WD 20081093543PCTI JPaCx 8/ 0505' 60 DESCRI PTI ON LOW
STRUCTURE FORM NG SUBSTRATE, METHOD OF PRODUCI NG THE
E, AND METHOD OF PRODUCI NG HOLLOW STRUCTURE USI NG THE
SAVE TECHNI CAL FI ELD [ 0001] The present invention
W@PWBEBS430 a substrate for form ng a hol | owPSTABORIF50560
suitable for formng the holl ow structure having
regul arl y-arranged hol |l ow parts. The invention al so
relates to a nethod of producing the hollow structure
form ng substrate, anghgserpmradkod of producing the
hol | ow structure using the hollow structure form ng
substrate. BACKGROUND ART [ 0002] There has been known a
hol | ow structure, structure disclosed in Japanese
pat ent publication No. HO08-112873 for exanple.
HapaieSERpaffeRE paBMIEat SRS NOATHOB-THP28 7E" dP e sl alHb
SPYEMBYDhBET 6WP ST PRODPE INEG nHOI@h SERRCGHRY expéahdab] eAME
t hermopl astic resin conposition is filled into each
squar e- shaped hol |l ow recess of a thernoplastic resin
body having a lattice-1like horizontal sectional
configuration. The thernoplastic resin body is then
heated to cause vol une expansi on of the highly
expandabl e thernopl astic resin conposition, so as to
TROHNIGALAEELDaned hol | ow structure. [00031Recently, a
t echnol ogy of producing a hollow structure having
(091 o) ThE @fesezzc,tg@wsmm aqlafaﬁ dec? HBPILEF ffarr dermigg bae%ﬁlg}ow

devel o ol | ow,st ure hav
scgiEr APElar AR RO Pl o ¢ S Ep IPERE SpEarluimaprgyd
hollow parts. The invention also relates to a method of producing the hollow
structure forming substrate, and to a method of producing the hollow structure

using the hollow structure forming substrate.

BACKGROUND ART

[0002] There has been known a hollow 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



form ng gas-retai ning spaces, which stores gas

therein, to a substrate, and formng a flat

pl astic-deformation film which includes a
Woasdsiossdef ormabl e material, on a surface ofpdime2008/050560
substrate. Then, the plastic-deformation filmis
expanded and extended by expandi ng pressure of the gas
i nside of the gas-retaining spaces, so as to obtain
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SEIERET bPRA LubsHARANEHEN, PR e@ﬁstﬁ%fbﬁrﬁ&i‘oﬁnﬁm is expanded and
2007-98930. DI SCLOSURE OF THE | NVENTI ON

extead] yedx@aiding ptedsurk Of theAgas tdsidd efthe ghwayaifdiagcpadesoso as
i n Japanese patent publication No. 2007-98930 forns

teaohtainghyeihelldw stanctunedasingdhe sapubarly arfangedhhellow pards. \faich a
surfaces thereof are substantially spherical, in a

teachnolagy Sisy Jet UFFempls nﬁ?ﬁgné%slpr dgRangse, patept, publication No.

2%79_%9% ai ni ng spaces, and fornms circul ar openings 3,

i g onmmuni cate with the atnosphere, on the recesses

2. Each of the openings 3 is used as a gas | eadi ng-out
part, which leads air inside the recess 2 toward

DSt EOSERE®F e IRINVERPIONMr e specifically, the hollow
structure is manufactured through processes descri bed

[a984Dw, Refetrivg tee G0l Ag\theldsachnblogy descrilzgdainedapanese patent
publication No, 2007-98930. [0006] Referring to FIG

peigicatipp No. 2007138930 fammy andi seaarkt PORANESS | TRESEseS Wi thwhich
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which bmfRaidhig wilkl fied atR6sphBR, |dikéhe FE&REEE TheN Eatieof the
hol | ow structure form ng substrate 1, formed with the
opdrsdsi 3 idededrayat panlehdingioht iphttushichtleatisi air His(de thB, re¢ess 2
set inside of an unillustrated vacuum contai ner. | nside
tayfard putsidggdberaire®nt ai ner i s depressurized to

[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
insuch 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



1KPa- 50Kpa (a pressure of 1/100 atnospheres to 1/2

at nospheres), before the plastic-deformation filmi4

har dens. [0008] The air inside of each of the recesses

2 expands due to depressurization of the inside of the
WO TAnt ai ner, and is thereby | ead out fPERE2AE/050560

opening 3 toward the plastic-deformation film 4.

Referring to FIG |C, each portion of the

pl astic-deformation film4 corresponding to the
pl3fiedefogmatios fikx pandkasand ext ended by expandi ng

pressure of the air existing in the recess 2. Thereby,
[060%¢ pl aThe caidehoideaei eac idfnthe receskes o2 nexpands alue to the

structure having a plurality of hollow parts

5a.
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ol l ow structure 5 detached fromthe hollow structure
Therzdp tig plibdé-defoemhbtion film 4 is Refbemed ng 4 ctrEétGre hBying a
however, there may be a possibility, in the technol ogy

plyteldtyrdfbelowpagiadanese patent publication No.
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pl astic-defornmabl e materi'al are generated. Since an
hoHbWUructafe fhaviap tigasiuttity 66halidw pirgs §) tHIG. 1BdHSSrates the

wth the infiltration and in the recess 2 without the
hollowistrictatd Hdstatled feomp dcdhollpvpstassunedohing lsabsgrate Linder

t he depressurized environmental condition alsg hecaones
(0Qk0  or Befertipgtoqtiht 1By, heweies Hheee mayeby ¥ pegsibility, in the

arjati.on in,the volune, of the hollow a,i
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the plastic-defornable nmaterial into the recesses 2, a
infSlitratedofanéadie atcdshe2omdthongsthd irHiitrbors edf shal part of the
However, thickness of an opening peripheral wall part
pl@tic-seformablei meferinleare penématpd3  Bince rABsAmMHNG 98 Birsey gagsealed

.Size of the openinp is _set.small]er. Hence, the
difders dhgths Breetshé wﬁ nﬁiﬁgl igRernf fhp T5eese Bgvithout the
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environmental condition also becomes different. Consequently, there are likely

that variation in the volume of the hollow parts 5a is generatgd, and that
film-thickness of partition walls 5b dividing the respective hollow parts 5a, and
also film-thickness of surface layer films Sc 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,



like in parts of the opening peripheral wall parts 3a
is generated while the hollow structure form ng
substrate 1 is used to formthe hollow structure 5
wenyosiooises, thereby reduci ng use-efficiency mfr/apbes/ 050560
hol |l ow structure form ng substrate 1. [0013] At | east
one objective of the present invention is to provide a
hol | ow structure form ng substrate, a nethod of
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crng a w structure us
tHiek QW 188 lsihet 31T Be fo%@ﬂinggi substshidliler. G@g@Rb) theOftrength of the
i ncreasi ng strength of an openi ng peri pheral wall ‘part
opdniingperiphacd wat pastrBadpeomegwedlaer. | eads out gas stored
[ gas-retai ning space toward outside of the

[nggéfr et Abenirdigelyp ticse mavcbecapapillist thahiaf ek, Arerking or the
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desCri bed herein, the invention provides a hollow
[18]Ct UAE1dast dhengbjedtivat afahe presempinivantivg: isao pusvide e hollow

which a plastic-deformation filmis fornmed by using a
stplchirei formisgomhstidte armethodagf pradying & kellayy structure forming

L R e R
havi flrst Lng _which f dj

fopfhing, gupiater ety i LR sieRel of 5 ap i R g hciAl
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e gas retalned 1n the gas-retaining Spaces
tdvar@bdtsiddeofStHE GasftAlRig spalep hed Sifabledf exifiriizing Rolame of
condition; and a plurality of infiltration preventing
respetivs ledlolw partsvindewhiformizisg fidw-thiskness rofqurts epdtindiingthe
one of the first openings and correspondi ng one of the
respecsive hoHewinags of thecalleWi StEBY?-on prevent i ng spaces

enting jnfiltratiaon of the  plasti.c-deformable.
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spaces to the gas | eading-out parts through the
plasfi¢-Hefoahhtion filavisnfirngdsipaasigse plssticeddformmatde modtérial; a
structure having regul arly-arranged hol | ow parts. )
ploodits | ofdemHedyrenanged, gasetaining spaceygach ehginmg- gngttherein; a
arts ipcludes.,.a cylindric openi ng,._and wher ei,n each
fality o gat ey Pah eah | BT do il Speed [ullpt Hoces

recess,.Qr a r ar. | ndr i cal . .
crEu PR Aae ane A e S linf ¥R hE B sk R ening which faces
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of the gas-retaining spaces includes a hexagonal
g8 etd1flinigC 8pacee CroSard 10O 1stkAdy aiideg edepsesgnrizdie environmental

gas-retaining spaces fornms a hexagonal close-packed
cetdditiat;wmnd a pheelig]ofdvfittatige preybyting spacesiaabiaproviided|in depace

hexagonal annul ar contour parts, ]
between corresponding one of the first openings and corresponding one of the
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second openings, the infiltration preventing spaces preventing infiltration of the



havi ng the cylindrical openings in the center thereof,
respectively. [0019] Advant ageously, each of the
annul ar contour parts includes anWar projection.
[ 0020] Advant ageousl y, the surface surrounded bﬁ,each

W 2004@3HAnul ar contour parts is processed wPEHIEZ008/050560
wat er -repel | ent process, and wherein each of the
annul ar contour parts has a hydrophilic property.
[ 0021] Advant ageousl y, each of the annul ar contour

plisaict deformedblechasatesial frommied adrfdce limpo thédad2lefuidniap tpages weleysin
a di aneter of each of the cylindrical openings is

the eplaitindEprmativg $idpmis pleéirmedbryd rxpardad Bp. facapeface by

50 and nost . pref er.abl etween 5pm agnd 30tim
cxpesRg Ravaﬁ&ea@fe@sssss,leg-aﬁh o e BAEL1H1BING; WECS P the gas
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stl%ggﬁé Q%ﬁl ?@g@ﬂr&eﬁ‘g&éé@ ﬁQﬁ@\Q parts.

[0015] Advantageously, 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.

[0016] Advantageously, each of the gas leading-out parts includes a
cylindrical opening, and wherein each of the gas-retaining spaces includes a
hexagonal cylindrical recess.

[0017] Advantageously, the gas-retaining spaces forms a hexagonal
close-packed structure.

[0018] Advantageously, the surface includes hexagonal annular contour parts

having the cylindrical openings 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 5um and 90um, preferably between Sum and 50pm, and most preferably
between 5pum 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.



[ 0024] Advant ageousl y, the hollow structure form ng
substrate further conprises: a plurality of recesses
each having a circular-arc configuration in
Wwbasse86d i on, and each incl udi ng correspondidcigpe$o50460
the cylindrical openings in a central bottom part
thereof; and a plurality of partition walls
partitioning each of the adjoining circular-arc
sses,, and. _each, hayin he nal fi '
00a5S) T e AabeEREAL s "ot ARRP PR, b Torther
© %ﬁ&‘i Qf pREAFY I c8ssBOlhVhatinHC4 WireulhRER) Bhfiguration in
substrate, the nethod conprising” formng a resist
ctddb-Bedtionmuthedehendludibhgeeorredpoadingtoak of thesdyliatifdcal fopenthggin
cylindrical exposed portions, which correspond to
acyhtral bottoml paspibaicafjsnd aypletalibsefipprtitien walls partitipiing £adhnef
accordjing.to a regul ar pg&tern and by renoyin )
BYEFisBlarREnScEFey, ARd packi havnas hexege eoRfigurshion.
surftace,..formng a metal thin-ftilmhayi .
(G0 o 15 Siiea b SoeeltE s Brelitds EPRYpTy producing
e t bRdr i gal [ : [
nGN PRRRAL, Brnlie MR (GO mARGE ARl QiR £ teflet
tHiRifimf dd GReOsurfabe oPh Bretll hiRERte; fstmili 6ilindiRaCedposedl dozBbns,
exposed portions are used as a nmask, and by renoving
whivh cyirespdnidctl celipdimtl grenirigondy Epposingy the mesits thin-film
thick-filmon one surface of the nmetal thin-filmin |
agqeeting tpdniserlan pattyn mndybst wmaying wepxpesad patersekthe resist
f.orJy ng_ pol ygonal cylindrical exposed rtions .
thin iy nB‘%F’he%lﬁesP%? ﬂlﬁ!}%‘i& f &?’fﬁ“& cot dinﬁegalt ot 'ﬁ%m%‘?mg
b [ X j fathepio g
R R G L G R A
obtMifgs bhdon WRREIS b H1dsHE-deNRMBRSE HilRaE o, 8 féfdeng a metal
resist-thick filmcorrespond to partition wall formng
thieddsisasthe @ne fsafiden tn whichithe oylindaichlexpbsed portions are used as
regul arly-arranged gas-retaining spaces, and wherein
at pasky &y anemorw'gngsa@c exlindsighh gxpased crartiews; i fogming a resist
[ in the center thereof, res tively;, faor

openi ngs e i n
3l O, SRCCRITRCF  (he BREY SAPLTIE BhoWed) 3 ARGt go Pury the

reces in_.such. n t..t he ' ' .
o7 SRR Seatle R R B e BRI i o fBsine
Stk a8 Ridrh QR B ferliRindiidp8sed
R Ap AL T REDIOSE (PYRORAN Pillerh ¥R 1Y RulRlng iod
pBRioak dfhihe- fesistithi¢kh ildefrain tHei ohe kudfaveant thdheetal thin-film,
pol ygonal cylindrical exposed portions, fromthe
whetednt tisubseapaset pemidns of rtha gesididhieh| filowcetrespondite partition
form ng substrate by renpving the polygona
walll ifRERIngareesiysss doF pOFmIngn PR eWVALlY nel Hsewlatly-arranged
strgcture forniqg gubst ate includes a Sﬁrtac§qon1.dﬁcl
BT EHE RSB Ss PRE POETHT MG 4 STHCPITS PRACPOAZEHE e, griindrica
oé&ﬁﬁ'%i‘{d YL AN odR el oAV Ay N0 DAL %P R NfoRlR | he
as erein, and a pl'urality of "gas Feadi ng-out parts
pEARIIN AN TBrndink | £ dssRP &R sieh Whinghndra®hes tHeO MRS RPRRIMA is
one of the gas-retaining spaces and a second opening
imbgratedf wite 3hé hestduthim€itm anddthih ¢heg aslygesai ayfindrital paxpdsed
| ead out the gas retained in the gas-retaining spaces
pbusieas dre het bumddatherehyiv detaching @stmctureawhishiinendasrthe imetal

condition. [Q026 vant ous|y, the method further .
thagriips $he :mf’%%‘r'ﬁ‘i’}lfé%ﬁéﬁaggﬁﬁlp°gﬁﬁa?la?yl&db‘ﬁ%§xp8ﬁe Rertions,
one sirface of the netal substrate before the resist
thin-filmis formed on the one surface of the netal
substrate, wherein the hexa@onal annul ar grooves form
regul arl y-arranged hexagonal annul ar projections
havi ng the cylindrical openings in the center thereof,
respectively; [0027] Advant ageously, the nethod further
conprises: formng a hydrophilic titaniumfilmon the
surface; and formng a water-repellent filmon the
surface excluding the hydrophilic titaniumfilm
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the follow ng detail ed description are exenplary, and

are intended to provide further explanation of the

i nvention as clainmed. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0030] The acconpanyi ng drawi ngs are i ncl uded
WXR20pHWNI48le a further understandi ng of the i RGEH2ZPERS0560

and are incorporated in and constitute a part of this

description. The drawings illustrate enbodi nents of

the invention and, together with the description,
fremrthe maalesubbiaite; dduefqyminmg ihpl ledloof strinduienfoeningosubstrate by

[0031]FIG 1A is a vertical-sectional explanatory view

repiovipg thapplygosal watindidcab pxpsrsed nertiogs.avkrspindie Bebark sigredure
todbisd: Pt MOWPLIT PRECEoTR Qb ISh PSR SRt it s
forri URY t : ot o
oy B rE Sheed gpy i This Bleos A R bRy b tlefl ana
a PB&A0E of Jt adushNgul ?ﬁrt? QoL P Wa$inpUs LHSE oB¥nidg| WEich Bces

conventional hollow structure formng substrate, in
coMtdspbnding bad of tHiagasarepliisg ispacdefand medecomd bpdning shich faces

formed on a surface of the hollow structure form ng
theupsfacas end | thesgasateedingrouk| @ris Jeaidsouti tHeugay aetethed in the
gf;s?qggﬁg%lglgﬁsmé% i{éwggty Eé%i scu?tl‘a_cg eﬁc{e? ngelprees)égliggdate%r rox\1/nileex¥tval
condition.
[0026] Advantageously, the method further comprises: 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.
[0027] Advantageously, the method further comprises: forming a hydrophilic
titanium film on the surface; and fornlning a water-repellent film on the surface
excluding the hydrophilic titanium film.
[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



of producing the hollow structure by using the
conventional hollow structure form ng substrate, in
which a state that the hollow structure is forned by
®VPadRAbI¥gs gas i n recesses under the depressurdTa®ehos/050560
condition is illustrated. [0034]FIG IDis a
vertical -sectional explanatory viewillustrating the
nmet hod of pr oduci ng the hollow structure by using the
conveni.i onal |l ow structure f rm'.@% subst r at
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ratin of producing a ow structure
efs%mlﬂag Sbﬁh‘é&s’ at@nARE Othdi Rlhsti@ dafokmaGén SO dbyTesdhtifg the
the present invention, in which a state that a resi st
plhiticrdéforabierasateriala oretial saidst phtthe | bollovw usstic@te dorming
0036] FIG 2B is a cross-sectional explanatory view
substratst r wetling thie hn’éwno@trmtum of@ameg suh#ra4®| |0y which the

structure formng.supstr cco to the first
B TR i3 QEBR ( &b C%F??S%‘He h eRyjgonmental
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t he ow struc ure formng substrate according to
défben fand Sixpeid tdi plestic-defoinimionr £lve mithi enpanding pressiirehof the
the nmetal substrate formed with a nickel ekctroform ng

gfsilmis illustrated. [0038]FIG 2D is a
cross-sectional explanatory view illustrating the

