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(54) Title: SILOXANE RESINS

(57) Abstract: This invention pertains 1o 2 siloxane resin composition comprising R1Si0s, sifoxane units and (R20)8i0¢.pn silox-
ane units wherein R? is an alkyl group having 1 to 5 carbons; R? is a branched alkyl group having 3 to 30 carbons, b is from 1 to
3. The siloxane resin contains a molar ratio of R'8i0s3,; units to (R*0)sSiOsy units of 1:99 to 99:1. The siloxane resin is usefnl
to make insolable porous resins and insoluble porous coatings. Heating a substrate coated with the siloxane resin at a sufficient
temperature effects removal of the R0 groups to form an an insoluble porous coating having a a diefeciric constant in the range of
2.1 to 3, a porosity in the range of 2 to 40 volume percent and a modulus in the range of 1.9 to 20 GPa.
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Abstract: This invention pertains to a siloxane resin conposition
conprising Rlerr]SiQerr] siloxane units and (Rlerr] O [ &Prispe8P¢ | sil ox
ane units wherein R err] is an alkyl group having 1 to 5 carbons; Rerr] is
a brancheqyghkyba4group having 3 to 30 carbons, b is froprdyk@nsde The
sil oxane resin contains a nolar ratig of Rlerr]SiJerr] units to
(Rerr]Oferr]Siderr] units of 1:99 to 99:1. The siloxane resin is useful
to make insol ubl e porous resinssapXANBREIINS® porous coatings. Heating a
substrate coated with the siloxane resin at a sufficient tenperature
effects renoval of the R err]O groups to forman an insol ubl e porous
coating having a a diel ectrigrgonst antE INVENEONNGE Of 2.1 to 3, a
porosity in the range of 2 to 40 vol unme percent and a nodulus in the range
of 1.9 t {0080 CGHds inZéntibameddiys ﬁ@@ﬁoxaﬂﬂe@ﬁ/oﬁﬂ:@@sﬁﬁoﬂ%ﬁpﬁﬁﬁgmsm 1 SI LOXANE
RESI NS FI ELD OF THE | NVENTI ON [0001] This invention pertains to a siloxane
r esi n5 cosifpxaid inits, nd (RF0) ity By Sil@RdQurits sitlewieR bisiindepsndeatipselected
(R20) bSi (4-b) 12 sil oxane units wherein Rl is independently selected from
~ the groufromdbsgrety aasistingadfleliky] hevirigrigtol5 darbob atoarshRA isdndapendefly sodected

i ndependent |y selected. fromth roup cansi sti.ng.of , branched, al kyl groups
~havi ng 33916‘ QU FRSURES raﬁﬁ@%agggg@ﬁgsghagﬁmg ttf’?'gf%rBo%%QW clroups havi ng 3
to 30 cablapthedbb¥ttutdd alls] fiops bhving 330 30 BarBon dtorus ibtis SromflupBBhd@hispertains to

i nsol ubl e porouys resins and 1 nsol ubl e porous, c i ngs produced . 1Q fromthe
si | oxaneVEdoR B%“WW%W“S@R%RWK\EQ@E@E“EM?WOF%??duce%
Sem ¢@ndHsiahe dRY¥AHRSSIPEIRDsHBNE one or nore arrays of patterned
i nterconnect |evels that _serve to electrical I%Tcoupl e the individual
)

“circuit elenents forning RACKGROME OF THE INVERTIGY) . The i nt er connect
| evel's a[dﬁoﬁ]y PERboNMuSEPRN REEShidhatlone bt WoRd Ais Qf%éilﬂe_ﬁie@ﬁ{térbcﬁméé coating.
Yy, a

Previ ous silicon oxide coating formed using chem cal vapor deposition

(CVD) olevgls thebserenth alseticallycohple theandivippdvinpuit @emenicfoppive ap ieEed used

mat er i al Qg FUC ne Hhhinbdiboh AR ety SRRRYLby afolifihet ARIHicC! CUl !

el ements an e ‘spaces between su nts decreases, the relatively

hi gh18li ebeating.i Bregionsly,arilicoh ogide boating formad vsingichendcat vapgsdgposiion (AUt 4) i s
i nadequate ;to provid ' ' H!? i : q%.?sl] n order to
provi de 3@%%5"%?%%@??% @ggg%sﬂﬁ&ﬁtgﬁﬁ?ﬁg? 0 Mgﬁ.{& ?dc'(;)l%e%% e, C]%Ii electric
coat i ngs dicteciniedodtingsn Howeren nethbaire df cissiteiemeatsand twispacas betwagn sustanpl e of

such coatjngs agre those formed.fromhydrogen sil.s [ l-NS as
descri be§ Pt g?é??ﬁ‘i’se © RelE5ie] ‘i}(?)le t’f“.\'/fmm%fl%t%]é%htse n%ﬁﬁo%ggaé%?Q%Z and
:—Ial-uskg elﬁouah)isdea&equ&’ett@ﬁbvi&ﬁadeﬁuﬁééle&ﬁi‘alixwtllaﬁe?.such coa;i ngs provi ded
ower, di trjc constants an .CVD or P sil1con.oxi cpatings an
al s0295 Ed@@l d%lqs_ 147 POIGR il i 5 %ﬁ'ffvﬁéama%_ ﬁOPPR*ﬁ& RS ¢ ace
pl anari z adtiags fotnigl Heth koxhhEbased REAE hivie Fnedss. A sxaiplsofEicicaatingsgse ar e

limted to approximtely 3 or greater. . .
those o?med from hydr%gen silsesguioxane resins as described for example in Collins et al.,

U.S. Patent No. 3,615,272 and 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




[0004] It is well known that the dielectric constant of | psul atzi E@ coati ngs
Is an inportant factor where ICs with | ow power consur?% R 8 oss talk,
and signal delay are required. As |C dinensions continue to shrink, this

factor inoggas@ssn 1 nportance. As a result, siloxane 39cBasedsisesi n
materials and nethods for making such materials that can provide
electrically insulating coatings with dielectric constants below 3 are
desi r abl ®@.prévideddiiids & siahddrd prdesssing ldcbniqited nhaslg ssinlcoatmge Ifiakedvirteai ns and

met hods for,. maki ng such.resins. that provide. coatin .whi.ch have a high
resi st an‘t:hﬁ d’cegeactﬂ"a?gﬂﬁi'ﬁ% of 5&%38?3171”{53 ﬁ?‘?‘r VLB eI mg%&%tysof &8)?8%5‘% ased

[)esi ns g&atgﬂﬂuw pbr&,ﬁ%at%@tﬁﬁéﬂﬁr@@élﬁoﬂgﬂl déd%? ﬁa&ﬁiE&?esﬁoﬁd?Jgrspmbai&ngzoaLi ngs
y st'andard processing techpjq ., Spin coating. .S known .t hat

Chedi ol 071 (letar i Pt Sor 1 O e rrgbo P BT of GUrob R F BRSSt |
densiiy @k frhRils PRI(ORT; alBSifOR B to fAmMRRLB R MBS sl ik Edtnhio@s a | ower
density than a corresponding solid coating. [00051 Hal uska, U. S. Patent

No. 5, 44&nalifsgs. dhse Rrgrnesis an onghinio drowp comaihing A e10ycaiboy aidsawkish wherb t he

formul as I (OR).3 and Si (OR) 4 to faorm co- (.0l t es. fal i.p the

t or mat + onoted 3R Afesth ket PeSormP U RARTRE Mpedidhl B¢

c aL bg n i’iplefégrlcd Wdrelpzabhecgtous @f&iﬁethéyql ?1& lethooy) f Tﬁwlqd@hﬁysim;th)wgtgld catiedn f or ns
a hydrol yzabl e supstituent. Especia p erre ralyz roups are

et howy, SHaP @t e S Kyl spivpn e o bR elodnt S8t Al on

aci di’i‘(ﬁ) i esbp?zwgmhusameagﬁis&gerﬁ@b@m@éd alnermie.coﬁtg HeatelyFDlo)DA0°€S0i N a sol vent
are applied to a suhstrate, .the sol yent eyaporated an e coating

heat ed t Psert ths cegpg tesiticp- I‘E"’Z‘h“béa‘?estﬂ%‘xm F‘I?é‘eﬁ }E,a\gqgﬁ:]r@g_ ec{—ﬁll“ﬁ‘gka does not

di scl qsigl@h%@nes havi ng branched al koxy groups. [0006] Chung et alL, U.S.
Pat ent . 6,231,989 describe a nethod for formng a porous coating from

~hydr ogenl08p6]s slepme skt n b-§- EgtentNo. £,334 989 desgidbe omgthpd for dprieg aRPMEposi ting a

15 coat i BgyANABmIYRRDELABeshioRar rSOsU LA BBoBORBRNbR i\ bried iHpORng o
si | sesqui oxane reSin and a‘solvent 'In a manner mwhich at least” 5 volune %
of th® sedatingpon » eubsirate with asplatieroesminniging pthadrogenegileeshuioswe rafband@at i ng i s

then expgied: 1 ﬂ%n@ﬁﬁ%}@éﬂ%%ﬂ%é%%@ BRSht GerfiAhSnNRd codfith atipl €75 the
solvent I's evaporated fromthe coating to forma porous network wth a

di-el ect r dieposition sThervpating it then expoged tofan sivdnmentomprising a basde fapdpyandsni f h et
al., WO 49721 eSCrI.i [0, . ' di.el.ectric
conting Baca Heoplefds bl BOnE SSuispl B ToDbuPAARORN B FlBe 1|

al koxysi tanstantin the rangeodbbani.5a0d@Posi t i on and optional water; depositing the

cor vl ; PSP Pt el YRl R Bt Bt a R PR e " e
chanber tatifg pii £ Sibstifte. VR eprocbNEmipIREd the et blerding mpalkoxygilineavitiebst rate to

25 e DOt B8 B PSS R N AL RS G RS M Wl ©XPOST 1O

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




vapor. 10008] NUoshi ba et al., U S. Patent 6,022,814, dgggri be goe%raocess

for formng silicon oxide filnms on a substrate from hy %Pé'ﬁryg t hyl

si | oxane- bgp@shefoesi NS having organi ¢ substituents that pgrfyseemeeed at a

tenperature ranging from250'C to theg glass transition 30 point of the

resin. Silicon oxide filmproperties reported include a density of 0.8 to

1.4 g/ cridgsubstituryd alkeher fiaike sthupsiedeatplifiéd By 3,8,3drifloaropropyls B-pisecthylemowyf, 600 to

1,500 in2/ rnd a. diel cﬁric onstant in.the range of 2.0 to 3.0. The

usef ul ort"&gﬁ Oupr s PRRRRE SPRAEDA R 20T FRUP 4t a tenperature of 2501C

03/ 10240 POT| LS02] 23102 Iabt Ut 6d Al kvl - or B koxy. gr oups. exenpl 11 o6
nsybstituted al kyl or al kox oups., ex ifie

by 3,3,3 aPﬁﬁ“PPoﬁ!ﬁﬂ@ﬁFeﬁwmﬁ%ﬁgﬂ??é%?m? CosfigRipn orqer Bld(eﬁegﬁ%‘ifg"gs‘?%‘\%ﬁ%et hyl

groups besisfeckriciofstint oR e chatiigh. Obianers BERBRE niyDEkiloaysHly]) abits and allbl .

