23 January 2006 WD 03/010246 PCT/USO/ 23152 1 SILOXANE RESINS FIELD OF THE
| NVENTI ON [0001] This invention pertains to a siloxane PEJPNe¥AMDsition
conprising R Si03/2 5 siloxane units, and (R20)bSi OQ(4-b)/2 siloxane units
wher ei n ijbgsﬂ;lﬂggpendently selected fromthe group copgtghingisef al kyl
having 1 to carbon atons; R2 is ingependently selected fromthe group
consi sting of branched al kyl groups having 3 to 30 carbon atons and
branched substituted al kyl grougso¥aaNmEESING 30 carbon atons, b is froml
to 3. This invention further pertains to insoluble porous resins and

I nsol ubl e porous coatings produced 10 fromthe siloxane resin conposition.
BACKGROUND OF THE | NVENTI ON £3992br Fem moreNmbey devi ces of ten have one or
nore arrays of patterned interconnect |evels that serve to electrically
coupl e t [(801]ndThis thvedtionipetaind to @lsBosne mshmpnﬂposjﬁmomprbiygﬁlswy;i rcuit (10).
The interconnect |levels are typically separated by an insulating or

di el eSt r kitoxdde wiiatand RZOW, B0 pusH viloxansidits vdrreiR His independegtly sested usi ng
chem cal vapor deposition (é\/D? or plasma enhanced techni ques (PECVD) was
t he nost fromrthopbyp comeistingadfetiiybhavingrl aarbodiaeimscRE isdndepeatdenisseldetsdever , as

 the size,of circuit el ements an he spaces. bet n._suc el erent s

- decr eas e RSP %‘%“FW%P%:]?F@&%TE@WE&OBPS&%&%;%ﬁ° 0%%8 Sglilcr‘iacon oxi de
coat.i NgsbfahchRed subdtitatdd afyl pSupstaciagdad 80 tabi Aving® iafeguabd. @hisct ri cal
insulation. 20 [0003] | n order to provide a .|lower dielectric canstant than
that of HVPRHOGAUEET Hé’,“"“ﬁit%"éﬁlﬁ’lf’ SOTOPHILFINF, ‘F%ﬂ\iﬁé‘?qur?llﬁﬁogtﬂgﬁi’ﬁﬁﬁgeﬁlas ed
resi ng haye thOyRHanéSEsin ARsioR! € of such coatings are those formed from
hydrogen sil sesqui oxane resins as described for exanple in Collins et al.,

" U.S. Patent No. 3,615, 27 BARKCROUNR QFFHEBINVENEON,t ent No. 4, 756, 977.

Wil e SugidosPagdniBshdutbLaEvE8s biGavalbml i tldid £ir49 BEpARERd ifi@Borfa¥d® Oor PECVD
silicon oxide coatings and al so 25 provide other benefits nanely enhanced

gap fil | levgls thatisesvertp aleetripalivrrample theiindividua) sireut lomentforming pe searéiet onst ant s
of 'such coak (@9° 12k &ééra%ﬁia&%v%g 103 eﬁétafdg,{armanaﬁ{g% diedddfR4] 1t is

wel | known th Iel’'ectric conStant of Insulating coatings is an
i npoi§ antoatihgcPeriowtinreilicth oxide catihg formedwsingchemitaprdpondepesiien (G\Pk, and

si gnal de] are. requjr ' ' ggp ' Fel. this
factor i ﬁrcfle%aeesnh @ﬁ%ﬁﬁ%ﬂ?@%ﬁi‘éﬁd@ﬂg&ﬁﬁit@ﬁ%s. %ﬂggﬁgd %lgteﬁgalsfg ?hesi n

mat er i al giekendicneitings sHbwevernak thegizs of tiravitelmeatssnd thetspasanbgiwenn sieh
electricall i,nsul atj n oafi.ngs.w th die|lectri t | 3 are
desi r abl S.Gmfx’Ws AR e??lgtfvgfyd]é% 1¥S?tgc c?nglaﬁa tgsucgll ﬁ?@é}%ﬁﬁgf_ﬁ%%e gér)é{gi ns and
met-hods  hiegut #pik inagdeduieho @9ide addgnatk cpttoivaldesuiadad.i ngs  whi ch have a hi gh
res éanfﬂ%()&]o fnroar1 eﬁltongfowéleg?dwelr tdieiescm%%tsnllsrtaan lth%nftlgarc OP sl_illfl:cr(])n%lxldg,x a"i‘élgénl%? sed

resi
' " coatings formed from siloxane-based resins have found use. An example of such coatings are

those formed from hydrogen silsesquioxane resins as described for example in Collins et al.,
U.S. Patent No. 3,615,272 énd Haluska et al. U.S. Patent No. 4,756,977. While such coatings
provide lower dielectric constants than CVD or PECVD silicon oxide coatings and also
25  provide other benefits namely enhanced gap filling and surface planarization, typically the
dielectric constants of such coatings are limited to approximately 3 or greater.
[0004] 1t is well known that the dielectric constant of insulating coatings is an important
factor where IC’s with low power consumption, cross talk, and signal delay are required. As
IC dimensions continue to shrink, this factor increases in importance. As a result, siloxane
30  based resin materials and methods for making such materials that can provide electrically
insulating coatings with dicleciric constants below 3 are desirable. In addition it is desirable
to have siloxane-based resins and methods for making such resins that provide coatings

which have a high resistance to cracking. Also, it is desirable for such siloxane-based resins




23 January 2006 WO 03/010246 PCT/US02/ 23152 2 to provi (}g‘jcoaw by
standard processing techniques nanely spin coating. It i i) at the
di el ectric constant of solid coatings decrease with a decrease in density
of the coagpagoiosgt erial. A porous coating typically hagcpuk@neis: density
than a correspondi ng solid coating. 2[0005] Haluska, U S. Patent No.
5,446, 088 descri bes a nethod of co-hydrolyzing silanes of 5 the fornul as
HSi ( OR) 3togpashid doaiitigh by etahdurdrprooeskiyig teahiyi g @smelg apinlcoatingt Hes kenvethaton of
coati ngs he R group.i organic _group cont ai ni 1-2Q .carhbon atons,

oo ch opg o HH%&“?%“%?%“%@BW@E%%%S?H@“%giﬂjeé‘ﬁe‘8‘?‘% 1y 05 FREOSIRY dr of yzabl e
su Es tit u%l]ieri%lE?p@?&@!cbmgn%ﬁ&ﬂyma oy dﬂn}!ﬂ)gﬂlhﬁa mrmp@dmgapg@?qmgg and

et hoxy. e_hydrol ysis with wa s carrie u n an aci.di f.ied axygen
_cont ai ni_%ﬂﬂol%@u%QEn]@tmfN@' ég‘iqa%‘%fs%%@e ﬂ‘a gtlcé’élfy@é(ﬁi’mﬁsélaﬁ?ﬁo pplied
to a subgk ﬁ:‘&lrhﬁlasﬁ@%(ﬁ% MRTi(GNANE FHnad- 1301 shies 6Rall ille Raahkish 4o 50 to
1000C to convert the'coating to silica. Haluska does not disclose sil anes
havi ng beatingse d'haRkgyeayp is gu cugpsic gfodp 06itaiting A2 0ehrbah atorms, WhiclPwhemt No.

6, 231, 98 escri.be e d for fornmn r,ou coatin rom.fydr ogen
o o5 PuERE 1S ReSEn ol Bin SoRsPR FuRRlPHBly SORHARE SR 20
coati ng piafedred bipdbdlyadbs ghblip’ afe methotty and ethoryr Tisd hydrodysisywiklogater is cdrg@b qui oxane

resin and a solvept. in a mapner i i C | east 5 vol.ume % of the sol vent
remai ns P % ?fba"b‘ﬁﬁffq Wg%{’f"tot‘é‘%’m&ge?f@%ryg?ﬂ‘%rﬂ: ﬁﬁ%""@%ﬁi’lyﬁé‘asilg aﬁﬂg???gs?posed to an
envi gen i?&mhﬁia&gﬂﬁ_sbl&&{t@v bd il tiRndatingeteated I:(d $etos000rErT bl s
evapor at e romthe coating._to rma porous, network wit ielectric
‘const ant c9uyert fis cpatipgde 8 caaa‘@&‘fSkﬁ.g%estnBt ‘5?"&953 sitneplerying h?ﬁ‘:gﬁiaaégoxéﬂ ., WO
98/ 49721 oglggscri be a process for form ng a nanoporous dielectric coating

£ LgTOHPS; : . :
on a subsStrate. The process conprises the steps of blending an al koxysil ane

with a HoPerthumsshdls S Sateaiio-Setdit 82 Hesgrbect methad B forming 3 PRECYS xt ure onto

a substr ' 1BarRlrediRASA peroROKdNOR iforhEELPRpYSMg 2 P! aCi Ng
t he subst@l%ag?%\ﬁ%)%%gd@ggﬁg%&gﬁgﬁ%%reand gvgcuati nglt ﬁe chaf%lgr togaa pressure

bel oW at eastiptien i subgiaie with @ soluliproernmyising @ hydosen visesquioxas regit ad ayapor at a

pressurée ' k gz &gg | e to base
vapor . [ﬁ‘ﬁg‘igf iﬁl\ﬂar&%}s&% thg"tﬁ agfe-ﬁs,?t%t’fo : at"té?%%%ﬁg‘g‘g?‘ﬁ% ir“&g%%?. ea{f%}process
for for niepgsition.i Bercoatigdetheh pxposedoie an esdtssmenitcomprising hpaioialysbandret hy|
si | oxane- sed. resins_ havi [ I.C . ' ; - d at a
Ferpor at URGC Fi o e pYARial A3pEAP G2 Wk  ERAE bR BE AERRE T, B
resin. Secdustenirinthe raiepefoif Baupl Spel#ti es reported include a density of 0.8 to

1.4 /c an, av,er.a ' ter of 1t ms, a_surface of 600 to
1 5080 oo zh oS SR W ol et e Sproced; dorTaline Bt ohRfEadlefRo )
usef ul  oc@dng on 5 EibSiraté. VB ffodebodongisedthe steps of blending an alkoxysilane with a _

solvent composition and optional water; depositing the mixture onto a substrate while

evaporating at least a portion of the solvent; placing the substrate in a sealed chamber and
evacuating the chamber to a pressure below atmospheric pressure; exposing the substrate to
25.  water vapor at a pressure below atmospheric pressure and then exposing the substrate to base
vapor. .
[0008] Mikoshiba et al., U.S. Patent 6,022,814, describe a process for forming silicon oxide
films on a substrate from hydrogen or methyl siloxane-based resins having organic
. substituents that are removed at a temperature ranging from 250°C to the glass transition
30  point of the resin. Silicon oxide film properties reported include a density of 0.8 to 1.4

glcm3, an average pore diameter 6f 1 to 3 mm, a surface area of 600 to 1,500 1’112/g and a
dielectric constant in the range of 2.0 to 3.0. The useful organic substituents that can be
oxidized at a temperature of 250°C or higher that were disclosed include substituted and




oxi di zed at a tenperature of 250C or higher that were di gg?ose%obepcl ude
substituted and 23 January 2006 WO 03/010246 PCT/ us02/ 23
unsubst it Wye@seibdey! or al koxy groups exenplified by 3, 3canistddshgur opr opyl ,
| 3- phenet hyl group, t-butyl group, 3 cyanoethyl group, benzyl group, and
vinyl group. [0009] M koskiba et al., J. Mat. Chem, 1999, 9, 591-598,
report avimibstidtet @]kﬁzb&faﬂkba:y groupigehpliffed by 83 parifieuropropg) hylenethglesauy, oxane
coat i ngs rder to de ase thnﬁaensm and.the 5 dielectric constant of
the coati rl? g’@B{’J@I‘VﬁE‘? §’§’PPTP§’ %"PVPQ’FEI&‘%%l lyl) units and al kyl
(trisil 0>{mm9] y MiikoRibiat Al UEMas Cherf. pm%pb 3914508 &eﬁdﬂmmét&baetoa‘hidwb:&at ed at
2500C to provide rigid si I‘%ﬁﬁpe matrices. The co;a{:i13 é{ueat ed at
4500C t o ABEFHem o RofrsVemethRisHagsqujoxape epafiaesp orss

COr r e3PORKHIREHd Rnbthe of the @ofingh.N€opuiandrs bétging &mtﬂ?ﬁ(&ﬁﬁmﬁsﬂyﬂ luﬁitﬁd}fdraﬂ@
constant of about 2.3. Trif Fuoropropyl cyanoet hyl enyl et hyl, and
propyl grtisidexydilylyeiis were/spin-captaded tas stlistratt bad imateldylt 25119CI te pmisismg!dj ents.
[0010] Ito et al., Japanese Lai d-Open Patent 1SlIT 5- 333553, de?crl be
pr epar at isgoxags malrices. |75;@&ﬁ@qgé§ﬁew thesrfieated php0RCIR RYP%rA reamqvg fasyrmally

funct i onglyife irdyps hddholls Hepd })éﬁ'cﬁrrékﬁjomﬂﬁ %@%fﬁﬁe@hﬁhﬂﬁé&&%@ﬁ@é' l'ane in

t he presence of "a proton accej%tor The resin is radiation cured in the

presence d@ﬁ@%@@%@taﬁﬂhﬂm 8h gﬂweamm'it cyepesthit phepdetid sand grorgl £5oPpR a Si 2

i ke ;45 %ﬁlﬁﬁ Ernihil resist material for I1C
fabrléat ﬁ%?\élh?%B%?d %s no&/q%bggﬁ oun that incorporation of branched
- al koxy gfefigh [SkOR2Yspandse Leid-G@niPeteat(HEAIkS-B3 A58 destrbeprrgationof30 car bon
. atons, | n S DE anely i nproved
st orage Etk%‘oaﬁ‘%re?iﬁ% ‘?tﬁ%rﬁléas Oéya&# u@iﬁﬁ %%%{C %@@é%ﬁ? 1§| ?y of the cured
resins, MméthcHtmmyb\go:@)silamd ia e presenadtapndton ancb;bter r'Ehrgssmis 12diatiano 3. 0.