[(W@?hod Y1is it beyedstood éhq#&OFbowesﬁorqseﬂ& s:enne rﬁeffglptmn and

trate .acco irs
e BN DGR ol ol B e e nehBlar St elfp Befed Poprmuide
faguéweﬂaﬂamﬁ'ome BPERRAES olambh ! uSt T al ed. [0039] FI G
IS a crossseetional explanatory viewillustrating
the net hod of producing the hollow structure .form ng
substrate according to the first
BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The accompanying drawings 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



enbodi nent of the present invention, in which the

metal substrate formed with a resist film forned in

such a manner as to fill in the cylindrical recesses

of the nickel electroforming film is illustrated.
WODUIBHE 2F is a cross-sectional expl anat 8EY/JIRZDE|S0560

illustrating the nmethod of producing the holl ow

structure form ng substrate according to the first

enbodi nent of the present invention, in which the
infehald substrate, wherein quadrangul ar cylindrical

resist bodies and lattice-1ike grooves are forned, is

[0033] ust FRG.6Q is[0R4iddTIsEatiodd ¢xplanatdrySsevs Hidsiratiag the method
explanatory view illustrating the nethod of producing
of tieduridd dw Bolleretstmustufrorbyi ngng ubstcpavmtmcloh@lhlm strgeture

the first enbodi nent of the resent i nvention,
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produci ng t strdcture form
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present invention, in which a state that a structure,

fointiag wabshgte, hewhichkht hellee strodtarerfonged islitustraded. he

quadr anggl ar cylindrical resist bodies, is separated
[0035dm t FEG.s & asmsw@oeai s)cnlana@mvmwalluqt@mg]aprp@hgé of

b Gt Sone eSS e B AL
theS %g 2 tg%taltn% a5 ﬁ:? Irng In % 2 Vﬁ:l&% htfh gtreg g’ﬁ WE ;}%?Lg%de LH % metal
Su&ﬁﬁ&@hquﬁgﬁﬁayadrangular cyllndrlcal resist bodfes are

renoved, Is illustrated. [0044]FIG 2J is a

[0836)SS- FeGIiBNal croxPicetioh ey pMhsion viewdilugtdting thdwethod of
met hod of producing the hollow structure form ng

prediosty ghe heldww ditngetins tfhumingr subsirabo ddaverdindf tot fhe first
present invention,_ in which the hollow structure

enjhgdimeny of b tpr%s@gt ingeRtipn, in greh ithe mekal Subsirate, fermed; with
cy?P‘Fb'tﬂﬁa{ffsur E}a&%S 18 1 Elgtgaf.téd as a finished pr Od.uCt is

[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



[0045]FIG 31s a plan viewillustrating a state in
which circular regions of the resist filmillustrated
in FIG 2A are subjected to exposure. WO

2P HP3H[S3PCL74P20081050560 [ 0046] FI G 4 i Sp@r/phé8/050560
viewillustrating a state in which quadrangul ar

regions of the resist filmillustrated in FIG 2E are
subj ected to exposure. [00471FI G SA is an explanatory

l | ust nfi t t he hol |
AR R LU s e
mlh?f\i\ﬂl fsfi 1Atk e t hat the hol |l ow structure

ormng su atell ustrated in FIG 21 is seen from

[¢040y ont FRGINFAS & ctd&ersea{onhsexﬂléﬂmry FiRelilldsBOdSY fk @etId of

is an explanatory plan viewillustrating a
poglntingurthd | lomdlosf dthetirel| Fowisg r sidtstrate faocoriing to the first
substrate according to the first enbodi ment, in which
ebadimeat tqfaiﬂnetmsqﬂglmmt@m i t wikigh f e ninplg] Subsiraiest wherein

ust ate S see fro back surface
apspEHe §iHige F%ﬂsé(]n‘”dfeéo T rgoves &% foBREe, i
11 S&g sectlonal Vi eW|IIustrat|ng a state in which a
|c deformation filmis fornmed on the surface of

i o i e g o g o
0;0 rplddnmmig} the Hallloow sgictued formidy substrate according to the first
embodiment of the present invention, in which the metal substrate, wherein a
nickel electroforming film is formed in the lattice-like grooves, is illustrated.
[0042] FIG. 2H 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 a state that a structure, including
the nickel electroforming film and the quadrangular cylindrical resist bodies, is
separated from the metal substrate is illustrated.

[0043] FIG. 2I 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, 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.

10



using the hollow structure form ng substrate forned
wth the plastic-deformation filmillustrated in FIG
6, in which a state that the hollow structure form ng
substrate is set in a vacuumcontainer is illustrated.
WOOBIPBFE 73 is a vertical -sectional expl aRaT/@pr200865¢56p
for producing the hollow structure by using the holl ow
structure form ng substrate formed with the
pl astic-deformation filmillustrated in FIG 6, in
[00B6Lh aFIRY 9Ge8 1R views Plktiafig ANkt € Xd %ﬁJthhanan%ﬁl_ﬁr regions
pl astic-deformation filmillustrated in FIG 7A is
of the weastst dflmdlluftBOSXhHIG 2H @rd subjectedrtb icgpdsusect i onal
expl anatory view for producing the hollow structure b%l
[0047hg tFI&. hAliF ewesplenatony plan giew Hijstrateg A gpafigwatieniof the

wth the plastjc-deformation fil i Llustrated in FIG
heglowy SRE ORI BPTIEF arcortng rt%rf?ﬁ basa 8@3&0{%@&& Whigh 2
r i trated in FIG 713 is.ill -
sthlsdEanEs ONAR MBS foluleBufale ibslite hERSSE i secn from
aFohHﬁHa@H R i9Bhlegd.@f producing a hollow structure

ormng substrate according to a second enbodi ment of
[dols] pr eSIENEBIiB e RkpaNatoryphividw dlstratify kahfiguraged 6f the
filmis fornmed on a netal substrate is illustrated.
h¢lDB5 4frEdt@e fBEBIngsubsttato secsdiogitortkd fiest pirdhodinoeny, ni which a
illustrating the nethod, of %roduc_:i ng the holl ow
staterthettthe Bolow sirpefurs fosming WbaEats ﬂlénsgr@te@dntl’ﬁ@- ¢ e from
enbodi nent of the.present invention, in which the
thﬁ@ﬁ*”ﬁiﬁ%ﬁ%@lﬁb‘?ﬂ?@&% th the resist filns having a
i c cligse- e PS s r.at ed . .
(8L, il o S EreR SHAHAE iy LBk Elhate in which
plaktidigéfoahitig ARe iR offthdEaeiLei0Tdhd REILAWIstOWure forming
structure form ng substrate according to the second
subzhradiiteiatal intfi6. 20 esent i nvention, in which the
metal substrate formed with annular grooves is

[Q05PLst rBiGeJA {soosefmamtoyDvicy Br diredisingathoblam structure by

expl anatory view i|lustrating the t . .
using the hol ovy structure tjorming su strge formeréewpc}(l) ?he plastic-deformation

film illustrated in FIG. 6, in which a state that the hollow structure forming
substrate is set in a vacuum container is 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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of producing the hollow structure form ng substrate
according to the second enbodi nent of the present

i nvention, in which the nmetal substrate, wherein the
Kapr088/0obss s il lustrated in FIG 8C are renoyefipb08/050560
illustrated. [0057]FIG 8E is a cross-sectional
explanatory view illustrating the nethod of producing
the hollow structure form ng substrate according to

. ' . t f nt. J At kon, Lin
B PEEREr L IRRRL TR rah o lbfe BEERE0 BNER Kea o 5 pval
filbSra8 B f1msfrReded with a resist filmis illustrated.
[0058] FIG 8F is a cross-sectional explanatory view
0064t r SRIGN8Btihe crost-batdiond] axpladuiongietitiuedtingwhe method of
structure form ng substrate according to the second
pradecingrethe  béllavh estprcture nforminge subsrate j ascoudingh to hte second

netal, substrate formed with cylindrical resist bodies
?%bﬁqnagtt qfég%ar.es‘fﬂé e@@pﬁmms‘%lqhsths “&‘%ssé‘i’%téaé? fmad with the

X tory view.il]ustrating the .nethod, of producing
! AR g} Bl Pl B P P T B gt o

ec 1L, o . ,

A S
wbaedifi®f the Mhéltbw | dtfictife | foridr dtkatd AREHIMGo Silel Secdnd
cross-sectional explanatory viewillustrating the
¢rebdidmentodt {he qotessinh gnviehtiorh dhl vohicls tthei otetal substrate figpmed with

substrate according to the second enbodi nent of the
Pruke groovay Brillkgrated.- n which the netal substrate forned

' l.i.ndgi | [ i]lustrated. 061] EI G
S, °% TiPOED R . f SR Rl exhlaptiBy TieSyibitacy e mgghod
| f ' t a0 | f ]
48 BroiEbiag ne ndodr Wihihe Ry LML ELHlifRg) ' Bl Chcond

hbERREnt GYV@BtJréRnt idveldidt; Nn tiGc B mefl REbdtALE WIREARGhe
wth aresist film formed in such a manner as to fill

ziesist filmscijlustraded mafFIG 8Cassemovtd,tib dlustrated|
electroformng film is illustrated. [0062]FIG 8J is
[Q08Tlos s FHEc8E srimsrosgrctineal srplapateny viewibusteating gheemetbad of

of . . . .
producing the hollow structure forming substrate according to the second

embodiment of the present invention, in which a 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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produci ng the holl ow structure form ng substrate
according to the second enbodi nent of the present
invention, in which the nmetal substrate, wherein
hexagonal cylindrical resist bodies and hexagonal

Ve paopyg3p8al grooves are forned, is ill ustraP€d/JP2008/050560
[0063]FIG 8K is a cross-sectional

expl anatoryillustrating the method of producing the

hol |l ow structure form ng substrate according to the

of qrodubimgritied hnBow sfuctire forresgnsutisiraent¢oonding rto vhe cdecond
the metal substrate, wherein a_nickel electroform ng )
efbpginat o8 the greisentt insettiora ifo Mauiche (he metel sulstrgteofoymed with

is |l gst r at ed..uJ]OO%AdsFI G 81. is a cross-sectional
°¥f¥‘b¢r [6PSPe815dWATHa'St rati ng the nmethod of produci ng
hol t; j . I.di
05 Y5 RS S GUBBLA R o o
pPéuethed tBd HoBolvh _@fru&m%t IEHGhiHE CsublsheteUdbOidinBe tdi tﬁ+< &lecond

electroformng filmand- the hexagonal cylindrica
efrf>® U Biiend 0f kRSpresemt s Ao, € Whicintlid@etit tabstatebfokmead &vith a
and the hexagonal Cylindrical resist bodies are
resévioiVled fomndd inusitchagt Bdnngro66e!s] il @n tBdvicyKndrical recesses of the
cross-secti onal__expl anatqc%i/ view illustrating the

|

migkehelgetationmigg ddmn g ilpgr ow structure formnng

tra cording ta.the second embodi ment. of, th
(8 o R P SHoeS AL ROy MR LLETREpE i ethod of

. : q . . af q
PLOLELEO (o HRRONT Rucltd Tofing [ RASENS, S0RRINE, 14 306 b
etribo 8k dnd{ &Uthe| HRE&H AinGentfdni, SnawRicANthe! idtdl| JubStdtal ivhrein
a state in which hexagonal regions of the resist film
hekdgostk gtliadrical redi6d bodfesand henigomat eylintdricek prosueseare formed,
[0067]FIG 10 is a plan view illustrating a state in
isdlustiatedr cul ar regi ons of

[0063] FIG. 8K 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, 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 hexagbnal 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 SE are subjected

to exposure. [0068]FIG 11 is a plan view illustrating
a state in which hexagonal regions of the resist film
Wd 18d/d03ded in FIG 8l are subjected to expop B2008/050560
[0069] FIG 12A is an explanatory plan view

illustrating a configuration of the hollow structure
form ng substrate according to the second enbodi nent,

[ \NhIChaSt eth t he l]o ru formn .
st e of ki Bten fReRE o b SEbE freishtnes § gpished
PRl aesitheusef is illustrated. [0070]FIG 12B is an
explanatory plan viewillustrating a configuration of

[bdes1hol IR, iy Aiplabl veew AludtaEnS s BGtd il whidk Gex4boRsl efions of
t he second enbodi nent, in which a state that the

theotdsifibh ilnettnated 1I1MG.1 87y assnbjectatido ekpassterated in FIG
8L is seen fromthe back surface thereof is
[P967st r &LE€010 [soa)plll]l Miew ilwsirating 4 sfade in pAichseizqulasragions of

BN bl AN A
b(%l& strah@diin, ll& v1§\l7\‘{llllﬁﬁra\f\¢lg%r§tag %J':nh’hgf%%og% regions of

astic- e’forna rmis

tﬁé fedfat iR 1ﬁﬁ§%ﬂeﬂgn$m@5ﬂf@é Sutjscted iolb%bbs'ﬁr@d [0072] FI G
13B is a vertical -sectional explanatory view for

[Po6sJuci FIGL 12A Bsahleaplanbtorie bl @idwyillusiraing Heordfiguraivn of the
structure form ng substrate illustrated in FIG 8M in
haHpwistacpire fegknmsubsitpigrasterdingrig thx seennd gmbodimeng in which

a1 qt?ﬁ%ﬁa&@&%r%%%ﬁ{ré forpmes s3biiaye BaieddadiiCoRLis seen
%{b%hgurﬁac]\éltﬁeregi(is 11?1{5%21%%' ng the hollow structure by

ure formng substrate
[06‘70]St r 2760 JBiskh Gxplanatory plan view illustrating a configuration of the

hollow structure forming substrate according to the second embodiment, in which
a state that the hollow structure forming substrate illustrated in FIG. 8L is seen
from the back surface thereof is illustrated.

[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
illustrated 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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8M in which the hollow structure produced through the
process illustrated in FIG 13B is illustrated.

[0074] FIG 14A is a cross-sectional explanatory view
illustrating a nmethod of producing a hollow structure
wonopd/egs4subst rat e according to a third enmboREHEEE08650560
the present invention, in which a state that a resist

filmis formed on a netal substrate is illustrated.
[0075] FIG 14E is a cross-sectional explanatory view
13Blik HUBlstBtdng the net hod of producing the hol | ow
structure formng substrate according to the third
[oEnhodi FEG! 1401 istdh@opsestiodal ierplenitbnynyiewrilludiratingtahreethod of
met al substrate having cylindrical spaces is .
praducing a laalby stoome frmndng sulstrats agcerdingstoadbird g diment of
explanatory view il lustrati the ,meLhod of pr.oducin
e R AL G e o 9 ETPapE e oo B Potictl
e thi.r,d enbodi mrent of the present invention, in
sué\iﬁaé%lstlh StFPé?‘§| substrat e, vvﬁer ein a nickel filmis
med _ . Lo S
R e e i b i
of %ﬂodﬁéihgt ihBghsingy Nefubade obrpingd webshgtet hecdadingotw the third
structure form ng substrate according to the third
entboldoniéntenf thé preenpriowenion] nwewhicbnthej mej#li subsirate having
metal substrate, wherein an oxide filmis follued on
cylipdrienl sraqes s illgstratedist rated in no. 14C, is

| t 0078] FI G.. 14F | i -
[ﬁ%ﬁdfzn:ﬁbf TG ionerraetiontt st S BReARE e metod

1 0 } . i .
of RbalPhE e hEE) ifhchl Mol B3NS sBEGBIE! O the third

en¥ddfllet St ﬁiee;tu"eglﬁft iBvdn®iohSin MHicH theS nfe@il "RRlstdte ! Wherein a
metal substrate illustrated in FIG 14D is

nitlel fdriaf@thed on the cylindrical spaces, is illustrated.

B} )

[0077] FIG. 14D 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 an
oxide film is formed on the nickel film illustrated in FIG. 14C, is illustrated.
[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, wheréin
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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[0079]FIG 14F is a cross-sectional explanatory view
illustrating the nmethod of producing the holl ow
structure form ng substrate according to the third

Q06998 of the present invention, in whi G BSosos50560
metal substrate, wherein cylindrical resist bodies are

formed on top parts of the oxide film is illustrated.
[0080] FIG 140 is a cross-sectional explanatory view
illustrating the method, of praoduc

ing the hol | ,
ergodivwnt 6f oy FrasepioumEttion: b JRHGH AP TH TRETTR phorein &
J ' t af t ) [ . is i ch. .t .
kel e hpras S18Rdpare ob MR B et 18 m i

.1 med on the oxide filmillustrated in FIG 14F,
lnluétr‘liiﬁg?'ust rated. [0081] FI'G 1411 is a cross-sectional
[0DBR] anaFTey Y 4Mii8W drbdstietficial Bgplhheoryetibwdlladtraping dhcinathod
the hollow structure form ng substrate according to .
of hpeoditingd tienthotlowe struafiret fenpine swhstrateasaerding t¢ rthe third
which the nmetal substrate, wherein the cylindrical .
embediment, ofithesprepant dpyeation innwhick the Jestal, %‘bﬁ%ﬁ&vﬁfgﬂﬁl& the

f lindgical . v =S (L) uSt . 21 ELG.
cxifpines! 1ot bedies ARFEERAR 16, 47 sEEPESH to PRECHEpice
retcg%e?qg [lﬁl‘ltr&fedpf oduci ng the holl ow structure form ng

Substra i

e according to the third enbodi nent of the

[Msﬁaent FIEM@Ntd QRrossRedingh e flanaiey alies UhGdtfatibg thomattnd
wth aresist film fornmed in such a manner as to fill

of prodeinpy lthediolload strecteses éaniifg tdubstrite kagicording to the third
electroformng film is illustrated. [O083]FIG 14J |s

embedimest bthei opsent invehtiemtinmhich thy metalsbsiate fgrmgdewith 2
met hod of producipng the hollo tructure formn

reps 1P FRrmpdc TeR G TR st i ID 1 o RGHER OFe R of the

nt_i.navention, . i. [ the netal substrate,

%gféfﬂr%%%ggéﬁgﬁﬂf lcsylpll“%f%rt%al resi st bodies and
[6@3390”?1& oMl 89" dr&alsc S SAY BgplaiRofyOriBR diludtfating the method
I1lTustrated. [0084]FIG 14K i's a cross-sectional

o€ XRbanARO rtite Hotlwi Istrustufeatforngng harbsteath oabcording to the third

embodiment of the 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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of producing the hollow structure formng substrate

according to the third enmbodi nent of the present

invention, in which the netal substrate, wherein a

ni ckel electroformng filmis formed in the hexagonal
WOA0pHBS4¢al grooves, is illustrated. [0085] PEXEP2904054560

a cross-sectional explanatory view illustrating the

nmet hod of producing the hollow structure formnm ng

substrate according to the third enbodi nent of the

R ord BV BLIdMfiln] Andth& heRaginal @yliltBicaR redistuinddiese
5P, r?g{dﬁgﬁ)ng t he ni ckel el ect rgf o%?i ngyf-i I r;aagd t he e

remp¥@@OMaktragd.i ndri cal resist bodies, is separated
fromthe oxide filmand the hexagonal cylindrical
[0026];u st Fligbdi#bbisar eossesegtiont] egplanptqsy Yigy Ps¥m£¢%m°d
4Mis a cross-sectional _explanatory viewj.l|luystratj.n
of tpﬁ@d‘?é%&}é]ée 63101162’06'{5\%‘?"“’@ ifqrgﬁ%ﬁ W%?r?fgﬂdl%g# ¢ njbhn%
uhstr at ccor di t 0.t he.t Q. ' o1 :
emﬁ?‘g?ém °$n‘38 rRrFst?ﬁF q?Y_len%ﬂP’c Pﬂ{le&h gﬁ?gl\%hgt%? lEJCt ur ehﬁ)rmmg
subfsﬁ'%{y QSRS HP A RYE shdl %ﬂa%d@gﬁﬁrﬂcﬁ uh@etheaof, asheinisbed
a batk surface thereof, as a finished product is
prddlul:M§til‘l@s_ttﬁ@ed. [0087]FIG 15 is a plan view illustrating
a state in which portions of the resist film excluding
[0087] cul BIG.N&ds aptanofiewhibustesing & stite in Whichgortiana®fithe resist
FIG 14A are subjected to exposur e.,{0088 Fl 143 a
filip| eweludingy cinchlas tregionh Pfathe i rapist imyHivehiatet gy éc? A [a%e

regions of the resist millustrated in FIG 14E are
subjetip £ BPFFexposur e.

