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DESCRIPTION

Title of Invention

FILTRATION FILTER AND PRODUCTION METHOD THEREFOR

Technical Field
[0001]
The present disclosure relates to a filtration filter and a method of producing the

same.

Background
[0002)

Filtration filters are frequently used when purifying service water by removing
contaminants or impurities from, for example, waste water of a sewage treatment plant
which treats sewage such as factory waste water or living drainage, or when purifying
fresh water by removing, for example, salt from seawater. Such filtration filters are
known to be made up of a polymer material such as, for example, reverse osmosis
membranes using a polymer membrane of methyl acetate.  The reverse osmosis
membranes have countless through holes with a diameter of several nanometers.
When sewage or seawater i1s pressed and passed through the reverse osmosis
membranes, water molecules pass the through holes in which the diameter of one water
molecule is about 0.38 nm. However, molecules of contaminants having a size of
dozens of nanometers or sodium ions around which water molecules are coordinated

due to hydration cannot pass the through holes. As a result, the reverse osmosis



Filtration filters are frequently used when purifying service water by removing contaminants or
mpurities from for example, waste water of a sewage treatment plant which treats sewage such as
factory waste water or living drainage, or when purifying fresh water by removing, for example, salt
from seawater. Such filtration filters are known to be made up of a polymer material such as, for
example, reverse osmosis membranes using a polymer membrane of methyl acetate. The reverse
osmosis membranes have countless through holes with a diameter of several nanometers. When
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pass the through holes in which the dia e er of one water molecule is about 0.38 nm. However,

molecules ofepantaminanis:navinggizerffazensmefRanametelsiansegiim ions around which water
molecules are coordinated due to hydration cannot pass the through holes. As a result, the reverse

osmosis 2 meoiranes purify service water or fresh water from the sewage or seawater by separating
the water molecules from the contaminants or sodium ions. [0003] However, when service water
is purified from wask»water, using suchdevense Bsposisde fbranesdte avdevealopingeouningQe a
distressed area with a natural disaster, bacteria in the waste water decompose the polymer
membranesysiinesss thembisreprollery ahothat theulifegpan disthesyelerse wsmesistmandbranes are
extremely shortened. [0004] In addition since the reverse osmosis membranes use a polymer
membrane &8c&pAndipdiccoristituertslslersmpiie révepsdyostnosisheiranesuarethoer in strength.
Thus, there is a problem in that, when the pressure applied to sewage or seawater (primary side
pressure) isPHICHSESBHRR RS s mmiids tReChwrTeation Brehiaest the feversd osnosrethembranes
may be torn. [0005] Thus, filtration filters in which a zeolite membrane for separation which is
stable witho(t'Bé ng decomposed by bacteria is used have been recently used. See, for example,

Patent Document | 1and Patent Docugpent 2. Prior Art Docugnent
n addifion, since the reverse oSmosis membranes use a polymer membrane as a

principal constituent element, the reverse osmosis membranes are poor in strength.
Thus, there is a problem in that, when the pressure applied to sewage or seawater
(primary side pressure} is increased in order to enhance the purification efficiency, the
reverse 0smosis membranes may be torn.
[6005]

Thus, filtration filters in which a zeolite membrane for separation which is
stable without being decomposed by bacteria is used have been recently used.  See, for

example, Patent Document 1 and Patent Document 2.

Prior Art Document
Patent Document
10006}
Patent Document 1: Japanese Patent Lai-Open Publication No. Hei 11-200572

Patent Document 2: Japanese Patent Laid-Open Publication No. 2010-247107



Patent Document [0006] Patent Document I: Japanese Patent Lai-Open Publication No. Hei
11-200572 Patent Document 2: Japanese Patent Laid-Open Publication No. 2010-247107 Disclosure
of the Invention Problems to be Solved [0007] fn the above-described filtration filter using zeolite,
it is certain that the zeolit has openings of dozens of nanometers. However, there is a problem in that,
since gaps exceeding the openings exist between zeolite cells, a constant opening diameter may not
be obtained and thus, a high filtration precision may not be obtained. [0008] An object of the
present disgjosure is to [lovi'de a filtration filter which allows a stable opening to be obtained during
. : IsC ns%hre (j’f e aventwﬂ1
filtration and @ method of producing the same.

Problems to be Solved

[0007]

In the above-described filtration filter using zeolite, it is certain that the zeolit

has openings of dozens of nanometers. However, there is a problem in that, since gaps

exceeding the openings exist between zeolite cells, a constant opening diameter may not

be obtained and thus, a high filtration precision may not be obtained.

(00087

An object of the present disclosure is to provide a filtration filter which allows a

stable opening to be obtained dunng filtration and a method of producing the same.

Means to Solve the Problems
[0009]

In order to solve the above-described problems, according to a first aspect of
the present disclosure, provided is a filtration filter that includes: a substrate stack
formed by stacking a plurality of substrates each having a through hole that penetrates
the substrate from front to back: one or more first spacing maintaining members that
define a spacing between adjacent substrates in the substrate stack; and one or more
second spacing maintaining members having a thermal expansion coefficient that is
larger than that of the one or more first spacing maintaining members. The spacing
between adjacent substrates at normal temperature is defined at least by the one or more
first spacing maintaining members, the spacing when heated is defined by the one or
more second spacing maintaining members in a thermally expanded state, and gaps
between adjacent substrates form a filtration surface that traps target components

contained in a liquid to be treated.



Means to Solve the Problems [0009] In order to solve the above-described problems, according to
a first aspect of the present disclosure, provided is a filtration filter thatincludes: a substrate stack
formed by stacking a plurality of substrates each ﬁaving a through hole that penetrates the substrate
from front to back: one or more first spacing maintaining members that define a spacing between
adjacent substrates in the substrate stack: and one or more second spacing maintaining members
having a thermal expansion coefficient that is larger than that of the one or more first spacing
maintaining members. The spacing between adjacent substrates at normal temperature is defined at
least by the one or more first spacing maintaining members, the spacing when heated is defined by
the one oRREE SEGRNG SAASHIA0 Maintaining members in a thermally expanded state, and gaps
between adjacent substrates form a filtration surface that traps target components contained in a liquid
to be treatedi (Effect of the Invention [0010] According to the present disclosure, at normal
temperature, the spacing between the substrates may be stably defined at least by the first spacing
maintaining memBetatith eltirithg pegenedadionsithe second Spagvgmantainingmehdetsmay be then
ally expanded to widen the spacing between the substrates As a result, a stable opening may be
obtained duringpatfilteatiomytieatiaeht. BhietDestriptidy ofi¢her Drawings (00 Efning BB HLiS a
perspective view illustrating a filtration filter according to the present disclosure.

and, during regeneration, the second spacing maintaining members may be thermally

expanded to widen the spacing between the substrates.  As a result, a stable opening

may be obtained during a filtration treatment.

Brief Description of the Drawings
[0011]

FIG. 1 15 a perspective view illustrating a filtration fiiter according to the
present disclosure,

FIG. 2A 1s a process view illustrating a method of producing the filtration filter
according to the present disclosure.

FIG. 2B 15 a process view illustrating a method of producing the filtration filter
according to the present disclosure.

FIG. 2C is a process view illustrating a method of producing the filtration filter
according to the present disclosure.

FIG. 2D is a process view illustrating a method of producing the filtration filter
according to the present disclosure,

FIG. 2E is a process view illustrating a method of producing the filtration filter
according to the present disclosure.

F1G. 2F 1s a process view illustrating a method of producing the filtration filter

according to the present disclosure.



FIG. 2A is a process view illustrating a method of producing the filtration filter according to the present

disclosure.

according to the present disclosure.
the filtration filter according to the present disclosure.
method of producing the filtration filter according to the present disclosure.

FIG. 2B is a process view illustrating a method of producing the filtration filter

view illustrating a method of producing the filtration filter according to the present disclosure.

2F is a process vigwydllusiatinu:a methed of RERauGng tenlltEation, iliergccording to the present

disclosure.

FIG. 2C iga process view illustrating a method of producing
FIG. 2D is a process view illustrating a
FIG. 2E is a process

FIG.

5 FIG. 3 is a vertical cross-sectional view of the filtration filter. FIG. 4 is a plan view of
a substrate which isjg cangtitugntclerentof thenitationHileris a constituent element of the

filtration filter.

FIG. 5 1s an enlarged view illustrating a portion where the spacing between the
thick wall portions of the substrates is increased.

FIG. 6 1s a block diagram illustrating a configuration of a water purification
plant to which the filtration filter according to the present disclosure may be applied.

FIG. 7 is a perspective view illustrating a filtration filter clamped by fastening
members.

FIG. § is an explanatory view illustrating another use situation of the filtration
filter.

FIG. 9 1s a view illustrating a modified example of the substrate of the present
exemplary embodiment.

FIG. 10 is a plan view illustrating a substrate applied to a second exemplary
embodiment of the present disclosure.

FI1G. 11 1s a cross-sectional view illustrating a principal portion of the filtration
filter formed by stacking a plurality of the substrates of FIG. 10.

FI1G. 12 is a plan view illustrating four substrates formed on a silicon wafer
when four substrates are cut from one silicon wafer.

FIG. 13 1s a plan view illustrating a substrate aggregate which includes four
substrates as one unit,

FIG. 14 is a cross-sectional view illustrating a principal portion of a filtration
filter according to a third exemplary embodiment of the present disclosure.

FIG. 15A 1s a process view illustrating a method of producing the filtration

filter according to the third exemplary embodiment of the present disclosure.



FIG. 5 is an enlarged view illustrating a portion where the spacing between the thick wall portions of
the substrates is increased. FIG. 6 is a block diagram illustrating a configuration of a water
purification plant to which the filtration filter accordirfty to the present disclosure may be applied

FIG. 7 is a perspective view illustrating a filtration filter clamped by fastening members. FIG. 8 is an
explanatory view illustrating another use situation of the filtration filter. FIG. 9 is a view illustrating
a modified example of the substrate of the present exemplary embodiment. FIG. 10 is a plan view

illustrating a substratg-applied.tq lse%gnd,%xer-’r]'nl Iqr tembodi ent of-the rese(}n%hdis l?s, re. FIG.
llisa cross-sectiongﬁ}'\/iew illlsjstr ti?]cg a 6r1|n%ii6a'?l|sogrtilgﬁ 8f1ﬁ% fﬁ#rzftlfo%r?i ter formed byr% 1¢'§1)(r:1king a

plurality of the SURSKAIES 0 FGHD: exem AR dAHSARIANMEN [lsrRtng foyr substrates formed on
a silicon wafer when four substrates are cut ffom one silicon wafer. FIG. 13 is a plan view
illustrating a substratgsaggiegate wickkincludesiRunsHPSIrAIEs a8 ONeMBilcing the filtration
filter according to the third exemplary embodiment of the present disclosure.
FIG. 15D 1s a process view illustrating a method of producing the filtration
filter according to the third exemplary embodiment of the present disclosure.
FIG. 15E 1s a process view illustrating a method of producing the filtration
filter according to the third exemplary embodiment of the present disclosure.

F1G. 15F 1s a process view illustrating a method of producing the filtration filter

according to the third exemplary embodiment of the present disclosure.

Detailed Description to Execute the Invention
{0012}

In order to solve the above-described problems, according to a first aspect of
the present disclosure, provided is a filtration filter that includes: a substrate stack
formed by stacking a plurality of substrates each having a through hole that penetrates
the substrate from front to back; one or more first spacing maintaining members that
define a spacing between adjacent substrates in the substrate stack; and one or more
second spacing maintaining members having a thermal expansion coefficient that is
iarger than that of the one or more first spacing maintaining members. The spacing
between adjacent substrates at normal temperature is defined at least by the one or more
first spacing maintaining members, the spacing when heated is defined by the one or
more second spacing maintaining members in a thermally expanded state, and gaps
between adjacent substrates form a filtration surface that traps target components

contained in a liquid to be treated.



FIG. 14 is a cross-sectional view illustrating a principal portion of a filtration filter according to a third
exemplary embodiment of the present disclosure. FIG. ISA is a process view illustrating a method
of producing the filtration filter according to the third’exemplary embodiment of the present disclosure.
6 FIG. ISB is a process view illustrating a method of producing the filtration filter according to the
third exemplary embodiment of the present disclosure. FIG. 15C is a process view illustrating a
method of producing the filtration filter according to the third exemplary embodiment of the present
disclosure.cgo 1Q)EI]G. 15D is a process view illustrating a method of producing the filtration filter

t

according to the third exemplary embodiment of the present disclosure. FIG. 15E is a process

view ilustrating & methad qfproducing the fluationflter.accadion ta s thisd exempporembodiment

of the present disclosure. FIG. 15F is a process view illustrating a method of producing the

filtration filterRecordingdaithaihitd sxempiary smhadimentofthe presatt disclosure:oatalied
Description to Execute the Invention
members are disposed between the thick wall portions to be spaced apart from each
other, a plurality of second spacing maintaining members are disposed between the thin
wall portions to be spaced apart from each other, and the length of the one or more
second spacing maintaining members is longer than the length of the one or more first
spacing maintaining members,
[0014]

In the first aspect of the present of the present disclosure, it is preferable that the
thick wall portion forms a perimeter portion of the substrate, the thin wall portion forms
a central portion of the substrate which is surrounded by the thick wall portion, and the
through hole is provided at the central portion of the thin wall portion.

[0015]

In the first aspect of the present disclosure, it is preferable that the thick wall
portion 1¢ arranged in an annular shape on the front surface of the substrate so that the
entire length of the thick wall portion is longer than the perimeter portion of the
substrate, the thin wall portion is surrounded by the thick wall portion and also includes
the central portion of the substrate, and the through hole is provided at the central
portion of the substrate.

[0016]

In the first aspect of the present disclosure, it is preferable that the thick wall
portion is arranged on the front surface of the substrate in a loop shape in which two
rows of zigzag-shaped line portions are connected to cach other at the ends thereof,

respectively.



[0012] In order to solve the above-described problems, according to a first aspect of the present
disclosure, provided is a filtration filter that includes: a substrate stack formed by stacking a plurality of
substrates each having a through hole that penetratés the substrate from front to back; one or more
first spacing maintaining members that define a spacing between adjacent substrates in the substrate
stack; and one or more second spacing maintaining members having a thermal expansion coefficient
that is larger than that of the one or more first spacing maintaining members. The spacing between
adjacent sul@]&rﬁ s at normal temperature is defined at least by the one or more first spacing
maintaining members, the spacing when heated is defined by the one or more second spacing

maintaining members !ﬁ'e%‘i@?ﬁ%ﬁ%’%%%‘?8&%%@&%@&9QE’ES%?%‘P%?&H@ a?rct%%tiﬁﬁﬁ?éﬁa ggcform a

filtration surface that p target components ‘contained In a ligui e treate n the first

aspect of the, presentAISElasE, this RIETRLARIS fal ipe AHRSHAIES Hav&:RlhiEk wWall Partion.and a thin

wall portion, a plurality of first spacing maintaining members are disposed between the thick wall

portions to bgspacedrrad:for-eachuaiheh aRiM@ity afipacond spacing maintaining members are
disposed between the thin wall portions to be spaced apart from each other, and the length of the one

or more secpid $pacing maintaining members is longer than the length of the one or lore first spacing
maintaining members. [0014] In the first aspect of the present of the present disclosure, it is
preferable that the thickavitspastion fof mthe apesimdieripartiontak the Sulistratey the thikkvatiibortion
forms a central portion of the substrate which is surrounded by the thick wall portion, and the through
hole is provipedien thictivenutaiportion oftmbathimonalinzestidin) [00d8] is notmthecfilstiabgécbbhithe
present disclosure, it is preferable that the thick wall ortion is arranged in an annular shape on the front
surface of treaRbESHeRR 96 thekthalbptiredehgth of the thick wall portion is longer than the perimeter
portion of the substrate, the thin wall portion is surrounded by the thick wall portion and also includes
the central d(gﬁil(?r] of the substrate, and the through hole is provided at the central portion of the

substrate. [0016] N ) . .
In the first aspect of the present disclosure, it is preferable that each of the

substrates is made up of at least one of silicon, glass, a metal, a silicon compound
including silicon carbonate, a resign mcluding polvimide, and carbon.
[0020]

In the first aspect of the present disclosure, the substrate stack 1s integrated by a
fasteming member which allows the thermal expansion of the second spacing
maintaining members.

