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CALCI NED PO,‘\Y%, M/ deko,TECHNI CAL FI ELD OF THE | NVENTI ON PCT/ f IS99/ dBsoshiik0 The
present invention relates a porous polyimde, which is a polyimde used as
a nolded article such as film etc. and has a plurality of m cropores which
is uniformy present fromthe inside through the surface of the nol ded
article. It is possible m&%e%a&%&e&%bggmﬁanfﬁi»&aﬂmegoperties such as
diel ectric constant, refractive index, etc. of the polyi mde by introducing
such a porous structure. A ~s filmof such a polyimde can be used, for
exanple, as an interlayer insulation filmfor a sem conductor el enent such
as ULSI (Utra LS1), etc. PRROR ART As the interlayer insulation film of

the sem con ; - HW;de filmhas hitherto been

st udi ed. Be%@@ﬁé‘%%#gg %ﬁi@i%@gl&ytﬂgti sfies required
charactegistics SneRKALd '];%% j $rhlcm; iinSd t

r esi sta?]((g:e, mechg?ﬂé g?ﬂéfg gtllrﬂengtl?lr,meg%t:esgg{ordr)e |s]?gir]1igg’, léi[c?'xs &@\%y\}fg?’el\%egn
using the pgd yinolded Aiticte aschtdiefilaheve andthaslagyleraligys Oidroporel Whith It was

al so necessary to reduce the dielectric constant of the polyimde. 2s As a
means for rendifcimly pragend fwine tterinside shoughtthefutfhee piothyimilded arftiste. dtaspl e, a

met hod of introducing a_ fluorine atomor an al kyl group into a polyimde
nol ecul e asPesssipée P?f@e%vqu@pmaolr@wml Bronchdes Pienaasidig/celrie caBytarlesi n
filler by dispersing.it into.a pqlyi.mde .matrix has been nmade. The net hod
of | nt r oducl ARG s £l GEHe RV BRI BRpRiag ot ouraFLvgte ) Aoed.
for exanpl eg j : | i | T - The
met hod E}; i ng h%]krlbeflsjp %gwgﬁgg}@@%ﬁ*%r&@;f i s)bﬁ%g%lgﬁ@ ?@r“)‘ee‘wﬁ%ﬁ’é,é@ég%m
Unexam ned RatLauniCuhdn@et élemeniaichias IN0S] AJRB30Y)), Hewever, when the above
substituent is introduced into the polyimde nolecule or the fluororesin
filler is incorporated, introduction of a conparatively |arge anmount of the
substituent or the filler content was required so i 1111121 1111l 11111
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pol yi m de nol ecul e or conposition of the polyimde matrix so as to reduce

t he di el ect resistammes irechanithlestehgtie solveht ressitancepetpe Haowevenoekenofisihd ehe
polyim de were |iable to be deteriorated. On the ot her hand, as another

met hod, a neehamids il geitha ahpvs ipisrlever iasulatipe filmnitorascalspnecsssary &t ai ni ng

hol | ' h 1. | s, by di [ [ lyimd
mmtrix and PRI GRASATGE PP RTRGEPRY BT es i n an uncal ci ned pr ecur sor
mat rix and FFFESY ByHY noal ci ned pr
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met hod, singQajnple, & M&hodBf ARERIUCIHLa N1AHARE ¥t PR alliR ghdupUsids € of the
pol yi m de nol ecul e or composition of the polyimde nmatrix, intrinsic

per f or mancepobfimidempidopiavadze swebseituent, driaankthddoofacetpoeatingrasflwstoresin
Furt hernore, Japanese Patent No. 2531906 corresponding to U S. Patent 20

No. a776, 99diller by |disnessing ftoated pplyimide ratrfx has kasnanadsd Bhe metheidiod a bl ock
copol yner of. (a) a | yi mi de and_ ( a. thernmal | econposab ol yner,,
which is thé?tﬁafiw%ﬂtﬂyowg]a%@anbmﬁ%ﬁ%}%ﬂsmléﬂsww Aaed. Sor Bsift i on
t enper at,yre .M . : in i -/ 0 | oc
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met hacryl ate are di scl osed and the pol yher
(Kokai) No. 4-33394. However, when the above substituent is introduced into the
polyimide molecule or the fluororesin filler is incorporated, introduction of a

comparatively large amount of the substituent or the filler content was required so
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il mcontains pores having a dianeter of |ess than 1000 angstrons 1

nm - Accor dyg@obf9such a nethod, since it is not necessary peThasryaiys
.change the structure of the polyimde nolecule or conposition of the
polyimde matrix, intrinsic performances of the polyimde are not liable to
be deteriorated. 30 As other alternative nethods, a nethod for
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pol yi m de Iheaf ﬁersmtmeaomwnﬁmﬁd@OMﬂ@laagomn?wsueh@emm)almsand an
organi ¢ polyner dispersed in said matrix, and deconposing and renoving the
organi ¢ polneoessafydicszrgelydchiange ths. stiatuen bf tiespolgind8s mibeculd ppdampadtiend

~, 135, 9~9. and Japanese Unexani ned Patent Publication (I Cokai) No.