[0088] FIG. 16 is a plan view illustrating a state in which circular regions of
the resist film illustrated in FIG. 14E are subjected to exposure.

[0089] FIG. 17 is a plan view illustrating a state in which circular regions of
the resist film illustrated in FIG. 141 are subjected to exposure.

[0090] FIG. 18A 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 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 bollow
structure forming substrate is illustrated.

[0093] FIG. 19B is a vertical-sectional explanatory view for producing the
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[0089]FIG 17 is a plan viewillustrating a state in

which circular regions of the resist filmillustrated
in FIG 141 are subjected to exposure. [0090] FIG 18A
Wwo Ak/@xpbanatory plan view illustrating a pcr/sp2008/050560

configuration of the hollow structure form ng
substrate according to the third enbodi nent, in which
a state that the hollow structure form ng substrate
illustrated in FIG 1l: is se roma front su

hotleat EBFtYE %mumgtth%béaow PRI %n@m& g%b%tgate usidibd ¥

pl an | an. v S t
LEETB B ofet th Shebriol Bt ool G SR Rmlion
ﬁﬁd‘ﬁl&{}h{eé1§m4'9m9§11uskﬁte\ﬂh' ch a state that the’ h0| | ow

structure form ng substrate illustrated in FIG 14L is
[0eegn f @ tbe Backesishl-atohdles@binatosy ividwiSbr ploddcing the

[0092] FIG 19A is a vertical -sectional explanato
holloemstfupturp by disinigribe holhow stovetererfomning @uwrapsﬂhugtraew%m FIG.

hol | ow structure form ng substrate |LI ustrated in El g’IG

14Main Whichiiediollgwestmetire Rradugedhrough theprogessallystrated;ip

n the holl ow structure form ng substrate is
1dEf }sdgll%%g%cg [0093]FIG 19B is a vertical -sectional

0L .1
(0838208, 40 ol sRARRHCHBhnldEy Vil iltus B
prbhﬁmﬂ%lalk@tﬂ/oﬁrt stietudé Corfrdi bt tratehntmding told fostth abbddinent
FI G in which a process of expansion and

ofttticeprasenn infentibe, jol whichee eefeothatinidym film resist lisi§armetlean a
in FIG 19A is illustrated. [0094]FIG 19Cis a
supface of tie-hodlewi tivature imingsubstateiaillusiatedy oduci ng t he

[0096] FIG. 20B is a cross-sectional explanatory view illustrating the method

of producing the hollow structure forming substrate according to the fourth
embodiment of the present inveﬁtion, in which the dry film resist formed with
annular grooves is illustrated.

[0097] FIG. 20C 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 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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hol | ow structure by using the hollow structure form ng
substrate illustrated in FIG 14M in which the hol | ow
structure produced through the process illustrated in
FIG19B is illustrated. [0095]FIG 20A is a
W 98809388t i onal expl anatory view illustrati Hgr/E28085e
of producing a hollow structure form ng substrate
according to a fourth enbodi mrent of the present
invention, in which a state that a dry filmresist is

folrdd &b QR fRe DU AR sthidurb GbinfiMe Sibstiefeus eldsaafidng
substrate is illustrated. [0096]FIG 20B is a

[0T00)SS- FEGI200NBl 2 exopd-sevaibadlyexplamatory viest ilhtsirating the method
met hod of producing the hollow structure fprnin%
of sproduding ghedmdlost whuetore fernfieg rsubsteaid Sererding & thgdourth

g L ot e ST B (e
eept I . - -
ot S Roh PSR gL RO Aritis T phibg b ald Rnbdteea.
[Oﬂ)‘QSt 348, SLELL g!ldﬂgviteﬁl V\i}]lﬁﬁreftﬁ%rat Raknaoiige Rbx4bniin@gions
present invention, In which a state that a titani um
il1axtA81 i FIG 2GA hey dibfbcedd tarxpeyued. surface of the dry

filmresist by sputtering is illustrated. [0098]FIG
[0202) i s BIGcradsiss ecvdrticaltseetiguiabreaplongtoni aiew Ifpusreducingga
t he met hod of producing the hol | ow structure formng
hodlehsstrugiuge by seingithgybalipw bt Co e R BERRTT s ugiFateq, 3 FIG.
esent. invention, in whi t he. hoLl ow struct ur
208, SO BSEF A8 & BT RETGP L B gt e hollow
sthSABY £k LN ENEhLLAphUm oxi de films having a
exagona T ose-packe structure, is illustrated.

[0L0$H99] HIG 228651 5 vertichRSk1i6 LA d:xPNalat @Y &R EbO pyoduciiy the
I'll'ustrating the nmethod of producing the holl ow

hdlowigtuctide b nsingghs hblddw atrectaredorminggubsdrathilusiyated fn FIG.
enbodi ment of the present invention, in which a state,

2GMain uhinateeprqceﬁepf expangionaodsextension 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
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formed on a surface of the hollow structure formng
substrate is illustrated. [0100]FIG 20F is a
cross-sectional explanatory viewillustrating the

R buaslogdbsspr oduci ng the hol | ow structure for gERep2008/050560
substrate according to the fourth enbodi nent of the
present invention, in which a state that an adhesive
sheet is attached to a back surface of the holl ow

t,,rugéu?e form ng substrate is illustrated. [0101] FI G

Bl an view illustrati ng a state in which

ex ustrated in FIG 20A are
%’:‘uba%‘g%"?éd fglg'léagﬁglsfm’ie [01021FIG 22Ais a

vertical -secti onal expl anatory view for producing a

hol | ow structure by using the hollow structure form ng
BESEMGDE FOR CARRAIRG OUTFTHE IRMENTIONMVI ch a state
that a plastic-deformation filmis formed on the
[AtRGlow sRefreengeewilbraamgbes utder it detadl td Ithnstprmeeﬁ preferred

FIG 22B is a vertjcal -sectional .explanato
e%qob@\%ﬂiﬂws OF SefBTesgnt IRXCHIAn, Girmples of orbéclbﬁrmgmgatpﬁ éﬂ the

f ] d
B Sty blg HEHES, | B0 SARIE e roind ISR b are
usbe uphf‘?:s&rhﬁm%ﬁfaﬁa"tﬁé oy hbﬁntd L‘éﬂeﬁsforﬁ@ &b r?)r S a?tgA he

is illustratéd. 0104] FI Cils a vertical -sectiona

sexpd afalie0 pijes&htem/véﬁfonp rlmkmeemgs nbeliftledony iksdlehbsEmBits.
using the hollow structure form ng substrate

Withinsthe scepe ofithel @Bes@® Nhvéntionhamh strimsutie odndomvatetinl desaribed
produced t hrough the process illustrated in FIG 22B
Below pan fog sppremyiatehayodifiod- ON OF NUMERALS [ 0105]

[0107] FIG. 2A to FIG. 2J illustrate a method of producing a hollow structure

forming substrate according to a first embodiment of the present invention.

[0108] Referring to FIG. 2A, first, a resist thin-film 11 is formed on a metal
substrate 10 all over the one surface of the metal substrate 10, preferably through a
spin coating method. The metal substrate 10 preferably includes a nickel
material, and a film-thickness of the resist thin-film 11 is preferably from about
20pm to about 30pm. In the present embodiment, “SU-8” 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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21Quadrangul ar cylindrical recess (gas-retaining pace)
Cylindrical opening (gas |eading-out part) 22b
Openings 22c Infiltration preventing space 23Hol | ow
structure form ng substrate 23" Surface
wWDIPD&8348 - def ormati on fil m BEST MODE FOR CARRYIPRIGSORIT60
THE | NVENTI ON [ 0106] Reference will now be made in
detail to the present preferred enbodi nents of the
present invention, exanples of which are illustrated
adjfeehh eylateRAPRBY Bediey aninpeferi¥igrabuey 150pssi ke, cylindrical
sane reference nunbers are used in the drawi ngs and
resise bdéy dri ptdoorestw gefesportds tohen dugide dianstkreoiparaydindrical
The scope of the present invention, however, .is. not

onenine asc 86 leadéngzowrmseie rhinht Wil by deieribidiates dpdeials the
t i on, i
oBAE T et oltasdnl BbheGnA el it rlae flm 15 as a
mL:Q& gﬂ\-'ﬁhg‘ fo?Ax%? lgli&orafled' tinlold?ﬁ 23 el eﬁ@&@ﬁgmﬁfg method, in
produci ng aﬁo %WS ructure orm ng substrate

wiﬁﬁgggg %%l%ld&i@alateﬁisﬂiﬂdie%m'b B as0f mhdle X S5RAkickness of the

nickel electroforming film 15 is preferably set to the extent that cylindrical resist

bodies 14 are not buried by the nickel electroforming film 15 through the nickel
electroforming. In the present embodiment, the film-thickness of the nickel
electroforming film 15 is set at about 15pum, although it is not limited thereto.
[0111] Next, the metal substrate 10 is washed, and thereafter, the cylindrical
resist bodies 14 are removed. Thereby, as illustrated in FIG. 2D, the metal
substrate 10 in which regularly-arranged cylindrical recesses 16, which correspond
to the cylindrical openings, are formed on the nickel electroforming film 15, is
obtained.

[0112] Then, as illustrated in FIG. 2E, a resist thick-film 17 is formed in such
a manner as to bury the cylindrical recesses 16. In the present embodiment, a
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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[0108] Referring to FIG 2A, first, aresist thin-film
11 is forned on a netal substrate 10 all over the one
surface of the netal substrate 10, preferably through
S Rodowsdt i ng met hod. The nmetal substrate 18ct/yp2008/050560
preferably includes a nickel material, and a
filmthickness of the resist thin-filmi11l is-
preferably from about 20pmto about 30pm In the

d | abl e f M Ch
SBi e FUROYEL T Seipt Fied thEfst * alt hough ¢ {5 not
[bifrﬁgt ed 'ﬂ{éﬁr Ghe- m&%;ogg& Hb@on&r %,e of 'tﬂg rgﬁst':{b??k ﬁlm 17 are

ul ar"regi ons a square |
16RB¥dd Wyakl qeva@]r]ﬁerﬁusf&e;sed THef@KPO&éJ Mustfed in FIG 2F,
unexposed portions 13 of the resist thin- f|In111 are
regiimipdrrinped quedrehgiaeeytiindrioslassist bodéssd)are &amed. A space
illustrated in FIG 2B, cylindrical resist bodies 14
b&ﬁV@plthm quadmgué@rp‘dbedrnvé resigrhodiosthecdmen @ eorreapapad to the

on t he net al trate 10, are f d on the

?%Lﬁ FOVF 08 26 rerwstfﬁéf‘qwg& ADAIOAVHLAT & sepaetaining
Sc |ndr|cal resi st bodies 14 are aligned in a square
Pattice-1i ke configuration. A dianeter dO of each of
[bfﬂ] cyl ’SGE’%hﬁéﬂﬂyr %§'1§1hst?eﬁgd 88 Fit. 12%, getlﬁ.ﬁé‘lﬁxé/ fb&4hgular

.m and a pi't pO between the acent

c@Mhdr[Uil r&ist bodisk 39 ab@rdlln@sk bhitleel I@Ie@fr&fo@rhin)g kOO0 as a metal
150um The cylindri cal resi st body 14 becones or
thickfémpﬁon dsampleds fonmsiddia the éatécezﬁk@grtmvcg/wmtlnbm a nickel

pening. as a_gas | eading-out part, which wll

heeirBine Ratked. | A Hergnrka efsoqulr Nkl ela%ﬂr@r%agrfﬂ%%o is

seioibe Pt o SutranBhBe RG] At hedta T 28 ot PRiA by
t%l KeP e Qb fFm I?i(ﬁﬂ 26 Dth%kﬁ hth% fkﬁa&!' él%‘gfo'f&ﬂm eSfﬁls the

Ies 14 are us as a nask. mt hi ckness o
piésekedmigldaatntofhe rﬂlﬂi-rwcld‘nbésmﬂtﬁe infckBY €E@fAHIYing Hm!2D is set
the extent that cylindrical resist bodies 14 are not
ababduedOjom, albtteugh dkisinog liedteddharetvi ndit Hitd be hbtetlithaiubd nickel
the nickel electroformng. In the present enbodi nent,

elegiroforming ko kA éslgteeratfdnmthrthq(@uck@lre&etrp@arrmmﬁ Alp 451 m

t hout 15 t
Pel o i%ﬁof?f ﬁgratef oAk (50 guﬁetc'rtf:’rr D5digayeg e ickel

ﬁﬁ@f‘o‘i’m ?{%r i e%el etlas I%ﬁ{nﬁiﬂ rﬂ a‘ﬁﬁ ﬁ%qg%%éggcmar

clTiedrivat Adsise %béﬂeé abqgs a&abﬁbmbmhe %ﬁl%hﬁé{ra@é ﬂ@'?)gedjsmtable
cylindrical recesses 16, which correspond to th

keywh mcbthozlal openi ngs, are forned on the nickel
el ectroformng film15, is obtained. [0112] Then, as
[911Thist r aBwlsenventlyG the Rjuadrangulas t cylinduikalf rdsret 1todies 19 are

f d h tqQ b t.h | i nd al
r;rg%ggs e él'ﬂirgg C, | théa Q%?s%ggtrsw g {e}at%223l 1rl]1urstrated in FIG.