10021]

In order to solve the above-described problems, according to a second aspect of
the present disclosure, provided is a method of producing a filtration filter which
includes: a spot facing step of forming a spot face portion at a central portion of a
substrate, thereby forming a thick wall portion that forms a perimeter portion of the
substrate and a thin wall portion surrounded by the thick wall portion; a through hole
forming step of forming a through hole that penetrates the substrate from front to back
at a central portion of the thin wall portion: a first spacing maintaining member forming

step of forming a plurality of first spacing maintaining members with a predetermined



In the first aspect of the present disclosure, it is preferable that the thick wall portion is arranged on the
front surface of the substrate in a loop shape in which two rows of zigzag-shaped line portions are
connected to each other at the ends thereof, respettively. [0017] In the first aspect of the present
disclosure, it is preferable that the through hole is communicated with through holes of other
substrates in the substrate stack, thereby forming a flow path for a liquid to be treated or filtrate. [0018]
In the first aspect of the present disclosure, it is preferable that the thick wall portion of the substrate

hasasurfa}]erou hness(gé hlc%|s not ore thﬁ %ofa between the thjck wall portions.
[0019] %Iafﬁe It aRp ek B ré%gﬁ‘t istodtite ! p?e‘\‘l ?ﬁ’at’ea(?ﬁo h&8libstrates is

made up of atl ast one of |I| % al, a si ico udln SI|ICO carbonate, a
iamin ﬁnmc?eg 11 SstfbéJOg}? n’hmﬁ] E%l'Pel?rP{gO%e Q Cfg aci

resign mclu?:llng po Spéc ot preéenf 8ISCPOSﬁI’e the

substrate gl Ry %Eaﬁtgmgnnaﬁ@bsawa&%k'QM%)n@R thermalexpansion glthe second

spacmg malntalnlng members.
maintaining members having a thermal expansion coefficient arger than that of the first

interval maintaining members and being longer than the first spacing maintaining
members; and a stacking step of stacking a plurality of substrates via at least the first
interval maintaining members.

[0022]

In the second aspect of the present disclosure, it is preferable that, in the spot
facing step, the spot face portion is formed through a plasma etching using plasma.
[0023]

In the second aspect of the present disclosure, it is preferable that, in the spot
facing step, the spot face portion is formed through a chemical mechanical polishing
(CMP) method.

[0024]

in the second aspect of the present disclosure, it is preferable that, in the spot
facing step, the spot face portion is formed through a chemical mechanical polishing
{CMP) method.

[0025]

In the second aspect of the present disclosure, it is preferable that, in the first
spacing maintaining member forming step, the first spacing maintaining members made
up of a photoresist are formed on the thick wall portion through a coating method using

a mask material.



[0021] In order to solve the above-described problems, according to a second aspect of the
present disclosure, provided is a method of producing a filtration filter which includes: a spot facing
step of forming a spot face portion at a central portiéh of a substrate, thereby forming a thick wall
portion that forms a perimeter portion of the substrate and a thin wall portion surrounded by the thick
wall portion; a through hole forming step of forming a through hole that penetrates the substrate from
front to back at a central portion of the thin wall portion: a first spacing maintaining member forming 9
height at a 6§E%termined interval on the thick wall portion; a second spacing maintaining member
forming steg rming a plurality of second spacing maintaining members on the thin wall portion at a

predetermined intefyal, the second, sgagig raiiaining fembers having. hermal expansion.

coefficient larger than e fifst interval maintaining members eing longer

spacing mam;ai&in&mﬁi&b%sarﬁ@gr[gﬁata]%%éggoﬁqg&rawi %Iﬂ!%%yévs%t&ug%ée&%Sal- lg.at least the

A 155 - 42 { :
first interval maintaining members: [0022 the'second aspect of the present disclosure, it s

preferable thatyin shespetfacingsign. thesnet fageraition is.fopmed thraugh aplasmagiehing using

plasma. [0023] In'the second aspect of the present disclosure, it is preferable that, in the spot
facing step stheispok {aseipRitigrisHaened through a chemical mechanical polishing (CMP) method.
[0024] In the second aspect of the present disclosure,it is preferable that, in the spot facing step,
the spot fag@ggortion is formed through a chemical mechanical polishing (CMP) method.
In the second aspect of the present disclosure, it is preferable that the thick wall
portions of the substrates have a surface roughness which is not more than gaps between
the thick wall portions.
[0028]
In the second aspect of the present disclosure, it is preferable that at least one of
a silicon plate, a glass plate, a metal plate, a plate of a silicon compound including
silicon carbonate, a plate of a resin including polyimide, and a carbon plate is used as
the substrates.
[0029]
In order to solve the above-described problems, according to a third aspect of
the present disclosure, provided is a method of producing a fltration filter which
includes: a masking step of forming an annular masking material along a perimeter
portion of a front surface of a substrate; a first etching step of etching the substrate
tormed with the annular masking material so that a thin wall portion surrounded by a
convex portion which corresponds to the annular masking material is formed; a first
masking material peeling step of peeling a part of the masking material on the convex
portion after the first etching step is terminated; a second etching step of etching the
substrate after the first masking material peeling step so that a thick wall portion is

formed by the convex portion other than a portion coated with the masking material



[0025] In e second aspect of the present disclosure, it is preferable that, in the first spacing
maintaining member forming step, the first spacing maintaining members made up of a photoresist are
formed on the thick wall portion through a coating lmethod using a mask material. [0026] In the
second aspect of the present disclosure, it is preferable that the method further includes an integrating
step of integrating the substrate stack stacked in the stacking step by a fastening member which
allows thermal expansion of the second spacing maintaining members. [0027] In the second

aspect of the epresent isg}(‘)s%re it is r.eferable th]at the, thick wall %ortions of the substrates have a
remhmm’ arer (S }{S‘t masging materia \RIBC 1 Sﬁq (il(l’] E} 5 agn% I}6 g
surface roughness which 1s not more thar gaps between thé thick wall p%r i0 s.l ]n In the

second agpesboteRisReRLAisalosHIe: LinnsIRiable ihatat Irrslons.ol.e sliean piplh.a dlass

plate, a metal pIaI%e, a plate of a silicon compound including silicon carbonate, a plate of a resin

including B%Wi@%aéﬂd\ﬂtﬁa{m%ﬂl%ﬁ% L!ﬁggcﬁl%t%t%ﬂgﬁt@t@ﬁo&%gz?%%e forming step of
forming a through hole that penectrates the substrate from front to back at a central
portion of the thin wall portion surrounded by the thick wall portion; a spacing
maintaining member forming step of forming a plurality of spacing maintaining
members on the thin wall portion of the substrate formed with the through hole at a
predetermined spacing, the plurality of spacing maintaining members having a thermal
expansion coefficient larger than that of the spacing maintaining portion and having a
height higher than that of the spacing maintaining portion; a second masking material
peeling step of peeling the masking material from the spacing maintaining portion; and
a stacking step of stacking a plurality of substrates at least via the spacing maintaining
portion.
[0030]

In the third aspect of the present disciosure, it is preferable that the method
further include an integration step of integrating the substrate stack stacked in the
stacking step by a fastening member that allows thermal expansion of the spacing
maintaining member.

[0031]

In the third aspect of the present disciosure, it is preferable that the surface
roughness (Raj of the thick wall portions of the substrates is not more than 1/10 of the
gaps between the thick wall portions.

[0032]
In the third aspect of the present disclosure. it is preferable that any one of a

silicon plate, a glass piate, a ceramic plate, a metal plate, a plate of a silicon compound



In order to solve the above-described problems, according to a third aspect of the present disclosure,
provided is a method of producing a filtration filter which includes: a masking step of forming an
annular masking material along a perimeter portion'df a front surface of a substrate; a first etching step
of etching the substrate fon ed with the annular masking material so that a thin wall portion surrounded
by a convex portion which corresponds to the annular masking material is formed; a first masking
material peeling step of peeling a part of the masking material on the convex portion after the first
etching step is]tea.ngte ;asc'agt({)ndtetchi%:jt stefp,. ofmetchingv heosul?strat after the first n}%sking:
material pee”ljltﬁélj s’tne%sééc ot A ek whl pc?rt(i)orﬁl ISTorme 13}/]%%088% 33668 A OMERKLR 'S portion
coate_d with ﬁgeedrysaﬁ}lglggb@%}tecgal 1_1 remaining af_ter the first r_nas_king material peeling step ar_1d a
spacing maintaining portion protruding from the thick wall portion is fowled by the convex portion of the
portion coatﬁg)y\giih the remaining masking material: a through hole forming step of forming a through
hole that penetrates the substrate fi-om front to hack at a central portion of the thin wall portion
surrounded by the tickiwalbparian, aSPasinamANaIing memehesirning sigr.Rffasminga plurality
of spacing maintaining members on the thin wall portion of the substrate formed with the through hole
at a predetexmiined-spaciag: thgeplurality of spacing maintaining members having a thermal expansion
coefficient larger than that of the spacing maintaining portion and having a height higher than that of
the spacing[iiaintaining portion; a second masking material peeling step of peeling the masking
material from the spacing maintaining portion; and a stacking step of stacking a plurality of substrates
at least via the spadilg. mamtaipirggurton§8080istratidg th&lthird asplest ofdhelpresent disclosure, it
is preferable that the method further include an integration step of integrating the substrate stack
stacked in thecsiabkingrsbegibieat fasteningseméedibdpshet allows thermal expansion of the spacing
maintaining member. [0031] In the third aspect of the present disclosure, it is preferable that the
surface roué%%gs (Ra) of the thick wall portions of the substrates is not more than 1/10 of the gaps

between the thick wall portions. 0_0321 In the third aspect of the present disclosure, it is preferable that
any one of a Referring to FI , the filtration filter 10 is contigured as a cylindrical

substrate stack in which a plurality of disc-shaped substrates 11 are staked at a
predetermined spacing and the spacing between the substrates 11 defines an opening
width in a filtration surface.

[0036]

A liquid to be treated A flows into the filtration filter 10 through gaps formed
between the substrates 11 on the outer circumferential surface of the cvlindrical
filtration filter 10, flows toward the central axis, flows through a flow path 17 formed
along the central axis as, for example, up-flow, and is recovered as filtrate.  In this case,
the outer circumferential surface of the filtration filter 10 serves as a filtration surface
and contaminants which are target components of filtration are trapped in the gaps on
the outer circumferential surface between the substrates 11.

[0037]
Next, a method of producing the filtration filter according to the first exemplary

embodiment will be described.



12 including silicon carbonate, a plate of a resin including polyimide, and a carbon plate is used as the

substrates. [0033] Hereinafter, exemplary embodiments of the present disclosure will be described
with reference drawings. [0034] FIG. | is a perdpective view illustrating a filtration filler according to
a first exemplary embodiment of the present disclosure. [0035] Referring to FIG. 1, the filtration

filter 10 is configured as a cylindrical substrate stack in which a plurality of disc-shaped substrates 11
are staked at a predetermined spacing and the spacing between the substrates 11 defines an opening
width in a fi%&tﬁigf surface. [0036]

FIGS. 2A to 2F are process views illustrating a method of producing the
filtration filter according to the first exemplary embodiment.
[0039]

Referring to FIGS. 2A to 2F, the filtration filter 10 is produced in the following
manner,
[0040]

First, substrates 11 as a constituent material are prepared (FIG. 2A). The
substrates 11 are silicon substrates which have a smooth surface. Circular substrates
have a disc shape with a diameter of about 5 mm to 450 mm. and rectangular substrates
have a rectangular plate shape of which one side is about 5 mm to 450 mm. The
thickness of the substrates 11 is, for example, 0.8 mm to 1.2 mm. The surface
roughness (Ra) of the silicon substrates is not more than 1/10 of the gaps between the
thick wall portions of the substrates 11, for example, about 0.1 mm. The thick wail
portions will be described later. Besides the silicon substrates, glass substrates,
ceramic substrates and metal substrates may be suitably used. In addition, the
substrates 1] may be a rectangular plate or a hexagonal plate rather than a disc. In
such a case, the filtration filter 10 will be a prismatic pillar or a hexagonal pillar.

[0041]

Next, a spot face portion 18 is formed at the central portion of the front surface
of each substrate 11 (FIG. 2B).  When forming the spot face portion, a semiconductor
manufacturing technology may be properly used. That is, the substrate 11 is spot-
faced by performing a plasma etching processing in which the substrate 11 is
accommodated and supported within, for example, a processing chamber of a plasma

etching apparatus, exposed to plasma in a state where the portion other than the spot



A liquid to be treated A flows into the filtration filter 10 through gaps formed between the substrates 11
on the outer circumferential surface of the cylindrical filtration filter 10, flows toward the central axis,
flows through a flow path 17 tbrmed along the centtél axis as, forexample. up-flow, and is recovered
as filtrate. In this case, the outer circumferential surface of the filtration filter 10 serves as a filtration
surface and contaminants which are target components of filtration are trapped in the gaps on the
outer circumferential surface between the substrates 11. [0037] Next, a method of producing e

filtration filt ording ta the first exemplary embodiment will be described, [0038 FIGS. 2Ato
2F are prockss BN LG AU GO B SIUECKiNg e MRIadeti R ECOHIREES dfe e

ey SRR SRRSO REISHIR BELRR £ AT IR S 4R Reedissen e
of the substrate 11 in which, for example, the spot face portion 18 has a dam width of
0.1 mm to 10 mm at the perimeter portion thereof and a depth of 0.1 mm to 0.6 mm.
By this, the substrate 11 is formed with a thick wall portion 12 configured by the dam of
the perimeter portion and a thin wall portion 13 surrounded by the thick wall portion 12
(see, e.g., FIG. 3 to be described later).

[0042]

Subsequently, a through hole 14 is formed at the central portion of the thin wall
portion 13 which forms the bottom of the spot face portion 18 to penetrate the substrate
11 from front to back (FIG. 2C). Like the spot face portion 13, a plasma etching
technology may also be suitably used for forming the through hole 14. The through
hole 14 is communicated with through holes of other substrates, thereby forming a flow
path 17 for a liquid to be treated or a filirate in the filtration filter 10.  The diameter of
the through hole 14 1s, for example, T mm to 100 mm.