Chem, 1999, 9, 591-598, report a nethod to fabricate angstrom size pores

i n met hyl(sisilegsiiyl) ik vercspii-coated onrto o sustrate endizeted at 250000 grngletrigidand t he

5 dielectric constant_of the coatj ng‘f. Copol YIEr s beari ng net hyl

(trisii o¥ieiangmatriges. {Ehegagings pigre theny eg’feﬂaﬁwu ye $0Q0%: to gerjgye dheselly. coat ed on

to a subgiyiRlfo Q%Jh%%%@&ﬂ%@@%@%%@%%%&% Sbstithdn@XRivihgBL i ces. The

coatings were then heated at 450 OCto renove thermally, labile

“groups asiFlestiiceoonstent of phopt 2.3 o L riBugreprarylgeencethyd phpsidethyl, and@ropybgiorRsuent s,

havi g aweﬂai ﬁgﬁgg%é%asﬁé‘%mﬁfgémﬁ‘gﬂ& Trifluoropropyl, cyanoethyl,

phenyl et hyl", rop roup were Investigated as the thermally labile
subst it udois] Koeua] Japanese LaidiOpen Pajpah@HH) 3-333558)sdencribe peaperatipaephia 5- 333553,

. descri be _preparati | re£S1. Ml y and sil anol
Funct 1 ondlPEDe oAl Rl B SRS RS RO b S BOBAEREY, S50 S i ane i
t he pr esdicetoxfdiertrrghiuoxydstiasyin die pradeace afsiprotbsaccepiprt Tvesio inrediation t he
presence of .a photo aci ith sub ent ther r ocessi t Q. a Six
Pl ke 15 e Fge Rirops af piholrarid WEk SPhSRety PalRLp Bl RRE R A Big LR |
f abrijgat i,Qn:. Itke% Leg sedifoqr pPor ati on of branched
al koxlg gfgﬁlgg%&s)%%) ZarﬁemeZ |s%ér%ﬁgﬁ)ﬁw%floup having 3 to 30 carbon
atons, i OOLLpI _ItQﬁs?tﬁt_ﬁvb&ﬁimmvﬂcﬂq&r&bﬁefbdancmmniﬁgeﬁpsr(mx), winse oved
storage stability, increased nodulus and increased porosjty of the cured
resins, WHiisan allylgrovprhgving dite B earbancatoros dnte siloxane repins prawiges sverel 1 to 3. 0.

It is th for ' f | .S i | fFesin
conposi t ?lgﬁm Vi gnagae%%gé/‘gg&g ?ag% g%ié]ﬁtyé Pl\g%?%ﬁd%ﬁlﬁ'tsaﬁgmgi SO ?gf&g%f%f;t of
thi s i nveértduod résinss while mtamibghodielectric wohstantinghé mugmef 2. Ewi3% It sibereforeet hod
for ring t.hese,resins t roduge i nsol ubl e [ OUS.I esins i_nsol ubl e
bor odl" ' BBgkPA S ol ketoh f e el Aty bR o R AR pR PR B 05 10
p]?r gsigt YSiaﬁ(i)itﬁ”légt ifs&l_lﬁ_ﬁanﬁﬁjg& o]fthl iﬂab'l veritioh tshopey aehsd ﬁggmﬁingddbﬁamreginst he range.
o .9 to a. ese jnsoluyble rous tings ave t advant age
that thefhpetiad fo5 cHeeg eﬁ@*“@&ﬂv’gﬁ}‘%ﬁ%ﬁ’iﬁ“ﬁg‘ﬁr &f&ggﬂ%}?&f’ws’
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 advaniage 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 frox-n the group consisting of branched alky] groups having 3 to 30 carbon atoms and
branched substituted alkyl groups having 3 to 30 carbon atoms, b is from 1 to 3. The siloxane
resin composition contains an average molar ratio of R1Si03/ units to (R20)b8i0(4_b)/2




SUMVARY OF THE INVENTION In a first aspect, the present 'égventi 3h Pr ovi des
a sil oxane resin conposition conprising RLSi 03/2 sil oxafg #NPYEP % ng
(R20).bSi O(Zﬂ%?ﬁozﬁ | oxane units whergin Rl is independently selected from
the group consisting of alkyl having 1 to 5 carbon atons; R2 is .

i ndependent | y_ sel ected, 30 f : hShbngpf 1 kyl
o oups. haEt 55415 9801 P UM o LR O A b PO A Pt AR 20 s
having 3 40 3QeARNOON Rk Rnitn'a biPBAnipdsitiod, The si| oxane  resin

conposi titfon contains an average nolar ratio of RI Si 0312 units to

(R20) bSi O(4-b)/2 23 January 2006 WO 031010246 4 units of 1:99 to 99:1. The

sum of RinSh Sstord abpdcs, thdprebdit tivbiRioD(pdeideb2 units is at | east 50 percent of
the total siloxane units in the resin.compgsi{ion. |n. a. ond aspect, the
present i Wﬂmpmmqg@e%@aﬂnﬁﬁ‘mwwgﬁe%‘%% ogengufigeand N 230

conpri sj R1Si 03/ 2,si | oxgnhe  units_.an ) bSi X 4b) p2 siloxane units
where - )bSFQ(MbWF’éo’@WVWsBﬁ‘e’@MW?SS@a’%f‘%’%gia) a silane or a

m xture of. silanes of the formula. R1Si X3, where each Rl is independently
. sel ect &8PPPEK t he group consisting of alkyl having 1 to 5 carbon atons,

where . Xi-s @%&M%ﬂﬁ%ﬂoﬁsﬂ&r@wﬁﬁanﬁ- , wheraedsi®ldxy group; (b) a
silane or a xture of silanes of the foimula (R2O cSi X(4c), where R2 is

i ndepe psipéndyntiyetlectd fomtinprodpeogsisting of alkyl kavingd tof cerbamate®d: | groups

havi ng_3, tQ 30 .carbaqn.ato and branche stituted al kyl, groups having

3 to 338163 ?‘glrgl’sa, yﬁ?ﬁ?%“ﬁ“%@?’% 4 hydr ol yzabl ¢ group-or a

- hydroxy gro 5] A ?p%ag'l m@g@g} , Wwhere®<igol ar ration of
silane (a) @agﬁngﬁlgg% : %#@%&éﬂ% .and {’%ﬁ&'ter., for a.tine and

t enper ffddpd d&iﬂ?fsélﬁét&{‘ﬁo th ek dupcondifimglop bimitied nlkgT grotys baving 24m80resin. In a

third aspect he present inventiaqon proyides, a ethod of form an
i nsol.u WMGWMMM§&%3W£%HPW¥S?F£?¥% resin of

the pregserts.i LR, ' edlags i ) sePhdseitdnaef f ect
curi n'gﬁjq:%aélﬁgrﬁgﬁp%xan%hgg%?rrﬁﬂ%ﬁ%br‘%her hggfw?%éﬁ“%@si ?oxane resin for a
‘ti me anmldrestior ofsilane(ad tof fitand Ghof 1:89&F 9WLtendr enoval of the R20 groups from
the cured sj Soxane resin, thereby formng an insoluble porous resin. 23
January- 20 Ty

 for afime and temperature sufficient to effect the formiation 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.




In a fourth aspect, the present invention provides a . nethod of formng an
i nsol ubl e porous coating on a substrate conprising the 2epauapt200f p)

coating the substrate with a coating conposition conprising a siloxane _
resin conposition conprising R1SI G342 siloxane units, and (R20)bSi (4 b)/?2

si | oxang i t,s _wherein i S I ntly selected fromthe grou

~consi st'!"r?égﬂ'i&hQ?Wﬁﬂf?a‘y‘ra%t![@?%ﬁg%gar gn a%/om; and R2 is indepgndelr[])tly

sel ect ed ;f metholl bffoahilgRn RORbRIpbRYSs 6datibs ana bddirat kythpritimyihsstepsali ng 3 to 30
carbon atons_ and ,su&lgti t ut ed pranched allg?{l, gr ougsgiphav#r}%%B&gg 30 carbon
atons, b is (4} epsfing thg substpts withipcgging LompRBtPIIMBEENE f S0 BHIE ' ns a nol ar
rati o of HSIi. j i, X4, i Toxs 99:1 and the
sum of cﬁng?%%ﬁﬁﬁ?igg3%5%3@%%%%%%8?(?§2§)ng%§§%? Ieas%ngréo per cent of
the total si ' K L D ' 'Péilq'r : § &bdphe coat ed
subs't'rg?&}é3 ﬁpgﬁfe@gﬂgh@#%g%g@ﬁ@g&sogﬁg%%%btO é%@&?ﬁgjﬁri ng11 of the
coat i NG isQktepailently(elcbidd bR thd BBk hsistiey cfbanelodulibd proape for a
time and tenperature sufficient to effect renoval of {}gog% groups from
t he cu@m§§&3wmwwmﬁmwh?%@ﬁﬁﬂgmﬁﬁ%“ﬂﬁj_ &498Pous  coating
on the 3RSt jitdin 1 44'3,30d dilokdhe 3ERECImpotiAbn BIARH mbBYRIHb b HISI04yyi des an

el ectroni ¢’ substrate having an I nsol'ubl e porous coating prepared by the

met hod é@itsatoxg?ﬂ)g,gic?@_ﬁg tunité 5F 26 13 30Uai teE: Prdsiogsdnibengi n, there is