E) %" nﬁﬁ? nfér:‘ezlrlﬁq; ; g&u{{:ﬁ% %m}ngbsgl%ft;elé% %%hus Sbtained has the
Qgrhxdn(?ﬁ rd |eé§é§g[ ah& qTé (ﬁ'hﬁh&al %genuégs 22.

u arly- arrange quadr angul ar regl on are
[mrszps edAs Tet@tadh FIGUS Al tHeG®1RRSsthRt 3 E6viEn® Substrate 23 is
correspond to quadrangular cylindrical exposed
foraredi woitls tHeoeylindrinilngpeniatge 220esh rdf bedcly isafbrand whar side of a
cylindrical recesses, and portions of the resist
fromt sueface Phihehollw strurtige fovming sHbststg aB 4t a peegrismmineg pitch.
beconme or correspond to unexposed portions 18 for
formng |ater-described lattice-like grooves. [0113] An
i ntersecting point of diag&Ral |ines of the
qguadr angul ar region 18



and the center of the cylindrical resist body 14 are
set to coincide wwth each other. In the present

enbodi ment, a length of a side of the quadrangul ar
region 18 is about 60p.m although it is not limted
With290&498543[ 0114] Then, the unexposed porti onsPABIP2¢B/050360
resist thick-film17 are renoved by a devel opnent
process. Thereby, as illustrated in FIG 2F,

regul arl y-arranged quadrangul ar cylindrical resist

Inbaq@it?o% 191 RECEQITEIG. 58, SRACA. RRINBRMIINS lideach demeani,

cylindfical resi st bodi és becones or corresponds to
whitk drébtrasded kg (gtioovike Pasithm walle2¥sés foomed onrd sige af a
partition wall of a gas-retaining space.
becB suEhSuifsbe belinw ytructure formingrsabermte A3 A @reécteﬂwed pitch.

usi ng the quadrangul ar Ilndr reS| |es 19
Adaglg srfacg qfjthgaick Destrelp ﬁl& #9 e&sbya fﬁeee%ﬂnpleabu

Hjc.k t'lmfc&:'% ex es;sformad|nthelatt|cellke
01 R THYSh 5%| ckel eleetroformng nethod. A

[ofﬂé]m t h*tﬁﬁéﬁ” 68 hflqu 1ﬁxk %ghl?dr?c“al er Q¥ 20 thidtiBndQisi the

set" to e extent: t uadr angul ar cylindri cal

ge[s%ta‘iﬁm?oé%h@es fdd réiﬁﬁu{gOtgab Wi g Biedehe eatlc kel the cylindrical
electroformng film 20 through the nickel

openédsr 29f funetiovgas tha gab deqdirgseutt paginivbighrtemts, out e gas retained
filmthickness of the nickel electrofornmng film20 is
ms@te of thepiedrangwigneylindrisalagressi2 litawardioutsids 9%@6 ARudrageglar
IS to be_noted that the nickel electroformng film
°}§Bld1"§a]|1ﬁ[”t§§|2 ed with the nickel electroformng film

[01 t S i . t
h30) oA DBl o b Epof Moy g
! dsid1Mand® enihp 228 UaHER Nged toward
i @g%apgglgféilgid%?ﬂ 1‘k?g%hses 19 ;alsl%get aghed fromrstgﬁ;(le3 o
tlﬁ\?duafacs wbshe holtovl Qtrbytuge Sarhtia sebstmat®3.neA lspeke between the
[0117] Subsequently, the quadrangul ar cylindrical
opardngs t22h cadide the 1 Opeaing 28hobesdmey harr e¢ryespemds Holapoigfiliration

f V\A 23 il d
pf’e%&euf‘éigggn?ea 3o ebiet sk 3%%*@{%95@ rliatieg ol btraestnpa
dh t.h d
LR ASTE B S AR I3 oo
bé 'dby&h{eﬁt ﬁ%é 12&8@’(&1, A sﬁr?fcehﬁ ot %W tBE HOAbW Strd @8l RYming

strate
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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formed with the cylindrical openings 22 each of which
is formed on a side of a front surface of the holl ow
structure form ng substrate 23 at a predeterm ned

W3 ®ibsno3dsp addition, as illustrated in FIG BEyymlashsosso
t he quadrangul ar cylindrical recesses 21, which are
surrounded by lattice-like partition walls 23, is
fornmed on a side of a back surface of the hollow

ructure forgng substrate 23 af . redet erm ned
7 PGS SRESLPe e e 5 Lo BRELE BpR or oter
bl 2dvicss. seal ed by, for exanple but not linmted to,
an gqghegj;cvsé sheet 22'. [0119] Each of the quadrangul ar

[0y23Indr i GRahen' €ige EBH c-Abfdrmhatibn Ofiltn &8t thdogesl; rLtpattnbhghe
space for retaining gas or air, whereas each of the
mipsticadbformmbleo patirivg srig® t6 unbittraber fen tthe qybigdrical opening 22
| eadj ng-out part which | eads out the gas retajned
topardyhe gpagdisagyanavlidgisrlyecesp 4 1n g Hver staeg he diameter dO

SFE Sl 58 B HPSELAL 1Y SO o B

L oh ) ds ] adri
Gk ohd RS Nk D HE R pidk ooy st
St theOdpenitfy DD bedvied PUB] theCinfiftédtiondo S tHRRShhRtig]l Zde the
A space. between the opening 22a and the opening 22b
hedonmgslancylimiricelsporsd 2 1 iopamented.i | t rati on preventing
space 22¢ which blocks or_intercepts infiltration of a
0424k - delhervobeae Y £ thecindidr@ionapreeentiag sppssl 23cras berfisfined
%ﬁﬂr angul ar cylindrical recess 21, As wll be

PV¥Hed later in detail, the surface 23" of the
hol I gw_str rng formng substrate 23 is forned with a
pl astgf c?rg{e?gplrm{tg'i on film[0121] Now, a method of
for m Rgheps hPisQde Hﬁf&el’lﬁﬁlt%oﬁtp&é%hﬁﬁgs}]ﬁéel2§b.n9 the
hol | ow structure Torm ng substrate 23 will be
[023E])r | baa additiony éfeeveume VpoftHe. quadrangGlh? 2} likirical rdcags 21
to FIG 6, first, the plastic-deformable material is
wodd defin¢dbasollawspl asti c-deformation film 24 on the
surface 23" of the hollow structure form ng substrate
23. Ynebprasti¥%- def ormabl e material includes a
wat er - sol ubl e ultravi.gl et curing resin. in
sur f acvi‘ﬁ}fﬁ .BZ as%%Ptg o\a&eeéqaéué &!%%gléc e%%cgg}a%ﬁ e%eﬁﬂglé%lxl i
¥1%re Ielﬁﬁthmﬂé%de&i%esfi@é'srﬁ%@qﬁ%Eﬁghﬂr cylth@ictRtREss3q! ubl e
resin may includes, for exanple,” pol yurethane,
[@eb61t i N, Theadfyr¢ Bydn @heDHRl pladic-ddfbi@iabidlidatdplab has entered the
wat er-sol uble resins. In addition, the formation of
infiratioagpréventing epava2orit is passibR4atoligndre aghifference in expanding
filmform ng device, such as a spin-coater, a |,
BPsstreceases by svaratioarin egiamoyntoljepapen of theoess i eachiafdhe

Bl R e £ Y T Bl e
Sihn€ 4 ROt BRERIR2e VOB hnbngUaangY! a1
cylin }I f we

cal” recess vér, since the diameter dO
@fi27)he gPRNLNE e MRCthNAARREDH P tie’flattfc-@TBihabld mAterial
about 3012min the present enbodi nent, and al so since
inteethie nnadratn@tlarooylindvad nedeng 2§ padidfidtto ecopr ehemthe diameter
bet ween the opening 22a and the 22b, the infiltration
&P ofithe wpening 222 jant gche ropenina d¥2Rnigusdnel & or Aeksithan 30pm, in
recess 21, is prevented. [0124] The vol unme VY1 of the
4Cﬁ9qdweqeawlaﬁnemrwemmmh@ﬁ%@]% (vERiOe i fugpported by a
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as follows. VI = Mt x d02 / 4 where 112 is a |length

of the infiltration preventing space 22c. [0125]1In

addi tion, the volune V2 of the quadrangul ar

cylindrical recess 21 can be defined as follows. V2 =
WH{D20R8/69B54% Y where h2 is a depth of t Rel/JP2008/050560

guadr angul ar cylindrical recess 21, and x1 and yi are

| engt h of respective sides of the quadrangul ar

cylindrical recess 21. [0126] Therefore, even when the
foldd iGnoeformabl e material has entered the

I nf trgtipn preventing space 22c, it is possible to
[01Z8]Or € ThetixhEMmeMCHad Perfrpeeddiy) finst, @Bepariag che patalblolow

variation in an anount of expansion of the gas in_each
stroftutd orquing selrstratear23cipl Whighi thaldisreeterssafsthe ppeaingt 822 ped

volume V2 is larger_than the volune V1 to_th

226t 4 HoirortDugn TOUR, P TP 12 pifion 3agud
I S.t ted t he 1nfil [ ) .
gl 1 o POTTBR R T Fie Soube dhg gpifpetant, in
| I L6 «ti i I.t: )

WL Al iasb SRocad b Slel5! ksl e Trilentg p L 0

avaflik #OmOBM €oendaRanwadRdard itB aAkeLyManse w t‘REGHE0DA”
present enbodi nent of the invention. This is supported

aviilatsle ffoah Daiéehg yescp@omapanyt Ltd., was used for the plastic-deformable

material. Also, a liquid material as the water-soluble ultraviolet curing resin
having the surfactant, in which the fluorine-based surfactant of “Novec
(Registered Trademark) FC-4430" available from 3M Company was added to
epoxy acrylate of “AQ9” available from Arakawa Chemical Industries, Ltd., was
used for the plastic-deformable material.

[0129] These plastic-deformable materials were coated with a spin-coating
method on the hollow structure forming substrates 23 including the openings 22a
and 22b having the diameter dO, to form the plastic-deformation films 24.

[0130] 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 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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[0128] The experinent was performed by, first,

preparing the plural hollow structure form ng
substrates 23 in which the dianeters of the openings
pnoafeh3db are 10m 30am 50prn, 70am and POy éts/050560
respectively. In addition, a liquid material as the
wat er - sol ubl e ultraviolet curing resin having the
surfactant, hi which fluorine-based surfactant of

hPUEPCE R Rl i HAURTB R A LA S L8
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Toatee rlumlt ofivischsity)\eheables of !ﬂh‘hﬁngl Iatﬂﬂm/ b53|ae§pu$-t:l6atfmg mésibd) is
havi ng the surfactant, in which the fluorine-based
abipinge.t1asnecdvely.Novec (Regi stered Trademark) FC-4430"

v abl e_from 3M Conpany was added to epoxy_acryl at
B3Eho- Hier | ugpesain iRl oend o thenmw@@rmable

pprig IR e 1558 offnd B RoRlis B=Be SpTET bSUET el Te gopmin
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| the op

form ng substrafles ncl udi ng nings 2

izt theylastic-tdtrormateorefileds THO, to formthe
pl astic-deformation filnms 24. [0130] The infiltration

B)f133he | Incthé dasenofothie glodyrirethand, ke ipfdttatiorg of the liquid material
|Indl‘l cal recesses 21 was not found for the holl ow

¢ (B¢ Ar8 any%%sqa} deesses332] neasuaphdoune fepthsi hefdow

2a 22b ha dO.of |
f%sg%"rf Hafias g it HeCPRe e oRufes P2 et el Bayine the
def bl t l.
FARUENED, Br g B léwrr%?‘g?.@&f" Cnehudi ng " Fydran
[(0R34] St ahetle Tag@esrBihk) pliiie- c?e@érmabi’é’&iate%ﬁ'lseutfiﬁﬁﬁg the gelatm

Dai ni ppon | nk and Chem cals Incorporated, as th
pul ;hgrmﬂmm alashobriepiugetheflowet ﬂnmmvaf glie smbmﬂyemrﬁhnch the

Al so, owder materjal including "M:-243", avail able
ﬁorraﬁﬁlom thecfalmcis possibie, fh%uknﬁlﬁétlg@ pﬁtthqnhqmé rp#teq@ds éufo the
for, the water-soluble re Mor eqver

SRR AR e ptdbr vaoer ¥ 4 dia Relow svaetare

T- .
T e e
ereiﬂuﬁllto-BP@esgﬂiaﬂtSOiluﬁ theepo! yvinyl al cohol are
di ssol ved by addi ng vvatper wi'th a proportion in which a

[0a8&Y | ilmiaddivfony irs drsidsys of tRajtheticodefboniabld thaterfals WHlDAng
a spin-coating nethod, is obtained, respectively.
the 15atinhaed thiamehrviril rehol deiving Wghe vissesityasequired for the

| bl I d h

Bi st Bh GoHBVHIRCHRE BHGI3I4o6F s fPaehigkiesh dhavinfyration
Ludi 22 22b

GBS o e, PG BB PRI B8 8200t ouna

ok BR{dofrodehRehBS Ftthidd sdBitréds 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 30pum, is possible to ensure
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[0133] I n the case of the pol yurethane, the
infiltration of the liquid nmaterial into the

qguadr angul ar cylindrical recesses 21 was not found for
the hollow structure form ng substrates 23 including
WOoBes#3 ngs 22a and 22b havi ng t he di amet ePST/HR2PI§050560
equal to or less than 70uni [0134]1n the cases of the
pl astic-defornmable materials utilizing the gelatin and
t he polyvinyl alcohol having the lower limt of the
prevetiisi tof it vibfilthativhe of othenpiastic-dbfarimgblei Inmtérgal into the
possible, the infiltration of the |liquid materials
quadrangulpe cylindticshtasesses 814 inpaospeel ofsafdlses 21 was not

R ot e i 5 S5 L e
tel%lélg‘)gggf t]:?e %Bsﬁ{; (Sh.f\. nat1519 rg gte ﬁsﬁeéd'ﬁ?é”s %%ndomm tt

i'vel tion, 1n the cases o
ifthRatd i@f f@meeoﬂeﬁfn%rmhﬁ wmm {2l diSmbfae d@eth@:tebﬁsadaldal
t he pol yvinyl al cohol having high viscosity required
td of 1ésbahdroBOmhi OMeafiwhile ihad paferableuthintitte fdiameteg d® of the
desired filrn-thicicness, the infiltration of the .
opémiugso? dweendra 2l e ¢quabta bemgreathen fgol, an cendideraioncef velocity
recesses 21 was not found for the hollow structure
of eiephionPidtip gty at es 23 including t he openings 22a and

[lﬁé&lnh avtoggéeg?fee\;%:itatne % O of cftqgla fiﬁlﬁlﬁ ABterial
xfwﬁﬁﬁﬁ% “Fg&:aﬂe(f{@ i Res ?Hr Xﬁark') twESRoRe, mngmgqf&ﬁ ﬁaﬁlﬁbpon

Wstruture m ng substrate 23, In

A En HCRERICETs Ld@:gératdae a® BRYoIpsethdie Bébabsdbor ﬁxe&ﬁtfad:e 23
to or less than 30pm is possible to ensure

of rtey dwollbenstodctira eforming suistiatn 28f The hollow structure forming
plastic-defornmable material into the quadrangul ar
sebatiated?d emlwhiele é@slé@msé Inatplﬁalp‘ﬁ @99*@étls ensif 4 yhe spin-coater
[0137] Thi s consid |on .S vi ew t ha

FY]‘F‘F u € Bresenf gy W(ﬁﬁ)w Fféucture orming su%strate 23 is
e th (e SR CHREL 8l @tfsf E)iaimﬁ 0CRPE5 WP %gﬂzm@%mber of

an i ence o gravi openi
rt‘ﬁg’u&ﬁ BPQZ@O&J&Ft ShdHent ﬁefse%t hﬁuﬁ,‘ﬁuﬂierét@ 86 dsefeS fénhe
'm Meanwhil'e, it Is preferable that the diameter
p[@l@-fdefdﬁﬁaﬁ@e filAgst 37 ahandrf2i2b237e o€ ghunhollow atrunimre forming
than 51.tin, in consideration of velocity of ejection
sobstiatee2gas.

[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



[0138]In the present first enbodi ment of the

invention, a liquid material including "Hydran

(Regi stered Trademark) W.S-201", available from

Ray avppedis| nk and Chemical s | ncor porat ed, aspdff2008/050560
pol yurethane is coated on the surface 23" of the

hol | ow structure form ng substrate 23. The hol | ow
structure forrri ng substrate 23 on which the liquid

eri.al i ed i.s t.he nth n- coat e

oBI e O e PG SE eVt o G AU bt T SRR Sbstantialy
u Bfﬁ‘ftzﬁ‘tftﬁaﬁyo qﬂéagans HL?ﬁﬁﬂ’taJteauz%tja ﬁ%aéa‘?ﬁj o'f Nnd I&ﬁadrazlg]gular
spl n- coat er 5eV| ce, tor exanple 10 seconds wt
cyinedrivdlrbedesb 110takimaatigly k&@&lrﬁmuanyt homgbford, the Hallbw
l[imted thereto, so as to thrra the

stphctstei Zﬂhlaa'ﬁngthaMnIfnmﬁ hblhow dadn24 fscotdainédace 23" of the
hol | ow structure form ng substrate 23. [0139] Referring

[9342F| G RefrripgienF1G €. théModamsttiugire 22 thugokiaiepd is detached
b th t fil
tigi The, Boflo®, i s B LA FAE, Tog ThE HOIRY crdpare 25 is

e [ p I
SR Sl O DK
s@W@ﬁfP Ivﬁler&lﬁ) JeﬁQ]gyﬂ bRPM 5 thitferaktiQks bheh&asd chlofias Iba.ﬁfcles
t he quadrangul ar cylindrical recesses 21 expands by
agehdisersdd, is filbs] inalnelhdlluwspdrtee24pl asti c-deformation film
24 expands and extends by the expanding pressure of
(4481 gasIn e presans tiirsit @uqummmtathe?h@llovy GtruatpreAsen which a

fo S B AR, B e
hRﬂ&&f?Da%ﬁb‘E%BE‘E%oﬁ&{E ?15 %ﬂicfhaa JVXH- | ﬁr?es%n ﬂgy o¥1 W3§ f'éf:a of

an a alned 1 n eac rangu

tlﬁ?yll,ldlfw baRhar6L@RRA) &latoft ?Mﬂﬁt & ind}hi¥h 8AYPEning diameter

nmutual | y. Therefore,” the hol l'ow structure 25 havi ng

" of e oputiii 246 Gidthe Gl phs 224s atsoud BO@medbout 40um, for example,
[0142] Referring to FIG 7C, the hollow structure 25

it ¢higinedt ai ned i s detached fromthe hollow structure
form ng substrate 23. The hollow structure 25 is

[‘Ut"i“ﬂ i zeé"c?félfnget?éh% bellgy strpethye fgming sybsiratg 23 of the present

B r?%’%ﬁ%ﬁ'ﬂ%g FEBr B i SRl N2 P R Bl Pmipec
t‘%ﬁ’?ﬂef‘%lﬁés cRrftich, SOEAE . & Foretl B 10 Hoflow" Rdchiffe AEhg

sSBstidfed 23, €inZfnrtidularhe Wy liadi @ @pbniafs a2 shdasn@ll £V when the
hol | ow part 24 is about 130:m in whi ch a depth of the

hblbd W etaugtare fopdingsubticae 253 repeatedinusddi ch a
wal | -t hickness of a partition wall 24a of the hol| ow
[QMISE 4Neays atspeondeqmbodinaend of e niosent ipveatign ivill i dercrihed

SR RS, o RSBy 8 St BE g P B
eﬁggﬁhﬂ:gg 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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[ 0144] According to the holl ow structure form ng
substrate 23 of the present first enbodi nent, since
each of the cylindrical openings 22 has the
predet erm ned thi ckness, deterioration, damage and so
WQRGR093543t he hol | ow structure form ng subst PET/EP20E/05¢560
particular the cylindrical openings 22, are small even
when the holl ow structure form ng substrate 23 is
repeatedly used. [0145] Now, a second enbodi ment of the
ciBb&ERBAt, | 1hE HekN siWstdatdda odesdtiiddaed Whpherr efaédrRICend Othe
FIGs. 8Ato 8M Note that elenents or parts of the
fipn-elsiekiesenb dith resint fHaél ds aboutsiym,| far exempleosdn the present
described in the above enbodinent are attached with
embedingnte “TSME-8E amer%‘ép gromy digksox Phkin Boeph Condrtds &5 used
wi || .not be |ven| ‘& il, for the sake of
for arfgeishy alfhoys Ft lé)?ﬁF %f?wtf’0146] Referring to FIG

g Mg Yo el kol B0

efp%@éd REd Efetllagigt fild 11 18 KSR aRkx ogémﬂﬁhﬁﬁ@ﬁé pI‘é'é@nt'Tﬁﬁ Plarts,

substrate 10 includes a copper rraterl al, and th
isf bubjedidd eknesdsetdpnidne presdsstio fietnowd lthe mbpnsbd WMOﬂso%.
exanple. In the present enbodi nent, "TEM R-8900"
Theraby, ads| ilustrated fokyG 8B keaist Gdmm 184, whichdare arengesetp be a
for a resist, although it is nq{ limted thereto.

