DESCRI PTI ON HOLLOW STRUCTURE FORM NG SUBSTRATE, METHOD
OF PRODUCI NG THE SAME, AND METHOD OF PRODUCI NG HOLLOW
WGEIHRBIGTISRE USI NG THE SAME TECHNI CAL FI ELD [ O00R( T/T#Pp008/050560
present invention relates to a substrate for formng a

hol | ow structure suitable for form ng the holl ow
structure having regularly-arranged holl ow parts. The
invention also relate d of producing the
hol | ow structure formi#gggg e, and to a nethod of
produci ng the holl ow structure using the holl ow
structure form ng substrate. BACKGROUND ART [0002]
There has been known a holl ow structure, such as the
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|n mhlch a highly expandabl e thernopl astic resin
conposition is filled into each square-shaped hol | ow
recess of a thernoplastic resin body having a
|attice-1ike horizontal sectional configuration. The
t hernopl astic resin body is then heated to cause
vol une expansi on of the highly expandabl e
TECHBIIGW! BEILIB resin conposition, so as to obtain the
foanmed holl ow structure. [0003] Recently, a technol ogy
[0061] pr o@hei prgsent himventiors trelatésute $haubsitata foir ufcaming aohollow
regul arly-arranged holl ow parts is being devel oped.
strufhee holitable $or fotraing Itlaey ihodlovh stiuetiut alhdving rregntpely-arranged
hol | ow parts is fornmed by regularly formng
hollgas peris.ai hhegneprinasalsatieldies toremetwd ohpredueing éheahollow
substrate, and form nga flat plastic- defornatlon [
strogire Horming, gebstrgte) %&ﬁt e agaetiodedl arofucurg the hgloy strticture
surface of the supstrate. Then, the
using thetholloye plsneture OFming MbsiatBpanded and ext ended by
expandi ng pressure of the gas inside of the
gas-retaining spaces, so as to obtain the holl ow

pASKARQUIE 19, 1 ooy ar vt ranged Holl ow par s
[Oﬂdf]oanesﬁe[? heargt bgelﬁblklnga;n gnhgﬁOW structure, such as the structure
disclosed in Japanese patent publication No. H08-112873 for example. Japanese
patent publication No. H08-112873 discloses a foamed hollow structure, in which
a highly expandable thermoplastic resin composition is filled into each
square~-shaped hollow recess of a thermoplastic resin body having a lattice-like
horizontal sectional configuration. The thermoplastic resin body is then heated
to cause volume expansion of the highly expandable thermoplastic resin
composition, so as to obtain the foamed hollow structure.

[0003] Recently, a technology of producing a hollow structure having a
plurality of regularly-arranged hollow parts is being developed. The hollow
structure having the regularly-arranged hollow parts is formed by regularly

forming gas-retaining spaces, which stores gas therein, to a substrate, and forming



2007-98930. DI SCLOSURE OF THE | NVENTI ON [ 0004]
Referring to FIG | A5 the technol ogy described in

wQ apanesses pat ent publication No. 2007-98930 f or@EIJEN0GE/050560
regularly arranges recesses 2, in which inner wall
surfaces thereof are substantially spherical, in a
hol | ow structure form ng substrate 1 as the
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2007®gyegd on a surface | a of the substrate 1 in such a
manner as to bl ock the openings 3. The
pl astic-deformation film4 may be formed by, for

exanpl e, a spin coating nethod, a slit coating mnethod,
DISO1L.Q$ERE GE.THRINVENTEIN the holl ow structure form ng

substrate 1, formed with the plastic-deformation film
[0004]i | | IRefeatiegl tonFIE G A) BX iteclaelogyndesteritwid &n Japanese patent

uni |l lustrated vacuum contai ner. Inside of the vacuum
pubboaticri MNay. 2007428336 Sarmisz enid reglKiy - Hoaqees (racgsses 2urie which
. of 1/100 atnospheres to 1/2 atnospheres), before
innerhellaseifecasethorendt aten spbstantialiyarspbegcal] Go08] hothaw ajtructure

inside of each of the recesses 2 expands due to the _
forrpiag wbstrate; dtasotheogastietaining spaces, ek fommygirular openings 3,

.container, and js thereby | ead out fromthe gpening 3

accg of the
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[0005] More specifically, the hollow structure is manufactured through
processes described below, in the technology described in Japanese publication No.
2007-98930.

[0006] Referring to FIG. 1B, first, a thin plastic-deformation film 4, which
includes a plastic-deformable material, is formed on a surface 1a of the substrate 1
in such a manner as to block the openings 3. The plastic-deformation film 4 may
be formed by, for example, a spin coating method, a slit coating method, or the
like.

[0007] Then, the hollow structure forming substrate 1, formed with the
plastic-deformation film 4 illustrated in FIG. 1B, is set inside of an unillustrated
vacuum container. Inside of the vacuum container is depressurized to

1KPa-50Kpa (a pressure of 1/100 atmospheres to 1/2 atmospheres), before the



Thereby, the plastic-deformation film4 is deforned to
a structure having a plurality of hollow parts 5a.

WO 08033543 | i qui d conmponent within the PCT/JP2008/050560
pl astic-deformable material, structuring the structure
havi ng the hol |l ow parts 5a, vaporizes under the
depr essuri zed environnental condition. As a result, an

ded bod hardened to formthe hoIIowstructure
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Consequently, there are likely that variation in the
the \atitugtrere ohattihg thel hollowaperts 5%, i vargeizes atmter thed deprassurized
filmthi ckness of partition walls 5b dividing the
enviresmestai vendidionowAsaa resulla an gagandesobddy is harfenadetosiosm the
surface |layer films 5c¢c becone uneven. [0011] |n _order
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material into the recesses 2, a size of each _of the
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plastic-deformable material are generated. Since an amount of air or gas sealed

differs in the recess 2 with the infiltration and in the recess 2 without the
infiltration, the expanding pressure of the gas under .the depressurized
environmental condition also becomes different. Consequently, there are likely
that variation in the volume of the hollow parts 5a is generated, and that
film-thickness of partition walls 5b dividing the respective hollow parts 5a, and
also film-thickness of surface layer films 5¢ become uneven.

[0011] In order to avoid the infiltration of the plastic-deformable material into

the recesses 2, a size of each of the openings 3 may be set small. However,



t hereby reduci ng use-efficiency of the holl ow

structure formng substrate 1. [0013] At | east one
wobjoeneisye of the present invention is to provPGEIR008/050560

hol | ow structure form ng substrate, a nethod of

produci ng the holl ow structure form ng substrate, and

a nethod of producing a hollow structure using the
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structure having regularly-arrangéd holl ow part’s.
provided al hd MR REAERBS $bdmin@ 2B sRhtel BEMPASIdLadbii@acRUén which a

parts i1 ncludes a
plastic-deformation film is formed by using a plastic-deformable material; a
plurality of regularly-arranged gas-retaining spaces each retaining gas therein; a
plurality of gas leading-out parts each having a first opening which faces
corresponding one of the gas-retaining spaces and a second opening which faces
the surface, the gas leading-out parts leading out the gas retained in the
gas-retaining spaces toward the surface under depressurized environmental
condition; and a plurality of infiltration preventing spaces each provided in a space

between corresponding one of the first openings and corresponding one of the

second openings, the infiltration preventing spaces preventing infiltration of the



cylindrical opening, and wherein each of the

gas-retaining spaces includes a cylindrical recess or
wa@2geaehsangul ar cylindrical recess. [0016] PCT/JP2008/050560

Advant ageously, each of the gas |eading-out parts

includes a cylindrical opening, and wherein each of

t he gas-retaining spaces includes a hexagona
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bet ween 5mm and 30mm [ 0023] Advant ageously, each of
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formng substrate further conprises: a plurality of
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thereof,; and a plurality of partition walls
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ha‘)iTEgt %dcﬁ{ndl?fcgpgﬁénqggsa in the center thereof, respectively.

[0019] Advantageously, each of the annular contour parts includes an annular
projection.
[0020] Advantageously, the surface surrounded by each of the annular contour

parts is processed with a water-repellent process, and wherein each of the annular
contour parts has a hydrophilic property.

[0021] Advantageously, each of the annular contour parts includes a titanium
metal film.

[0022] Advantageously, a diameter of each of the cylindrical openings is
between Sum and 90um, preferably between Sum and 50pm, and most preferably
between Sum and 30pm.

[0023] Advantageously, each of the gas leading-out parts has volume which is

possible to ignore volume of each of the gas-retaining spaces.



hol | ow structure form ng substrate, the nethod
conprising: formng a resist thin-filmon one surface
wo@Rooa/omssnl substrate; form ng cylindrical expPGE#P2008/050560
portions, which correspond to cylindrical openings, by
exposing the resist thin-filmaccording to a regul ar
pattern and by renovi ng unexposed portions of the
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correspond to partition wall form ng recesses for

whichr edrrgsgmendt ite | oylindaidad epfenimgp| by | gxposingngbe resist thin-film
gas-retai ning spaces, and wherein the gas-retaining
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thereof, respectively; formng a netal thick-filmin
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one of the gas-retaining spaces and a second openi ng
por¥ibh€ off Beefesist-thick film from the one surface of the metal thin-film,
wherein the unexposed portions of the resist-thick film correspond to partition
wall forming recesses for forming partition walls of regularly-arranged
gas-retaining spaces, and wherein the gas-retaining spaces having the cylindrical
openings in the center thereof, respectively; forming a metal thick-film in the
partition wall forming recesses, in such a manner that the metal thick-film is
integrated with the metal thin-film and that the polygonal cylindrical exposed

portions are not buried thereby; detaching a structure, which includes the metal

thin-film, the metal thick-film and the polygonal cylindrical exposed portions,



the surface, and the gas |eading-out parts | ead out
the gas retained in the gas-retaining spaces toward

wao b@smsiace under depressurized environment al PCT/JP2008/050560
condition. [0026] Advantageously, the nethod further
conprises: form ng hexagonal annul ar grooves on the
one surface of the netal substrate before the resist
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and a second openi ng. which faces the surface, the gas
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[0028] Moreover, the invention provides a method of producing a hollow

structure, the method comprising: preparing a hollow structure forming substrate,
including: a surface on which a plastic-deformation film is formed by using a
plastic-deformable material; a plurality of regularly-arranged gas-retaining spaces
each retaining gas therein; a plurality of gas leading-out parts each having a first
opening which faces corresponding one of the gas-retaining spaces and a second
opening which faces the surface, the gas leading-out parts leading out the gas
retained in the gas-retaining spaces toward the surface under depressurized
environmental condition; and a plurality of infiltration preventing spaces each

provided in a space between corresponding one of the first openings and



condition; and form ng the hollow structure having
regul arly-arranged hollow parts by expanding the gas
w0 eq0ajossd3 i N each of the gas retaining spaces BOI/aER008050560
def orm and expand the plastic-deformation filmwth
expandi ng pressure of the gas. [0029] It is to be
understood that both the foregoing general description
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illustrating the nmethod of producing the holl ow

defaht uad Wwxpahy ths iphgtichizfemmation fidmawithoddpandiigr prekssure of the
form ng substrate, in which a state that a

gas.pl astic-deformation filmis formed on a surface of the

hol | ow structure form ng substrate illustrated in FIG
[0029 i siltlisge rbatwdlerdtodB Batfioth thCfoegaing general description and
vertical -sectional explanatory viewillustrating the

the dellawingpdetnilsdudésstiptinn arel examplaricangr erepyntgadery te fgovide
conventional hollow structure form ng substrate, in

Turthey eyplanationraf the faventionips|alaimess r ucture is formed by
expandi ng gas in recesses under the depressurized
condition is illustrated. [0034] FIG IDis a -

Briff RS RE LR R RRGIRs L i e rating the
[Oofﬂnven&"hg ngclzcot}r?plae{n%\l,\r’lgsqr%%vtings are included to provide a further
understanding of the invention, and are incorporated in and constitute a part of this
description. The drawings illustrate embodiments of the invention and, together
with the description, serve to explain the principles of the invention.

[0031] FIG. 1A is a vertical-sectional explanatory view illustrating a method
of producing a hollow structure by using a conventional hollow structure forming
substrate, in which the conventional hollow structure forming substrate is
illustrated.

[0032] FIG. 1B is a vertical-sectional explanatory view illustrating the method
of producing the hollow structure by using the conventional hollow structure

forming substrate, in which a state that a plastic-deformation film is formed on a

surface of the hollow structure forming substrate illustrated in FIG 1A is



form ng substrate, in which the hollow structure
formed is illustrated. [0035] FIG 2Ais a
wWee@ws®9sext i onal explanatory view illustrati ngPEI/aD8HEH0560
of producing a hollow structure form ng substrate
~according to a first enbodi nent of the present
invention, in which a state that a resist filmis
... forned on a netal substrate is illustrated. [0036
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of Fo8hdAg-HBChOI0NR stEicRhRNBY Qfsing/ tBY donkegfidredl | slldwW &tructure
met hod of producing the hollow structure form ng

fornsinb Substr#te ARCWhibhile hollbWesthichgt ferfed isw@histrafedt he
present invention, in which the netal substrate forned

[0038]t h GHIG. 2 Iscakrassaestiasl iexplddatayrédtwdllusROB0d afkhéhod of
2E is a cross-sectional explanatory view illustrating
produréngre hotid wostrymtadtuorming sibstretd anvosding do wrfarst embobdignent of
substrate according to the first enbodi nent of the
the pressahinvemviont iimrwhich avsiatt thatea mesial fidmbist faameds on methetal
with aresist film formed in such a manner as to fill
subgtrpte kreillgiratedr i cal recesses of the nickel
electroformng film is illustrated., [0,040%i FIG., 2F is
[0036]cr oELGs @By is driapssesgsitionak exnjanatery vienudiushating theyaethod of

met hod of producing the holl ow structure formn
prodysiag r thee BRI gsHctEe t%émflw < FURSTRHS ASSPOE e the first

et ERER ob LSR8, ML L0 B SUOSHLEAE, s wits
oylindhitd1G8sist 68198 Q0GR g, formed, is illustrated.

[0037] FIG. 2C is a cross-sectional explanatory view illustrating the method of
producing the hollow structure forming substrate according to the first
embodiment of the present invention, in which the metal substrate formed with a
nickel electroforming film is illustrated.

[0038] FIG. 2D is a cross-sectional explanatory view illustrating the method
of producing the hollow structure forming substrate according to the first
embodiment of the present invention, in which the metal substrate formed with
cylindrical recesses is illustrated.

[0039] FIG. 2E is a cross-sectional explanatory view illustrating the method of
producing the hollow structure forming substrate according to the first

embodiment of the present invention, in which the metal substrate formed with a



[0041] FIG 2Gis a cross-sectional explanatory view
illustrating the nmethod of producing the holl ow

W@ 2008093582 form ng substrate according to the BPCT/S2008/050560
enbodi nent of the present invention, in which the
metal substrate, wherein a nickel electroformng film
is formed in the lattice-like grooves, is illustrated.

SRR E e e I SRR
R e A

T T
prof ISP PRAOGTA B DS, el g e

embodiHsht 3k gr é}qﬂ%@eﬂ{eh‘g%ﬂtigﬁ, Rh OQH{EE':?” ohd I?ﬁetgﬁlesh?%’rate, wherein

structure To ng substrate according to t I rst

qua@iFReFiareRlimdtichN e R5C B8 Bes| AVENEIRR.1ilkd) gibdF} &R formed, is
netal substrate, wherein the quadrangul ar cylindrical

illudtesédt bodies are renoved, is illustrated. [0044] FIG
2J is a cross-sectional explanatory view illustrating

[0041]e NERIBHRPfs propesscidediohhiceslhharors vidie il frdtimpnihegmethod
substrate according to the first enbodi nent of the

of prodsentg ithy dndllow, sttuctindei dbrrhing lBobdteate Sicaoedimpeto the first
form ng substrate, with an adhesive sheet attached to

embmdbacit sfithapeesentivvintions ia Whivhs thed nptddsudistiage, wherein a
illustrated. [0045] FIG 3 is a plan viewillustrating

nickgl slestroformingifidm isifovnedin thegatiine-ldke groovesss sHustiated.
illustrated in FIG 2A are subjected to .

[004824pos U I& [BDash aress-sestiosalaenlanatoriewiaw lilsstradinigngieamethod
state, in which quadrangul ar regions of the resist film

of prqdysingatthe hollawy trusting doupige subsraty esgosdigeto the first
0047‘]l‘ F% 5A i s .an expl anat of%;ﬁl an vi

okt t

[ ew . .
embjodimg QPIESTB ARV gL i BnvBichihglatfothab @ Hiiaieiey ineluding
R TR ST o1 T LA
o8 P SR Tl s, oot Lo
[ooﬁjg' ANRIODY iPh okl RMibhAI SIS Ak NLLEMEAY Y Ifhod of
producing the hollow structure forming substrate according to the first
embodiment of the present invention, in which the metal substrate, wherein the
quadrangular cylindrical resist bodies are removed, is illustrated.

[0044] FIG. 2J is a cross-sectional explanatory view illustrating the method of
producing the hollow structure forming substrate according to the first
embodiment of the present invention, in which the hollow structure forming
substrate, with an adhesive sheet attached to a back surface thereof, as a finished
product is illustrated.

[0045] FIG. 3 is a plan view illustrating a state in which circular regions of the

resist film illustrated in FIG. 2A are subjected to exposure.
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hol |l ow structure form ng substrate according to the
first enbodinent, in which a state that the holl ow

w@Re0so93see form ng substrate illustrated in FlECT/2R008050560
seen fromthe back surface thereof is illustrated.
[0049] FIG 6 is a cross-sectional viewillustrating a
state in whi ch a pI astic-deformation filmis fornmed on

[004F]e ust Fg(? e‘g igap 19\%1 luv%%tté%gu gér IS 11%%1&‘%1{] gp]a rgrsutgular regions

of & RGN Yl BTRE ARk AibRcl RMpBHC] 0T o B
[oogh} hth p&ﬂ&g& b ggﬁ@%@ 1 { %Tffmds'taah gt &%4@&&1& of the

e hoI wstru ture

I3 O BB ESHBEEN, O Rt i
stat\é'tﬁ?‘( @Ml Lichtbre RSmRRE LowétSitd Hbiswatedodn PIRE N9 1§ B&en from

w structure formng Substrate formed with t

afrBhﬁﬁﬂf&ce%Ef&)m iIRRtrbddgm i I lustrated in FIG 6, | n
a process of expansion and extension of the

[OOFIBFSt | pIAes®rigah ie@plahbloly iplan sigvailagtiatingla@ontfyurstion of the
ilTustrated. [0052] FIG 7Cis a vertical-sectional
holkosplsarnatuee Yorrhidy substrite agootding ttdehd firdtounisddimehtiria Wkich a
using the hollow structure form ng substrate forned
statei thht thieehobloas stirgetdesf forneng eubdtiaterilivstuased bt BXG.iA iFs&n from
6, in which the hollow structure produced through the
thefrack essfacd theseafds ddustratdd.G. 7B is illustrated. [0053]
FIG 8A is a cross-sectional explanatory view '
[0049] ust rEiG.n§ & mectess-sectignadduievhgllastringw state cioyméiich a
form ng substrate according to a second, enbodi ment of
plastig-dgfosmationfHpe i fogmed on s wriage of dhe hoHaw ryctegegforming
filmijs forggg on a netal substrate is illustrated.

substrateflugiretedam FIG. 2. cr oss- secti onal explanatory view
t ' th t.hod of the h
10030} 1ot ERE' 78,45 %g%a}sﬁ%tp%f ek dBF @ '@? hctBe Bholl sppoture by

s 8 bR Repehp PR R i ot Bet U P ek gegogmation
ﬁlr|n._| @ugg%eﬁs aeiéogs @égtfl%hug tét% *halt l‘lfié r}?&lﬁ):%v kR0ank forming

onal “"explana

suﬂslnja{él 5581 nnagvémnp%&gﬂle%s illustrated.