63- 278943) drtbe rabimidamatris sapbieredigatiecdiplsciiesonstantr fasrgiigdatrinsic

ol yvi i1 aiceBRERRCEb, SRRy Aa ot Dhoe g BedEaER SRt o, crc. are used
n the Tatter meshod b pitg a%nsfr&m&h&@'am@{hoa%fgggqqﬂgg?s?r&s

di spersion of one conponent (’for exa an organi c I'nely

. di spersed jfcleh@ns HomPRisECBRAIRIMhdIIbY RiREpEREPANRropdrals §4dERlse. a

polylmde) IS prepared, and then th dlsperS|on Is dried to forma

di sper si on-gyydiepersihgines poBimideanatrixtandghefebs previondy tmrgivesip pstespeased in
the matrix conprising the other conponent. According to these nethods,

since it i umetcimetpaxarsorthas klap deky stidingSudhen prthedtisidiscifsed.Her pol yi mi de
nmol ecul e or corrp05|t|on of tg?) str cture of the §§|yl de matrix, |ntr|nsic
per f or incexagle.Ha YBeXaming a Bbh%tw(&qk@l) 0.cfal 84316} b ecprdipg to
PROBLEMS TO accor di rret hod of

previ ously S radaﬁ%i ﬁgSB’chgES gt %Cesiﬁ%é? ﬁ%@a %’F% &P%C{“ﬁ%og es were
apt to be t}f&iﬁ%a@%bl@eureh@r d&snﬁ;n' Shepdlyifnidehatihd b deffoafites

m cropores (e.g. dianmeter of res i1s wt e range troml 2s to 700

nm . FUFthQifthé@@meldea‘t@n@t 1@1&1@%&@&&@0@6@1 owi ng agent or using a

di spersion-type precursor, it was also difficult to formrelatively fine
pores. In these Fretihedsqrey HpanésedlagertNg 2531 966 porespopiiimg teXaSpPatentli anet er
of the pores is_no less than 1 _m croneter) was apt to be faorned, and

t her ef @%e, W@ Wd20.980 ‘bé%‘é’ﬁ%l%foﬁﬁ’e@sné)]xlﬁéd@ @érmqhtaigedpby wmﬁlag adjogkh opti cal
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conparativ thus 1't was disa vant ageous tO en

product i Vi tyfthe pbl}hmlﬂe%%knﬁed@@@ﬁ%%ﬂlh?%cﬂ%@ﬁél&ﬁﬂ30 ee@@ﬁgomhy, an

object of the present invention is to provide a porous polyimde, which can
ef f ecti vel yahadubermaldy deedreposable iyraennds (e therrfally ahccohmxs)lblamd)lymer
refractive index of the polyimde while tBreventl ng deterjoration_ of

i ntrinsisc mvmﬂﬁ!@soxlée@ndﬁ@bftmthm@ Aeylate are QISQipsqdr@dﬁmem@r by

for m d h
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acconpl i shed to 'sol ve the above probl des a porous polyimde

conpri si ng perdfyinmarntes adnhapolyngide amhbl Mablamlbadaieubﬁtedy of m cropores

di spersed in said matri x, characterized in that said mcropores are forned
by remo¥i ng a hydsasher aléerp@tllwecthbds;ra methoddior sunufastpinigsa poroars

pol yi m de-cont ai nj ng ?'at rix and the hydrophilic polynmer dispersed in 20
sai d matrixpo CFDR I QKRR NS CUITOr RGNS\ IDd ingagar dppersed in a

polyimide matrix, and heating the precursor to expand and foam it (disclosed in

European Patent Publication No. 0373402), a method for manufacturing a porous



The porous polyimde of the present invention is fornmed by renovi Eﬁ 5033
hydrophi | i ¢ weldefege7f rom a precursor conprising a polyi m de-gemnt s i;zsd
.matrix, and the hydrophilic polynmer dispersed in the matrix, and ii

contains a plurality of mcropores formed uniformy fromthe trace of the
above renoved hydrophilic polymer. Accordingly, pores having a very small

oresent 11 omcvnah B dBoihed ARt GrbNdEe A B i At AR bR R
the ef fecti y@hymernihalketh diE R idhd REsHBRIng ALEALAbARe IRk biklnky esent

i nvention, fric constant 'can be controlled typicaliyto 2.7 or

| ess, suitfé?b!gm@r i&c10dedli895S, Pakhd 1bd. B 885,4529419d402733. and 125,989, ardC~3 W
00/ 05297 PCT/ US99/ 16118 The main reason why the dielectric constant is

| o~. ver ed i Japiradse dimexiamigabPagntRublicgtion gieltarNoi €3-208%4Bnre kowwn. tAran
that of the polyimde is introduced in the matrix. Since the air has a
refractive itheleRoyookgenicrpmymerst fasmaldehygohgmapelymermolyoprledEve i ndex is
al so lowered due tqQ the same reason. In case that the above nicropores are
i or i e adimate)y BT RN cS MR GO PR G Ry SSEHA Saeber ey
constant is | ] i . [ f..the
porous pol yil%agg&sgat?’%%ea% 8%#;%@@%2&%&%&9%&?% ﬁ@égﬁggﬁﬁz”sﬁ 'i Ra:
centerline Quep %séd?%%%sﬁon%bﬁ@c&%go%t W%&déxﬁﬁle?){n /C\Fé\ﬂnﬁd pbehirpm
Force M croscope)) is normally not [esS than 0.3~ hm The above porous

pol yi m de i Sirely tdHipersddoinmiel shiyitibineomplismgithgotiie batpofan (forexbmpid, a a
stock solution containing a solvent and an uncal ci ned polyi mde and a

hydr ophi | i c pplyigride) dipsemireddni tharhibe siaspeesion issirieddpdomd a dispersiopttgpar sor
is formed by dn~ing the _stoc%k solution; and, (c) the ﬁr ecursor is calcined,
wher ei n'3ai @TEFHPIRANSEURL OTSHABGFORPIRRIisRereedrnihe Magy* FOMBUSHG 1B&i d
hydr ophilic polyner b n f osition thereof during the,st (c).
20 1 1S pr QRaam Rl AR e FFERIBHRET shEE S oot tkirS Y 16 LEER

sol ution of | an Yyn €0 ichd ol ynmer
are phase sgggir?%% glgf@txg};?mar ngglsr\ég‘gn?’%ﬁglﬁglg@r sdg&? %&}ﬂ ﬁ‘gg%?rﬁﬁe%gﬁ{“%gr&i n the
pol yi m de neli¢ pylya@idduabtri) éntpasio perfoainyndds @€ titossyimdide lagsBotdiable to be
light-transmttance after calcination of the polyimde. According to this
met hod. it idstgrowsiadle to controllably make the size of 25 pores fornmed

