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[ 0001] This invention pertains to a siloxane resin conposition conprising
R1Si O3/ 2 wosislooeaeie units, and (R20) bSi O(4-Db)/2 sil oxane wamisowkasei n RL
is independently selected fromthe gnoup consisting of alkyl having 1 to 5
carbon atons; R2 is independently selected fromthe group consisting of
branched al kyl groups havi ng 3 tILOXANE BR&#$INSons and branched substituted
al kyl groups having 3 to 30 carbon atons, b is from1l to 3. This invention
further pertains to insoluble porous resins and insol uble porous coatings
produced 10 fromthe sil oxanggf BSHP TEHMESENTAON BACKGROUND OF. THE

| NVENTI ON [ 0002] Sem conductor devices often have one or nore arrays of

pat t er nggho1t eMmELRREtion etk $o & BidxaBeFosth ddnRsRIvnl dogdrlsihgdolenDg ot he
individual circuit elements formng an integrated circuit (1C). 2The

| Nt &5 CORMAGGhe WANE aRd @R@O%}Sgﬂl)ﬁa{&)%sﬁﬁﬁﬁé AhittvifeidR T RSHIGEhMGIeldbgl €Ctri C

15 coating. Previously, oxl de coating forned using chem cal vapor

15 coat v, at I'ng 1
comonl §/oi £ e e R AZ BRI ERIR0RE] LA RSP RIS SRBRE ¢ 2o

of ci r ciiicin tkepmp consisting bebrapded allkdye pwapnhavind 3 teBeoahbs atbesraddses, t he
relatively high dielectric con such silicon,o¥ide coatjngs (i.e.

f
about d4)br4n§h<f Bheduidelied gmw%tag’lgtaégaé%érbené&mﬁ» bdf fromshioat-i BHS 20 [ 0003]
| nor deg, ffiby %@Fgé?ii%ﬁn%ﬂrl@r%gg{){oh§r&%%&ﬂgo&%ﬁ%ﬁﬁ%@%ﬁ?@é ué{’g&l?&dox' de,
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20  [0003] In order to provide a lower dielectric constant than that of silicon oxide, dielectric
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 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] It 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 dielectric 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



whi ch have a high resistance to cracking. Also, it is desirable for such

si | oxane-based resins WO 03/010246 PCT/ US02/23152 2 to provide coatings by
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of the coating material. A porous coating typically has a | ower density

than a wofrbeidpeoatingg bsctandardgaddesging tefchhiqhbds rdataly k@gin cohtihg. Rais&nbwhidhat

5, 446, 088 descr.i bes a t hod of co-hydrolyzing silanes of 5 .ihe fornul as

HSi ( OR) thealigleattie epyystant gF $<g%drﬁ068n$ﬁf1fﬁ a%%(ﬁéé dggréﬁiﬂ midgn§iy PR R8N of

coat | NG8y,tefigf b pRh PACa BRRY BerksRY iRl Y QrelpaillisedMAToRtATS
atelid Bﬁgwg"s‘?‘h n ?ﬁ s PUTNLIfES o ug%n;zable

whi ch en on rough the oxygen atom~ forns a hydr
substi t [0805] Heheska,dl SyPatpmtéfe &b, 18gdiestritra bineethodefm-aydzolysing ol gnea od

L N T AT SO R e PR AR
bst. | ! h i 50
e L e T A N

havi ng bsmkahediligbk theyughtthe vRpaen] 80 Gforiek b hgd@lyzable subbtiBuenPaEyciallg .
6, 231, 989 descri be a nmethod for formng a porous_ coating, from hydrogen

si | sesqbfedstedenidedlyzrble groppT ¥R RPN FOXYorlhe 4y Bip e Mal iycarm el
coating, n%n%#ﬂ?ﬁe{daéxﬁfgx\ﬁ Eght@inﬁl%l ﬂ'btldr%ﬂlv%ﬂﬂpf qesdoqgfdgolg%%%%gea&oﬁ}eh§ qui oxane

resin and a solvent i n~a manner ©i'n which at | east o of the sol vent
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constan%mjugs.t he range of about 1.5 to 2.4. 20 [00071 Smith et al., WO

98/ 49721, describe a process for form ng a nanoporous dielectric coating
on a sufo6ht €hulipet glr, &L & sRatesiar. 6284 , %8R alesribp s oéthod Emdomginga petdexysi | ane
with a S(%J v% go&\gosit.' on and optional water; degos#ti ng tge mtxture onto
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resin. Sprstavin Beirargerqiiahprlopit 2fes reported include a density of 0.8 to
1. 459 [0007] Smith et al., WO 98/49721, describe a process for forming a nanoporous dielectric

coating on a substrate. The process comprises the 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

g/cm3, an average pore diameter of 1 to 3 nm, a surface area of 600 to 1,500 m2/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



g/cnB, an average pore dianmeter of 1 to 3 nm a surface area of 600 to
1,500 n2/g and a dielectric constant in the range of 2.0 to 3.0. The
useful orgemBolEubstituents that can be oxidized at a tempgrasouedasnf 250C
or higher that were disclosed include3substituted and WO 03/ 010246
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stability. It is also an object of this invention to show a method for making siloxane resins
and a method for curing these resins to produce 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 advantage that they may be formed using conventional thin film processing.
SUMMARY OF THE INVENTION

[0012] This invention pertains to a siloxane resin composition comprising Rl SiO3/2
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 alkyl 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 R1 Si03/2 units to (R20)bSiO(4_b)/2



fromthe group consisting of alkyl having 1 to 5 carbon atons; R2 is

i ndependently selected 30 fromthe group consisting of branched al kyl
groups haworng/od2se® 30 carbon atons and branched substitut @dTalskyk31§r oups
having 3 to 30 carbon atons, b is from1l to 3. The siloxane resin
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atons, bis froml1l to 3. The siloxane resin céontai ns a nolar ratio of Rl
Si o3/ 2 DBereEs ceggingshayaromeguup iy the gange of 6P 19 28658% 99: 1. The sum of Rl