I h f 20 ' h
conposi t PGP R o e i S chpel pSiigie R Gm RRICHEPS 1
this IS”V%QEHB%%&&HEQ&&&S h|8 &e&&r ﬂ%}C?&bh@é%ﬁaBe resins and a net hod

for curing ese resins to produce 1Nnso e porous resins and insoluble

porous  qeB1l] NBhavhdva béendb@idahitincorpoedtivh afibranched AlkoxPfgepsdSiOR2), wiers. 0,
porosity in the range of 2 to 40 volune percent and a nodulus in the range

of 1.9 t & oacikyl giivpdevingSde Bbtasbpoatons mQaﬂomre@ssmv@easﬁéer@Jdvant age
t hat theﬁﬁ%@/ﬁg%\?ap% %é{%{i%ra 2 it %?éaseh% ululs affd &Ex%ﬁs%&?)bﬁgl ofSUMVARY

CF THE | aspect, the presen I nvent1on provides a
si | oxane theasiad reshspwhild netammg)arrﬂlelem goRtAi Iiﬁheranga ofbitocS. (it isdherefiore

(R20)},hSi O 4:.b),/ 2.,Si.l 0X ne u erein.RL is endent | ted from
o g ouph BBRSOE RO Al PRige T Foutrpsli B AR o g B8
i ndependembilisy. Sﬁis&l@;b@ﬁlobjw of tHiintdifion t@sh&wcaaﬂéthé?dfoﬂgmﬁhg bﬂcauamémsinal kyl

h 30 b t
groups avc{ ngaefioé for curin atE:es%r}es?ns(%ggro%uce insoluble porous resins and insoluble porous

coatings with a dielectric constant in the range of 2.1 to 3.0, porosity in the range of 2 to 40
volume percent and a modulus in the range of 1.9 to 20 GPa. These insoluble porous coatings
25 have the advailtage that they may be formed using conventional thin film processing.
| SUMMARY OF THE INVENTION

In a first aspect, the present invention provides a siloxane resin composition comprising'-RISi03/2
siloxane units, and (RZO)bSiO(4_b)/2 siloxane units wherein R1 is independently selected

from the group consisting of alkyl having 1 to 5 carbon atoms; R2 is independently selected
- 30  from the group consisting of branched alky]l groups having 3 to 30 carbon atoms and
branched substlmted alkyl groups having 3 o 30 carbon atoms, b is from 1 {0 3. The sﬂoxane

resin composition contains an average molar ratio of R1 S103 /2 units to (R20)b810(4_b)/2




branched substituted al kyl groups-having 3 to 30 carbon g&oms Béas from1
to 3. The siloxane resin conposition contains an averaé ?Pb'f’"yrz? tio of RI
Si 08/.2 uni O ¥#1#0) bsi O(4-b)/ 2 WO 031010246 4 23 January 2006 units of
1:99 to 99:1. The sumof RISi03/2 units and (R20)bSi OQ(4-b)/2 units is at

| east . 50 t of the tot i i 9 s bells ption. In
= second MG oRe: oy eatin TR RGP R R LSO A RS iR g a
si | oxane Pré%g‘jfts%f\%%g@g R SheRnil i) ¥edesth begatRRiodNi ts and WO bSi ((44b)/ 2

si | oxane *uni I's from1l to 3, which conprises: conbining (a) a
silane or a m xture of silanes of the fornula R1Si X3, where each Rl is
i ndependens bacore kesdctdhdé preserit reemtionuporidessi sting of al kyl having 1 to 5

carbon atonms, where X s i ndependent,|. /dr ol e, up or a hydroxy
group: ( ) mgthed fon prepging Wﬁ{%m&@ﬂﬁéﬁggﬁiﬂﬁéﬁghﬁh a(a(RZO) cSl X( 4. c),
where R2,is .indepepdently sel egted from.the. group.consisting of branched
al kyl  ¢REODSIQ@Eb)A xapg g ’&ﬁ’dﬁ)ﬁ”ﬁ't]o%'gﬁﬁgﬁ?tﬁﬁrg%d substituted alkyl
groups haying 3 to 30 carbon atons, c is from1l to 3, Xis a hydrolyzable

. group SPE™W¥dr oxy group, silane (a) and silane (b) are present in a nolar

ration of sidalnkd) a hfciieoPSRnédOFf 18 formBPRISIXIOwhere el RIGy water, for a.

time and temperature sufficient to effect the formati on of the sil oxane

resi n, independedtlyrselectsd o the drenpmoesisting of alkghhaving 1e § vrrienatamseVhERl of

form ng_an.insol.ubl e r ous,.resin ich . c ises: (A heating the

si | oxa pégtfeneng ﬂ%ﬁﬁﬁ@@?@ﬂ?%ﬁ%ﬁ%@? 'time and terr%?r ature

- sufficient - AV gﬂ@% tm 'hﬂﬁ@g@(p 1 ®herk W4tier heating the
Si goxane re@?ﬁﬂ%r?ggé%gn eesrrpere:;ﬁt)ure_ uf |Eci gln%)(to effect renoval of
the R2Gaapauasly's6l06nd fi6m By gshpTohauting of brsihed alkybgraips hiingBig3@n insol ubl e
por ous resin. 53 Janua&%/ 2006 4a In a our'tig raagpe%te {Dhe grﬁ%{ni i nvention
pr ovi.dearben atomeanddbaenshed sybitrter 2lkylicrps 9 5areR AR B Subst r at e
conpri g fh _ @@ﬁixy h§i1a84'a5 hiddind\(b) Sreprevodtiin ag
corrpos|'?ci_:’|qg{rlir"°‘gg1 &IE)I Sl rllgérguéﬁ)ao ane %g%‘%h coélrrggsi ti onwg?)rrp?i sing R1Si @B/ 2

'si | ox anplarition of silade (aRROSS O of PP o ¥:Ligmdne units wherein Rl is

i ndependent sel ecte romthe group consisting of alkyl having 1 to 5

i nd d éy I d f h i sti f al kyl havi

carbon - (c) water,

+ for -a'..ﬁme and temperature safficient te effect the forniation of the siloxane resin. -

In a third aspect, the present invention provides

3 method of forming an insoluble porous resin, which comprises:
| (A) heating the siloxane resin of the present invention for a time and temperature sufficient to

effect curing of the siloxane -resin,
(B) ﬁthh_er heating the siloxane resin for a time and temperature sufficient to effect
removal of the R20 groups from the cured siloxane resin, thereby forming an insoluble

porous resin.




atons and R2 is independently selected fromthe group consistin
branched al kyl groups having 3 to 30 carbon atons and b §'E‘laﬂiﬁ%8§l br anched

al kyl groups having 3 to 30 carbon atons, b is from1l to 3, the siloxane

resin conposition contains a nolar ragio of HSi 03/2 wunits to _

- (R20) bSO 4. uni,t s of ;1 .and the sumof R1Si 03/2 units and
(R20) bSi“(ifR_ ??eﬁﬂtqespr?%eniwggetlgglp?%gjegercent of the total siloxane units
inthe regi memeeapmmmgeﬁmsbﬁble@ema@ﬁh@msmeﬁemmmthemoa time and
t enperat ure suffrcr&t to effect curi ng@ Qf the c.o.ati co ition, and
(C) further (Acoa ﬁ‘é’%ﬁ 2 LOPNECHRROFI QIPILYE eg}égfslature
suffici en e coati ng
corrposrct0 Slg?%&hg%rsméorm %1%;;?1%215]1 db ea%%ﬁﬁs(‘{gﬂ%tr ng on the substrate.
In a fif SPEG V, SirbopSubst rat e
nav; ng e ERE ‘fs%reg%%%r@t%?&% Aot B Pk Bl R B 9

S coatl od of the 4t aspect

mﬁ%é%‘ﬁ‘?&i‘%&%‘??i*?ﬁ?dgﬁ‘ﬁ%i#ﬁ"m%‘F‘?ﬁﬁm’sﬁ“@“ﬁfﬁ“”ﬁ?’%ﬂ“ﬁné?of the
f or mul deviass xa3washen gtoms apd;sphsti B@%&Eﬁﬂ‘ %"@ﬁ ah*?‘?’iﬁﬁu{“te"'ﬁé’a‘& Bup _
ﬁ‘lO)r(]tS:JEe 0 9i3@$§2°% ‘%”ﬁ% }?ﬁ (ﬁIgZO) cSi XX4c)ﬁ6§fh%?gB£R12EEr1§3/|hﬁggpgrrdgnt |y
car E?ﬁ@r‘%‘%@ﬁﬁ% SriE “Sﬁiﬁﬁb?%‘ﬁ?ﬁe‘ﬁiﬂd?f‘%?ﬁ*%}%‘i 3 Lo 30 carbon |
ators, ﬁ@ﬁ&ém%@s@%&ﬁrbﬁﬂ&ﬂﬂéﬂ&i&%ﬁ@ﬂe&e@ hydr oxy group.

Al so drs eln, there 1s provided a nethod of form ng an insol uble
por ous cbmpcysmo@pd to a method of form ng an insol uble porous coating on a

substrate. diel ectri ¢ constant of t.he insol ub] 0 G ng isin
the range ofBgl “’{géh%m?ﬁ g Wﬁﬁ%%ﬁ#’ ﬁ%ﬂcﬁm’# ns and

i nsol ugfﬁemggoﬁﬁgﬁﬁdﬁgﬁldr anges from 2 to 40 vol une percent The i nsol ubl e
por ous coatr(m% ave a m)dul us r&r; the range of 1.9_t TAI LED

DESCRI €5 fayth hwdﬁ sp%@reﬁﬂe Ipip ?

uhor oi AT R0 e iipgbth %E«fmﬂnt eiionpanbriape b bEpBble RS |7, 0°

car boncggt@‘?snﬂggubmwjdependent |y seI ected fromthe group consisting of
branched al kyl groups having 3 to 30 carbon atons and branched substituted
al kyl groups havi ng 3. to 30 carbon atoms, b is froml to 3. The sil oxane

resin hﬂgns a | ar ratio of i 03/2 units to(R20)bS|0(4 b)12 units
'of 1:9 @spPect, rgiﬁﬂtWﬂ"@wv €nits and |

an .electronic substrate havmg an insoluble porous coating prepared by the method of

the 4® aspect, .