10043]

Next, stoppers as first spacing maintaining members that define the spacing
between the substrates 11 are formed on the thick wall portion 12 (FIG. 2D}, First, a
mask material, which 1s made up of polyimide and formed with openings of which the
number and diameter correspond to those of cylindrical stoppers 15, is disposed on the
thick wall portion 12 of the substrate 1] and, for example, platinum (Pt} is deposited
through a chemical vapor deposition (CVD) method so that cylindrical stoppers 15 with
a diameter of 0.1 mm to 10 mm and a height of 10 mm to 20 mm are formed at an
interval of, for example, | mm to 100 mm. The height of the stoppers 15 may be

adjusted by controlling the deposition time. The height may be monitored by



First, substrates 11 as a constituent material are prepared (FIG. 2A). The substrates 11 are silicon
substrates which have a smooth surface. Circular substrates have a disc shape with a diameter of
about 5 mm to 450 mm, and rectangular substrate$%have a rectangular plate shape of which one side
is about 5 mm to 450 mm. The thickness of the substrates 11 is, for example, 0.8 mm to 1.2 mm. The
surface roughness (Ra) of the silicon substrates is not more than 1/10 of the gaps between the thick
wall portions of the substrates Il, for example, about 0.1 mm. The thick wall portions will be described
later. Besides the silicon subsirates glass substrates, ceramic. substrates and metal substrates may be
suitably uséd- 1H Addition the adbsettrﬁcttést?ﬁc m} BES férc?é?%ﬁllﬁ]?tp%% E? 3%%%353(%5‘51% t&rather than
a disc. In sy case, the filtration filter 10 will be a prismatic pillar xagaonal pillar. [0041]
Next, a spo{f?ac?é&(r%) fgﬁ“i E?é Bcﬁ%%ﬂgto fhg)éle%li?gfngg}rlt%ﬁ%’f 'the]a r}g{n(t'a's%%a%%%gfSé(g%%%%g%trate Il

(FIG. 28B). When,forming the spatfacs PRRIaN, seRicondy rmng%ﬂ{iﬂ% aenelay may be

properly used. That is, the substrate 11 is spot-faced by performin asma etching processing in

which the sybsirate bhisacepmmedaiedand supposted, withinmfor, £Xampig. & RIQeessing ghamber of

a plasma etching apparatus, exposed to plasma in a state where the portion other than the spot 14

face portionpehihakubstiatech, isieaverpebhy mamagk malesiakantharbieated fapReatahingREocessing.
As a result, the spot face portion 18 is formed on the fi-ont surface of the substrate 11 in which, for
example, theogpotsfase portodidshassaicamewisiiohDvhiomitpkiHmm avthe petineter pastion
thereof and a depth of 0.1 mm to 0.6 mm. By this, the substrate 11 is formed with a thick wall portion
12 configuretirbietherdameticirespelrinmeter poatigicangbythinlwalipattiensitidsuprdDndec bydthe thick
wall portion 12 (see, e.g., FIG. 3 to be described later). [0042] Subsequently, a through hole 14 is
formed at the el soriotepdsiethidivill porthod. 18 Which deenkithesottspoettitie Sgdtace portion
18 to penetrate the substrate from front to back (FIG. 2C). Like the spot face portion 13, a plasma
etching tecHIF&IOgy MRy Qs bassurttiy 4 Sedfrsreenilvgsthepgiroligh Hole stapghemmbstighdhole 14 is
communicated with through holes of other substrates thereby forming a flow path 17 for a liquid to be

treated or d TP i tHBIBQRBRA il 160 T RedaHBlr BrfedthrotigioRrasens. rse@pi#ple, 1 mm

to 100 mmchl)gé(ilnent, a case in which the stoppers 15 have a cylindrical shape has been
described. However, the stoppers 15 may have any shape such as a prismatic shape.
The shape, number and interval of the stoppers may be changed by exchanging the
mask material.
[0044]

Next, a plurality of the substrates 11 formed with the stoppers 15 are stacked
via second spacing maintaining members.  First, pillars 16 as the second maintaining
members are arranged along the circumferential direction of the thin wall portion 13 of
the substrate 11 at an equidistant interval of. for example, 1 mm to 100 mm (FIG. 2E).
The piliars 16 are formed through a known method.

[0045]

The number and interval of the pillars 16 are not particularly limited and may
be acceptable if they allow the spacing between adjacent substrates 11 to be correctly
defined. The pillars 16 are cylindrical bodies made up of a material of which the

thermal expansion coefficient is larger than that of the material of the stoppers 15, for



Next, stoppers as first spacing maintaining members that define the spacing between the substrates
11 are formed on the thick wall portion 12 (FIG. 2D). First, a mask material, which is made up of
polynnide and formed with openings of which the fumber and diameter correspond to those of
cylindrical stoppers 15, is disposed on the thick wall portion 12 of the substrate 11 and, for example,
platinum (Pt) is deposited through a chemical vapor deposition (CVD) method so that cylindrical
stoppers 15 with a diameter of 0.1 mm to 10 mm and a height of 10 mm to 20 ram are formed at an
interval of for ex mgﬁﬁé mm to 100 mm. The height of the stopﬁ:ers 5 may be adjusted bﬁ/ controlling

the depositisHtiTe 2HI& HaTyH a‘v@@ ARSAORSS 1 25 prRAath G R e ARG YAt BYTREES the thickness,

or the height may be adjusted through an etch back process.after deposition to a,proper thickness. In
P16, 2D, S St S5 O Radt A R Er Bl oA Bk i Herta L9 th rorms

the perimelcy;potionaf e, SysITale L1, BeSISS PAInUD DL SAPIS, Alssinsuch gs polyimide,

ceramics, glass, silicon, and SIC, may be suitably used as a material R. r'the stoppers 15. In addition,

besides thg, clag[pialMaARY; e PRSIRMIGY Bk MRl drminome g sUah.ag. for

example, a physical vapor deposition (PVD) method, an atomic layer deposition (ALD) method, and a

molecular {gyef.gdanasitian (MLRx-methogmakbendsadanamethod forhiming thestoppers 15. The
shape, number and interval of the stoppers are not particularly limited. In the present exemplary

embodimesity & Caieinavhish the stappers adaveiacylingiigahshapahashesn desatibed. However,
the stoppers 15 may have any shape such as a prismatic shape. The shape, number and interval of
the stoppetsimiaysbecchangedbyexdignging thethrasiamatérid] (fR0440ars 1 NexXh agdluniatity of the
substrates 11 formed with the stoppers 15 are stacked via second spacing maintaining members First,
pillars 16 ds ik sebonoh etrintdiming anartbers mretaranyecbilestgrthpcadirahivifexentialdiregtion of the
thin wall portion 13 of the substrate 11 at an equidistant interval of for example, 1 mm to 100 mm (FIG.
2E). The pildesde peevforraed ticbbghycinows merhdep [o48].  Sinke tharabettarel srterval of the
pillars 16 are not particularly limited and ma%(fbe acceptable if they allow the spacing between adjacent

substrates*IElt6 e e Brigctiad shineer Theosiifiisnt et d iz sap sodres atewis o g dissterial of

O e S Do e ubetrade T hen hented e e idenad. > Poen iz O 10
case where the same material as the stoppers 15 is used as the material for the pillars 16,
the gaps between the substrates 11 may be widened due to the difference between the
expansion lengths thercof. Thus, when there is any restriction in the materials of the
pillars 16 and the stoppers 15, the same material may be used for the pillars 16 and
stoppers 15.

[0046]

Next, the substrates 11 on which the pillars 16 are arranged are sequentially
stacked to form a filtration filter 10 as a substrate stack (FIG. 2F). In this case, an
adhesive may be applied to required portions such as the stoppers 15 as needed. An
elastic adhesive, n particular, a flexible adhesive, is desirable so as to allow the thermal

expansion of the pillars 16 so as to widen the gaps between the substrates 11 when

heated.,



example, aluminum and, when the pillars 16 are arranged on the thin wall portion 13, the top end
surfaces of the pillars 16 are adjusted to have a height where the top end surfaces form a coplanar
plane with the top end surfaces of the stoppers 1. That is, the height of the pillar 16 equals to the sum
of the depth of the spot face portion 18 and the height of the stoppers 15. Besides the aluminum, for
example, gold (Au), zinc. silver, chrome, tin iron, copper, lead, nickel, aluminum, bronze, brass,
duralumin. stainless steel may he suitably used as the material of the pillars 16. In addition, besides
the metafoof%ﬁexample, a photoresist, polyester, polyethylene, polyvinyl chloride, polystyrene, and
polycarbonate'may also be used. Since these materials have a relatively large heat expansion

coeficient and 1l 1%, EXARNAION IR DIIRIIERISM 2 1000k 5 GRS DEMIERNNS sypstates L1

when heated may be widened. Even in a case where the same material as the stoppers 15 is used as

the mateial fos 1oe pilars: 6 +I6 dBRELGHNEER the sHbsHRes. braay.Beidsneddye ip the difference

between the expansion lengths thereof Thus, when there is any restriction in the materials of the pillars

16 and thestepReaks HRitie samesnatetalmayieuseddeuthadailipn 1aand:soppersda. [0046]
Next, the substrates 11 on which the pillars 16 are arranged are sequentially stacked to form a

filtration filiekOas @hsubsiiatedstask b tougdhnkndhiscaseihad adhesivesmaype-appliedito required
portions such as the stoppers 15 as needed. An elastic adhesive. In particular, a flexible adhesive, is
desirablepsaias to: akdvathedheemakhedpansiomohthe pilarsdl6 Seadco thedensthe gapsigetween the
substrates 11 when heated. [0047] In the present exemplary embodiment, for example, methods
of providinyithed ShonfedeMortionidd, fotminethersjopperdd Sisaddfofaring ghérthrouyHidvsle 14 are not
particularly limited, any method of forming a predetermined spot face portion 18 on a substrate with a
required BOFfese rbag e Y8 Gredinkotsethaa b forving Stsphers A achredctemnifaiat a
predetermined positions may be used. Besides the plasma etching, CMP (Chemical Mechanical
Polishing) AtHlF S1S81B& Pis A0 porANAY tracshsr b parlich TsfermmidivotigRssied 24 and a CVD
method, E@ D method, a sputtering, a plasma etching or a combination thereof may be applied in
forming t 3 ppers 15. [0048] Next, the filtration filter according to the first exemplary

embodiment pro%pc?dtsggrgg%h theﬁ@ethod |gustrgigu%ﬁjelr?f FIGS. 2A to 2F wil|.be described., [0049]

FIG. 3 is a vertical Gross-sectional view ot the ftation ﬁbétreéggld}ﬁﬂge{%bt%e}%?:snt{ é’)licérﬁ]ﬁ%jry

fe”t”é ?.‘Jdi”}%%ﬂg'%dﬂfé Grethl 3 RIARNIE Y 91 R §UBRIAtE DI IS A GRREtuent element of the filtration
[0049]

FIG. 3 is a vertical cross-sectional view of the fiitration filter according to the
first exemplary embodiment and FIG. 4 is a plan view of a substrate which is a
constituent element of the filtration fiiter.

[0050]

Referring to FIG. 3, a plurality of substrates 11 are stacked via thick wall
portions 12, a plurality of stoppers 14 provided on the thick wall portions 12, and a
phurality of pillars 16 arranged around the thin wall portions 13 formed with a through
hole 14 at the central portion thereof, thereby forming a filtration filter 10.

[0051]
As for the lowermost substrate 11 which forms the bottom portion of the

filtration filter 10, a substrate which does not have the through hole 14 is applied, and as



[0050] Referring to FIG. 3. a plurality of substrates 11 are stacked via thick wall portions 12, a
plurality of stoppers 14 provided on the thick wall portions 12, and a plurality of pillars 16 arranged
around the thin wall portions 13 formed with a throuigh hole 14 at the central portion thereof, thereby
forming a filtration filter 10. [0051] As for the lowermost substrate 11 which folios the bottom portion of
the 18 for the uppermost substrate 11 which forms the cover portion of the filtration filter 10, a
substrate 11 which does not have the spot face portion 18 is applied. [0052] Referring to FIG. 4,

the substrate 11 includes a thick wall portion. 12 that fonns the perimete tion thereof and a thin wall
ortion 15 STl R e R SO 25 B BT 28 6F S0 SR & b it on the
top of the thicgs\{va qrgv n%z Theol'%%ig\pt %fetheoﬁgg e(r)%l%% fineanedspacing between the

| : ,
substrates T1 anré‘!ccigfmes“én%oﬁéﬁ}mg Width at horma Pempera ulrse?i%hé? iS, during filtering in a normal

temperaturq(%gygfssing. As an aspect, the outer circumferential surface of the filtration filter 10 serves
as the filtration surface and contaminants such as, for example, various germs are trapped by the gaps

between the substratas 1, o, theoutencitcymfarential sudace «ad 8.3Pa6RiERAIOSRL by, Adjacent

substrates 11 and adjacent stoppers 15 forms a flow path for a liquid to be treated. [0053]
the perimeter portion thereof and a thin wall portion 13 surrounded by the thick wall

portion 12, and a plurality of stoppers 15 are provided on the top of the thick wall
portion 12.  The height of the stoppers 15 defines the spacing between the substrates
I'l and defines an opening width at normal temperature, that is, during filtering in a
normal temperature processing. As an aspect, the outer circumferential surface of the
filtration filter 10 serves as the filtration surface and contaminants such as, for example,
vartous germs are frapped by the gaps between the substrates 11 on the outer
circumferential surface. and a space enclosed by adjacent substrates 11 and adjacent
stoppers 15 forms a flow path for a hiquid to be treated.

[0053]

Next, the function of the filtration filter 10 will be deseribed,

[0054]

In the filtration filter 10, the stoppers 15 are made up of a material which is
relatively stable to a thermal change and has a smali thermal expansion coefficient, and
the pillars 16 are made up of a material which is relatively sensible to a thermal change
and has a large thermal expansion coefficient. The thermal expansion coefficient of
platinum which is suitably used as the material of the stoppers 15 is 9(<10°/°C), and the
thermai expansion coefficient of the metal aluminum which is suitably used as the
material of the pillars 16 is 23(<10°/°C).  Since the top end surfaces of the stoppers of
the stoppers 15 and the top end surfaces of the pillars 16 are in a coplanar plane at

normal temperature, the spacing between the substrates 11 at normal temperature is



Next the function of he filtration filter 10 will be described. [0054] In the filtration filter 10, the
stoppers 15 are made up of a material which is relatively stable to a thermal change and has a small
thermal expansion coefficient and the pillars 16 are ¥nade up of a material which is relatively sensible
to a thermal change and has a large thermal expansion coefficient The thermal expansion coefficient
of platinum which is suitably used as the material of the stoppers 15 is 9(x10-6PC), and the thermal
expansion coefficient of the metal aluminum which is suitably used as the material of the pillars 16 is

23(x10-6/t). Since,the tgp end surfaces of the stoppers qf the stoppers 15 and the top end surfaces of
i pilars 1505 5 A CApTANS S B horRARTDARafe, N SRetiig beteamInE Sibeates 11 a

normal temEg{@t%q_%liéfj%%nﬁ?sgg@gngéaddgé/c h)eeg_té%ggi rs.15 gnd the pillars 16. Herein, the normal

temperature is 25 unless descri otherwise. [0055] The filtering processing
using the filtpptian filter O is typically perfoimed at normal temperature. [0056] As illustrated in FIG
1, the liquid to be treated A that contains contaminants such as various germs flows into the cylindrical

filtration filter 10 frop the gans betweasen thessibattatag A in dheroiers %&m@rﬁeﬁ@h&w&e of the
cylindrical filtration filter 10, flows toward the central axis, flows as, fbr example, up-flow, through the

flow path 1adarmedhydhrargh holes 14 which are communicated with each other, and flows out from
the filtration filter 10. When the height of the stoppers 15, i.e., the opening width is set to 10 nm.
forexample[@hiéajarious germs contained in the liquid to be treated A and having an outer diameter
larger than 10 nm are trapped by the gaps between the substrates 11.

As 1llustrated in FIG. 1, the liquid to be treated A that contains contaminants
such as various germs flows into the cylindrical filtration filter 10 from the gaps
between the substrates 11 in the outer circumferential surface of the cylindrical filtration
filter 10, flows toward the central axis, flows as, for example, up-flow, through the flow
path 17 formed by through holes 14 which are communicated with each other, and
flows out from the filtration filter 10. When the height of the stoppers 15, i.e.. the
opening width 1s set to 10 nm, for example, the various germs contained in the liquid to
be treated A and having an outer diameter larger than 10 nm are trapped by the gaps
between the substrates 11,

[0057]

When the filtration treatment at normal temperature is continued over a
predetermined length of time and solid materials such as various germs are deposited in
the gaps between the substrates 11 on the outer circumferential surface of the cylindrical
body which 1s the filtration surface, thereby delaying the filtration rate, the filtration
filter 10 1is regencrated. The regeneration of the filtration filter 10 is performed as
follows.

[0058]
First. supply of the liquid to be treated A is stopped, and a backwash water of,

for example, 75°C flows into the flow path 17 formed along the central axis of the



[0057] When the filtration treatment at normal temperature is continued over a predetermined
length of time and solid materials such as various germs are deposited in the gaps between the
substrates 11 on the outer circumferential surface 4 the cylindrical body which is the filtration surface,
thereby delaying the filtration rate, the filtration filter 10 is regenerated. The regeneration of the
filtration filter 10 is performed as follows. [0058] First, supply of the liquid to be treated A is stopped,
and a backwash water of, 20 substrate stack in a direction in reverse to that in the filtration treatment.