[0051] FIG. 7B is a vertical-sectional explanatory view for producing the
hollow structure by using the hollow structure forming substrate formed with the
plastic-deformation film illustrated in FIG. 6, in which a process of expansion and
extension of the plastic-deformation film illustrated in FIG. 7A is illustrated.
[0052] FIG. 7C is a vertical-sectional explanatory view for producing the
hollow structure by using the hollow structure forming substrate formed with the
plastic-deformation film illustrated in FIG. 6, in which the hollow structure
produced through the process illustrated in FIG. 7B is illustrated.

[0053] FIG. 8A is a cross-sectional explanatory view illustrating a method of

producing a hollow structure forming substrate according to a second embodiment
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produci ng the holl ow structure form ng substrate
according to the second enbodi nent of the present

WO poogi9isen, in which the netal substrate for neRCTIR2008/050560
annul ar grooves is illustrated. [0056] FIG 8D is a
cross-sectional explanatory view illustrating the
nmet hod of producing the hollow structure form ng

o O R T SR

e sist filnms illustrated in FIG 8C are
Suﬁrgg%vlég}lh?@at%ﬁ ustrated. [0057] FIG S8E is a

Dt | . Lot eaf Loge
R T
produbl’ §6& BOARY diRecthid tfﬁﬁ‘nﬁﬁ@‘: QgseRR0dE B AinO ot :El?e second

present invention, in whi a state that the neta

emBodigidn?loE thd preséntah®ehtidh, bl Ghi@DiHeSmbRN SRELtMité Fordned with the
resist filmis illustrated. [0058] FIG 8F is a

restst Gtis 3RO 1rigoN abiexmsenmicRed siricvrd 1 iUsbfrateting t he
nmet hod of producing the hollow structure form ng

[0058pst r &TE. 8C doh drorg-seotidhud exphmatbre vikod illwditatidflg thBeénethod of
present invention, in which the netal substrate forned
progiutimgc yhée naolicwl strestiist foodimgs substrateusteatiag tp0@Ed]second
FIG 8Gis a cross-sectional explanatory view
emppdigemt atfi thg priesentdnienticst, iprwkiichi thg métal Isubstoate formed with
structure form ng substrate according to the second
anagrogriopses isgllustheiedr esent i nvention, in which the
nmetal substrate formed with a nickel electroformn
[0056] m i §1651 BDstsraceass-spetdemyl erplgnagiuygey illustrating the method
Cross-section expl anatofy view illustrating the
of PER SRS ’%P otb(ﬁiﬂvﬁg“’i"i”ré“rﬁofqu%tsr“@é"trﬁﬁe.ea?Wﬁﬁnﬂgto the second
uhst r at ccording to .the.secan nbodi ment of th )
emBPURARE AP RIFO RHORANG i HE P e Shpsitates Bpmsin the
Wi cydindrical ses is il.lustrated., [0061] FIG
resif S d B EI G SRS Reseouleth BAURSRERA | st at i ng
me do-9f _ pr [ th I structure forimn
100578 £ 7 516 4o PGy Se%orel Sl e MbH P o B Bbenod of
oy Con i e ¢
prBUERET 0 WP OB R Sy AL SHOSHLAY Sl dTooone
embBdibd¥it O 1HRAprecAt IMGERSGESinOvhidiea state that the metal substrate
illustrated in FIG. 8D is formed with a resist film is illustrated.
[0058] FIG. 8F is a cross-sectional explanatory view illustrating the method of
producing the hollow structure forming substrate according to the second
embodiment of the present invention, in which the metal substrate formed with
cylindrical resist bodies is illustrated.
[0059] FIG. 8G is a cross-sectional explanatory view illustrating the method
of producing the hollow structure forming substrate according to the second
embodiment of the present invention, in which the metal substrate formed with a
nickel electroforming film is illustrated.

[0060] FIG. 8H is a cross-sectional explanatory view illustrating the method
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ni ckel electroformng film is illustrated. [0062]
FIG 8J is a cross-sectional explanatory view
WO k008m93sa3 i ng t he net hod of produci ng the hol | BET/JP2008/050560
structure form ng substrate according to the second
enbodi nent of the present invention, in which the
netal substrate, wherein hexagonal cylindrical resist
HES h n [ b8l £ P
of ROb g ey BPOROREAT e BYyRR, PR 2cBBML KT second

enfdbRiASR! OF theVpR4eA Invehfidd, ROwhitth R Breh ofubkir@@UrR8d with
the hollow structure formng substrate according to

cylih@ricfcecudseyiRqihspaibd.of the present invention, in
whi ch the netal substrate, wherein a nickel
[0@81gct r HIG 81 ivQa tidseisestidnil RRglanatdriie/iéeiHgsthdting the method of
cylindrical grooves, is illustrated. [0064] FIG 8L is
pradweins sthe ehodilowalstrextpranformiyg viubstriatd ustomtinggtot ke second
nmet hod of producing the hollow structure form ng
embolnenit &f the questinh gnteantione irs sduehl tenbnetil rembstrate fotmeed with a
present invention, in which a state that a structure,
resigtciiliai frgmedeinnsushed mnaer esftoripll iy the |oyliadricalheecesses of the
_hexagonal cylindrical resist bodies, is separated from
nlqh@ée%étraforgu@gﬂ@e & dlygtrated. hexagonal cyl i ndri cal
resist hodies are renoved _is illustrated, [0065]

(00841 s 16k 88 4s s crassosationsl srakapatnry wewllpstrating @Eiln%hod of
pradisitd oS HOLBRPRUCHES t DTGRE o RS0 B 10 18 second
e s A bF S ESeR P OBV OE s Hife e, SUPRERT:oWperein
e fifthef PR fee UG badifadt hEDIFRARE IRENE arfoves gpt fopmed.

: i n whi ch hexagonal regions of the resist film
18 ?}lﬁhlgfer ated in FIG 8A are subjected to exposure.

[0(5@967] PFI@SlK;?s L%r@sspée%{iPMéle&ﬂléﬁdiéfy ?feivxp %ﬁtﬁa&ﬁ?g&hl@ Tnethod

whi‘ch circu regions of the‘resist filmillust
of | frolthGng BheahS1ISHOLBEIBR FOnSRBOSEratd GRESMIAY ® thd second
i's a plan viewillustrating a State in which hexagonal

emRdiREst 6f the present invention, in which the metal substrate, wherein a
nickel electroforming film is formed in the hexagonal cylindrical grooves, is
illustrated.

[0064] FIG. 8L is a cross-sectional explanatory view illustrating the method of
producing the hollow structure forming substrate according to the second
embodiment of the present invention, in which a state that a structure, including
the nickel electroforming film and the hexagonal cylindrical resist bodies, is
separated from the metal substrate and the hexagonal cylindrical resist bodies are
removed is illustrated.

[0065] FIG. 8M is a cross-sectional explanatory view illustrating the method
of producing the hollow structure forming substrate according to the second

embodiment of the present invention, in which the hollow structure forming
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the resist filmillustrated in FIG 81 are subjected
to exposure. [0069] FIG 12A is an explanatory plan

WO e@s/093skist rati ng a configuration of the hol | BOW/JIP2008/050560
structure form ng substrate according to the second
enbodi nent, in which a state that the hollow structure
formng substrate illustrated in FIG 8L is seen from

suotse Moot ARG S i b Sl Rl 5% e
f.i ' f the holl f '

proéﬁ%slltg ?g]trlsghggdg‘o?di tnget oot hgwszggggt g:r‘goq?:nrsnntn? i n which

00867, 2% P05 4 Ll ShE451 9 B SRR fgions of

the trgh‘?ét_ef?lg? il?ué'tﬂa!téﬂsiﬁu{ﬁtﬁ ‘érA 480 0biecldGo %(?r%s{lll% a

vertic sect1 onal expl anator VI ew pr oduci ng a

[oowjol OWREE" HF i ?H%Wilé%} nglsmﬁngoal s B WHEhUE P19 Figiths of
substrate i1llustrated in FIG 8M in which a state

the kbt Mo iRssHabe Rl IR 28 shbjeBtddstof xipBBgteon t he
hol | ow structure form ng substrate is illustrated.

[0068072] FEE.G1 ib3B1hs view dldstedingsethiedAalhiek PeRanal Yegions of
view for producing the hollow structure by using the
the hedistofiins iliwsttatedeinf FIGM8D gres siligéctad ¢o ekpasske.ated in FI G
8M in which a process of expansion and extension of
[0069F pl BBGI 2Alef aor ergtlameriofyi plam ivii¢w sHusitatthg smcdiifizuriBeén of the
is illustrated. [0073] FIG 13Cis a
holleay siruetiure éyniing aibyrgie anearding 0 thy scoeng emdvadimentt frewhich
hol | ow structure by using the hollow structure formng
a st thatdhe holloys straetese fornEng subnratenillusiretedtineF Ko §lois seen
structure produced through the process illustrated in
from afronbsyréace| thersof it ibystrplsdz4] FIG 14A is a
0ss-sectjqnal explanatory viewi]lustrating net hod
[003p] pr ofillei P B %Wéw%wu&aar%ewairlwf?gsl%g?rr wation of the

vl LT W AL e L5 B St n i
= s 8% I Pru RS ko iR Seisr i geg G 8L is seen
frodlhH BHER L f1%, 9L e Bl 0duCi NG thehol | ow

struc mng Su e according to the third
[0071] FIG. 13A is a vertical-sectional explanatory view for producing a

hollow structure by using the hollow structure forming substrate illustrated in FIG.
8M, in which a state that a plastic-deformation film is formed on the hollow
structure forming substrate is illustrated.

[0072] FIG. 13B is a vertical-sectional explanatory view for producing the
hollow structure by using the hollow structure forming substrate illustrated in FIG.
8M, in which a process of expansion and extension of the plastic-deformation film
illﬁstrated in FIG. 13A is illustrated.

[0073] FIG. 13C is a vertical-sectional explanatory view for producing the
hollow structure by using the hollow structure forming substrate illustrated in FIG.

8M, in which the hollow structure produced through the process illustrated in FIG.
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enbodi nent of the present invention, in which the
nmet al substrate having cylindrical spaces is
WO Rdoa®e3sat ed. [0076] FIG 14C is a cross-sect i PCEIP2008/050560
expl anatory view illustrating the nethod of producing
the hollow structure form ng substrate according to
the third enbodi nent of the present invention, in
13 mhLﬁg t%ﬁdnﬁtal substrate, wherein a nickel filmis
B isAHug R he cylindrical spaces, is illustrated.

oo R0 a3, RCRER BEGOERR, IR ot o
oA O B OSEOL A Byt o
e Tk YRI5, YIGACL 18 G i TP S0 68 0 ot

subktrdtd 3t AtRGited 0078] FIG 14E is a cross-sectional
explanatory view illustrating the nethod of producing

[00781e NOFI@VI4H F8 ko s8-debfibhdl Expldiitdrgt HeRCitRs Bt e method
the third enbodi nent of the present invention, in

of PRidkiry Shat kolldat sttudtesl SorrhinlgMsubstfane netoedinghe the third

netal substrate illustrated in FIG 14D is
embddiment adfedhe (305 FiventiddF ih swhidr dbs-metal | rbgirate having
explanatory view illustrating the nethod of producing

cylindeichlodpaoes wtitlustrated. f or mi ng substrate according to
the third enbodi ment of the present invention, in
[00%6] ch FHe W& & asuisstseatienalwhxplasiatonyyviewdillustrting shesmethod
bodies are formed on top parts of the oxide film is .
of produsingitthe. holdbwgoptrmtae faming substes - aerdiggato the third
view il]ustrating the nethod of producin

em ec;(ggllqaqag’? |tog'\r,¢ i i e hgrein a
t Prgsenty @VeRtion.nig suneh the anclal sHbStFiet &
i ASIR0d TErL 1 A0S RLESEILy pventfon. 1w ch
oo B | BT SR B P o et
B IS g S S
enSYIBERF, SRR e B R o B e o
ot b P T e o1 e ol
[0078] FIG. 14E is a cross-sectional explanatory view illustrating the method
of producing the hollow structure forming substrate according to the third
embodiment of the present invention, in which a state that a resist film is formed
on the metal substrate illustrated in FIG. 14D is illustrated.
[0079] FIG. 14F is a cross-sectional explanatory view illustrating the method
of producing the hollow structure forming substrate according to the third
embodiment of the present invention, in which the metal substrate, wherein
cylindrical resist bodies are formed on top parts of the oxide film, is illustrated.

[0080] FIG. 14G is a cross-sectional explanatory view illustrating the method

of producing the hollow structure forming substrate according to the third
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recesses, is illustrated. [0082] FIG 141 is a

cross-sectional explanatory viewillustrating the
woredoRoeBsed produci ng the hol |l ow structure for nPEEJIP2008/050560

substrate according to the third enbodi nent of the

present invention, in which the metal substrate forned

wth aresist film formed in such a manner as to fill

in the cylindrical recesses of itgge ni ck

| ,
emberisgentoploihe REpsPRt Mvendion; ipsYhighehe ’[“_Ggfésﬁubﬁiré% Pypprein a
ks b e b Bk T L S LS P D,

.., Substrate according to the third enbodi nent of the
111‘156%%%nt invention, in which the nmetal substrate,

ool ool TERPR G sobk b SholfRlop GG BRgRthe the method
of BlogHERE" U nob P Ll Fhg, Qunape eeciamncle e wind

y Vilew met ho produci ng

embtoﬁﬁn?rﬁ! &Pﬂeﬁ% eggﬁt“fn%eE?Bﬁ'j BOwhiS A hRtACKPsHhRY vikrein the
the thi odi i n

rde ment of the present invention,

cyliﬂ'{ﬁ&ii&ﬁ bRt BRUAL AUbSkati FI e Ardirdthe¥ed to form cylindrical
electroformng filmis formed in the hexagonal

recés¥dd M heBhtedl OOves, is illustrated. [0085] FIG 14L
IS & cross-sectional explanatory viewillustrating the

[0082t hodFTE 141 Qslucirags-bdrrional krplanhtong tvisve iflostrating the method
substrate according to the third enbodi nent of the )
of prateiig ithy erdllown, stivetwfei dhrnaingt atlesttabatacgostingctou tke third
I ncl udi ng the nickel electroformng filmand the )
embueimgninaf theypreselitiinaénticas iis twhiokitks matslssihstratectormed fvith a

the oxide filmand the hexagonal cylindrical resist
resibofilies fameedr browaid aimanier ast foafildin’ theosdindrical racessgssof the
a cross-sectional explanatory viewillustrating the
nicked tefestrodornping filot, ig iluséraigsd-| ow structure forning
substrate according to the thiyd enbodi nent of_theh
[0083 s enk1G: rhAd nis ioprossReqifanah SKATATY GUF ¥ iiHisirfing the method
formng substrate, with an adhesive sheet att.ached o ...
of arosycing jhe a]é‘él?‘t‘ﬁ e?té‘&t‘,lrearéloﬁn]fr‘ign S ﬁ%‘éﬁ%r%ﬁﬁémgs&’ the third
emlgcl)c{irl'rllségltr %tfe&ie present invention, in which the metal substrate, wherein

hexagonal cylindrical resist bodies and hexagonal cylindrical grooves are formed,
is illustrated.

[0084] FIG. 14K is a cross-sectional explanatory view illustrating the method
of producing the hollow structure forming substrate according to the third
embodiment of the present invention, in which the metal substrate, wherein a
nickel electroforming film is formed in the hexagonal cylindrical grooves, is
illustrated.

[0085] FIG. 14L is a cross-sectional explanatory view illustrating the method
of producing the hollow structure forming ‘substrate according to the third
embodiment of the present invention, in which a state that a structure, including

the nickel electroforming film and the hexagonal cylindrical resist bodies, is
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[0087] FIG 15 is a plan viewillustrating a state in
whi ch portions of the resist filmexcluding circular

wo egsoss4df the resist filmillustrated in Fl GCIaPR068/E0560
subj ected to exposure. [0088] FIG 16 is a plan view
illustrating a state in which.circular regions of the
resist filmillustrated in FIG 14E are subjected to

exposure. [0089 G 17 1lust
crshT Ao o S s R e o
I u.st at e n FIG 141 are subjected to e )
rem?‘f%@é]l F’f@e‘iSA is an expl anat oer pl an vi e\)/(\/posure

| us t fi f
vl LI BT e, B
n
o WARURETY BILE S LA 000 o
emb%ﬂ{r{i f I'iﬁé Sﬁgséﬁ 1&1'\75 r{ e dhibRORE] hélldw HBRth® Bdtming
ana ust rating a configuration of

subsrt%?e a?fh%ki‘% Léh@etf é%fd@h@& S dbsdckaduefare GRE@b A thst Dfinished
errbo iment, in which a state that t he hol | ow

prodifct psciqwsﬁa{egrm ng substrate illustrated in FIG 14L is

seen fromthe back surface thereof is illustrated.

[00479092]FI6). &5 id @AldSviewlsiratihg aatite Gnathielk pbritaismfyhe resist
viiew for producing a hollow structure by using the

filmhektladingd circhldt erepionsi of thailrssisttfdm [llustated éu FIG.Fl4a are
14M in which a state that a plastic-deformation film
subjiesteiabreegoauret he hol | ow structure form ng substrate is
illustrated. [0093] FIG 19B is a vertical -sectional
[00884p| arkiiGorly isieeplahoriewridusteating erétel inovhishraitpiprgepipns of
using the hollow structure form ng substrate
the tdsisiSilmailbgtratedin E1G1 IAE arhsuhipetrd 40 ﬁ?‘B%Sé%% of
expansi on and extension_of the plasti.c-d rm
(00891 m AT o Blapr LGRS B st SRS, WS A eions of
G 19C.is a ver al -secti onal | anat ory view for
the Eﬁ‘rséﬂ@ﬂh’éh’tsﬁéteﬁdph&' i“f ?Fe ﬁlﬁ "rPé’SP‘E?eyhm | ow
ruct rm ng subs rat |Ilust ate i n Fl
[00?6} wtlﬁé (ffé(t VB %sé Phr o%o@%u%é‘t%n of the

holl%v&P (s:&\?g‘cu{el ol'rlfc’ntirrlga ts1“1%bst1|"<1|:t]e Eé;c%rdmggBtol the' thlrﬁsetlﬁ@(;cﬁglent in which a

state that the hollow structure forming substrate illustrated in FIG. 14L is seen
from a front surface thereof is illustrated.

[0091] FIG. 18B is an explanatory plan view illustrating a configuration of the
hollow structure forming substrate according to the third embodiment, in which a
state that the hollow structure forming substrate illustrated in FIG. 14L is seen
from the back surface thereof is illustrated.

[0092] FIG. 19A is a vertical-sectional explanatory view for producing a
hollow structure by using the hollow structure forming substrate illustrated in FIG.
14M, in which a state that a plastic-deformation film is formed on the hollow
structure forming substrate is illustrated.