provid king siloxane resins by reacting a silane or a

m Xt ur o) uBlfts & BEIeER 50 enRO SIS DG RnRlnitsIn Hiede@endent | y sel ect ed
from '?%gé)&rg%ﬂg'%?gnsi sting of@gfll k)?l groups having 1 to 5 carbon atons and a
si | ane compdsitionxt ure of -~ silaues of the fornula (R20)eSi X(4..c), where R2 is

i ndependent |y selecied fromthe, grou onsi st.ing pf . bran yl groups
having 3 to @eﬁﬁgﬁ%ﬁ%ﬁ@%ﬁtﬂf ﬁﬁ??@%ﬁﬁéﬁvﬂl@n&%ﬁ%&gl?'ioﬂ] s having 3
to 30 gpmbesktRlefmpositidnSaddr om 1-to 3, and Xis a hydrol yzable group or a

hydr oxy group. Al so disclosed herein, there is pro&'; ijed a et hod of formng

an i ns &l frtker heatingshe eogied sehstrate ora tivay andderaperstyte cghtoi e TBP ¥ por ous
ti bst r.at "The, di el tric. tant.of. t i |
R SR R o e e i e

resins bR &elsubdtatepor ous coatings ranges from2 to 40 vol une percent.
The insol uble porous, coatings have a nodulus in the range of 1.9 to 20
GPa. DETAILED DESCRI PTION OF THE Th V ENTION [0015] The sil oxane resin

| conposi ti g&ggp@é{l ses RL Si B/ 2 si L(anne units, and ‘ ‘

Ina the present invention provides

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

the 4® aspect, .




(R20) bSi (4hb) 12 sil oxane units wherein Rl is selected fromthe group
consisting of alkyl having 1 to .5 carbon atons, R2 is 2Bdasteperdesnt|y
sel ected fromthe group consisting o branched al kyl groups having 3 to 30
carbon atons and branched substituted al kyl groups havi ng 3. to 30 carbon

atons, b s to 3. The | oxane res contains g ar ratio of

7151 031 2 Ciieeed Pereiiodisyi s e hdas) Dol i Ak Y o9 by ety

f R1Si CB/ t d | f th
Cotal o FhpdRkh mﬁ%rm QERIERR OFF %ﬁmﬁ’i%gl%gf héie R ifhabe SRRy BOBGLERGR O] 1N

mol ar v aﬁ:le gd&g grofyf: B¥Gh §*tc% arBdn &otB bida silafie Gk fifknire 0P8 2

and- nor e preferred S 0O'to 85:1 It is preferred that the sum of
R1Si 03/ 2silemig st‘thmfbr@m@{%@c%j,mhem RisiimiependenthsdelctRd fiencthapromp t he
total siloxane units in the siloxane resin conposition. [0016 The

“struct ureozeﬁh@m@fm@ﬁéﬂkylr@emhamw&p&hmway sebstifugsd brapsheds | oxane
resins @g%ﬁ%g@&@owﬂy 9%5&91%3'%&;@&& beb 1£gﬁahb>6r£eact ed
cont al ni es no e an

(.e., % SI-OR sstanSOm)Ie%
Si -O—I) hYd@OWWmIIy reacted sil oxane resins axled~y, but ~at-~at 1it8d #o;

si | OXO#SA@o?‘&%s 4,_, él{egf 5 5?%9??&%%@%39 gﬁrnyﬁrb%ogﬁ AR JRET/ US02/ 23152

5 Si (X)d(CRZ) R1 an are I ned above; each X
iS i ndepbradnrrthcbc;nfd’oniﬁ;zg pipinggialile porgusaepting orea mmﬁmymd»@lmmammmfd f are

Lo e BB s SRR R r 27 63, PR E B .

y roéyl [ mted tl?)mhﬂﬂ?rleﬁa}?mdo ou mztgli@vau?]gp%ﬁzxg.;(bon atll(;urrg lsoﬁchb;;
xt hyl , atifies faye 2 ﬁ‘?wm“’gé?ﬂépfpg ﬁ@@lﬁ' and acyl groups having 1 to
6 car bon atoms such ApETAIBD DESCRIMION OF TRIEMVENTION/ r yl , val eryl or

hexanoyl . The siloxane resin may also contain less than 10 nole % Si 04/ 2
‘units. [[00KS]] 'Iﬁeeilmtdnomnﬁ:onmemmm@RLJ@@bgsdomnagmtsmidecul ar weight in
a range of 5,000 to - 10 150, 000 and pref erably in a range of 10,000 to

50, 000. QRQOJﬁOQLb)g@mldmmmits wharein® 4y belepta fporh hei groppleonsistiigadaliyh at ons.
The al kyl group is exenplified by, but not limted to, nethyl, ethyl,

propyl, Hauhglltoémdrbparato;ﬂs,R?tsmchp@deﬂtbrsebdteﬂlfmmhﬁtgmupcomishygof[0019] R2 is
a substrtut d unsub ti,tu ched al t o 30 carbon
15" ot ortnefet ] gRRiES Bt b RSenas iowyind bewfhtonited ot sideda wit
subst it Haviug 3t 3PLABEn 8bma, b iSHHAT0 bomemdamﬂémeoﬁhmﬁ@dﬂmo&fbst i tuted

R2 groups are exemplified by, but not Ilimted to, hal ggen such as chlorine
and flu® S@Q&M@B@M@@@gmm kﬂ%mwmqusumfocmﬂfﬂi(@/z units and

(RZO)bS;O(4..b)/2 units is at least 50 percent of the total siloxane units in the resin
composition. Ttis preferred that the molar ratio of RSiOs, urits to (R?-O)bSio@_b),g uniits
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

| magbeexemg]iﬁed%y,bumet—linﬁwd{e;sﬂe&aneamitssaeka&RlSiGQdQ(?Ed{zjwd—




- resul t i neprbayi hopsledydragen atome((-o rifubstituted

(CH2) aC( O O(CH2) bCH3, al koxy substitution such as descrizlgggm}ag,jo@errul a 20

-(CH2) aQ( CH2) bCH3, and carbonyl substitution such as described by formul a

(CH2) aC( O (CH2) bCH3, where a>0 and b>0. Unsubstituted R2 groups are

~exenplifigggbyeohyt not limted to, isopropyl, isobutyl pcp@smbyisy! .
tert-butyl, isopentyl, neopentyl, tegt-pentyl, 2-nethylbutyl,

2- nethylpentyl 2- nethylhexyl 2-ethylutyl, 2-ethylpentyl, 2-ethyl hexyl,

etc. Prefs 2 e.ch& and nore
preferab Wﬂs}%@éﬁ/&buty Eﬁ%%%@o?%ﬁg%@%ggve% or pr%%galﬁérillg ttﬁ’enésy | oxane
]EESi nl C ORgalid15£61e ﬁ@@rdahmymgxf gbug, aﬁd(lj Hainer g ﬁ?mm mD}J Mhe hﬁdrsiykaﬁitaegh omf the
ornmula RI Si X3,, where e LS in endent sel ec omt le group
consi st i G2 §Feaaic P RS %ﬁgu’l‘al o a@&?“ﬁ%ﬂ‘l‘ggf"b e pamd Rgpg

i ndependgRédnyboaddautiécarly pbf:a Qﬁaﬂﬁoﬁﬂedaacfﬂhéﬁf 896)p QR@SJ@se BfielityyBuirho? 006 O
03/010246 PCT/ US02123152 a silane or a mxture ZI I ang% t he
for mu} a Yimites teginaualisyl gf%éh%’“ﬁzl $ ‘i@&@ﬁ@ﬁﬁéﬁ‘iﬁ%ﬁm%@lé@y PP Bhe group
consi sti gy ffe l%ﬁﬁ%‘ﬁ@g:y%ﬂﬁslﬁ{rﬁgﬁ’%b@éibﬁ@at@m&@mﬁ@sﬁﬁﬁﬁpﬂceﬁﬂom and
branched" s bstl tuted al ki/ groups having 3 carbon atons as descri bed
above, cpiopiofylobntyry}, algry 9(he§a@Yhyjale(§ﬂ§ﬁ@ab¥eélng¥%’Lﬂé5°d=ﬁﬂt&mHW ity Ogr oup; and
5 (c) 0 me and tenperature' suff cient to effect the formation
of the si %%ngﬁgjﬁlgg%ﬂﬁ [0021] Silane (a) is a silane or a m xture of

si | anes m17jheTHeQMAHNE réd3hbha, a%@ﬁ&v@@@tnﬁ&cul&r&veﬁgwﬁpﬁﬁ@rﬁﬂswosm ected
fromthe group consisting of al having 1 to 5 carbon atoms. It is

K
pr ef &9 r el PGP angpr %ah%{ntﬂ}?nge)?“éogpw&r@pyzabl e group or a hydroxy group.
B hyd t of
Xt eac s DRI N Epbeiptany} el BEAN1 b TR shoaHdaLC DT OO

ef fect f eremplifiehbygbutrvelisitbdtoamethylesthyl, pﬂip}é uytyls axdypegiyb Upisipseferreddbsidensabl e

group in ich at least 70 nole percent reacts with another X group bonded
to a di-Rféeethylsilicon atomto condense and forma sil oxane bond

(Si- O-SI dro b] e up., ic group
at t ached q%ai e%f?g a@B%e(ﬁ%edn‘?rt“ﬁ gﬁté A g?\’m%{%?ge%rp E@gléé)gé&nn% - &%@gﬁm ng a
si li¢on homedethedubssityted branghed alkgl gog @o e busstimtbdanth snkstitgntsupplacafen X i s

amno, it is typically used at |ess thanggo nol e percent because the

. geyups yg gxeserlifisd by, hefeint SioH. R
- I's_exenp k hﬁéq%fd% Lifd, alkbRafH 1%&&1”%@&% cr@n ng 1to 6
“car bon a%l%ﬁr%ﬂszh Ogaeggﬁrfe%g ﬁﬂo 0propy utofa/* pentyl, " hexyl and

acyl grofgmsulaving 1 to 6 carbon atons such as formyl, acetyl 20

P opi ony ! eBYYEY CEL B By BSABRN such bs deSorBbEF KAt Nt Silane (a) be
. 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;




net hyl tri met hoxysil ane or nethyltriethoxysilane because ffj bl socgasy _
availability. [0022] Silane (b) is a silane or. a mxture of silanes of the
formula (R20)cSi X(4_c), where R2 is independently selected fromthe group
consi sti ngygtsboagched al kyl groups having 3 to 30 car Begydfpef:and
substituted branched al kyl groups haging 3 to 30 carbon atons as 25

descri bed above, c is from1l to 3, and X is independently a hydrol yzabl e
group or : [ o€ gi [ L i | ane
(b) be d@tat&g%%eg}%é?‘%ﬂyﬂdgr Ho%f%eﬁgﬁ%? T%@Pﬁ%?%ﬂﬁ@fﬁ%s b ang%;ﬂaeﬁﬂys

di -t - but eslsctddefidio i Prdudreensisting of brahehey dikghgrogsibbeng 3 an30 cirbdn-atoms and