S CB(2 uni ts and  (FAGLASICES BRERIAIN bP BIE hegakTaOper cent of the

total siloxane units In e resin conposition. It Is preferred that the

nol ar r ggoi18] OfThEbi1t a8 resit! Bdrhositfon( IBAPRS RIGAY)4 fldxahd nits, ndt0: 60 to 98: 2
and nore preferred is 50:50 to 85:15. It is preferred that the sumof 25 Rl

Si 03/ 2 ?@)%Sﬁﬁ'@é)/%ﬁ)&% s hedeil R I8 sbiSctBd flofPHE g{c%g%hﬁ@tmg &aitf1e total

sil oxane uni‘ts Y'n”“the siloxane resin conposition.. [0016] The structure of
the sil RME 14185 'cBrbbod aﬂ)%s, R29E irId'eﬁéHdleXﬂ}L s &P o e gﬂohﬂ LBNKsting NS
branched alkyl groups having 3 to 30 carbon atoms and branched substituted alkyl groups

20  having 3 to 30 carbon atoms, b is from 1 to 3. The siloxane resin contains a molar ratio of

R18i03/7 units to (R20),SiO(4-b)/2 units of 1:99 to 99:1. The sum of R18i03/; units and
(R20)b8i0(4_b)/2 units is at least 50 percent of the total siloxane units in the resin

composition. It is preferred that the molar ratio of R18iO3/5 units to (R20)bSiO(4_b)/2 units
is 40:60 to 98:2 and more preferred is 50:50 to 85:15. It is preferred that the sum of
25 RISi03/7 units and (RZO)bSiO(4_b)/2 units 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 may be only partially reacted (i.e., containing less than

10 mole % Si-OR and/or less than 30 mole % Si-OH). The partially reacted siloxane resins

30  may be exemplified by, but not limited to, siloxane units such as R1 Si(X)d0(3-d/2) and



may be essentially fully condensed or may be only partially reacted (i.e.,
containing less than 10 nole % Si-OR and/or less than 30 nole % Si - OH).
The partiwblog/oieact ed sil oxane resins 30 nay be exenpli fi edThysp2/m152 not
limted to, siloxane units such as RI5Si (X)d(Q(3-d/2) and WD 03/ 010246

PCT/ US02/ 23152 5 Si(X)d(OR2)fQ(4-d-f/2); in which Rl and R2 are defined
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met hyl , metd 6l SiOppomits, butyl, and pentyl. It is preferred that R is

met hyl . [00198 R2 is a substituted or unsubstituted branched al kgl group
havi ng H013] 30he silaysne 1e5insthane a weight sviesags molesulapwaishhing Ry PL JPHUE can be

sub |t§%(g§9q\%nh %gﬁ?@ﬁ%}nugpaglgeBpl@b@&%ﬁfocﬁ). car bon bonded hydrogen atom
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hal ogen 9 i f i I ri bed by
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by formula -(CH2)aC(O (CH2)bCH3, where a>0 and b>0. Unsubstituted R2
groups &lesewén‘bl ified by, but not limted to, isopropyl, isobutyl,

sec-butyl, tert,-butyl, isopentyl,. neopentyl, tert-pentyl,_  2-methylbutyl,
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limited to, halogen such as chlorine and fluorine, alkoxycarbonyl such as described by

formula

-(CH2),C(0O)O(CH2)p,CH3, alkoxy substitution such as described by formula
20 ~(CH»),0(CH)),CH3, and carbonyl substitution such as described by formula

-(CH2),C(O)(CHp)L,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, 2-methylhexyl, 2-ethylbutyl, 2-ethylpentyl, 2-ethylhexyl,

etc. Preferably R2 is a tertiary alkyl having 4 to 18 carbon atoms and more preferably R2 is
25  t-butyl.

[0020] The method for preparing the siloxane resin comprises:

combining
(a) a silane or a mixture of silanes of the formula Rl SiX3, where each R! is independently

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;



selected fromthe group consisting of alkyl having 1 to 5 carbon atons,
where X is a 30 independently a hydrolyzable group or a hydroxy group; WO
03/ 010246wB@3/HUBER/ 23152 6 (b) a silane or a m xture of ®crarsey2xb2the
formula (R20O) cSi X(4-c), where R2 is independently selected fromthe group
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di - t - butlionteditet linsay alkylagreupsdhavingblitoox gadbamatnms isheings metdlyldiethyl, propyl, butyl,
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methyltrimethoxysilane or methyltriethoxysilane because of their easy availability.

[0022] Silane (b) is a silane or a mixture of silanes of the formula (R20)cSiX(4_C), where

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, ¢ 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-butoxydihydroxysilane, 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 to 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.



30 silane (b) are present in a nolar ratio of silane (a) to silane (b) of
40: 60 to 98:2 and nore preferred 50:50 to 85:15 on the sane basis. WO
03/ 010246WwB@3/H0UBAR/ 23152 7 [0023] Water is present in anpamisaz/23162 ef f ect
hydrol ysis of the hydrolyzable group, 7X. Typically water is present in an
anount of 0.5 to 2.0 noles of water per nmole of X in silanes (a) and (b)
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cyclic ethers such _as tetrahydrofuran (pTHF) and di oxane; ketones such as

net hyl i obipdyant farsilanss (AMmEKP). Thalsolyent is abanplifinddyy, hntan disnitedde, saiirated
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Addi t i oagtycYopehti@e ahd v fclSigxuad) iforh@ics Bechistnizdhe RIENB ALyl A8 nEditglehyent s.
Preferred solvents are aronmatic congg s and cyclic ethers, with toluene,
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Combi ni ng, conponents_(a), (b), (c) and optignally a solvent (if it is