(R20)bSi O(4b)/2 units is at |least 50 percent of the total sUoxane units in
the resin conposition. It is preferred that the nol ar ratamag2086 S103/ 2
units to (R20)bSi (4b) 12 units 1is 4% 60 to 98:2 and nore preferred is

50: 50 to 85: 15 It is preferred that the sum of R1Si03/2 units and

(R20)b8|ﬁ gunlts I S at#east t of the total sil]oxane units
in the fh Betely '??“?;l?r?ﬁ%‘g qdi pmetho %U '“ﬂ1%°§€l"}elf8§'[}? gectinga si | oxane
cl.f ! |
il ;zﬁ@anﬁsga AT Bt
than tﬂé@r&fﬁ)c%hsmgadﬁi@rgb Sha{nﬁéﬁ' t@f’cﬁ’%&ate{ﬁ@hﬁﬁ'&lané- &en b af | Y

reacted siloxane resins wag O (r)x lifted-by, but-not-limted-to,

Si | exan( s)anenofithe fiemBlagREOR s )Memﬁgdeaammm foaviBe group
PCT/ US02/ 23152 5 Si d(OR2)f(4-d-f/2); in which R and R2 are defined
af mnférpé m‘wsaawwﬁm%m@wwéwh

“above; esusising ?dgroup,
and d_angiidl dbis haailk3 18 80 darpollifontly € 1stofA 110 S, &a%y%ahy&omég@ﬁp%rgroup

attached to a atomt rough an oxygen ato rmng a
si i con hohelererelikoxy group or a silicon bonded acyl oxy group. Ris

exenpl i fAI?éjde‘)bse treif) Mereis })ﬂo%é(ﬁﬂrétﬁ od dek o?rﬁiﬁ& rﬂngt.?(dbleq:romdpﬁesﬂéﬁb ng 1 to 6
carbon atons . such as net , pr opy ty pentyl, or hexyl and
acyl gr otepenétbed efforinipg aﬁmsdullzioporammm substrate.nThe dieleattiqtqnstaprafpi onyl ,

butyryl, hex Th ess than
0 ol b el sl BB o el oL AL 2 55 BN o e e BB e age
nmol ecul ]?jesmmghhsowblapdraﬂmgﬁatﬁfgs&ngﬁﬁdmz 1d 40 i&?meﬁ&m?'ihfmbcﬂuﬁbl K in a
range of 10, 000,to. 50, 000 i near al kyl group having 1
to 5 carlif5His&PHings havRa m %‘@%?P%egg?gi%g% fied by, but not linited to,
met hyl ,- et hyl, propleEwAmEDmstmowosnmmmﬁeNed that R is

met hyI. [0019] R2 is a substituted or unsubstituted branched al kyl group

“having J0015] 3(The ailtreme isinatompositicitnpuibet B kS0 soxane hwits, sudky| group can be
substituted with substituents in place of a carbon bonded hydrogen atom

(CH . SBBEOMSiOues) Reloyamupits whercia Relrip balédtetikamy thergrouproonsistingrafetiol t o,

hal ogen such as chl ori ne and fluorine, al koxycarbonyl such as described by

f or mul a Ha@inig )l 466 ubpLhRdyis(RB wxmiebmdyntbtﬁekbieﬂtﬂumﬁegmbmxsﬁngofl bed by

formul a, 20, - )a n i h_as descrlbed
by f or mhrEpcho %‘?&@%—%’“&W >%d<l;? b%@(f“#%ﬂg?ﬁ@?’ﬁ R2 groups
ar e exerfabing Bes3Gyarbbitoms)h ik frbintiqs 3! The bifXARORYN, contaabalhmlarmmut yl,
tert-butyl, |sopentyl neopentyl . tert-pentyl, °2- gﬁl buty

2-'met hy [RISiDayp pnits R@Mmm S1:98t0\0; 1. ZFieetshul b RABID 32 amestangu hexyl ,
| '(RZO)bSiO(4.b)/2 units is at least 50 percent of the total siloxane units in the resin

composition. Tt is preferred that the moler ratio of R1SO3 units to (R20),SIO(4-py2 uits
is 40:60 to 98:2 and more preferred is 50:50 to 85:15, It is preferred that the sum of

R18i03/) units and (R20),Si0(4-py/2 nits is at least 70 percent of the total siloxane units in
the siloxane resin composition..
[0016) The structure of the siloxane resin is not specifically limited. The siloxane resins
may be essentially fully condensed or miay be 6nly partially reacted (i.e., containing less than
10 mole % Si-OR and/or less than 30 mole % Si-OH). The partially reacted siloxane resins

 maybo exemplified by, butnot imited-to; siloxeno units sucl-as R1SIGD10 =1/ nd




- avai | abi p4rban bopdabipydroger atem (CHY. Subefivgpd

etc. Preferably R2 is a tertiary alkyl having 4 to 18 cashan.at®es and nore
preferably R2 is 25 t-butyl. [0020] The nethod for preparing the siloxane
resin conprises: conbining (a) a silane or a mxture of silanes of the

- formul a Riyéi gﬁlmmhere each Rl is independently sel ect ggrfisRmsishe group
consi sting of alkyl having 1 to 5 cagbon atons, where X is a 30

i ndependently a hydrol yzabl e group or a hydroxy group; 23 January 2006 WO

03/ 010248 RCFARIRE1 251521 PR incit) BB AlcqBnBloc bl Rinchdaty &1 1 he

formul a ere I's 1 ndependen sel ected fromthe group
consi sti ﬁbﬂrﬂf/zabfeég?&gﬁﬁ adlyfityky goapiRad Havd Hige Broindl BQ. e hpdrolgrabbsgramng
uted a

branched, substit | kyl groups havin to 30 carbqgn_atons, as descri bed
above, cl5@8 Oﬁaﬁ‘*ﬁ]grqui’&“%",heé(‘q %Sllﬁoﬁﬂﬁ%ﬁhvg‘&é%m&’rg%ﬁw (gﬁoﬁirm %roup; and
5 (c) wadiBéon tfoﬁaed%lgdxyr@m%g dr & STRE RhiddacFlokd bRupNR if exepblifl byl bt oor mat i on
of the sjloxane resin. [0021]  Si|ane is a silane ir a mxture

( . a) f
si | ants bpitedg, wmm.gmupswa}g \idrear . B @fonpysuch as ety s SRy bé‘g ect ed
from the,giaup h&%ﬂ'_ﬁh&édy[‘%-o%s 1BY#¥N 58 ¥ArBEh Aok sRhGIFRAPL, AdeBIB. It s
pref erregi that RI" is methyl. X is a hydrolyzable group or a hydroxy group.
By " hydr pioyiay)l eutwrgl, yaletybor hexarozl. g siloxana tesigrmaan also copfain 1o thes| 1@ per cent of
X reacts_w.to L hydrol yzes) under the conditions of the reaction to
ef f ect f%l\réir?a)tgi%é%&/gpm%he sil oxane resin. The hydroxy group is a condensable
group i npmr'nc PTHtsilh2as besitl hife! v git aedthpd meledubar wieight Rnodatigrof 8,000 0up bonded
to a _different silicon atomtaq ndense ﬁnd forma sil oxane bond
(Si - 8 si 150.68Qend, prefesy &%rénged}féﬁ,ﬁoqusg,po m no group or an organi c group
attached a ki Mk A %gg 0 s oqrmng a
silicon [)dgg%;edﬁah?go%yq@%%up o%r%glgg?ll 1((;1?r'(i)y on égtﬁsyﬁéﬁ%ﬁﬂ{lg When X is
am no, i éxenplifiyobic abl not liméted @t mbthgls ethylaprogyl, bmyleardarevirhtlt iseedersl thite
resul ti nﬁ}_si | oxane resin may contain greater than 30 nole percent SiOH R
is exenpRifsmefhHy, but not linited to, linear alkyl groups having 1 to 6

carbon a h as, nethyl . et hyl [ |, | I exyl and
acyl gr ot@i@]h%ﬁj‘ Sfb“?élt %é‘?%utgﬁghé%egﬁ%ag%g r?lkggé%(’%? }rlr%/v%fg@a%e?’to f%fbogo
pr opi®nyhtombUThe stbstitinad Braydhed alkiieptaupoosh be ktbstittedrvafhesubsuentsan placd efiee (a) be

met hyl tri net hoxysil ane or nmethyltriet hoxgzi | ane becausge of their easy

: @rayps arg exgyplified bpbukdtanes” of the

- formila { ' doh ARG difhofifld] GRERAGIOhY 556l Rk&HbEBM the group
‘consi st %gﬁt‘%ﬁ)%%%g%ﬁgdc zﬁéﬁl%?l groupsoha\7i ng 3to M??O car bon atl%m; and

subst i t ufasular anched al kyl groups having 3 to 30 carbon atons as 25

~descri bec Sy f B0 sSehl & deBdRR i @ hydrolyzable

group or C{g@lﬁ%&?%)}(@(d[—ﬁ)bdﬁ3@aﬂmﬁjpsu%sh stich & de &Wﬁ)@ﬁl

. 20  ~(CH»),0(CH»9),CHj3, and carbonyl substitution such as described by formula '

-(CH9),C(O)Y(CHy),CH3, where a>0 and b>0. Unsubstituted R2 groups are exemplified by,
_ but not limited to, isopropyl, isobutyl, sec-butyl, tert-butyl, isopentyl, neopentyl, tert-pentyl,
2-methylbutyl, 2-methylpentyl, Z-methylhexyl, 2~ethyibuty1, 2-ethylpentyl, 2-ethylhexyl,
 etc. Preferably R2 is a tertiary alkyl having 4 to 18 carbon atoms and more preferably R2is
25  t-buiyl.
[0020] The method for preparing the siloxane resin comprises:
combining
() a silane or a mixture of silanes of the formula Rl SiX3, where each Rlis imjlependently
selected from the group consisting of alkyl having 1 to 5 carbon atoms, where X is a
30  independently a hydrolyzable group or a hydroxy group;




group as described above. It is preferred that silane (b Rguary 2006

di -t - but oxydi hydr oxysi | ane, di-t- butoxydi net hoxysil ane,

di -t - but oxydi et hoxysi 'l ane, di-t-butoxydi am nosilane and di-t-

but oxydi age gxveidane because of their easy availabilityergidpagz(a) and
silane (b) are present in a nolar rgtio of silane (a) to silane (b) of
1:99 to 99:1. It is preferred that silane (a) and 30 silane (b) are present
in a nol r@hd S : i e 40: 2 Q8; re
or et or r eq 20 Bl A TR of G R S Gamaay: Soba W e T10246
PCT/ USO2 kd&i&alirond tHe @RI codMidting of Brapched alkiyl groumhaein® @ 30 carlednfaearis dagdr ol ysi s

-of the hydral yzabl.e group, X. . Typically water is present.in an_.anmount of
o 5 1o o P st s bl P SR erIOL b B o CRE b S B o o
pr ef erabh o 8,sx Whaiydidheatid bRfupios a BydrokPgrdup? ai®! €s, on the sanme basis.

[ 0024 TE reaction to effect formation of the siloxane can be carried out
inthe | {Y0#f state 5 with or without a solvent. If a solvent is used, it

can incl e mnyand WrhRbltere QnBidRhGo SELM e fofnlkibn 096 Sild¥ahe fGMA! @i N functi onal
groups which may participate in the hydrol ysis/condensation and is a

sol vent {@21ki Smesa)isd silbnelof oixtifrh of siahesafithel fornmtaRpSiddsi wﬂerbyachm}t not
limted to, saturated aliphatics such as n@%ent ane, hexane, n-heptane,

i sooct ands indrperslsatbespirsted fipm g RToyR sensisiing pibatkyl favieg & foh eabantomn dt is

| oh ) i, b | | [ 10
cyel Do oPRire g ERedl & 03 SERRantts eiady SRR, YRRt s
met hyDi saupyit is teinoihet drididsiBan §0ahalg perc&it bEX iréadtsedthaldtan(@girslyedd) @sler

trichl orqet hape; hal,ogenat ed onati cs ch,as bro enzene and |, ‘

Ll of obe B eAaNEdet e dErape e Thimgian nE 1 FIck3ns e ThelyGsH B1OUP 84t anol
Addi t i ongabid¢nsable@rcubay @hizh bRaH F0 FR)e fRecehGoshtd Witlc ibHep Xt dréup tBd&0 80! vent s.
Preferred sol vents are aronati c conpounds and Céi(;| ic ethers, with tol uene,

mesi ty| edilemagsitepnatom M feadesse rafopR 2 sloxaps bond (S @riik dhe bydsolyzables| vent i s
used, it glotp GOMGRAAY YrobSShnWrAiderdup £ANGA 195 siﬁ@oﬂﬁmﬁ@uﬂ@%\h/gﬂtox?@ilcent based

on the total weight of 'solvent and _silanes (a)_and (b). re preferred is
- 70t 4590 2tper GHORY &rering 2 slisop ardedrilions sxonp gr BHeIbondeirEEPxO8iBr-ni ng
- conponentypheh & is afnio, itlﬁé?ﬁfpiéélgr &ﬁ& 1903 ket 38 nid IY%EEnt bdchuse hd resub{rfpS €Nt ) maybe

done in any order as long as there is contact between any hydrdl yzabl e
‘groups: ( Mjoxangiresin may contaip gregtor Hgn 30 mwle peseent SO 15@%9%@&13& taft pelct

formatio I i I I | din the
sol vent glr?gg% Ldgﬁnﬁbel f’%‘g“r" . gg‘!afé%l t%(e;é;1 %@Ans%?%ﬁgﬁgﬁ%gﬂé%gé@?ﬁ%ﬁgﬁg% ual ly
occur s whentylt drdheaieué a¢yd gropehrvingdrte 6oerbon ahs sTah dsemphseetyle rate and
exte o] [ I QL L]kt ati asures such as

o) at Bl REE bl BN el Bihre B beNbRLTBES (05 PUT )
t enper at urthyhtimethoxykilideer neggltiiethodysilaribedansk afibeid epsynantailabilityi cal as | ong as

it does _not cause significant gelation or cause curiznég) of the sil oxane
resin pr 8¥aek . Siaep &)ds 4 §ilapg ar a mixture of silanes of the formula (R“0)cSiX(4-c), where