froma trace of the renoved hydrophilic polynmer small (for exanple,
di anetef®of the pores is 1 to 700 nm). A light transnmittance of the

frim a 't GRROBEEMS 1o, BE SPLVED BY IHEVIRTION 201 L ho Fese than
80% and parti Culméwvapaéc%%n%*a@megga/ﬂaoa%f?iéﬁ&fsiyﬁhabdﬁemgwe@in' fhght

transmttance of the porous poryi mde, a polyal kyl'ene glycdol” 1s preferred

for the hydusphbidine preolgdEthe pareauzee apt todedashent duriripetharcelcingiioncdnd it
solution of a pogal yl ene gl ycol hom)geneousl%/ di ssolved in the gol yi m de
1

sol ution. amhsdiglipal o farmenzmoparep . g.adikmetenel porgs ¢ witbin the raygh pm 1 i ¢
pol yner are p%g}sde sep}gr ted easj.ly by dr]I)‘/i g.the EotO'Ck sol uti on. -2 Z
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particul arl y,.pref.erred. Pal yethyl en I | ..i.s.easil,yv.dec osed t.0
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(i.e., notconin NynitsdmetERewaOiR S0 dE foet) aan erefove, Bt WaSAbt pdsaiblé Pudensi de
t hrough the surface of the polyimde and thus, a light transmttance of the
poi yi m de cdhne besudtfifigpolyunidg asahapticdl mateeiat,erm "a |ight transmittance" as
used herein, is defined as a light transmttance maasuredagy a )

spect r ophot onet erAcegsfing ta the methadefi fegmingihe slacksgpalystersgtha polvemide
porous polyimde fil avi ng filmthickness .of 2.5 pm_The reason. why the
hydr ophi I i ¢ @ﬁﬂ?a'%gmqsgblm yWeﬁﬁ}éO‘é&?‘d&W%S?%’ttP(fﬁm relafiyelyding " ¢ he
pol yi m de an

o opni 11 ¢ Bty s SR cebBtaY TR ednaiBents fmbonilen dfiune

polyim de, and thus it was disadvantageous to enhance the productivity.
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and thus a fine dispersion phase conprising the hydrophilic polynmer is
easi |y forn¥\D 001452%7%ef ore, according to the method of the preBEHUSIHGHAL | on,
_a uniform 20 porous structure containing mcropores of a trace of the
removed hydrophilic polymers, which are fine and unifornmy di spersed, can
be easily formed. Besides, since conparatively difficult synthesis reaction
of a polsyi m de cgpobdireily,iad obgéctiofecheigedentrintdifide i@do prdwvide preess,
formati on (production) can be easily perforned and it is advantageous to
enhance t hepalyodidet mhidhycanzdieativolydiedyce the tdide cteicvodstaht (. gdudiondesshand
porous polyimde of the present invention, since it is not necessary to
| argel y chaiedeactine ipssx-ofithg Belyiblidecwhide preveniing detesqtrtisn of intarsieat i x
conposition, the dielectric constant etc.. can be ef fecti.ely, reduced
Wt Pout - det BETRRIATCRY 4 lIcAH GRS LT 6 ik SBape Tger il G Bisedicing ¢ )

of the polyjlm L% A A f. aboyv [ior t.S..:

POLYI M DE TH& %@PI}?III@‘&@’%a&Oﬁ’*}%ﬁé?@I?ﬁQ?ﬁ@ﬁl#ﬁ@rﬁ-%ﬂ*ﬁﬂ%&f’%ﬁ%ﬁ r‘r"é&ﬁ‘? 10 whi ch
contai ng, m ' r I lo Gl i , sor
hor of ore. danee L b e R s b T B 2T
As the pol y¢dzildeormed @robhedpobichiisedVimvigeous eoents@ics thé productivan, aidgani ¢
solvent is normally used. Suitable polyimde includes, for exanple, (a)

t hose for mewhigh Wriyghly transpagentd cont ai ni ng an organi ¢ sol vent and an

sol ubl e polyi m de dissolved in the organic solvent, followed by
calcination, or (b) a cured article forned froma liquid containing a

t her noset ti L FeS) = setting polyimde resin al so
i ncl udes thﬁkwrwsp&erﬁgﬁWto as a "thernal

pol ynmerjzation t i:m,de; [ Mhenn | : I e

cal ci nahzon terrpgquglp %é%dm%ﬁxgngﬁs;\?e%négccﬁgy 1&%@?38%5%&#‘%3‘?’?3? gr@]%@gbr di ng
to the ki ndagd pidiederal parohiigolyafittiet dgnpraind patyiRidel SomAnhim h ndwekfaiged at
the tenperature recommended by a conpany fromwhich the ~'s polyimde is
suppl i ed. Fphluralyrgiineicraporéssdisperkédint daed matrpe chamntdzedan4RMGaidSpeci fi ¢
exanpl es of the polyimde include soluble polyimde having a

t et r apheny| Fh¢toOpRESQre ksmed by, regpving hxdrepbil icapelymex filone a precursor

di anhydri de/ aromati c di.am.ne pol yi.m de, .de itio ). ymer.i zed ,pol yi m.de,
aromat i ¢t eEP BB BEARY BT AT e mtERaRT Dt RBHE oy BicE dippateedn

pol yi m %Je ﬁia%&& tetracarboxylic 20 acid dianhydride/aliphatic di am ne
pol yi m de, uori ne-contai ning polyimde, long chain aromatic di am ne
derived total aromatic polyimde, organic electrolyte addition polyimde,
silylated polyimde, polyimde fornmed by pol ynerizing (curing) a precursor
cont ai ni ng MOPHIFORCGARRMING QUG THE INVENTE3Nan optical material such
as clad of an optical fiber, etc., those having transparency are preferred.
?s As a sol @?‘ER&TIQN: pol yi mi de, a pol ar solvent (e.g. 1,2-dichloroethane,