pr esent g‘“ﬁﬁ?l ditienld i‘i)li‘eégﬂ}geoﬁo tsyaay lacgg’segén PWéP’éla'il%n totht %’i‘fenffet ween any
hydr ol y palih @ SEdREs &&&Mic%hgound%d%ggﬁ@ahe&b\m E6deOMeSBYeRr fAEed to
effect formation of the siloxane resin. nerally the silanes "are dissol ved
in ihe stabpdrofiamnbeingmashprefratedr Vébiehealsclvent freussd) ititsi ggneralbp meedreidluniaon

usual Iy occur, t he above .conpongn are coni ned. To.lncreas e rate
o ext Emesor 30 f08E vkt BREEERe T GoPR Mie b eftRaP R Gl R e
t enper a8 petBiéPls 7816 00 Fwedglit patceRi ol Rin ol fHel abd@ebaskh [ 0026] The

tenperature at which the reaction is carried out is not critical as |ong as

it does 0B8] Gomhinvegampprems (aydbit(Fomdmptionallyea salyenh §if #fis presens) max hee
resin pr t r.al . e i 150C,
" P By OBl AL B, By 095 B 05,4,
gron@ sue6 thaasheaesdtionynay proteedps effectfetndtionedtbiloxtlteresine @xhelly die or bel ow
85C. The_tinme tgo formthe siloxane. resin is depgnd nt u?on number,
silanes are dissolved in the solvent and then the water added to the solution. Some reaction
usually occurs when the above components are combined. To increase the rate and extent of
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 Rl 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



30 of factors such as, but not limted to, the specific silanes being used,
the tenperature and the nole ratio of R and R20 desired in the siloxane
resi n prodoaB/oof24¢ he reaction. Typically, the reaction tiPEE/USe2/23162n
several mnutes to several hours. To Bncrease the nol ecular weight of the
sil oxane resin prepared and to inprove the storage stability of the
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by distillation under vacuum and heat (i.e 0C to 120C . be used.

Al t er natiyirgand any;addjtionglsol yeagoyes of gv%&%fhaeb%ﬂs Pl e n%l&%%%ﬂﬁgﬁgsm ora

par bh CulBE vARLV &k noinss¥dy ity exchange may be done by adding a secondary
11

solvent and distilling off the first solvent. The siloxane resins nay al so

be st or ¢e028h dieistlotanerresin hBY2ejrechveiedsnbalil forpdyoemoriegithe srhyenbeThdt ai ned
by heat In?egh(;[dh oef s%ivleg%( raeg%vgleiss 'not ér‘i)t{caﬁaﬁcf fimerous approaches are well known in the art.

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



and tenperature sufficient to effect curing of the siloxane resin and
renoval of the R20 groups, thereby form ng an insol uble porous resin. By
"cured" iwois/oneant that the resin is 30 essentially insolpariusor/esishe
solvent fromwhich the siloxane resin9was deposited onto the substrate or
any sol vent delineated above as being useful for the application of the
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greater than 350C up to the | esser of the deconposition _of the siloxane
resin béukblonenanesinfacktibngootiek bandpsibensleditd sitiom of the Rd SH3/SisitBtadesi | oxane
units to effect renoval of the R20 groups fromthe silicon atons.
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her gt t -eqt. ; 2lp:
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mllion. Heating may al so be, conductfed at any _effective at nﬁspherl C
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] Itis preferred that the heating takes place in an inert atmosphere, although other

atmospheres may be used. Inert atmospheres useful herein include, 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, O7, 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



pressure fromvacuumto above atnospheric and under any effective oxidizing
or non- oxidizing gaseous environnent such as those conprising air, 02,
oxygen plwemaji@aeone, ammoni a, am nes, noisture, N20, hy@®Cagsn2/2385%.
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above f ebatidpeon thastibsoatedf the silane mixture with water. :

[0034] The siloxane resin is typically applied to a substrate as a solvent dispersion.
Solvents which may be used include any agent or mixture of agents which will dissolve or

20  disperse the siloxane resin to form a homogeneous liquid mixture without affecting the
resulting coating or the substrate. The solvent can generally be any organic solvent that does
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.



25 [0035] The solvent is present in an anmount sufficient to dissolve the
siloxane resin to the concentration desired for a particular application.
Typi cal | ywohg/os@hesent is present in an anount of 40 to 9PCEMISghe31pEr Ccent ,
preferably from70 to 90 wei ght percerit based on the weight of the

sil oxane resin and solvent. If the siloxane resin has been retained in a
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conduct ef, 8t 18xhRTPEH @6éffn% it RurfEn AR08 aocremperature within a range of greater than

350°C up to the lesser of the decomposition of the siloxane resin backbone or the R1 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 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. During the curing and heating step greater than 90
mole percent of R1 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 R! groups

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



25 greater than 350C to 800C. It is preferred that the renoval step be
conducted at a tenperature in a range of greater than 350C to 600C, with a
t enper at (W@ 03/01@46 ange of 400C to 550C bei ng nost pref er Pea/usSDueilng t he
curing and heating step greater than 20 nole percent of Rl groups
generally remain on the siloxane resin. [0038] In the single-step process

t he cur tmgd ebating@osipositiane Geastlly,dtid prefemedithatthe tchrinﬂm'ﬁnom stgp beips ar e

ef fected sj nultaneously by heati n at a r ran e of
gr eat er Colgted %@te@ﬂi’qﬁu{%B AraREey gé?at‘irﬁ&a“g:g@ ﬁﬁ éﬁ?% h’f % 5xhfe

resin bagkl ??@O@bt%@%o%bgﬁlg%&t Rendad to silicon atons descri bed herein
above to ect renoval RBO groups fromthe WO 03/010246