- but oxydi acet.oxysji L.an ecause of .their easy availability. Silan a) and

o | ane ( BRER BheRBRST BBy G ine a0 5T SPa pSugbal b SRED) Ot
1:99 to 9% 3,X lsta iyGrddy-able gfeed of A Aldreky @8ep;ead and 30 silane (b) are present
in a rmlgcr ratio of silane (a) to silane (b) of 40:60 to 98:2 and nore

pr ef ePref)SB0 to 85: 15 on the sane basis. 23 January 2006 WD 03/010246
PCT/ USO02 kg3 kive and tdrR¥eadlire WKiGRTent 18 & AR YornhdioR Bf ABBIMKand Rsigf f ect hydrolysis
of the hydrol yzabl e group, X. Typically water is present in an anount of
0.5 to 2[@2ipl Sdaneia)isd silanpera mbitere of siknesof idl fameda RISiXawheré bych&id nor e
preferably is when the water is 0.8 to 1.2 noles, on the sane basis.

[0024] ThEndepgrdentbnsalsstediioprthe grompgensisting pf alind hayipg k he carben geme df isi ed out
in the liguid,st .5 with i t hout | o Lf t. ] d, it
i et ot P o0l o AR st Phebly oY SRR ont
groups Watoh” ittsymeaat thitciradrehdn80tdidle bytemd b X ircdcorithenaat (hpltolsrd) uidsr a
PP ted 5 coRiiGRER o Marf it Rinen 4L O SRR SHEn M HoRBfne.

| sooct angordeghabie gefpiewhich 6f 10k 70 hidld fefcefitiedtts With £)0EHeOPEHb nadicto a

cycl ohexane; argmatics such as benzene, toluene,. xyl.ene and nesjtyl ené; 10
cyclic efhisrent silican atem foqondenseiansk f9rm & silopiapg bond (8P mia A be hydselgzible such as
nethylis @&u&yé an HBAPRBuk M BlSrsaniPhrOGLR eSS b LUt atah HBDEH SWahgeds

trichloroethane; hal ogenated aromatics such as bronpobenzene and
chl ol 8be APBHSI-OR) épramngctnlicon dgededallorny groan of 2 sibegnchonfed acgloxnaiep-  but anol .

Addi ti onwemfsfaﬁm?ﬁmyﬁ%waéaﬁ@sxmggig% 'agceg PR hedBsfiieCO SOl vents.

Preferred solvents are aromatic conpoun [ ic ethers, with toluene,
‘mesi tyl epidoxgngiresin Bay spntaimgrnater thaa 0 puolegprernt$iOft. 4t srexempliffiddn. aytsell vent i s

used, ity g, $: 0l e1elel i nt based
on the t(la‘%“gﬁe‘g%?‘é% hﬁllézgl&agﬁl%gﬁﬁranezm?%ﬁuégﬁgdﬂ ?@?’ %*%%p %’rewé]%)g?red is
70 to 90pewylgtithepdrané aty! gsoupehavingl toléeation eomisasihsas (10025Fetdonbi ni ng
conpgpen . J Vi ({.1t is present) may be
doneapn gﬁ"?“’g‘%ﬂdg‘ﬁ %’Vﬁ%ﬁégg%x%ﬁoé}}'gﬂgsﬂ%fgﬁ?d;@%t s@%‘%"v@e‘% any hydrolyzable -
groups ( Methytidmethdgrsilane2d nethylthiethotyisane daciiseof tiyeapy aadasllityo ef f ect
formation of the siloxane resin, Cenerally the silan are dissolved in the

sol vent Hi82k hailene B0 ivmsilane arrmixtins of silanesoif thei forula cHiggbt) Bhere
R2 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 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.




usual Iy occurs when the above conponents are conbi ned. T8 jhfiereR8s the rate
and extent of reaction, however, various facilitating neasures such as
tenperature control and/or agitation are utilized. 25 [0026] The

t enper at urngo@doidisch the reaction is carried out is not pefikizesdszas | ong as
It does not cause significant gel atyon or cause curing of the siloxane
resin product. Generally the tenperature can be in a range of 20C to 150C,
W th a tipsy aWdkeis@ieseith iroan&Cidagicatthydpleisef drdydidhenblXgioap, 80 acyl oxy

group sugh .as acetoxy, it. is prefer conduct the re Lon at or bel ow
95 The TYHIFAYMGE Gy At ah FBRUH O D4 2 rt ol st e SR X rADS: 30 o
factors  glyeahd @3 anditbre pRiferhblivid vitbnltes withds 6886 1 Dintol&| brofhe Sadkebasig. used, the
tenperature and the  nole_ratio of Rl and R20 desired in the sjloxane resin

product E024hh cTheggactipn o elfpgisopmatiop of the giloxape capibg garried gutg the lighidstaror o

M nut @S {yith SEWRKG a BAWLS. ITEQoVERIERSE it (A8 idPRld8 Gy ﬁﬁtaﬂ!@io%?hjc sélvertit@e si | oxane
resin prepared and to inprove the storag_e_ stability of the_ siloxane resin

it is 23dFamobsoptaivuectipmrlearups which jein th hydmlysiseprdepwior 8ikar ry out
a bodyi ng .S, RenSHOHGH ¢4 lank gﬂpfh@smve&ﬁ& ex¥nplifi&d aggaﬁn& 8AGEd BNsanBied

"bodying” it is nmeant that e reaction is carri out over Sseveral hours
wi t h heatliphgtidssash asaq@aiang begene reheptdupisooranpandalodecanesicyelprdipbasios sush t o

effect t ' ' I.ght.. 3 ' I S .erred
Chat t hets 2eRphEAREnd R, MUTEAA Such IRAEMS ol ik Glene kg LS oF <
heat lfhg fadic athem isgihtas temehydyefurap| (FHH) and divedagh ketionestsheh asamejleyiofbuy1000 t o

150, 000. 00 Wen X i n. acyl ox ro uc 3 .t he.
cor oapokeiPRONRRY ek hbsflef MRS URLTHEMAE, BB addiics
- react i onsuchiagnbiembbezarcamd ohlorcbénzane ind aledhioth snehyasankfieamsk kethandfrgeholf he .
stability of .the.sil|l gxapne .resi roduct, it.is desjrable that any acetic
cerd be Huttol oo BonTX BT plov R sy R b e P SR R St el 4 ey Do
- eff gct edPi&yenl%a@@la@r&sj atwm’lfolhﬁtig déporadd dgﬁhyﬁcfé%f@w%t&u@emuﬁﬂlaﬁd anidng alg-_enE1 .
or renoval . via distillation. istillatiqn is era acconpl i she
" by t%% aﬁgﬁﬁd&ﬁ"r&?g%%ﬁtﬁgﬁ%ﬁf@' ;@ﬁentadqo aptes t‘*’reg’ 1 giegeq%&us 4}"@8? present)
- and I RRBY oMY th Ve waLEt pfcedEbdled BIBE 1ot HefElofoReHtna sPdids APatd (b).. €. up to
50C) as an azeotrope with the solvent. If a _neutralizing agent is used, it

must be Mererrefersd isy0nad) weight peprent olentAw theaboveb#isni ng acetic acid and yet
I nsuf fi cigad] YchaRhing eOmpdihisid), @9KS M@ bplichBy ¥ dvehp(if RV fraBQpiRPbe Of the
si | oxane resin product. Exanples of 'suitabl e bases include_cal cium

car bonat donedpansiniieas npaas heredpenmiaet btwesnson Ay &olyahosroum (Earsbyaete,

anmgg a, scﬁ!ﬁ hd et nfl§ tp?c{?e%%m@fm{i&“ﬂﬁe sifxbile ratih. Zat Ay iRy . be
acconpl i she y any sufltabl e neans such as stirring in a powdered

- neutral i silanes asgdiseolved it Grmselvesy and then thevater added jo fha seibtien. tSemeneastien on

- mxture andy S%ul%%e% h{%’hﬁgbesé%hy‘éﬂc\iﬂg&’rﬁéo indd 1848 eRe &%??tggncp&lién't gpl ate
neutral i zi ng agent or a S zZe I C oes not ‘I npede OW.

reaction, however, various facilitating measures such as temperature control and/or agitation

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




100281 The siloxane resin nmay be recovered in solid formsQynfResng t he.
solvent. The nethod of solvent renoval is not critical and numerous
approaches are well knownin the art. For exanple, a process conprising
renmovi ng thgosabxuent by distillation under vacuum and Bgdisds@e 50C to
120C) may be used. Alternatively, ifgit is desired to have the siloxane 25
resin in a particular solvent, a solvent exchange nmay be done by adding a
secondar prefeaibd Rivarry diith Sudyinglstep Bgbseduent th er bd pastiof drlabev reaclie. sBY oxane
resins al sp_be stored in SO|Id form 00291. . An | orous resin
may be o %W%&ﬁﬁﬁ% H&meyﬁ W% W@@myﬂﬁﬁkﬁﬁ%%maaUMe

suffici eﬁ'(g]o(f\.gﬁgfﬂ{quﬂmgﬂé FolpBrfd o ﬁﬁ%oﬁ;eheé@ﬁat 'ilfesih&eﬁ@% %&giﬁ\é@éra f the R20

groups, ormn n I Nsol orous resin. is meant
't hat- t hemolegilar wsgIBOItesplefmaatﬁaythe madiqnbmemxrmbft livated elllcxhéhﬁt ﬂferSdﬁxaml ch the