R2is independently selected from the group consisting of branched alkyl groups having 3 to

" 30 carbon atoms and substituted branched alkyl groups having 3 to 30 carbon atoms as

25 . described above, c is from 1 to 3, and X is independently a hydrolyzable group or a hydroxy
group as described above. It is preferred that silane (b) be di-t-butoxydibydroxysilane, di-t-
butoxydimethoxysilane, di-t-butoxydiethoxysilane, di-t-butoxydiaminosilane and di-t- |
butoxydiacetoxysilane because of their easy availability. Silane (a) and silane (b) are present
in a molar ratio of silane (a) to silane (b) of 1:99 10 99:1. It is preferred that silane (a) and

30  silane (b) are present in a molar ratio of silane (a) to silane (b) of 40:60 to 98:2 and more

‘ preferred 50:50 to 85:15 on the same basis.




tenperature can be in a range of 20C to 150C, with a tenperffak/®oef 20C to
100C being preferred. Wien X is an acyl oxy group such as acetoxy, it is
preferred to conduct the reaction at or below 85C. The tinme to formthe
si | oxane n@gipflpibmsdependent upon a nunber 30 of fact orspgpalzasisz but not
limted to, the specific silanes being used, the tenperature and the nvole
ratio of RL and R20 desired in the siloxane resin product of the reaction.
Typi cal | jo231t hWafeeﬁtpEésaﬁmhmﬁndtﬁlt forefittdguehals ofthetiydolizable gmep,ast hours. To

i ncrease, .t he | ecul ar vvel ne_.resin pr

et o Tl el el i pmggatoh 0S4 B R0RS of beirhPr iRt e o 2006
WO 03/ 0103 44d @BSAddintie pratdibidy is wheRrtief witedd08 @ Paﬁ]idlespbﬁ tha sz&@awsiag step
subsequent to or as ,part of the abov&legiactlon i S neant

t hat the qﬂéﬂct%efw@owr eeifopRAtiop ¢k A anﬂ)&&ﬁ%led\mtﬁx gia pid§tts om  400C

up t o5t heith 8f Lvittfouk & SRGSmAL Hra%oﬂénttlé"@se&(ﬂ A48 Mchide aff fifeble bRRnicREINRSRL | N
wei ght average nolecular weight. It preferred that t reaction m xture

be heat eflocsgetconigit fungiionali grehps which maéfspiawcwﬂteé? th?élé[éwb@w#asdeasw Mt average
mol ecul a a%lvgﬂtfofhﬂaﬁég?a 36 95. ’ﬁ{e s%l\gﬂtqs E}&rc%;ﬁﬁecpﬂ)}p but I{OQﬁgl?téd MheRirdted S an

acyl oxy group such as acetoxy, the corresponding acid such as acetic acid
i s produdlimhatics Sacmﬂmeo‘@u%ﬂleme;@mnsoom@dtdﬁéeq@nﬁ§B¢ie?élpb¢t1°a§@h| c aC| d

foi foiot i Glebperfla G ol dthe R iibdls Qhon'ad Berbloned Kiiie Rl ol Ao
by- pi®d uejtchae&e:us csucémas fbmhxdr@@raef(THE) &d doxaus libtandsi sngh ashneethyliobugd c t 1rﬁ n

e
X1 Bl BRIk BT He  RLh MldaBR The

- tol uene #ich as bronsbematneadnd ehldyobpizese ahd alcohotsmdclr asmathang], ethenddgespanolaci d.

d t th th
ol vent . byt RAGRRIRIF, Phibods SremissSin st i REb e B s AIrbht |y basis 1o
neut r al i PRfaRY séledll 4t BYmatetispoadthnd Rgkblit@thetsNeith tdleinenbdsityledsind so that

it does not cat al 15 rearran nt of the sil.oxane r duct .

ni o SRR gl PG AU HE b Uk Sl esg%%ﬁgﬁeerﬂgvo‘&%ﬁ? Pbonat e,
- SOdl UM bizaa SOMab 95 waiEhDptrasRt KedéDORE Bital FRTERDS Bolvend ﬁﬂ@ﬂﬂne@?ﬁb aei@y. cal cium
hydr oxi de. Neutraljzation magtt be acconplished by any suitable neans such

as stirrMeg pategedisfAde SQwpightnerentsoightandhs abogt Pasiled by filtration or by
passi ng {ddgs]’ e@&hbifig cémgs&ﬂeﬁe @ANG), qa&enaggﬁdnagﬁ@&ow&k ﬁfsms [R8AT) Rhy bhir ough a

bed of partlcul ate neutralizing agent of si ze does not inpede
flow [OdEeinayeordsriagicagas hersimconigret W@@@@VQY@GIYF?W%QPPH Xy and Waters enpvi ng

the sl vephat tldRa E{Eﬁ %&g%&&@@%ﬁ&%&ﬁﬁw 8¢ thé ﬁlo%?ﬂe tedih.t GERka1§RgE NuUTer ous

approaches are wel In the art For exa rocess conpri si ng
r enovi ngSltaheS %@dlmhtedbyﬂid&slwmmmthem agded Emﬂi!f‘- a@iguome%mm(reac@on 50C to

1200 9@ HRPaYd %?Apxnerﬁ{ar Lorkifind %‘orﬁcgeefsQﬂ%%ﬁ:@aﬂcf@%&'t hpxane 25

resinin a ar sérvent, raeol Ve ange nmay be don adding a
secondar Jgeaetmlnylmvtever various facilitating measures such as temperature control and/or agltatlon

are utilized.
25 . [0026] The temperature at which the reaction is carried out is not critical as long as it does

not cause significant gelation or cause curing of the siloxane resin product. Generally the
temperature can be in a range of 20°C to 150°C, with a temperature of 20°C to 100°C being
preferred. When X is an acyloxy group such as acetoxy, it is preferred to conduct the
reaction at or below 85°C. The time to form the siloxane resin is dependent upon a number

30 of factors such as, but not limited to, the specific silanes being used, the temperature and the

mole ratio of R1 and R20 desired in the siloxane resin product of the reaction. Typically,
the reaction time is from several minutes to several hours. To increase the molecular weight

of the siloxane resin prepared and to improve the storage stability of the siloxane resin it is




and distilling off the first solvent. The siloxane resing jaRanadcee be
stored in solid form [00291 An insoluble porous resin nay be obtained by
heating the siloxane resin for a tine and tenperature sufficient to effect

curing of whesdblgxane resin and renoval of the R20 gr egpssokies eby
formng an insoluble porous resin. By "cured" it is neant that the resin is

30 essentially insoluble in the solvent fromwhich the siloxane resin was
deposi t egrefpfit@to dafry oftdbddyitigatep @utaayueﬁnbwempacteifmwmmeahwe Bw bei ng

hat or cegr R AR FesehopOie ErebR e %%%w@%fﬁg%?@ﬂw%w%ﬁﬁ B | con

atons ha e la%r]n fragnents
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t he cur egifit ihemabiﬁty&shmslnosaﬂeuésﬁmﬁbddmaﬁledesﬁxanﬂe hat mryezcatmhctdd:mper ature (for
several mnute evera urs t eat er n 350C up
to the |padplize fﬁ? Ht@%%fpfﬁq Vglface g%é’%“? %ﬁ tgﬁe or the
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renmoval of the R20 groups fromthe silicon atops. Typically, . the renoval
step 10 pesersl aprorplshed by theaddiipn pf sobventsugh ?S&ﬁglgneo@y Eﬁé&‘t eadreseasoc t o
800C. - | t sidSrebGih e Betichdid unaéﬁectu@ sufslaBPh& (10 @lna tenperature
in a range of greater than 350C to 600C, wth 00 to 5 OC bei ng nore

pr eI er Ir fwﬂomtvﬂﬁﬂb%'ﬁql‘ﬂenit nif e meutralinng agaubisiuges, & n{ﬁi@? ;%%Etﬁiébe o
contro K ow t he
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I'n the 'single-step Process the curing
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above to_effect. renn resin.
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ate rrper a:ﬁxtme ahdargy srdangﬁal(sblvgﬁ@aém tiréngph 2360 Gf pm@ﬂ)ﬂ@;eunahimaagegmf@r ature
in a, cthCt bel ng nost preferred. [0031] It is preferred

t hat 2 % in an inert atnosphere, although other
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not limte itro hel i um on with an ox IeveI | ess t han
50 part Snﬁg\o}i Hf qu\feB’hregwaalﬁ tépté%r ?1% nwierous approaches are ngﬁﬂn e aft

For example, a process comprising removing the solvent by distillation under vacuum and

heat (i.e. 50°C to 120°C) may be used, Alternatively, if it is desired to have the siloxane
25 resin in a particular solvent, a solvent exchange may be done by adding a secondary solvent
and distilling off the first solvent. The siloxane resins may also be stored in solid form.,

[0029] An insoluble porous resin may be obtained by heating the siloxane resin for a time

and temperature sufficient to effect curing of the siloxane resin and removal of the R20
groups, thereby forming an insoluble porous resin. By “cured” it is meant that the resin is
30  essentially insoluble in the solvent from which the siloxane resin was deposited onto the

substrate or any solvent delineated above as being useful for the application of the siloxane

resin. By “removal” it is meant that greater than 80 mole percent of the R20 groups bonded

to silicon atoms have been removed as volatile hydrocarbon and hydrocarbon fragments




25 less than 15 parts per mllion. Heating may al so be cgndugehesogt any
effective atnospheric pressure fromvacuumto above atnospheri'c and under
any effective oxidizing or non- oxidizing gaseous environnment such as those
conpri si NGy@hdn10fdé. Oxygen plasma, ozone, ammonia, am pefysgIRssture, N20,
hydrogen, etc. [0032] The insol uble porous resins may be useful as porous
materials with controllable 30 porosity and high tenperature stability up
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having 3 to carbon atons and substituted branched al Ryl groups having 3
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typically applied to a substrate as a solvent dispersion. Solvents which
may Bé&. ufddo] nmlﬂxejanga-ytepgmaessdire cnmng ofithe mfoxa:@ansls andhiemiovaliof the ®%€501 ve or

20 di sperse the ne. resi neous, | i Ure wi t hout
af f ecti n§™ Pﬁsem?séfﬁtet%x“"u E"&S‘Eﬁsﬁé’yg? ora% tgmpefﬁ%re%ﬂmgnf g%n general |y
.- be any og@&iﬂrﬁaﬁ%“@amtotméssmme deacimmiﬁoﬁbﬂthkuﬂman@mhbgci«bmmonm ch may
participate in a reaction with the siloxane resin, such as hydroxyl,
~exenpl i f Ré@rps bonded tailicon gtoms describechhesein phovede eifastromonalaf 81 the silane

m xture ﬁf‘o‘hﬂs #6th ®e cured siloxane resin. Generally, it is preferred that the curing/removal step
20  be conducted at a temperature in a range of greater than 350°C to 600°C, with a temperature

in a range of 400°C to 550°C being most preferred. _
[0031]' It is preferred that the heating takes place in an inert atmosphere, although other
- atmospheres may be used. Inert atmospheres useful ﬁerein‘mclude, but are not limited to,
nitrogen, helium and afgon with an oxygen level less than 50 parts per million and preferably
25 - less than 15 parts per million. Heating may also be conducted at any effective atmospheric
pressure from vacuum to above atmospheric and under any effective oxidizing or non-
oxidizing gaseous environment such. as those comprising air, O, oxygen plasma, ozone,
ammonia, amines, moisture, N0, hydrogen, etc.
[0032] The insoluble porous resins may be useful as porous materials with controllable
30  porosity and high temperature stability up to 550°C such as shape selective gas or liquid

permeable membranes, catalyst supports, energy storage systems such as batteries and

molecular separation and isolation. By the term “porous™ it is meant an insoluble porous resin




25 [0035] The solvent is present in an amount sufficientstigndhspesve the
siloxane resin to the concentration desired for a particular "application.
Typically the solvent is present in an anount of 40 to 95 wei ght percent,
pr ef er abl ywhio9siedld to 90 wei ght percent based on the wWpprgkko@bishhe

sil oxane resin and solvent. |If the sid oxane resin has been retained in a
sol vent described herein above, the solvent may be used in coating the
subst r at Bavigg a pdrogigdn & ethga oo 2nplevsione partert X Thamginlusaf theangpbridor ned by
addi ng a_secondary sol ven{ ??%é%";ti Iling off the first solvent. 23
January POfEBS grEdeoms!-B /23152 11 [0036] Specific nmethods for
appl i cat [gm33pf Thd8logdreQ¥sidandyetfeiuBed 10 peepateatindlble posdus deatinpuh aar e not
limted tqQ spin coating, dip coating, spray coating, flow coating, screen
printingS¥U8ERErs. The preferred method for application is spin coating.
When 8 sely&mting He tiBate W8 a$BAtIGRbmbSsiticd dofieiSink @ sibokapdtksih Gorhparitidnhe
coated substrate resulting in the deposition of the siloxane 5 _resin
coating oomprhsngRASEO s atsdoxahe ynits 9)yHiQ@sy)fooiloxana puitsewliconin Réy'ts be used
such as sinple air drying by exposure to an anbi ent environnent, t he
appl i-cat imslepanflerlyselectadrfromrthe gregt cohsiptintgoofBlkE) hayingdup iSregrboh atosaehd Ret ages of

the curin I OCESS. in coating.li. e MENelc ra4 Ng

ot hod | & REED el P e 2R PRl i acned ARy et bERRL s K.