h?@gmﬂlm@w pa.cls%ﬁmﬁ@r% Arg| ferm rlégtheaplieyenér?ﬂawéaem a

Wi G St st 26 Tar R IRE Toes B b ohif i 2 dittFhee
bét%veéfﬂ'&ie gﬁéps quhélgglg%ﬁiwﬁ%gt ﬁarxgg@n%? rég@oﬂs%‘é%b&ﬁlel SQum,

unexposed portion as 1llustrated 1n
fotBxamgrl St films 11', which are arranged to he a
hexagonal cl ose- packed structure, are fornmed. In the
[011483% ent Tlemb asl ilhshtiteddn HIGE BICodn tthking peaqees dd vauch therresist
26 &gr the dmpart) is about Sum and a distance

ﬁb@% ool 4 lgBbie eheserpacised stiectiist 48 usyd 46jaa@ank: 1hEEYERRY to
ons for exa

e hPgaie 4B Bopres 2 el TR PR & tye i perts
A%Pﬁp?tttﬁg gfo%% 1! éllorﬁ‘?‘glt fct‘;r%ghﬁpﬁ:l 0% dd%g 2? are u used for

are used erf or
fe%ag Qﬂﬂla@ﬁfbﬁ’écﬁ%ng ra@%%a ARl wmar COAtORS PAAS mch will be
shapes of t rimparts. depth of the groove 28 is

deédesibéd Rwnin Hewmilexanpl e. The grooves 28 are used for

form ng Annul ar projections as hexagonal annul ar
(048] our Tiaeafterais hustaatel ib & IGe 8By thsergsishiibms jlh’ efethgi qubic

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 presemt embodiment, a
film-thickness of the resist thin-film 29 is preferably from about 20pm to about
30um, 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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[0149] Thereafter, as illustrated in FIG 8D, the

resist films 11' of the cubic cl ose-packed structure
are renoved to obtain the metal substrate 10 havi ng
W2008/00%8s 28 of a honeyconb structure. [ O01584N8¥dsis0560
as illustrated in FIG8E, a resist thin-film29 is
fornmed, preferably through a spin coating nethod. In
the present enbodinment, a filmthickness of the resist

B A oL AR ARG T PR 2, e
PB4 Boyuegdilal3p geobShypalblonsinide gyl oy o

devélopmatit pregdsens 30, positioned in the centers of

regi ons surrounded by the regularly-arranged hexagonal
(613 ]ves Therebsy & Bhupwated in AlG. 8 ecyhiodBchl pesisti tomdées3Al, vafich
the resist thin-film29 are renoved by a devel opnent

agt prangsd regarhy amtheapsial sibsirate J8; argtfeianadrprthemegt substrate

I%'giaf%%#%%k 4o PGBt dese Pafes H1oF Aeemhix phout
e s o Beqfol AT 81etP B Al e 3 i

pRé¥eraBlPhBcul 106uRet YRS Byt fiRicarieaReBbdyCyl badhles ¥r chBeipdhds
bodies 31 is preferably about 150p.m The cylindrical

to esiistidodihm3dr dfer gae kadingearn rpast) omikh tvill e defgibdé later in
di ameter of a gas |eading-out part, which will be
dgtadleri bed later in detail. [0153] Next, as illustrated

i Fl G i ckel . el ing. film32 |
bisaL. £ ko Distrire & BGCPGon HdtEbslarefor BRahim 52 2 a
i h i ich th Li ndri I i st.
T N A AT N
viHiskle c?iiﬁ&%a@f‘é%[s%@&eé 5] Me3%ell 85 PHEEET AR mSRickhOsstdt®he

ext ent [ [ [

hat cylindrical resist bodies 31 are not
nixkel eldctpyforhimgfilaksd iseprefdrsiily @etonttle xdefl thdt Ey1inAighl resist

the nickel electroformng. In the present enbodinent,

bedies Bil | are mht birssky dfe nibkel relesitiforeling filn f33r thioughfthé mickel
2 is set at about 15pm although it _is pot limted .

claqep .1115'01154 Reesent fanbadiments s dilagr thickaesss ol aipkel
n hereafier,.the cyli i cal..resi st bodie are

PtalRSaRT 127 La ol SRR Rietiet bt o

GLEN! 1 AN QAL b dind ) 6 Py BB CLAOR IR d bl

[i 1r1g2'\§/vhi c?fefegy ar Tay-l_ér ranged cyflgﬂr?g’r%a{ {eceéses cal

rédig bodigedl 4ré relbaddledhereby, 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 50um to about 60um.

[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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[0155] Then, as illustrated in FIG 81, a resist
thick-film34 is fornmed on the netal substrate 10. In
the present enbodinment, a filmthickness of the resi st
thick-film34 is preferably from about 50pin to about
VEDos/0PHE56] Subsequently, as illustrated i nPEF/E&2008050560
regul arl y-arranged hexagonal regions 35, which are
coaxial with the cylindrical recesses 33,
respectively, are exposed. In the present enbodi nent,
38id sogt 10oh, Atheugleitds notHémhektgmtal regi on WO
200810935PClI AP20081050560 35 is about 70pm althoggh )
[0157] s nckheni vinexmpseheanostions P61 97|t ansisty fuigkddey34, which
portions 35 of the resist, hick-film 34, ich
CRIBFSPERD EhHT; RATTS; ¢ tBR FEsLst &lcl?ﬁimr%“s S 1 1M g@ '-"Y i#9gvggpment
are re ed, by _a deve Nt Rr Qge I a
PRicRs: r AT G D 8 T 3P gl Bexgeonal

cFithd Dl irgﬁlst hedlest 3004k eforfdar e fsphéd afdtwdnS BRC dexagonal

etween the hexagonal cylindrical resist bodies 36
cPRERIRE redistChEdias panbiotnes hex egesspbndsytd hexdgoakl cylindrical
grooves 36. [0158] Subsequently, as illustrated in FIG
gBddveby6°usi ng the hexagonal . cylindrical resist bodies

36 as a mask, a nickel electroformn Liln137

(P48 | t h?@hsequepﬂy,f e inemied ip G rHed Y g Hﬁg trexagonal
nj, f or, i hod., ' i

ks SSEREFER AR TR e BLET L e
» i i | i i "

PR RN (FHATHEGA et ng . &

AR @UERedsher 1he cliglte] &)l RElFGROASIMNG. 37 B tdiaophesktint that the
enbodi nent, the filmthi ckness of the nicke

h_ekﬁgbhabé)drﬂdﬁbﬂgreﬁisﬂ boddas IGasatot huried by theitigks! ch¢atiodergting
it is not limted thereto. It is to be noted that the
filinc R@| theousdt thef pickelnglerirpforpings lat B§r Beaentwfmpedipgnt, the

DL LT .

it is not limited thereto. It is to be noted that the nickel electroforming film 37 is

integrated with the nickel electroforming film 32.

[0159] Next, the nickel electroforming film 37 is detached from the metal
substrate 10 with a suitable known method. Thereafter, the hexagonal cylindrical
resist 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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substrate 10 with a suitable known nethod. Thereafter,

t he hexagonal cylindrical resist bodies 36 are

renoved. Thereby, the hollow structure form ng
Wﬁkﬁ/ﬁ3§;323 illustrated in FIG 81, is obt ab@ﬁ‘ﬂazoos/ososa)
[0160]As illustrated in FIG 12A, the hollow structure
formng substrate 23 is forned with cylindrical

openi ngs 39 and t he hexagonal annular projections 40

P8k B8 B Porblidh SURGE Fudint SRedts AL 2t #itglppes
pPRENI BY fﬂh%@rake?l fnOfiEe @Mata cRISGHELLE LB %QIIERZ Os‘t“%;:tg?{ ﬁo&

each of the hexagonal annular projectrions

sabdtiads 28 §6 sealedbyhor Exanple Huf AdABnitddtopstdhdhesiRe sBet 22°.
illustrated in FIG 12B, hexagonal cylindrical

[PteldssesEah ofhthehhewagosalr cylimidieal bscebwex a3 rfahctions as the
partition walls 38, respectively, are forned on a
ggﬁ a@a@fng SBACK AR EFEAIRIAE eBa5T °1t 4, trderadw eack ueft thee cylindrical

R T B T %@hthsé\?wamed
iésfl;&aérfrgr gﬁeg hgﬂrg'glf'lﬂlgcﬁmt?ﬁl Elaie%eésﬁ 3 wid! 8951 tgé.h_exagonal

0, an a Resive 8
clyRd&idaEaebssof7. t he hexagonal cylindri cal recesses 38
unctions as the gas-retaining space for retaining gas
[01623i r , Notwen eashebaffonhinghe peyducigra Imdllowoseidtur@ by 38ing the
functions as the gas | eadi ng-out part which | eads out
hoHaw gtryctues fprming subsirate beacctomémg éx thgamesentmbodimentawill be

d t h I l'i nd I
r%%@géwst%re{’“%p&%&ﬁ A50dedch o Torming of 'pr”o&'uii"‘ng
[ od?’i: | OYh l%ts t gy 4 §m1?,9 1[115111% 9 ltllheo}NvISe ;tg(g:ﬁ:a Water-soluble

ng su S accor

o{
ALl B IR S ) o

Dialive10yteenCorapanya Dadf & addeld ubitle ﬂmbhﬁﬁ-‘lbh@kl%ﬁﬂﬁhﬂ of “Novec
resin, in which allcoxyacrylate of "PEGOODA",
(E‘P@NP@BI Bademark D Ccé‘?%ﬂ@aﬂa@tmflamy?fMLCdmpanys indselas the
th %Quorl ne- based surfactant of "Novec (Registered
FRybleaatorid  avai | abI e from 3M Conpany, is

[ : a‘gi@léa oBL Bl SleoLl Bkl 14 o4Ae ah th Sifeee
2§*" of ﬁfé‘hoﬁgw iuchhe fd}ﬂfl%é)é’ﬁﬁﬁﬁt? (QtB Uldd 1519 'h é\? gﬁgaa%ri%%ﬁmg

3, and the hollow structure form ng

stl‘hhﬁfé 23hn el ehePAtast plasielieformbble mmérful iPdoated i6 BRNAEL in
is then set in the spin-coater device. In the present

thenipi cormtert devidee fup theopvestnt embuodiemehtyithe hejlew bistictatecfoRding
IS rotated in the spin-coater device, for exanple, for

syhstrateonia Sotatadhinithe spitirAeater deviewifer ¢xamploffond0 @mmls with
heretq, so_as to formthe

o S bt Rar 06 A0b i SHhBEt Hab Rt st Haersisy Sp to
ﬁ%}% bl%glés&lgi&tfﬁtloﬁ rﬂﬂnn§4 %Hbcﬁé rsﬁlfgcezz’%.’a AZf {hleI ﬁ'o‘clfo(’vatst%jcture

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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[0165] Then, the hollow structure form ng substrate 23,
formed with the plastic-deformation film24, is set in
a vacuum contai ner 25, and internal pressure of the
vacuum cont ai ner 25 is depressurized to about 100Kpa
WOL12088/098%phere) to about 10KPa, for exanpl ePCT/JP2008/050560
[0166] Thereby, the air or the gas in each of the
hexagonal cylindrical recesses 38 expands by about 10
times, and thus the plastic-deformation film 24

ab%ﬁpm Fhde@xdpends by the expanding pressure (for
exanple, as illustrated by arrows Z) of the gas, as

[0iL66]ust rEHeeeby] thehirGr tA8Ehs ih@atipofitht hexdpohblowlistirica reneeses
25 having the reqular hollow parts 24 (or cells). A

3&tppadoby ehewt YX timks and| ﬂhuwttpyaplﬁgthdef@é@%wesﬁlm 24 expands
bst | f t f
Ve lﬁé&» the SurbRdiog presevi R grRERLe, o1 1 R EL0Y A ot
tial |
R ot LNPHBLIrE 9 fabr iy THL e %%?n%%r%ﬁ‘i’%%fs;%@mgzzre
regﬁlap tﬂoﬁb@egarts{ 946(2)1' Refigy. riAgnhR b GadiBG6r thQ%o'Fl%lwl 9H¥ts 24

tructure 25 thus obtai'ned is detached fromthe holl ow

bebd§ buliseantiallfrufgosy Bsitatllypsidde anldion loff aiw rétainad i egch of
25 is utilized, for exanple but limted to, for an

the Ihexagwphqumdncalchesqsbesy38 is swhitenfialysejuelbmutualifier Sherefore,
char ged col ori nﬁ matter particles or charged, cql oring

thpebptlpm Sé@c%rr%l‘u pRg @@dlmﬁosmfhorlpércpaﬂ% 26HeoMginedw part s

03670 uReterBo R BFCR, PR ARoGT L ol e gbBined s

I h
de{iﬁéheﬁ\’i‘r(ﬁﬁlr’cﬁe ﬂélg&g jﬁ'lggtldl' Qﬁ%% sﬁsﬁgﬁ#&i? n dﬁcﬁid%v Sructure
2 VBl Jti18H ChoR %}'i’ﬁnﬁg bﬁt Hﬁ'it%d tté,0r MRkblect2dihoddtict disp1RPid @hich a
part 24 (or the cell) is about 31am for exanple, is

sodindj whetein] OHA9ddAcalorifg maatted pattéclésobt chargéd valbring particles
form ng substrate 23 of the present second enbodi nent,
amld&spgmsdJleidledgndthébWWMr arranged in a hexagonal
cl ose- packed manner. There ore ol | ow st r%%cturﬁi
cha

(03687 < FBrive dreormeREo oS FFRSHre 20 W

h
lePg Cﬁ%f‘:st% g & &%ﬁol}fr%e ér?c%"%ar ed BF%O e %lreﬁgiwg b the
hSildw pEH b8 iSRRAF 60,08, 4 ih Rehidd & hNKARRAEEBRL partition wall 242

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 hollow 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 237, as illustrated by the arrows
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[0170] Normal Iy, netals have a hydrophilic property.
Thus, with reference to FIG 13B, the
pl astic-defornmable material attached to a surface 23d
vPaasiemzand extends horizontally in the vici pidype8¥s/050560
the surface 23", as illustrated by the arrows Z.
[0171] Referring to FIG 78, when taking note of the
certain cylindrical opening 22 of the hollow structure
Form ng substrate 23 having the construction described
I'n the first enbodi ment, the plastic-defornable
poat7e] | al ReRERAS S0 NG Wt\%é tikﬁﬁ)éThB{éeoPW'c&gng@ilmaﬁcal
a startlng point, of thé cyllndrlcal opening 22 in
ubaiiny 2Y offthd hellewistractare2fbrmdxdy §db@tr@ty|23mﬁhw&gt’:l’thecubﬁmmion
22, since the netals have the hydrophilic property
¢¢ssr1bgia rinnthedifiaste egbodimenhe thep eatdstig-d2fiymeblet ln:atdmll | spaeads
art 24 can be detern1ned for exanple, hy a_caontact
Ewg@@t yofroqfae ﬁP%‘é’Pgé BeASH #aﬁm@ mte pf fhe %leﬂadwé opening

%?J %e"lczs%?ﬁ%’ﬁsgr ie:’? é}ﬁge Gm SI on CHZ SinGe the metals
B BOWyflopkitls ASbHAE | AR Rl i EEP e filenin of te

pelldvp Rty 29 fcah e @eteidingd,Cdri @hipla}| byo Redvnfit 28gleVd tIF the
the plastic-defornable material whi ch spr eads
plasticzdeforhible fnatamal hed the stieface Zﬂy’l bpn ifalenopefioisi@? of the

by the expand%ﬁ%?pressure and by the viscosity of the
pﬂy agtia-fleforeatle mefarialyarhieh epread bqr@ptaﬂym thepppenings 22a as

B tiiek Anipfeo/criag” ST BafFl CoPRTaL 2o s an g BRIPrbRe
&P’E%I? P%IliglgiS%?épaHh% fﬂstwq{h t'h ‘l: ldefo?xﬂgtzlg Gfat nal V\hhlch spreads

nmena COMES extremnsl

ﬁé’ﬁzo‘ﬁﬁlbﬁ b the ¥rt&th dyifdons Qip@ﬁn%&@ by LS exﬁaﬁ\ﬁmg pressure,
openi ng di aneter of the opening 24b slightly |arger
ddnbby theerisepsity ofifheiptastic-defoomhablhenangéadi ng 22a can be
obtained. [0173]On the other hand, according to the
Hd3kbnt loerdsitdors raseendinento e ﬁﬁé emboémanbrdesqmbpﬁ above, the
reference to.Fl 3 and exa nular
e rglg fsolate RistcHerameblEoRetstag e mpigl is

i dad e en
FAfl G2 e PlaREIBO IR REOT b EIRA oersﬁeenly ﬁ‘n‘lrw thegery
Vel o GRf o5ty g2qmt ﬂidsalthe WPt AIRALSof the opening 24b
horlzontally fromthat certain cylindrical opening f@,
sUghtly nargedban tHel dpefigdidivetthes the apédife 2R cihrBRIbEained.
materials, which spread horizontally fromthe openings
[0133kas tOm thet ethed mgdpaicatdingfo e pegsentydecordt érobddiment of the
openings .22 |ocated_in the peri of that certain

J@ypmmr PR reisEage HRyFIGs 134, aﬁé&ﬁﬂ@%@&%ﬁg&%ﬁm&wﬁ grojgctions
40 f h
£, °ih felith S cRHEPE B din ot riae Rie, pyspiiosespnd
0
x‘ch';losdt?llﬁgﬁde or naﬂgﬁéaﬁrr(g?g% gﬁé :%ﬂgﬁlal ?ﬂﬁ%&? °penhn<§ 39, the