Si oxgne reséher ‘3’%%%%9 g%vegﬁha era o?e%)fllﬁ %%%dr 1€§th% I‘Ql{%e%@g oﬁé’iovl%ﬂtooﬁ'e' lyneat ed

above as” eing xahe
"renoval [00RT] i Whetean adt dvgloxg peap emchtabl acetdq, the bmqsmndmgtacxdfsuctltm amta gr oups

bonded to,sili t ns ee as vol [.QC and
hydr ocar BEhISPF ?rﬁcﬁﬁﬁ%ﬁr cg%zé%%g% %[Wlfég?fﬁ %ﬂyg whi ch
gener at eaf¥t the silabiht)hﬁtﬁd)ﬂlfokﬂ@ reslélﬁp:td&iﬂc:j ,igis tlésu’albieﬂfaomryeetcetin‘acmtf bean i nsol ubl e
por ous re3|n eatj ng.may be conducted in .a cess or

D o, st BptizsdeNGa o ot Bagy Deo e s Ny Lol ResuFRABERE T osn | o
firstoheph@tbnnikiute WiIHE nebeliisi hiEdr Wbk eridifa ifiﬁldﬁiﬂllatioﬁ Thé ﬂ1§tﬁlat16nli’sl ng

w t hout significant renmoval of the R20 groups.. Generally é!gly%g?se rature

r

can 5 beesusrally peopwlighed by din agritigr ef sofveatsusies tplye Bgpt Pnut es to

several RoUeSovid, ﬁiaacétﬂeacﬁ%ﬁéf rSdue QI RERuR8d Hedtﬁ of vy folvorchgahed for a tine
and tenperature (for several mnutes to  several houuga?vmthl n a range of
1

great er - #4aHOBST thpselvent-n aewrizing peanhis vewk Bk EIeieHly bRsRiosi | oxane

resin ba énﬁ'ﬁmﬁé 2 sil oxane
units toﬁ%J ect ?ermva o%ﬁeﬁaéﬁlg%;%rﬁgfﬁgmﬁﬂyoﬂ#?gg%ﬁt {trag%sﬁl’é&é%e
Typi 23l | yearradgemensrod kel siloxanp repin fredugh rﬁi@m@bﬁ opguitable bergeinglude eﬂlfflwna range of
t 5
great er (Eii}agba% go%&r?cég&%e éotdnﬁr?m%ﬁén%{e sqmuﬁafn cafbaﬁ%té,%gj%%@% , $416hn C .

conduct e erature’in a range of grea
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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




20 be conducted at a tenperature in a range of greater thag, 38060 600C,
wth a tenperature in a range of 400C to 550C being nost preferred. [0031]
It is preferred that the heating takes place in an inert atnosphere,

al t hough GQidefneaknospheres may be used. |nert atnosphepgpyssotide herein

I nclude, but are not limted to, niwrogen, heliumand argon with an oxygen
| evel |ess than 50 parts per mllion and preferably 25 less than 15 parts
per m || ixdith gbieadte Rgdsmythadoatng) essalting iinthe thrahticnyf ae ifselubleperoat reempheri c
pressure_fromyvacuumto aboye at npbspheric and under, any effective oxidizing
b “hon. - Suf B ey B tegetal e Rtreeb tpen oo Ao BeRe ol S 02,
oxygen pkia hdutin®3R0&s thedHRHAE osindTiReBeatedTbisd tith€ andN2@periiglisoffRitnt ®t C.

[ 0032] The insoluble porous resins nay he useful as porous materials with
cont.r ol | efféctcurB@ withouksigojficantremovg of Ocgroups. Siendyillyi thip tepperay§58C such as
-sh apes S ek;g fd ¢ %e%%?rog{ grlez{t&l{ﬁaql 20PE tcc{'%bb ?of@%?ﬁl%;?i&tes ﬁ%&&!ﬂ Bhus UPRQ" LS,

ener gy storage systens®sSuch as batteries an nol ecul’ ar separation and

i sol at i othe cBsedtsihexaherenin ipfurtherdicated for a timeaand teauperatge (fobiezeploninutss teesi n 23

J 2006. WD Q3/.010246 PCT/ US0212 0 .havi R
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prepare an I nso e porous coating on a substrate by A) coating the

subst r at Gl th Berdbe CRRVATEE (RORRS ol Oforh $18¥Hceh BYnA, T#i@%g”ﬁe k@Rl step
conposition conprising R SI037/2 siloxane units, an 0) bSi Q(4- b)/ 2

si | otBneispehdustediabs emperiure in a reprecif @rraicnthey 358 Ce BB Abigprofeared thatp
el ! gl Pty
consi sti r%o\?ngtXﬂb$&%ﬁ%ﬁt5%@g@%@%ﬁ%@%:ﬁ%ﬂg§ d Bgpendent Iy

sel ected Tromthe group consisti groups having 3 to 30
car bon awith808ifioSa078 beaing recre prefercide dlhg|poydsity inothe Sndl dnsplulle poroys 8Gincar bon
atons, b is from1l 10 to 3. The siloxane resin contains an average, nol ar
Fati o of R isiagnrolled by e Tefo prRowy BEPRY 31 he skppwane pinaed Bw Bosdoee B85 o 1.
The sum @fpeRe® B/ 2 units and (R20)bSi OQ(4_b)/2 units is at [|east 50
percent of the total siloxane units in the resin conposition; (B) heating

t he dfat §38Lbkithasinglé-step aracesstheandng efithe sibikemcaresin ffid inemal of the ct curing

of the coatin onmposi td on d.15. furthe hea.ll_"l 1.h
Qubst s ar Eo0ey AR it Rons bt ise e 4 Hht AR cPESROROIRS A RRBESF
-+ R20 gr oupteater than 20RE wputb elek lesataf g decom@sitbh ofithe siiemadiesihdackboge @ribé nsol ubl e

por ous g{gati ng on the substrate. [0034] The sil oxane resin ipzzpt ypical ly
~appl i ed Ro soups besided tacsilippn gtoms|dpscpibedihasgin pbaveio effsshromenplof WSiRAQ may be used

i ncl ude 3y 2H6R theiurdd MRS rédfn. RERHERy, Wk 1R ek knaflits SQidFroRbval 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




20 disperse the siloxane resin to forma honpgeneous | i gyijghgxhydode W t hout
affecting the resulting coating or the substrate. The sol vent ‘can generally
be any organic solvent that does not contain functional groups which may
parti ci patwoloflo@adseacti on with the sil oxane resin, suchcagsdiypdisaxyl,
exenplified by those di scussed herei o above for the reaction of the silane
m xture wwth water. 25 [0035] The solvent is present in an anpunt

suf fi ci eRaviiga pir6sigliv & rdnge obirdrn2an €0 velama péroertthEhe woduhesrtf tiatinsmhubilesi red f or
a particular aE] | i cation. ﬁ‘f%(f‘?{.hly the solvent is present in an anount of
40 to 95PHEPYT gsftom |y #y from70 to 90 wei ght percent based on
the wei giB3pf Thd@losidequsiidandyeeiBedidGrepate\eliitisoluble ol sbdtimgane resin has
been retai ned %n a solvent described herein above, the solvent nay be used
in coati AgPSEMEPEuUbstrate, or if desired a 30 sinple sol vent exchange may be
per f o MedaPabafsthE SubBirSe %@ﬂl@%b&tﬁ%@biﬁgéﬁiﬁ@{%n%}i%% h kiloxgneiefin céhipositionst

sol vent. 23 January 2006 WO 03/010246 PCTI LJS02/23152 11 [00361 Specific
net hods tanprisim RS04 omilefant tmnitssdﬂddk&ﬁh,&i@giwztsiiOMSMWM@nRﬁéﬂ ude, but
are not limted to spin coating, dip coating, spray coating, flow_coating,
screen pindepindeptiyrselottbe fram theTireupeebistimgsef aliet hryihefldp Sapthion eamsend iRE spi n

coating. .\Wen a, splvent .is used, the solvent | . te from
Che coa: inameieRly FPled ot BE Bropd Bty SEbichen Bl BEEs bR 2 1 |
coating ombbhstoms ksl substtutcdrunchiad hikbl gousandng 8to Fvadwnatansnb syonbé used
such as sinple air drying by exposure to an anpient envi ropment by the
appl il8at twh e siloxane rrsin copfainsign ayerpgrmeler BRTYT B ISiQe UAKS R @WSIQ(4st ages of
the curing process. Wen spin coati rig is.used, - jhe additional drying

met hod i &)ypRRFSATAES te PRl .t The sumiof i R 2 nissnd (R-QnOsoby2 BRitS 15 #0371

Fol | ewi n | icat,i t.0 subst r at t.he sil gxane resin coating is

heat ed a?e@%fém?'étﬁg@iﬁé?tat%ﬁéw%1&%&‘*?8“8?’?18%5?“"%e of the siloxane resin
and r enoyRY heafind the cddtdd spbtapsor Doimel el mpahtutcnifickinoteffetitariepyf ther m ng a

i nsol ubl e porous coating. By "cured coating” it is nmeant that the coating

i s essenf? ngﬁ‘”?lﬂ%gg}"&b‘?’% in the solvent fromwhich the siloxane resin was
depogkt edepftRerthBRingURSioarH Quiidfrate Bt aSihy/ SiditerfifdritiR 3t Eidica10 ¢ffe@ Seh®iahg
‘useful for the application of the siloxane resin. By "renoval"” it is neant
t hat - gr eaf te RZDagrog6 fropi the perd erting somyfosition, tRarebyfonnips abbweluble peroys | | con

at ons -ha\(/:ea,alzr)l en Jemyed as vol atil e hydrocarbon and hydrocarbon fragnents
whi ch gen%ra VI dE I t he coating, resulting in the formation of a
i nsol ubl §003d} olke silesane. resting tyyeelly appliedyo beutsuatd acd dvenndispessiong| e- st ep

' = - - he. - h [ h
C1 1 oxane SPiverth Hhic Fiay B SRSy aethu b Bpfep By PRl OIETRE . " g