Fol | owi ngard@pitomatidenbitiuttdbrasdhbd bkl goupisthevisg B coihertoastamscbastfrong 1i s
heated at a 10 tenperature sufficient to effec#scure of the siloxane resin
and f@noie3d. Bie silhxarrpeingosiass an pyrrersanelar 189 ol 1PiAs/p aits R ABP19(@r ni ng a

i nsol ubl e porous coating. B%/ "cured . coating” it(l,il}s{) meant that the coating
i's essenbyarnis afddGiteBP & 1. nlhermemad R} Sid3/2 wEimans (RIOWHO&b)/WHKdS Fesin was

deposited onto the bstrate or any. splvent delineated above as being

usef ul fgwrgh@ercﬁﬁﬁiﬂfz?tﬁﬁ%ﬁé et“ﬂﬁy@liﬁ%’?gﬂgomg%sﬂ?}l’ By "renpoval " it is neant
that gre@teatidothe SRidMBsHRe foLMimd ndEmblretuR2A et fizoredg dfthsi | i con
atons have been reppved as vol atile hydrocarbon and- hydrocarbon fragnments
whi ch geRRAIESOHBISHON M9 he coating, resulting in the formation of a

i nsoljgbl eCp@EtRYhesiRGithe cohlRE shiRbhte fe J hYe £ t6AFIMGe Solfficientto 2@ kém®tbp
process or in _a two- step process. In the two-step heating process the

si | oxane of tsRTO; grovipis fisin the atredicanting corepnsisions therebysiofhing pesoluble pposet curi ng
w thout significant.r val of the R20 groups. 20 Cenerally this

t enper at ﬁ?aglnggﬁ?kgeSEPSr%r%{aEPrange of fromgreater than 20C to 350C. Then the
cured si l[@03dheThesloranzaadin isgypisallf uppliedro hediseate at 2 witesndispessiom e Within a

f . 1 han 3500 . he_| f.the ition of th
Ci 1 oame SPRERH Shishda e vost Pilnledey g SLmwmh bte s VB SR des or bed

- her ei2o aldipersd the il dxand resie tOoah abibmbeetAJiggidonixsuré without hffectiag thecon at ons.

Typically, the renoval step is_conducted at tenperature .in the.range of
I8P of et ook o e g S THS Fveat ettt A priatte SPiE ot b

conduct edo@donfain functional groups which may participate in a reaction with the siloxane resin,
such as hydroxyl, exemplified by those discussed herein above for the reaction of the silane
mixture with water.

25 [0035] The solvent is present in an amount sufficient to dissolve the siloxane resin to the
concentration desired for a particular application. Typically the solvent is present in an
amount of 40 to 95 weight percent, preferably from 70 to 90 weight percent based on the
weight of the siloxane resin and solvent. If the siloxane resin has been retained in a solvent
described herein above, the solvent may be used in coating the substrate, or if desired a

30  simple solvent exchange may be performed by adding a secondary solvent and distilling off
the first solvent. '




tenperature in a range of greater than 350C to 600C, W td3 andagmesature in
a-range of 400C to 550C being nost preferred. During the curing and
heating step greater than 90 nole percent of Rl groups generally renmain on
" the sil oxapg skt [0038] In the single-step process tBppgisiRg,of the

sil oxane resin and renoval of the R2¢ 30 groups are effected

simul taneously by heating at a tenperature within a range of greater than
20C up tmoshle $redemetiods he apifeamm@asitid Dioxak rdsheo aishirarendwls] tutbaeckbone or
the RL groyps .,bonded to silicon atons described, herein above tqg effect

removal Bt lited (EpIFo3ting 90 OATRE, EPrav;CopHRR A1y OB ST IPITRA S D

PCT/ USO21R3dreRred retho R lapflbaGe B G5ih boBing. BRiIaRE adlkeht isvsed, thepoRbaris ed t hat
the curing/renoval step be conducted at .a t,errpereéature igla,ran e of

greater @& _d.;ggg@p?x@tegﬁ%@@h, e patefl LB AR SR 1B e osttionof e_(ﬂlo C to 550C
bei ngs MoakinRb&ie dnlk s%&%ﬁb?]Aﬂfsuita?olﬁh@&%rf&e&aﬁdﬂ%nm vaeadd sigh dsakes pl ace

in an inert atnosphere, although other 5 atnpspheres may be used. Inert

at mos phesigwle piedrying e eEnosUE tran piebiens gevirpnmenipby the gprlisaionf a VAGWPw §en,

hel i um a N ES8in 0 £:5in B&fingid dségn and
prefer abp‘%t?‘fpgggowé’ﬁd‘%ﬁ“ggﬁ%ggée?‘yﬁfﬂi on._é'%%g??ngmr@rg Iﬁ%l SO Y gonduct ed
at any efheedditioml diyingpiteod is migmirsd sinee the spinning drives o8 ffat nospheri ¢ and
under an f i ve oxi 4] zi - | gizl IS; | ment such as
those colSPrsi Fiotfe pBtaAhth B s8R M SloLlia SRS RN @700

MOi S{Yr etenfiRRturdMHiQaR o effdcCeurt HOAO)ilARYe 188h halkepbvdl 08ihe RFOgtolpsas the use

of a quartz tube furnace, a convection oven, or radjant or m.crowave
ener gy i Bongled iy siiqop a'f“&ﬁc@’?@?ﬁéf@“’lﬂéﬂ%?ﬁ%b_l@%?qs&Pﬂl‘,g- Keoet €lPE HESting i s
gener al | y, R tnaf e chitlradd esh QbR imscﬁgl?le i thé SolvEREfrom EdH thédilorard resief erred to

heat the coated substrate as Tapidly as possible. 15 [0041] The insoluble
por ous cwas flapgsitedonigtbesibpateornyraglent delingetedeboyn asbaingusell osthe However

the coat | G2 nGrRR itk ?JS{HYB#@I%%'V&]G Bt iShEhk BRDLEatSURS $0AhE1S pelddhnt

el ectronm'c substrate It 1s ant to include silicon based devices and
gal l i® mdamenﬂcb%r&q;s Bendde v ﬁiﬁc(&jqniamnfﬁlhi&iéibéelﬁli’emm&aé vnlitﬁehyrhamaﬂlﬁ:ﬁtaud e of a
sem conduct or conponent in¢luding fqca ane arrays, 0- electronic
devi ces, DFHBtaEkAY ffagments xib ,ge%?tgff‘élﬁs %@?@@E{‘g’ f‘?saﬁég é“ttg‘g-%qninﬁtéo“dg\?i ces, 3-D
devi ces, iRBlublepbASreait: TAS HaBhOmaf Y béiRiGecteSHRRMngl Aty Precadew ifagwend t he

| i ke. [0042] By the above nethod a thi nﬂ(ll ess than SQ:Pr% I nsol ubl e porous
coating PP piogessc Bthe Hvo-siepheatingprogpsp the slloxans wepinys fsthieatsd #4195 have a

t hi ckness _of 0.3 to .2, and a thi S 2 I.hg nore
prefer ab?eé‘?pe © 3“8@?‘?%30 g‘%r%g?lﬁleng ﬁg&%%nz%%%tarrgmgﬁa? ? gt(]:lési,{ Q;Er@ﬁ)g' vari ous

~ subspoat esnasity thisterepecathle ead bevid hesngenf fromgeedidr éemn 20°C to 350°C, Then the

cured siloxane resin coating is further heated at a temperature within a range of greater than

350°C up to the lesser of the decomposition of the siloxane resin backbone or the R groups

bonded to silicon atoms déscribed herein above to effect removal of the R20 groups from the
silicon atoms. Typically, the removal step is conducted at a temperature in the range of
25  greater than 350°C to 800°C. It is preferred that the removal step be conducted at &
- temperature in a range of greater than 350°C to 600°C, with a temperature in 2 range of
400°C to 550°C being most preferred. During the curing and heating step greater than 90

mole percent of R groups generally remain on the siloxane resin.

[0038] In the single-step process the curing of the siloxane resin and removal of the R20
30  groups are effected simultaneously by heating at a temperature within a range of greater than

20°C up to the lesser of the decomposition of the siloxane resin backbone or the R1 groups

bonded to silicon atoms described herein above to effect removal of the R20 groups from the




25 [0043] Additional coatings may be applied over the ingoLulleoBgrous
coating if desired. These can include, for exanple Si Q2 coatings, silicon
cont ai ning coatings, silicon carbon containing coatings, silicon nitrogen
cont ai ni Ngy§PAsbsAgs. silicon oxygen nitrogen containi ngpsPdbdAss, Silicon
ni trogen carbon containing coatings gnd/or dianond |ike coatings produced
from deposition (i.e. CVD, PECVD, etc.) of anorphous SiC H dianond,

silicon firdd éfdng MaipASHSD. 3@erfeﬁa!ll 1ibB p@dl‘ﬁidd&ﬁdt&@buﬁﬁg/ﬁdﬂiﬂ%armthengs are known
in the art. The nethod of  ap n dl@ﬁgaﬁl %o s not crltlcal
and suc hc%léa‘%t‘Fqﬁy‘ﬁ’P@f%Wﬁ%%?anﬁ ‘éﬁgﬂ?ﬁt“éa’%ﬁ 1919001 %‘é‘r CORREHBEIR £ on
t echni qugg émtgoqjstotjggﬁ@gémé:ﬂ%@m\dapor deposition (TCVD), phot ochem cal
vapor dep%3|t|on fp asma enhanced chem cal vapor depositio

F@?I‘? 02/ 23152

el ect ron[0939) Jit isorefersesihatitkechentingtakas Rlage MomanaNsmoTRheGA 0
(ECR) 5 dagtﬂl p¢]%£es Y:ﬁ Bk uslQP %M@h&@&s@ﬂﬂjh&bﬁ@lﬁm&oﬁ& hRGHt BdfedbSO be

applie ysi cal vapor deposition techni ques such as sputterlng or

el ect ronnilwegm hqlmpmndtargm withrraouygsmdessklsessthamifpayts perapillipmyand prefasgly t i on of
energy ip.t [ ﬁ@#ﬁ/ use the
desired r8ac {Sgpms ert]ﬁle tnf%g%sgﬁag%%%ggo%ﬁg‘gﬁ hﬁﬁg bg‘?mts gﬁ?raterl al to
cause i tpremmﬁom wamum&o @l@ﬁddﬂmo‘ﬁpimnn asdbtndet @mﬁem owmmmgslomr med by this
met hod are rticul ar use o) s such is

i nt egr at %‘d%nlgcgﬁﬁ s © g?‘”@?‘? th((:’gec‘%n ?i s i %38 Pg’eq eﬁegor ous

coat '1{?95&5915&%%15&%315&1@ 8, Hdroded, Ric2- 1 to 2 5 be| ng rmre preferred for

i nterlayer iel'ectric coafli ngs. By the term"porous" it is neant an

i nsol ubl fogojat Amgndiod ofhesing pmhasmbysmfai;tmmmetfmnﬂ@ a@inveetiopevenamt . The