PCT/ USORIGBI]L52: is j)ﬂafmmdeﬂha‘cfbaheatglgdd{qsmcc i an ingereémastihgre, Rithqughsither er r ed

t hat _the cur /re nduct at .a. t ture [ nge of
greaf er a@i‘%ﬁfl@o‘ DBy e@%jsc gﬁtf“i’iﬂoffpﬁ ﬁﬁﬂ%"*ﬂ? chgum%’r "ﬁ ° l%%& t?o 550C
bei ng Mag{ooRh, Qi‘eﬁﬁﬁqeﬂld akg&ﬁ@ith b ok§geanere¢ [d5&thah/F3atpatth peﬂ’lﬁﬁhbﬂﬂgld lsRsalpy ace

in an inert atnosphere, al t hough other 5 atnospheres nmay be used. Inert
at nosphéssethand &fpatts petrlerlhom rﬁdauue mawisoéqeecon@mcwd #honp gffefive ayppsnbigen

hel ium and argon with t r ion and
pr ef er aBIS/>"F grggn YA §%\¥‘iga§ I#&gﬁ@rﬁg eﬁgctﬂ% Oﬁdl?‘ﬁ% Elé‘lnjtl:onduct ed

at any ekfdeshd YReals@RbEMESt subli %&us@cd‘nmmmt;m my@mqﬂssnm, ppapheri ¢ and
under any effective oxidizing or non- oxidizing gaseous environnent such as

t hoge campionsd, aghimdsl moBPyre XY@ dydpigasrel;. ozone, 10 ammoni a, am nes,
noi sture, N20, hydrogen, etc. [0040] Any nethod of heating such as the use
of aq uz{ﬁ)(w)] t Wi niathovhefdieating ooty ecthe ose efidamarts ube fargicent CoFVepH Qi QYRR

ener gy |s nera functi onal | e i ing is
general %ﬁf’r 5‘1‘:5?‘%6? YoCAeE é%%%\ﬁyaﬂﬁﬁ?n tlfmans hmrel él}r{naltléi%lpedl ?attgdﬂ{ ﬂ? %r ed to
heat 1t hege@alyditht 8\¢lEtd FctordBut itfidRiod pfaaeamawfé@ed tb&e{uaneaadatemabstmsubr e
porous coatings produced her ei n may be produced on any substrate. However,

the coatt#m¢s aapessipd-ti cul arly useful on el ectronic substrates. By

"el egt r I s and
gal 15t L HREEBhBIe pocbsicBadtES PlodyCed SSiH 4y B phARePEPRA B ANC
sem condusiever, dRoatigstard Imﬂmﬂhrlymséfmd:aﬂl elpéteomic substaatss, Bwterhectxehlecsubsimté’

devi ces, photovoltal cells i cal es, tra srst l.i ke de i C
devi ces it isaneapt ‘iOéB‘Hll s1 lF@htPaé?géeVd%e\?laeggal wgpasenids pasg d‘?:f'é?ﬁsd‘e ot%f he

i ke. [ngél # thB¥ndn cﬁﬁ@)ﬁ? E@ﬁllagﬂlu%totr Qbﬁ\ bhé&e ?nc'hhﬁi'i% ﬁ)cglr'ﬂlaﬂéqa?fbjyb'mﬁo-por ous
coating 1's pro uce e substrate. refera he coating have a
t hi cknesdectbni@. d:évrtces, Z>h5torvohmd cellst hptedehdeyvicasf tr@ﬂSBithdlkeldeZlOpm%Eldﬁglcﬁﬁar e

pref 2 ' absglﬁ:on:l(-)rr]l?ingu ator nggergosoutpgr att}cre] ev1r<:£se gl"éll tﬁe hlS(u.r faces of the various

[0042] By the above method a thin (less than 5 pm) insoluble porous coating is produced on
the substrate. Preferably the coatings have a thickness 0f 0.3 to 2.5 pm and a thickness of 0.5 to
1.2 um 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, silicon 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
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the anmount of vapor adsorbed into thé pores at a relative )
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] In 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)»Si(OtBu)y and 6.44 g of MeSi(OMe)3 were added to
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Example 3

20  [0049] This example illustrates the formation of a siloxane resin composition where Rl is
Me and R2 is t-butyl. MeSi(OMe)3 (A), (HpN)»Si(OtBu), (B) and THF were added to a

flask under an argon atmosphere 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 shown in Table 2.



Me and R2 is t-butyl. MeSi (OW)3 (A, (H2ZN)2Si (G Bu)2 (B) and THE were
added to a flask under an argon atnosphere in the anmounts described in
Tabl e 1. Woiosnied water was then slowy added to the fl ®ch/z0z231ke

m xture stirred for one hour at roomtSenperature, the m xture was heated
to 65C. Tenperature was mai ntai ned at 65C for two hours, and then 25 cool ed
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wei ght s 3B-—shewn e—2—WO-03/- 010246 PCHUSE2- 2315215 Tablie 1.
Summary of ;1 in Sy r?rpﬁ)ealngxaaerTe k?-f(s SJJQfHE H20 'Lrllc}r‘tﬁenewaﬁ Yi el d
Appearance [Na. (0) 209 [(Fg (Ho T eflvkestepo(a) (0) 1281 PGB0 1.5 30.3 11.1

50 11.8 Wax|~3-2 20.71 3./0 30.[2 11.6/50 12,8 G| 3-[3 20.0 7.6 29.9(13.2 50
16.8 G| 313320.0|22.00 |3060 |19.8B 50122.7 &l  Tabl|el6B An@ﬂysi s of

(MeSi @3/ 2) b—SHM—bl2)-g—Restns afpt-e—Vol-ar—rati e\l ar
ratio of f/g§W wh | 28 61285300 on 1‘£§ct< AP (29si AP ISRNA
96.0/4.0 109,700 Z, 460 -4379 3-2 91.0/9 U n.m >I00,000F nnm -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 nol ecul ar wei ght data was inconcl usive because the materi al
was gel -1ike, however it- could stilk,pgye-dissolved in solvent. Exanple 4
[ 0050] This exanple illustrates the formati on of an insoluble porous resin.
Resi ns prepared

Analysis of (MeSiO3/2)f(tBuO)p SiO4.-p/2)g Resins

Example | Molar ratio of f/g | Molar ratio of f/g | Mw Mn Tg (°C)
Based on reactant (298i NMR)

3-1 95.3/4.7 96.0/4.0 109,700 | 2,460 |-43.9

3-2 91.0/9.0 n.m. >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

* 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 quartz

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  Table 3. 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.
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Example

5

[0051] This example illustrates the formation of a siloxane resin composition where Rlis.