W t haot - dispérsd the sifuxaticersiv & fobh athbmopiBogyliyupbmixile Githar affécying thes
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not contain 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. '




cured siloxane resin coating is further heated at a tenmpgratdaheoobthin a
range of greater than 350C up to the | esser of the deconposition of the

si | oxane resin backbone or the RL groups bonded to silicon atons descri bed
" herein abqgyg o3608kf €ect renoval of the R20 groups fromt Bgpygdadkfzen atons.
Typically, the renoval step is condugted at a tenperature in the range of
25 greater than 350C to 800C. It is preferred that the renoval step be
conduct efhoas] aspebﬁﬂﬁ&lﬂﬂﬁ?lfcﬁ a%%%ﬁﬁdn%f@%cﬂgngﬁmhﬁb atsb'm&af féiiﬂﬁadepbtﬁ%C, vviht h a
tenperature in a range of _ 4 to 550C .bei nost preferred. ring the
curing aﬂﬁ?!‘ﬂé'&tjitﬁﬁ’l%‘?c@ﬁn% AR08 FRERY ‘@F@t’nﬁg' BEFEe B PG SIS

gener al | yh¢ ERirad 9RtbH for ShpIRUEGES k818 boating OVERH 2 kélvérd & v3ed) PlesoBettis pr ocess
the curing of the siloxane resin and rengval, of qtﬁ‘?he,RZO So,groups are

ef f ect edaliqvedite avreeris Somthe Geated spgstete rsylunga the depesitignafiths slo¥aBfge of
great &r [haRoEenRe {BstAe ABSSREbIOhehRFdSERIRRA Intdy®R vedd sublgasSi | Oxane

resin backbone or the Rl groups bonded to silicon atons described herein
above t osigipleain dryiaghy sxposiire than atien) ep(ijpamentiohy p aPpisation ol 2 V4CWioR e WO

03/ 01024 R . LGif Lty B&ftiab idbsed,t 1S
preferregeat%ﬁlgttg;ggaﬁgﬁrl n /re%@gﬁggsﬁggﬁ be %gﬁgﬁgtﬁ@%ﬁg terr%erast(taure in a
range of thgradditienal titying 38l is igoded since the spingngdiives afidhg splvgnt. r ange of 400C
to 550C Qei.ng . . | r &g eating takes
ol ace. | A b BpBLEEE 0 hP Hitihal 't JloBhl B Al b 8T et

| ner o at fRRRANE Sufigal W eMRRF &irdof M6 biltttne 1B4h 2@l BmBA of heiRZeckrbwps i trogen,
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pr ef er abbgndeq Essiliqop afpmprtherspy orming ajngolyblgporqys §p3tg. FYy CUPSEPaHRE hifduct ed

at any eHeﬁgEﬂaYﬁw%%%ﬁé‘&Eén@ianmﬁsléﬁlthé IR BRI BOQMRairBRS pher i ¢ and
under any effective oXidizing or non- oxidizing gasegus environnent such as

those coWps depositpdanio thomibsienis/eany golsanidclinssiohehove os baineirll foafienes,

ol sture, ;Jﬂ%%h nmf?{e%ﬂgﬁne s Bkgt(%ﬂﬁlral‘é‘ﬁ% pEihed: ﬁEatEﬁ;ﬁéd_ S phcait the use
of a quarpt’z Ube urnace, a conhvection oven, or radiant or mcrowave

ener gyl : of GeRE0bups _iab':[liléﬂift@ﬂl&?ddn)atdmﬂﬁb Ebeehirghdvad hyvolamehym@gmh ahn]?ati ng i's
gener a not a critica ctor, but jt is nost actical. _an referred to
heat "t he&%_&‘i@??%?%ﬁ”@‘%&?‘?ﬁﬁ?ﬂh?mé@e fRglRg B‘fsg{unﬁgntgﬁgjﬂimfﬁg%i nsol ubl e
por ous - C@AbPIEY poRSFHE ThEBiEhE mAR Ve BehdREdINGAThodPsteMtosdsbGtinatte@o- Hovever,
the coatings are particularly useful on electronic_substrates. By

"el ect r oFFBPEOGESt Mthe two-step heatingprasess the shonapeitesimiiy firstheatsd 8l devi ces and
gal I ium arseni de hased ,deuxi ces. i nt.ended £ ' 2 cture of a
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devi ces,

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




20 silicon-on-insul ator devices, super lattice devices 38dat g Jobke. [0042]
By the above nethod a thin (less than 5 pm i nsol uble porous coating is
produced. on the substrate. Preferably the coatings have a thickness of 0.3
to 2.5 gm\ﬁﬁﬁiﬂﬁohl@i ckness of 0.5'to 1.2 mbeing nore ppefBEARLAR: The
coating snoothes the irregular surfapes of the various substrates and has
excel |l ent adhesi on properties. 25 [00431 Additional coatings may be applied
over theg| Qi) @niRLANS GaRtlINt isforalesddrtrd thelhues@rentanl sispdeude, for
exanple SIQ2 coatings, silicon containing gg%]l n 8" Si‘t&hi con carbon

cont ai ni eRpductestatiaignaperaiiie inyiangs o eseas hag e ﬁorﬁg CoZMRFJTPEIEM®RA oxygen
ni t rogenraﬁgé;(g@iondm 34t hbdfSmost phdrdrf@n Ni trogen carbon containi ng coatings
and/ or diafond |ike coatings produced from deposition (i.e. CVD PECVD,
etc.) of (0939 dhisweefared that th heatnedtakes iplace Bypnipert aimesphgrs: #Hbguelsyheror ¢ he

appl i gat jfgtlﬂgyrs]@_{eré WED b Qddal TES: ARGy h_&‘@é"f{i&eﬁﬂ‘aﬁé&ﬁﬁ ifhide, hit Gre'TRE e, appl yi ng

an addi coating 1's not crrtical, such coatings are typically
appl i ed hijrogémehélivied andapgen witheposygandevet lsesthantfeparts permiliionand prafiratdieni cal
vapor deposi.ti TCVD) .o5. DN ' efb@iYe sl RSB €Nhanced
chem cal i?3\S/Sa{|é)l%pf qud%a;g)—%??étl%%}h&(g%%%%%é@%?@%ugggﬁggﬁ%r_qggnan(ﬁ:e 53 January
2006 WO Pédie(fPobh vaRRThWSHRWR Bthf@pheti8 afd@er anyredifectiveapisizietpyant i on. The
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i nvolye gﬂn%ﬁﬁﬁ,rmﬁiﬂz%,ﬁgﬂﬁé,ﬂ?O,q{ydﬁﬁﬁﬁ,Qﬁi n the formof heat or plasma to a
he

vapori zed species to cause desired reaction, or they focus energy on a
sol i d safgo4e] ofnythahotadfbedtiab sich acthe s df b guatepdsifemane, a Gny@fdadvening - '

i nsol ubl e porous coatings faorne .hi t.hod. a rti .l y. useful as
‘coat i ngsr@%n(e?r é‘E?rP‘Bﬁ‘fec?n%&chE%mgW%m%‘%mﬁ%ge ‘ag faﬁ?”&%u‘%{e%%%%é’ Gielectric
const ant g&feralifi Bot alcAEEH Blolog bRGE B ufsRatitdl g6d prafogestohea the2odted subSra@aswi th 2. 1
to 2.5 being nore _preferred for interlayer dielectric coatings. By the

t er m " poFBfdY 8SPESSI%S- npant an i nsol ubl e coating having a porosity of from2
to 4Q5VOolgede PRicGRBIuble PoRusBhdd producddMereins] belphalupsdropusy subsidtaags 10
ranges from1l.9 to 20 GPa, wth a ref?rred range from4 to.13 gé?"’

EXANMPL ESHopgrrashe cppings éielpawcﬂgﬂw@ﬁg‘l PRRISTRRIC 84bSPRse BYa Pl FUEHIS o ¢t hat
one ski | ked Lo {d16ei8d sifledY badtBUSviERRHE ballitth dRES ISR videsinebedm: | n the
"Exanpl es wei ghts are expressed as grans ( Mol ecul ar wei ght is reported

as wei ghusméleag@ufmm@a@ﬁm@v@n‘aﬁimemon&g ineludng focal\plang gea SORR1 ecul ar
wei ght ( M&h‘&ﬁ“é &%p§ﬂ?t9w)/01tgﬁlcelﬁe Bm d&ﬁe%ﬂéﬁ&ﬂﬂie%%es, Apphegks of the

si | oxane résin conpdsitlon was dohe using 29Si nuclear magnetic resonance
(NVRRO  Milivomgreimsaiopddvises, gapep bittipedevicessnd thedkent s were perforned using a

Quant ,amiwggj% Fléem'éfﬁ’ama@sgmag B oS HsBiHnIS bbB%ARE i8S pOducdebE 9 ounq

into fin
: the substrate. Preferably the coatings have a thickness of 0.3 to 2.5 um 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 SiO; 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




bei ng placed into the sanple cell, degassed for several JBQiHasy 206l | oaded
into the analysis 20 station. The surface area was determ ned by the
Brunauer- Emmett-Tell er nmethod. The total pore volune was determ ned from
the amountw@bsiger adsorbed into the pores at a rel atiygry@passsre close
to unity (PIPo = 0.995) with the assunption that the pores filled with
adsorbate. Skeletal density was neasured using a helium gas pycnoneter.
Skel et al (EdRYShd it vapePdcpESiinS Thd widitions caheings day aled bd dppliai yphpsieal vapsi n sol i d
structure excluding any _ interior vojds, . 25 cracks ores in the
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n.m indicates the 30 specified property was _not neasured. Exarrpl e 1.
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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




Exanpl e 3 20 [0049] This exanple illustrates the formatign.Qfanpoods! oxane
resin conposition where RLis M and R2 is t-butyl. MeSI (OW)3 (A,

(H2N) 2Si (O Bu)2 (B) and THE were added to a flask under an argon

at nospher eghshfigc@anount s described in Table 1. Dei oni zegdri@éphiwas then
slowy added to the flask and the m xfure stirred for one hour at room
tenperature, the mxture was heated to 65C. Tenperature was naintai ned at

65C for Haen PEETHF ipdfaskhRfer3b afop bebspiters. 0TS & efdbiunidet mater Was &ta | e
conponents were renoved using a rotary evapor %’;f%r at. roomtenperature
VG SHE ©

under vadfsHsIOYIHim g raction SEIES# 0 [GEPHR B QR &R

azeot r opgf 1Hoine thedBidiibNRLERE Wak Btdaab eefiik £6:8f hows. fTke s@PerdViwasit@ved 00l ed and
a 0.45 mcroneter syringe filter, was vacuum

filtered through . : ! Th_ej\ so] vent

(1 mm Hg)lS%/wgma@@aoafor soxieldg silgrape gsine agireete TheOH Was AN i s of the
sil 0X§“e§5@g'%&wauﬁwfo?mﬁanmee@ﬁ%&amwmmﬁoa@om%mébI e 2. 23
January 200 03/010246 15 BCT/ US02/ 23152 Table 1. Summary. of _Resin

s%/ nt h(es; undex waepiua foran a@@iorraohéém%gso‘?-%mﬂehdmf $olid rgsin N@s PRFI0eH D&Y r ef | ux
ste ear.ance - 1.530.311. 15011 8Wx..
5 500 SAMBRETIEOC blord gh cOdabitn 5 secanasaiy sl M ves