As the bacg%agf%rgt\évasggr a E)ar;gf the liquid recovered s the fﬂ'};raftﬁ is used, for exam Ig.t[Lp059]

When the backwash W%‘fer of ﬁﬁ%}%%l}gemgrﬁgvﬁhtro&agiﬁ the fifers flo%nfi]fg?twntthe S bpp%rs 15
(Ii so much since the

cisposed bepween e ick Wl parions. I ol e suhstiates A d et pxpanden

thermal expansion coetficie e stoppers 15 is small. However, the pillars ISposed between
the thin wajlpegtjons 13 are expanded since the pillars 16 have a large thermal expansion coefficient.
In addition, since the pillars 16 are longer than the stoppers 15, the expansion length is long. As a

result, the spacingatyege thethinwallkpostionsdl 3 ehihessubsyatas hbrndk thr.anagirghetween the
thick wall portions 12 are widened. For example, the spacing between the thick wall portions 12 may
be widened frane 1 perto1 2A0sp63e{0060]zen the thick wall portions 12 of the substrates 11 are
not expanded so much since the thermal expansion coefficient of the stoppers 15 is
small.  However, the pillars 16 disposed between the thin wall portions 13 are
expanded since the pillars 16 have a large thermal expansion coefficient. In addition,
since the pillars 16 are longer than the stoppers 15, the expansion length is long. Asa
result, the spacing between the thin wall portions 13 of the substrates 11 and the spacing
between the thick wall portions 12 are widened. For example, the spacing between the
thick wall portions 12 may be widened from 10 nm to 700 nm.
[060607
When the spacing between the thick wall portions 12 of the substrates 11 is
widened, the trapping of the contaminants such as various germs which have been
trapped by the gaps between the substrates 11 are released and the contaminants are
discharged from the filtration filter 10 along the flow of the backwash flow. As a
result, the filtration filter 10 is regenerated.
[0061]
Assuming that the thickness of the thick wall portions 12 of the substrates 11 is
1 mm, the thickness of the thin wall portions 13 is 0.4 mm, the height of the stoppers
made up of platinum at normal temperature, i.e., the gap between the thick wall portions
12 1s 10 nm, the height of the pillars 16 made up of metal aluminum at normal

temperature is (0.6 mm (accurately, 0.6 mm=10 nm), and the temperature of the



When the spacing between the thick wall portions 12 of the substrates 11 is widened, the trapping of
the contaminants such as various germs which have been trapped by the gaps between the substrates
11 are released and the contaminants are dischargetl from the filtration filter 10 along the flow of the
backwash tlow. As a result, the filtration filter 10 is regenerated. [006]] Assuming that the
thickness of the thick wall portions 12 of the substrates 11 is 1 mm, the thickness of the thin wall
portions 13 is 0.4 mm, the height of the stoppers made up of platinum at normal temperature, i.e., the

gap between the thick wall portions 12 is 10 nm, the %i t of the pillars 16 made up of metal
S o PR B A 1o O e AATEACR SERhy RS IS SH S ETELlalle of the
21 backwasggf]vxégtﬁrnis 75T. the expansion length of the pillars 16 on the substrates 11 will be as

follows. [00 8ihce the thermal expansion coefficient of the metal aluminum is 23(x 10-6/T), the
expansion I%@éa]of the pillars 16 is as follows. 600([1m)/23(x 1 0-6)x(75-25)x 1000=690(nm). [0063]

Since the thermal expansion coefficient of the metal aluminum is 23(<10°°°C ),
the expansion length of the pillars 16 is as follows.

600(m)*23(» 10°)%(75-25)* 1000=690(nm).

[0063]

That is, when backwashing is performed with backwash water of 75°C, the
height of the pillars 16 is increased 690 nm, and as a result, the spacing between the
thick wall portions 12 between adjacent substrates 11 is increased, thereby being greatly
widened as compared to 10 nm at normal temperature.  Thus, the contaminants such as
various germs which have been trapped in the gaps between the thick wall portions 12
of the substrates 11 are easily released.

[0064]

FIG. 5 is a partial enlarged view of the filtration filter 10 in which the spacing
between the thick wall portions 12 of the substrates 11 are widened. Referring to FIG.
5, the pillars 16 are thermally expanded and thus, the spacing between the thick wall
portions 12 of the substrates 11 is widened. Accordingly, the regeneration by
backwashing becomes easy.

[0065]

When the water of normal temperature from which the contaminants such as
various have been removed, for example, the liquid recovered as a filtrate, is allowed to
flow through the filtration filter 10, the pillars 16 are cooled to normal temperature, and

thus, the acting force of widening the spacing between the substrates 11 disappears so



That is, when backwashing is performed with backwash water of 75T. the height of the pillars 16 is
increased 690 nm, and as a result, the spacing between the thick wall portions 12 between adjacent
substrates Il is increased, thereby being greatly widened as compared to 10 nm at normal
temperature. Thus, the contaminants such as various germs which have been trapped in the gaps
between the thick wall portions 12 of the substrates 11 are easily released. [0064] FIG.5is a
partial enlarged view of the filtration tiller 10 in which the spacing between the thick wall portions 12 of
the substrates 11 are widened. Referring to FIG. 5, the pillars 16 are thermally expanded and thus, the
spacing befidRaRBaFRKRFaNEBisHRIth wetheostinrtrhied theigwidarad. acasmiiny | e
regeneration by baekwashing becomes easy. [0065] When the water of normal temperature from
which the ¢ ’fﬁlﬁﬁw%g ratieh YEABus have been removed, for example, the liquid recovered as a
filtrate, is alﬂ%v to flow through the filtration filter 10, the pillars 16 are cooled to normal temperature,
and thus, the acting force of widening the spacing between the substrates Il disappears so 22 that the
spacing between t Ic Il partions 12 of the substrates 11 retyrns to 10.nin during the filtration
treatment. [0066] f}g {qén@%%}ﬁ%%%ﬁrfﬂ%é?@égﬁrgiﬁ%etgrﬁ%cénf)rcégénﬁ% %Q/e?ﬁnpﬁg(rj)l/}%emn Tols ﬁ”neetr?[?since the

gaps may be ydeneddlyifeaing, he.aisanina nayalsn e peliBBerin alawing die.clagging water

to flow in the forward direction rather than in the reverse direction. IS case, the varidus germs
trapped in thegans aiereleasedifan bawidenrd aaprs.and sansedie A iy dhessaning water so

that the cleaning may be performed. However, since the contaminants are caused to pass through the
inside of thexfiltessdt isdesiiabletocaussiheislaaningsvatatiofantinthe savrrse disastionas

described above, if possible. However, when it is difficult to cause the cleaning water to flow in the
reverse direationl duélto-dgithatibndha sysiem, the cleaningnyaier mayderalededHoflewsin the
forward.
since the contaminants are caused to pass through the inside of the filter, it is desirable
to cause the cleaning water to flow in the reverse direction as described above, if
possible. However, when it is difficult to cause the cleaning water to flow in the
reverse direction due to a situation of a system, the cleaning water may be allowed to
flow in the forward.
10067]
According to the present exemplary embodiment, when performing the
filtration treatment at normal temperature, the gap between the thick wall portions 12 of
the substrates 11 may be mainly defined by the stoppers 13, for example, to 10 nm, and
during the regeneration, the spacing between the thick wall portions 12 of the substrates
11 may be widened to about 700 nm by the pillars 16 using heated water. Thus, during
filtration treatment, a stable opening may be obtained and, during regeneration, trapped

materials are released by widening the openings so that the regeneration may be easily

performed.



[0067] According to the present exemplary embodiment, when perfointing the filtration treatment
at normal temperature, the gap between the thick wall portions 12 of the substrates 11 may be mainly
defined by the stoppers 15. for example. to 10 nméand during the regeneration, the spacing between
the thick wall portions 12 of the substrates Il may be widened to about 700 nm by the pillars 16 using
heated water. Thus, during filtration treatment, a stable opening may be obtained and, during
regeneration, trapped materials are released by widening the openings so that the regeneration may
be easily Eﬁﬁggﬂ;ed [0068] In addition, according to the present exemplary embodiment, since
the outer rential surface of the cylindrical body serves as the filtration surface so that the
filtration area may be (ﬁd({an widely, the %essm&dgerform an.cc may be e hanceqh£006

t

ion, aceadrding (2341 1mcn SINC
Further, accordlng to e present exer‘ﬁp?ary eﬁﬂ%o iment, & semiconductor manu acturlng echnology

may be apglicale A5, (A1 Xa0RIP R, RUAGERRINGLMRIG of thesUBRILRISS A Leis filration fier

may be produced using a constituent aterlal with & high size precision. [0070] e present

exemplary gphedimentyik has @E&O@%@%QHQ shatthe lepatof the.ril %één%%@éa to the sum of the
depth of the spot face portlon 18 and the height of the szfoppers 15 and the spacing between the

substrates[d g normal temperature is defined by the stoppers 15 and the pillars 16. However, the
length of the pillars 16 may also be set to be somewhat shorter than the sum of the depth of the spot
face portion 18 ansithecheighbafiiize stoppepscitnsa:thatihespadiogibeiveansthe: soisiates 11 at
normal temperature is defined only by the stoppers 15 and the spacing between the substrates 11
when heateds defineg: bycthe ey mally lexparided ipilkar Sd6e{08PL]. a prindhenyresghbéxgmplary
embodiment, the number of stacked substrates 11 is not particularly limited and may be adjusted
according thessvbguetsted! fikrpticrtrédtrient bépabilitybForakambleiseyeralstotwotens ofdylindrical
filters formed by stacking 100 substrates per each filter may be connected in series. By this, a filtration
filter with a'ilhr+ prekessingessidbility may be implemented.

[0070]

In the present exemplary embodiment, it has been described that the length of

the pillars 16 equals to the sum of the depth of the spot face portion 18 and the height of

the stoppers 15 and the spacing between the substrates 11 at normal temperature is

defined by the stoppers 15 and the pillars 16, However, the length of the pillars 16

may aiso be set to be somewhat shorter than the sum of the depth of the spot face

portion 18 and the height of the stoppers 15 so that the spacing between the substrates

11 at normal temperature 1s defined only by the stoppers 15 and the spacing between the

substrates 11 when heated 1s defined by the thermally expanded pillars 16.

(00717

In the present exemplary embodiment, the number of stacked substrates 11 is
not particularly limited and may be adjusted according to a requested filtration treatment
capability. For example, several or dozens of cylindrical filters formed by stacking

100 substrates per each filter may be connected in series. By this, a filtration filter

with a high processing capability may be implemented.



[0072] Next, the action of the filtration filter according to the present disclosure will be described.
Although the use of the filtration filter of the present disclosure is not particularly limited, it may be
suitably applied as a tap water purification filter in @4vater purification plant. [0073] FIG.6is a
block diagram illustrating a configuration of a water purification plant where the filtration filter according
to the present disclosure may be applied. [0074] Referring to FIG. 6, the water purification plant 20
includes, for example, a water intake 21 that takes in river water, for example, from a river and a
flocculent srgttl_in basin 22 that removes solid materials contained in the taken river water,and further

includes a }& -filter basin 23, an ozone contact basin 24, an activated carbon adsorption basin 25, a

chlorine mixing basin 26, and stilling basin 27 which are provided in this order in the wake flow of the
flocculent settling éﬁ%ﬁt\’ e fﬁﬂ%]ogtgc?hﬂmmn%%m i C%gm t(}ﬁﬁéev@r & éT(‘“goﬁ_”LrﬁB"g?nka a

e’river water taken by ater in

depositing basip (nat iusiiales) salled.anand basiwhie,solld materals sueh as sands ate
subjected to a settling separation, and then the river water Is sent to the Hocculent settﬁng basin 22. To

the water flawn igtaflogaiient setHlinghasinasyfopsxammle,; aflogauientismaddsd so thafsqlid

materials such as plankton are flocculated, precipitated and separated, and only the supernatant water
is sent to the fapidLfitrLHasin 43, of the wake flow. The water flown into the rapid filter basin 13 passes
through a filtration layer in which, for example, fine sands are filled so that finer solid materials may he
emoved, arfddhen the water is sent to the ozone contact basin 24 of the wake flow. [0076]

FIG. 6 1s a block diagram illustrating a configuration of a water purification
plant where the filtration filter according to the present disclosure may be applied.
[0074]

Referring to FIG. 6, the water purification plant 20 includes, for example, a
water intake 21 that takes in river water, for example, from a river and a flocculent
settling basin 22 that removes solid materials contained in the taken river water, and
further includes a rapid filter basin 23, an ozone contact basin 24, an activated carbon
adsorption basin 25, a chlorine mixing basin 26, and stilling basin 27 which are
provided in this order in the wake flow of the flocculent settling basin 22.

[G075]

The river water taken by the water intake 21 flows into a depositing basin {(not
llustrated) called a sand basin where solid materials such as sands are subjected to a
settling separation, and then the river water is sent to the flocculent settling basin 22.
To the water flown mnto flocculent setthing basin 22, for example, a flocculent is added
so that solid materials such as plankton are flocculated, precipitated and separated, and
only the supernatant water is sent to the rapid filter basin 23 of the wake flow. The
water flown into the rapid filter basin 23 passes through a filtration layer in which, for
example, fine sands are filled so that finer solid materials may be removed, and then the

water is sent to the ozone contact basin 24 of the wake flow.



The water flown into the ozone contact basin 24 comes into contact with ozone in the ozone contact
basin 24 so that substances causing haze or odor are decomposed, and then. is flown into the
activated carbon adsorption basin 25 of the wake fiw. The water flown into the activated carbon
adsorption basin 25 is subjected to an adsorption treatment of fine substances which have not been
fully removed by the ozone and then, the water is flown into the chlorine mixing basin 26 where a
predetermined amount of chlorine is blended into the water to sterilize the water. The water sterilized
with the chlorine is stored in the stilling basin 27 as tap water for beverage and supplied to for
example, gé?]%?g] homes, as needed. [0077] In the water purification plant 20, the filtration filter 10
is applied as an alt n‘atiy?"_e%ui\gment f the ozone contact be}gin 24 anc{ the a}gtiva, carbon
adsorption basin 25, or (:itlx(élrmﬁle.n[fi’ﬁ.")‘}gijl ¢ Oz%ﬁé??sf’%eav?/lgté‘r |§€ﬁ§f§éﬂ‘f?8n‘ﬂh\%}ra&%ﬂﬁﬁer basin
23 flows inig, e fifation iy 10,85 QU0 REJIRAIEA AR AR SERAIENS CoRIAMIANIS
unremoved Ey the rapid filter basin 23, such as for example, various germs of not less than 10 nm,

thereby being pytified. 400140 imd HEHAME 1R ERIGADLEA Bmpaialg afgxample. 25T,

flows into the filtration filter 10 from the gaps between the substrates 11 of the filtration surface formed
on the outeygicumierentialurace-eidiltiation filterpflews doward ithe srRtral axis, AndRaSses through
the flow path 17 formed along the central axis, thereby being recovered as a treated liquid B (see FIG.
1). and is flewainis: thefGtatipambeng Biakina 26 26 sédheunakeflovedThediliratenef the filtration filter
10 flown into the chlorine mixing basin 26 is subjected to the sterilization treatment by adding a
predeteiuiingd ameuid b ehlaninebereiajand thien steted i therstilimgdhasim2ézdMeanwhilé, the
contaminants such as various germs are trapped and separated on the filtration surface which is the
outer circunaféremtgak ifabel ohthehfiltvationtfilteerll(ze the water. The water sterilized with the

chlorine is stored in the stilling basin 27 as tap water for beverage and supplied to, for
example, general homes, as needed.
[6077]

In the water punfication plant 20, the filtration filter 10 is applied as an
alternative equipment of the ozone contact basin 24 and the activated carbon adsorption
basin 25, for example.

[0078]

That 1s, the water discharged from the rapid filter basin 23 flows into the
filtration fiiter 10 as a liquid to be treated A so as to separate contaminants unremoved
by the rapid filter basin 23, such as for example, various germs of not less than 10 nm,
thereby being purified.