N-net hyl pyrrol i dgne, y-butyr.ol.actene, nethyl ethyl ketone, dinethyl

acet am de, etc.) Cﬁlﬂg pﬂ?%lfsé’lo yéﬂ’.lgeFBf{}@ﬂﬁﬁ?PE%Vﬁ/ﬁEHxﬂ%érﬁsﬁg%bmm%n%a| yner is
pol yet hyl en i ne- L nj sal ve } . .

pol vt ol enty BBl pdhvibl B6A1ZpRANLAL BuBrSRlp N AR Cyaining g o o

i n conbi nat hAA thdkyd hilicgoml-qnﬂs&gsdria&h@ﬁma%x,tm iPebtaf e plupalih & f
solution containing the uncal cined polyimde is normally from1 to” 20% by
wei ght . V01 CXQpQB A rbrDEIPbiink lly Gr di@ith@vieht €20 Pthé Hbdv s rdmov&ChY ildpRRIc1 6118
The hydrophilic polynmer may be anyone, which can be dissolved in the above
pol yi mi de s@pbimern Awerdinglyaponse hprimge wrp amatledze (diameter issaomiallycwithi ni ng

the polyimde, after dryi t he stock sol ution conprising the polyimde and
t he hydrophﬂTQEa“ﬁSI?W%Il,togaQin i%ﬁueéﬁnblémmé@%mqwgl%rw Bati on.

P N S s L
ffected, ' I : I I ich h
corpar at | very eane gy it BB e R e B b G e
out (deconpegsidally &RY @ lesEYsuMBBRSo 6 Br kA% HaPdt ISy AL{Apison of the
polyi mi de can al so be used in cortbination with the



> > hydrophilic polyner. The organic polynmer can also be renoved by2 r;eélig 2033

of .sol vent on. As the extraction solvent, there can

t hose, whi cﬁkéd}o not di ssol ve water, al cohol and polyi m de, E?/Ugiﬁ)lé@o ve t he
" organic polyner. The extraction operation can be perforned before and/ after
cal cination. The nol ecul ar wei ght (nunber-average nol ecul ar wei ght) of the
hydrophilic 20 polynmer is normally from 200 to 4,000,000, suitably from
7,000 té 30,000 Thmnwntm@sqmwbxmeﬂlemlrwq@%@ kgméﬁrled it thet #ryalF GEHE) i c

poI ymer ha

bi. | h h d
boconss d fﬁve-,rmacgkeieucy'ﬁ%l'g ot o e ahgl R R R %ﬁsﬁﬁ&%%ﬁ% e

bacomss o iPRETSTes w%%orva“s”@hr’%frta@%‘;iqa%ﬁ%@ Ende: 4k BRLIRLE el
hydr ophi l'i Creﬂgétmhdwlsraqg@ldw&ea auéh@tm qemquomaﬁ{ &ase%étfqa 5 Sddvel nation

and it takes a long tine to renove it. arger the nolecu wei ght, the

| arger the 1ﬁld®o@és ifeainifoemOdppressnt Fhe tﬁ@htsedtt thebudththelgfaeenht bielqeodiy mer
is normally fromO0.1 to 10 g, suitably fromO. 3 to 2 g, based on 100 g of

the above ponytiani déoworadtandnat Wkesameheneche emtfagordughness dfahggoroube

mechani cal streugéh or transparency of the polyimde after calcination is
liable to H®yiguds sdncrsasehendhifeiasaahe sumqngn@m%pem@rlw@@%mm it

TR e SR B o
pol yi m de Sl%&hll%hg[ﬁbl ﬂe@?ﬂf’ansd m.solution containing the dissolved

pol yi m de an rophrTic po yrrer can be prepared by using a nornal

mi xi ng/ di sper si f'!!he%‘b'v@ PordusaoNifde nggmbly mh%d%;&herf@n&kzlr@rm@fhzser (a)@
hi gh speed m xer, a hom)genl zer, a sand mll, etc. "~ o0 "t he above

stock swl utkiesn. 4 soc]omledommomasumarsat\enamh BMGnsalomdqmmmwandsa dried to
forma film of a]tp yi m de precursor. In case of the coating, there can be
used a nor nidrephak ¢ﬁglymirﬁigssomd in herpoluentspprenssed;i(hya piecarsnsas fosgedbar

CoRL 18, T e TR T8, oS ORIl sigcor 7o <o
e Bt o ol PoddERe ol RS RLEAR AR ey LETRSREY iR REVRRTRE 1,

t he subst raIP re can

gl ass, net ghy mgids &Mkc@ﬁfp@ﬁﬂloﬁttﬁeregf B@lihy thet fi&p {d)l m of the polyim de
pr ecur sor |s cal cined and, at the same tinme. t'he hydrophilic polyner is

r emovechoby decoriplsqmr'efem:,d thixtex ieydrophiliei puilyrgemisphissoleedoinl 4/stotidsolafion 6fa
present invention. In this case, the calcinaiion tenperature is 2o nornally
within the pelvigide.rand hepthepelpotde ard teahydrenbilisrpalymer ererhase @r@pemd n5 on

h |
ens e A Oﬁgbﬁéﬁé%.IBﬁﬁwoagﬂfw%@%u L Rty imRE ik Se A MBS o
as i {100, 31,090 i1BkE dock 16 L IEHE anGANSEARL SRR R BB BRk oI e

effectivel resen i nvention 1I's not adversely

affected, thgyn fﬂ’ﬁdé’OAb(:'cBidil@% {d ﬂhm ﬁéﬂ]daeltf@faaﬁ%lé% TcBﬁiroHﬁlﬂyfxﬁdld@th@ sigeposed
of a pl urallty of layers is also possible to contain additives such as

ul travizl et pabs forhreddromatextandtise rdovel lordropisi)icipodyrganimalf {flot example,
fluorescent materials, phosphorescent materials, etc. as far as the effect
of the presdmelenyéiha pores &5 hist 70RIneYsél lghiftransmitiance of the resulting

polyimide will be no less than 70%. Here, when used as an optical film, a light
transmittance of the polyimide 1s preferably no less than 80%. and particularly no
less than 90%. To effectively enhance a light transmittance of the porous