[0093] FIG. 19B is a vertical-sectional explanatory view for producing the
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[0095] FIG 2CA is a cross-sectional explanatory view
illustrating a nethod of producing a hollow structure

wo eoosiovaf43ubst rat e according to a fourth enbodPemEmm20e050560
the present invention, in which a state that a dry
filmresist is formed on a surface of the holl ow

structure formng substrate is illustrated. [0096]
FIG 20B is a cross-sectional explanatqry vi.ew .
hollgw stryetuse bi glsmgethﬁépﬁsw BFUGPEFOETHRE ilﬁ’é¥rﬁtﬂ H‘f]&\ﬁ}fafed in FIG,

Mo oieh S bteten e sbatseh Sndhabail ok tph s RHidpation

fil [ d.wth I [
s R BRI % 91200 2
I ' il . . i
o2 SRR M DA TP i B s e
o B4 B S 5y AL s g i

141\/?2n Wﬁ{s %h%tﬁcﬁ%%@ ftg%%%{ée%?gﬁcéd {HFb 685 Rt prB¥ess Alh§i@4tbd éh FIG.

rat ed. 20D I s  a cross-sectional

lﬁs@ﬂa&&{.y view illustrating the nmethod of producing
19B?ﬁ§|1 ol ow structure form ng substrate according to

[00935\2? f gt DoAY adrsBMeclbnilnepiieaeRt viewvidlnbiraing binethod of

ich the hollow structure form ng substrate, wherein

produghgds hofloWwRthesistfolhaingesubsedtd acdordimgttben faurdnembodiment
oxi de films having a hexagonal cl ose-packed structure,

of thé prédeus tiivineidn, [HGRAALh B Gat @iati s day dilos sesistdsiformbd on a
explanatory view illustrating the nethod of producing

surfadreothible olost stoudtureefofming supssnabsisriliustraiedor di ng to
the fourth enbodi ment of the present invention, in

[0096]i ch RIGs 28Beisteherossrseniianal esplenpiony vigw plusrasingsthe gpethod
a surface of the hollow structure form ng substrate is

of - piousingathed hoflowostrurne fouping saberag sackerdipgnig the fourth

expl anatory view illustrating the t hod..of pr.oducin .
embolamens ph e Praseriu Y epH PR Hg@%‘éﬂggtdéy g‘@éﬂor lﬂgy ed with
the fourth enbodi nent of the present invention, in
annylar grpoyes dutlBistRted an adhesive sheet is attached to a

[00?_b ! ?@{ele'ofa tfrgga}??étiq%gl LHERY v‘é?x&ﬁil@?cg@“n%sﬁa%%&hod
of ]!quolriﬁglﬁllrgg%llbeg %]oﬂo?y} %frg tgg]\e g&t&gﬁ%@g%@%@{ %ch%)iggﬁtroe .the fourth

embodiment of the present invention, in which a state that a titanium oxide film is

formed on an upper surface of the dry film resist by sputtering is illustrated.
[0098] FIG. 20D is a cross-sectional explanatory view illustrating the method
of producing the hollow structure forming substrate according to the fourth
embodiment of the present invention, in which the hollow structure forming
substrate, wherein the dry film resist is removed to form the titanium oxide films
having a hexagonal close-packed structure, is illustrated.

[0099] FIG. 20E is a cross-sectional explanatory view illustrating the method
of producing the hollow structure forming substrate according to the fourth

embodiment of the present invention, in which a state that a water-repellent film is
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[0102] FIG 22A is a vertical-sectional explanatory

view for producing a hollow structure by using the
wWheioB093583 ruct ure form ng substrate il ustrat eRPCT/0P2BOSRS0560

20F, in which a state that a plastic-deformation film

is formed on the hollow structure form ng substrate is

illustrated. [0103] FIG 22B is a vertical-sectional

foriiEF 1 AEHL P i RTUREHPE D qﬁqﬁgggag M SLIHRE, B

101000 2 B e e %ffalteﬁs Sy NGRS fiting fre method
of H(Jé{rf jégc% d HRIRY sﬂ'uc#u?é 1%?&1&1 éulbgtlﬂ?ttgr Q%&qdin%.ogcp 4 e fourth

I's avertica explanatory vi ew

em‘tﬂfcﬁﬁjlgﬁ{ gg tlﬁ@ ?ré@gh{ AW eREOHC i G aussthtrégth‘ilh Gn r%lhle%gvl sheet is

structure substrate i ustrat ed FI

attabRedM £ Baél{‘?ﬂl‘%el dhe th'bHSWtﬁm@t‘ir%%ﬁﬁfﬁgt Jﬁb@ﬁgﬁ it hBustrated.
process Illustrated in FIG 22B is illustrated

[016)15%5(:RI Ft. QY E%ﬁ‘ék@llh&%@ﬁh % Qta@’ﬁﬂ%[&ﬁh@fagonal regions

i ndrical recess (gas-retaining space)

111u§ﬁ‘étb@@|ﬂi Fral 20pen subjédas td egstsage.out par t) 22a 22b
Openi ngs 22c Infil trat| on preventing space 23 Hol | ow

[0162) uct BIG. DRAMNg serbighl-adotiddal Suplanatrfsview for producing a
Plastic-deformation film BEST MODE FOR CARRYI NG OQUT
holIbHEs trid¢ERe T YOS ih @ 106 ho Rewestmictiere \ibirhingembbatedlestrated in FIG.
detail to the present preferred enbodi nents of the
20Fpriesehichi mwstatei thai aeplasti-dsfarmationcfilmrie formedtomtiee) hollow
in the acconpanying draw ngs. \Werever possible, the
Strl@mfpmléllg@ggetrmﬁbéﬂ@tw .used in the draw ngs and
t he descn&tlon to refer to the same or |jke parts.

[014Pk scBie 4B tine erisahtestinnahixptnatyNevien, @rspwcmg the

[imted to these e i ments.
hollow structure by using thg?loﬂow structure forming substrate illustrated in FIG.

20M, in which a process of expansion and extension of the plastic-deformation
film illustrated in FIG. 22A is illustrated.

[0104] FIG. 22C is a vertical-sectional explanatory view for producing the
hollow structure by using the hollow structure forming substrate illustrated in FIG.
20M, in which the hollow structure produced through the process illustrated in FIG.

22B is illustrated.

DESCRIPTION OF NUMERALS

[0105]

21  Quadrangular cylindrical recess (gas-retaining space)
22  Cylindrical opening (gas leading-out part)

22a,22b  Openings

22¢  Infiltration preventing space

23 Hollow structure forming substrate

19



Wthin the scope of the present invention, any

structure and material described bel ow can be
wappsomsiat el y nodi fied. [0107] FIG 2A to FI GCRIP2008/050560

illustrate a nethod of producing a hollow structure

form ng substrate according to a first enbodi nent of

the present invention. [0108] Referring to FIG 2A

Jirst, aresist thin-film1l is formed on a net al
23"sub3Wfa%% 10 all over the one surface of the netal

sufpstrate 10, preferably through a spin coating
24 me?]r??‘é ‘."d?ﬁg%fl%é‘lgﬂgbbstrate 10 preferably includes a
ni ckel material, and a filmthickness of the resist

thin-film11l is preferably from about 20nmto about
e %{% | - o available from
BE%?%H’%FT@&?%OY a I%Gn 'S ?%WME@#@i st, al though
hi1 1S |t t et.0. 0. el Bfer L t
(0141 TRty LRG0, phBE 08 HIAT o B RhAd: ot

emtgﬁféﬁﬂeﬁ%' bt R GRALMOUTRLLON, ¢ pRY tﬂf%hﬁgkhéx% AKRASKACN the

unexposed portions 13 of the resist In-frim

accéxh?aﬁﬁHEV&t‘a\@ﬂ{gs@ %@f&%ﬁ%sﬂ%lé}cﬁéssarﬂ_@%&%’nc_eaﬁumbers are
ilTustrated in FIG 2B, cylindrical resist bodies 14

use@Sn ¢ ideglVinga lan8 xR TREcRidd eBefeiid €l Sdifie dk MAkRINMEts. The
regularly on the netal substrate 10, are fornmed on the
scop@todl theUpetermt idvéftiod,nhéhevddl éseant 1Rnhedlitoethtse efidodiments.
cylindrical resist bodies 14 are aligned in a square
Withéit thee sedpekef dunpreguntairiventiod anysatieture @ndf metecial described
the cylindrical resist bodies 14 is preferably about
beldwan barappeoppiatelly mpalifietinveen t headj acent cylindri cal
resist bodies 14 is preferably about 150mm The
[0187) i ndFIGRA tefiGt 2bdlstrate parashed obpreducies pdedlow gructure
an inside dianmeter of a cylindrical opening as a gas
formingisubgtraetacsarding v p dasigmbodimens of theppigsenttiaventipn.
det ai | %OllO] Next, as_illustrated in FIG 2C5 a
(0108 kel Refesting 6p Sk R fiirsmatssisd thingdilm) L1 18 formed s ¢ metal
exanpl e med t hroug

subREERAd !l ASHTRE fng Ferfasd gﬁﬁw%éﬁg?'ﬁ@gﬁ!@g e lraly shrough o
L
mae it bt BRSPS o P T L O, Pt B sbous
204 56! LBLAY B0l L 1HE BIRSENenfIRARHLAE MSU!ERE available from
MicroChem Corporation is used for a resist, although it is not limited thereto.

[0109] Then, referring to FIG. 3, circular regions 12, arranged in a square
lattice-like configuration, are subjected to exposure, and unexposed portions 13 of
the resist thin-film 11 are removed by a development process. Thereby, as
illustrated in FIG. 2B, cylindrical resist bodies 14 as cylindrical exposed portions,
which are arranged regularly on the metal substrate 10, are formed on the metal
substrate 10. In the present embodiment, the cylindrical resist bodies 14 are
aligned in a square lattice-like configuration. A diameter dO of each of the

cylindrical resist bodies 14 is preferably about 15um, and a pitch pO between the
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electroformng film15 is set at about 15mm although

it isnot limted thereto. [0111] Next, the netal
weuesvyEsx 10 i s washed, and thereafter, the PCT/JP2008/050560

cylindrical resist bodies 14 are renoved. Thereby, as

illustrated in FIG 2D, the nmetal substrate 10 in

whi ch regularly- arranged cylindrical recesses 16,

wWhi ch _eor,l. vl i i , . qe
AR b 00 £ bR B, 39 e
resg@t@d ?4%6%%)?1%]]5 thggrre n'dgltgsaﬁ aﬁl?lﬁﬁ' Daflefr éFa &lindrical

resis hick-TiITm17 7 7s*ormed nsuch a nanner as to

OPQ#E% glga ﬁtg?réag- E-Pﬁ}tafgaﬁ!’:,e&ﬁﬁﬁ%lllﬁe dbdiribRg 1AL REMtail,

i'ckness of the resist thick- film

[01161)i S Neit eiRlnstlfMAReG! 260AMicRePERBErofIfg film 15 as a
Subsequently, as illustrated in FIG 4,

met Hinafild for ERNEFR if fashed thoabh heticRelseldé@rafotming method, in
exposed. The quadrangul ar regions 18 becone or

whidhy theptindrit 4l 1gsiatibedigs i dare Mbddgy a amlsk ex poledtthickness of the
portions for ' formng |ater-described quadrangul ar

nickyl éledirbfoaming ddmskEsis prederpblyt satrte thé ekteat tlegicylindrical resist
thick-film 17 excluding the quadrangul ar regi ons 18

bodies ddeare mot dnurieddynthet mickeleslpotyefdrpong fidms13 giroigh the nickel
formng later-described lattice-1ike grooves. [0113]

elepiofarmang.ecin rihe puesant ofmbodigendl the ddm-dfickness of the nickel
quadr angul ar region 18 and the center of the |

elegirpfosming Silmy sisset alothput 4 Sume althpuglyitdsngt ligdtod thereto.

ach other. In the present enbodi nent, a |ength of

[01§1i‘1he oNexhethgunetahsehatiate d8gs grashed; angdbpre he cylindrical
resfﬁktelkh%ﬁggdi‘*éaﬁ F%ﬁt%V%m tﬁg? geégtéﬁg‘t’&%q%ﬁ} 319 gfﬁﬂ??ﬂﬁ? gnetal
s e PR TR B S5 Riedl by 185which comspond
o SRR R R REhT ORISRt 15,5

obtgi)rijeides becones or corresponds to the lattice-1ike
groove 19a as a recess for formng a partition wall of

[Olqu? as- gkl [ ﬂ%ﬁ%@ﬁ;’\&ﬁ% by .a%%ﬁﬂﬂ@l@-ﬁéﬂﬁ’ lﬁﬁﬁ fg)rrmed in such

ustrated in | : usi'ng” the quadrang
a rh¥dder dfs! t%aimﬂ'yeﬁl'e,séyrlnﬁ‘agi'cﬁﬁ rdts@&3 P6.MBEKtheApfts&itebmbodiment, a

electroformng fil'm 20 as a netal
film-thickness of the resist thick-film 17 is preferably from about 50pum to about

60um. Subsequently, as illustrated in FIG. 4, regularly-arranged quadrangular
regions 18 are exposed. The quadrangular regions 18 become or correspond to
quadrangular cylindrical exposed portions for® forming later-described
quadrangular cylindrical recesses, and portions of the resist thick-film 17
excluding the quadrangular regions 18 become or correspond to unexposed
portions 18’ for forming later-described lattice-like grooves.

[0113] An intersecting point of diagonal lines of the quadrangular region 18
and the center of the cylindrical resist body 14 are set to coincide with each other.

In the present embodiment, a length of a side of the quadrangular region 18 is
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thick-filmfor exanple is formed in the lattice-Ilike
grooves 19a through a nickel electroformng nethod. A
wo pdosoeIsexzkness of the nickel el ectroform ng fPCTIR2008/@50560
. set to the extent that the quadrangul ar cylindrical
resi st bodies 19 are not buried by the nickel -
eI ectroformng film 20 through the nickel

aboRt §iHTAF] g{aﬁ%ﬁgt R HEL Aot et of ormi ng. 1 . 20 s

0 | t.h h I
[o1f; t.i“ 1B %E%?m%r?ff?? Topsc A&7 of l°%1a#ef§“fs% M i I g7 are
remged Pt DA TERRIGIME bty e ShereRirity TEEP ' WG 2%
reglfl% 9%&%&1&:3 gllﬁgéﬂ%hggl E?lﬁgdxgé‘aﬁlre E@%(ﬁg; ??} T Eorhdedam %Qspace
bet\gé’&d{h%%ﬁd?%nﬁﬁ {}gfdd?i%lcﬂ f%ﬁb%dﬁ’&dﬁ&%gﬁe% dg%oqfésﬁ&tk@to the

romt trate 1 a suita nown
Iattl%-tlﬂ&g%ro[agé 1oL 3ubseayensd ﬂ)rm‘iﬁ@ aPRAfisRSHIRbf a gas-retamlng
cylindrical resist bodies 19 arée renoved. Thereby, the
spadl | ow structure form ng substrate 23 illustrated in
FIG 21 is obtained. The hollow structure form ng
[01E3]bsSt r fitedBedtiysasollditaedl k@ SFIChe2GUBd @ the quadrangular
cylindrical recesses 2 1 and the cylindrical openings
cylid@ric4lOk3B] bhdiek |19uss 4 aial, bmitkebel@trofomingafilnd®0 as a metal
structure form ng substrate 23 is formed with the
thickyfiiinmdoi exxdmpleecnifogre® 2n dlac hattite ke cdroogesf bPartidtoogh a nickel
side of a front surface of the holl ow structure ,
eledtmfoimiggsmbthiodat & BBnethicknpssedfther mickeldelpétreforming film 20 is
addition, as illustrated in FIG 5B5 each the
set tputhe reatrotitat thy Hhadrengwler erlindricsd resist hodieshl hate not buried by
surrounded by lattice-like partition walls 23", is
the fraﬁlﬁq%debﬁtraf@ma@g cﬁlna %laélkroslghf theeniskel wleawsfoning. In the

pressnt ERbodBth i el cbnoterRs e Q] Bl G ERr gy g 20 is set
0

Al ST RS Yo e il B s

clodithsortaiis Fimg 0 S5 el vul 2Fh niRGeL Bectpormyne i ioas

" 0y 2B ST e

eledtfb%gngl g 111%? é)q%?g nﬁa&qua t%fﬂqgflg' fith lrS?Ca“Bﬁsth% (iluadrangular

rangu
cylindrical resist bodies 19 is detached from the metal substrate 10 by a suitable

known method.

[0117] Subsequently, the quadrangular cylindrical resist bodies 19 are
removed. Thereby, the hollow structure forming substrate 23 illustrated in FIG.
21 is obtained. The hollow structure forming substrate 23 thus obtained has the
quadrangular cylindrical recesses 21 and the cylindrical openings 22.

[0118] As illustrated in FIG. 5A, the hollow structure forming substrate 23 is
formed with the cylindrical openings 22 each of which is formed on a side of a

front surface of the hollow structure forming substrate 23 at a predetermined pitch.
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cylindrical recess 21. [0120] The cylindrical opening

22 has an opening 22a which is open toward the
weadngasgal ar cylindrical recess 21, and an opRCi/mpoEAF0560

which is open toward the surface of the holl ow

structure form ng substrate 23. A space between the

openi ng 22a and the opening 22b becones or corresponds

o e R R e oLt Rt .
d

R s B LRy B B i Byl R bliE o R B g gice ot

bac?{eg‘(ﬂfelce otftrlgsﬁ %\Q%ﬁ'ggt?hre ?(grntugg sﬁg%tkﬁ\évﬁta{t Lécﬂrgagtermmed pitch.

or mn
Rodspf
A LESASSRORTBOAD LS BLE N s, 488 M e v
noth%itemé%%eg&e sREGH 1, substrate 23 wi I be
descri bed w reference to FIG 6. [0122] Referring

[0119] F| GEh M rtﬁé ,qufaaﬁanrghpast LRI B RedrBilefh@ltionS as the
used to formthe plastic-deformation film24 on the

gasStitdiatey 3paceOfforl Retalithy oMass bf Udt, Uvbiefeak Nédth s0LBET @tlindrical
23. The plastic-defornmable material includes a

operhgy 23 dlndilon ad theagdsdleedingeout ey ehich feads ogt the gas retained
surfactant. Also, a water-soluble resin can be used

insfderoft the guhdishgelad eylindmddl eccmt @l italvardTonatsidat cefrthe ghadrhsgular
resin may includes, for exanple, polyurethane,

cylyslrical ngcepolivi nyl al cohol, or other suitable
wat er-sol uble resins. In addition, the fornation of

[0120¢ pl ddei eyliadtisehepsrong 22| hassan openipg 28 Which is apenrigward
devi ce, such _as a spin-coate a slit-coater, or other

thesqpadznaal %reqmlmégwa{ eesy 2\wend oh eppniagt32b. which issnegrfoward
theﬁé'fr%'%qeaﬁ the s i it TaTming: SHISSHE 291 | AupPaeR Detween the
o508, 5 BEREAAE A S0B B REHGE H or
presﬁﬂeaaspa%oz%e” A )
B YRS B35d i PSRl SER LRSI, o i
be t&%cﬁﬁ'@c{j haBeYh a&et&ﬁ,l kdrshfdle 7R3 tﬁe %dlﬁ)v?rs%l\ﬁ%mrg dforming
substrate 23 is formed with a plastic-deformation film.