[0079]

The liquid to be treated A of real temperature, for exampie, 25°C, flows into the
filtration filter 10 from the gaps between the substrates 11 of the filtration surface
formed on the outer circumferential surface of filtration filter, flows toward the central
axis, and passes through the flow path 17 formed along the central axis, thereby being

recovered as a treated liquid B (see FIG. 1), and 1s flown nto the chlorine mixing basin



[0080] The spacing between the thick wall portions 12 of the substrates 11 which is defined by
the stoppers 15 is, for example. 10 nm, and the contaminants larger than the spacing such as, for
example, influenza virus are certainly captured orzghe filtration surface. [0081] When the filtration
surface is clogged and the filtration rate is reduced after having continued the filtration treatment of, for
example, various germs, the regeneration of the filtration filter 10 is performed. That is, in the clogged
filtration filter 10, the supply of the outlet liquid of the rapid filter basin 23 as the liquid to be treated A is
stopped, and backwash water is caused to flow in the reverse direction to the flowing direction of the
liquid to be4rehtty AvaeF diesinpld Paditfiate fkihashiaiter BHexdhilevthaniehmsliorrthe chlorine
mixing basin 26 which L§ the filg,ate of the filtration filter 10 is used. During this, the temperature of the
backwash B e e RbSHBLFHEFA, (8o PRt B1ORo M ERERRIC S, 1A B P HHSIHTE Higher than
normal temperature. [0082 s described above, after the backwash water has, flown through the
go ti ? c[laorl tnereto, i ?0 eg ) 51 i"@%‘%%h%ea%ﬂg&rate (ff‘ﬁ? G

filtration fifter 14, the gaps etween the thick wa polrltllcgn% forii the
o suiggn U PSSP B e cERTP U R AR S
example, the yarious geups:relaased fram,the flyalionauriacemay e returned to, for example, the
previous flow of the flocculent settling basin 22 or separately treated. [0083]

[0080]

The spacing between the thick wall portions 12 of the substrates 11 which is
defined by the stoppers 15 is, for example, 10 nm, and the contaminants larger than the
spacing such as, for example, influenza virus, are certainly captured on the filtration
surface.

[0081]

When the filtration surface is clogged and the filtration rate is reduced after
having continued the filtration treatment of, for example, various germs, the
regeneration of the filtration filter 10 is performed. That is, in the clogged filtration
filter 10, the supply of the outlet liquid of the rapid filter basin 23 as the liquid to be
treated A 1s stopped, and backwash water is caused to flow in the reverse direction to
the flowing direction of the liquid to be treated A, for example. As the backwash
water, for example, the inlet water to the chlorine mixing basin 26 which is the filtrate
of the filtration filter 10 is used. During this, the temperature of the backwash
temperature is heated to a temperature of, for example, 70°C to 80°C, which is higher
than normal temperature.

[0082]

As described above, after the backwash water has flown through the filtration

filter 10, the gaps between the thick wall portions 12 of the substrates 11 that form the

filtration surface are widened and the frap of the contaminants such as various germs



According to the present exemplary embodiment, the openings in the filtration surface of the filtration
filter 10 may be greatly changed at normal temperature when the filtration treatment is performed and
when heated to perform the regeneration. As a resgitt, during the filtration treatment, contaminants
such as various germs may be stably separated with a predetermined opening diameter and, during
the regeneration,the trapped contaminants may be easily released so that the regeneration may be
easily performed. [0084] In the present exemplary embodiment, since the filtration filter 10 is
configured by a substrate stack, the mechanical strength is high so that pressure filtration may be
performed. FHIRSAHB Biodsesing trisasashyieBibridscd BitinerElsmytie preessiag antdant of liquid.
[0085] In the present exemplary embodiment, it is preferable that plural systems of filtration

treatment RBS SR HFAROM SRS aFSIBNRdEY BYIE SHeh6Hassysti idie154gurand

regenerated, the filtratign treatment may be continued by other gystems, [0086] In the present
exemplary mBsaifent, %étﬁm?#gﬁofil?é/ FOREES bR Bppiletta 0‘2]8%{&% 1%0%&B}sbpgﬁ%plied for

medical purip%!sneﬁp,sbfqr exg{a[a:%,ea% C‘gltmponent separation apparatus for blood or protein or a filtration

apparatus for artificial S(%I%.?{/SIS.’ ion it may also be applied as a purification apparatus of cleaning

water for us[@dg_;a} wet cleaning in a semiconductor manufacturing factory.

According to the present exemplary embodiment, the openings in the filtration
surface of the filtration filter 10 may be greatly changed at normal temperature when the
filtration treatment is performed and when heated to perform the regeneration. As a
result. during the filtration treatment, contaminants such as various germs may be stably
separated with a predetermined opening diameter and, during the regeneration, the
frapped contaminants may be easily released so that the regeneration may be easily
performed.

[0084]

In the present exemplary embodiment, since the filtration filter 10 is configured
by a substrate stack, the mechanical strength is high so that pressure filtration may be
performed. Thus, the processing time may be shortened by increasing the processing
amount of liquid.

[0085]

In the present exemplary embodiment, it i1s preferable that plural systems of
filtration treatment lines of the filtration filters 10 are provided. By this, when one
system is clogged and regenerated, the filtration treatment may be continued by other
systems.

[0086]
in the present exemplary embodiment, the filtration filter 10 has been applied as

a water purification apparatus in a water purification plant. However, the filtration



[0087] In the present exemplary embodiment, as for the constituent material of the pillars 16, a
material which has a converse piezoelectric effect such as, for example, quartz (Si02), zinc oxide
(Zn0). Rochelle salt (potassium sodium tartaric) (KiaC4H406), (lead zirconate titante
(PZT:Pb(Zr,Ti)03), lithium niobate (LINbO3). lithium tantalate (LiTa03), lithium tetraborate ( 43407),
langasite (La3Ga5Si014), aluminum nitride (AIN), gemstone (tourmaline), polyvinylidene fluoride
(PVDF), gallium phosphate(GaPO4), or gallium arsenide (GaAs), may be used, instead a material of
which the thermal expansion coefficient is higher than that of the constituent material of the stoppers
15. These né&rials greysaltablke atpalpiflafondteditadintenpey mayBecaipareed whgienvottage is
applied thereto. The thermal expansion length obtained by applying a voltage to these materials is
substantialljSefEALEE! %Bl’fﬁétﬁﬁé}f??ﬁgi%aﬁ§@ﬁ@lér@tﬁ R BavRRRRREHWIER e wiahdal eXpansion
coefficient r[gﬂOSgé. . When the life of the filtration filter 10 according to the present exemplary
embodiment’ &4 HiPadb i 8 Barafis BB s thend SR RN 1509h JFih B aEHhAREREF of the
filtration filter 100 may be reused by dis s§embrlin the filtration filter 10 and removing the stoppers 15
or the like thaf'are & taa‘é]ﬁne%liPoatﬁfémsﬁ%%ﬁiacté)g Tf?lt%ﬁ‘éﬁi‘ﬁ%t dé:{(ﬁ}f&ent exemplary embodiment, the
stoppers 1 @&97 he substrates 11 29 surfaces of the substrates Il. Meanwhile, the entire filtration filter
10 as a substrate stack may be integrated by fastening the entire substrate stack using fastening

members, instead of the. adbesvex B8y embodiment, as for the constituent material of the

pillars 16, a material which has a converse piczoelectric effect such as, for example,
quartz (S510:), zinc oxide (Zn0), Rochelle salt {potassium sodium tartarte)
(KNaC3H4Oy), (lead zirconate titante (PZT:Pb(Zr,T1)Os), lithium niobate (LiNbOy),
lithium tantalate (LiTaOs), lithium tetraborate (L1,B4O5), langasite (La;GasSi0y4),
aluminum mtride (AIN), gemstone (tourmaline), polyvinvlidene fluoride (PVDF),
gallium phosphate(GaPOy), or gallium arsenide (GaAs), may be used. instead a material
of which the thermal expansion coefficient is higher than that of the constituent material
of the stoppers 15. These materials are suitable as a pillar material since they may be
expanded when a voltage is applied thereto. The thermal expansion length obtained by
applying a voltage to these materials is substantially identical to the thermal expansion
length in a material of which the thermal expansion coefficient is large.

[0088]

When the life of the filtration filter 10 according to the present exemplary
embodiment as a filtration apparatus comes to end, substantially 100% of the base
material of the filtration filter 100 may be reused by disassembling the filtration filter 10
and removing the stoppers 15 or the like that are attached to the substrates 11.

100891
In the present exemplary embodiment, the stoppers 15 and the substrates 11

directly positioned thereon may be integrated by applyving an adhesive to the contact



FIG. 7 is a perspective view illustrating a filtration filter clamped by fastening members. [0091] In
FIG. 7. the filtration filter 10 is fastened and integrated in the longitudinal direction in FIG. 7 by two
oppositely arranged fastening members 30. [0092]28  Each fastening member 30 include two hook
type non-elastic portions 30a which form the opposite ends and an elastic portion 30b interconnecting
the two nonelastic portions. The non-elastic portions 30a are formed of a metal, for example, stainless
steel, and the elastic portion 30b includes a spring member, of which the main component is stainless
steel. By applying these fastening members 30, the respective _substrates Il which are the constituent
elements of @ itr AtiCHHNEF T8 Ee' festrdFed Withins FPEge ARy BYENtIi b vBREH N the
vertical directiq{n inF G.1 ngtgla%st{;u%tureﬁaﬁ ac li_ndri%al filtratioc%filter’rrf],a)()be srecgrqgﬂsince
deviation in the WIAth GiFeEOH THAY bE ST s SR HOWRVEH thE Ta st TETEB HFIHE 55tening
members 30 is adjusted s that the thermal expansion of the pillars disposed between the substrates
11 may be gll?g?/?/cg uﬁ%‘fh@%ﬁ&%&ity of the elastic portions 30b. As the material used for the elastic
partions30t?()@9f[l, xible organic material such as rubber may be used as a consumable product by
forming the elastic portions 3011 in an easily exchangeable structure, besides the spring member.
[0093]  Inthe presentexepupiariamkodimentyas:ig theiflansdireetion.of the liquitkichestreated A,
it has been described that the liquid to be treated A flows into the cylindrical filtration filter 10 from the
outer circumpfgrential surface of the cyli filtration filter 10, passes through the flow path 17 formed along
the central axis and flows out from the filtration filter 10 as up-flow. However, the flow direction of water
in the filtratjonilter 10 according to the present exemplary embodiment is not limited to this. The flow
path 17 formed along the central axis of the cylindrical filtration filter 10 may be used as an entry path
and the liquid to beitrédted’ Atheailbetadapted id) floviciethe gagsiivetneen thehsubstgattedihthrough the
entry path and to flow out from the outer circumferential surface. [0094] FIG. 8 is an explanatory view
illustrating diiethienusd Kituatior v tiepfifitgtiorrranged fastening members 30.

[0092]

Each fastening member 30 include two hook type non-elastic portions 30a
which form the opposite ends and an elastic portion 30b interconnecting the two non-
elastic portions. The non-elastic portions 30a are formed of a metal, for example,
stainless steel. and the elastic portion 30b includes a spring member, of which the main
component is stainless steel. By applying these fastening members 30, the respective
substrates 11 which are the constituent elements of the filtration filter 10 are restrained
within a predetermined extent in movement in the vertical direction in FIG. 7 and the
structure as a cylindrical filtration filter may be secured since deviation in the width
direction may be suppressed. However, the fastening force of the fastening members
30 is adjusted so that the thermal expansion of the pillars disposed between the
substrates 11 may be allowed by the elasticity of the elastic portions 30b.  As the
material used for the elastic portions30b, a flexible organic material such as rubber may
be used as a consumable product by forming the elastic portions 30b in an easily

exchangeable structure, besides the spring member.



filter. [0095] Referring to FIG. 8, the liquid to be treated A flows into the filtration filter 10 from the
top side, flows through the flow path 17 formed along the central axis of the cylindrical filtration filter 10
as downward flow, flows in respective gaps betweén the substrates Il. and then, flows out from the
filtration filter 10 as a treated liquid B through the openings on the outer circumferential surface. Here,
the filtration surface in the filtration filter 10 is formed by the surfaces that n erconneet the inner
surfaces of the thick wall portions 12 of the respective substrates 11. and the contaminants contained
in the liquid to be treated A are trapped by the filtration surface that interconnects the inner surfaces of
the thick Wam(f%rhons 12. When the spacing between the substrates 11 is changed accordlng toa

height, the filtration filter 10 may 31 b s a fractionatio paratus for fi eso m terlals
contained in the |ICTU ﬁ(é Brgst%gf:é(&“[@%%]emg ??Lphcd&tférfo %aﬁ(fﬁve%a‘tﬁﬁ%% % caused to
flow in the |rect|on s,illustrated in FIG. 8, th ssur otheflt tion,filter 10 acts in the
direction Of%WI enlnfgla tﬁé s%z[icmg’ etv(\i/c;f”é'ﬁ éﬁs&u s%r\atgs E% E?I'%L]Jbs W en‘gélé}% press%re%ﬁratlon is

performed. s AR PRIG RGP e fonpa cieelon ot e it a pe ested Ao

%]%l; |on as
illustrated in"FIG. I. [0097 e present exemplary em ent, a ugh a case inw |ch one

through holg, 14,i5,pravided afthe cantiakpriion.of pagh stbsiale Hhhashegn dgsetied,he through

hole 14 may be formed by an aggregate of plural small through holes.
flows out from the filtration filter 10 as up-flow. However, the flow direction of water

in the filtration filter 10 according to the present exemplary embodiment is not limited
to this. The flow path 17 formed along the central axis of the cylindrical filtration
filter 10 may be used as an entry path and the liquid to be treated A may be adapted to
flow in the gaps between the substrates 11 through the entry path and to flow out from
the outer circumferential surface.
[0094]

FI1G. 8 is an explanatory view illustrating another use situation of the filtration
filter.
100951

Referring to FIG. §, the liquid to be treated A flows into the filtration filter 10
from the top side, flows through the flow path 17 formed along the central axis of the
cylindrical filtration filter 10 as downward flow, flows in respective gaps between the
substrates 11, and then, flows out from the filtration filter 10 as a treated liquid B
through the openings on the outer circumferential surface. Here, the filtration surface
in the filtration filter 10 1s formed by the surfaces that interconnect the inner surfaces of
the thick wall portions 12 of the respective substrates 11. and the contaminants
contained in the liquid to be treated A are trapped by the filtration surface that
interconnects the inner surfaces of the thick wall portions 12. When the spacing

between the substrates 11 1s changed according to a height, the filtration filter 10 may



[0098] FIG. 9 illustrates a modified example of the substrate 11 of the present exemplary
embodiment. [0099] Referring to FIG. 9, a plurality of small through holes | 4a are provided at the
central portion of the thin wall portion 13 that formsthe bottom of the spot face portion | 8a of the
substrate 11. The aggregate of through hole 14a forms a flow path 17 along the central axis in the
filtration filter 10 formed by stacking the substrates 11. In this ease, although the manufacturing costs
may be increased due to the complicated structure, the strength of the substrates 11 may be
increased. [0100] Next, a filtration filter according to a second exemplary embodiment of the
present dis€fostie ik Fadwsetvadryanrtay for firpedfitatigaritecaeeorahiy ibeHsgbinbeexemplary
embodiment is the same as the filtration filter according to the first exemplary embodiment in basic
structure inffl‘f?dﬁ‘?g the fact that, in a substrate stack in which a plurality of substrates having a thick
wall portion %? thick wall portion are stacked, the opening width in the filtration surface is defined by
the spacing[@ en the thick wall portions of the respective substrates. [0102]

In addition, when the liquid to be treated A is caused to flow in the direction as
lustrated in FIG. 8, the pressure applied to the filtration filter 10 acts in the direction of
widening the spacing between the substrates 1. Thus, when a high pressure filtration
1s performed, it is desirable to set the flowing direction of the liquid to be treated A to
the direction as illustrated in FIG. 1.

[0097]

In the present exemplary embodiment, although a case in which one through
hole 14 1s provided at the central portion of each substrate 11 has been described, the
through hole 14 may be formed by an aggregate of plural small through holes.

[0098]

FIG. 9 illustrates a modified example of the substrate 11 of the present
exemplary embodiment.
[0099]

Referring to FIG. 9, a plurality of small through holes 14a are provided at the
central portion of the thin wall portion 13 that forms the bottom of the spot face portion
18a of the substrate 11. The aggregate of through hole 14a forms a flow path 17 along
the central axis in the filtration filter 10 formed by stacking the substrates 11. In this
case. although the manufacturing costs may be increased due to the complicated
structure. the strength of the substrates 11 may be increased.