30  polyimide, a polyalkylene glycol is preferred for the hydrophilic .polymer. because
it s easy to prepare a stock solution of a polyalkylene glycol homogeneously
dissolved in the polyimide solution, and the polyimide and a polyalkylene glycol as

the hvdrophilic polymer are phase separated easily by drying the stock solution.
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EXAMPLES Exanple 1 First, a soluble polyimde having transparency, 2\M%i .(I:l-r\]Nilsﬁf]:'}
di scl osed i wdboms2dat ens No. i.750,641, was dissolved in 1, Z2clirdbosioet hane
.to prepare a polyimde 9 2 | JA-J Z~~73 WD 001 05297 PCT/ US99/ 16118 s

sol ution having a concentration of 10% by wei ght. This polyimde was a

fl uori necont ai ni ng pol yi m de having an average nol ecul ar wei ght of about

60, 000 and £ - izl , e
ort hoo t gjani ﬂﬁxgt?)gféglg%wlgﬁo\ﬂlPﬁgpéﬁlgpﬁhwﬁéfeﬁ‘eag Polyethylene glycol is easily |
2, 2-bi s(3, 4&@&%{&5&;&@@2@%@&%@&@% @ercqlmaﬁ oqfiu@@%mgmqm@ pR&cirgorbagd et hyl

(pphenyl enediam'ne) as a starting materials. ~ 0 g of this solution,
200 ng of pdhyatpaybenpolyinitdd cana fogmad mﬂie}cckblﬁprimixgmc()jpm‘reskcﬁﬁikting of a
(manuf actured by Wako Junyaku Kogyo Co., Ltd.) was added and the m xture
was suffi citeate of theircmded@ourﬂthﬁcmﬂ glydolsmdhaving ¢osedepdrylsenetugg ficalndtn t he
solution, thereby preparing a stock solutjon. Then, this stock sol ution was
coated on aQtiayguslhEhe ROESHREY hagrogenaously mEgsenbrom thepnside thrahgh hean

o O e 0 S Bl B ol LTI R g 5P
pol yi m de. &{%}dd@ DIRESS T9e 1B Sa ngﬁw&ﬁgﬁnm"%@%éd ﬁerei%t. Y Rafdang! 1y,
the film of e above precursor was cdlcined In a nitrogen a m)spf'uere at

360C For 303 fhRuk&Ssniftalbe ﬂqéa%reﬁ@yyaestﬁmrsmt&w&wusiﬁmuight/hémngbwmi ng a

filmof a pordus polyimde of this exanple. A thickness of the filmwas 2.5
pm An al unfength &ff 250 nodfer aspaofis pohywasleffilnt esing o fimdhiinedseofi2eSuht.i ng
orous polyimde film Then, a capacitance of the polyimde filmwas

p poly pact t : poly .

det ernmined at a Thetgasasyvhif the hydropinkic polymer éscieseidas gt dthenta siegk solution
calculated., As a result. it was 2s 2.3. Furthernore, the surface of the
por ous pol yli”r?'i"}élléhf‘ﬁ?ﬁp @lé%g%@&d%@owgf pOlyYMSF é‘f%ﬁiség]%‘?&?(jrkﬁd@ﬂ&scope).
As a result UG V] of o) . Of nonet er, (Ra
(centerli nehyaﬁgﬁlgfélg éog%@ﬁagssé@g%ﬁagégazﬁ%hse 864 réoglgﬁn%geqﬁcgﬁqrﬁd?, it

was conf i rn bidp s plise WoktoPR &rd |agilg he

pol yi m de Wﬁm&héﬁrﬁirgbt hse c}r)ossg- secCt g{ g?v?hgpgg?@?&ngﬁgr %Sﬁa%l%vas
observed byfoamedansm ssion el ectron m croscope. A plurality of m cropores

of an approximately to 2 2 ~a ~ Q003 WO 00/05297 PCT/US99/ 16118 s
el liptic shape haheéméorg, aegngiingdprib¢ methngtaf the pregent invao®dm muneioemobsen~ed.

{F anar 1t arRaroBs STRGUH, FOUETHRE PHHARBrRIOr A G1ce tf e EBmSID M MBS ur ed by
t h . 4000,. { . Hi t i . K
Cunvel engt PR B At P o nifobBPeisMRREH 264 HE SEaRYOHRRA Mestell )

same nmannergiase thabatienely 8FAchIR SRR fealtiGX 6ER b of i&é@&g;ngeﬁibﬂot

nunber - aver age nol ecul ar "wei ght of pol yethyl ene glycol to 2 00, a porous

pol yi m de oinchided igxh¢rptelumongrdedsaefdrmdtien Gireldeaion) cas bashdnt pevforired
resulting ~ s porous polyimde was neasured in the same manner as that
descri bed iand3tasnpdeantagemsdocabanae the pradustivitd. Furt hernore, the surface

of the porous polyimgde filmof this exanple was observed by AFM As a
resul t ,:P5a st r uct OFECTHRS Hythe pethg &Z@go ingthg peEousgrolyigndeef te present