[0121] Now, a method of forming or producing a hollow structure by using the
hollow structure forming substrate 23 will be described with reference to FIG. 6.
[0122] Referring to FIG. 6, first, the plastic-deformable material is used to
form the plastic-deformation film 24 on the surface 23°° of the hollow structure
forming substrate 23. The plastic-deformable material includes a water-soluble
ultraviolet curing resin having a surfactant. Also, a water-soluble resin can be
used for the plastic-deformable material. The water-soluble resin may includes,

for example, polyurethane, gelatin, polyvinyl alcohol, or other suitable

water-soluble resins. In addition, the formation of the plastic-deformation film
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[0124] The volunme V1 of the infiltration preventing
space 22c can be defined as follows. where hi is a

wo eqvgvdssad the infiltration preventing space 2BCT/JP2008/050560
[0125] In addition, the volune V of the quadrangul ar
cylindrical recess 2 1 can be defined as follows. V2 =
h2 X1 x yi where h2 is a depth of the quadrangul ar

24 %@%@%{4 B B85 e N b e 2, AL, or other
suifBEe g‘%lf [0126] Therefore, -even when the
%‘ eformabl e material has entered the

[01lb§j]' ! t rWHcF%’P i 1 g)ngsreﬁc' @&oﬁﬁgﬁgu 2ffm b4 15S AR, b e%atrf’ of the

ore a I N expandi ng pressure cauded

pla¥t?€-id forfiAbld n?eﬁeﬁﬂo‘cﬁﬁs & iBKRASI #BmOthd t&ghﬁéﬁcaﬂnoﬁéi:ﬁﬁg 22

e quadrangul ar cylindrical recesses since the

tov%QH YHE qM@dﬂaﬁgﬁl@f @gfin&ﬁé’%ﬂ feB&ssvPl UnBoWevér sirfee 18 tdgitheter dO
hat the vol une can ignore the volunme Vi. [0127] It

of t]:& dpendes D04 @ddtthalopbhgl TUH i< a4l ofe.0bbélte30pum in the present
pl asti c-deformable material into t'he guadr angul ar

embydintuit @all #leeesifice the i mfilirhfior Wrevérnime cpacaM?@o iheresent
di anmeter dO of the opening 22a and the opening 22b is

bete@enl the copehing 28a tanantliz02A, the addomtence thiet matdrial into the
present enbodi nent of the invention. This is supported

quésiramgwad eylindgicek peesn2his plegedel. The experinent was
performed by, first, preparing the plural hollow

[01@145 uct (ihe vodwme g eflthet infilleati@praventing Kpadec2 i earcbedefined
of the openings 22a and 22b are | Omm 30mm 50mm

as fadleys. and 90nm respectively. In addition, a liquid
material as the water-soluble ultraviolet curing resin
ha\)(ln‘g”]t‘hé dQJrf4act ant i n which fluorine-based

e PASTEbs RoleBE o R R RSt e P2E 1 at
0135 PEﬁsa%Hit\éfalathﬁ'? B o] G o ALBAT SRLBATE, rocess 21
car b8 Bl at R T eoi n havi no the surfact ant . in

whixeho phe I>y9r i ne-based surfactant of "Novec

where h; is a depth of the quadrangular cylindrical recess 21, and x; and
y1 are length of respective sides of the quadrangular cylindrical recess 21.
[0126] Therefore, even when the plastic-deformable material has entered the
- infiltration preventing space 22c¢, it is possible to ignore a difference in expanding
pressure caused by a variation in an amount of expansion of the gas in each of the
quadrangular cylindrical recesses 21, since the volume V; is larger than the
volume V| to the extent that the volume V; can ignore the volume Vj.
[0127] It is to be noted that the infiltration of the plastic-deformable material
into the quadrangular cylindrical recess 21 is difficult to occur when the diameter
dO of the opening 22a and the opening 22b is equal to or less than 30pm, in

accordance with the present embodiment of the invention. This is supported by a
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(Regi stered Trademark) FC-4430" available from 3M
Conpany was added to epoxy acrylate of "AQ@" avail able
wo p@sgssakawa Chem cal I ndustries, Ltd., was uB€HJI2008/050560

the plastic-defornable material. [0129] These

pl astic-deformable materials were coated with a

spi n-coating nmethod on the hollow structure form ng

substrates 23 including the openings 22a and 22b
follpginmexnasbnefitamet er dq , to formthe

OB R o o e P e b rinahé e Botiow
strugfich PTG SRR SCabat PHEE (B ARG b i SEHOR? Age and
225 58 S W TR LR Tt Faperiroste ndeftifily, o tiavid
maBh s "R SpHRESpTflle (R RRR Qe KN R e Khftactant, in
whighPHLSHES Sflsckf 3T off NEPG: (RAYBICER| Frallefii) FC-4430”

u a p d t.he - I j 2
avaR@biU HRfnl) IR ad@dd 4§ al}gﬁwigécﬁgt@ hjre: PES400DA

so, a powder i ncl udi ng avai | e

avallbBI® #6h DeRefCyted-COmpady, LT, @8t akbd f¥RthePpI@R-GEformable
for the water-soluble resin. Nbreover, as the

matefihl Vi Ao, &l tiqhtdl malelAVEE théTBiREl-adlubleClilithviglet Raridy resin
(Regi stered Trademark) PVAI 17", avail abl e fronKuraray

havixg , thet Gurfasedt,priepaviach f tie tihgorivad-Bisedolsubfaetanesof. “Novec
The gelatin and the pol yvinyl al cohol are dissolved by
(Regiktiéred WVerdemavik)t FCad44805pavdilabie i fromh3kh Conhmamyr was mdded to
of viscosity, capable of forming a filmby a )
epogpiavrylett 0H JARK nowilable GbimaA rekawar Chemiaal \edystri¢) 134], was
These water-soluble resins were used as the
useg [fas thecpldstiodefbinableanatetial.s to be coated with a
sg}i)n-coati ng met hod on _the holl ow structure formng )
(0139 st r Ahese phistipdefurmable mterplenyvals costgd ayvh opspin-coating
havi ng the dianeter dq , .so as to fqormthe, )
methodan tedralvratreinTg ; Qrﬁ%lna@}lﬁft@aitss?3|1H°ﬂﬁgl&;ﬁ)§eowmgs 222
t ol.yur et hane, t infiltration of .the liqujd
and AR RRANE 1 Siogrber gl dRERICAE PP B 24
[OI%OjNaS [f’gte irflf‘i)llﬂ%giog%rf tﬁg ﬁqtrl]ﬂ rlng‘é/grials into the quadrangular cylindrical
recesses 21 was not found for the hollow structure forming substrates 23 including
the openings 22a and 22b having the diameters dO of equal to or less than 50pm,
when the liquid materials described above were used for the plastic-deformable
material. |
[0131] Next, a liquid material including “Hydran (Registered Trademark)
WLS-201”, available from Dainippon Ink and Chemicals Incorporated, as the
polyurethane was prepared for the water-soluble resin. Also, a powder material
including “MC-243”, available from Jellice Co., Ltd., as the gelatin was prepared
for the water-soluble resin. Moreover, as the polyvinyl alcohol, a powder

material including “Poval (Registered Trademark) PVA117”, available from
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structure form ng substrates 23 including the openings
22a and 22b having the dianeters dO of equal to or

wo e®s/093san 70mm [ 0134] In the cases of the  PCT/JP2008/050560
pl astic-deformable materials utilizing the gelatin and
t he polyvinyl alcohol having the lower limt of the
viscosity in which the formation of the filmis

K8 CheLiairs Retahe By PedrabifobbRASU™ P Bfipgpd te

pof;y‘r?{(i:’x}’;ﬂ delh%h&lhé’reh&'sé&%étﬂ%ﬁ&&h&g %%e?‘ Wilh 34! chhﬁéﬁﬁ&? ifdwhich a

ng the openings a an havi ng
o e by AU L Bl BT 2 Plnscoating method, s
obfist k&pdefiqnyabl e materials utilizing the gelatin and
t he pol yvi nyl ™ al cohol having high viscosity required
[0132] the TREeBwhRRsefublberedls! arst fiseat Uk ethrayldidicaleformable
desired filmthickness, the infiltration of the liquid
mat@iAls t@be cbixed vikie agpircadting metiyd o thel ledllow e88SIHES forming
21 was not found for the hollow structure form ng
sulsstitasdsr 28, ésclAdinigrthe wpenip gt 282 apdP2bdmvidathantiadefer dO, so as to
havi ng the dianeters dO of equal to or |ess than 90mm
fome thpetsticeldgforpotign filas@h t he results of the
experinment described above, it can be considered that
[0k33d hollhghe sesaiof the pphmethgne uthstinfiiteatkgy of thenhijeld material
. the dianmeter dO of the openings 22a and 22b is equa
intpothgr qpedrengHan bindyicrk rpenssevi2d mmseneiufewrdfentthenhollow
of the infiltration of the_ plastic-defornable nateri al
strpeiuge {oranigg subsiigier &3 Maludiag; byl oncaingsséda and 3% having the

.prospect qof safety. [0137] This consideration is based
dla&?Ptﬁrs\Accéﬁ/?F%%? t%r?ril‘ﬁ%lt %‘h%@”@f surface tension of the

OB T B B OERTE o AR e s

. : o s .

and b boB ARt ahe] peviok ferBner b & diaRptifitn i the

for%xatfolﬁeoio H’l%nﬁﬂlg Is gw%gsigﬂed tﬁgq ﬁﬁr %Hnlﬁa#f [h% ﬁ@ui@o&%&w into the
mm | n consideration of ve?omaty of ejection o e

qu%n%xéllg%ﬁb%lighpfélﬂ Ced¥sERERY  {ak Sﬁ?tﬁgﬁﬁﬁgﬂ ?ﬁ;g}rxé;];hotllla%v structure

I nve i materi al 1 nc

fo%gflﬁ%:sg%%%ﬁgs 75 arlenmbl khd\bserids 2o2%Ad e eV diameters dO
of equal to or less than 30um, respectively.

[0135] In addition, in the cases of the plastic-deformable materials utilizing
the gelatin and the polyvinyl alcohol having high viscosity required for the
formation of the hollow structure having a desired film-thickness, the infiltration
of the liquid materials into the quadrangular cylindrical recesses 21 was not found
for the hollow structure forming substrates 23 including the openings 22a and 22b
having the diameters dO of equal to or less than 90um, respectively.

[0136] From the results of the experiment described above, it can be

considered that the hollow structure forming substrate 23, in which the diameter

dO of the openings 22a and 22b is equal to or less than 30pm, is possible to ensure
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Ink and Chem cal s I ncorporated, as the polyurethane is
coated on the surface 23" of the hollow structure
w0 orosoysF43substrate 23. The hol | ow structure foP@i/mpoos/050560
substrate 23 on which the liquid material is coated is
then set in the spin-coater device. In the present
enbodi nent, the hollow structure form ng substrate 23
' .0f at.edajn : [.N- r [ X f:
gl LA BRSO RET PR e Bt W the

qu%t}rtgfsigliﬂg?%ﬂrﬁndrfca[‘ Pécek%e_@ 2186 bRYHBLCor S%et§S 10 formthe

eformation film24 on"the surface 23" of the

[01'"57:\]' OWTHi§ WohbidEratidhMsNBadbeh rakEevw? Ihal 84 38 uence of surface
Referring to FIG 7A, then, the hollow structure -

tenlsRInMofgtheU BRistialde fatdnatiodr iRdedlt BeédiBes more dominant than an
pl astic-deformation film24, is set in a vacuum
infomcaiofgradidy it openéidala i eddeh eheodiabdteervd® uhedeof is equal
container 25 is depressurized to about | OOKpa ( 1
to at fespthaned0pm. abreanwhkea it isoprefxabial that [thd 4ddmeter dO of the
Thereby, the air or the gas in each of the
openings 3Agahd22byhe eqiral ¢calormeersthes 5an, iexpasiderdjombabuelocity
50 times, and thus the plastic-deformation film 24
of ejeptinn of dirigasxt ends by the expandi ng pressure of the
as, as illustrated in FIG_  7B. [0141] Hence, the )
[Oﬁ%ﬁh owIst thgcpigsent2Brsh ssmbedimeat rafgthearnveatipanapligeid material
orcells) is fornmed. A shape of each of the_hol | ow

inchading “Flydsar (Resistergsk daromarky Whs 1200 m Available fronyDadrippon
tnig o Rebemicals AecunG@iedh a5 the DoeriuAne i Foedqa tne Sufthce 237
of 1kt okt SibiEe ofntining Substre 38, atfisch S i forming
w50 5 b, B e AR SRR S BEE e Mo
ac Bt L2V Fper LN, SHE YRSl HERAE S ff 2

rot%&dvmit B sﬁit?—%%@ﬁ&ev&\’:\%g{o?ie&aﬁﬁ% g5 1?@6951@1&9\5{{3%1@ rnuglber of

articles or charge ori ng pértlc es are dispersed,

rothfiohd |dfe@2®0;ipﬁﬂealﬂﬁidgﬁwi’o°"i‘§ tridt 2hmite@ 1Rketb sbhgs to Ifc;lrm the

present fir eénbodi ment, the hollow structure 25,
pladit@Rf@dmation film 24 on the surface 23° of the hollow structure forming

substrate 23.

[0139] Referring to FIG. 7A, then, the hollow structure forming substrate 23,
formed with the plastic-deformation film 24, is set in a vacuum container 25, and
internal pressure of the vacuum container 25 is depressurized to about 100Kpa (1
atmosphere) to about 2KPa, for example.

[0140] Thereby, the air or the gas in each of the quadrangular cylindrical
recesses 21 expands by about 50 times, and thus the plastic-deformation film 24
expands and extends by the expanding pressure of the gas, as illustrated in FIG.
7B.

[0141] Hence, the hollow structure 25 having the regular hollow parts 24 (or

27



| ength of a side of the hollow part 24 is about 130mm
in which a depth of the hollow part 24 is about 60mm

WO poosid3ss a wal | -t hi ckness of a partition wal | PQEAP2068/050560
the hollow part 24 (or the cell) is about | Om and in
whi ch an openi ng di aneter of an opening 24b of the
hol I ow part- 24 is about 30mmto about 40mm for

o Ty S B SRt
i R B A o et o fieE € i #on, SRR Wlaeutr
cyhaggc?ﬁ(n)refcgg%e f i£ ré% 5{3111!1 tqﬁglc Fﬁﬁtﬁalﬁﬁr rﬂ"ﬁ%ﬁﬁﬁ‘? SiHeh611ow

e cy rlca

bstrat
strugfif 25?%?86%“3?1;1“%2 shid [°8’WB§‘]"5 Kot E’Etaiﬁdgn nd-enbodi ment
[014561f t heRQfe?ﬁﬁéWo Fm’reﬂtl 'tﬁ@ thl'ojw Qe 46375 ﬁﬁl@ otdifled is detached

erence to FI Gs. 8A Note that el enents or

frorﬁaﬂhtesh@[ﬁoxtvhﬁnwt@&eE‘érnﬁﬁ’goﬁib@ﬁ-ﬁie 93t @ B6lISWEtr@dtuie0 25 is
t hose described in the above enbodi nent are attached )

utilitel N féthexsaprR bef Ehardetd) ok edrs el pl¥ftiandishy in which a
thereto will not be given in detail, for the sake of
solveanveheehe ehafgedxgdlotiag inpdtter| BHkfib]es Rﬁ‘f ehiarped) colorigGarticles
8A, first, the resist thin-film21ll is forned on the
are dixpatsedyisfiliat m the hofloef gareéd24. t hr ough t he spin
coating nethod. In the presentenbodi nent, the netal
[0143]bst rl thelpreisent] ficeenebodlippst, thethedloat straetire ﬁé, in which a
filmthi ckness of the resist film1l is about
lengthrofex sifsl ef thenhohewpast @Atis eﬂb@@dulﬁehm, mmhsagdavth of the
avai | abl e from Tokyo, Onka_ Kogy Ltd,, is, used for
hollgvy pastt 9, is abprbEYHY in waho% vwailrﬁhﬂ@@leﬁmf éﬁvartltpmw}l 24a of

regul arl y-arr

the %@%aw?%; e?&'@? ghftsc@*» laraéoel&éeg@d and i ngﬂ raesqrsema fligmeter

of ahnenteed Lt 5 BoaoN Bl gdn oproRulh 72 Bowr Attt Brample,

g% $(§sed portions 26. Thereby, as illustrated in FIG
is 0 sist films 11', which are arranged to be a

[Olgﬁéggggg ?{ﬁé os?&ﬂ}%cﬁoeﬁjo@ ) { ﬁgfufuvr ?’Rrrﬁf Ju%gse% 23 8{ .tdpeﬁpresent

portio

ﬁrsggmiaganﬁg}ﬁ, 5hB3 B of {1 c@@ﬂlﬁhcgf@foerﬁﬂgs %o 4b$ ttl?enﬁr%determined

thickness, deterioration, damage and so forth of the hollow structure forming

substrate 23, in particular the cylindrical openings 22, are small even when the
hollow structure forming substrate 23 is repeatedly used.

[0145] Now, a second embodiment of the present invention will be described
with reference to FIGs. 8A to 8M. Note that elements or parts of the present
embodiment same as or similar to those described in the above embodiment are
attached with the same reference numbers, and explanation thereto will not be
given in detail, for the sake of convenience of explanation.

[0146] Referring to FIG. 8A, first, the resist thin-film 11 is formed on the

metal substrate 10, preferably through the spin coating method. In the present
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bet ween the centers of the nutually adjacent hexagona
regions 27 is about 150mm for exanple. [0148] Then,
w@gooslpizgsrated in FIG 8C, an etching processpPCT/aP2008/050560
which the resist films 1 1 ' of a cubic cl ose-packed
structure are used as a nmask, is perfornmed to form
hexagonal annul ar grooves 28 which correspond to
roove 28

emBg e e el T ThY RS atz%ela & J&lgt&r%r nd_the
B e 5 B i s
em{)(%llﬁ%ln ot rlfgl\qﬁf 0” a\) u Bﬁ?ﬁ"@gédeﬁggék%eo CBh‘itd is used

res e cubre ¢ truéturé

r | substrate 10 havin
for%hlgﬂéﬁgg%gg l%g[ 19?&911&1%&3%1%%%@3t ructure. [0150] Negt

[om] 1] gath %%hl g tEIﬁG @E5eg§nm§Jaﬁtangéu aeiagdﬂa?-?egzéns 27 are

fornmed, preferab hrough a spin coating method

expold&d, pe&ﬁ&ﬁetresqmoﬁﬂh rmnin whidh hexipkek pesfonsf26t Ihesérﬁ&hﬁtparts
thin-film?29 is preferabl y from about 20mm to about

s Sjjested@nd 4 SlévBlopavait! plokessf t@reMoee aBbenndspopat Poridons 26.
is used for a resist, although it is not limted

Thérbby,ed0illyshhiel] inl ﬁ‘é@ 8Befresisti fijms d 1F) GhictD arec arrangeal to be a
regions 30, positioned in thecenters of regions

hexsigonalucldee-payked atmuegmé,aptey fonmethgel Hex agowat cgrbwdimsnt, a
28, are exposed, and unexposed portions 31' of the

widthgifshe mnexpdseimaztion26 (o rthe sian ppartd islebentoumnend a distance
process. [Ol?{éj Ther eb as illustrated in FILG 8F

betwigen e ¢endersiadshe musealleadiagent iexagonal segipps g dgabout 150um,

regularly on the nmetal substrate 10, are forned on the
forgxamplayubstrate 10. A di arreter dO of each of the

013y ”déhléﬁ,Lar 5BERaR Kt R aRRngy PR, B eé@%‘trem
mFE oA s BB BB SO L IO Bl
fOI’H]e mtgglé%lo%rg{%é agrr?log'gg Z?%ﬁlch c%%rretspor\l/\c't] kS gha\&/l)elslofqﬁe rim parts.
A depth of the groove 28 is about 5um, for example. The grooves 28 are used for
forrﬁing annular projections as hexagonal annular contour parts which will be
described later in detail.

[0149] Thereafter, as illustrated in FIG. 8D, the resist films 11’ of the cubic
close-packed structure are removed to obtain the metal substrate 10 having the
grooves 28 of a honeycomb structure.

[0150] Next, as illustrated in FIG. 8E, a resist thin-film 29 is formed,
preferably through a spin coating method. In the present embodiment, a
film-thickness of the resist thin-film 29 is preferably from about 20um to about
30pum, and “SU-8” available from MicroChem Corporation is used for a resist,
although it is not limited thereto.