[0100]
Next, a filtration filter according to a second exemplary embodiment of the

present disclosure will be described.



The filtration filter according to the second exemplary embodiment is different from the filtration filter
according to the first exemplary embodiment in that the length of the thick wall portion of each
substrate is set to be longer than the perimeter portign of the substrate so as to secure a wide filtration
area. [0103] FIG. 10 is a pan view of a substrate applied to the second exemplary embodiment of
the present invention,and FIG. 11 is a cross-sectional view illustrating a principal portion of the filtration
filter formed by stacking a plurality of the substrates as illustrated in FIG. 10. [0104] n FIG. 10, the
substrate 41 is a rectangular plate member, and includes thick wall portions 42 and a thin wall portion
43. The thick' W4l portions 42 are arranged in upper and lower regions of the substrate 41 depicted in

FIG. 10 in two rows 0}1;1211i_§zag shapes in which folds are repeated, and the thick wall portions 42 in the
two rows of zigzag fOtfrid &8 TAENDATSEEE ith B CHGIHER HRRLEE GVRGHASthEHYE SRfeby

entirely forming onge loop-shaped thick wall pgrtion. The thin wall portion 43 is formed to be surrounded
by the loop-Endisel BTOR AN BoHEH S5 TS g REIEL S5 A BENBAuHY TS SOBEAHE 41 i the

thickness dilrec ti n Is ;pro aiglet(il] at pne ce trﬁ%l grggp[](()}f th%lsclﬁbgtrjteaﬁ} in fthebt!?rzl A 1I aQ}or'gi*oéps 4.
[0105] Bn'the thic Waﬁl portions 42, a“pILura‘fffy of é’foppersp Sota 8ri§’um§ ié pillar éﬁape as first

Spacing maiAnNGIMETREIS Al prOVed 6 bk apet AR Tam gadh aler T ShaRg ! the

stoppers 45 is not lim to the prismatic pillar shape and may be’a cylindrical’pillar shape or any

other pillar $fiaRg.#n QUEHLON; QR e dhyy wall PRILARS KiwadluiRlity Ripillars ﬁ@rtﬂ%@&? nleSpacing

maintaining members are provided to be spaced apart from each other. The shape of the pillars 46 is,
for examplesaeytindricalpillas shape but is not limited thereto.

[0102]

The filtration filter according to the second exemplary embodiment is different
from the filtration filter according to the first exemplary embodiment in that the length
of the thick wall portion of each substrate is set to be longer than the perimeter portion
of the substrate so as to secure a wide filtration area.

[6103]

FIG. 10 1s a pan view of a substrate applied to the second exemplary
embodiment of the present invention, and FIG. 11 is a cross-sectional view illustrating a
principal portion of the filtration filter formed by stacking a plurality of the substrates as
Hlustrated m FIG. 10.

[0104]

In FI1G. 10, the substrate 41 is a rectangular plate member, and includes thick
wall portions 42 and a thin wall portion 43, The thick wall portions 42 are arranged in
upper and lower regions of the substrate 41 depicted in FIG. 10 in two rows of zigzag
shapes in which folds are repeated. and the thick wall portions 42 in the two rows of
zigzag forms are interconnected with each other at respective ends thereof, thereby
entirely forming one loop-shaped thick wall portion. The thin wall portion 43 1s

formed to be surrounded by the loop-shaped thick wall portion 42, and a through hole



[0106] Referring to FIG. 11, a plurality of the substrates 41 are stacked via the plurality of stoppers
45 and the plurality of pillars 46, thereby forming a filtration filter 40 of a prismatic pillar shape. [0107]
Next, the method of producing the filtration filter acgprding to the present exemplary embodiment will
be described. [0108] First silicon wafers of, for example, a disc shape, are prepared as raw
substrates used when producing substrates. The silicon wafers have a smooth surface in which the
diameter of each silicon wafer is, for example, 50 mm to 450 mm and the thickness is, for example, 0.1
mm to 3 mm. The surface roughness of the silicon wafers is not more than 1/10 of the gaps between
the thick walft pesrtigiying dhehersiibgtatésiathe theckeasichriiteends prefacslyatforexaniplk, 0.1 nm.

As the raw 34 substrate, a glass plates, a ceramic plate, or a metal plate may be used, besides the
silicon Wafé’r‘?‘[@‘i’e)gf the substrate 41 in the thin wall portions 4.

[0105]

On the thick wall portions 42, a plurality of stoppers 45 of a prismatic pillar
shape as first spacing maintaining members are provided to be spaced apart from each
other. The shape of the stoppers 45 is not limited to the prismatic pillar shape and may
be a cyhindrical pillar shape or any other pillar shape. In addition, on the thin wall
portions 43, a plurality of pillars 46 as second spacing maintaining members are
provided to be spaced apart from each other. The shape of the pillars 46 is, for
example, a cylindrical pillar shape but is not limited thereto.

[0106]

Referring to FIG. 11, a plurality of the substrates 4] are stacked via the
plurality of stoppers 45 and the plurality of pillars 46, thereby forming a filtration filter
40 of a prismatic pillar shape.

[0107]

Next, the method of producing the filtration filter according to the present
exemplary embodiment will be described,
[0108]

First, silicon wafers of, for example. a disc shape, are prepared as raw
substrates used when producing substrates.  The silicon wafers have a smooth surface
in which the diameter of each silicon wafer is, for example, 50 mm to 450 mm and the
thickness 1s, for example, 0.1 mm to 3 mm. The surface roughness of the silicon
wafers 1s not more than 1/10 of the gaps between the thick wall portions 42 of the

substrates 41 in the filtration filter 40, preferably, for example, 0.1 nm. As the raw



Next, a thick wall portion 42 of a zigzag shape is formed on the front surface of each silicon wafer.In
forming the thick wall portion 42, a semiconductor manufacturing technology may be suitably
used.That is, a silicon wafer is accommodated andsupported in, for example, a processing chamber
of a plasma etching apparatus, a mask material corresponding to the thick wall portion 42 of the zigzag
shape is disposed on the silicon wafer, and then, a plasma etching is performed, thereby forming the
thick wall portion 42 of the zigzag shape which remains without being etched and the thin wall portion
43 surrounded by the thick wall portion 42. Here, from one disc-shaped silicon wafer, for example, four
substrates arargeddnzhas téasand eworowdlare formetwst thietfrontsurtasecdf tsiditicehewafer, and
then the silicon wafer is cut, thereby producing the substrates 41. [0110] FIG. 12 is a plan view
illustrating f8ifio8usteates 41 foilied on a silicon wafer 50 when four substrates 41 are cut from one
silicon wafers 50. [0111] Referring to FIG. 12, on the disc-shaped silicon wafer 50, four substrates
41 which hEUE% thick wall portion 42 formed in a zigzag shape and a thin wall portion 43 surrounded

by the thick wall pq\gtjon 42 are formed in two tiers and two rows, The substrates 41 formed.in this
manner are cut accofairy i?ﬂhg\f\i}rj;n ?ﬁ&tﬂaé‘vfé%6&%%%%@%%{}%‘?@%@@ E(Efé‘.”fjﬁ?e of

each silicon wafer. In forming the thick wall portion 42, a semiconductor
manufacturing technology may be suitably used. That is, a silicon wafer is
accommodated and supported in, for example, a processing chamber of a plasma
etching apparatus, a mask material corresponding to the thick wall portion 42 of the
zigzag shape is disposed on the silicon wafer, and then, a plasma etching is performed,
thereby forming the thick wall portion 42 of the zigzag shape which remains without
being etched and the thin wall portion 43 surrounded by the thick wall portion 42.
Here, from one disc-shaped silicon wafer, for example, four substrates arranged in two
tiers and two rows are formed on the front surface of the silicon wafer, and then the
silicon wafer is cut, thereby producing the substrates 41,
[01103

FI1G. 12 is a plan view illustrating four substrates 41 formed on a silicon wafer
50 when four substrates 41 are cut from one silicon wafers 50.
[0111]

Referring to FIG. 12, on the disc-shaped silicon wafer 50, four substrates 41
which have a thick wall portion 42 formed in a zigzag shape and a thin wall portion 43
surrounded by the thick wall portion 42 are formed in two tiers and two rows. The
substrates 41 formed in this manner are cut according a known method.  Stoppers and

pillars are omitted in FIG. 12.



[0112] One side of the substrates 41 is, for xample, 40 mm to 400 mm, the thickness of each
thick wall portion 42 is, for example 0.1 mm to 3 mm, the width of the thick wall portion 42 is, for
example, 0.45 mm to 10 mm, and the thickness oBgach thin wall portion 43 is, for example, 0.1 mm to
3 mm. In addition, the entire length of the thick wall portion 42 in one substrate 41, for example, 1,600
mm to 16,000 mm which is about 10 times of the length of the thick wall portion arranged along the
perimeter portion of the substrate 41. The diameter of the through hole 44 is, for example, 10 mm. The
through hole 44 is communicated with the through holes 44 of the substrates 41 adjacent thereto in the
filtration fillé¥ fodmed by stacking the substrates 41, thereby forming a central flow path through which

a liquid to be treated or a filtrate flows. %13], Next, on the obtained thick wall gortion 42 of the
obtained substrateS 451 S pars B HE e firkh PRETRIGIMAIMAY MEMHBR: tha Bithisthe spacing

between the. substrates 41 are formed in the same manner as the first exemplary embodiment (see
F1GS. 10 A1) TG B IRTLHB e oy et BLr mERSrs WATCAS: & TG SBoRHOh example.
platinum, polyimide, cerami lass. silican, SiC and formed by, for example, a chemical yapor
depositionY&BS@%%?%GJ.%r%%%xﬁén gﬁg%%’?r rgrlgstg-rlqe)é ioh o CEe)élﬁc qé{b%]ﬁzesr 2§° %Cfel %ngt 'd})/ one side is

defined as 3%&%%‘&'?fo?@x5’%§‘%}%9cmrﬂnﬁqg %ﬁ?igm %Qﬁﬁﬂ?%ﬁm“tﬁ’&j{»‘ﬁ@gﬁ 2R dp 20 nm

according Fo target materials to be filtered, and the stoppers 45 are forme xample, at an

equidistantintepighdiby the,aumber.required.fak lhg,Rpachs heesn adiareihswastiates. [0114]

Next, a plurality of pillars 46 as the second spacing maintaining members are 36 been formed with the

stoppers 45,01 the thick walkponiand 2 Tine pillarsAfiapeauangasofer exannie stamedsidistant
nterval in the same manner as the first exemplary embodiment. The pillars 46 are separately formed

according ton@isnewmheethodatt g numhedand-iaterveal oftithe: gill ars4biare fat pastigudarly limited, and
may be acceptable if the number and interval of the pillars 46 allow the spacing between adjacent
substratesmith to hectmregtlyldefidddsasan predeterdninddtiraltheoniiehdhs pillafsitabetheated and
thermally expanded. [0115]
41 adjacent thereto in the filtration filter formed by stacking the substrates 41, thereby
forming a central flow path through which a liquid to be treated or a filtrate flows.
[0113]
Next, on the obtained thick wall portion 42 of the obtained substrates 41,
stoppers 45 as the first spacing maintaining members that define the spacing between
the substrates 41 are formed in the same manner as the first exemplary embodiment (see
FIGS. 10 and 11). The stoppers 45 are cylindrical pillar members which are made up
of, for example, platinum, polyimide, ceramics, glass, silicon, SiC and formed by, for
example, a chemical vapor deposition (CVD) method. In the rectangular cross-section
of each stopper 45, the length of one side is defined as, for example. 0.1 mm 10 mm,
and the height is defined as, for example, 10nm to 20 nm according to target materials
to be filtered, and the stoppers 45 are formed, for example, at an equidistant interval and
by the number required for the spacing between adjacent substrates.
[0114]
Next, a plurality of pillars 46 as the second spacing maintaining members are

disposed at arbitrary places on the thin wall portions 43 of the substrates 41 which have



The pillars 46 are made up of a material of which the thermal expansion coefficient is larger than that
of the material of the stoppers 45, for example. aluminum, and, when the pillars 46 are an-anged on
the thin wall portion 43, the top end surfaces of thegillars 46 are adjusted to have a height where the
top end surfaces form a coplanar plane with the top end surfaces of the stoppers 45. Besides the
aluminum, for example, gold (Au), zinc, silver, chrome, tin, iron, copper, lead, nickel, aluminum,
bronze, brass, duralumin, stainless steel may be suitably used as the material of the pillars 46. In
addition, besides the metals, for example, a photoresist, polyester, poléeth lene, polyvinyl chloride,
polystyren@eshdpislgdartidniie MeRPaIsshellisky. BifkethegHateftals HdireriliamttieliFtarge heat
expansion coefficient.and thus, .. the expansion length when heated is long, the gaps between the
substrates %iaﬂﬂiaéi] Eatey ’b%tvx?‘?ﬁieer?é’d‘.hfé‘ﬂt6]mewﬂ?e’>‘?t, 'ﬁfe THREr PESUET 61 WHich iR stoppers
45 and the pillars 46 are arranged sequentially stacked to form a filtratio fiLter 40, as a substrate
ctuck (s ICTHY AR AR SAELS A B ST 0 Tt e B b e
stoppers 45 ¢ %7 neg g qj n.e aﬁ%i‘ %dt; ivfe is,,a lied s0 as to allow.the thermal expansion of the
Dilers 4. B T R B B B R s o

the filtration, fjltey A0 Lrogn;he SARSIREINAS R IRE.TIRECTYRFURGUAISS AL afhG Jilltationfilter 40 of

the prismatic pillar shape, that is, the gaps between the portions of the thick wall portion 42 arranged in

a zigzag shapg.flowstadbe thinyvalkpertioni43as %fﬂtﬁt%ewm@@ the.contaminantisiiave been

removed by the filtration surfaces formed by the thick wall portion 42. and then flows toward the central
portions of shengubstiaiesdhsenthal thedildate flows through the through hole 44 provided at the

central portions of the substratesfor xample, up-flow, thereby being recovered. [0118] According to
the presen{@xermplary embodiment, the thick wall portion 42 is arranged in a zigzag shape in each
substrate 41 so that the length of the thick wall portion 42 is longer than the length of the perimeter
portion of the substiatepdilarAsia resuttyahe fiftration mayrbe mabkdblshintheased anduas@aresult, the
filtration efficiency of a liquid to be treated may be enhanced.

coefticient 1s larger than that of the material of the stoppers 45, for example, aluminum,

and, when the piliars 46 are arranged on the thin wall portion 43, the top end surfaces of

the pillars 46 are adjusted to have a height where the top end surfaces form a coplanar

plane with the top end surfaces of the stoppers 45.  Besides the aluminum, for example,

gold {Au), zinc, silver, chrome, tin, iron, copper, lead, nickel, aluminum, bronze, brass,

duralumin, stainless steel may be suitably used as the material of the pillars 46. In

addition, besides the metals, for example, a photoresist, polvester, polyethylene,

polyvinyl chloride, polystyrene, and polycarbonate may also be used. Since these

materials have a relatively large heat expansion coefficient and thus, the expansion

length when heated is long, the gaps between the substrates 41 when heated may be

widened.

[0110]

Next, the substrates 41 on which the stoppers 45 and the pillars 46 are arranged

are sequentially stacked to form a filtration filter 40 as a substrate stack (see FIG. 11).