' nodul us of_ the i.nsol ubl e porous ti 0. GPa, with
- a preferF”éH’n?c’o{H{:}‘ém‘f"?"(’ir‘?f‘ g{) e 3%0“ X/é‘i E%B%ﬂ t@elrﬁt]e ? h‘% céﬁg

non- | i M GémelIeKaERkAs] Blctdr, Buiyis et Batitd ahd proferrekic hea theicoateaibstrate asay nor e
readi |y understa the invention. In the Exanples weights are expressed as

grans (gyePidbimsipessiileyr weight is reported as wei ght average nol ecul ar wei ght

(My) 18ndj mgerhe%eruw@oﬂaﬁs e&m%@k@ncmegmm@m)pramammmmbm@e|
Per meat i on r omat ogr aph Anal ysis_of the  sil oxanﬁy £ In ¢ %rﬁgom t,; on was
t

done ‘usi HgwPOs; ﬂrﬁﬂ’éfl‘@ﬁﬁfe@ﬁﬁ‘ﬁ‘él{‘f%“s?@%@h%\??ﬁ@m(’ Riifyrates. FESEPHA SN

por osi Mety  IERARHL QIR ifcodBhEd REFER AR failish BRedd{biRE] @&VivedindAlfopsOorb 1 MP
‘system The cured siloxane resins were ground into fine powders bef ore

bei ng pl aeed therm@ufaq@rmfm@m@@uctore@gm@dmf luging fogel plane BEYSsOPYnd | oaded
into the d R8s, HaRdstikedRTiBEB MedbviRYs, t he

Br unauer - %E@Ar%csde%e%)8%@%1%{&(?3]]-#%%&a Spore vol Srre was det grnfned from

t he &fousiicof-onmpdatondtyineh super lttisetdpecesandhedikeq rel ative pressure close

to unity 2SS prolidce@6y W T h
adsor bat gfupgfol? @QF]?%e%lnse & Qmﬁgﬁeﬁg%%g{é?ﬁgggo&@ aIsn%pyc nonet er .
- Skel et al tleanisstrbiy. Preferably the coatings have a thickness of 0.3 to 2.5 pm and a thickness of 0.5 to

1.2 pm being more preferable. The coating smoothes the irregular surfaces of the various

substrates and has excellent adhesion properties.

25 [0043] Additional coatings may be applied over the insoluble porous coating if desired. These
can include, for example Si0, coatings, silicon containing coatings, silicon carbon containing
coatings, silicon nitrogen containing coatings, Si]icon oXygen nitrogen containing coatings,
silicon nitrogen carbon containing coatings and/or diamond like coatings produced from
deposition (i.e. CVD, PECVD, etc.) of amorphous SiC:H, diamond, silicon nitride. Methods

30 for the application of such coatings are known in the art. The method of applying an
additional coating is not critical, and such coatings are typically applied by chemical vapor
deposition techniques such as thermal chemical vapor deposition (TCVD), photochemical vapor
deposition, plasma enhanced chemical vapor deposition (PECVD), electron cyclotron resonance




represents the true density of the siloxane resin solidagysiel\Poss excl udi ng
any interior voids, 25 cracks or pores in the neasurenent. The percent
porosity was cal culated fromthe skeletal density and the total pore
vol ume. Refhagéiymg | ndex (RI) and coating thickness wergcRpasys@s using a
Wool | ain M 88 Spectroscopic Ellipsomgter. [0046] In the follow ng exanpl es
Me stands for nethyl and tBu stands for tertiarybutyl, Ac stands for

acet oxy , (BERY, abd jes¥apotdepbaioncThyddditibial tdaeingsatah alse hgapphidal lyphysicahvapondi cat es

the 30 specified property was not sured. Exanple,l. [0047]. This exanpl e
11 st r ARBSS ORGP ST SRUStieh o S tPRL RO Db SREF B RS EoRE o
and R2 i §thbrdddddition dPerfbydn M fdrd@r Bk O PlBihaZo anshofizelidp@icdio dkssithOMe) 3 wer e
added to_ 23 January 2006 WO 03/0102&1{51 PCT/ 3&22/ 23152 14 .2@2{%513 of THE in
a fl ask {asersreagtiom prjbey Revsrapes pra solid sample gk theymalsal Jo.eAsGIS SPPAREEN, en

addeds s! @4 tﬂe%@lu‘b}%%ﬁhiﬁ@odﬁnﬁé R Bedtly thROBiRAREpaisHRly viifilers stirring at
roomtenperature for hour, the reaction mxture was heateffi to reflux for
6 hour s. corfirgsonclgetoniqdayiqes pishdvintegeeted girguitse (The gielogiisspaytast oktBe yi el d a

si | oxan einqux%lg]E(ﬁ&saco d%e?i%m 211539 gflﬂ‘ti‘@% th Q%tb%glg%ﬁorépr%ﬁﬁ@i grder vacuum

oge]
for 12 hours; e tenp rg re was raised to 200C and mai ntai ned, under
vacuum fioterlayer digtbctriconatings BpthedermAporogy” igisymeantngpsolulle epatingshayings

.obt ai ned [ : 4 : lLbd Q0 det er mi ned
by 29Si w@%@ﬂc’%@?f}%}'ff%.f%%??"z%%?%% %&Qﬁ‘(’féju&% Baobs RS Ot o T ae 20
= OHl®r f@hes fibth EXxtrdfl @GP wibe4BdferTedi rangexfoompd &0 13 (Bt rates the formation of
an i nsol uble porous resin. A sanp /44 g) of the siloxane resin
prepared in Exanple 1 was wei ghed into an alum na crucible' and

- transf er [pads]i it fallopwiag hon-limbiag bxammdcere frheidédsonbatenvsldlieliatheattaday o <20
a8 ¢ at BOBEGTRR iV ESoRe b R YO AR B e SASBl ng o
room t enpRIcatlb weighiiid Rpovrdes walxhesgage piclegelar wdiht (Mw)end mambariasdragedt ai ned
b ok 2 P L T 0t
Formt i onpspe1ea FissostibR TR, fout e Ogtsbicd dh i YARRInnce GG T 3 ¢ LD

t- butyl . NiSer( ©hfitjod porisimeii2ddedBerhatBuye paB)rmed usifeE QuenteChioed to a  fl ask

under an,argo sphere in the amun ' ' forel oni zed
wat er waéu&?%ﬁﬁw a Shreg Sﬁ?’ﬁa%e %F%gwgrgﬁ#ﬁga%&@% ﬁ‘?‘g&egstl?]er? ed for one
hour at basmplhcines desmapletchl® degassed for several hours, and loaded into the analysis

20 station. The surface area was determined by the Brunauer-Emmett-Telier method. The total

. pore volume was determined from the amount of vapor adsorbed into the pores at a relative
pressure close to unity (P/Po = 0.995) with the assumption that the pores filled with -
adsorbate. ..Skeletal density was measured using a helium gas pycnometer. Skeletal density
represents the true density of the siloxane resin solid structure excluding any interior voids,

" 25 cracks or pores in the measurement. The percent porosity was calculated from the skeletal
density and the total pore volume. Refractive Index (RI) and coating thickness were measured
using a Woollam M-88 Spectros.copic Ellipsometer. |
[0046] 1In the following examples Me stands for methyl and tBu stands for tertiarybutyl, Ac
stands for acetoxy, and Et stands for ethyl. In the following tables, n.m. indicates the

30  specified property was not measured.

Example 1.
[0047] This example illustrates the formation of a siloxane resin composition where Rlis

Me and R2 is t-butyl. 10.00 g of (HO)2Si(OtBu)y and 6.44 g of MeSi(OMe)3 were added to




m xture was heated to 65C. Tenperature was naintained atys6afushpsoobwo hours,
and then 25 cooled to roomtenperature. Volatile conponents were renoved
using a rotary evaporator at roomtenperature under vacuum (1 mm Hg). The

product wagodhsndsved in toluene -and azeotroped dried apgki@sie!l ution
held at reflux for 30 m nutes, cooleg and filtered through a 0.45

m cronmeter syringe filter. The sol vent was vacuum (1 mm Hg) evaporated at

25g tol IYZ%@EOfT‘HF%{iﬂQ@ﬁ%%dérﬁﬁlafgonéﬁ!ﬁis%;ﬁréi 1075 & bideiinied aner wesihan st r uct ur e
and nol ecul ar. wei g I S shown in Ta Janpnuary, 200 V\D 3/ 010246
15 PCT) Uibieh BB PP tion T (POt CRESFHeS I SUToE SeANBRE O e E) TrE

H2O Tol ugne Hofl, MeGbddtioMNRiisktth (A} héhtddd Eethuk W SHoRES. (ng)aémaﬂmmmlo@ad
3-120.01.530.311.15011. 8Wax_3-220. 13. 030. 211. 6

5012.
3- 320. 07UBUDA BIBY 9500RIEEy Yield asiloxang pesiigs 3613&0‘%?5’}@12 ﬂ%? eilwarheied % Anal ysi s
of (MpSi 9%{ WH%O?‘I@%L% OeRperhi v@&%‘i@éd&%b@’@ dndtohaftgthed | g Mol ar

rati o of Based on reactant (2951 NWR).
3-195. 3/ lﬂndbgﬁa@ﬁm fmemgaddmexzaiéémums@ 3. ovigldef 9019He$ﬁ1 wapebteioek Ravine 4.3, 4

Mw of 13,100, a Mn of 4,900. Composition as determined by 298i NMR was
(MeS8i03/2)0,36((Z0)Si03/2)0.14((tBuO)pSiO4-b/2)0.5 where ZO = OH or OMe.

10  Example2
- [0048] This example illustrates the formation of an insoluble porous resin. A sample
(1.9744 g) of the siloxane resin prepared in Example 1 was weighed into an alumina crucible’
and transferred into a quartz tube furnace. The furnace was evacuated to <20 mmHg (<2666
Pa) and backfilled with argon. The sample was heated to 450°C at a rate of 10°C/minute and -
15  held at 450°C for 1 hour before cooling to room temperature while under an argon purge. -

The cured material obtained in 47.2 weight pefcent vield (9319 g). Composition as
determined 2981 NMR was (MeSi03/2)0.47(Si04/2)0.53. BET surface area was 584 mz/g
- and pore volume was 0.40 cc/g.
Example 3 _
20  [0049] This examplc illustrates the formation of a siloxane resin composmon where Rl is
- 'Me and R? is t-butyl. MeSi(OMe)3 (A), (I-IzN)le(OtBu)z (B) and THF were added to a
flask under an argon atmosphete in the amounts described in Table 1. Deionized water was
then slowly added to the flask and the mixture stirred for one hour at room temperature, the
mixture was heated to 65°C. Temperature was maintained at 65°C for two hours, and then
25 cooled to room temperature, Volatile components were removed using a rotary evaporator at
room temperature under vacuum (1 mm Hg). The product was dissolved in toluene and
azeotroped dried and the solution held at reflux for 30 minutes, cooled and filtered through a
0.45 micrometer syringe filter. The solvent was vacuum (1 mm Hg) evaporated at 25°C to

yield the siloxane resin. Analysis of the siloxane resin structure and molecular weight is
30  shownin Table 2. '




3-380. 0/ 20. 080. 0/ 20. 017, 6001, 480-28. 9 3-471. 8/28. 275. 0/ 2. @ruadlsdbe 090- 39. 4
5 * The nol ecul ar wei ght data was i nconcl usive because the nmaterial was gel
| i ke, however it <could still be re-dissolved in solvent. Exanple 4 [0050]
Thi s exanpyg eshiobigt rates the formati on of an insol ubl e perRYGmBESi N. Resins
prepared 10 in Exanple 3 (2 to 3 g)isere weighed into.an alum na crucible
and transferred into a quartz tube furnace. The furnace was evacuated to
<20 mrHg (<2666 Pa) and baTiié l.I&dnmm‘onmengynﬂnﬁhe sanpl es were was heated
to t he tenperatures—showi—+rFaple3—at 0L d held at
tenperature |f rﬂcfa\r) bépé)rem ol i to np feg'rur under an
argon purge.| N&e pyr@) ysi@) t emper at yhe, Chflux ¥eg! p(gand data are
shown in 15 [Table 3. Char Yieg S pre;gﬁd as wei ght percent rletai ned
after analysjs at the specifijed tenperatte and |s a neasure of{ t he

shri nkage of [ urfg ¢l [oxangohaesi A yponsfeat 1 ng| 128 Jawdary 2006 WO
03/010246 16{ PCT/US02/ 23152 Table 3 - Porpsity andlchar yields ofi cured
resins. Exanpi-82 Resj)- Tl'erﬁpo CR82 Yi[dld PbF@ Vol unb!BirfE@® No. Sampl e (C) (W

r.oat.a ~Ff

T

IIUL Ca-}l%lel

por osi ty

A A-OLN-O-

% (cnB/ g) Ar epg 2 BET;
4-33-240079.3n " m n.