ﬁhﬁ&td&oﬁlﬂbw naletialBt@idhal specad | BeSzomAlly thfn that certain
exagonal annul ar projection 40, and expands and

eptindric opkuwing 38, will hotd influerwed bynhd plastiv-ddfotneble materials,

hexagonal annul ar projection 40 extends.
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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[0174] As a result, a contact area of the surface 23"
of the hollow structure form ng substrate 23 and the
pl asti c-defornmabl e material beconmes small, and thus,
it is possible to formthe opening dianeter of the
Vapns/#935424b of the holl ow part 24 |arger thBRI/{EF@08/050560
openi ng di aneter of the opening 24b of the holl ow part
24 according to the first enbodinment. [0175]1n
addition, a predeterm ned anount of the
2P| g5t ﬁljdﬁéﬁgsﬁﬂ %mﬁﬁ} &frbRbtid 481 AhEGbrsNaA tRapirtiBbn wall.
rrecess 40 surrounded by t'he hexagonal annul ar
ARbOji€Ghd PRsseAO sédontinénbddifer@ncddigct angle 0 of the hexagonal
pl astic-deformation film24 is fornmed, for exanple, by
artrtuéar gpojeetian 0 ngdtbe pbastic-Hefrmableematerabisemmalht iHamcef the
the filmthickness of the hollow structure 24 i

. ; S
plpstio-gefermable mateaial pellidehith theshexagenal apmilen prajegiiondgy and

denot es, an openj ng facin he hexagopa Li ndrical

e BRG S, §Rients STt Rl Pt S NaRp B HeRiHesf tnnutar
| v [ ' be described with reference to FlGs.
p}fﬁ?&%?%‘tqgﬁ%k%te that elenents or parts of the present
[APRPdi NROL SAE ASorfhot Shdh bBthelsarfhbf03T’ @€ S hdlRAy bifucture
t he above enbodi ments are attached with the sane

forefiey @ibsteata 26haad she plastiedpoanattle omtdriadbetomeasisiallnand thes,
given in detail, for the sake of convenience of
itds pbssitde toforn] te7pieRiEedianplgr o6 the) apeningR4br ¢frthe hollpw part

resist thin-filmi1l is for on the t subsirate
24 dargpy @P@rtamvem.go%we?ﬁé’? ?ﬁP&H&gi% ﬁ‘l&e?ﬁg‘b‘ﬁ o, P 24
resen [ t o e netal substrate 10 includes a
a%(?b‘g‘gg%nlg‘?g’t%?taq‘sb%gﬁ%gﬁhe fil mthickness of the resist
i 11y | ifHd fXGHHp | feed b8 material
da7sT i sty e areWermifid XA gg%hreoﬂr%étrokyo Ohka oo
KA il @part bf hcesd 40’ ¥@6lnded by ahe siagdnal ahitiaygbjettionss40

not limted thereto. [01781Then, referring to FIG 15,
aptirttimansvheh thé glastisidsformation filmadcisufdimed.dpr extmpleaby the

regions 41 arranged in a cubic, close-packed ner age
SEiRpOsRE T dOFEA O OrBeBEReEh D B I RaTogt he
tQ renove t cylindrical regions . There
oy SFRGEER 20 o eehen gt vede Mol 1 250efcRfp qferat 300
Lndr i 49 J i 1 fékigngdri cal regions
d%/l&%grq% Arpceéﬁrriﬁlyngg?ﬁg?%e %ec;é rag%%ﬁ c?ﬁm%rﬁbg pr esse nt emnbodi nent,
(@76l NSi HewdhBH M dithB@ 6/ihenstticanlineRae® will beSdescribed
about 50gm and a di stance between the centers of the
witht refdrénceadjFIGeN1 44 o i1ANL i dédte Skt cdsnet?s bs patroef the present
1 50gm for exanple. [0179] Next, as illustrated in FIG
embo]iment kashe a$ ot siifasrtaithesei desgrireddp thel apeye 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 lpm, 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
exanple, is started fromthe nutually adjacent
o0 100koBaal spaces 42. The resist filmi1l' iscERYRESDs60
when the precipitation of the nickel exceeds the
thi ckness of the resist filmll', which is him
accordi ng to the present enbodi ment. Accordingly, a

|ckn of .the n| kel film43 in a central part of
ff”h%re@ifl P pghit lss,’b%f e‘2{‘i'lh§w‘chcr eased, while the

el in 0

[ﬂi f1"h|eﬂ1 r%%erﬂﬁg ggeﬁd riS ﬁgfncﬁﬁ cgarot?lg ngl% i fﬁ excluding

ral "part to peri phera

c9MhdrlIk£itIl t&g@&nssﬂaéiﬁm@gd 11:{ D380t bﬁ@s@acﬁeh%ﬁhekﬁie ckbdsBH Aahd a

whi ch has a hexagonal configuration in a plan view, in
dem¢lopmeidtepmeessr ial theargerfoimedao hemagonhd cglindriqgliregibon 41.
becomes or has a top part, and in which a contour part
Téuerqbbreasnélaéétg%%m lz“: ﬂﬂ@meatst Bhmhbk havmalcwbydrpcai gpaces42 in
forrreFi)lns as to cover the re

a nne
W Sy CYURSHTGH ciePiear 4Lt PEeY e, B oA e b b resent

| ef
BB B 0 B58e) 6 A B10 108 B 6ifhl R G
diftadet Getdddn 1R E@%drs lofthE Rndtubily ﬁé]abé'ltfcgf[ﬁ]@ﬁlcaq ﬁﬁ&s 42 is
upper part of the netal substrate "10 on which e

aboetkielOpmy fetexhinble. 44 is formed, preferably thr ough a
spin coating nethod. In the present enbodi ment, a
(¢ 1% t hNekh@s éllustratadein/lISi $4C .t ickel feldctrofBming is performed to

efera about 20gm to ab t 30gm and " SU
i% é‘bqkiﬂ?}/ f{' ﬁ/l dp o‘t‘fh‘é& %]Sr ffé’rsét g’ e Ysqdops aii‘ mask.
t here althou |sn d ther
P?ﬁ%%“?ﬁeﬁf 1Pl b 8ot b Sl ol S pIGREY, Sjagent
291?&&191[‘ ?ﬂacb@ﬁ herieeRtief §1nP117i6 gb'sle% Yhéd fhe 1tat1on of the

exagonal regions, are exposed, unexpose tions

nfckeDéxdebds the 3hiskndskiof tHd ifeﬁisﬂﬁlrﬁlﬂe’ IvehaEly di |y a@cordmg to the
devel opnent process. [0183] Ther eby, as illustrated in

pFRisent enfodimentul drckgrdinglnrghitkoydsi afdhe oikelr Sbn 98 ibadieasal
48 are fornmed on portions, which are on the top pans

part qfiibe gytipdnical |SP?ﬁe4‘§2 dnhéncgased Wk %ﬁﬁﬁlﬁﬁltfdnl f& becomes
d | 4 do
tfifatrol dci RN T o Gel RBLRIETAE LR et BFARY fipgiries

Sé&grm. and a pitch p0 between the adjacent cylindrical
esi st bodies 48 is preferably about 150p, m The

[Epol Ndr Heade, RS hitkeARY 448 WheSHOR®Sa QEx4pBhdlCsRPigdRition 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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to an inside dianeter of a gas |eading-out part, which
W Il be described later in [0185] Next, as illustrated
in FIG 14G a nickel electroformng film49 as a

metal thin-filmfor exanple is formed through a nickel
V&) 2008/#93%40r mi ng et hod, in which the cyli ndr PEEFP2P8HF560
bodi es 48 are used as a mask. A filmthickness of the
ni ckel electrofortning film49 is preferably set to

the extent that cylindrical resist bodies 48 are not
pivfierelgt iyt hebont cA0pim efoeabowt GOpmMNgardi 1“814%° tdvaidaldé from
the nickel electroformng. In the present enbodi nent,
Mibre Chetontotpordtisasis wed tfhe antesiet Itheseasc phbgughnit rig of [lispited
49 is set at about 15gra, although it is not limted
thepdPet o. [0186] Next, the netal substrate 10 is washed,

eSS I ST B L ol 6
cé]ﬁ fé.‘l dlflk"{g% e{r%ﬁr&eﬁ rhe‘yg &bl Tagishar hog- @:fﬂo@&ﬂegld unexposed

cesses 50 re formed on the nickel
p@hﬁﬁ& Ao tHengsitt thif-Ala 45 sroRhiiveedy a[dRIddimbgbroGss.
illustrated in FIG 141, a resist thick-film51 is
[6183ired. Therebhes jheserrt is mdl%rﬁgulaalyfarrmgemWiMe@sl refist
the resist thick-film51 js preferably from abou
badignt$ areaiimmd e@@ﬁﬁlosabybwhm Py thestgpiperts §f Fhétlléﬁkql film 43

%G@W arra{lﬁé hex onal regions 51'
eﬁ"@re S@?‘Fqs tical recesses 50,
ect Y r i
B gt f ﬁ%ﬁ‘gteé‘ﬁéﬁ%?‘?? BE e R B Vo MK Flfbraly
a&hﬁ% ﬁ(!hob'(grbet\bednsthe(ﬁdjdcbﬁﬂ &yRihdEibAre4ist bodies 48 is
[0188fl 'f'hen unexposed portions 51" of the resist
ptdferaklyfdbom b0pai.e Tlenopadricyl @sidebelyoffrestbmes oc esisesponds
Thereby, as illustrated in FIG 14J, i ) .
tq enihside giametearnferl stfeleadiogadut pyrti mlrdhcwill be describpddates in
52 are fornmed. A space between the hexagonal
dE i ndri cal reS|st bodi es 52 becones or corresponds to

gon drl \V eq tilbY.
*“?g 7 uBera e R b 195, Rt YRR REBRACHE s =
nﬁil'tﬁﬁr$Mforr&§h§Ie RGeS ghgm%‘ﬁ @m@ﬁﬁi%lec@to%rﬁﬁﬁé method, in
lectroformng filmb53 as a thick-filmfor
whka 'k eylisdrical reetbt bbdiosgh are e keh nelske.ct Adflorthiokgess of the
met hod. A filmthickness of the nickel electroformng
ﬂokbmlsﬁrdfermiag film 4 mefaably skiato the exhekdugbmdlndrical resist
lindrical resist bodies 52 are not buried by t
bﬂ isx 4P a8y aet busicsh by Hy Birkeh elertioforaning film < 9-thequgh e nicket
t he

e e??? BT iyl miel
R ol A2 L B %‘MF e

[Gﬁsgughmia@ t6d fetdl Qfyid 90 id s«a@!ﬁuaﬁﬁtﬁtﬂaetéa% tthe cylindrical
ni c oxide film44 with a suitable known met hod.

rebixe rdidse4§ atd eerhevedgoMakredy) andilustratedr asFEE bl the nh2tal
are renoved. Thereby, the hollow structure formng
sshsbroter HY i wizich régwdarhaemended oylisiriced redesses 50 arsEmed on the
Here, a reference nurneral ga denot es an openi ng
m%elﬂactfq%femélesf%e‘wzsﬂo tafef-eas a reference nuneral

[(?1%9] demﬂlen as 111831%‘1&{] oy tF?é ﬂﬁ 2985 tlinc]icaflilm 5P iSBiEEd. In

the present embodiment, a film-thickness of the resist thick-film 51 is preferably
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[0191]As illustrated in FIG 14M a back surface of

the hollow structure formng substrate 23 is seal ed

by, for exanple but not Iimted to, an adhesive sheet
A0 2008/(o85k92] As il lustrated in FIG 14M the \aljpeidsos0560
structure form ng substrate 23 has curved recesses 54
on a side of a front surface of the hollow structure
form ng substrate 23, and cylindrical openings 55 are

t%orr%ggtij duf %OE%” tto a%boﬁ?réoés pec#‘ﬁ)%e‘f}éhﬁf d ad g@ﬁ&?@% oy qu}. 47,

er m-ned pi Ive Ition

S ALy Ao Eugé»i:d' Hexhbdaal kegdbus $he mﬂl‘i’dlﬁht@ld?oﬁxﬁl«lﬁh‘tﬁdhe c 11ndr1ca1
recesses 4 are partltl oned or divided by an annul ar

re €3t aLE0, Wespkctbilhar expoacd ulintthabieabityenitedaganad length of a

configuration. The annul ar contour wall 56 structures
sidenefithe beraigoral megian Spiig Jabemtu Onm, Altbeughatisinot hmlﬁeétﬂweto

L'q?%s'ié o TG DS RNt | 167 £ GREAmEss aregpoved

back |
e R R .
ka. ngfj';’églpgn@alhf@s s@%cﬁﬁésugbuﬁl% I?Urnibﬁ' ngat Eﬁc@oﬂaé’c@&‘én the

structu orm ng substrate 23 according to the

HkesRial §Ih@ddiareetiswbbdiches2d®scumdsedr wotrbspoade e riesaganal
FIGs. 19A to 19C. [0194]In the present third

wyhinddealgndoves 52he i nvention, a water-sol ubl e

ultraviolet curing resin, in which egloxy acrg tStghof
[OASRY | aSuhspausndlys poringtintedhdn dHSildRr HynH8aE thehexagonal

St B, AR R g

y 105 iG] &1 QAR A thod. A
tﬁMtkerl a?& f@éfﬁ?:}gﬁ&e& % g%)ove 1pI ast 1 e-def orrlgrrar%el e0 :
fiRt-eHitidesd §f ERAiGRe10dedtiForminl M 88ds eft tfohthe tdno\that the

st ructure form ng substrate 23, and the hol | ow

Istxn partati cgifdoicai regist bbdies 52 ere2®tdmried by the higkelmbgatroforming
Iastl c-deformable material is coated is then sef in

e S3pthiowghathe nirkel electrpfprmins. prI@sgwt PESHERH P RRqtiment, dhe

E‘ﬁ'i' FP@%P&%%&%%&?%‘% e %ﬁﬁ% 301 e CURR A §fiSuen

otations of 2000r pm although it is not
]It“squlflﬁfeﬁéﬁ F{o so as to formthe plastic-deformation

¢01bﬂj 24 oNekhetnguhicker e?:é’ttro‘férnhﬂ% figh | 3y Sdriiedt wrugh the
orm ng substrate 23 as illustrated in FIG | 9A

§10dieFbrhkies, istdeerchal Frowt tHernicitelroaidecfilm A¢ vetibs uitdbde RBown
formed with the ]

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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pl astic-deformation film24, is set in a vacuum
container 25, and internal pressure of the vacuum
contai ner 25 is depressurized to about 100Kpa (1
at nosphere) to about 10KPa, for exanple.

WooDesr9Fiter eby, the air or the gas in each ofCY/#@008/050560
hexagonal cylindrical recesses 57 expands by about 10
times, and thus the plastic-deformation film 24
expands and extends by the expandi ng pressure (for
0a¥e ! e frbd rAGe g4y tRd h&lSw érudiiret fo@mbRSsubBate 23

[ il %’Jgt r%% gglsi n egﬁ%HwB,WO formthe holl ow structure

hadSculeadi regeskdses 4r @ga bide dfal franw spefhdesof2ie hollow etrhetiire fArming
shape of each of the hollow parts 24 becones

subgbste 23t aud ¢yindricdloypenings galars/ formied ea cariral petthof e caryed
retained in each of the hexagonal cylindrical rgcesses.

regesspg; 04 @bétpa?&t%{mlvdeaﬁ%h, TRIACGHYSLY B &5 lﬁ‘rfgfa?e% n

lJow structure 25 havin he, uni f.orm- hol.l S
PR LA o B e Pihsty 08 b AFR, GRS b
acthfiC Lt Gur ZRall %Shmgg' f@&s&&tﬂﬁ%@&&@&ﬁa{ QBhfiGaticd.! OMhe

structure form ng subStrate 23. The holl ow structure
ammldrScotitbdri #ell, 56 efru@xasph ceRigonlal mhingdr penjedtivh. arhlso, as
el ectrophoretic display in which a solvent, wherein
ilhfstratgé dn GBGot $Mchexagemel cykindricdl gscesyes Hamdéch ans| swriongded
particles are dispersed, is filled in the hall o¥1v p%s
by hexqeonaaprtitiomwally 84 gt fAmed oaRAgK farace side ohthe iljow
structure 25, in jch a length of a side of the
SRRSO TP E S‘éllft‘ia?@oout 801.tm.in which a depth of

hol r [ i ' ' .
135 28 RO PP ) g by g
hORSW sefcthRfolhiRe GBbitdaté 33 abHdinB YsthelREscaX@IPdEmehtSwill be
obt ai ned. [OZOOfAccor ding to the hollow structure
déeribed ¢ithubetanat @ PRG0fl9ANe 1pCesent third enbodi ment,

the gas | eading-out parts axe arranged to have a
[HO#Agon#l thd pssepathint embodinent of theeinapwiian, g @ter-soluble

hol | tructure 25 is, d i h onmb
il Patitio RS s HRIGE SRR eyl ) SA@Sr Arailgble from
' t t f t hol | .
AR RSl Bihsflone Ko T e MR B B0 A A of
“fﬁg‘g&dgﬁi&erei 20kl dPﬂ)aﬁ@-iMi?,Qﬂ , avihlhile RIS BED @%n{}ﬁ?ﬁ |ei§3used

ce netals have a hydrophilic property;
aptRrSlisticdrf@maBh! eaterbleri al attached to the surface
expands and extends horizontally in the vicinity of
[a198] sur Faste tiR34hove Ol 0g] Béafatrsable meterial b gpatedrnothe surface

wal | 56 or the annul ar contour :part has )
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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function simlar to that of the hexagonal annul ar
projection 40 according to the second enbodi nent, it

is possible to formthe opening dianeter of the
oyerosigp32db of the holl ow part 24 | arger thaRCT/R008/050560
openi ng di anmeter of the opening 24b of the holl ow part
24 according to the first enbodi nent. [0203] Now, a
fourth enbodi nent of the present invention will be

gﬁ%&ﬂ&%ﬁnﬂénhﬁﬁﬁﬁﬁ,;@ R&En a0y kiR cof@fhel 052800 DRk &1 hhakure

enents or parts of the present enbodi nent sanme as or
of thel Wicuin@ dohsser X5srdebrdsiriveti e abbav 00X paodi atRBEshere) to
are attached with the sane reference nunbers, and
ghapit 408 Pa,dir exeemm@e.o Wil | not be given in detail, for

e _sake_of conveni ence of_ expl apati on.