[0151] Then, referring to FIG. 10, circular regions 30, positioned in the
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[0153] Next, as illustrated in FIG 8G a nickel
electroforming film32 as a netal thin-filmfor
wez@spas43 s formed through a nickel el ectrof orPETIgP2008/050560
method, in which the cylindrical resist bodies 31 are
used as a mask. A filmthickness of the nickel
electroformng film32 is preferably set to the extent

cenldy oﬁr%’az'sﬁgsd SR dOR VR 5 te S AR e el gF ol 28, are
exep i PR ool pSiiel 17 k‘ifﬁﬂérgﬁ? %wg?ﬁnﬁln? A7 g by o

15mm although it is not limted thereto.
pnient
dev?'é’ %e@égssthe net al- substrate 10 i s washed, and

[Olgffmeaﬂl&rebyt D106k 00 *rP?kGrg’P' @}hr&ﬂi@bﬁ?egs&t]bﬁﬁgs 31, Which

ved. Thereby, as Illustratedin FIG
are %%%&@;@gulé}lmﬂ HIndeh sibstrab 19 afd forfel mn%efmétal ﬁ?ostrate

ich Tregularly-arranged cylindrical recesses
10.ar8 digheRf dO 6f @RhadMBe cyliddEedl rEeRhbodies |3|1|1b'§)tréi%i“ﬁﬂy about
in FIG 81, aresist thick-film34 is formed On the
158t ahd salbsitohatp® Htwedh tthe pdjasant cylifiRibaleebist odies 31 is
filmthickness of the resist thick-film34 is
preferaflgraboly 150m afthetcydiddaichbreaix biod§ Bnbecofties6dr corresponds
Subsequently, as illustrated in FIG 11
to aregusider Hipneateraof)e adeadjogedutrpegt, omhlcﬁamll/\be clesenileed later in
coaxial with the cylindrical recesses 33,
detgibspectively, are exposed. In the present embodi ment,
a length of a_side of the hexagonal region35 is about
[0153hm Hﬁﬁhcﬂﬁgﬂﬂuﬂraﬁeé inoF1G.i $5t ecniekndralegrofpongy fifnedy as a

unexposed portions 3% of the resist thick-film 34,

metgh Hp-Telg fasgemple és qumEﬁaﬂxr@ugh a kel é&ﬁcﬂo ez Methad, in

are.r ed . by evelop proc er ehy,
thhﬁta%wla@m\f Festfichods 1ré§u‘FS§HI?\f maash fﬂ%sz%%lﬁgﬂss of the

nicfefidediots r{éﬁ%ér’rmd' SRty b0 ﬁ&"?’%? {aF BEfingrical resist
bodfC8(a%e St u?%f@%"fﬂgiﬁ@%&fZ%%ﬁ%%%y e Gfeueh e nickel

e, g BB, AR CHL DL . ik
ele@ro rf il BQ 1K adt dtPebRf %%%;ﬁ,”%kﬁodg% it %HF:%BHE& Yred.

ni c ectro orm ng et
[0154] Next, the metal substrate 10 is washed, and thereafter, the cylindrical

resist bodies 31 are removed. Thereby, as illustrated in FIG. 8H, the metal
substrate 10 having the nickel electroforming film 32, in which regularly-arranged
cylindrical recesses 33 are formed, is obtained.

[0155] Then, as illustrated in FIG. 81, a resist thick-film 34 is formed on the
metal substrate 10. In the present embodiment, a film-thickness of the resist
thick-film 34 is preferably from about 50pm to about 60pm.

[0156] Subsequently, as illustrated in FIG. 11, regularly-arranged hexagonal
regions 35, which are coaxial with the cylindrical recesses 33, respectively, are

exposed. In the present embodiment, a length of a side of the hexagonal region
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filmthickness of the nickel electro formng film 37
is set to the extent that the hexagonal cylindrical
WO e®ss935kbdi es 36 are not buried by the ni ckel PCT/JP2008/050560
electroformng film 37 through the nickel
el ectroformng. In the present enbodi nent, the
filmthi ckness of the nickel electroformng film37 is

35??5},&[& ﬁB%g L1408 lﬁgtda@ﬁg‘htéé%lefet@ot limted thereto.

IS to not nic electroformng film

[01%77]' S | 7hegr ah&tbo¥el Npddtidnbi $cebr e Cldsik Oﬂh'i'élélﬂlﬁ-ﬂ Bm ‘which
[0159] Next, the nickel electroformng film3

coﬁi‘@p’éﬁﬁf&g rhhgﬁ\rﬁsrtﬁ" thBtradistSthRad-firh 341 Qrd\/rdrﬂoﬂadslély hahlvelopment
known net hod. Thereafter, the hexagonal cylindrical

prdcesd.st Tieéles 26 ﬂhﬁtraﬁﬁo\iﬁdFIGhﬂlﬁb;}eguIalﬂE' dobdged hexagonal
structure formng substrate 23 illustrated in FIG 8L
cylisdrial atesesd. bpdieS036 Aarei Ifotmed.at & spacé| tetwkesA, thehdiexagonal
hol |l ow structure form ng substrate 23 is forned with
cylindriicedr fesit topiéer 36s b&@raewd of hepriwspandnad kewagbual cylindrical
projections 40 on a side of a front surface of the
grdwolek 3% .st ruct ure f ormi ng substrate 23, in which each
of the cylindrical openings 39 is fornmed at a
[0158ddet eSnbsragepily.chs &h@tré@éhlmfFlﬂneSIﬁeMg@ﬁmg Shhdiexpgonal
rojections 40 protrudes outwardly fromthe fr g
cyBudrieal gesishbegigs ﬁﬁcﬁs a gasky ¢ pighehelegtioforpyiag filpp37 as a metal
hexagonal cylipdri recesse

thigkrifB hefe X BPPifeltn Srmad pEe sl |e§e°§§>f°rmmg method. A
filgoe i te'p%\%lfgp? i1 léﬁyqﬁﬂ&?@ﬁgp A% ﬁgcgﬁ f}ger £3%8t Hat the
hegr edet rﬁ%ﬁ%ﬂ’/\‘fé? ? hc#%%lrg ?ﬁh ﬁﬁ 513% rat’e cg%%&mmg
e NS e PRk B L, s,

ﬁlﬁlﬂhiiag‘{e%g gk tﬂeeﬁl%ﬁéleaeg’@oifo'x‘ﬁﬁ‘fﬁ% ﬁ'i‘rﬁ PPist 8 af OI{tthaan{]i dithough

or retalnin as or al wher eas eac

it %3{405 Pk &PIheRRENT BGOSR t§ %efﬂb@gd tlﬁ"t‘ %h@ﬁlckgleelgéﬁoformmg film 37 is

i ng-out part which |Ieads out the gas retained

1nt'e§r°a‘téi?w‘i’tfhth@%lél&l(@&‘é%foﬁﬁh?ﬂﬂﬁi 3al recess 37 toward
out si de of the hexagonal indrical recess 37. [0162]

[01$n}, a NEtthaeke Qﬁclie‘l’fdlbdtﬁ)f@fmﬁfgoﬁllhﬁl 3D ig degddhew from the metal
structure by usi ng the holl ow structure form ng

substhat 1atwitR3 saitgibledinogvnt method. prigdeesiftesnthe dhiermgdnabicilindrical
resti)set bodies 36 are removed. Thereby, the hollow structure forming substrate 23
illustrated in FIG. 8L is obtained.

[0160] As illustrated in FIG. 12A, the hollow structure forming substrate 23 is
formed with cylindrical openings 39 and the hexagonal annular projections 40 on a
side of a front surface of the hollow structure forming substrate 23, in which each
of the cylindrical openings 39 is formed at a predetermined pitch, and each of the
hexagonal annular projections 40 protrudes outwardly from the front surface. In

addition, as illustrated in FIG. 12B, hexagonal cylindrical recesses 38, which are

surrounded by hexagonal partition walls 38°, respectively, are formed on a side of
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described wth reference to FIG. 13A to 13C. [0163]
In the present second enbodi nent of the invention, a
wowi0enoxsad ubl e ul traviol et curing resin, in wPChIP2008/050560
al koxyacryl ate of "PEGIOODA", avail able from
Dai cel - Cyt ec Conpany, Ltd., i S added wth
fluori ne based surfactant of "Novec (Registered
EC- 44

2 bSRTIR he iy BeilPe ﬁ@t?%ﬂ?aﬁqrﬁuﬁétsﬁbffaﬂm%fgﬁl pigffgpmined

pitcly, u%s% i RN ERAGE B b d RolfSP sfifieite fning
subate ng Jﬁ;g' fq %{ngfé Hl'fitgr}cﬁg{)rﬁ?téwtos %ﬁ%dpleél%e %ﬁei%g

cht material I's coa

[Olﬁﬂbt herEa?c‘ﬁt Tnthteh‘ﬁe st ré}gﬁfdrﬂ% | 6Bessbd 3 %R&‘?&iﬁn%s the

odi nent, the hoI ture orm ng substrate

irs t h t :
o g 0oL NP 500, RS Sym gl gl

opeﬁintgb B9 unttionSadHe édsflbé(ﬁﬁﬁidiﬁ iakOwhief 188ds Sutf 1BE gag Bétained
pl astic-deformation film 24 on"the surface 23"

inside| dfotheshéxugbrale cylndiicty 2uest BRlteWaR] awitdidd WFt that lﬁﬁcagonal
in FIG 13A. [0165] Then, the holl ow structure formng

cylindtisslrratess33, formed wt h the pl astic-deformation film
24, is set in a vacuum container 25, and internal ,
[01¢2]es s UNewph nidtkod/ af furming ot arathrciikba helldeptmssture ibyasing the
to about | OOKpa ( 1 atnosphere) toabout 10KPa5 for
hollexastpicture[fotd6ig Tthstretn/23 a¢mrding torth¢ hresgatsernbodiacimt wiill be
the hexagonal cylindrical recesses 38 expands by about
desanibed with refgrenceioFO5e 1 pA4etlBE- def or mation fil m 24
expands and extends by the expandi ng pressure (for
[01e3danpl &, th&sprqspleisﬁwéder@?ocawfz%e Of.VEREOTy o | W%gr-soluble
illustrated in FIG to formthe hoIIowstructu

ultrggio \Pl‘l]ff@gtrﬁﬁnr féw:a? hﬁ%q%wrpfbﬁi@ of3 RE&W DAT.vailable from
4

Dalg%}a@%g%&oiﬁﬁw‘é&rtho?%#ﬂe&!&vﬁ”@rﬁtﬁqrﬁ@ i asaxs?manafof ovee

(Refheied Fipd ) ol AR o M P By, E ed & the

I 25 having the uniformhollow parts 24
plaé?% %%ﬂntgg%a[l{fﬁ%] Referring to FIG 13C, the holl ow

[01(%]r UCtF’irESQ, e bhYSe 8p‘§sﬁuh?e%11n’f‘able material is coated on the surface

23" of the hollow structure forming substrate 23, and the hollow structure forming
substrate 23 on which the above plastic-deformable material is coated is then set in
the spin-coater device. In the present embodiment, the hollow structure forming
substrate 23 is rotated in the spin-coater device, for example, for 10 seconds with
the number of rotations of 2000rpm, al‘_chough it is not limited thereto, so as to
form the plastic-deformation film 24 on the surface 23 of the hollow structure
forming substrate 23 as illustrated in FIG. 13A.

[0165] Then, the hollow structure forming substrate 23, formed with the
plastic-deformation film 24, is set in a vacuum container 25, and internal pressure

of the vacuum container 25 is depressurized to about 100Kpa (1 atmosphere) to
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detached fromthe hollow structure form ng substrate

23. The hollow structure 25 is utilized, for exanple
whiosidisus ed to, for an el ectrophoretic di spl apCT/aP2008/050560

whi ch a sol vent, wherein charged coloring matter

particles or charged coloring particles are dispersed,

is filled in the hollow parts 24. [0168] In the

pr?@ﬁt ?econd grrbodi ment, the hollow structure 25, in
aba & TSHFPAPST a side of the hollow part 24 is

01FRE1T B3yl Bl §f1d ASRE R0 of 12 QL AMPAEL aAdar Bcsses
38 BRAGSY alle 12 AR, B OB e g 1 9! dbanas

and A BP deeloianE prRttult (N elhfiol Qi8OS L Ahforfs7) of
theP&st QIl%sﬁét%éﬁgeﬁd.”la%,h@(?&%{‘%e ?1'09%?!‘ E’@&‘gﬁfk B8WRing the
the ho med 1 n the

ererore, ow structure 25 i1s for

regIRRENSIOP SRR DIUAR éé?ﬁ% and sRANC O dachi §f RIS Holo® harts 24
further inprove strength of the hollow structure as

becoaitRuBSkantislly LhEoHR WAy, sitdddCa66a 6F A18rdt@inkhen each of
first enmbodi ment. [0170] rmal ly, nmetals have a

thelesta ool | dytinpriofledetyssed BB8Ys subdthntigityeequid éniittafy.G Therefore,
13B, the plastic-deformable material attached to a

theshoi foac str2@drecdPphndag dnchurifoemn tsllbor partyitdals gbtainedhe
vicinity of the surface 23", as illustrated by the

[0167t ows Refedid |toRBI@r ABOg the Eelw 78ruativen 26akiusgobtaired is
of the certain cylindrical opening 22 of the hollow

detgehedcframetlfechotiow stubtire Sormpg sizhsinate 2he dbadiallest sncture
described in the first enbodi nent, the L . i

25 i wiglized, der oramle dubdimdtedaio, Sorr amelectiophoretie digpjay ioyhich a
t he opening 22a, as a starting point, of the . .

solyent; nehereinl chopead peloping; mattpe Pestigles oy chargedecoloning particles
23" of the _cylindric openi 22, since the netals

arertigpers I%t}ﬁ%b‘hﬁﬁ @%lﬂ}%ﬁé’ﬁ?. - The openi ng di aneter of

[01G3] o1 i pearntciespes emopg Riedlo e Bl 3#5%@% ifewhich a
o5 E T AT 24 BB TGS o B
ho@ié%ggaiﬁs WBLEED GRS R AA AN i AR O e AREBL1 244

of the hollow part 24 (or the cell) is about 3um, for example, is obtained.

[0169] According to the hollow structure forming substrate 23 of the present
second embodiment, the gas leading-out parts are arranged in a hexagonal
close-packed manner. Therefore, the hollow structure 25 is formed in the
honeycomb configuration, and hence, it is possible to further improve strength of
the holléw structure as compared with the hollow structure according to the first
embodiment.

[0170] Normally, metals have a hydrophilic property. Thus, with reference
to FIG. 13B, the plastic-deformable material attached to a surface 23d expands and

extends horizontally in the vicinity of the surface 23, as illustrated by the arrows
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the starting points of other cylindrical openings 22

| ocated in the periphery of the certain cylindrica
wWop@sioyF422, with the plastic-defornmabl e mat er PEI/IRHOSIF0560

spreads horizontally fromthe certain cylindrica

openi ng 22, by the expandi ng pressure, and by the

viscosity of the plastic-deformable material. [0172]

In addition, according to the first enbodi nent

Z. descri bed above, the contact angle q of the

[OHIjSt ! ICRéjf%Ir gn'%) | ﬁlﬁﬁ r Ivfﬂas apaq(l%g fno?éjr; fff‘%l%ng%rtetiilﬂef:ylindrical

op@fifig TS o Lifld RERS sttxfﬁ:%:{hré %bﬂ& SR hteh@onstructmn
ope ing e openln aneter 0 e openi

detfibed! 9 hfhley fﬂr&r Qﬁ{botdlﬂﬁgntt hﬂleogﬁi dbaAnRiIeT r&fteﬁﬁe spreads

openi ng 22a can be obt al néd On the other hand

hoAS&REDY rigorh Qhé RPeRMBSENL as %Cﬁﬁfhlﬁg”fp@i@t NGNihe 1inlaﬁca1 opening
invention, with reférence to 13& and 1385

22 hﬁﬂ?@@i@ﬁht}%*ﬂ"ﬂhb rfAtOR8TIfIRS cﬂl@mdﬂd’ﬂl oBehinp DI, @iihc@?f.he metals
partition walls, are provided. In the present second

haﬁfﬂmdhiﬂiﬂbhllwlﬂmpteﬂkl NFheeipeniilg diatmetaréfadhe opening 24b of the
cylindrical opening 39, the plastic-deformable

hollatveparal 24 whi clie slpteemaisedmﬁonrzmmhqﬂb,ybyra)mohmt angild & of the
cylindrical opening 39, wll not be influenced by the

plastiesieiamidlomatdriad andtiles swiface 24ii,dy apmdladnce of collision of the
hori zontally fromthe openings 22a as the startin

plasticieforptabde meterialh. whichcspireashbeningryalty fiose shedpémnghad2a as
peri phery of that certain_cylindrical opening22, since

the ﬁ@rtﬁ@@g@m’f @hﬁnpmndgrc@l openiaas 23 Ipgaied iin e periphasy of the

artlilon n the present second

cergqpslingreal %Pe@mﬁ %%t wah dhe pliste- @ﬁ@m@%walaﬁmhépreads
hogﬁ%ﬁtgﬁi'ﬁ%:mé o fREa & m%?%fi?o@%ﬁ%% E%e?@n“e?‘aﬁé ing g@gssure,
40
anéﬁha%%«%ﬁasitxyiﬁﬁfi% oo lerBeefih T vhi ch Lho
tﬂlfﬁi‘f}??ri ”ﬁ%%?%ccﬁy%éﬁzt%' Ak 3 ERGioot Bpdéipdd afove, the
co 1 hi t 1 and S c the metal is
gl [ Elé -rlé i fagmﬁ RSILALE] 234 3 ﬁll}ﬁde of th

er| al "becones sma

Sm%%eh.ﬁ% 0SS B e v
v1c§é’1g%n'o'fgth@' pBigs 0h. t NRQP e RYeRtB Ganihe bPlthoOWRa: 24b
slightly larger than the opening diameter of the opening 22a can be obtained.

[0173] On the other hand, according to the present second embodiment of the
invention, with reference to FIGs. 13A and 13B, the hexagonal annular projections
40, which function as partition walls, are provided. In the present second
embodiment, when taking note of the certain cylindrical opening 39, the
plastic-deformable material, which spreads horizontally from that certain
cylindrical opening 39, will not be influenced by the plastic-deformable materials,

which spread horizontally from the openings 22a as the starting points of other

cylindrical openings 22 located in the periphery of that certain cylindrical opening
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according to the first enbodinent. [0175] In addition,

a predeterm ned anount of the plastic-defornable
WOoreaosn9zmh3 i s stored in a part of recess 40° supPCDIRRAEsHS0560

by the hexagonal annular projections 40 at the tine

when the plastic-deformation film24 is formed, for

exanpl e, by the spin-coating nethod. Therefore,

honogeni zation of the filmthi ckness of the hollo
22,081PgR (e desagonalf r PRSP 40 fmgHans |28, thy partition wall.

refer nce numner al 39 enotes an Igenln

?m c¢

Sﬁe%ﬁg aPregglt; ﬁ“z‘fPP @@&%ﬂteg ie;tejl s&gmﬁ dcggm hexagonal
gpsrog;eg{ogn@% s AR e gt OF SO0 et the

o B A T, s
exp%hh?%ﬁ&dei%r[#héﬂﬁ Séa%ft cedfl ec{xe%ﬁgnntldngﬁfc% t nﬂeyfagolpal annular

anati1on er e Iven In

S\ onveni ence of explanation. [0177]
pro&&?orﬂfﬁgﬂ%o&m G 14A, first, the resist thin-film1l 1

[01‘7ﬂ] for Kpsda Atuie Bitadt a‘%b‘&’%‘fr‘cﬁé %ufltgce psef @b Rbllow structure
ht ough the spin-coating method. I'n the present

forﬁmg) siivgeate 23 BRd MRS piasﬁwa%rdrﬁ{a@lelﬁlaté}rél Wdesmes §ﬁBHeénd thus,
material, and the filmthi ckness of the resist fil m1

it ib @o@d@l@l@ttol fol) tht WpeakiPlatetdrof ihe dfedEeN4leBioakE ﬁsnbw part
"TSMR- 8900" avail abl e from Tokyo Chka Kogyo Co., Ltd.