terline. .age. h =1, b . tly, it
s cont | I ERHAP SIAGH S PARRTYeErshry by DAY Btk RSP amER R RS0 e

o oo o ' . , uct q
by 3 tr ansn bl il imiRanek B A RAGE 1 dibREnfetdtstin ficl o g™ ve
appr oxi mat e¢ffe@lvelPtédiucetapghda\dendioratirpiatrinkid pelfomen@ed (s HedP to 500 nm

wer e observed.
resistance, etc.) of the polyimide matrix, like the case of the above prior arts.
30
POLYIMIDE
The polyimide is a material for forming a polyimide matrix, which contains

micropores dispersed therein, after calcination of a precursor therefore described
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Further, a light transmttance of the porous polyimde filmof this exanple
2s .was neasuye%do¥a08 spectrophotonmeter (product no. U 4000, pepipgkagiecwsed by
Hitachi K. K.) (wavel ength: 550 nln). The light transmttance was 90%

" COVPARATI VE EXAMPLE I n the sane manner as that described in Exanple 1
except for using no polyethylene glycol. a polyimde of this exanple was

o e SRS ROl B PR
2,3 U PSEBE AUEn 9Lk b bt Bl et B SURIPYE v

PCT/ U S99/ 16k8 {8rrhad b) Erdink QUG $8n@iniAR af o84ni@§o) VEHI QB A sof ke
(centerline average roughness) _ 0.32 nm was hot observed. Further, the
cross-sect i polyphideéispolived i de drighmicwal eahFellvedd by calcinadosnars®i erugldect r on
m croscope. No pores were observed. Further. a light transmttance of the
pol yi mi de ofrtichd Sorexehiiom adiquishemtaipgta henposetiaepalyopdoresyet er (pr oduct
no. U 4000, manufactured by Htachi. K K.) (wavel ength: 550 nnm). The |ight
transm it ance vvaghgéb‘é”@ﬁ&\ﬁlw e e AP SN RANCROSS: Wineh atergsneridlyd, t he

heat i st f the .polvimde fil f Ex | 1 ~ d 2 d that of
hea et Rl LG ALY AR o BB e & B R0 Ll ©
pol yimi de f b uminCAToke CHE AR eHRBrAGAL FnL BoBisidelioBgq @) mospher e at

400C and coo%ed to roonitenperatur e.y@hen, ric constant was

measur ed angdpgrophandsg acbordingd RChE kenCONkt PMlyiRIQ a8d BdcadihehioNRHIrMAIIYaS
exam ned. The polyimde filmafter heating was allowed to stand in the air

for one weekerfanded hethe2empecharegecommendtd by nicompany frant which thgani ned in
the same manner. It has already been found chat the dielectric constant
hardly ¢hangelyimidfels uppbiedt E6F exasnples it ohwithin diggengst iremidrteed0036! yi i de

(I'i ke non-porous_polyimde qof conparative ex le).. As a.resylt, regarding
t he porous pol Vi §58%1)ﬁf(‘1 qw}ﬁfzs Eﬁ@ﬁmog‘@"&g%w?@%a@%? POlé{gm(taaﬁg‘aﬁ&%ﬁ ni de
filmof Co ' ' ' - : ed
bef ore andng?{%%ﬁggﬁéﬁgp }éﬁak% gﬁ%ﬁ%ﬁ%ﬁlﬁeﬁ%_{%ﬂﬁ&%ﬁ] %ﬁgg@rﬂ 51/\5&26‘5]{;)ri @gnfi r med
that the fodmegineQoPisniae! &éﬁ@smngj_dlmaaihd@élpmua dr&hati@%tﬁacaﬁ%&{/nc
resi stance of the polyimde according to the fmethod of the presen
i nventi on. EfAh¢driG/afbinati DdENTIRENSEBond deamine gudyimidey ardnkeicofetrabarbpxdient
invention can effectively reduce the dielectric constant and refractive
i ndex wR? | e aeidi dienhydride/aliphatisdiamperrcddyimide.diuasinetgpataiping pokyisdde, dorgr as
heat resi staﬂc.e, etc,. ad”ld LS éﬂ thl A t[ans arent.. ..2 2 J~PJ ZGOP -

chain’aromatic diamine derrved-total aromatic polyimide, organic electroiyte

addition polyimide, silylated polyimide, polyimide formed by polymerizing (curing)

a precursor containing polyamic acid, etc. In order to use as an optical material

such as clad of an optical fiber, etc., those having transparency are preferred.

25 As a solvent of the polyimide, a polar solvent (e.g. 1,2-dichloroethane,

N-methylpyrrolidone, y-butyrolactone, methyl ethyl ketone, dimethy! acetamide,

etc.) is preferred. For example, when the hydrophilic polymer is polyethylene

glycol, a chlorine-containing solvent such as 1,2-dichloroethane, etc. is preferred.

These solvents may be used alone or in combination thereof.

30 The concentration of the polyimide in the solution containing the uncalcined

polyimide is normally from 1 to 20% by weight.



