to 30 mm.

[0033]

A second electrode layer 14A according to a
modification example of the second electrode layer 14 has
slits 14S as lacking parts. The slits 14S are provided
alternately from one side of the second electrode layer 14
toward a side opposed to the one side. Therefore,
unevenness in dust collection performance can be prevented.
[0034]

The lacking parts are provided so as not to interfere
with energizing the second electrode layer 14.

[0035]

Fig. 4 is a cross-sectional view showing a state of
electric fields generated in the dust collector 1. 1In Fig.
4, outlined arrows X and outlined arrows Y indicate electric
fields.

[0036]

A positive terminal of the power supply device 2 is
connected to one of the first electrode layer 12 and the
second electrode layer 14, and a negative terminal thereof
is connected to the other of them to energize.

[0037]

10



In a case where particles consist of an insulating
material, it 1is desirable that the second electrode layer
14 is connected to the opposite polarity of which the
insulating material tends to be charged (triboelectric
effect) from a dust collection efficiency perspective.
[0038]

The electric field from the second electrode layer 14
passes the second insulating layer 15 and the dust
attraction layer 16 from the second electrode layer 14 as
shown by the arrows X, reaches a space where particles exist,
passes the dust attraction layer 16 and the second
insulating layer 15 again, and passes the first insulating
layer 13 through the lacking parts of the second electrode
layer 14 to reach a balanced part with respect to the
electric field from the first electrode layer 12 shown by
the arrows Y.

[0039]

According to the above, an unbalanced electric field
is generated in an outer side direction of the dust
attraction layer 16 of the dust collector 1, and then,
particles are repelled from a workpiece or the like by the
electric field directed to an outer side and particles move
along the electric field by the electric field directed to
an inner side to be collected by the dust attraction layer

16. Here, the unbalanced electric field indicates a range
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excluding an offset point that serves as the balanced part
due to cancellation of the electric fields and that has no
directionality and refers to an electric field where Coulomb
force having directionality is generated. In the embodiment,
the first electrode layer 12 is arranged not at the same
height position as the second electrode layer 14 in front
view of Fig. 4 but lower than the first insulating layer 13
with the first insulating layer 13 interposed therebetween.
Accordingly, the balanced part of the electric fields exists
not at an upper end of the arrow X of Fig. 4 but at a
position where the arrows X face the arrows Y, namely, at
the inside of the dust collector 1; therefore, dust entering
the electric field can be moved constantly in a fixed
direction shown by the arrows X of Fig. 4 and collected to
the dust attraction layer 16 provided on an upper end
surface of the dust collector 1.

[0040]

Here, the second electrode layer 14 covers the entire
surface of the first electrode layer 12 in planar view.
Accordingly, all orientations of the electric field from
the second electrode layer 14 are aligned in the direction
of the lacking parts, namely, the inner direction of the
dust collector 1 in planar view; therefore, it 1is possible
to prevent particles from scattering to the outer side of

the dust collector 1.
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[0041]

Furthermore, in a case where particles are made of a
conductor or some insulating material, the particles are
charged inside the electric field due to electrostatic
induction, and in a case where particles are made of an
insulating material or a semiconductor, the particles are
charged inside the electric field due to dielectric
polarization. Particles are charged in both cases.

[0042]

The charged particles are attracted by the electric
field and collected by the dust attraction layer 16.

[0043]

Here, experimental results will Dbe explained.
Experiments were made using the dust collector 1 according
to the embodiment having 60 mm x 60 mm.

[0044]

A voltage of 2kV was applied to the first electrode
layer 12 of the dust collector 1 set up vertically to a
floor surface, and a voltage of -4kV which was a reverse-
polarity voltage higher than the voltage applied to the
first electrode layer 12 was applied to the second electrode
layer 14.

[0045]
Samples were hung by strings at intervals on the dust

attraction layer 16 side of the dust collector 1.
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[0046]

In a sample of aluminum foil with 10 mm x 0.5 mm, the
attracting effect was confirmed within a distance of
approximately 100 mm.