24 ilargys elifrothea opexsingt diamletdronythe dpésing @44 bfiithe dollow part 24
thereto. [0178] Then, referring to FIG 15, portions
accofdihp¢o thesfisst efibodiriéntexcl udi ng cyli ndrical regions 4
1 arranged in a cubic cl ose-packed manner are exposed,
[015AH a &ea@didpnemprqzde(o@rmised smohshophefdastbddeformeblovpaterial
the cylindrical ions 41. Thereby, as illustrated in
is styred nlawrtr%fs’ﬁg‘tss %I " erroundegaly the heyhgonpl iapanlas prejeetions 40
42 in which the C%J;IndrICEﬂ regions, 4 1 are reno

at tedime el thenplpplec-geogmation gy frelstformad, fogi qa@mpolle by the
Spifgagn e HEQGE&mE%Ht?pZ%%%E‘%@?@%%? h%bfﬁwgpl?g?ess of the
holZ(;(\gns%q %u C% rfly{gﬁ?r %&gg?}%} 4%3@@ %J,tna%_rlse reliqecnumeral 39
denr(])lté:skaenl open?r(l:gf %aclf 0{ ﬁ]&agonﬁecryfh%ﬁncal recess 38.

[0176] Now, a third embodiment of the present invention will be described
with reference to FIGs. 14A to 14M. Note that elements or parts of the present
embodiment same as or similar to those described in the above embodiments are
attached with the same reference numbers, and explanation thereto will not be
given in detail, for the sake of convenience of explanation.

[0177] Referring to FIG. 14A, first, the resist thin-film 11 is formed on the
metal substrate 10, preferably through the spin-coating method. In the present
embodiment, the metal substrate 10 includes a copper material, and the

film-thickness of the resist film 11 is about lpum, for example. In the present

embodiment, “TSMR-8900” available from Tokyo Ohka Kogyo Co., Ltd., is used
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forma nickel film43, in which the resist filns 11'

are used as a mask. Precipitation of nickel, for
wex@spPs43is started fromthe nutually adj aceneCT/JP2008/050560

cylindrical spaces 42. The resist film1ll ' is covered

when the precipitation of the nickel exceeds the

thi ckness of the resist film11l', which is | mm

according to the present, enbodi nent. Accordingly, a
forpﬁp@ﬁh@gtgoggh e oAt Brdtedithenefars in a central part of

10178 o) Thehrieiaringt ELC: ApnABRiars Bhrby PgnAIRell excluding
ey EgPienroelie 4 e e ooy o Graleq Bamhiiare spepgd, and o
oSO PRr o Ty A aREPneDap “hSle, B B g Rt regions 41.
Thet O 41181009 BEFRERAE 1 BRP il 97 Plihe cHIatiBIWBaEd 42 in

our pa exagonal ~con
I : 118 [
LU PRBACH OAP i, By bAoA ek, At ppset

emwaiglgﬁt,f#ﬁsidé dibmetd| St tnbaxs nalﬁ%ai §pdidt Radt 508m, and a

i
nic m 43, to forma nickel oxide film44. Then,

dis@ficé IHetsbdr iRy chitefd 6f thd Euall@Sddjhcenlidihibieal Spdces 42 is
formed on an upper part of the netal substrate 10 on

abotf il §Dpfinh €ornéxakle.oxi de film 44 is formed, preferably
t hrough a spin coating nmethod. In the present

[01€9podi MeRrt,,asdllubtrared hh Ge $4CohidkbE cleerbfirniihg s péifommed to
45 ispreferably from about 20nmto about 30mm and

forthSd- BickaV afilmatd¥y for ovhibh ctheChesistClilpsr &1’ ere ivsedisad a mask.
for a resist thereof, although it is not |limted )

Pretipétativn. of 0digk3l, Thoengxamples risngtatted Ffiom 1tbe wpiutwallyaradjacent
regi ons 46, Eosi tioned in the centers of L

cylinslgichhspageart2 andbd regstalgondl” iscpveres, whenethexqreeipifatign @f the

., unexposed portions 47 of the resist thin.film45 are

nickelngxeegdpihesthirdkpesophihe resish fdms11’) ovhdel} isThepaasgording to the
illustrated in FIG _14F, requl arly-arrange )

pregsnti g B0l ook RO g %Eéspéﬁﬁ%al%ﬁijﬁéﬂ%&? central
whi.ch are qn the top,parts of the njckel fjlm.43

parhjaf dhe 3T PABBBNtPAES Hhe CrPrar SuesRcpkabtiin R ppoomes

thllﬁlé?g‘:agr%%]tjgé é‘?o% ﬁbe %gr(l:trr]alo{)artc tggngycf ela.rfncé{'ilpﬁearlal rpgus’cI Sf th%ocg};lﬁl%rical

space 42.

[0180] Hence, the nickel film 43, which has a hexagonal configuration in a

plan view, in which the central part of the hexagonal configuration becomes or has

a top part, and in which a contour part of the hexagonal configuration has a valley

part, is formed in such a manner as to cover the resist film 11°.

[0181] Thereafter, as illustrated in FIG. 14D, ultraviolet rays are irradiated on

the nickel film 43, to form a nickel oxide film 44. Then, as illustrated in FIG.

14E, a resist thin-film 45 is formed on an upper part of the metal substrate 10 on

which the nickel oxide film 44 is formed, preferably through a spin coating

method. In the present embodiment, a film-thickness of the resist thin-film 45 is
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about 15mm and a pitch pO between the adjacent
cylindrical resist bodies 48 is preferably about
wa2@sne3sihe cylindrical resist body 48 beconmesPOr/JP2008/050560
corresponds to an inside dianeter of a gas | eadi ng-out
part, which will be described later in detail. [0185]
Next, as illustrated in FIG 14G a ni ckel
pre% m?f (e)freﬁlma%gu{ di%né}gtcﬁsa@oﬂeggg hify fedim ”oravaﬂable from

I's forne rough a nic ect rof or mi ng

eﬁ;d}fe@h ¢dt wﬁ!ﬁaﬁ fshﬁs&ykc%]r‘grﬂe&@t tﬁeferébistalﬁlngﬁlslt 48 R Qimited

used as a ckness he nic
thegétgct r of orm ng f|Im49 is preferably set to the extent
that cylindrical resist bodies 48 are not buried by

[01828 ni CRigdn, EleG&riringl &f IRIGY 16, | drd4fart REAbAH M%d&ht@dﬁﬁéd in the

el ectroformng. In the pr esent enbodi nent,

cerftedsof hieghlaelysaredngeliehenagoahl ebgiohs,0her mcp@seﬁ; lanid4 GnésSposed
set at about 15mm although it is not Iimted thereto.

poftivb86f7 dfetke rediftethirefidh 4Sudrstrembeed By iasdenvakipatent nokess.
thereafter, the cylindrical resist bodies 48 are

[0183fov e A heTdhey; ebillustimtdd inuSiG. ddEdreignlaFlySarrdngdd dyftindrical resist
netal substrate 10 in which regul arly-arranged

bodigs R dare denmedeer poritorsp which fusr ome theotoptpreetsrofcthe nickel film 43
el ectroforming film49, is obtained. [0187] Then, as

ang mhigh %rtr%s@ona teetle cylydrical ppases #2t hi ck-film5 1 is
formed. In the Eresent enbodi nent, a fil mthi ckness of

[01@4& r e diameiprdOrof epch pfjthe sylindtieal sisbhodiss 48 isoRekerably
ey, PR Poypisei Bl G AEH Mo AdIECP GRS al resigh s 48 is
Pre? B@g%’gﬂ;ﬁwth " e 6 rgf?a'%%?flﬁétr*S&&i@e%%%mwesponds
to By ?g‘%ghé’met%r B0 14 g R PR pAGO TR 3, doseFigag dgter in

dag unexposed portions 51' of the resist thick-film
1 are renmoved by a devel opnent process. Thereby, as

[01'8'5:] ust g dad ﬂllfsltlg't%dlg't] FI(fz‘re a8 lYad e ?19%@0%’1‘1%%%'49 as a

indrical resi st are tornme

mebaﬁttl’iﬁ‘leﬂlﬂl her @ﬁa&ﬁﬁ&n@lfoﬁﬁéd 'ﬂlﬂrohgﬁla ﬁl@ﬁélséle&%ﬁﬁnizmethod in
beconmes or corresponds to hexagonal cylindrical

Whgillfét‘h\éﬁ&%&gcal{ﬁ%ﬁQB?ﬁgbﬁg%@g?}%ﬂ/as @fask! UALARL-KickRess of the
nickel electroform);ng ﬁlmg49 is preferagly set to the extent that cylindrical resist
bodies 48 are not buried by the nickel electroforming film 49 through the nickel
electroforming. In the present embodiment, the film-thickness of the nickel
electroforming film 49 is set at about 15um, although it is not limited thereto.
[0186] Next, the metal substrate 10 is washed, and thereafter, the cylindrical
resist bodies 48 are removed. Thereby, as illustrated in FIG. 14H, the metal
substrate 10 in which regularly-arranged cylindrical recesses 50 are formed on the
nickel electroforming film 49, is obtained.

[0187] Then, as illustrated in FIG. 141, a resist thick-film 51 is formed. In

the present embodiment, a film-thickness of the resist thick-film 51 is preferably
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cylindrical resist bodies 52 as a mask, a nickel
electroforming film53 as a netal thick-filmfor
wez@spas43 s formed through a nickel el ectrof orPETIgP2008/050560
method. A filmthickness of the nickel electroformng
film53 is set to the extent that the hexagonal
cylindrical resist bodies 52 are not buried by the

ol S 5 AR S ATl o . 1
i i i . i, i i .
T R
rec%%%gggh%éc%f%&a{r}'&fég;‘?bs@d.ec@;ﬁgg{rg&éﬁg chdtoMiAdnt, RAEABH of a

m ng, ached fromthe

sid?_io?lﬁ’?‘e| I%ét"}?e%.iggﬁ%l{qxjehmn‘lﬁdfl Wk bhod ik AR UEAGWR ARt lHRNHed thereto.

her ea e hexagonal cylindrical resist bodies 52

[01%82 r em¥g dunck}REEPYortid S| 6OMMeSlesid€ thitk-filar 51 nge removed
substrate 23 il'lustfated in FIG 14L is obtai ned.

by BRIeQelopnict BreRse NUR&EBY, HTiHuskened ¢s FAG. Domegdarly-arranged
facing the surface 23", whereas a reference nuneral

hefa%bnﬁilem:@liﬁariaﬂ apdsi nediacisig ase glvsmed! ai Ai spacepdetyeen the
[0191] As illustrated in FIG 14M a back surface of
hestdpenkiolcklindstaluedsistebbdiesi 58 teobmes atre c@Besponsleatoe diexagonal
by, for exanple but not limted to, an adhesive sheet
cyl2iridad gBRjvedS2il  ustrated in FIG 14M the holl ow
structure form ng substrate 23 has curved recesses 54

[0189]a siSubsefuentiy; oant ilbustrated inf FiGe 1K) Itowusiney e hexagonal
form ng substrate 23, and cylindrical qpenin 55 are

cylindriasd Tesistceattienp2 gara magh, 2 pickelplpstroraEuzg gﬁms% &p agmetal
L LR T T AN
Al okag e g :qta,ég nsid %iq%ﬁ’fﬁ%ﬁﬁxygb gﬁgﬁﬁg%&a{o R et that the
e AR BRI, S, BB 8 O PHs Ll 8 R Bl ormin
e 55 oA SRR e R g BEHFREBte, e
ﬁlx%lgt:hrfmcﬁ(%lge%;8@%@?1‘51?%&5%}?&9&0?&% Bimi93eishet LPYh St MY T Bthough
it is not limited thereto.

[0190] Next, the nickel electroforming film 53, formed through the
electroforming, is detached from the nickel oxide film 44 with a suitable known
method. Thereafter, the hexagonal cylindrical resist bodies 52 are removed.
Thereby, the hollow structure forming substrate 23 illustrated in FIG. 14L is
obtained. Here, a reference numeral 55a denotes an opening facing the surface
23", whereas a reference numeral 55b denotes an opening facing a gas-retaining
space.

[0191] As illustrated in FIG. 14M, a back surface of the hollow structure

forming substrate 23 is sealed by, for example but not limited to, an adhesive sheet

22°,
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[0193] Now, a nethod of formng or producing a hollow

structure by using the hollow structure form ng
wGeaesnyHEsEe 23 according to the present enbodi ner/JRE004/050560

be described wth reference to FIG. 19A to 19C

[0194] In the present third enbodi nent of the

invention, a water-soluble ultraviolet curing resin,

oy BRI T B oo kB o st 23

R e R R I %aai{?awtm?tgre forming

st 35 4 Sﬁﬁs%‘?’%'aﬁ%?%?ﬁ%%?? ofsa R Y contpl Pt B i gorved
recggsrefsasqleatz% g) %Jﬂﬁngg er U%Sr EGV0G. f 3! %‘5@1?13?% gggflﬁgt?ated in

and 't oW S re orm g subs

FI@.’hmﬁ the a@lﬁ’&}ﬁfn l.@pdddC 1Rk 8R! & rﬁ'ﬁ'oﬁ!a%'osr 8R3I&H by an

én set”in the spi n-coater devic resent

anTRO AR | wmeséh abi Ry §t§d¥>%{a&hhﬁll§°ﬁéﬂ snaus)éﬁﬁg\ir@ugﬁ The

Is rotated in the sSpl n- coat er devi ce, or exanpl e

anditlas @A Whll 54 RErudHFBera Abxdinal I:0n81.01 préPoRMm Also as
although it is not limted thereto, so as %o formthe

illptrasdd tr BBG.018Mt hediagbhhlnt Rindiival Recesbesl ST ewBith af sufgunded
hol | ow structure form ng substrate 23 as illustrated

by ihex&gdaal pahitiqrO¥an} 5Theare fohaedohlobackt suitdcarsédd of thenlollow
substrate 23, fornmed with theplastic-deformation film
str@eturd Horedng subsérata2iium cont ai ner 25, and i nt er nal
pressure of the vacuum container 25 is depressurized
[0%98] aboNow,@0OKpthod of farmingpérepreyutingabliliovi SkReturé by using the
exanpl e. [0197] Thereby, the air or the gas in each of
hollenw skraxhye feimisg|suharate 3 acserding o HF prepenicmbndimeniiwill be
10 tinmes, and thus _the fl astic-deformation film 24
de%ﬂ@ﬁﬁd@ﬂbﬁe@%ﬁ%ﬁdﬂ@y %t%;(%ﬂdl ng pressure (f or |
S|Ilustrat rrowsZ of the gas,
[0]|q4ﬁlust T g preserictiiy E?m%/‘lfia 16t &th ehmeau% . wetgresoluble
ultlémfé g%/ ' léltglg ﬁesﬁﬁ,ggl%)]ar hfﬂ?‘: O ?a{ctgslfﬁedfkpgo k o gvalléale from
ubst | al I orm tual I si_n an.a unt I,r
AU et Ryt eRatsbted: V0 AAGHRERAN, Bl of
“Ng{ed %Rgéigt%}e%f“ﬂ‘a%eh}/ar@ﬁ@Am A,J%kfgt\fablgri%rgfﬁ/lecompany, is used
as the plastic-deformable material.
[0195] First, the above plastic-deformable material is coated on the surface
23d of the hollow structure forming substrate 23, and the hollow structure forming
substrate 23 on which the above plastic-deformable material is coated is then set in
the spin-coater device. In the present embodiment, the hollow structure forming
substrate 23 is rotated in the spin-coater device, for example, for 10 seconds with
the number of rbtations of 2000rpm, although it is not limited thereto, so as to
form the plastic-deformation film 24 on the surface 23” of the hollow structure

forming substrate 23 as illustrated in FIG. 19A.

[0196] Then, the hollow structure forming substrate 23, formed with the
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the holl ow structure 25 having the uniform hol | ow
parts 24 is obtained. [0198] Referring to FIG 19C,

WQ psapIskbw structure 25 thus obtained i s det aREEI200841F)560
the hollow structure form ng substrate 23. The hol | ow
structure 25 is utilized, for exanple but limted to,
for an el ectrophoretic display in which a sol vent,

oLt 58 84 Kb S Rl o R resun
B, P B ST I g

N ghollow part 24 is about 80mm in
ab% @%@a %‘3% “the hol | ow part 24 is about 60mm and
igA1 Whi f I
[019”% holqlrhg\%t}ggﬁe 52151 b%{g‘lr?@%% elﬁ éag.@h B?Fﬁse' %é)%g?ﬂ% dyh%ﬂﬁcﬁ?lf recesses

57 %BERILhy labo @Dl @itiiesh, ah@3RRS tlf&ﬁ&fsﬁb-f&fd@adtm ﬁnhlzqmexpands

structure form ng substrate 23 of the present third

an®BBReEiNBHthe EXieardass prRASIrEYferixapilé Sasdllasratednyedrdws Z) of
have a hexagonal cl ose-packed structure. Therefore,

thet s, el ilustrateduisi BI6. 29B) so ffomigtle ihvllole stracimye @bhaving the
configuration, and hence, it is possible to further

regubqpr hvkkowt pamg 24 (dr télés)holA chapd rofctacheofishe dmjlvedparts 24
with the holl ow structure according to the first

beamixsdiupstantiallp 2@iformrmutid]ly] snce an amoust ef elma:etaumdﬁn@ach of
19B, since netals have ahydrophilic property,

theplh%l@gbnald@ﬂmdmbl tecqeges S7als sabstantialdy p@ualrmumﬁilf/ac dherefore,

expands and_extends horlzontally in the vicinity

theoholqué st«;u@tpa@;%S 2aving[tho upifoprdwlios pas hiuPkirinednt our

wal | or the annular. contour part has a function

[0148); | arR@ffrflﬁat o #16h d HexBGoha O‘é(nﬁUP%“reprQCﬁ &by Shtaiped is
t d di
depghet] fioBt npﬁéwzﬁéi’%ergf S sttt 27 Aok %g structure

25 39 ufifibed 3ot e imp R ik 15 16 SR ElBhBplib AT BlgiRl it Whioh a
sol{vlﬁr tvylgegb‘)dlcﬂaﬁ'gen cL)Po%P \é m’ﬂ?ﬁg’r p%rtfuglgg 10 OC%QP%Q%' phng particles

t1Ton eScri be

ol B T (.l e s o part s o

[Ofb@icr' BEARE HrEdt IR SnfITRALAEhS HOlIBwW structure 25, in which a
length of a side of the hollow part 24 is about 80pm, in which a depth of the
hollow part 24 is about 60pum, and in which a wall-thickness of a partition wall 24a
of the hollow part 24 (or the cell) is about 5pm, for example, is obtained.

[0200] According to the hollow structure forming substrate 23 of the present
third embodiment, the gas leading-out parts are arranged to have a hexagonal
close-packed structure. Therefore, the hollow structure 25 is formed in the
honeycomb configuration, and hence, it is possible to further improve strength of
the hollow structure as compared with the hollow structure according to the first

embodiment.