CLAIM5 1. 'A porous polyimde conprising a polyimde-containi ng mat 4 )2 JA 42043
a prurality whosasgseopores dispersed in said matrix, charactepcr®dodisiishat
.said mcropores are formed by renoving a hydrophilic polyner froma
precursor conprising a polyimde-containing matri x, and the hydrophilic

pol ymer dispersed in said matrix, that the porous polyimde has a |ight
transmttan % when neasured by a spectrophot onet er
using a i gﬁ&lﬁmkgi%@fjﬂ,&gﬁ of 550 nmfor a porous polyimde film
having a filmth ; R0 ' to 700
nm wherein thehF;I;:[/%?l g%ﬁpﬁlé@ppog)(@ﬁe@na?s%;hggﬁeyt\n@?C%iﬁﬁEgi S p!h\gf:rsdein?g%ar at ed
froma matrjpo ingidegomutipg) Whithdan bahyas@s@iapalkd $an themakrix Wbhathihfe
pol yi m de and the hydrophilic polymer are dissolved is dried. 2. A
precursor f tre fodyimidg, @teyardng tpoitpcinialationepmipsisimg the polyiimildandoint ai ni ng
matrix, and a plurality of mcropores with a pore dianeter of 1_to 700 nm
di sper sed i hydaphiligepalymenfandwhich eambe respovedrlurgretbgealrinatingmr Examples

| yi m de- t ai ni tri d hyd hili def i.ned | laim1
e sher st | meestandiRar pevali e shatl SucP B po Rl v 83, EoFHS Y, red by
o s A _ Har & oL ol IS Tor y
o2 PltsS B i PRSI GLRR% Al dliaAely Strifer ke e Slombee on
porous pol yimydg fARRIEY Rt tb%'xﬁﬂi@ﬁhﬁ?@éxﬁ mﬁgggmbw JoluBMy vil] el i ty

of m cropores wt p er of 1 to 70 I'spersed In"said matri X,
whi ch conpr psigsmidecarst @msbeddasily Birned @pa(ddtonposédakmetd) bpmeadgrifai ni ng a
sol vent, and an uncal ci ned pol yi mi de and a hydrophilic polyner as defined
in claiml, cacmation eperatiopaif thespdlymmide cabplsdrhya wegdsnicdmsinatkon withahm a
precursor; and (c). calcini nqg sai d precursor; wherein said mcropores are

i ntroduted hydrepBRicPaimer.x T orgarmRAYNeRFan dyebspempyed pyimeans Hfy means

o O TE S E aAERBh A OB AR B et tan getcted those, which a

B| wr mhc” 3 ;

Toa) ca] cal o0y COt ST HEE] SRR ARAIR P URA R B ERICBURRETITIA] ool o2

rwz=[ >BN} xs gkigfcribaadflee @l sind e eGidr forined | iefdre ahdalfter lcaRiwalona] cal ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! NQZi M&* n

41t " " ggRusH Yy TassHe 841 weight (ke cakral cadleahloneight apt djchjdrapbidicc” a]

cal] ca] ca] ca] ca] ca] ca] ca] ca} cal ca(t)] cah] cal cal ca] ca]] cal ca] cal] cal S%)) s S VA
6. ../ /79 oppolymer is normally from' 200 to 4,000,000, suitably from 7,000 to 30,000. When

R R G b e Rt alae
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ca! " Ms Mk MIWME(ES+SIdd abgdiiifidcovie VMo exidyerthexdgdrophilic polymer. That is,

[[| wmhc”Y] ca] ca] ca] ca] ca] ca].ca] ca] ca] ca] ca] ca].ca] ca].ca]ca] ca]lca]ca]ca]ca]c
a] c. a] c&] cafhed)capriifie g yagrdareaiagd fiiemlyimide matyix afer calcinatggaandoiybbc !
cntcddd} xsni
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ajc
a] ca] ca] ca] ca] ca}rge]c%al@%%leq&hf@hg@q ﬁ@%gﬁ]&@@{ frBhCa &8l W%C% &i)ycal c

aJcalcalca]calcalca K }THS 10 ( 10% U&' (
U& ()- & 10%duD(3)tolDP) biked bn &0 0 48e Gbotd polkirhiBeldltish. (When' the Yokent ) -
10% U& ()- S10%
30 istoo large, the mechanical strength or transparency of the polyimide after
calcination is liable to be Jowered. On the other hand, when the content is too

small. it 1s liable to become difficult to reduce the dielectric constant.
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polyimide and hydrophilic polymer can be prepared by using a normal

mixing/dispersing device. Examples thereof include a propeller mixer, a high-
speed mixer. a homogenizer, a sand mill, etc.

10 Then, thc above stock solution is coated on a substrate and the stock solution
is dried to form a film of a polyimide precursor. In case of the coating, there can be
used a normal coating means, for example, spin coating, die coating, bar coating,
etc. The drying temperature is decided appropriately according to a boiling point or
an evaporation rate of the solvent. The drying temperature is less than calcination

15 temperature of the polyimide. As the substrate, for example. there can be used heat-
resistant polymer f{ilm, glass, metal, silicon wafer, etc.

Finally, the film of the polyimide precursor is calcined and, at the same time,
the hydrophilic polymer is removed by decomposition, thereby obtaining a porous
polyimide of the present invention. In this case, the calcination temperature is

20 normally within the range from 250 10 400°C. The calcination time varies
depending on the calcination temperature, but is normally from 10 minutes to 10
hours. When the calcination operation is performed under an inert atmosphere such
as nitrogen, argon, etc., the dielectric constant can be lowered. more effectively.

As far as the effect of the present invention is not adversely affected, the

25 polyimide film can be formed so that the film is composed of a plurality of layers.
It is also possible to contain additives such as uitraviolet absorbers, humectants,
colorants, inorganic fillers, fluorescent materials, phosphorescent materials, etc. as

far as the effect of the present invention is not adversely affected.

30 EXAMPLES
Example 1
First, a soluble polyimide having transparency, which is disclosed in U.S.

Patent No. 5.750,641, was dissolved in 1,2-dichloroethane to prepare a polyimide
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weight of 7.500 (manufactured by Wako Junyaku Kogyo Co., Ltd.) was added and
the mixture was sufficiently stirred to uniformly dissolving polyethylene glycol in
the solution, thereby preparing a stock solution. Then, this stock solution was
coated on a glass substrate having a thickness of 0.7 mm, on which an aluminum
15 electrode as a film was previously formed, by means of spin coating, followed by

drying to form a film of a precursor of a porous polyimide. A film thickness of this

precursor was about 2.5 um.