E"B?Fﬂh] AcERsrelivhihet ?r enle gawfaﬁh PB@Fth?X%?lo‘iYﬁiéﬁEiFaltrFFésses
K i .23 i

AR iAo bin okt §o v g BPRE Pl dstbturhlntin 2 panas

HNBME ds Hz'nchéa %@F@%&s&ﬁ@%ﬁ%ﬁ%ﬁéﬁﬁ ﬁhﬁ%b.feﬁﬁ)’&'a%kws Z) of

openi ngs 22 exagona

fHleO5R; PACIRatddr MCFIG. €.9B2%o ifbroh IR H6NORG1@0ROs R FEAVing the
and third enbodi nent. Referring to FIG 20A, a dry

feighlar rtedliost p&its 24, (okiaedls). fArshepk afidatiamif the dobllow phnts 24
surface 23" of the hollow structure form ng substrate
bepontey swstaptialy upipen pusipllyosipgegn gmount of aif retained in each of

requl arl y-arranged hexaggnal regions 58 are expos
b eriond] Y RPRR st S0R bRy celipieelR”> hiretore,
%%rh%:u%%n%{?m% £8 fiVing 1Y lﬁ%[mi 'hohﬁwaﬂhlts gﬁ%%me&‘.
evel opment process, SO0 as to renove the unexposed
fZIHDBj ons Raferrih P 2Q6FIRCIRY theAfiolldw UstidcRir& 25 Rhus! bbtained is
OB, dry filmresists 57", which are arranged in a :
tetxcigdrfadm cho heHpaclkactureaforming sutdtradei 231 arke hollow structure
artitioned or divided by hexagonal annular grooves
E;ms wilized.oforrexpmyle boylimited to, der 44 ¢le§rqﬁpwoi<§spﬂaﬂn which a

20C, a utterin rocess using,.for exanple, .a. )
iqu% vRbGi ehanegdt ElpHne mattsy Pg’ii’r"ﬁf‘éd?r Hargad CloRiHE Peftigles
Lo R £3h SEFRY i pfmoflof S o) 0Se- packed struct ure

are 5§e§ as a_nask, SO a 0 fbrnjtitan!un1oxide films
@399]“ fifapnt mrgééﬁﬁﬁérdpémﬁ&ﬁmfeﬁtﬁ A NI k@gcthiel 2‘3,@& which a

rned by thé sputtering process is, for exanple, from

RrAgt of18 GidengfSthe divllosy phroQ it GBOunBQEhS iwhich 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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[0208] Next, as illustrated in FIG 20D, the dry film

resists 57' are renoved, and then the hollow structure
form ng substrate 23, in which the titani um oxide

films 61 structuring hexagonal annul ar contour parts
VEQ W008/0BRed, is fabricated. Note that a hydr 8pHIH2P8/050560

property of the titaniumoxide filmis |arger than

that of the nickel. [0209] Thereafter, the surface 23"

of the hollow structure form ng substrate 23 is
hyHOPIGRS HEbpefy 2V GRNRR bl LALIRRAT atthdhed BE (RS &3BRE 237

enbodi nent, "Opt ool DSX', available from Daikin

edpaddsind ex$endk hbrizodtglpinedte ivinithef thy dugpdedizrc
treatnment, although it is not Iimted thereto.

[0202110] NBeceusspteiahinglat bontoumwalh &6 mrébe annudarwdiave part has a
di lute solution containing 0.5% of the Optool DSX

fupgtiom skt 39 |tharefchp éxexasonzwar( PifictipR Al cpecording {0 the
T 7.200" . ' 3M Co ' ]

SRR RO gl oIS 1 B SPTRY B o Sepins 240

of i tiloBrbatt 20 s SRR MR ARG T pentdlCbE b lhe

hélQFWhare 25 bk diak €0 &3, findshodiehien dried naturally to
forma water-repellent film62. Then, ultraviolet rays

[203] i r rdovat delirdnembedin@heof thepgkenin tinfention 63110k debaribed
hol | ow structure form nlg substrate 23. [0211] The
withtraferenee ¢ iFdEsf 2040 89F.ar Notgcthpt elemgntsyorinagts of the present

SHBR B Slo! Horlh 1 LBt b Bprns o
| [ [ fi 61 i t .

<o HEL B G B o oGP0t AEAD 5 o

gk KPlethi® flﬁ% 82 sHRCOMRRSBhtends Ragbd.i on rate of the

water-repellent filmo62 for the titaniumoxide filns

[@D4] s fAstRingToUthe bfeserit foadthatinbodiafent, e Wdlloav shdtire
rays i s stopped at the tinme point in which the

fomening substpask Ré g forinkdnbg 2 nodthedhsimtilar imthahoithe diestfembodingnt.
I s deconposed and renoved.. WO . .

Hopgugroisths wesrupenbwiimsnt dbe frlindsicehepeifas 2, arg granged to

wat er:repel l.ent fil i s _baked .onto the hol.l ow 5
o e R PES R el friePut o T BB Sph P aiRY: and thira
Bilinleh @R Bhrrink U he.s A30GASILERSSTR, FillS forfRdhd
el?g en%gﬁcglea%ﬁlggﬁonﬁoé?g?ﬁé a\/\é—?eiri- r epsgﬁ ent ’fﬁlr%{?n 85 an
. 1ab1iRatB@bh EW sukfabe b3 6f e M3IIBG shtbilré &lrfirkdsubbheml 23as
illustrated in FIG 20E, a back surface of the holl ow
[0208Lict UFleenf cafedring ts HFDG.t21ateguldlyi-srraeyet ddxdppnalfregions 58 are
exanple but not limted to, an adhesive sheet 22'. )
efrosai]amd the drfitgesighf 5T dn rivhieh srexinoseilipomtigns SH dresens rim
stryct ug_e by usi nd% t he
parts, 1s subjected to a dévelopment 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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hol |l ow structure form ng substrate 23 according to the
present enbodi ment will be described with reference to
Hes. 22A to 22C. [0214]1n the present third enbodi nent
oo fobsoobsagent i on, the powder of "MC-243", aveit/ah8os0560
fromJe'lice Co., Ltd., is used as the gelatin, and
the gelatin and pure water are mxed at a weight ratio
of 1:5, to prepare a gelatin solution. Then, the

| ati.n solution i s heated to make .tenperature.of. the.
S A e B Pt B b a8 Lo B S o g Bpigm Sxice

| . .

s e B e e Sl BB €1 g 1y 20y fiering
p23cesn isoraiRainbR, aoaveboyel 00 hipstomutbiabbut 000 REbM .S
then set in the spin-coater device. In the present
[829/di neYext, ashiustodtédim EIQ. 2ODytke duyr fifion gesduh ST @t eedGved,
is rotated in the spin-coater device, for exanple, for

taer Hhredaollgw piregtare iorpiEe BbSEe 25 dhavhigh theggeppm oxide
I th i.t .is.not limted thereto, so as.to farm.the
ez 01 Pushrinds hRRsened PR SRS A ROYBID P Aabbated.
' i n: F .
SO S5 oA BRI, Sy Mgkl ot e
mélasti c-deformation film24 illustrated in FIG 22A
is set in a vacuum contai ner 25, and internal pressure

[020%]he \Thercafters oind sunfrere 225 oS5th&drodissustiveeute tformig wubstrate

S5KPa, for exanple. [0216] Ther e%, moi sture included in
Pris sybiceted to p sydipapebigtteegtmentt ha the présantembledimgutl 4@ ptool

Sl 5 R SRR e b e

RhAR, awoﬁgfggis o h@é{_qe;y;e-t?qef ormable materi al

starts’ to expand verticall roma portion of the
[0210gni UMvRskk A@ekilcAlPlin hd'GRedele cRltRBIh&itdal anfRaldiftion
matérial tries to expand fromthe hydrophilic titani um
coxfaftdng i(0.5A064f ake aOstbalk DSKY foiwHickangdsiffineodhs oot M&lovec
(El astic-defornmable material is repelled in a portion
eeistseedndrademady) eHFBAZ0G™ ryailgble flomc M ddompanysisr added, is
in FIG 22@8 t he, holl ow structure 25 .in_ which the
PERReFR G g soikipstiated HuF1R 205w e gilute sofutipr iy ¢pagrd gnsthe surface
Qr =l nadditi.on, t.he astic-deformation film 24 .
2Ear {ne%ﬁlsﬁi T fcl% glﬁané%%qﬁ’é & gﬂn}se%gyot?ﬁ%e é’\?ngﬁgr 5W°<§Weoigormmg
hBSraiD S Which 1sNtheR Sriia® M fRme TRRALTRAE
ShoI rIaow struct urse 25, rﬁ? aﬁ?{%ﬁ’% ]téogrélt ﬁ%hﬁllﬂéee&g@ m 62.
Thieg, Hleseigen 2hyshat linndipettonlthe iviat@RePélI B0 Wilin 61 ofMHeHdIRW
depth of the hexagonal hollow part 24 is about 601.tm
stmctuienfosvhinglsubstuadd £3.t hi ckness of a partition wall 24a

of the hexagonal hollow part 24 (or the cell) is_ about
(8231 n, The tidaniwm) exide dllpstel Aedactivetzd 7hndle iumadigtianoof the

he.hol | 25.0f th f h e .
B S S A W Bl AR5 SH5 L i
[ bk - d
P bR RS TINE e THS kRPN ot o pu

cb8BGRndiak N8Nk Mnitkelt 2100 deOMSIsCHICh WeR0RPoAGER THENSE the
to the present fourth enbodinent i's | arger than that
vaftertrbpelleat lfibwy 62 rivctth @itaBumcexidelifilthst 61 tikefafter, StThus, the
_enbodi nent. [0218] Accordingly, it is possible to
imyedintéare of Hhe fubiradolehgaysl s stoppdd pt fthetiméiepoint in which the

water-repellent film 62 of the titanium oxide films 61 is decomposed and removed.
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above-descri bed exenpl ary enbodi nents of the present
invention. (1)A hollow structure form ng substrate,
conpri si ng: a surface on which a

pl astic-deformation filmis formed by using a

V0 2P Bs5eef or mabl e materi al ; a plural it pCHIP2008/050560
regul arl y-arranged gas-retaining spaces each retaining
gas therein; a plurality of gas |eading-out parts
each having a first opening which faces correspondi ng
[0212] Of tTiergdtr,r eéeaivatcngesplante Siland2 aisskaked domp ethie Nigpllow
whi ch faces the surface, the gas |eadi ng-out parts
stroetttenfproing substrefa 23 rumdar teaebergiuerongitions of afos iexgmple, 150
spaces toward the surface under, depressurized

AghiFPT ORMBHY 30 85 BOPIERSFDesig of the Waiesrepallept fim 62 and the

S ! o _ ! )
gl B BB SR e e B MR I 28, g dck
slafr}lgclecmhs 3805 sRYcRRC RN Qb3 85RNS RRENENSS, fot Bfample but

Itration preventing spaces preventing infiltration

nof lilned pd, aatadBesief hesrdd’e material fromthe surface
into the gas-retaining spaces, wherein the

[MEdt i c Novev, e mmedld oot forthingics pdeduwingerheltedv etxysdvrd dgt using the
t he surface by expandi nggpressure of the %as | ed- out

hollpyrupargfpsming Sibpr#E 23 sae@dingdo thoprgsaat prkadimsnbwill be
th h the i il ti ti
B e O P o F R o0 g T egul acl yoar T angad
. . .S . i
OELAY AR R, prelit @ir1OuRNiEERLIGE URE hPEdBoRD tho powder of

“hE@D Y -Qbflate Flotn TeIGEdIAES [2d.CHW s ak € pS1R@M)i 4ad thé@ Rélatin
wherei n each of the gas-retaining spaces includes a

aay |pune matsalare edess atos waight aatiaof UtHrto pyepanelai geddtin solution.
recess. (3) A hollow structure form ng substrate

Theoothdigslptingolution ishested fr makh teptperturepeisthe @ghatingoltion to
arts includes a cylindrical ,opening, and rein eac
B degrers Gelsiug o 5K Plgpén@é@l ish Hhegoeted” ﬂ%%ﬁ%gﬁﬁf’w SREhre

fgynllilng (:Is{lias%laellte H$C€38e hollow structure forming substrate 23 on which the

above gelatin solution 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
1200rpm, although 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 5KPa,
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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(4) A hollow structure form ng substrate according to

3 wherein the gas-retaining spaces forns a hexagonal

cl ose- packed structure. (5) A hollow structure

fwao osigssbst rate according to (3), wherein p&BIP2008/050560
surface includes hexagonal annular contour parts

havi ng the cylindrical openings in the center thereof,
respectively (6) A hollow structure form ng

bl hfts AF € ﬂd%rﬁ@all@%om WhedrBbR of AtiRhivh{'8xide film 61,

nul ar conto parts 1 ncludes an annul ar projection.

£1Kée the Wsh@lﬁeﬁdrfddb‘leliﬁz&exfiﬂrtmm exphisd frainghabgdroghitig titamium
(5), whereinsurface surrounded by each of the annul ar
oxiri¢ Gilm Glaast snasthgrmn@ts@dcslmetaisoathnaxl@sﬁmr@maélﬂmatenal is
process and, wherein each of the annul ar contour g ﬁ
gllgd WP@T&‘HPIQ f ¢he,atserepgllent\fm 62. Hence, as illustrate IG.

ﬁeﬁ%ﬁgsﬁagg%g@?gss@%&%gﬁ (B B SR i 26w
S ooyt e e

Qd‘e@lﬁﬁtgl Bige L9y (1B SFapbdtion WEREd Mn@isture. In the present fourth
embodiment, the hollow structure 25, in which a length of a side of the hexagonal
hollow part 24 is about 80um, in which a depth of the hexagonal hollow part 24 is
about 60pum, and in which a wall-thickness of a partition wall 24a of the hexagonal
hollow part 24 (or the cell) is about 5um, for example, is obtained.
[0217] According to the hollow structure 25 of the present fourth embodiment,
the cylindrical openings 22 are arranged in a cubic close-packed manner. Thus,
the hollow structure 25 having a honeycomb structure is obtained. Hence,
strength of the hollow structure 25 according to the present fourth embodiment is
larger than that of the hollow structure 25 according to 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.
(1) 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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di anmeter of each of the cylindrical openings is
bet ween 5jim and 90gm preferably between 5p. m and
50}im and nost preferably between 5 f.LM and 30um
(10) A hollow structure formng substrate according to
W @30081&Bei n each of the gas | eadi ng-out paPC3/IRARES/050560
vol ume which is possible to ignore volune of each of
the gas-retaining spaces. (11) A hollow structure
form ng substrate according to (3), further
CcOHAMRSY; Shdg: a plurality of recesses each having a
circular-arc configuration in cross-section, and each
i nchuplurdity aifr spoadbm proreatiog gpheescyddhngraviddd in a space
openings in a central bottom part thereof; and
bqswewalcptrysp@ﬁdlparqnet olothevidrst opprings and ﬁpﬁgsp@aémgownet h%the
r-arc recesses, and each hayv

S%gﬁibgéﬁ o ”rbfﬁvafe%ﬁrevwﬂggfese%wﬁ@h%?nfﬂvg%%°%fhe
plgl]tlct g&oﬁ%&he ma{enaf' frB t%' ?L:?aﬁtel 1n{ogt?1% %gﬁet&ﬁﬁ]&s&; gth

eni ng peri eral Ures

t hevﬂgﬁm Hge tp'l‘a'%hcjd%?d;ﬁlaﬁkiﬁ ey 1§td@f'&91eﬂ narfdh €xpanded on the
gas-retal ning space, toward outside of

sigfiee Helexbiidige sR8a8e ofifilk §43 IHmohﬂfrﬁhZﬁetéﬁe-rmirhM@sphﬁes to
respective hollow parts and uniform ze the

theigamieadingkod perto throtgh darinBltyation ipréventing spases so as to form a
respect ive hollow parts of the hoI | ow structure.

Q‘T‘F”é\“ielb@mnarrF%’llar&ﬁ'éﬁP’éﬂqﬁidl lgWBMtsone of (6) to

et Aol HERRUR B B PueTncnRuntlo OF PhECRBer e
%agehagltng:m%#ﬂﬁ% lhblﬁd ;%'tlﬁﬁnbﬁr%ﬁgh A dt e RRE @écﬁlgof the

ng- out ‘part, even when

gAAPRMiMNdg C’dpmtlﬁéluaés bhﬁjlﬁaﬁcdle}@%sa GrodlquikBbhgdlsr &fTRIdrical
(12) A nethod of producing a hollow structure form ng

resessstrate, the nethod conprising: formng a resist

(3t) n n-AI Ilul)lmv? Qﬁlﬂ:?fresi‘gltn];i?lg esut?sftra?e ggzgg{ings ;Job? lt) ’r S}nee;ein each of the
gas leading-out parts includes a cylindrical opening, and wherein each of the
gas-retaining spaces includes a hexagonal cylindrical recess.