[0201] In addition, with reference to FIG. 19B, since metals have a
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attached with the sane reference nunbers, and
explanation thereto will not be given in detail, for

wao bwssgdses of conveni ence of expl anation. [ 0204CT/JP2008/050560
According to the present fourth enbodi nent, the holl ow
structure form ng substrate 23 is fornmed by a nethod
simlar to that of the first enbodi nent. However, in
the present enbodinment, the cylindrical openings 22

hydspphific piagerdy.t Berdagio-feforaghigomaterial satachpstaethe surface 237
cxshh BRdERienTREPREOTIALY 16 4 ool Decmptops PAY T esi st

0301 B S o D SE e SRS AS g s
funf 058 sishre T 5 4 s BEnef sl SR, R RIS Seronging to the
s bl 0O AR OB RSP ol 20
of i Afot BEryDERIRCRIRE BOTA tionict ¥r FRSHERME b of the

r i - packed manner, and
hOI\i/a\‘}wvi@gﬁftaz?fg&ggﬁliﬂg?%E}geéﬁ%?@glib\??gggﬁby hexagonal annul ar

[oznsgov eNof) a ARtH emBBAimdd 2 7the TH88bnt 3avddtloaSHiIabeHdsBribed
FI 20C, 'a sputtering process using, for exanple, a

withi fefotba® aXFUEs."BIL b AOF S Nt fthitEdmeints ¥hpefls bhehépyesent
filmresists 57" of a cubic close-packed structure are

embsditheas sameaskor simikas td ahdwr describadiinthexbeiee EinboBinkdnts are
A filmthickness of the titaniumoxide film6 1 forned

attdoped heitls phe tsementpfareoce smnters,f aird explaphtion thargicabdlitnot be
100 angstromto about 1000 angstrom [0208] Next, as

given indetads at the skl o@D enidnee df\expldnatiorsi sts 57' are
renoved, and then the hollow structure formn

[028dbst r dtcsondingite e present fonrthnémbodixiens thel g@llem structure
structuring_ hexagonal annul ar contour parts are .

formingrabsiate 13y fosmed by awethodsamilgr (8 thep phthe fdrst embodiment.
property of the titaniumoxide filmjs |arger than

Hopgyer, &t ¥1@%EreﬁP’éﬁ<%‘Pb°‘EW§] thermdrical opaBES 27 P Arrgnged to

e B e S e Soh S 28 RPN B o i
emgc?:ﬂ?n%inge nf{bfe"rrclgftg QtglFIG. 20A, a dry film resist 57 is, first, formed and
. laminated on the surface 23 of the hollow structure forming substrate 23.

[0205] Then, referring to FIG. 21, regularly-arranged hexagonal regions 58 are
exposed, and the dry film resist 57, in which unexposed portions 59 present rim
parts, is subjected to a development process, so as to remove the unexposed
portions 59.

[0206] Thereby, as illustrated in FIG. 20B, dry film resists 57°, which are
arranged in a hexagonal close-packed manner, and which are partitioned or
divided by hexagonal annular grooves 60, are formed.

[0207] Then, as illustrated in FIG. 20C, a sputtering process using, for

example, a titanium oxide material is performed, in which the dry film resists 57’
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DSX"', available from Dai kin Industries, Ltd., is used
for the hydrophobic treatnent, although it is not

wO 2eoBNEI$43 heret 0. [ 0210] Mre specifically, inP@h@2008/050560
present enbodi nent, a dilute solution containing 0.5%
of the Optool DSX, to which hydrofl uoroether of "Novec
(Regi stered Trademar k) HFE7200" avail able from 3M

o SR e P i B M b o
At ot gkt G BER Plnetin exidi il 1dorme, bithe apattering
BB g pl ST SR L RGPl Bl oFE5Brme

O Refl 4RI o LT8R 5P fedfmoves
o e S5 SR SRy Mo LT oA i i

filohd GRANHPHAH B ekhd B Gnhul &ﬁﬁ@tﬁpgac’ﬁéj areo‘lf&gﬁ’é@ histﬂgf]icated.
[ ng to the

wat er-repellent film 62 of a part correspondi

Nofei thked h&&roPhﬁﬁ FepeP g eKb tiBinfes QRRRSHlh Wak@dran tHHRSf the
water-repellent filme62 for the titaniumoxide filns 6

niclleli s faster. Thus, the irradiation of the ultraviolet
rays is stopped at the tine point in which the
[0208] er - Tapehftentthé isuffab2 267 dththet hélbow Wotuokird CofrminEssibstrate

1 is deconposed and renoved.[0212] Thereafter, the
23 isatubjeateptl b dytirdphoid feaisndmk efh dret presére dmobddiment, “Optool
structure formng substrate 23 under tenperature
DS¥3ndivailabls &ifom fdaikéx akmdustries 5 tdggisemsedCefosi the, hydraghobic
to enhance adhesion of the water-repellent film 62 and
treaqtmenh glthovgks itris mpt Hmitedrtherego.subst rat e 23. Then, as
illustrated in FIG_ 2CE, a back surface of the hollow
[0240F yct uMore ovperifiradlynsiny she presang embodisnemy, af @ilute solution
exanpl t pot limted tqQ, an adhesjve sheet 22'. =
confaspnt) O, of the: et D nithgvBiehp hiFeRMREohRfoiofoiNoves
structure b [ hol | Q tructure formng . .
(ReG{EER T eIl SR DO covalliols dthe S S Gummad; ivialed, s
be desqri.bed with r ce to.FlGs,: 22A to 22C.
prepgisda; HeiEetten dndib efr freuhugahn{or @gtédon the surtace
23} @X@lﬂ&in%” the QEaﬁMec{xi% films 61 of the hollow structure forming
substrate 23, which is then dried naturally to form a water-repellent film 62.
Then, ultraviolet rays are irradiated on the water-repellent film 62 of the hollow
structure forming substrate 23.
[0211] The titanium oxide films 61 are activated by the irradiation of the
ultraviolet rays, and the water-repellent film 62 covering a surface of the titanium
oxide films 61 is decomposed. Although the water-repellent film 62 of a part
corresponding to the nickel is also decomposed, a decomposition rate of the
water-repellent film 62 for the titanium oxide films 61 is faster. ‘Thus, the

irradiation of the ultraviolet rays is stopped at the time point in which the

water-repellent film 62 of the titanium oxide films 61 is decomposed and removed.
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"MC- 243", available fromJellice Co., Ltd., is used as

the gelatin, and the gelatin and pure water are m xed
wa@eoogogesieyht ratio of 1:5, to prepare a gel atiPCT/JP2008/050560

solution. Then, the gelatin solution is heated to nake

tenperature of the gelatin solution to 50 degrees

Cel sius for exanple, which is then coated on the

[oilt‘%'r]' oW $hE S'ftHf ettfeo'in@t ﬁé‘ﬁe}ijr R4 vﬁ%cﬁTp JH"Jn‘Eé{V the hollow

ucture orm ng sub

str@&h A fcﬁrrﬁﬁ% lég\b&!?atb %3‘3191?& qul'n efalﬂﬁ% «%E),giﬂﬁc;hst&e for ﬁxample 150

Spl n- coat er devi ce. e present enbodi menf

bd O e, UBL AN @ élﬂ{aﬂbé" Qdﬁéﬁ?@ﬂ E)?ttl?e %ﬁtér%e%@l‘léﬁ%ni B2 and the
he spi n-Coater device, for exanple 0 seconds

hoMbWrbtidé@ul‘éUfS@ﬁﬁn%fsulﬁﬁfa@é D3NS Ten 120 MpMated IMFUGH20E, a back

is not limted thereto, so as to formthe

sufh@séf thedeslowistruotird FdiMind substratdiZidistseglededyatfonetdmple but
illustrated in FIG 22A. [0215] Then, the holl ow

noslimttet uo.carf adhasing: shebs22’at e 23, fornmed with the
pl astic-deformation film24 illustrated in FIG 22A,
[0218]set Now.ca methadoitionmiiger pucigh holler sthcprebgumsmg the
of the vacuum container 25 is depressurized to about
hoBewsstructire daumisigesubpoaie6)3 aticerdibg to phyi sresens dnpleddiniedt will be
in the gelatin is evaporated as the air in
dewﬁﬁﬂaﬁl@hjrﬁﬁrwwﬁﬂﬁéauz%é‘t%%@es 2 1 expands. As
illustrated in FIG  22B, when the water-repellent film
[0H4]i s by gl nsesemh ghigd, p@@gdm@ﬁg of the invention, the powder of

RYiekrL a‘:@%ﬁaﬁiﬁﬂﬁb' PTaREE Conrfidm siiset oF tharBeleting ppd ghe Felatin

and R YA PO B FREEAAIR 71 L1 do Pre aa's‘gshaimnsgluﬂon
def b

THEg! ﬁﬂsﬁ?%gas‘i“ﬁﬁgnﬁ%ﬁﬁfsﬁ e SRR LR e G4 Fpjution to

506%&5%&&%15&@55 fJnJ %l%; ﬁfghlgﬂ elm tﬁe% Zcéggedt pg tﬁgl l#oqp{iw structure

foxﬁﬁﬁg %u%étéé’t][eorj ar"ﬁﬁe 'h?llf)@r %&%ﬁgﬁgﬂ\}é ﬂﬂgﬁﬁtg?B on Wthh the

tic mat | on equat
ab&¥e §eR¥int Eﬁuﬁ%ﬁpi‘gr&)ta‘téﬁ" 1§fth$ﬁ‘%eﬂ% Sthé‘ I's 1n-b5‘atEP%ev1ce In the
present fourth enbodi nent, the hol tructure 25, in

pré@@h@@m@ohﬁﬁéﬁthtlﬁf h@ll%%xﬁuk%rﬁ@%@ggﬁ‘ﬁh’c@ o3l RWdiatel in the
24 is about 80mm in which a depth of the hexagonal

spincdda®dl @fite,2fbrisxatipliltfo AOMecdnds withhes Rudber of rotations of
wal | -t hi ckness of a partition wall 24a of the

120@xpagaltbough it is not limited thereto, so as to form the plastic-deformation
film 24 including the gelatin as illustrated in FIG. 22A.

[0215] Then, the hollow structure forming substrate 23, formed with the
plastic-deformation film 24 illustrated in FIG. 22A, is set in a vacuum container 25,
and internal pressure of the vacuum container 25 is depressurized to about SKPa,
for example.

[0216] Thereby, moisture included in the gelatin is evaporated as the air in

quadrangular cylindrical recesses 21 expands. As illustrated in FIG. 22B, when

the water-repellent film 62 is formed on the surface, the plastic-deformable
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hol | ow part 24 (or the cell) is about 5mm for

exanple, is obtained. [0217] According to the holl ow
wasoisee 25 of the present fourth enbodi nent PCT/2008/050560

cylindrical openings 22 are arranged in a cubic

cl ose- packed manner. Thus, the hollow structure 25

havi ng a honeyconb structure is obtained. Hence,

o, SR A8 o i 1.
sian%equaiig&HQ%):f%ngF%mlﬁge?&ﬁ i Q0o %ﬁp‘éﬂ& ffdrh $he Eﬁh’%ﬁlelﬂférﬁtamum

cor I's possible to achieve t

oxide! f{ilﬂ'}/‘% PGs (aﬁ%taftﬁaé point Bh@WMHRe sD e prsaeideRRthable material is

exenpl ary enbodi ments of the present” invention. (1) A

regefibll 3WVaSidrtieh Wrehé W@ psNOE! fild 62, ColaRkt,Saslustrated in FIG.
surface 'on which a plastic-deformation filmis forned

220YtHeshdIbva shéaitd 25 defraiichtiecopartiags 241 ofithel holbdw pyrteR4 are
regul arl y-arranged gas-retaining spaces each retaining

larg@ds tibaned.n; Ira apditioal ithy phdstigadefbanaatiow fdot 2pdrardersawiith an
having a first opening which faces correspondi ng one

adafuatd sigashy ethai evaypratpacesd dhel motteiend bpeahe ngraspiic Hourth
faces the surface, the gas |eading-out parts |eading

embotlinérg, theshalbivaistractuis 26 his whishrateaight afa sitecelsthe hexagonal
toward the surface under depressurized )

hoHewipash2é it abh s B@kn,dn whink aglepthiphfhe Rexggonal hollow part 24 is
infiltration preventin aces each Erovi

e BEich POYpe RaE 6 Fotert Han ALt P gsagonal
R P N Y T W
O R R R A e R SScaien
PR S P 8 R L GERRRge To,
o RS RER A R PRBRER L R B bRt pence
ok B PP A TS BELaat Yoaes sapeimen i
1aREC MatitA A6 hbiloWER Rt eSCaBEdihB o the first embodiment.
[0218] Accordingly, it is possible to achieve the following (1) to (15) from the
above-described exemplary embodiments of the present invention.
(D A hollow structure forming substrate, comprising:

a surface on which a plastic-deformation film is formed by using a
plastic-deformable material;

a plurality of regularly-arranged gas-retaining spaces each retaining gas
therein;

a plurality of gas leading-out parts each having a first opening which faces
corresponding one of the gas-retaining spaces and a second opening which faces

the surface, the gas leading-out parts leading out the gas retained in the

gas-retaining spaces toward the surface under depressurized environmental
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gas | eadi ng-out parts includes a cylindrical opening,

and wherein each of the gas-retaining spaces includes
w@2@gl93sdy i cal recess or a quadrangul ar cyl i ndPCT/a2008/050560

recess. (3) A hollow structure form ng substrate

according to (1) 5 wherein each of the gas | eadi ng-out

parts includes a cylindrical opening, and wherein each

of .the gas-retaining spaces includes a hexagona
conditioni#fcal recess. (4) A hollow structure forning

235?8 bffeng g{“%’é{f}%ﬁ%aﬁg %‘%rggﬁge[fﬁé‘%éé e d&?f?‘r'ﬁtsa { ) gpace
betffes SORRRAE rech M pRUCSRETAG, AT afiPer fob ‘%ﬂ&uf’f the
R T e
plasc‘t?@ﬁ%fo?ﬁl‘ﬁbl%crﬁg{egl'ap BrohPiHe 'rf WOeLR tﬁe %ﬁ? He@inih % aces,

annul ar contour parts Inc es an pro e t1oh.

( 7)wh%raﬁ| {h%"‘bﬁatsflb’%%rﬁle&%mfm T’é“ﬂ%'ﬁfrﬁ{eﬁ dhd Oéﬂitaﬁgeci Qn the

wherel n"the surface surrounded by each of

surﬁfée lﬁyaéxﬁaﬁﬂir%u%reﬁﬁfﬂe Sfithe RAS Q&iiﬁﬁﬁfr‘bhf Jfheagas—retammg spaces to
wat er-r epel | process, and wherein each of the

theaaB UtAling0nt Pats Habhigh Hesindlhydsn RRiventinp 'spReIst 36 480 Brm a
hol | ow structure form ng substrate according to (7),

holihe seuctueahiviaf réfidadpaptanped bollowrpapart s i ncl udes a
titaniumnetal film (9) A hollow structure form ng

(2) subsA hallewatmotute fgrihimg(2ipstate(@pordihg te (1), avidreinetaeh of the
of each of the cylindrical openings is between 5mm and

gasOlradingpoeif pardblipclodesvaepylbmdnicahdofeding, andd whesein each of the
preferably between 5mm and 30mm (10) A hol | ow

gasstetainingr epacos rinelgdsulbseylindsicat ceeass g @ slupdyangukear @ilindrical
each of the gas | eading-out parts has volune which is

rece¥¥ssi bl e to ignore volune of each of the gas-retaining

space (11) Ahollowstr cturefo bstrat.e
(3)acce“r§PHaWtSérue§)re PLRINgT éEﬁ‘ﬁr%@PﬁBll 3 El Peiergip egeh of the

gas ?eaﬁ?rfgggute%grr‘gs qgglluggs % g}'fﬁt?&wali oapre(l:nrfg? na{r{dg uwrhaetrellgnea{c of the
gas-retaining spaces includes a hexagonal cylindrical recess.

@ A hollow structure forming substrate according to (3), wherein the
gas-retaining spaces forms a hexagonal close-packed structure.

(5) A hollow structure forming substrate according to (3), wherein the surface
includes hexagonal annular contour parts having the cylindrical openings in the
center thereof, respectively.

(6) A hollow structure forming substrate according to (5), wherein each of the
annular contour parts includes an annular projection.

(7 A hollow structure forming substrate according to (5), wherein the surface
surrounded by each of the annular contour parts is processed with a
water-repellent process, and wherein each of the annular contour parts has a

hydrophilic property.
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cross-section, and each including correspondi ng one of
the cylindrical openings in a central bottom part

WO R@BMIst3 and a plurality of partition walls PCT/JP2008/050560
partitioning each of the adjoining circular-arc
recesses, and each having a hexagonal configuration.
[0219] According to any one of (1) to (11), it is

8P or s BrrsTigh e SR ROE i B ERPh ook VP 2P SRl Fipyeach of he
anddla cb R0 AUL 1 BRNL U Ml o ha e et al il g space.

t owar e gas-retaining space, and to

uni f grym t [ :
Ot 1 B RIERy ool Mo flg [ASRAL blorifly BEPH! B3f Whorein &
did@dtbt bf SHhN thBRyliRGREAIIPERinRlik BBtvrt 5.k fankl 99 b0 Jref¥rably
structure. [0220f7 Particul arly, according to any one
beRfeen®urh and SDund, tanﬂ&nm?ﬁéfefe&,ly BefiAUs]en bhe 30akd. ow
structure having the hollow parts, in which each of
(10)he Adidiieow paidtard foemimtke sutistaitdheomeimp tbapyevhérbhineddheof the
openi ng di aneter of the gas | eading-out part, even
gasvradingheutopaty g dilawre tvdriclois pdssitdaso igrmde nglum opeadh of the
is small. (12) A nmethod of producing a holl ow
gastretaniing spdoes.ni ng substrate, the nmethod conprising:
formng a resist thin-filmon one surface of a netal
(19ubshhailevf strudtug fopmingisubstiateeaqsosdig po (1), Sughengningprising:
correspond to cylindrical_ openings, by exposing the .
r est splurality- fof| Geegssasr diagly baviagr egutitpulyaarce canfiguratipn in
renovi.ng unexposed portions of the resist thin-film .
CcraseRFEpe andccashineludings earrsspandinggng) ofithe syhpdsical ppenipgs in
regul] arly-arranged _cyljndrical recesses, which
ac@B&F‘L@?ﬁ%ﬂW*Sg@O&qundri cal openings, and on which a

i PRERSR PR BRe by paditoHAE GarRe (R S Rarripar-ar

t hihPHY
d ' d K db i
reqEA&Re a1 R helfiRe 3 boxkesiil PorBelatin, i ng n rosi ot

oA ARRBRLCDS SRV 1 MO it BB LA s e
strength of the opening peripheral wall part, which structures the opening that
leads out gas stored in the gas-retaining space, toward outside of the gas-retaining
space, and to uniformize the volume of respective hollow parts and uniformize the
film-thickness of the parts partitioning the respective hollow parts of the hollow
structure.

[0220] Particularly, according to any one of (6) to (8), it is possible to produce
the hollow structure having the hollo.W parts, in which each of the hollow parts
includes the diameter larger than the opening diameter of the gas leading-out part,
even when the opening diameter of the gas leading-out part is small.