Me and R2 is t-butyl. MeSi(OMe)3 (A), (AcO)»Si(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 temperature 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

20

Table 4. The molecular weight information for the resins is shown in Table 5.



by evaporation to yield the final resin product. A sunmary of the resin
synthesis is shown in 15 Table 4. The nol ecul ar weight information for the
resins i swelemm2e Table 5. 20 WO 03/010246 PCT/ US02/ 231%2T/U862/Tabt e 4.
Summary of Resin Synthesis Exanple (A7 (B) THE H2O0 Yiel d Appearance No.
(9) (9) (9) (9) (g9) 5-118.6 40.0 72.0 11.1 23.6 Solid 5-2 27.9 40.0 80.0
14.5 26.0 Solid 5-3 43 5 1®1349@ummy©fkesms$mheds 5-4 92.9 39.9 120.3

28.3 67.3 x—Fabhe S+5—¢ Me SHEB{2) (tBu)bSi Resi ns.
Exanpl e Mol a xprgple, Qﬁ“j f/gotﬁél ar r;rﬁo of ﬁle\m NS se&%%&%tants
(@0 52 0.60/0, 40

Based on 29$iNJNVR 5t &) 0. 50/@) 50 O. 4@ 0.56 % 990 17
0.55/0.44 2,010 46,0 5-130. 70/ 0. 30 0.69.9. 31 n. >100, 000* 5-4
72le nol

0.85/0.15 0./83/ 0. 17 £8.400 |3®0.(100 * qqul ar wez3g¢1t daoidwas
i nconcl usi ve_hecausie the material lwas npl Like hawever ilt 5 coul

be re-dissollved in s%ﬂ Qent A anpl eSQSO [ 005)21]4 5Thi s é@dhpl e alidyst ra
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[
3 g) were weighed int¢”an |al"um najcruci bl e 7and transferred into a gu

tube furnaces.ghe Tlugnace \viso evagupkoerd t 92820 M 7(x2666pRa) and
backfilled with 10 argon. IThe sanples were was hedted to!450C at alrate of

10¢ m nute and held at 450C for 1 hqyfhefore cooling to roomtenperature
whil e under an argon purge. The cure S|onane resins were obtained as
transparent or slightly opaque thick filnms. The pyrolysis tenperature,

char yield and por 05|Ayalglasafail\/ESs(hy@bﬁ(tBu%Si@_@/z)gRasmm eld is expressed
as weight percent retained after analysis at the specified tenperature. 15

20 Example Molar ratio of /g Mn Mw

Molar ratio of f/g

Based on reactants | Based on 2981 NMR

5-1

0.50/0.50

0.44/0.56

2,990 -

17,700

5-2

0.60/0.40

0.55/0.44

2,010

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
5  could still be re-dissolved in solvent.
Example 6
[0052]
- in Example 5 (2 to 3 g) were 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 samples were was heated to 450°C at a rate of 10°C/minute and held at 450°C for

This example illustrates the formation of an insoluble porous resin. Resins prepared

10
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



WO 03/010246 PCT/US02/ 23152 18 Table 6. Porosity and char yields of cured
resins. Exanple Resin Skeletal Char Pore Porosity Surface No. Sanple
Density Ywelodowkane (% Area, BET, No. (g/cnB) (W % (eaB/ugp2/£3Rig) 6-1
5-1 1.693 60.5 0.271 31.4 461 6-2 5-88 1.624 72.5 0.280 31.3 481 6-3 5-3
1.505 78.0 0.249 27.2 425 6-4 5-4 1.398 76.5 0.125 14.9 168 Exanple 7

[ 00531 This exanple il ITulsIbr6atF®$osﬁﬂyanﬂohar@ﬁéldmobcfured]rdsimsol ubl e porous

Coat|ng Resins § Igrnpnrn in I:vanmln 5 (2 tg ’.)n\ were—di-ssolve i MBK to

forma clea L Examplgt|i dRes %nt%keﬁ?tﬁrg Shape; ghtp%eas ELPRLY The IE{‘;E‘iftl on was
filtered throygh a.ﬁ%rgl sbgh%%e mgahgane Yhluher | f eddowedabss BEF, 2| m
e

syri nge nenbrane fli tp renove any | afge partlcles The sofl utionl was

applied toja siliconNuaf er(ngn r(W,td’é)i ng(cgﬁ/g@ooo rpmf or 2{&12@conds. The
coated silicon fers were put’ fnto a quartz tube furna¢e and the furnace

was purged| @t h nilt5-dgen. | 7683 10| 6P nace 0»@%1 heat|eld-4 0 406€l 425C of 450C
(50 to 60CHxAHute) "“d hetrt—at—teapetratu TS, 4g|I-:|| cooted to

room t enpef dt‘ure e m ‘n‘pgl ni ngf‘ghe n q?%%en pu;rg%. Theé®  coat ed wafers
wer e storedglder [a {i {1 0g¢eRoat nbgphere pebgge thexpr oper 4ysmeasur ejrent s.