In this case, an adhesive may be applied to required portions such as the stoppers 45 as



[0119] Also, in the present exemplary embodiment, the length of the pillars 46 is set to be longer
than the length of the stoppers 45, and a material of which the thermal expansion coefficient is larger
than the constituent material of the stoppers 45 is applied as the constituent material of the pillars 46.
Thus, as in the first exemplary embodiment, at normal temperature, the spacing between the
substrates 41 may be stably defined by the stoppers 45, and during heating, the pillars 46 are
theimally expanded by the heated water so that the spacing between the substrates 41 may be 38
widened. As a result, a stable opening may be obtained during the filtration treatment, and when
clogged, the'fitgation filte?! itly Péhesisityifejniadted 2T e Adwing ditbetion oraarieated Water is
typically in reverse to the flowing direction during the filtration treatment but may be the forward
direction. [0RBE}S 46+ In the present exemplary embodiment, the area of the thin wall portion 43 in
each substr ti 41 is preferably- not more than 30% of the area of the substrate 41. By this, it becomes
easy to secﬁ} the strength of the substrate. In addition, the diameter of the through hole 44 is

preferably, for examplg, 1. mmto 1 S0 as to secure the residence time of the liquid.to be treated
within the filtrationr??#ie%ﬁdﬁll ﬁ%%réﬁ%ﬁhﬁoﬁéﬁﬁ n%gyﬁﬁé foTRiEh t‘ﬁf(l) ud%,t?o?)“e%ereﬁ%llega%d)r‘? Setching or

a machining, g1l o¢; 1) 1P ﬁ%%ﬁ’ﬁ%’%%se bodiment. four substigies 41 fonned,in wo tiers
and two rows on the 11ront of the silicon water 50 ay be Cut as one Unit and a substrate stack may be
formed by siagking,aqpiyr @t.b%pﬂ(h%%%@i%t'iﬂ% éi%zp[pjtggg is, the gaps between the portions of

the thick wall portion 42 arranged in a zigzag shape, flows into the thin wall portion 43

as a filtrate, of which the contaminants have been removed by the filtration surfaces

formed by the thick wall portion 42, and then flows toward the central portions of the

substrates 41 so that the filtrate flows through the through hole 44 provided at the

central portions of the substrates as, for example, up-flow, thereby being recovered.

[O118]

According to the present exemplary embodiment, the thick wall portion 42 is
arranged In a zigzag shape in each substrate 41 so that the length of the thick wall
portion 42 s longer than the length of the perimeter portion of the substrate 41, Asa
result, the filtration may be remarkably increased and as a result, the filtration efficiency
of a liquid to be treated may be enhanced.

[0119]

Also, in the present exemplary embodiment, the length of the pillars 46 is set to
be longer than the length of the stoppers 45, and a material of which the thermal
expansion coefficient is larger than the constituent material of the stoppers 45 is applied
as the constituent material of the pillars 46.  Thus, as in the first exemplary
embodiment, at normal temperature, the spacing between the substrates 41 may be
stably defined by the stoppers 45, and during heating, the pillars 46 are thermally

expanded by the heated water so that the spacing between the substrates 41 may be



FIG. 13 is a plan view illustrating a substrate aggregate which takes four substrates 41 as one unit.
[0123] In FIG. 13, a substrate aggregate including four substrates cut from the silicon wafer 50 is
illustrated. A filtration filter may be formed by stackigig a plurality of such substrate aggregates in the
same manner as the second exemplary embodiment. In additioi a filtration filter may be formed by
stacking a plurality of silicon wafers 50 each of which is formed with such a substrate aggregate,
without cutting the substrate 39 embodiment may be obtained. In FIG. 13, the stoppers and pillars are
also omitted as in FIG. 12. [0124] Although the shape of the thick wall portion 42 on each
substrate 4Pis98pthedis aZigdhg sk dagHepresehe ekermsthapentbddifidint theérshiapendf the thick
wall portion 42 is not limited to this and may have, for example, a dual spiral sha]?e configured to
surround théhirRe siressiadhfofdsption GESE BfikrRSoRTHer EREIEHE 0 althtrdsxemdlary

embodiment of he pres ntdisclgsure will be described. ) o _
direction of the heated water is typically in reverse to the flowing direction during the

filtration treatment but may be the forward direction,
[0120]

In the present exemplary embodiment, the area of the thin wall portion 43 in
each substrate 41 is preferably not more than 30% of the area of the substrate 41. By
this, it becomes easy to secure the strength of the substrate.  In addition, the diameter
of the through hole 44 is preferably, for example, 1 mm to 16 mm, so as to secure the
residence time of the liquid to be treated within the filtration filter 40. The through
hole 44 may be formed through, for example, a dry etching or a machining.

[0121] |

In the present exemplary embodiment, four substrates 41 formed in two tiers
and two rows on the front of the silicon wafer 50 may be cut as one unit and a substrate
stack may be formed by stacking a plurality of such substrates 41,

[0122]

FIG. 13 1s a plan view illusirating a substrate aggregate which takes four
substrates 41 as one unit.
[0123]

In FIG. 13, a substrate aggregate including four substrates cut from the silicon
wafer 50 1s illustrated. A filtration filter may be formed by stacking a plurality of such
substrate aggregates in the same manner as the second exemplary embodiment. In
addition, a filtration filter may be formed by stacking a plurality of silicon wafers 50
each of which is formed with such a substrate aggregate, without cutting the substrate

aggregates, With this filtration filter. the same effect as that of the second exemplary



[0126] The filtration filter of the present exemplary embodiment is the same as those of the first
and second exemplary embodiment in basic structure. including the fact that in a substrate stack
formed by stacking a plurality of substrates each hawing a thick wall portion and a thin wall portion, the
spacing between the thick wall portions of the respective substrates defines the opening width in the
filtration surface. [0127] FIG. 14 is a cross-sectional view illustrating a principal portion of the
filtration filter according to the third exemplary embodiment of the present disclosure. In FIG. 14, the
filtration filter 60 is formed by stacking a plurality of substrates 61 having the thick wall portion 62 and
the thin walEpdaibnes. mhe fiteatomdilter lckBrdihl baeomies exénnplary aimbbdinieiitsd as
characterized by the producing method thereof. [012S] Hereinafter, a method of producing the filtration
filter 60 will ‘t‘ing@s&ﬁbed [0129] FIGS. 15A to ISF are process views illustrating the method of
producing t?ﬁ filtration filter according to the third exemplary embodiment of the present invention.

[0130] dre }ing to FIGS 15A to | 5F. the filtration filter 60 is produced in the following manner.
Each of FIGS. 15A}8 str tes a qf’ \tlklle (Plplarrg V|e of a suﬁsstr tte in e rodueglng
process as a set in WF‘IICh‘I e}l?ﬁ;pél j(Sl%le View'ts the sigfé \ifi"ew and e oWt ’%ﬁe oW 18 the plan view.

in a zigzag shape in the present exemplary embodiment, the shape of the thick wall
portion 42 1s not limited to this and may have, for example, a dual spiral shape
configured to surround the thin wall portion 43.

[0125]

Next, a filtration filter according to a third exemplary embodiment of the
present disclosure will be described.
[0126]

The filtration filter of the present exemplary embodiment is the same as those
of the first and second exemplary embodiment in basic structure, including the fact that
1n a substrate stack formed by stacking a plurality of substrates cach having a thick wall
portion and a thin wall portion, the spacing between the thick wall portions of the
respective substrates defines the opening width in the filtration surface.

[0127]

FIG. 14 1s a cross-sectional view illustrating a principal portion of the filtration
filter according to the third exemplary embodiment of the present disclosure.  In FIG.
14, the filtration filter 60 is formed by stacking a plurality of substrates 61 having the
thick wall portion 62 and the thin wall portion 63,  The filtration filter according to the
third exemplary embodiment is characterized by the producing method thereof.

10128]

Hereinafter, a method of producing the filtration filter 60 will be described.



[0131] When producing the filtration filter 60, a substrate 61 is prepared as a constituent material,
first (FIG. 15A). The substrate 61 is, for example, a flat silicon substrate having smooth surfaces on
the front and rear side. One side of the substrate 6d;is, for example, 5 mm to 450 mm. The thickness
is, for example, 0.8 mm to 1.2 mm. The surface roughness of the silicon substrate is not more than
1/10 of the gaps between the thick wall portions 62 when such substrates 61 are stacked, for example,
about 0.1 nm. [0132] Next, a mask material 67 having a line width of for example, 0.8 mmto 1.2
mm is coated slightly inside of the perimeter portion of the substrate 61, for example, inside by 1 mm
to 10 mm fiéi e perimeter portion around the entire circumference along the perimeter portion (FIG.
15B). As for the mask material 67, for example, a super heat resistant and cold resistant polyii ide
(trademark name: K¥pter’ér & phitcrésispeesdvishen lisHafadhng séinfcshaiedsraevibés may be
suitably used.@#OlS% Next, the substrate 61 coated with the mask material 67 is accommodated
in a chambBIEFRSIBHAEProtesaity ABPArARRPHY FrOire-Rithif ther eeahiBEF1S S8t to, for
example, 1[81118 r to 1,000 mTorr (0.133 Pa to 133 Pa), and the substrate 61 is etched in the thickness
direction to'a deé)th of, for example. 300um using, for example, a mixture gas of HBr, ammonia (NH3)
and oxygen (02) as,ap etching ' egeb ot ling a thinawall portign 63 surrounded by.a convex
portion covered byé%ﬁgéﬁgéktiaﬁtgﬁ% 9%th&1§%0§“{0 “%k%n @g%s%eiulén F;}’, élcp%s)rtfgn%gf: the mask

material 67¢hal, 15, %RAHAN ofher hapihe Rerion ypchWiLiom e SieRPSLS BRAS G Spacing

maintaining units, IS peeled off and a plasma etching processing is performed with the

abOVe'merﬁ‘@ﬁ'&ﬁrﬁ&ﬁﬁit@%’ﬁhﬁ{&bb{é ningsthe thigkiwalhrer @9@ é}chi@%i%ﬁQQE’%% @ﬁi_&hat
protrude from the thick wall portion 62 (FIG. 15D). Here, the height of the stoppers 65 is adjusted to a

height that cREfesRPIEIIe& side eklargelepmponants to be removed with the filtration filter 60, for
example, 1 nm to 100,000 nm. The number and intenial of the stoppers 65 are not particularly defined

and may bécacagéptable they allow the spacing between the substrates 61 to be maintained stably.
[0135]

When producing the filtration filter 60, a substrate 61 is prepared as a
constituent matertal, first (FIG. 153A).  The substrate 61 is, for example, a flat silicon
substrate having smooth surfaces on the front and rear side. One side of the substrate
61 is, for example, 5 mm to 450 mm. The thickness is, for example, 0.8 mm to 1.2
mm. The surface roughness of the silicon substrate is not more than 1/10 of the gaps
between the thick wall portions 62 when such substrates 61 are stacked, for example,
about 0.1 nm.

[0132]

Next, a mask material 67 having a line width of, for example, 0.8 mm to 1.2
mm is coated slightly inside of the perimeter portion of the substrate 61, for example,
inside by I mm to 10 mm from the perimeter portion around the entire circumference
along the perimeter portion (FIG. 15B).  As for the mask material 67, for example, a

super heat resistant and cold resistant polvimide (trademark name: Kapton) or a

photoresist used when manufacturing semiconductor devices may be suitably used.



Next the mask material 67 is peeled off from the stoppers 65 of the substrate 61 formed with the
stoppers 65 (FIG. 15E), and a through hole 64 is formed at the central portion of the thin wall portion
63, thereby completing the substrate 61 as a constituent element of the filtration filter 60 (FIG. 15F).
[0136] Next, a plurality of pillars 66 as spacing maintaining members are arranged at an
equidistant intenial at arbitrary positions on the thin wall portion 63 of the obtained substrate 61 as in
the first and second exemplary embodiments, and a plurality of such substrates 61 (e.g.. dozens of
substrates to 100 substrates) are stacked via the pillars 66 and the stoppers 65, thereby forming the
filtration filté+66] [0137] According to the present exemplary embodiment, the formation of the
thick wall portion 62 and the thin wall portion 63 and the syubsequent formation of tge stoppers 65 may
be executed by the s %%Eﬁﬁ%@ep@@&@&ffﬁgw@h ?tﬁé%r%l&ﬁﬁﬂﬁb G StasE B B Sivipiftied and
thus, produgtivit%/ mag/ be im .rgved. _OlBSJ _Also itn the é)resgnt.ggent}glag ergbo.dimert]t, a material
of which the fherial e%g Sion dosfficient iaép%‘irg‘grmfhgﬁ HE sttt matenal of t'l"iesgttoﬁpers 65,
i.e., the material of the substrates 61,.is.applied as the gonstituent, material,'the pillars 66, as in the first
and secon?jftoéxeexr%lgéfy S]eurr}1 Sgo |m§é)ntils'{.)$}1} a{%j%lﬁ%rﬂmﬁjen ﬁ?eohﬁe‘)lg h%%):‘ t?%]ed'gglllllgrssu'ggﬁ%%e@t& be higher

than the stappers; B9 shaelliicalyyidbe cavaldgl sHofib1onastE thap, the S ?&JQ@:HH@E‘?”CG
between the thick wall portion 62 and the thin wall portion 63 and the height of the stoppers 65, at

normal tempgratiie, e SPasing heiwesn thesyhsiiates &k mey) be stakiicsatines byntherstoppers 65

and at the time of regeneration where heated water is caused to flow therethrough, the pillars 66 are
thermally expanged spithatihespreing hetwepadhe substiates fdrmay ke widened d Rusikstable

openings may be obtained during a filtration treatment and when clogged, the filtration filter may be
easily regenaratad @hd-iepeatedly used. [0139]
101347
Subsequently, a portion of the mask material 67, that is, a portion other than the
portion which will form the stoppers 65 as the spacing maintaining units, 1s peeled off
and a plasma etching processing is performed with the above-mentioned conditions,
thereby forming the thick wall portion 62 and the stoppers 65 that protrude from the
thick wall portion 62 (FIG. 15D). Here, the height of the stoppers 65 is adjusted to a
height that corresponds to a size of target components to be removed with the filtration
filter 60, for example, | nm to 100,000 nm. The number and interval of the stoppers
65 are not particularly defined and may be acceptable if they allow the spacing between
the substrates 61 to be maintained stably.
[0135]
Next, the mask material 67 is peeled off from the stoppers 65 of the substrate
61 formed with the stoppers 65 (FIG. 15E), and a through hole 64 is formed at the

central portion of the thin wall portion 63, therecby completing the substrate 61 as a

constituent element of the filtration filter 60 (FI1G. 15F).



In the present exemplary embodiment, for example, liquid to be treated A flows into the body of the
filtration filter 60 from the gaps between the substrates 61 on the outer circumferential surface of the
filtration filter 60 (see FIG. 14) and becomes filtrate gf which the target components are filtered by the
gaps between the thick wall portions 62. The filtrate flows through the central flow path in which the
through holes 64 formed at the central portions of the substrates 61 (see FIG. 15F) are communicated
with each other) as, for example, up-flow, and flows out from the filtration filter 60. In addition, the
liquid to be treated A may be caused to flow into the filtration filter 60 as, for example, downward flow,
and then to flblWabward the outer circumferential surface of the filtration filter 60 through the gaps
between the respective substrates 61. [0140] In the present exemplary embodiment, he shape of
the substrates 61 isMeidctapiyiitdiip i@ HREDLO HOMRMGEIS the SHEIPE HMER RUBFaEB LS Abt
particularly limited and may be a disc shape, an oval plate shape or any other plate shape, and the
substrates 61 rfidy B AP pRETNBhanGi Ry RAE et e dotding tstheditstbrisddha eXemstary
embodiment. 0141; ~In t%e esent exemplary embodiment, a super heat resistant and cold
resistant pob/ HFaibitatk NAE peaét%ﬁ%fag SRR USROS R RAT RnRUF Besides
these materials for. ex le, a,metal, carbon or quartz, may be used. In addition, .in the present
exemplary. tsﬁlleg #ﬁ?’gﬁ ogn?ll‘%'e%r' 6 ﬁ(fgf/ %esll}?‘fse%%’tsgg) u{gpl gS ?ggﬁrg%éndﬁfe.st(‘%%s"t%cv éis:[t%enmgarenseﬁers as

illustrated inE1Gy, £ 595]%%1%@@81@%%?%’&1% H?ésﬁ % Iﬂatﬂ?epg(}he filtration filter 60 may be
; byl _ .

stabilized. [0142 In the present exempiary embodiment, as for the constituent material of the
pillars 66, agg@jq ial which has a converse piezoelectric effect such as, for example, crystal (Si02),
zinc oxide (Zn0). Rochelle salt (potassium sodium tartrate) (KNaC41-1406). lead zirconate titante

(PZT:Pb(Zr,Ti)03), garmsiome ounlipekdaelyvinyidenefiuetdss VIRE)igalius RITosRhaie kGaPO4).

or gallium arsenide (GaAs). may be used, instead the material of which the thermal expansion
coefficient isshighesrthan shaiaf the ehhistituBnpeatarial oftbelstoppres 6t[Fd43ition Adthpugh the

exemplary embodiments of the present disclosure have been described in detail above, the present
disclosure istpblimiteditiathasexexeraplayytiembedimentsiRgseiptioneof Symbhahe producing
process may be simplified and thus, productivity may be improved.
[0138]

Also in the present exemplary embodiment, a matertal of which the thermal
expansion coefficient 1s larger than the constituent material of the stoppers 65, i.e., the
material of the substrates 61, 1s applied as the constituent material of the pillars 66, as in
the first and second exemplary embodiments. In addition, when the height of the
pillars 66 1s set to be higher than the stoppers 65, specifically, to be equal to or slightly
longer than the sum of the difference between the thick wall portion 62 and the thin wall
portion 63 and the height of the stoppers 65, at normal temperature, the spacing between
the substrates 61 may be stably defined by the stoppers 65 and at the time of
regeneration where heated water is caused to flow therethrough, the pillars 66 are
thermally expanded so that the spacing between the substrates 61 may be widened.
Thus, stable openings may be obtained during a filtration treatment and when clogged,

the filtration filter may be easily regenerated and repeatedly used.