(12) A method of producing a hollow structure forming substrate, the method
comprising:

forming a resist thin-film on one surface of a metal substrate;
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form ng pol ygonal cylindrical exposed portions by
exposing the resist thick-filmaccording to a regul ar
wQEaiosevIs4and by renovi ng unexposed portions of P€TI&P2008/050560
resist-thick filmfromthe one surface of the netal
thin-film wherein the unexposed portions of the
resist-thick filmcorrespond to partition wall form ng

? 2&?&35? yosindafial P peRES chcibifing Sk correspand gy apfindrical
opeliigns R < Bh A e aRRar St AledGel pISEbER pattarm gnd by
reBylFE Blealp B adioh R b &R R AT R Ind e hdfheey

TSR P R R ARE LT e bbb 0 ol kGl recesses,

ikl S g R At el dionihs, M3 bl 4 RS b R formation
filnP 94 YGRE, 3 bt CAIMmEXPASAKIIRS ol 3Send 5Théd)SnWhith the
substrate; "and formng the hollow structure form ng
cylindBHsar @ sBY pofiidns 418 188 B WASKInEYY kr&¥Hb1#3! the cylindrical
exposed portions, wherein the hollow structure form ng
exposeiSpdréibas;j ncl udes a surface on which the
pl astic-deformation filmis forned, the
r efpthdng - wesisankiel-ffjas onaiml fnirfapespbthesmeat thinefilm rin rsgch a
gas therein, and a pluralityof gas |eading-out parts
mameeet las haburygthe dyilindricelbeeessgsywhi ch faces correspondi ng
one of the gas-retaining spaces and a second openi ng
whiarmingcealygomals aylindrical aexpashé persioneabli ragposingpére gesist
lead out the gas retained in the gas-retaining spaces
thickefilm @ceording fd acegwat epttawpred by repedinghynexnesedh partions of
condi ti.on. A net hod of producing the_ hol | ow

: (13 . .
the gesigt-thicle flgr drem heore spefaee obrhengetad thapfilmg yyhesein the
conprising: form n% ,hegl?g]ggﬁl annul ar grooves, on the
pret-Em &

h :
unegpesedperEoas ot tad FeiresRoaf PeParitiop el forming

thinfil.mi.s forned on the _.one face of, the netal
oGBS £ AR GRS HOR e 0L GO RUIE AT O g Do RER g, fpaces:
o e T C R C e RN R R BL RBEHRER iy g comter
there3E RESSHTEN;

forming a metal thick-film in the partition wall forming recesses, in such a

manner that the metal thick-film is integrated with the metal thin-film and that the
polygonal cylindrical exposed portions are not buried thereby;

detaching a structure, which includes the metal thin-film, the metal
thick-film and the polygonal cylindrical exposed portions, from the metal
substrate; and

forming the hollow structure forming substrate by removing the polygonal
cylindrical exposed portions, wherein the hollow structure forming substrate
includes a surface on which the plastic-deformation film is formed, the

regularly-arranged gas-retaining spaces each retaining gas therein, and a plurality
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(14) A nethod of producing the hollow structure
form ng substrate according to (12), further
w@wpndIsieng: form ng a hydrophilic titani um fiPOT/@IrR0ediEs0560
surface; and formng a water-repellent filmon the
surface excluding the hydrophilic titaniumfilm
[ 0221] According to any one of (12) to (14), it is
possi bl e to produce the hollow structure form ng .
of gagheading-out priitt paahshaying ppirat enening whishefacpecarrespegding one
f the opening peripheral Il part,,  which structures
of tﬁﬁ SaFEeiAINRE FRates| s send ppeningowhish facenthe surface, and the
as-.retaini ng.space, .toward qutside of the . .
gas Jaadingrolt Fefg ISHOU! thengr GAIRES O e BT FRERipiNG, SRacss toward
respective holl ow. ts.and uniformze the
the (RS rdeE AsBteSHt AL R s Rbg  he
espect.iVv |l gw..part s, of h w structure. (15).
(135 SRR O ep iR SRS nftlo v bl Rptapbe i ie abgopting to
LSL0g.. -f.arm ng the plastic-deformation film by
(12%gg?%%§&?ﬁ%m%ﬁ33tic-defornable material on the surface

of f4rfifinf %J(%%nt%g Eﬁ&llgf ErdoREsbA th gﬁi gxﬁﬁ@e GEHR AR rate

any one o setting t ow structure

beféR tHeNsRYRBILALR . isORrRE (h tHeBhashiBedfrahEBhERD substrate,
filmis formed, under the depressurized environnental

whéreidihtieRagdd ahRhIEL BEHdRS fH9h kMISU ¥ 4elatb6d Ravddd@al annular
regul arl y-arranged holl ow parts by expanding the gas

projeRtishBavihg teacilindrid QFEﬁiﬁlgE & eHendenfershaes, @opasively.
def orm and expand the plastic-deformation filmwth
(14px panaietin dppfagredueingfthé hellgastrubfize 2profing cubsiigte taocording to
(15), since the plastic-deformation filmis expanded
(12prfdrtbet endpdsibg: t he expandi ng pressure of the gas
under the depressurized environnmental condition, it is
pofwiihg athydpepidlic ¢itarivmhBloh ow the swfees; @niln whi ch t he
fil mthickness and _the volunme of the hollow parts are
unfargring 9 cepetrepellpeiugiim: pe the ewaface enadwdingntheabydrophilic
. been described in terns of
titanium film.
[0221] According to any one of (12) to (14), it is possible to produce the
hollow structure forming substrate, which is possible to increase the strength of
the opening peripheral wall part, which structures the opening that leads out gas
stored in the gas-retaining space, toward outside of the gas-retaining space, and to
uniformize the volume of respective hollow parts and uniformize the
film-thickness of the parts partitioning the respective hollow parts of the hollow
structure.
(15) A method of producing a hollow structure, the method comprising:
forming the plastic-deformation film by coating the plastic-deformable
material on the surface of the hollow structure forming substrate according to any
one of (1) to (11);

setting the hollow structure forming substrate, on which the
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exenpl ary enbodi nents, it is not limted thereto. It
shoul d be appreciated that variations nay be nmade in
wo bserdsezii nent s descri bed by persons skill ed Per/giee0s/ 050560
art without departing fromthe scope of the present
i nvention as defined by the follow ng clains. The
Iinitations inthe claims are to be interpreted
broadl y based the | apguage enpl oyed in the clains and
plastisr defopmation ¢ flmx dhplosmedeskidepeths Hapresspriged nenvironmental
g sctlgélon or during the prosecution of the
con HHF%@' i on, which exanples are to be construed as

BT VE‘?%J?:‘grbqt&C%ll%pﬁ%‘FlEEr%g"el ye%?rﬁgﬁgq Sigs péts by
efera

EXP?% ainggBs bt YatRH TR gp i< B Rihine kel ¥ g L §bHHHm and
expfpd Fp REO) r‘“"“ﬁﬁ%@‘*@fﬂ@fﬁ@“ﬁ ?ﬁﬁ@@@%%ﬁ%ﬁﬁﬂﬂ%ﬂ? the

o2f5 AU WU (TP s
exte?ﬁd'eHCtHﬂfr §ht oEﬂzﬁﬂlnﬁj bSfek k8. o?oﬁﬁr | $lsNGindér Sﬂ‘l‘éf e re%@urlzed

which & plastic-deformation filmis formed by usi

envlodflen€al ARnAiTRN | ie idBb&IbR| to Produbé dhd hyllew structure in Whlch
regul arl y- arranged gas-retaini ng spaces each retaining

the §iam thivikmebNandthel wolameof thé heRsw! Redinguatfbrmarts each
having a first opening which faces correspondi ng one

[0223] t he Ahhough athBi p@sefadecentiot aas ceend degeibedg inhteels of
faces the surface, the gas |eading-out parts |eading
exeoplaryhembedinrentiin édnonlitdiedgthsratet aitnshogld pacapreciated that
toward the surface under depressurized environnental
variatiods miaynhe made in flawmbodiments dercribed dyimensqusekdhed ingthe art
spaces each provided in a space between correspondin
Wlﬂamet 6¢Patrhégf§¢@t thepeenneg of pispemdspuyaution @néeﬁned ?vé/ the
second openings, the infiltration preventing space
fOHBWéW&r‘Pﬂ@lmj i rifhel Hmdetigns dn theeclpims are i@é?eoirﬁamréted broadly

terjal fromt urface into the retaining
basgg nguage emp oyecsi 1n the claims and not%mﬁec? to examples described
in the present description or during the prosecution of the application, which
examples are to be construed as non-exclusive. For example, in the present

2 141

disclosure, the term “preferably”, “preferred” or the like is non-exclusive and
means “preferably”, but not limited to.

[0224] The present application is based on and claims priority from Japanese
Patent Application Serial Number 2007-017716, filed January 29, 2007, the

disclosure of which is hereby incorporated by reference herein in its entirety.
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wherein the plastic-deformation filmis deforned and
expanded on the surface by expandi ng pressure of the
w@amshexs4dut fromthe gas-retaining spaces to PEEIRPAES/050560
| eadi ng-out parts through the infiltration preventing
spaces so as to forma holl ow structure having
regul arly-arranged hollow parts. 2. A hollow structure
form ng substrate according to Claim1l, wherein each
of the gas | eadi ng-out p%ﬁhglhgcludes a cylindrica
openi ng, and wherein each of 'the gas-retaining spaces
i ncludes a cylindrical recess or a quadrangul ar
cylindrical recess. 3. A hollow structure form ng
su Walo ' j.n each ofthe gas
L. |é§3%Hgygﬁ?ﬁgg%ﬂﬁﬁgﬁ§fﬂ§§§hgi%9?%%%?§%a| openi ng, and
Wher 8lita @GR Whithea GastiCHfotRAfioAPAGAS iJ T6HHEESHR using a
hexagonal cylindrical recess. 4. A hollow structure
pladte-aéfoemaplsharti@l;according to Gaim3, wherein the
gas-retai ning spaces forns a hexagonal cl ose-packed
st aUsTuddlety 6f régdlatlyomtamlpediciasretdining sgaceshaichatetaining gas
according to Caim3, wherein the surface includes
thefedx;agonal annul ar contour parts having the cylindrical
openings in the center thereof, respectively. 6. A
hoh |pduradity € tzas deddingriont) psub stclaheviagoo fiditrapentngvhich faces
5, wherein each of the annular contour parts includes
corgaspamding aomepo Hihscgiseretainingasipeks ond st sagend opepingnivhich faces
substrate according to Caimb5, wherein the surface
thes srfenendthe 18ps eleefingrouth @agtpnlaeding ot othe gas txstaiged in the
processed with a water-repell ent progess, and whergin
gasgigbHnge tspacenierard doat é’tﬁ‘ifa‘ﬁfar‘%“épeﬁa eRFepspIZSphicpYiconmental

property. 8. A hollow structure form ng substrate
co"é‘é’é‘g‘b 14y to Caim7, wherein each of the annul ar

o BlieRe, of BT ool R PaCar asrh M Idiot, gy spece
betfisdh e PEuB BeroB TS Hrr oo Pd PP OALHRER of he
secgwggin%QMe ﬁﬁﬂtxgﬁﬁﬁ [H*E\%rﬁfr%bg[yacgg%‘P@%tiﬁ%ﬁ@@ation of the
plastic-deformable material from the surface into the gas-retaining spaces,

wherein the plastic-deformation film is deformed and expanded on the
surface by expanding pressure of the gas led-out from the gas-retaining spaces to

the gas leading-out parts through the infiltration preventing spaces so as to form a

hollow structure having regularly-arranged hollow parts.

2. A hollow structure forming substrate according to Claim 1, wherein each of
the gas leading-out parts includes a cylindrical opening, and wherein each of the
gas-retaining spaces includes a cylindrical recess or a quadrangular cylindrical

recess.

3. A hollow structure forming substrate according to Claim 1, wherein each of
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10. A hollow structure form ng substrate according to
Caim9, wherein each of the gas |eadi ng-out parts has
wQo odosnesswhi ch is possible to ignore vol unme of BEDIP2008/050560

of the gas-retaining spaces. 11. A hollow structure
form ng substrate according to Caim3, further
conprising: a plurality of recesses each having a
circular-arc configuration in cross-section, and each

i ncl udi.ng corresponding on f. the cylindrnical .

the SE AP PR BAGE ATd S CF BRfieal Ohefiti 0P Whgrein each of the
plutality of .partition wall rtitioni each of the

gos Refdifing oo B0 aR: aPe-HRnal cBhdricA R F2010 o
hexagonal configuration. 12. A nmethod of producing a
hol | ow structure form ng substrate, the nethod

4. CHTHOIRI Girub QL Bnfhd §ibsttart MoBofdib & BNCRAR SUNVHGEIn the
of a netal substrate; Tormng cylindrTcal expose

gasROMIdiAB Spad 16 € AR FPOM cld¥ePHckBEsirEdurdPeNi Ngs, by
exposing the resist thin-filmaccording to a regul ar
pattern and by renovi ng unexposed portions of the
resist thin-filmfromthe one surface; form ng a netal

5. t A moflidwnstravivig foedid@ishystedte argefliiay [tonGldigall, wherein the
recesses, which correspond to the cylindrical

surfape iioigdes Bexhgonawmmitaracqitast partdaavingehe aylibdtionli spenings
formed, by formng a netal thin-filmon the one

in tiseicdraerthereofiduspéetivedy.cyl i ndri cal exposed portions are
used as a mask, and by renoving the cylindrical
exposed portions; formng a resist thick-filmon one
surface of the nmetal thin-filmin such a manner as to

6. buk ollpw syudtwgriosming eehsizaée acqoadivigrlg Gimgbsherein each of
cylindrical exposed portions_by expasing the resist

the pppwlpe contapnpasy Mickifes anannadasipipieseRer n and by
renmovi ng unexposed portions of the resist-thick film
fromthe one surface of the nmetal thin-film wherein

t he .unexposed portions of. the resist-thick,fil .
7. oo AR UEEER T SHETAIe GRRPE e dRe Gl 3y wherein the
surffagé rgpg%gﬁﬁ%%g}y; %g Wg)lfI ﬁleognﬁqurmcgmo\ﬁ} algar sngse%rocessed with a
water-repellent process, and wherein each of the annular contour parts has a

hydrophilic property.

8. A hollow structure forming substrate according to Claim 7, wherein each of

the annular contour parts includes a titanium metal film.

9. A hollow structure forming substrate according to Claim 2 or 3, wherein a
diameter of each of the cylindrical openings is between Sum and 90um, preferably

between Sum and 50pm, and most preferably between Sum and 30um.

10. A hollow structure forming substrate according to Claim 9, wherein each of

the gas leading-out parts has volume which is possible to ignore volume of each of
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and wherein the gas-retai ning spaces having the
cylindrical openings in the center thereof,
wo e®peetsiyel y; formng a netal thick-filmin tPer/Jp2008/050560
partition wall form ng recesses, in such a manner that
the nmetal thick-filmis integrated wth the netal
thin-filmand that the pol ygonal cylindrical exposed
portions are not buried thereby; detaching a
struct ur. [ ch includes the nmetal thin-film the
ﬂwﬁ%fﬁf”#ﬁﬁ%ﬁﬁgf%h1and the pol ygonal cylindrical exposed
portions, fromthe netal substrate; and form ng the
hol | ow structure form ng substrate by renoving the
11.P0! YO ove YithitdhieC #brfhRO SR6LLRRE t 4 RBEdinkh &S &bRihNS, further
hol 'ow structure formng substrate includes a surface
cor@prithpch the plastic-deformation filmis formed, the
regul arl y-arranged gas-retaining spaces each retaining
gag tohefality), ofNEbcassiel Ueadt t Navahg 0as cirealiirage ouvbnPguration in
each having a first opening which faces correspondi ng
cro8figeddfont Bed @ach frlwdifg RonepparEingode af siec cylihdrpentiopgnings in
whi ch faces the surface, and the gas | eadi ng-out parts
a céretpal bottiont part glasreoftanidned i n t he gas-retaining spaces
toward the surface under depressurized environnental
condiluiadity ofparidtimetvadls pdrtiiooihgeanh efhthehadjpining circular-arc
structure formng substrate according to Claim12,
recésses.and eashhaviigghexagompheoesigger annul ar gr ooves
on the one surface of the netal substrate before the
resist thin-filmis formed on the one surface of the
metal substrate, wherein_ the hexagonal .annular gropves
12.{ or AnPEGAR 01 DIOdhPiRgya oHERE SEHARFE APMIBE THbjrath tBdnethod
havi.ng the cylindrical openings in the center thereof,
Conﬁ%ﬁégt ively. 14. A nmethod of producing the hol | ow

SRR S A B 2
on R38RSO, g SR o
openings, by exposing the resist thin-film according to a regular pattern and by
removing unexposed portions of the resist thin-film from the one surface;
forming a metal thin-film having regularly-arranged cylindrical recesses,
which correspond to the cylindrical openings, and on which a plastic-deformation
film is formed, by forming a metal thin-film on the one surface, in which the
cylindrical exposed portions are used as a mask, and by removing the cylindrical
exposed portions;
forming a resist thick-film on one surface of the metal thin-film in such a
manner as to bury the cylindrical recesses;
forming polygonal cylindrical exposed portions by exposing the resist
thick-film according to a regular pattern and by removing unexposed portions of

the resist-thick film from the one surface of the metal thin-film, wherein the

unexposed portions of the resist-thick film correspond to partition wall forming
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15. Anet hod of producing a hollow structure, the
met hod conprising: preparing a hollow structure
wo eoomiopdf4zubst rat e, including: a surface on wWhPCHJIR2008/050560
pl astic-deformation filmis forned by using a
pl astic-deformable material; a plurality of
regul arl y-arranged gas-retaining spaces each retaining
gas therein; a plurality of gas |eadi ng-out parts each
. : . : : .
ey e ) pRARRL M 558 SORREREANCER N s
d A8 &Gfingd 8628 Dal ERNNALyAHEEA dpeniBAN
and YEFeih e Bhl-tAGthing Bpadiihal ERAD Ly ilriBR dptatifAta Mo conter

thek@RF&dpbiigvetys f ace under depressurized environmental
condition; and a plurality of infiltration preventing

S PE6RRINEAS h dbAl0fhi ke il Ninah s RASE HE WSS P ESRNA M such a
one of the first openings and correspondi ng one of the

madfeothdt theametdd shickifiin 1 inkddradetl anitlp fie/metdl ilinsHRSE @Ad that the
preventing infiltration of the plastic-deformable

polysbeali ®llintlrioal edpwsed pbatiensi are aot berightharetiygi ni ng
spaces; formng the plastic-deformation film by
codetavhingher pitastire; dehwhnaidledesmtthe i mletadn thinefibnyr fthe emetal
of the hollow structure form ng substrate; setting the

thigiolilmwasdr tha modygarali aylindricad r exposednporiionls, tfiem the metal

. plastic-deformation filmis forned, under the
substptee 8dr i zed environmental condition; and forning the
hol | ow structure having regul arl y-arranged hol | ow
;}Hﬁ{ﬂ e

pafeEning e halinh gtepwrg dermisga Haterb R aEROBRE: e Rpdxgonal
o P S5 e Bh, B3R fheainr st
inciulh%sggs surface on which the plastic-deformation film is formed, the
regularly-arranged gas-retaining spaces each retaining gas therein, and a plurality
of gas leading-out parts each having a first opening which faces corresponding one
of the gas-retaining spaces and a second opening which faces the surface, and the

gas leading-out parts lead out the gas retained in the gas-retaining spaces toward

the surface under depressurized environmental condition.

13. A method of producing the hollow structure forming substrate according to
Claim 12, further éomprising:

forming hexagonal annular grooves on the one surface of the metal substrate
before the resist thin-film is formed on the one surface of the metal substrate,
wherein the hexagonal annular grooves form regularly-arranged hexagonal annular

projections having the cylindrical openings in the center thereof, respectively.

14. A method of producing the hollow structure forming substrate according to

Claim 12, further comprising:
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forming a hydrophilic titanium film on the surface; and
forming a water-repellent film on the surface excluding the hydrophilic

titanium film,

15. A method of producing a hollow structure, the method comprising:
preparing a hollow structure forming substrate, including:

a surface on which a plastic-deformation film is formed by using a
plastic-deformable material;

a plurality of regularly-arranged gas-retaining spaces each retaining gas
therein;

a plurality of gas leading-out parts each having a first opening which
faces corresponding one of the gas-retaining spaces and a second opening which
faces the surface, the gas leading-out parts leading out the gas retained in the
gas-retaining spaces toward the surface under depressurized environmental
condition; and

a plurality of infiltration preventing spaces each provided in a space
between corresponding one of the first openings and corresponding one of the
second openings, the infiltration preventing spaces preventing infiltration of the
plastic-deformable material from the surface into the gas-retaining spaces;

forming the plastic-deformation film by coating the plastic-deformable
material on the surface of the hollow structure forming substrate;

setting the hollow structure forming substrate, on which the
plastic-deformation film is formed, under the depressurized environmental
condition; and

forming the hollow structure having regularly-arranged hollow parts by
expanding the gas retained in each of the gas retaining spaces so as to deform and

expand the plastic-deformation film with expanding pressure of the gas.
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