Finally, the film of the above precursor was calcined in a nitrogen

atmosphere at 360°C for 30 minutes to burn out polyethylene glycol, thereby
20  obtaining a film of a porous polyimide of this example. A thickness of the film was
2.5 um.

An aluminum electrode as a film was further formed on the resulting porous
polyimide film. Then, a capacitance of the polyimide film was determined at a
frequency of 1 MHz and a dielectric constant was calculated. As a result, it was

25 2.3.

Furthermore, the surface of the porous polyimide film was observed by AFM
(Interatomic Force Microscope). As a result, a structure having a roughness of an
order of nanometer (Ra (centerline average roughness) = 0.40 nm) was observed.
Consequently, it was confirmed that a plurality of micropores was introduced into

30  the polyimide film.
Further, the cross-section of the polyimide film was observed by a

transmission electron microscope. A plurality of micropores of an approximately



sI'110% & ()- FLl0% & ()-10% & ()-10% & ()- S 2 2 JAN 2003
10% & ()-s! 19 ﬁ?é@ ] 122444h4dEbCH@ 6: 10% & () - PCT/USOS/16118

@®10% & ()-31 L Y10% & () -L*#10% & ()- , #t!10% & () - h4444444406bCH@
10% & () - SHy10% & () f10% & ()-& 10% & ()-3 10t 10t 10t8f 10% & ()-

06672888" 9dELCH@ 10% & ()-F 10% & ()- yF10% & ()- 10% & () -

Tov &' (1! Slipagspageyievisss fosgiieenr iosamh o440 (§ S0d hipoyige cpsersedTopssy -
S ket %ﬁ‘i@a&éﬁ%‘%d A BB R oo’ 1) o 10% & (). 10% & ()
A ) S g i I i ()
. Y10% & () -was measured by a specirophotometer (product no. U-4000. manufactured by
@ M 10% & ()-s*#10% & () - DHEnEpEQEr ESEEE_ @®g10% 0&' () -!S$10% o' 0& ()-S 10°
10° Hitachi K.K.) (wavelength: 550 nm). The light transmittance was 91%.
10
Example 2

In the same manner as that described in Example 1 except for changing the
number-average molecular weight of polyethylene glycol to 20,000. a porous
polyimide of this example was obtained. The dielectric constant of the resulting

15 porous polyimide was measured in the same manner as that described in Example 1.
As aresult, it was 2.3. Furthermore, the surface of the porous polyimide film of this
example was observed by AFM. As a result, a structure having a roughness of an
order of nanometer (Ra (centerline average roughness) = 1.00 nm) was observed.
Consequently, it was confirmed that a plurality of micropores was introduced into

20  the polyimide film.

Further, the cross-section of the polyimide was observed by a transmission
electron microscope. A plurality of micropores of an approximately elliptic shape
having a longitudinal length of 100 to 500 nm were observed.

Further, a light transmittance of the porous polyimide film of this example

25 was measured by a spectrophotometer (product no. U-4000, manufactured by

Hitachi K.K.) (wavelength: 550 nm). The light transmittance was 90%.

COMPARATIVE EXAMPLE
In the same manner as that described in Example 1 except for using no
30 polyethylene glycol, a polyimide of this example was obtained. The dielectric
constant of the resulting polyimide was measured in the same manner as that
described in Example 1. As a result, it was 2.8. Furthermore, the surface of the

polyimide film of this example was observed by AFM. As a result, a structure
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(10% & () - (wavelength: 550 nm). The light transmittance was 92%.

EVALUATION OF HEAT RESISTANCE
On the other hand, the heat resistance of the polyimide films of Examples 1
15 and 2 and that of Comparative Example were evaluated as follows. Each of the
resulting polyimide films (after calcination) was heated in a nitrogen atmosphere at
400°C and cooled to room temperature. Then, the dielectric constant was measured
and a change in dielectric constant before and after heating was examined. The
polyimide film after heating was allowed to stand in the air for one week, and then
20 achange in dielectric constant was examined in the same manner. It has already
been found that the dielectric constant hardly changes under these test conditions in
case of a normal polyimide (like non-porous polyimide of comparative example).
As a result, regarding the porous polyimide films of Examples 1 and 2 as
well as the polyimide film of Comparative Example, the dielectric constant hardly
25 changed before and after heating and standing in the air. That is, it was confirmed
that the formed porous polyimide film can maintain intrinsic heat resistance of the

polyimide according to the method of the present invention.

EFFECT OF THE INVENTION
30 The porous polyimide of the present invention can effectively reduce the
dielectric constant and refractive index while maintaining intrinsic performances of

the polyimide, such as heat resistance, etc, and is highly transparent.
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the pore diameter is 1 to 700 nm, wherein the hydrophilic polymer is a polymer which is phase
separated from a matrix comprising a polyimide, when a stock solution in which the polyimide

and the hydrophilic polymer are dissolved is dried.

2. A precursor for forming a porous polyimide comprising a polyimide-containing matrix,
and a plurality of micropores with a pore diameter of 1 to 700 nm dispersed in said matrix after
calcination, the precursor comprising a polyimide-containing matrix and a hydrophilic polymer as
defined in claim 1 dispersed in said matrix, characterized in that the precursor is formed by
drying a stock solution consisting of a dissolved uncalcined polyimide and a hydrophilic polymer

as defined in claim 1.

3. A method of producing a porous polyimide comprising a polyimide-containing matrix,
and a plurality of micropores with a pore diameter of 1 to 700 nm dispersed in said matrix, which
comprises the steps of:

(a) preparing a stock solution, containing a solvent, and an uncalcined polyimide and
a hydrophilic polymer as defined in claim 1, dissloved in said solvent;

(b) drying said stock to form a precursor; and

©) calcining said precursor; wherein said micropores are introduced into said matrix

by removing said hydrophilic polymer by means of decomposition thereof during the step (c).