[0144] 10, 60: filtration filter 11 41, 61: substrate 11, 41, 61: thick wall portion 13, 43, 63: thin wall
portion 14, l4a, 44, 64 through hole 15, 45, 65: stopper 16, 46, 66: pillar 17: flow path 18: spot face
portion 43

[0139]

In the present exemplary embodiment, for example, liquid to be treated A flows
into the body of the filtration &lter 60 from the gaps between the substrates 61 on the
outer circumferential surface of the filtration filter 60 (see FIG. 14) and becomes filtrate
of which the target components are filtered by the gaps between the thick wall portions
62. The filtrate flows through the central flow path in which the through holes 64
formed at the central portions of the substrates 61 (see FIG. 15F) are communicated
with each other) as, for example, up-flow, and flows out from the filtration filter 60.
In addition. the hiqud to be treated A may be caused to flow into the filtration filter 60
as, for example, downward flow, and then to flow toward the outer circumferential
surface of the filtration filter 60 through the gaps between the respective substrates 61.
(01407

In the present exemplary embodiment, the shape of the substrates 61 is a
rectangular plate shape. However, the shape of the substrates 61 is not particularly
limited and may be a disc shape, an oval plate shape or any other plate shape, and the
substrates 61 may be applied when forming the filter according to the first or second
exemplary embodiment.

[0141]

In the present exemplary embodiment, a super heat resistant and cold resistant
polyimide (trademark name: Kapton) or photoresist as the mask material. However,
besides these materials, for example, a metal, carbon or quartz, may be used. In
addition, in the present exemplary, the filtration filter 60 may be integrated using, for
example, elastic fastening members as illustrated in FIG. 7 or an elastic adhesive. By

this, the shape as the filtration filter 60 may be stabilized.



67: mask material WHAT IS CLAIMED IS: A filtration filter comprising: a substrate stack formed
by stacking a plurality of substrates each having a through hole that penetrates a substrate from front
to back: one or more first spacing maintaining members that define a spacing between adjacent
substrates in the substrate stack; and one or more second spacing maintaining members having a
thermal expansion coefficient that is larger than that of the one or more first spacing maintaining
members, wherein the spacing between adjacent substrates at normal temperature is defined at
least by the one or more first spacing maintaining members, the spacing when heated is defined by
the one or rbré2$econd spacing maintaining members in a thermally expanded state, and gaps
between adjacent substrates form a filtration surface that traps target components contained in a liquid
to be treated. 2. THe filvaisacikereMalEind srlinskainthersbstrageechaaenthickswiall pértien and a
thin wall portion, a plurality of first spacing maintaining members are disposed between the thick wall
portions to BE'8paBEaRpEETBht&ieh ihér capiersiRiGrslscait S5etingthamtmiryametibers are
disposed betweep the thin wall portiops to be spaced apart from each other, and the length of the one
or more seéﬁﬁﬂ'zé[]pe{éﬁga%aﬁﬁ?ﬁini?fﬁ ertfiErS is RGEr thait thel R B? th¥ Siior G Hrst

Spacing malgiRN I BT DO U £ 98I0 2SR e el oty forms 2
polyvinylidene fluoride (PVDF), gallium phosphate (GaPOy), or gallium arsenide
(GaAs), may be used, instead the material of which the thermal expansion coefficient is
higher than that of the constituent material of the stoppers 65.

[0143]

Although the exemplary embodiments of the present disclosure have been
described in detail above, the present disclosure is not limited to these exemplary
embodiments.

Description of Symbol
[0144]

10, 60 filtration filter

11,41, 61: substrate

12,42, 62: thick wall portion

13, 43, 63: thin wall portion

14, 14a, 44, 64: through hole

15, 45, 65: stopper

16, 46, 66: pillar

17: flow path

18: spot face portion

67: mask material



46 which is surrounded by the thick wall portion, and the through hole is provided at the central portion
of the thin wall portion. 4. The filtration filter of claim 2, wherein the thick wall portion is arranged in an
annular shape on the front surface of the substrate,go that the entire length of the thick wall portion is
longer than the perimeter portion of the substrate, the thin wall portion is surrounded by the thick wall
portion and also includes the central portion of the substrate, and the through hole is provided at the
central portion of the substrate. 5. The filtration filter of claim 4, wherein the thick wall portion is
arranged on the front surface of the substrate in a loop shape in which two rows of zigzag-shaped line
portions aréHdmviEdte € toAdAthIdtier at the ends thereof, respectively. 6. The filtration filter of claim I,
wherein the through hole is communicated with through holes of other substrates in the substrate
stack, thereby forming a flow path for a liquid to be treated or filtrate. 7. The filtration filter of claim I.
wherein the thick wall ?orti_on of the substrate has a surface roughness (Ra) which is not more than
1/10 of a gdp betwéeR g tHiEkIGiAPPOWiITAE: 8. The filtration filter of claim I, wherein each of the
plurality of substrates is made up of at least one of silicon, glass, a metal, a silicon compound including

silicon carbonate, & reiiiAQuERNY SOTARTidY, akaRasppmItglity of substrates cach having a

through hole that penetrates a substrate from front to back;

one or more first spacing maintaining members that define a spacing between
adjacent substrates in the substrate stack; and

one or more second spacing maintaining members having a thermal expansion
coetfficient that is larger than that of the one or more first spacing maintaining members,

wherein the spacing between adjacent substrates at normal temperature is
defined at least by the one or more first spacing maintaining members, the spacing when
heated is defined by the one or more second spacing maintaining members in a
thermally expanded state, and gaps between adjacent substrates form a filtration surface

that traps target components contained n a liquid to be treated.

2. The filtration filter of claim 1, wherein the substrates have a thick wall portion
and a thin wall portion. a plurality of first spacing maintaining members are disposed
between the thick wall portions to be spaced apart from each other, a plurality of second
spacing maintaining members are disposed between the thin wall portions to be spaced
apart from each other, and the length of the one or more second spacing maintaining

members 1s longer than the length of the one or more first spacing maintaining members.

3. The filtration filter of claim 2, wherein the thick wall portion forms a perimeter

portion of each substrate, the thin wall portion forms a central portion of the substrate



9. The filtration filter of claim I, wherein the substrate stack is integrated by a fastening member which
allows the thermal expansion of the second spacing maintaining members. 10. A method of producing
a filtr on filter, the method comprising: a spot fgécing step of forming a spot face portion at a central
portion of a substrate, thereby forming a thick wall portion that forms a perimeter portion of the
substrate and a thin wall portion surrounded by the thick wall portion; a through hole forming step
of forming a through hole that penetrates the substrate from front to back at a central portion of the thin
wall portion; a first spacing maintaining member forming step of forming a plurality of first spacing
maintainingsiiembess:with depriedeiermiced hieiphtaina prédetetmiags tervahen thedthickwall portion;
a second spacing maintaining member forming step of forming a plurality of second spacing
maintaining:enenl pers andhethinwalllppetidmmat a predetermined interval, each of the second spacing
maintaining members having a thermal expansion coefficient larger than that of the first interval
maintaining members and being longer than the first spacing maintaining members and a stacking
step of stacking a plurality of substrates via at least the first interval maintaining members. II.The
method of daim | O} WWHEFEIHOThfiler spotiraring stepethéhspbidaceaortivivts formetkedrough a plasma
etching using plasma.

annular shape on the front surface of the substrate so that the entire length of the thick
wall portion is longer than the perimeter portion of the substrate, the thin wall portion is
surrounded by the thick wall portion and also includes the central portion of the
substrate, and the through hole is provided at the central portion of the substrate,

5. The filtration filter of claim 4, wherein the thick wall portion is arranged on the
front surface of the substrate in a loop shape in which two rows of zigzagwshépcd line

portions are connected to each other at the ends thereof, respectively.

6. The &ltration filter of claim 1, wherein the through hole is communicated with
through holes of other substrates in the substrate stack, thereby forming a flow path for

a liquid to be treated or filtrate.

7. The filtration filter of claim 1, wherein the thick wall portion of the substrate
has a surface roughness (Ra) which is not more than 1/10 of a gap between the thick

wall portions.

8. The filtration filter of claim 1, wherein each of the plurality of substrates is
made up of at least one of silicon, glass, a metal, a silicon compound inchluding silicon

carbonate, a resin including polyimide, and carbon.



48 12. The method of claim 10, wherein, in the spot facing step, the spot face portion is formed
through a chemical mechanical polishing (CMP) method. 13. The method of claim 10, wherein, in the
first spacing maintaining member forming step, thegfjrst spacing maintaining members are formed on
the thick wall portion through a film forming method using a mask material. 14. The method of claim
10, wherein in the first spacing maintaining member forming step, the first spacing maintaining
members made up of a photoresist are formed on the thick wall portion through a coating method
using a mask material. 15. The method of claim 10, further comprising: an integrating step of
integrating the substhatdiktackrstaltke diinither stackirng:stepp by fasteningkmemberrwhich allows
thermal expansion of the second spacing maintaining members. 16. The method of claim 10, wherein
the thick waityertichsoithersubbiehted have Beutfarabughmesswhidh ibencenork thwsigaps
between the thick wall portions. 17. The method of claim 10, wherein at least one of a silicon plate, a
glass plate, AdHERY peeabsTate of a silicon compound including silicon carbonate, a plate of a resin
including polyimide, and a carbon plate is used as the substrates. 49

10. A method of producing a filtration filter, the method comprising:

a spot facing step of forming a spot face portion at a central portion of a
substrate, thereby forming a thick wall portion that forms a perimeter portion of the
substrate and a thin wall portion surrounded by the thick wall portion;

a through hole forming step of forming a through hole that penetrates the
substrate from front to back at a central portion of the thin wall portion;

a first spacing maintaining member forming step of forming a plurality of first
spacing maintaining members with a predetermined height at a predetermined interval
on the thick wall portion;

a second spacing maintaining member forming step of forming a plurality of
second spacing maintaining members on the thin wall portion at a predetermined
interval, each of the second spacing maintaining members having a thermal expansion
coetficient larger than that of the first interval maintaining members and being longer
than the first spacing maintaining members; and

a stacking step of stacking a plurality of substrates via at least the first interval

maintaining members.,

11. The method of claim 10, wherein, in the spot facing step, the spot face portion

is formed through a plasma etching using plasma.



a masking step of forming an annular masking material along a perimeter portion of a front surface of a
substrate; a first etching step of etching the substrate formed with the annular masking material so
that a thin wall portion surrounded by a convex portion which corresponds to the annular masking
material is formed,; a first masking material peeling step of peeling a part of the masking material
on the convex portion after the first etching step is terminated, a second etching step of etching
the substrate after the first masking material peeling step so that a thick wall portion is formed by the
convex portion other than a portion coated with the masking material remaining after the first masking
material peé&ling stéprand:@spaticigimalifitaihing poniohepnadt ddimgefuom, the tpick fa@llppertion is formed
by the convex portion of the portion coated with the remaining masking material; a through hole
forming step difordihepaghrodnholbntrahpenetmtéshihe uldstiatetirodn front to back at a central
portion of the thin w the thick wall portion; a spacing maintaining member forming step of fo 11 portion
surrounded by plurality of spacing

13. The method of claim 10, wherein, in the first spacing maintaining member
forming step, the first spacing maintaining members are formed on the thick wall

portion through a film forming method using a mask material.

14. The method of claim 10, wherein, in the first spacing maintaining member
forming step, the first spacing maintaining members made up of a photoresist are
formed on the thick wall portion through a coating method using a mask material.
IS, The method of claim 10, further comprising:

an integrating step of integrating the substrate stack stacked in the stacking step
by a fastening member which allows thermal expansion of the second spacing

maintaining members.

16. The method of claim 10, wherein the thick wall portions of the substrates have

a surface roughness which is not more than gaps between the thick wall portions.
17. The method of claim 10, wherein at least one of a silicon plate, a glass plate, a
metal plate, a plate of a silicon compound including silicon carbonate, a plate of a resin

including polyimide, and a carbon plate is used as the substrates.

i8. A method of producing a filtration filter, comprising:



maintaining members on the thin wall portion of the substrate formed with the through hole at a
predetermined spacing, each of the plurality of spacing maintaining members having a thermal
expansion coefficient larger than that of the spacinggmaintaining portion and having a height higher
than that of the spacing maintaining portion; a second masking material peeling step of peeling
the masking material from the spacing maintaining portion; and a stacking step of stacking a
plurality of substrates at least via the spacing maintaining portion. 50 19. The method of claim 18,
further comprising an integration step of integrating the substrate stack stacked in the stacking step by
a fastening member thaskaliowtetherimi@irexparsiosnof tive wpsloing malierialnidgnmemiyarm2@r The
method of claim 18, wherein the surface roughness (Ra) of the thick wall portions of the substrates is
not more tHAFII @b fhengapdasenideibhgalsick wall portions. 21The method of claim 18, wherein at
least one of a silicon plate, a glass plate, a metal plate, a plate of a silicon compound including silicon

carbonate, a plate HfHYeSir iR SHRG b olsirmde ey eam Sprdeidhudhe Her dpgkiates.

material so that a thin wall portion surrounded by a convex portion which corresponds
to the annular masking material is formed;

a first masking material peeling step of peeling a part of the masking material
on the convex portion after the first etching step 1s terminated;

a second etching step of etching the substrate after the first masking material
peeling step so that a thick wall portion is formed by the convex portion other than a
portion coated with the masking material remaining after the first masking matenal
peehing step and a spacing maintaining portion protruding from the thick wall portion 1s
formed by the convex portion of the portion coated with the remaining masking
material;

a through hole forming step of forming a through hole that penetrates the
substrate from front to back at a central portion of the thin wall portion surrounded by
the thick wall portion;

a spacing maintaining member forming step of forming a plurality of spacing
maintaining members on the thin wall portion of the substrate formed with the through
hole at a predetermined spacing, each of the plurality of spacing maintaining members
having a thermal expansion coefficient larger than that of the spacing maintaining
portion and having a height higher than that of the spacing maintaining portion;

a second masking material peeling step of peeling the masking material from
the spacing maintaining portion; and

a stacking step of stacking a plurality of substrates at least via the spacing

maintaining portion.



50

19. The method of claim I8, further comprising an integration step of integrating
the substrate stack stacked in the stacking step by a fastening member that allows

thermal expansion of the spacing maintaining member,

20. The method of claim 18, wherein the surface roughness (Ra) of the thick wall
portions of the substrates is not more than 1/10 of the gaps between the thick wall

portions.

21. The method of claim 18, wherein at least one of a silicon plate, a glass plate, a
metal plate, a plate of a silicon compound including silicon carbonate, a plate of a resin

including polyimide, and a carbon plate is used as the substrates.