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

(%) 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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form ng cylindrical exposed portions, which correspond
to cylindrical openings, by exposing the resist
thin-filmaccording to a regular pattern and by
womssinags4sinexposed portions of the resist trar/Pedosnsos60
fromthe one surface; formng a netal thin-film
havi ng regul arly-arranged cylindrical recesses, which
correspond to the cylindrical openings, and on which a
(8) 85t Wi bPL FRbix0 BorklibediS bl BGHirHo (9], WHIGkiR BH & the
in-filmon the one surface, in which thée cylindrical
A0S e6ntpoF partiscladss disRbdivasmatallisk, and by renovi ng
the cylindrical exposed portions; formng a
©®ksi st hollayk strittrmeoforming substrate eacodrdingetontR) air (3), wherein a
éhln filmin such _a manner as to bury the c Ilndrlcl
igpgtey e%each of the gyldrgalieygent eéwnrm Ypoeterably

4 e SRES 5 Bl ol R 254 O 0

@ 95 Ui ang1Rby éthﬁu{rsgarpﬁng %}b%ﬁa{e a!c@&rfd[t%%t(bf WG ARG the

t he net al erein the unexpdsed portions
%hfs 1édtiend-6t pairtsthk GKlufne!Ri BIOTsIRSABNRMo lighdper 6luine T el bf the
orm ng recesses for formng partition walls of
gasgutainihy spacemnged gas-retai ni ng spaces, and wherein
t he gas-retaining spaces having the cylindrica

(dib)anl Adwllow strstiee firaing yibslaeie acearding de (3)efupther comprising:
I LA AR i
R TSRyl LI o
@égntﬁy'ﬁd)t%}'n&)ﬁﬁ&@iyof and det achi ng a st ruct ure, \Nhl ch

i ncl udes the netal thin- film the nmetal thick-film and

t he polurgldtyadf waytitiordwalia bartitiparigteapo of itlen sdjofnirgneitdidar-arc
netal substrate; and form ng the hollow structure

lfemsmmdgn@,galtpélthaatn@ aglgexammlxpwilhh@lq@ol yg(r)]nal |
[Z%; ”t rASTBRRE 3 28y 8 L) ol el it BB dhprease the
stre {] ar;?e%ﬁﬂggeae gﬂh%sﬂ'%il? ﬁalft ]Wmchsstiu%'iﬂg ’the {)ﬁemng1 that

reg retarning spaces eac

1988 Jd% @0 € LBreddRdnd o Rl 1A ihE ¥pacRf to%%d beRfde wtwgas%fdiﬁng
each having a |rs§ openi ng whi ch faces correspondi ng
$paee,ahd td ﬁn@mzeﬁﬁlvﬂlm shesgstiantoliovs partshdopsfuirmize the
whi ch faces the surface, and the gas |eading-out parts
fileathidutess héttgamﬂsaiamtmdng thet teepegtive hellew party of g bellow
toward the surface under depressurized environnental
YR on.  (13) A nethod of producing the hol | ow

cture for ng su strate acc 12 rthe

QoA < stctiany dp Rk 1 BECHP) BN b ipaiblodt tace
t bst

$3:805, pEkaE Flran"lfné PERTR paRe ol GRICE (HER 28 Do Py parts
iBludbs SRSk @bElargeh Blaithe bidifiediagenalf eeits dadiigoomasart,
formregularly-arranged hexagonal annul ar projections
dveu iwign ttheomapingdinmetat obDthe rgan tpading-dul part éngneall.t her eof ,
respectively. (14) A nethod of producing the hol | ow
@2} ucAumethpd rofipaefusingsa hellew sbuefuey fagming fubsirates the method

conprising: formng a hydrophilic titaniumfilmon the
QRFERE and

forming a resist thin-film on one surface of a metal substrate;
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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 formn .
V) 298%/093%48, which is possible to increase thécyf‘g%‘ﬁﬂt"ﬁﬁo
of the opening peripheral wall part, which structures
the opening that | eads out gas stored in the
gas-retai ning space, toward outside of the
gasofingl By INHrRPGRposddd pbRiodsll WdidH Zerrtdpent otourplindrical
respective hollow parts and uniforraize the
opkhihgs, tHy ekoetmg the redigt thin-fibn pacdriingdni ntpeulae pattern and by
respective hollow parts of the hollow structure. (15)
renoving hoexnosedperdians pgths resdstithin-faln ffemthe ong pETatE: hod

R
B RGP B ISbRET UL S hrug, hSte Bk

filﬁfisl MR Y rbinSink Of Hefd tAIDSIN @hCthe WheVWukBe,t ihE€which the
pl astic-deformation filmis fornmed, under the

cyliefries $uposea hoetiotisr 06 nest ad a eoiskli dnddsy, rearodring thefoytiminieal
the holl ow structure having regul arly-arranged hol | ow
expagetlpopyonsxpandi ng the gas retained in each of the gas

B, S A 2 S SR
h ... [ 0222] Ac ' 15), si h
m%ﬂ“gggﬁag’-%%?’ %‘?ené'thingﬁg q: rp%s%é;s; (ex p)an dzld " gﬁdt eit ended by
th efo%@%p ?.kz)g%o 118 S Rical ech@seg aSorHBAe byt BEposing the resist

depres envitonmental “condition, it i's possible

thicR-RIEPSEeRIihA €0 RakEWWt Fittdis tatd &yirBméhling unlekgoskd Iportions of
t hi ckness and the volune of the hollow parts are

theinkefiarthick] fARR Frdht theuste $urfacprafstant metal drinifdm, hakerpioethe
described in ternms of exenplary enbodinents, it js_act
urlekposed dortirnseafothe  tesishidinkdtize cappsnoad 40 dgriftipgy wall forming

' ' be .nmade .| h di d i.bed b
reppRso PR ORPIE BT HOR el of (R TS TRAGEY (oG FILTH CRaes:
Bl B Ly . . center
SRS DS U300, S A 418 o

th f,qg P&l ’d broadly based the | anguage enpl oyed in
?ﬁg clsgerrs aﬁd not limted to exanples described in

t hefopm@ges inctfshickpfiliromm e paetitiongwalh donpring esugssesninafuch a
the application, which exanples are to be construed as
mamrer ¢hat thesinets] thick-fibmdsritegrated withethp meatal thingfilse ped thag the

the term"preferably", "preferred, of tBe_ like is
poipgrnekevlindrigal aines onsre nat BEiSHthelshY; not 1imited
to. 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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[02241The present application is based on and cl ains
priority from Japanese Patent Application Seri al
Nunber 2007-017716, filed January 29, 2007, the
dicsobsowssse of which is hereby incorporated bycT/ar2008/050560
reference herein inits entirety. CLAIMS |I.A hollow
structure formng substrate (23), conprising: a
surface (23") on which a plastic-deformation film (24)
i.s formed by usin | astic-defpini.ghle material;..
of 31 RpdRPeY Bt G talng S Lomsaiequash Bedl Higpeitineene
o e r o
of SR RIEBTEL SAUES By 93 el R ling SR FiRL) Ik SBLEalE Spd the
gubaBinigaift Dafo 16RSHNANES Bk R0EndH intthe pHasethiQim Habd toward
spaces and a second opening (22b) which faces the
tisunufrfece nnddrelepassurizad iengraomienpd cosditieadi ng out t he gas
retained in the gas-retaining spaces toward the

(i) f o Bcthodent aedicingsthe boBew shvstumsriormingl subsraie adcording to
d a pluyrality of infiltration preventing spaces
(P9, forthenceinbitp

$'ded in a space between correspondi ng

one fglgmtng %e)f(%%)ﬁgl a?%%ﬂal.r %?éqv?pgre Y dne IR0 | 9n Ot ? fsulSsl;c]r%te
second openi 1ygs, e TAriltration preventing spaces
bBfoRY @Y tdifht itMinLfil] & FtheR! S iHeCordedRIATB RIFGhER R41 ffbstrate,
fromthe surface into the gas-retaining spaces,
wilestieile HelRegquahsinudarded oiesdbrmoreghiatim areinges Raxatort dnnular
expanded on the surface by expanding pressure of the
prpiectiong having theoeslindeicgapeniogninthe gentpribersof, gespactiveds
h the infiltration preventing

adi ng-qut, parts {hrou \ ]
ds‘gac mg 0550%950%%&8 tge %eilwwrngcfm?@gﬁabﬁ%e according to

gHI ﬁrl -arranged hol |l ow parts, 2. A hollow structure
q: tm nﬁrgolfggrtlsruége according to Claim1l, wherein each

of Hnida§ Hl e@%ua g @ehiuBPhES oh Bfe! 4HGSe; 3ngY! 1 Ndri cal
openi ng1 %55!y 22), and V\,herlei(r)} each o?e’?iﬁe

gas-foiiag i Ratedpapaient MiU6E Sha sGifhdeNekdlédhg tBE @F8rophilic
(57) or a quadrangul ar cylindrical recess (21).

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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A hol l ow structure frum ng substrate according to
Caiml1, wherein each of the gas |eading-out parts
i ncludes a cylindrical opening (39), and wherein each
of the gas-retaining spaces includes a hexagonal o
W10 al recess (38). 4.A hoIIom15tructu?€”ﬂ?ﬁﬁwﬂﬁa)
substrate according to Caim 3, wherein the
gas-retai ning spaces forns a hexagonal cl ose-packed
structure. S. A hollow structure form ng substrate
platiefedirfatibe Gl 1 ForMEr @hdert B AépieagRized CLpdRBmental
hexagonal annul ar contour parts (56) having the
coayitiongandcal openings in the center thereof,
respectively. 6.A hollow structure form ng substrate
ac clorsinggtheohallaw mtmctuph dezing eegulerlyfarranged fglipwr parts by
cont.our, parts | nc¢l ude annul ar, projection (4 A
XM %, e B T A8 B PRt S LeiEiPg R 50 @ 1 a%fe,fm g
wherein,t rf [r . nul ar
Pt Bl Bt a5 BiboRyf ShheR¥inB B ae o M AT,
[0PEA1C €S U ccBRfn L B NsifaE the A lasdiidicfdtAkiBR FAANK QutpaRRE Hd
has a hydrophilic¢ property.” 8. A hollow structure
exteidail NBy Sthes ek pdrlige GREshurty dfo tKd adasn dndeshelieei deptdssurized
annul ar contour parts includes a titaniumnmetal film
enyBohmentdl conditpdr, dtvispossiie te pfoiunt the belbyt saneure in which
according to Claim?2 or 3, wherein a dianeter of each

the filmpaickyass aad fheaolgpe Af MgdolleWRarfesn B tftand 90um
[Og% fer a%@ﬁgﬁﬁ@%gﬁ?ﬁtaﬂ&é@ nI rl‘laérJl %%errlm getscgﬁee %at%}:ﬁ{s of

ween

exemplary embodiments, it is not limited thereto. It should be apprecidted that
variations may be made in the embodiments described by persons skilled in the art
without departing from the scope of the present invention as defined by the
following claims. The limitations in the claims are to be interpreted broadly
based the language employed in the claims and not limited 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
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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10. ,hollow structure form ng substrate according to
Caim9, wherein each of the ins |eading-out parts has
vol une which is possible to ignore volune of each of
the gas-retaining spaces. 11. A hollow structure
form ng substrate according to Claim3, further

conpri si ng: a plurality of recesses (54) each
having a circular-arc configuration in cross-section,
and each including corrdslpdR¥iSng one of the
cylindrical openings in a central bottom part thereof;
and a plurality of partition walls (56)

P bl Ml e e it R GORGR B8N gur at i on,
ﬁabs?ol‘r 4 t&?d%é)lg v@hag ?Tg)tl%%gadé}&lnllﬁ%nshfrﬁgkw & ffo%lgzl %9 using

conpri sing:

a plh&RI- &éfohﬁhﬁe[r&l%itgllﬁll) on one surface of a rret aI
substr at form ng cylindrical exposed

PO hiu@Asty(ok4gulhy Glra68Ed 88NEAEInt: kS @Zl‘)%bh retamlng gas
openi ngs (22), by exposing the resist thin-fi

theraimgording to a regular pattern and by renDV|ng
unexposed portions (13) of the resist thin-filmfrom
t hee parelisuof geejeading-odtopantn (22 enehdiavimg a-fiist wpedihy (22a)
haV|ng regul arl y-arranged cylindrical recesses (16),
whl@&m MSWM& voetofidhe wapneleiniag Sprresiangsa segsardcgpening
g fplastlc defot mation film (24) is forned, b&ﬁ
(2211)0W 'ﬂg acetethsl sehIGs. ftne rsmkgad% PHePoiR lg%ﬁlfl&c@ﬂ gas

cnallieth S G oL R RO 013, S eP s e
envﬁgﬁﬁlegﬁf tondition; and

a plurality of infiltration preventing spaces (22¢) 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,

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 (55, 22), and wherein each
of the gas-retaining spaces includes a cylindrical recess (57) or a quadrangular

cylindrical recess (21).

3.  Ahollow structure forming substrate according to Claim 1, wherein each of
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formng a resist thick-film(17) on one surface of the
metal thin-filmin such a manner as to bury the
cylindrical recesses (16); form ng pol ygona
cylindrical exposed portions (18) by exposing the
resist thick-filmaccording to a regular pattern and
by renovi ng unexposed portions (1S ) of the
ther%%lléééihﬁ-lo%\lf\gﬁttb Mda@P 4 BRiReas Upédag (99), he wikkéh each of
thin-film erein the unexposed portions of the
thef @Sirstaiifp Gladedslintiades & apoapdntiocyiardrichl mrewa(3B).f or mi ng
recesses (19a) for fanning partition walls (23') of
regul arl y-arranged gas-retaining spaces (21), and
wherei n the gas-retaining spaces having the. i
4. cyhi hellow trigpesi fyging spharaie mesprdimgteoflaim 3, wherein the
respectively; formn net a &hick-filn1(20) in
2as FREATBHYE SPRPESHTOREIS |2 heage WeAsEed sEECtifen a nmanner
that the nmetal thick-filmis integrated with the netal
thin-filmand that the polygonal cylindrical exposed

5. POR! h{))lgcfv(sé ?srtl\?d(?:i]lglﬁ ﬁ)ﬁllﬁ% sl ?tﬁaﬁ?yécw]l'dirtl% ﬁﬁf?lfépj}-‘nn?,hglherein the

struc es e neta
surfRle@indidt s KndAd dogBh AN dnhiigr ROMYAR NBArtLY b6 N ARl G| t1RX BPSRStical
portions the netal substrate; and fanni ng the

opdiRhgOM taE Chiftet EiReréoX, Paspactswddgt rate by renoving the
pol ygonal cylindrical exposed portions, wherein the

hol | ow structure form ng substrate includes a surface
on which the plastic-deformation filmis fornmed, the
6. r eduicdiovy stametargfunyag suksteith penprdingde Claus 1y, méteaginicagh of
gas therein,and a plurality of gas | eading-out parts
the(anmplas gontoma PRrg inclpdessan ypakrigoiecten (44hi ch f aces
correspondi ng one of the gas-r ng spaces and a second
openi ng (22h) which faces the surface, and the gas

7. gake by B2 rostife pbakt A B 30 [GRup"S ! Whercin he
ol ST PR . PRI
wabsGepdiend Procdkiaf Ighefet thEH oFOMMRY Afiulsk: 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 (61).
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 90pum, preferably

between Sum and 50pum, and most preferably between Sum and 30pum.

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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form ng hexagonal annul ar grooves (28) on the one
surface of the netal substrate before the resist
thin-filmis formed on the one surface of the netal
substrate, wherein the hexagonal annul ar grooves form
regul arl y-arranged hexagonal annul ar projections
havi ng the cylindrical openings in the center thereof,
respectively. 14. A nethod of producing the holl ow
the gas-1REI0INE SPEPH- ng substrate according to Caim 12,
further conprising: ing a hydrophilic titaniumfilm (6
1) on the surface; and formng a water-repellent

film(6 on the surface excluding the hydraoph
1. ¢ By ik tht R b Geroeding B Hofigys further
ure (25) the nmethod conprising: preparing a
conﬁ%%ﬁ%%/strgcthre form ng substrate, including:
o , . L oy : o
" Aaan gt 8, ol Rl AT o PRI SbibBon o
cros8-Rbtbml dndYeadh if &G8INBIdoYredps 1AL @n8AF 1L AINURE] SPARESs in
(21) each retaining gas therein; a plurality of gas

a ceheallbsgoro partpretes f;(ahdeach having a first opening (22a)
whi ch faces correspondi ng one of the gas-retaining
spacesraiiny of gecomneh opalls NG6}§ 2@4)itivhingh ehcices tie adjoining

. surface, the gas |eading-out parts |eading out the gas

circplar-arheagessest 4l epeb-hasing mhexpgsopacenitgoniran. t he
surface under depressurized environnmental condition;
and a plurality of infiltration preventing

12. 0N BRstbiihirgPanueBieF risTaw Pl Ry qubstate (23), the

I i ng one of the second openings, the
Indﬁéﬁ??@?ﬁ%%%h preventing spaces preventing infiltration

OftobdifyPh A Grloh o (P! & AR Sk JTRAMEDS.AHALAGS):

Into e gas-retalni spaces;

Pl Rghiy Sl IRl kQPodek! fBrAYnE 0Ad), Rehitl@orrespond to cylindrical
pl asti c-deformabl e material on the surface of the

opetiaks 0I2)s bl usbhusiagithe medig thubsiimadRording to aakphlag phhiérn and
hol | ow structure form ng substrate, on which the

by rphastngeemaposatpgaranng (13ndfshé oesastdhinofibbe fromhéhe one surface;
depressurized environnental condition; and
f dgmnng thempigl | Bundilmucildy ehinvdn ngegudanly-armpged raigddcal
hol | ow_parts by expandi ng the gas retained in each of

receptfs gl Mgl fiopgseYuL de s adindsicabfopemnghd ask fhavhich a

plasg)ip-eq é%gaté%)%_ gﬁrfl ?Elsaitsi t%gm];il,l g;l \fl(i)ltlrt]ingxapl%g{jail rt]l%nE)t[ll%S%%)eon 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 (17) on one surface of the metal thin-film in such
a manner as to bury the cylindrical recesses (16);

forming polygonal cylindrical exposed portions (18) by exposing the resist
thick-film according to a regular pattern and by removing unexposed portions
(18) 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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recesses (19a) for forming partition walls (23°) of regularly-arranged gas-retaining
spaces (21), and wherein the gas-retaining spaces having the cylindrical openings
in the center thereof, respectively;

forming a metal thick-film (20) 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
of gas leading-out parts (22) each having a first opening (22a) which faces
corresponding one of the gas-retaining spaces and a second opening (22b) 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 comprising:
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forming hexagonal annular grooves (28) 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:

forming a hydrophilic titanium film (61) on the surface; and

forming a water-repellent film (62) on the surface excluding the hydrophilic
titanium film.

15. A method of producing a hollow structure (25), the method comprising:
preparing a hollow structure forming substrate, including:
a surface (23”) on which a plastic-deformation film (24) is formed by
using a plastic-deformable material;
a plurality of regularly-arranged gas-retaining spaces (21) each
retaining gas therein;
a plurality of gas leading-out parts (22) each having a first opening
(22a) which faces corresponding one of the gas-retaining spaces and a second
opening (22b) 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 (22c¢) 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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