3 01 b1 IO S0k, 1 FBu@)ZSI0NIA)Y § Whet Z@ MEH 680RE:. f ((t BuO) b
5, 20, O30 GOBAIC 0 OB s henl 2 MR 020 (184

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 example illustrates the formation of a siloxane resin composition where Rlis
- 'Meand R? is -t~butyl. MeSi(OMe)3 (A), (I-IzN)zSi(OtBu)z (B) and THF wére 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.
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3-195.3/4.796.0/ 4. 0109, 7002 460-43.9 3-291.0/9.0n. m >100, 000*n. m-13. 4

3-380. 0/ 20. 080- 0/ 20. 017, 6001, 480-28.9 3-471.8/28.275.0/25.07, 3101, 090-39. 4

5 * - The wBlogsisbar wei ght data was i nconcl usive becausq.ctr)@gozmisgri al was
gel -li ke, however it could still beige-dissolved in solvent. Exanple 4
[ 0050] This exanple illustrates the formation of an insol uble porous resin.

Resins prepared 10 in Examglel. %MnirpoﬁR@nﬁmﬂEsmel ghed into an al um na

cruci bl e and—t+ransterred—i-nto—a—guartiz Hhe—Hf A e—furnace was
evacuated t P—W)( J4Bb6 EBF andi2BackFPEFRER W) ’r?ld ar sanpl es
were was heatwggl to {tiap tlgapenahures %hovmreiﬂnx‘ﬁapl P(g¥ at| a rate of
10C/ mi nute and hel d at tlenpenature { r 1| hour befpre copling to |room
tenperature while junder| an argon purge. e pyrolysis tenperature, Char
Yield and poffifT Ty [0ff@® [af € $REWN [A1.15. | 3@DI € 3. | Char d Ts jexpressed
as wei ght pefrcent rletai ned aflfer_amnal ysi§ at the specified tenperature and
is a measure B2 t hel Ak i[rAk@gé 382 t hdlBul k5&i | oxanplF&si nOpon heating. 23
January 2006309318} ""4%(-&-6- 5 UB0252315g Tabt el 3 gty and char
yi el ds of cuped res|ins. anp-lggyRes:i%QTe r§6 Char YlPée'?d Por eVol u Surface
No. Sanpl e (QI-¥W %) |(200B/ |gI2AY @80.0BET 14.80. ( 6®1 g) 4- 13L.7400810. 20. 157142
4-23- 145079 /0161160
Table 2.
Analysis of (MeSi03/2)f((tBuO)p, Si04.p/2)g Resins
Example | Molar ratio of f/g | Molar ratio of f/g | Mw Mn Tg (°C)
Based onreactant| ¢ 298i NMR)
3-1 95.3/4.7 96.0/4.0 109,700 2,460 |[-43.9
3-2 91.0/9.0 - nam. >100,000%} n.m. | -13.4
3-3 80.0/20.0 80.0/20.0 17,600 1,480 |-28.9
3-4 71.8/28.2 75.0/25.0 7,310 1,090 {-39.4
5
* *-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 insoluble porous resin. Resins prepared
- 10 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
‘argon. The samples were was heated to the temperatures shown in Table 3 at a rate of
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  Table3. Char Yield is expressed as weight percent retained after analysis at the specified

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




4-33-240079.3n.mn. m 4-43-245076. 80. 265413 4-53-338071.4Q4 6
4-63-340066. 3n. m n. m 4-73-345062. 60. 295486 4-83-438069. 40. 05635

- 4-93-440060. 90. 227277 4-103-445049. 50. 213348 Exanpl e 5 [0051] This exanple
i1l ustrat agobfieioi«@r mati on of a si-l oxane resin conpositi parnbengskl is M
and R2 is t-butyl.MeSi (OW)3 (A, (AO 2SI (O Bu)2 (B) and THF were added to
a flask wunder an argon atnosphere in the anounts described in Table 4.

Dei oni zed water was théfableédd’ewSﬁDanma#Yiaﬁkom&dtrbﬁénsm xture was stirred at
oo tenper at Uit e [ RH T o [ ket T PRI T Sgpkhe eaction

m xture. The sf'Vent mas renoved Usimg a rqtary evaporator to | 10. . yield
the product as| viNecousSample |WHT@h |wa@i%redi aj@ld/p)di §sater,RET,nt 0 150 g of
tol uene. Residual aceticg,aciid was |renoved 4s an azeotropezvmth t ol uene
‘under reduced pressurie "Cazeotropg boiling|point at 38C{m“ghe yesin was
agai n di ssol ve MO {150 2001 U amd tTopi y dried and
refl uxed for Iq”The sorutiorﬁo\?\/as ;giﬁlatered o 9t he scﬁ%%nt renpved by
evaporation to 42eld thé finaslres i7ﬂ.7produc1016A summaig0 of thel resin

synthesis is s —A—5 35— Table—4=Fherotecular—wetght—nformati on for the
resins is sho%:l'g n Tabié 5. 130%23 jgﬁuary 1838 wo 03/d10246 17

D-.

'PCTI US02123152 &abl € MB2Sumtaisg of| 7&@si n Symidessi s Btampl e (A)] (B) THE H2O

. Yi el d Appear an 45:5 No- (&g_gg)( )3(88)(971% 118. 6%2127” 01 2;'753 6SeH d
. 4-6 3-3 400 66.3 n.m. nm.
4-7 3-3 450 62.6 0.295 486
4-8 3-4 380 69.4 0.056 35
4-9 34 400 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
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Analysis of (MeSi03/2)f((tBuO)pSi0O4.p/2)g Resins.

debk3:

10246 18 PCT/ UsS02123152 Tabl e 6.
Exanpl e Resin Skel et al

Char

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 | 46,000
5-3 0.70/0.30 0.69.0.31 nam. >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




Pore Porosity Surface No. Sanple Density Yield Vol une (%2ArasanBilobs

No. (g/cnB) (W % (cnB/g).(n2/g) 6-15-11.69360. 50. 27131.(4{(216ijg e

6- 25-21. 62472. 50. 28031. 3481 6- 35-31. 50578. 00. 24927. 2425

6- 45- 41. 3983 63/M02452514. 9168 Exanple 7 [00531 This exanpberikdpsistat es t he
formati on of an insoluble porous coais ng. Resins 5 prepared in Exanple 5 (2
to 3g) were dissolved in MRK to forma clear solution containing 25

wei ght % as resin. TheTsalslkat Pabsxmdfchdrtymlmwmeémgmsa 1 0 pm syringe

menbr ane fi ji-er f I‘!—O‘y’\ed by—a h S_yl i e—+pabrane it renove an
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into a quarfz tube| furnacle and the f# nace ga burged W th Eltro;en. The 10
furnace vas| heat ed| t cNOAOOC(g/cném, oVt #50cC ¢®8/8) o| 60C/ mi hut én“/8hd hel d at

t enperature ot tH-S; r¢oRi-ed—t oMt ERPET at g Whiirte I ntai ni ng
t he nitrogen Ggurge 5'\']: c% ed gU‘Pers Wef%r}é1 storl ?aié&lundﬂgaa nitrogen

at m);sphtere( @izore ﬂ@ pLople?;My mgasur eneh2&.  MpaLBus addl di el eciric

const ants et hin films-are—showr+hA—Tphie——35-26—2523 January
2006 D 03/ 48246 53PCTI 0 25789 Tab| G38. Th| #1411 m Blopert i ob of reel bs
on silicon PghETs Pl €| 155 N | F8RPET af gl 14.9 168

Example 7 _‘
[0053] This example illustrates thez.formatiOn of an insoluble porous coating. Resins
'5  preparéd in Example 5 (2 to 3g) wete 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
10  furpace 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
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

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

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

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

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

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

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.




WO 03/010246 PCTI US02/ 23152 20 [0056] Another sanple ofyqthgfesmpyer ed
product prepared was dissolved into MBK to form a 25 wt. % sol ution. The
solution was filtered through a 1.0 gm syringe nenbrane filter followed by
a 0.2 }amwghsmasecrenbrane filter to renove any | arge paciied@sis2The
solution was applied to a silicon wafer by spin coating at 2000 rpm for 20
seconds. The coated silicon 5 wafers were put into a quartz tube furnace
and t he {0956jacanotixs spuplgefitwirddovered prodiem prePired whadisratved inie MiBRtte brmo 450C

(at 25C/ m,put e nd held at.te t for d to room
t enper at g?g M ﬁoﬁmﬁﬁ’l %?oﬁllllmr? é “fr% gﬁtﬁﬁe# :&hgrcél@% apluzor E@gg%%%ﬁmen%q%ae ers were
st ored ufdBivedbyni 02q@esyTARemsphane fihafto rendvh enplacgeeatticlesedbesodutent . The

nodul us and i el ectric canstant of. th in fil ar own in .Table 8. 10
Tobl e 5. VEhmmRIFe o ssicon 2 1t S cfivk A2l p e e s B el i

DkModsgl usafeld Wk passto aRuatNotubs fiddhcEhndlthe faritacewabpidgdd WiftsRitrogen. The
Cl-22.581.5051491. 3878 Cl1-32.631.6052021.3736 [ 0057 he.thin filns

pr epar edﬁﬁ?%?ﬁm“ﬁﬁéea(%%ﬂéé%ﬁ%é &eldgf toype E&? g‘-?rﬁélﬂms’l “hi gher Dk

t han t hatodlansiédttehipeldtis RhildNainfildeths Arogdsliiéd) STHEG R GAfdrowee t han t he
nodul us of the insoluble porous coating of the present _invention