(
e

f 135 157
e TN2596 a0 Sena it 455

4- 53-

St

)/}

Bo49079.
. 21427

4- 63-340066. 314 m n.

n0.6t-

712.8430062. 604.89548®%

21.7

Oil

70. 161160
2

Table 2.

Analysis of (MeSi03/2)f((tBuO)p, Si04.p/2)g Resins

Example

Molar ratio of /g

Based on reactant

Molar ratio of f/g
(298 NMR)

Mw

Mn

Tg (°C)

3-1

95.3/4.7

96.0/4.0

109,700

2,460

-43.9

3-2

91.0/9.0

nan.

>100,000*

n.m.

-13.4

3-3

80.0/20.0

80.0/20.0

17,600

1,480

-28.9

34

71.8/28.2

75.0/25.0

7,310

1,090

-39.4

* *-The molecular weight data was inconclusive because the material was gel-like, however it

could still be re-dissolved in solvent.

Example 4

- [0050] This example illustrates the formation of an insolﬁble porous resin. Resins prepared

- 10

‘argon. The samples were was heated to the temperatures shown in Table 3 at a rate of

in Example 3 (2 to 3 g) were weighed into an alumina crucible and transferred into a quariz
tube furnace. The furnace was evacuated to <20 mmHg (<2666 Pa) and backfilled with

10°C/minute and held at temperature for 1 hour before cooling to room temperature while

under an argon purge. The pyrolysis temperature, Char Yield and porosity data are shown in

15

temperature and is a measure of the shrinkage of the bulk siloxane resin upon heating.

Table 3. Char Yield is expressed as weight percent retained after analysis at the specified




4-83-438069. 40. 05635 4-93-440060. 90. 227277 4-103- 445049. BQamkAZBe Exanpl e 5
5 [0051] This exanple illustrates the formation of a siloxane resin

- conposition where RLis M and R2 is t-butyl.MSi (OW)3 (A,

(AcO) 2SI ( BIdi0id8) and THE were -added to a flask undepcis@igsn

at nosphere in the anmounts described igh Tabl e 4. Dei onized water was then
added to the flask and the m xture was stirred at roomtenperature for 1
hour. 75 g of tol uene 'Kmhbhd’dmitymddheryie?dsofwmdntsimmre The sol vent was
removed using ot POrRLOr Tt 1Oyiet du v scous oil,
whi ch was i rrme;E aﬁegéﬁiol veéﬁjl'rt%haigbél Pféretv?clueﬁe. 5 eagclgdual acetic
acid was renovied Nus aInSaﬂﬁletrQ‘[t@ Wi t{Wi%) ugne indgr 1 eAie BERressure
(azeotrope boilling pojnt.at [38C). {The resin was agai d| S§O| ved into 110 g
-of toluene and azeotfo oCaIIy driled and rafluxed for | E2“/ghe soI ution was
filtered and tNE7SOtVEIIf TE O {J 2EVapon@lysem to yighd the final resin
product. A sunnrwlfg%v ofeél e remg S\;[ﬁ%?}%esi ) |glszown |r1§% Tabl el 4. The
mol ecul ar wei gh-2i nf o ¥vht i on 450r t/I¥8.7r esi nq 0il®1shown |160Tabl e b. 20 23

January 2006 \éﬁ_ng/el qéG 17£BEFIILI$§§/ 23153 —Tabte—4—Sturmrary—of Resin

L

‘Synt hesi s Exa (A 18) TH 8l d App&aPance NO(H) (9) (g) (9) (9)
'5-118. 640. 072.{042. 123, 55011 d %5022 7840. 080, 01265526 0%ali3 d |
- 5-343. 540. 390. 020040, 0Sol 492 939 0120 328 367 3Vax Tablel 5. Anal ysis
of (MeSi 08/ 2) f{{? BuO b"s?ozt-b/3§5’g kddidns. | 02147
' | 4-6 3-3 400 66.3 nm. n.m.

4-7 33 450 | 626 0.295 486

48 3-4 380 | 694 0.056 35

4.9 3-4 400 | 60.9 0.227 277

4-10 34 450 49.5 0.213 348

Example 5

5  [0051] This example illustrates the formation of a siloxane resin composition where R1 is .
Me and R? is t-butyl.MeSi(OMe)3 (A), (Ac0)28i(OtBu)> (B) and THF were added to a flask
under an argon atmosphere in the amounts described in Table 4. Deionized water was then
added to the flask and the mixture was stirred at room temperaturé for 1 hour. 75 g of toluene
was added to the reaction mixture. The solvent was removed using a rotary evaporator to

- 10 yield the product as viscous oil, which was immediately dissolved into 150 g of toluene.
Residual acetic acid was removed as an azeotrope with toluene under reduced pressure
(azeotrope boiling point at 38°C).  The resin was again dissolved into 110 g of toluene and
azeotropically dried and refluxed for 1h. The solution was filtered and the solvent removed
by evaporation to yield the final resin product. A summary of the resin synthesis is shown in

© 15  Table4. The molecular weight information for the resins is shown in Table 5.

20




Exanpl eMbl ar
-on 29Si

ratio of fig

Mol ar ratio of f/g MiMv Based @nahnefcicast sBased
NMR 5-10. 50/ 0. 500. 44/ 0. 562, 99017, 700

5-20. 60/ 0. 400. 55/ 0. 442, 01046, 000 5-30. 70/0 300. 69. 0. 31n. m >100, 000*
5-40. 85/ 0.+#HQ3/648249. 173, 40032, 100 * The nol ecul ar wei ght pdaisgowass:
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ke Ho—<an T ctbi et 1 r}nL a quartz
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DE ST T g OT et ofTt The BTV Sicg tETPgRr at ur e,
152poro,?¥% daﬁgﬁare ) omn |m&%able 66Q31 Si'}hld | $ expressed
bf-Gent [ 43.4i ned0Aaf t er] 8h@l ysi| 80.8t the40;(pe0| TSthi termerat ure. 15

'%OOG AD-O2L.0 18’)/|£: 10 I')r"l'l 1 r\gll 2315 'I'nl«l 4 ru' a4 | ty and
h? curedggg5|r3 Exanpyg) e5|2'§keletgﬁ Char ?%re Porosity

Table 5.
Analysis of (MeSi03/2)f((tBuO)pSi0O4.p/2)g Resins.
Example | Molar ratio of f/g | Molar ratio of /g Mn Mw
Based on reactants | Based on 298i NMR

5-1 0.50/0.50 0.44/0.56 2,990 - 17,700
52 0.60/0.40 0.55/0.44 2,010 1 46,000
5-3 0.70/0.30 0.69.0.31 n.m. >100,000% -
5-4 0.85/0.15 0.83/0.17 3,400 32,100

* The molecular weight data was inconclusive because the material was gel-like, however it

‘Example 6

could still be re-dissolved in solvent.

[0052] This example illustrates the formation of an insoluble porous resin, Resins prepared

- in Example 5(2to3 g) were welghed into an alumina crucible and transferred into a quartz
tube furnace. The furnace was evacuated to <20 mmHg (<2666 Pa) and backfilled with

10

argon. The samples were was heated to 450°C at a rate of 10°C/minute and held at 450°C for

1 hour before cooling to room temperature while under an argon purge. The cured siloxane

resins were obtained as transparent or slightly opaque thick films. The pyrolysis

* temperature, char yield and porosity data are shown in Table 6. Char Yield is expressed as

weight percent retained after analysis at the specified temperature.

15

20




Yield Volune (% Area, BET, No.(g/cnB) (W %Umﬁgﬂnﬂgkuwmwm%
6- 15-11. 69360. 50. 27131. 4461 6-25-21.62472.50. 28031. 3481
6- 35- 31. 50578. 00. 24927. 2425 6-45-41.39876. 50. 12514. 9168 Exanple 7 [00531
Thi's exanpy@odbiomgt rates the formation of an insoluble perob@ emating.
Resins 5 prepared in Exanple 5 (2 tois3g) were dissolved in MBK to forma

clear solution containing 25 weight

% as resin.

The solution was filtered

through a 1.0 pm syri ngaolérﬁrrbmaﬁ@refnldlchameldsmflcm\uécbsb:;z a 0.2 msyringe
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Example 7 _‘
[0053] This example illustrates thez.formatiOn of an insoluble porous coating. Resins
- preparéd in Example 5 (2 to 3g) were dissolved in MIBK to form a clear solution containing -
25 weight % as resin. The solution was filtered through a 1.0 pm syringe membrane filter
followed by a 0.2 pm syringe membrane filter to remove any large particles. The solution -
was applied to a silicon wafer by spih coating at 2000 rpm for 20 seconds. The coated silicon
~ wafers were put into a quartz tube furnace and the furnace was purged with nitrogen.’ The
furnace was heated to 400°C, 425°C or 450°C (50 to 60°C/minute) and held at temperature -

for 2 hours, then cooled to room temperature while maintaining the nitrogen purge: The

10

coated wafers were stored under a nitrogen atmosphere before the property measurements.
Modulus and dielectric constants (Dl;i) of the thin films are shown in Table 7.

15
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Comparative Example 1

[0054]
resin prepared according to U.S. Patént No. 6,022,814 and formation of thin films from the

resin. 0.5 g of trifluoropropyltrimethoxy silane, 9.5 g of methyltrethoxy silane, 10 g-of

This examples illustrates the preparation of a (MeSiO3/2)p(CF3CH2CH2)Si03/2);

isopropyl alcohol, 3.4 g of butanol and 0.10 g oxalic acid dihidrate were mixed in a flask. 3.4

g of water was then added into the reaction flask via a syringe. A slight increase in

temperature from 24 to 30°C was observed. The reaction mixture was heated to 70°C and

10

removed under vacuum at 35°C, yielding a 4.98 g of product.

[0055] The product obtained was dissolved into 10 g butanol and 2.56 g isopropanol to

maintained at 70°C for 2 hrs, followed by cooling to room temperature. The solvent'was then

form a solution. The solution was applied to single crystal silicon wafers by spin coating at
1500, 2000, and 3000 rpm, resulting in silicon wafers having poor quality films for which no

15

characterization data could be generated, The films contained numerous circular defects of

different sizes dispersed over the entire surface of the wafer. Using optical microscopy these

defects also appeared to be present below the surface of the film.




was applied to a silicon wafer by spin coating at 2000 r@amuf ey ZsSeconds.
The coated silicon 5 wafers were put into a quartz tube furnace and the
furnace was purged with nitrogen. The furnace was heated to 450C (at
25C/ m nut eyoefeiog! d at tenperature for 2 hours, then @ee@lugsx2r oom
tenperature while nmaintaining the ni2rogen purge. The coated wafers were
stored under a nitrogen atnosphere before the property neasurenents. The
modul us {0086] dimdtileetsample obths ramovered piofhect plepared wandissatved stioMHBKio Tl e 8. 10

DcNoaul u& 2> Mredeniier, ThF syl et ot o1 4 W83l Bl R ©

Cl- 22. 581olhbed 8P4 0.2qi8syiihg SR emBhné GRAGA ie.lﬂi(fﬁ ﬁni Rgs phrtitles. The seidtiohns

prepared fro Sl B2 CF3CH2CHR2) Si- O3 resi

t han thaf”af‘@%h?‘?té’dmﬂ?oﬁ %JY%E‘“ t’é‘ﬁf%g ‘F/%%leoﬁecon h%ccﬁ%t?owe han t he

gdm §s GfafeHE\sgerb pEGhio Rl Raonbe fineea tid e ﬁﬁnﬁc?@a@pﬁg&iﬁuﬂn ﬂm];em dhe f
npar at i ve Exa 0 ex ustrates,t orjmati on of a

( MeSi 03/ By, é&aﬁng%?ﬁﬁsl‘P%?%%é#@%?ﬁ%dmdﬁémwafé‘mﬁ%ﬁgﬁ’ﬂ'éfs’r ©n. 2560 g

(140 ol }oddd 1 @b ichREranRé QhildMBinkDndf: We titdgdh ]{)‘t@é@. Dhe codfdd (WFdriGveraer e added

to a flask. The m xture was cooled to -4 C while

stlrrln%mga%‘ 619 (5.12 nol)
of M BK sigtedgmderg niffosap eASRhercffiere e apRerty seagiremnys. ibe 8884 o t he
flask at 3a1d8iRonsbht 6O tHH HinarO¥Bbm4n bl € stirring. During the
addition, the tenperature increased to about 8 C. After the addition was
fini dfed, the tenperature was raised to 56 C, during a 2 hr period and

mai nt ai ned at 56 C for an additional 2 hrs. The reaction solution was clear
at 56 25 C. The reaction solution was cooled to below 30 C, at which tine a
phase separation vvasTa‘tcbda&eThae@hn‘Pmemefre’ﬁlas/@!mh@m%fm ng HC1 was drai ned

of f through a bogtot me: sgivent | ayer containing the
siloxane resin ppodt e m/e‘;[ﬁ(v Rdlg Wi tﬁﬂﬁmﬁs tei OI?]’II zéd water while stirring,
fol | owed by renoyalNeof fhe vatépas This washing step was repeated 4 23