Modul us and di electric copstants| (Dk) of{the thin filnms are shown ipn Table
7. 15 20 |85 WO (39-9102461868/ USOR62315p0.129 Tabl k9. Thile8film Prpperties
of resins oA——siticonwafers—FExanpteResi-h—TFenperatureDbk—Mdutus,—Har dness,

Thi ckness, RI _No. Sanple C Gpa Goa A No. 7-1 5-1 450 2.32 7.9 0.91 6, 300
1.273 Fxpmpler7 425 2.36 9.0 1.11 6,728 1.276 7-3 5-1 400 2.48 8.7 0.95

6,826 1'[3(75]3»] This example illustrates the formation of an insoluble porous coating. Resins
5  prepared 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 spin 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 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
coated wafers were stored under a nitrogen atmosphere before the property measurements.

Modulus and dielectric constants (DK) of the thin films are shown in Table 7.

15

20
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7-4 5-2 450 2.16 3.5 0.51 6,199 1.252 7-5 5-2 425 2.48 5.5 0.65 6,374
1.307 7-6 5-2 400 2.55 4.8 0.53 6,333 1.338 7-7 5-3 450 2.61 7.4 1.11
8,551 1.3wW0 03/h1R46-3 425 2.52 6.9 1.08 9,025 1.350 7-9 5PBTAG02/23188 7.4
1.19 9,413 1.336 7-10 5-4 450 2.88 7198 1.4 10,500 1.368 7-11 5-4 425 2.71
6.0 1.19 10,525 1.383 * 7-12 5-4 400 2.63 7.1 1.25 10,892 1.375

Conpar ati ve Exanpl e ’I[a‘t{lé)beZhn‘lﬁinsPI@panmpk eﬁresinbumsﬂmbﬂsvafdm prepar atl on of a

(MeSi @/ 2 Eh\CES"'-"lC"-"’) Si-034 ”I)' VE ) “(i epar-egd—accord ent
No. 6, 02PERAPIE]aREYR b FRCIERIE q.P R s [ g B
trifluor oprlqg.yl trgagg,qgmxy sl ane 5|9 efpamethylgpaet hoxy gilane, 10 g , of
i sopropyl alcohql, 3.4{g of butawol ard 0.10 g oxalictiacid dihidrate ywere
m xed in|a flask 8o4 | g of water was |t hen added |nto the reaction flask

via a sy sH-ght—thncreaserti—trenperat e from24-+1to0306¢C \??r
observed 7+he reasai on ?"r$ ture wag'i}’lﬂ‘\leat‘:7I dto 'Q@Iand 185’3?'&9 nt aiA at | 70C
for 2 hrsyforTqued Dy| g9l ing t pyRgoMENperafure. The ¥ veni (wgg then
renoved under vdcuumat 35C yieldingla 4.98 @ of product. [00551 The

product pB3ai ned Sahs d| 46®I1 ved i h24810Q &7 but af1@l95and y. 658269 i sopr26|ban Dl to
forma splutioen: Ti%e “""‘:on Wah "%p!ie'4 +0 He—et o..'““a ‘\Tfers
by spin ¢ é"ting ar 6, 2000, a%a 3(0”05urpm roeiiultlrfigﬁ mh&?ﬁ waf er s

havi ng ppers quatjify TI g55 Tor Wni 6lgng 515 chanacgser | 2gtd pfy dat a jceh! d| be
generated. "The fli'lns contai ned numerods circullar defedt$ of differen

sizes di spérsed |dv2r t hdO@ntire sQrsbaqel.®f the Ovisf er. |Ws33%g optildal

m cr oscopbV—these defects alsoa d to bhe o hol ow + h curf

defe¢ SO peafr-e m\,s\,.u bel-owthe face of
the fi1n] v 03/|0r6246| B0A/ USO2/ paPRo | 2 100561 Anot HeboHanpl & 1P 7t hé
recover effi;mroducts_prepapss Was di5xel vedy TNt o [NTEK 10 |ffjy a 23 %o 70

sol ution e sdlution|was filtered through a|1.0 m syringe nembrane filter
fol l owed| B a 0.5-Bn syrdb@e nmenbyarss f|il4er tc ItE¥nove 69)4/13 arge lga@oti ¢l es.
The SOlU |nn Was annlilied to a c Inpn mnfnr Vo onin 200N 'pm

na At
T T O T O rJl LIL \IU U Y
for 20 s=ZDst ﬁﬁé%oaﬁé@l sili c3%8§ vﬁfgrs vver“rput i [k VOGJSQQ qucirﬁfétut)e
furnace the [fgpnace S purge T Itro The [ { ace [Waggsheat ed
to 450C 251250 n%”rl]ute 4§%d hel d gtﬂ’f[ enrbpgratur n]%g hlodl’j?ss, then cool ed
to room { @der at|u¥-¢ whi B0 mai nt ai Aia3g |the ni t ndgEn purg]e(),89I2he ¢dad7’ed Wwaf ers
wer e

Comparative Example 1

[0054] This examples illustrates the preparation of a (MeSiO3/2)p(CF3CHCH2)S103/2)i

5  resin prepared according to U.S. Patent 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 gof
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  maintained at 70°C for 2 hrs, followed by cooling to room temperature. The solvent was then
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
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.



stored under a nitrogen atnosphere before the property measurenents. The
nmodul us and dielectric constant of the thin filns are shown in Table 8. 10
Tabl e 8. Wbiog/ofd2kéen Properties of resins on silicon wafersPCEAB0pRESDK