[0047]

In a sample of a silicon wafer with 10 mm x 0.5 mm,
the attracting effect was confirmed within a distance of
approximately 50 mm.

[0048]

In a sample of resin (acrylic resin) with 10 x 0.5 mm,
the attracting effect was confirmed within a distance of
approximately 60 mm.

[0049]

As described above, the dust collector 1 according to
the embodiment includes the first electrode layer 12 formed
of the conductor, the second electrode layer 14 formed of
the conductor, having sufficient size to cover the first
electrode layer 12 in planar view, having the lacking parts
piercing therethrough in the thickness direction (the
through holes 14H, the slits 14S) and arranged to be opposed
to the first electrode layer 12, and the insulating layer
(the first insulating layer 13, the second insulating layer
15) formed of the insulative material, insulating the first
electrode layer 12 and the second electrode layer 14, and

forming a single merged layer structure with the first

14



electrode layer 12 and the second electrode layer 14.
[0050]

A dust collection method according to the embodiment
includes applying a voltage to the second electrode layer
14 that is arranged in layer so as to be opposed to the
first electrode layer 12 with the insulating layer (the
first insulating layer 13) interposed therebetween and that
has sufficient size to cover the first electrode layer 12
in planar view, and applying a wvoltage to the first
electrode layer 12, to thereby cause the electric field
generated from the second electrode layer 14 toward the
outer side direction to pass through the lacking parts (the
through holes 14H, the slits 14S) provided in the second
electrode layer 14, generating the unbalanced electric field
reaching the first electrode layer 12, and conveying
particles along the unbalanced electric field.

[0051]

Accordingly, there 1is an advantage that a dust
collector that can be installed even at a small space and
that can collect dust can be provided according to the
embodiment.

Reference Signs List
[0052]
1: Dust collector

2: Power supply device
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11: Support base layer

12: First electrode layer
13: First insulating layer
14: Second electrode layer
14A: Second electrode layer
14H: Through hole

14s: sSlit

15: Second insulating layer

16: Dust attraction layer

16



CLAIMS

[Claim 1]

A dust collector comprising:

a first electrode layer formed of a conductor;

a second electrode layer formed of a conductor, having
lacking parts piercing therethrough in a thickness direction,
having sufficient size to cover the first electrode layer
in planar view, and arranged to be opposed to the first
electrode layer; and

an insulating layer formed of an insulative material,
insulating the first electrode layer and the second
electrode layer, and forming one layer structure with the

first electrode layer and the second electrode layer.

[Claim 2]

The dust collector according to claim 1,

wherein the first electrode layer is formed so that
edges of the first electrode layer are located on an inner
side by 5 mm or more from edges of the second electrode

layer.

[Claim 3]
The dust collector according to claim 1 or 2, further

comprising:

17



a dust attraction layer arranged to be opposed to the
second electrode layer with the insulating layer interposed

therebetween.

[Claim 4]

The dust collector according to any one of claims 1
to 3, further comprising:

a support base layer arranged to be opposed to the
first electrode layer with the insulating layer interposed

therebetween.

[Claim 5]
The dust collector according to any one of claims 1
to 4,

wherein the lacking parts are circular through holes.

[Claim 6]

The dust collector according to claim 5,

wherein the lacking parts have an inner diameter of 5
mm to 15 mm, and

an interval between adjacent lacking parts is 10 mm

to 30 mm.

[Claim 7]

The dust collector according to any one of claims 1

18



to 4,

wherein the lacking parts are slits.

[Claim 8]
The dust collector according to any one of claims 1
to 7,

wherein the insulating layer is formed of polyimide.

[Claim 9]

A dust collection method comprising:

applying a voltage to a second electrode layer that
is arranged in layers to be opposed to a first electrode
layer with an insulating layer interposed therebetween and
that has sufficient size to cover the first electrode layer
in planar view;

applying a voltage to the first electrode layer, to
thereby cause an electric field generated from the second
electrode layer toward an outer side direction to pass
through lacking parts provided in the second electrode layer,
generating an unbalanced electric field reaching the first
electrode layer; and

conveying particles along the wunbalanced electric

field.
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