2/ N1 N2UEA ’)‘I Df"TIIICf’)I’)O‘IE’)
January 2_006 WO eI G T B s % 7 i T T

Ci1-2 2.58 | 1.50 5149 1.3878

C1-3 263 | 1.60 5202 1.3736

[0057] The thin films prepared from the (MeSiO3/2)(CF3CHyCHR)Si03 /2); resin had

15 * - higher Dk than that reported in Pateﬁ;: No. 6,022,814. Modulus was much lower than the
modulus of the insoluble porous coatmg of the present invention.
Comparative Exa.mple 2
[0058] This example illustrates the formation of a (MeSiO3/7) resin and formation of thin
films made from the resin. 2560 g (140 mol) of dejonized water and 1536 g (15.4 mol) of

20 (MIBK) were added to a flask. The mixture was cooled to —4 °C while stirring. 512 g (5.12

mol) of MIBK and 817 g of methylirichlorsilane (5.46 mol) were added to the flask at a rate
of (5.5 g/min) over 4 h while stirring. During the addition, the temperature increased to about
8 °C. After the addition was finished, the temperature was raised to 56 °C, duringa 2 hr
period and maintained at 56 °C for an additional 2 hrs. The reaction solution was clear at 56

25  °C. The reaction solution was cooled to below 30 °C, at which time a phase separation was

" observed. The water layer containing HCl was drained off through a bottom valve in the

flask. The solvent layer containing the siloxane resin product was washed with 1L deionized

water while stirring, followed by removal of the water. This washing step was repeated 4




times until the PH value of washed water was about 4. Thg MBK Rebvent,

wat er, and any residual HO was renoved using a rotary evaporator at 40 C
| eaving the nmethyl sil sesqui oxane resin product, which was then dissol ved
i n tol ueneyo bhei0t@! uene was renoved using a rotary evapetrakeisisihe

sil oxane resin product was further dgi ed under vacuum at room5 tenperature
overnight. The resin was kept in a refrigerator for further

char act enhﬁatﬁtﬁlﬂze&ﬁﬂvaltdbfma‘shédwaaraﬁasabmwﬂ TIERCIRI adlygit swatdr, andany esul t i ng

resin showed of 13,50 2.0 of t he met hyl

si | sesqufﬁyﬁﬂ% Sﬁ“ﬁ?"&gb@flgﬁél\@a‘é‘ﬁe&p@f% 4&1%&”?@% o clear solution
cont ai ni BkesgRidkahdhdtin YeodBict] WhicH wad then &@éoweu@mw\rme.f The teluesk wésrremgieda 1. 0 gm
10 syringe nenbrane filter fqll owed, by m S)%Ja(rilg%dnenbran? filter to

renove aM§ing AFQEY SEAPOTArekhe spiggang gesin 8 %@S r LA e er s by
spin §Oatté refiire 8%%15@%5 REin s k(?ﬁ GPNRSHpeldG fo0RMHRE cﬁhrhbt@tiﬁauw&ﬂr S were

put into guartz tube furnace and the furnace was purged wth |trogen

The f ur n#idefilasvahatior SRGebETE of isarsitivg eesin FATCEHMWoRL 509@%%4“6& ure for 2
hours, th cool ed to room tenperature while maintaining the ni trogen 15
purge. Thé& coated wafers were stored under a nitrogen atnosphere before the

property [0(]58}3521 tedeeeftiee mythyl siseaviosang pesingiredust wes dsselynd i I%fo forB 2t hi n
films ar {ag!n ) OREAEd Bl 2 193LNS on
silicon %lef%h @On-[ %%%P)N(? p/easggsl’ dnhreHSgSSBIlu#{iIB nesg u%ga %' aA
C2- 12050 kyfulpe 11%934@]2 filiateloeRd B2a 62 ]mﬂ@’ﬂnmmﬁm%ﬁ@? to fCIﬂOVe any 131 g
C2-3n.mn 970 3842 2 g es that
nonpor ou?@ﬁ{éﬁﬁlﬁ Hﬁ'ﬁﬂ%ggs PR 133_{"0 ﬁ%@%f%” g}f)rﬁlem n %*?SP‘IE lépgﬁfo% simlar
di el ect r isécog ¥ Stha Bbatedssikdvinrwaférs Werecpfut intven Qraes arbt fitnacennd the fuhasgevesr,  nuch
| ower m%%rlglélg V\gtglﬁltroge ThzeSfurzngceJWaa?s %frm\éd 12004%6 HESQé/mmu 2)4a%d% QT /'US02/ 23152
temperature for 2 hours, then cooled to room temperature while maintaining the nitrogen
15 - purge. The coated wafers were stored under a nitrogen atmosphere before the property
measurements. . The modulus and dielectric constant of the thin films are shown in Table 9.

Table 9. Thin film Properties of resins on silicon wafers

Example | Dk | Modulus, | Hardness, | Thickness, RI

- No. Gpa |. Gpa A

C2-1 2.50 11.50 0.26 9402 1.3652
Co2 251 [1.50 030 0286 | 13787
1C2-3 nm. | nm. n.m. 9707 1.3842

- 20
This comparative Example illustrates that nonporous thin films made from a (MeSiO3/2)

resin resulted in similar dielectric constant as thin films of the present invention, however,

much lower modulus (<2 GPa).

25




CLAIM5 1. A sioxane resin conposition conprising R Si 0353amialyaese units
and (R20)bSi Q4-b)/2 siloxane units wherein RL is independently sel ected
fromthe ggxeYRoiosensi sting of al kyl having 1 to 5 carbopceiy@imsid32 1S

i ndependently selected fromthe grouge consisting of branched al kyl groups
having 3 to 30 carbon atonms and branched substituted -al kyl groups having 3
to 30 cafbéM@tons, b is from1l to 3, the siloxane resin contains a nolar
ratio of R1Si03/2 units to_ (R20) bSi -b)/2 units of 1:99.to 99:1 and the
sum of Rl. &istigrape reginicempesiion Ruwrisioe & 8057 Slogeme @it @y | east 50 per cent
of the total siloxane units _in_ the resin conpositjon 2.. The sil oxane
resin coffdpSi0umbysitoranctmis mhoweind} s Edeﬂﬁgg yipelggied Gom B grOWD 3 A et hod

(R0} b expuisiye of el el s PRLoRRIHS, B PindePEHEAt SIS JEL e BHR | ses:
- conbi ni “&wQ%ngaof%Hnéﬁ& g1 Broibetiabir b 38 ichrBBe oMk altdTerakcbedbstitREd Si X3,
C 1S

where ea I ndependently selected fromthe group_consLstiqgﬁpf al kyl
| e group

havi nﬁ éalkﬂ @@&h&)@g Btocibearbn atos, b(isﬁo_alifﬂj%ﬁ@rﬂ@fﬁll’leﬁes&l RS 2D I
(o) 0% soa vt HISHRa b 2O e onhilte Py HoZity SiphE BnoeIoh g il @

i sti f d al kyl. i . A d
cons | i o RS, &l L8 B, SRS ATRRS,

to 3, Xi gy ol yzabl e group or a hydroxy group, silane (a) and silane

(b) are préesent in a nmolar ration of silane (a) to silane (b) of 1:9910
99:1; and. (c) water, for a tine and tenperature sufficient to effect the

formation of the siloxane resin. 4. The method as ai in claim 3,

wher ei n _hlﬂ%sﬂﬁ&ﬂﬁﬁsmﬁ?alm“P%a%qlMWl% L 8’%’6’& 2’(‘36‘?"%&0 03/ 010246

-PCT/ US02/ 23152 23 5. A nethod of form ng an insol uble porous resin, which
conprises: (A) heating the siloxane resin of clains 1 or 2 for a tinme and

t enper at 3ur A nsatifddifod prearing a sidxanctesingompgsing R19i03 5 dloyemaanitsandn, (B) furt her
heating the siloxane resin for a tine and tenperature sufficient to effect

renoval E2Q)ESIORRE)/psibupe nitowheted isfiomd 16B) whidheompisesi, thereby forning an
insoluble porous resin. 6. A nethod of form ng an insoluble porous coating
on a subewwbiniag conprising the steps of (A) coating the substrate with a

coating co rrpocgd' z} sI ane groar%rxitusr!a Qgsﬂ%ngsi olf %%Qﬁnurlaeﬁi §X3, where each R is
independently selected from the group consisting of alkyl having 1 to 5 carbon atoms, where
X is a independently a hydrolyzable group or a hydroxy group;

(b) a silane or a mixture of silanes of the formula (RzO)cSiX(4_c), where R2 is
independently selected frdm the group consisting of branched alkyl groups having 3 to 30
carboi atoms and branched substituted alkyl groups having 3 to 3¢ carbon atoms, ¢ is from 1
to 3, X is a hydrolyzable group or a hydroxy group, silane (a) and silane (b) are present ina
molar ration of silane (a) to silane (b) of 1:99 to 99:1; and

(c) water,
for a time and temperature sufficient te effect the formation of the siloxane resin.

" 4. The method as claimed in claim 3, wherein R! is methy] and R2 is t-butyl.




10 conposition conprising R1Si 03/2 siloxane units, and (R20)bSi (4_b)/2

sil oxane units wherein Rl
consi sti NnOwefoskdsyd having 1 to 5 carbon

carbon atons and substituted branched al kyl

I s i ndependently sel ected fr @aleary008p

atoms and R2 igcpniskepaRsdent |y
sel ected fromthe group consisting ofasbranched al kyl

groups having 3 to 30

groups having 3 to 30 carbon

atons, b 5 A fuemod bf foemidg ah heolablk psmnserasing ivhich oommdses:i on cont ai ns a nol ar

LS S R o e e

c
S
of the tqifett calih®ofhesilofidegeditit he resin conposition; (B) heating the
coated substrate for a tine and tenperature sufficient to .effec uring
the coating ¢ ?rihﬁ?ﬂngé]i’ﬁf?l%anfﬁsqf?ﬁﬂ&e aﬁgéﬁﬂpﬁﬁ- %ﬂ)ﬂ%ﬁqté%le@e(fgst rate
for agi e f.f '%1%-11 - FONhe aPihsdl R20 groups
from tshe%%oéﬁgﬁ"gyﬁggpﬁg%%%%, ' og%ggégﬁgéefébﬁg an %nslfgf uﬁ‘?ee por ous
coati ng gordukesssubstrate. 7. The nethod according to clains 5 or 6, where
the curing of the siloxane resin and renoval 25 of the R20 groups fromthe
cured siloxane resin is done in a single step. 8 An electronic substrate
“havi ng ars. inmethod befopning us irselable pgrops e@ding dn byulstrate nwtybrisingthe siksiofi 6.

(A) coating the substrate with a coating composition comprising a siloxane resin

of

10  composition comprising R18i03/ siloxane units, and ('RZO)bSiO(4_b)/2 siloxane units
wherein R1 is independently selected from the group consisting of alkyl having 1 to 5 carbon

atoms and R? is independently selected from the group consisting of branched alkyl groups
having 3 to 30 carbon atoms and substituted branched alkyl groups having 3 to 30 carbon

atoms, b is from 1 to 3, the siloxane resin qompbsition contains a molar ratio of HSiO3/9

15 unitsto (R20)bSiO(4.b)/2 units of 1:99 to 99:1 and the sum of R SiO3/p units and -
(RzO)bSiO(4_b)/2 units is at least 50 percent of the total siloxane units in-the resin
composition;

(B) heating the coated substrate for a time and temperature sufficient to effect curing
of the coating composition, and
20 (C) further heating the coated substrate for a time and temperature sufficient to effect removal
| of the R20 gfoups from t'he. cured coating odmposition, 'théreby forming an insoluble p'ordus
coating on the subsirate.

7. The method according to claims 5 or 6, where the curing of the siloxane resin and removal

25  of the R20 groups from the cured siloxane resin is done in a single step.

8. An electronic substrate having an insoluble porous coating prepared by the method of claim 6.