Modul us, Thickness, Rl No. Gpa A Cl-2 n.m n.m 5632 1.3738 C 1-2 2.58
1.50 5149 1.3878 Cl1-3 2.63 1.60 5202 1.3736 [0057] The thin filns prepared
from t hgDOSKE SA@BLHRY berbi8 CHEEHRYSIcERY @pduat pm’pareldaWS d1$o}vieg htﬁp NﬂBK taformhat
reported_in Patent. No., 6,022 814. d us S | ower_t Eﬁ?r nmodul us

iv

t 022,
P he s Bt athet ore s g A RL R Bl syt ime
Exanpl e fd1dv@28]a 0P iugh S¥3ER hﬁnﬁﬂrbﬂ@ﬁl”te’%&@%lﬁm J@ﬂﬁ%& p@fichk. erhé &@1&19@/ 2)

resin and formation of ‘thin | s made fromthe resin. 2560 g (140 nol) of
dei oni zeds wpptlied tandilices @vaéer(bwpm ml)lg ot 20@0’19(TMOBR§) sggonds. a'B]éi%@a’@%l stligonask.
The m xture was co oled t 512 o] BK and
817 5 ob At Wt e orufiea i e il e Rlpie i Tn el g o "0 Tt
of (5. 5fghideyashéafed4o B50%T ¢ae25°t@/frﬁm@) andWeld @ térhperaﬁeu for Qrhoutshthen
terrperature increased to about 8 C. After the addition was finjshed, the

t enper ateeled (goomsemparatuse Héile mainiaining the nitrpgen puraco dl bakpated; Walsisede at 56

Cfor a t C. The
reacti ontogd:j |g%g\;[vré) ecoﬁ?o%ﬂ olbgt%?é {h%%&%'nl} r{j%v\ﬂ}lgg% fsl me a pug%ea?ngl

separ at dectsconstagesiid thid figmyateshotvaye Talslet ai ni ng HC was drai ned of f

t hrough a bottomvalve in the flask. The solvent |ayer containing the

si | &ane resin product was washed with 1L deionized water while stirring,
foll owed by renpoval of the water. This washing step was repeated 4 WO

03/ 010246 PCT/ US02/23152 21 tinmes until the PH val ue of washed water was
about 4. The M BK sdl'atéa8, Thixt £im Propert@npf resesiodsdicori@aferas removed using a

IS | (aWaVYalal

rotary evapor at gr—at—40-C}epvrhrg—the—pmethyl—silsesqui oxane resin product,
whi ch’ was then dilseamlel Ph | Sfsbhs, | AHECkSfuche Rlas | r emoved  usi ng a

rotary evaporatqr. \jphe siloxpnegpgsi m progluct was funther dried under

vacuum at room 5 tenperaturel overnight. The resin wag kept in a

refrigerator for|Glithefnoharacteri zaﬁﬁaﬁh and | 1.B738 fli | m eval uati on. GPC
i raociil ti hey r cheoam MNMaraf 10 ENN 4

anal ysi s of‘ t he FesgHHHRgLe JiS shey lsmvgv of 18309 nd vnh of 3,500.

C1-3 2.63 | 1.60 5202 1.3736

[0057] The thin films prepared from the (MeSiO3/2)h(CF3CH>CH»)Si03/2); resin had
15  higher Dk than that reported in Patent No. 6,022,814. Modulus was much lower than the
modulus of the insoluble porous coating of the present invention.
Comparative Example 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 deionized 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 methyltrichlorsilane (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, during a 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 HC1 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



[00591 2 to 3g of the nethyl silsesquioxane resin product was dissolved in
MBK to forma clear solution containing 25 weight % as resin. The

sol uti on wesfidsered through a 1.0 m 10 syringe nenbranecfiusoee3isol | owed
by a 0.2 msyringe nmenbrane filter tairenove any |arge particles. The
solution was applied to silicon wafers by spin coating at 2000 rpm for 20
seconds timBhentiloht FH willd efomashed sater wes ebautd. The MIBKgsdvant, waitreafidiamyace and

the furnace was_ purged with nitrogen. The furnace was_ heat to 450C
(25C/ i Festdapl H%W%FW%‘{C\QA‘{SWP F\éapf){ﬂmfzatﬁ{%u@?a‘ﬁ%ﬂle %}ﬁ d to room

t enper aty c?g(i[ﬁ’i’&'(eln% OB Efo%l'u@ﬂ Q& h@asr{h%# Q& vektin RULESe. THGoRRAL s WlRed Were

stored un a nitrogen athosphere ore the property neasurenents. The
nmodul us using adotatyeetaportaroiibe sititxand resineprodion whs furthea daed hiadem vaguuTiadtireo®,

T e R 65 B e R SR B B0,
1. 3652 g fdm%evathattor? GEE l§1@alygsl%l3§f the ?E%ﬁﬁinfg@@siﬁ’ shbviRd Mot 13,3500 SHhdWn &f 3842

20 This conparative Exanple 1llustrates that nonporous thin filnms nmade from
a (MeSiG0R) resinresulted in simlar dielectric constant as thin filns

f th t ion, .h . h. | dul 2 .
03/ 0102 10 BET R 3 sheBeenI AR ol Bt Mot &S i f S o B
CONpPOSi idaPsARHRY écnkdifinRLSIvA341R %6 iak fsai eTHeolBioaehs 1RR24) tfiugh 4-100 (i

sil oxane units wherein El i s 1 ndependently selected fromthe gr oui)
condf st ispgngsfmemkapne fidtor fedlowed by m G pmonriagomsmbrgne; fHter fQesHoYE 8RY faFge

30 car poRst G 1A BE i SRR TR by eGPy I8 Pl o POV RO 1820707 1

carbon at@m8s. Phé Sodtdddilidort Wafdrs Wére pai inaxageartzaabsficnaveand sheafumakcamwasr at i o
of R1L Si03/2 units to (R20)bSi (4-b)/2 units of 1:99.taq 99:1 and the sum of
RL Si 03/rregedivithsnigagen. RDly gpace avas igated i 429 Ps(Z%ltC/P’élagg) %’élﬁslé‘ra%ent of the
total si ' ' | Jobd R RainthBns ihk resin
compos; (T ERAHEEr o, a5 b fo ERTRARHIGRIR ol il e BHASLEn

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 |1.50 0.26 9402 1.3652

C2-2 2.51 1150 0.30 9286 1.3787

C2-3 nm. | nm. n.m. 9707 1.3842

20
This comparative Example illustrates that nonporous thin films made from a (MeSiO3/3)

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

much lower modulus (<2 GPa).