Conpar at FgEdERémaIneTozen symgphersrefors sherphonsrty peaiemaniss The@odghusaid on of a
(MeSi 03131 deRicBnsBifof AL FBE SR & solla™ TEik g5 made from the resin. 2560 g
(140 nol) of deionized water and 1536 g (15.4 nol) of 20 (M RK) were added
to alflask. The mixture was coaled to -4 C while stirring. 512 g (5.12 nol)
of MBK and 817 g of nethyltrichlorsilane (5.46 nol) were added to the
flask at a rate of (5.5 glmn) over 4 h while stirring. During the ‘
addi tion, the tenper&thie® ThicfidnaPeapettiss afnssins omgsi@onAfafas t he addition was

fini shed, the tepperaturesy ratsed-to o6 Crdgying a 2 hr period and
mai ntai ned at 56| B aﬁ)kadg}df)?uéﬁsal TlgkAgss, 1, KL 4t ion sol ution was cl ear
at 56 25 C. The readiiop sol|utiGpa was cdbl ed|to beljow 30 C, at which tinme a
phase  separ at i onpsrs—opserved—Fhetwater—ayer—-gpAt ai ning HO was drai ned
of f through a bot t5ih va| VB [ Bhe f|§§%%. Tha 19388 dnt | ayer containing the
si | oxane regi n prodoct vasgvasdred witshgd L denggrged o

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 Pateﬁi: No. 6,022,814. Modulus was much lower than the
modulus of the insoluble porous coating of the present invenfion.
Comparative Exa.niple 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




water while stirring, followed by renoval of the water. sBhhganpRisng step
was repeated 4 23 January 2006 WO 03/010246 21 PCTI US02/23152 tinmes until
the PH val ue of washed water was about 4. The M BK solvent, water, and any
resi dual Hgbowe®246enoved using a rotary evaporator at 4@cgukeddisng the

met hyl sil sesqui oxane resin productzt which was then dissolved in tol uene.
The toluene was renoved wusing a rotary evaporator. The sil oxane resin
product viess futil theenT] il wishielr waterovasabatt 4r BervBK eolpantavatgreand\agy ni ght . The

resin was kept._in a refrigerator. for further racterizatjion and thin
£ T m evarsoriC] vesemove s %aé?‘@r??ﬂ”&%?fﬁ?f‘%?%&%‘?ﬁ%?%%é Mv of 13, 500
and M otjisegnane 180 pRIuE, WhicBdaoiheh Biesolrt iy tolent. SEsolveNcanss resved product

was dissolved in MBK'to forma clear solution co tgi nj ng 25 \r/%.gliﬁ%ht % as
resi.n. TH@n%rqiwsvﬁnﬂ@@rfThlet%lpéﬂaletr?ﬂfb%‘ﬁ%wiﬁ 7h “%4?? i a(olca Fane

filteg f %ﬁﬁ%ﬂ'e BYerfight: Phdfkia Yorak RER iﬂ@féﬁﬁ%ﬁh@orffbﬂ fuftherlcBath@ef4giorpdid | ar ge
particles. "The solution was applied to silicon wafers by spi n}VfﬁlS(gtl ng at
2000 r pmilfinfilm gvalustion (B amphysis b theaepuling resshared My giclSed00 gnd a quartz

tube fur g%gg and the furnace was purged with nitrogen. The furnace was
heated t0450C (25C/ minute) and held at tenperature for 2 hours, then
cool ed t ¢0058bn? tetpafithe methyhsilsdsauningang resinredyct wes dissolvedEnMIBK fufogaa The

coat ed waf S@@ﬁé@@%ﬁg@g% %@%{% sk .%@ol%mm;e@emoqgﬁam Property

nmeasur enent s S and dieléectric constant of the thin filns are

show10i n s¥radpke enethbrafalfilter @lloWed by 4 0.2 poRydpes ménslragsf filies 40 remoppanyiliigeon waf er s
Exanpl e DkNbdul us, rdness, ..Thjc : ' 20
C2-12. 50 i’.a‘%]g?- 2@&&65@9’% 885 a]@g_e%_ %‘ﬁ’g ?ﬁ%@%@aﬁé 2000 rpm for
'C2-3n. M Reddhds. MY ¢6atdd Sikeba viferd e pubinpes @taity mbEXanpieand Hedwnaa@tvess t hat
nonporous thin. filns e froma ((MeSi 35§) esin resul in simlar
diel ectr iPBngé)WéJE‘%og% 90 h(??te{l g’e‘{ r%gg né}nlmrlﬁ/@f] flcﬁjlﬁlq ak]owever . much
I'ower mogithpisattre Zor@Rmjirs, 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




25 23 January 2006 WO 03/010246 22 PCT/ US02/ 23152 CLAI M33 ydnuafy Bbé OXane
resin conposition conprising RLSI G8/2 si.loxane units and (R20)bSi Q(4_b)12
si | oxane ugbbsohigrein R is independently sel ected fromcihgogseiap
consisting of alkyl having 1 to 5 cagbon atons, R2 is independently
selected fromthe group consisting of branched al kyl -groups having 3 to 30
car bon aCbMMBhd branched substituted alkyl groups having 3 to 30 carbon
atoms, b is froml to 3, the sil o.x.anelr_esi n .cont ai nsm% nolar ratio of' Rl
Si 03/ 2 uhi Asilexsng Reip)cempeyidonemMPrigaE RS Sibt3/2 sigganedmy®and 5y t he sum of R1
Si0312 _unjts and (R20)bSi ((4-b)/2 units is at |east 50 percent of the
total si Oy s siloganejmits @@Frﬁmé%ﬁn‘ﬁﬂlo‘kl"?“é?ﬁﬂy sgl%ctﬂgogitﬁ%ggm resin

conposition as clained.in claim1, whergein is t-butyl.. 3. A nmethod for
pr epar i neprgising of elkybhaving o SFontomy. r§i%§f’?ﬂ§iﬂﬁ%§%@m@e gHeyP '
(R20) bSi gn?’i's) ¢ & bRinkREBING/] BRubShaWitr Bio B0 cdbbl SBind aildbrénchelhiubbiitaedpr i ses:

g a

combi ni n a) a silane or m xturé of silanes of the fornula R Si X3,

wher e eaalhylfroups havingfbiociicrarhon ptozs e istfrom | fomthardlogos FF I REISETRY o al kyl
having 1.t, bon at Xis.a | t Mzabl
or o hydiiegTBRERRR el BRI O i of [VERSRAERd e Qmbg i NBER D, O OUP

(R20) cSi X(.4- ¢ er.e R2 is . i.ndepepdent | ect. . '

consi st i Wyt 8?3 g?%ﬁﬁb#fg)ﬂ‘l“b)/% Yatsgy gtﬁ%sspﬂ?a?f’lr?‘fét %%P%tog?g glof(’:‘éll%lr)%#g g} %%B%gln d
branched Stbyuted al kyl groups having 3 to 30 carbon atons, c is froml
to 3, XIs a lhydrol yzabl e group or a hydroxy group, silane (a) and sil ane
(b) "are present in a nolar ration of silane (a) to silane (b) of 1:99 to

99:1; and (c) water, for a tine gnd tenperature s icie to effect the
formati ot e@ﬁ@ngmsmowe??ﬁﬁ%mérwgﬂﬂa‘w@@s?ﬁ ’e?l%':%ﬁil n claim3,
‘wherein RL is nethyl and R2 is t -butyl. 23 January 2006 WD 03/010246
PCT/ US02123152 23 5. A nethod of form ng an_insoluble porous resin, which
conpr i ses.; Afthdddat pragring e sdodanxasie compiisingpR ! H0gjysilogangunds adr a ti me and
tenperature sufficient to effect curing of the siloxane resin,
(RZO)bSiO'(L;_b)/z siloxane units where b is from 1 to 3, which comprises: :

combining _

(2) a silane or a mixture of silanes of the formula R18iX3, where each Rlis
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) 2 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.




(B) further heating the siloxane resin for a tinme and tenperature
sufficient to effect renoval of the R20 groups from t he3denmuwead 2006 oxane
resin, theg@usnididni ng an insoluble porous resin. 6. A g@Einidafks f orm ng
an insol uble porous coating on a subggrate conprising the steps of (A
coating the substrate with a coating conposition conprising a siloxane
resin 10 5 uRetbd bHdnaigan isbinble Rhoud ki, shichxamprisani t s, and

(R20)bSi O(4_b siJl oxane units. Lei i s i ndependent | lected from
t he group con@iii beatige gb}e Sﬁ?’@‘? r"‘l’??\ﬂ\#rﬁ‘lfgmﬂs ?8‘%&5 gﬁﬂ}?ﬁngé"t’ﬂ’ﬁt“%g% aéiﬁﬁw?tsfo

I ndependeiietiyvutieg eahedldkaredille group consisting of branched al kyl groups
having 3 to 30Q_carpon atons and substjtuted branched al kyl. groups having 3
to 30 carbon ?%lﬁﬁg?rhﬁaﬁ”gt?er%ﬂmf‘??‘ ,or?ﬂ@efpflmﬁ@g}r%gﬁﬁmﬁrgﬁ%f’)@?cﬁ on

cont aizns ' ' -440] - [+ - nits of
1:99 ts'o 5%“%%%11 % %gb%ﬂﬁf?%ﬁ ﬁ%é%%%ﬂgﬁeﬁ ggngirtlﬂdég?D ?%%#C@ﬁo}%wz units is

at | east pofbupessiment of the total siloxane units in-the resin conposition;
(B) heating the coated substrate for a tinme and tenperature sufficient to
effect curing of the coating conposition, and 20 (C) further heating the

- -coat ed subhA mathed bHforming aminselnble pervpe caiting on 8 milfsirate eortprisingthé steps ofenoval  of

the R20 groups,fromthe cured coati conposition, .there form ng an

i nsol ubl e por@@scpa%tlﬂ?ﬁ‘g’%ﬁef”ﬁgaé’ﬂ%g’lgrcﬁ ostion CRPTINRE A SYPXRREET i ng t o

cl ai 5 o L-hentaHn. No.: |§@3§ emy@l 25 of

t he @0 é’?‘%"ﬁg%t‘%%‘?%‘%@gﬁu%&%‘@%ﬁ@tﬁﬁ? [ b%g’i%{;q/%ﬁgbxsi ngl% step. 8.

An el ect o RUAThddb el doltlicd rokd 1B R GoRRAAL 6r A8 hhvige PiePassh by the
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 composition, 'théreby forming an insoluble porous
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.