25



3. A nethod for preparing a siloxane resin conprising RL Si03/2 sil oxane
units and (R20)bSi (4-b)/2 siloxane units where b is from1 to 3, which
conpri seswobs/0cadi ning (a) a silane or a mxture of sil amez/usb2iis2 f or nul a
Rl Si X3, where each Rl is independeny selected fromthe group consisting
of alkyl having 1 to 5 carbon atons, where X is a independently a

hydr ol yRaAT I§ICAAMIEDAShydr oxy group; (b) a silane or a m xture of silanes
of the fornmula (R20)cSi X(4-c), where R% is 20 independently selected from
t he gr olpAcdlesimstiesig cofpbsitioe berdpasing R §iQap silerape #gitsandy 30 carbon at ons
and branched substituted al kyl groups having 3 to 30 carbon atons, c is
from1 (R%O)%Siogl@/zasilwdm@hnﬂsa&heeeig Rduip irstependeydy sxdgctegd Gomw, the gtogpe (a) and
silane (b) are présent in a nolar ration of silane (a) to silane (b) of

1: 99 t ocQRisling analkChavivat Bto 5 2bbwatomst RAts independenibr sateated foanf fliecgrewp t o

effect the formation of the siloxane resin. . 4. The t ho s clainmed in

cl ai T 3congifeingohbrache %J@flrﬁwllpérbévmz 38 3b-06{h09|a7f0%m{@’f61§%6%‘2‘2f€%£ | .

PCT/ USO g&gﬁ%ﬁﬁp%&%@g & %@em@m bk 08 15 #tEn 3% BNEELUBL e PAIPHtAIBSA holahi ch
eatimhg the si 2 f

conpri S€es: oxane’ resin of clains 1 or or atime and

t enper ajy oeofsli_lfsf(i)(i))(g}%%tits &@(thi)lfbsgﬁ(#gbyej nEts A 1199a0 90} (0xAINBe E@BIARLEM)3 /4 ur t her

heating the stl e resin fo and tenperature sufficient to effect

5 remv%ﬁ%&@g%@%@,ﬁﬁm@? mttl&%%ms& 2 bF 263061 Sikkhfe uﬁi&ﬁﬁ%e/regiar m ng

an inso A nmethod of form ng an insol ubl e porous
coati ng.Qin&isMpstrate conprising the steps of (A) coating the substrate
wth a coaPi ng conposition conprising a siloxane resin 10 conposition
comb@ising RL SiG3/2 siloxane units, and (R20)bSi Q4 _b)/2 siloxane units
wherein R is independently selected fromthe grou nsi.sting of al kyl

havi ng 2. {ldesilexangaesin ﬁ@@ﬁ%lt&ﬁbﬁsli@iam@dilrhﬁléﬁ%ﬁd@h?rFf}‘ é/%}sé&“éﬂ' fromthe group
consi sting of branched al kyl groups having 3 to 30 carbon atons and
substituted branched al kyl groups having 3 to 30 carbon atons, b is from1l

' nlzgcpm%é 1c8i &ﬁ@&i@ingsz@iog}&asﬁlomtei i bndiSi 0B/ 2 15

to 3, tfg.e(oéide%a&@rﬁ@%ar ; :
units to (RRObSI (4-b)/Z units of 1:99 to 99:1 and the sumof Rl Si G3/2

units a a%%%@&;ggi/%ﬁld&é anitWhérebSs flond £853, WilcIPESfifNesOf the total

si | oxan e resin conposition;
15  combining

(a) a silane or a mixture of silanes of the formula RISiX3, where each R1 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

20  independently selected from the group consisting of branched alkyl groups having 3 to 30

carbon atoms and branched substituted alkyl groups having 3 to 30 carbon atoms, c is from 1
to 3, X is a hydrolyzable group or a hydroxy group, silane (a) and silane (b) are present in a
molar ration of silane (a) to silane (b) of 1:99 to 99:1; and

(c) water,

25  for a time and temperature sufficient to effect the formation of the siloxane resin.

4. The method as claimed in claim 3, wherein R1 is methyl and R2 is t-butyl.

30



(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 suwetmwai®4é or a tine and tenperature sufficient topPefrfisot2zienoval

of the R20 groups fromthe cured coatidng conposition, thereby form ng an

i nsol ubl e porous coating on the substrate. 7. The nethod according to

cl ai ns 5. @rm6thodlof femimearcmsolnblegordusaesn,| wieneompssen: and renoval 25 of

the R20 grou romthe cured siloxane resin.is _done.n a sjingle.step. 8.
The net hod a@%bﬁ’ﬂ‘i‘tmf tg? &fwn%f%fn %t),(" ‘Wﬁlérle(?rr%n ﬁoﬁgth@fiJ‘?FBerﬁjﬁlF‘%ﬂifﬁFlggﬁptﬂ has
di el ect pftet cGRAS bAMRE sfis@MeZesln t0 3.0, a porosity from2 to 40 vol une
percent and a nbdulus from1.9 to 20 GPa. 30 9. An electronic substrate

havi ng an i néB) futher Ivating thesplaranegesin dorae @mie pyd temperatuigstititient ¢ effeate.

5  removal of the R20 groups from the cured siloxane resin, thereby forming an insoluble

porous resin.

6. A method of forming an insoluble porous coating on a substrate comprising the steps of

(A) coating the substrate with a coating composition comprising a siloxane resin
10  composition comprising R18i03/5 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 composition contains a molar ratio of HSiO3/>
15  unitsto (R2O)bSiO(4_b)/2 units of 1:99 to 99:1 and the sum of R18i03/5 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 groups from the cured coating composition, thereby forming an insoluble porous

coating on the substrate.

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. The method according claims 5 or 6, wherein the insoluble porous resin has dielectric
constant from 2.1 to 3.0, a porosity from 2 to 40 volume percent and a modulus from 1.9 to
20 GPa.

30
9. An electronic substrate having an insoluble porous coating prepared by the method of

claim 6.



