WD 03/ 023831 PCT/ US02/ 27755 1 SILICONE RESINS AND POROUS MATERI ALS
PRODUCED THEREFROM DESCRI PTI ON [ 0001] Sem conductor devi ces often have
one or nowe @nemys of patterned interconnect 5 | evel s thatrcaarse®2176s
electrically couple the individual cincuit elenents formng an int egr at ed

circuit (kfpic i A48 Ifﬁib
i nsul at i ngﬁor ﬁ%@m?c cgﬁ%‘dr)]eg%e coa%‘iyr?gs n%xlj%g?ﬁgr gc@i/f chem cal
vapor deposition or by spin-on technl gues. For exanple, U S. Patent No.

4,756,977 discloses the use of hydr n.sil sesqui oxane resins to form
coatings on electronic devices. M@QNAS the size of the circuit

el em%é@lﬁ”%ehheorﬂa%?ﬁe@g%sg@gepa YEShELIBR 3G 0B hitiERd ihRrclfifidgase, there

is a need for 1 nsulatin el'ectric constant.
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spin-on material s have "been describ in Pat ent 5,010,159 to
Bank &or egample,)15S. BaderdiNo. M56@7@21£scmes the usd «ﬂmrwnénlse;sqmoxmcteﬂm Pat ent
Nos. ernAi%O%?S Sand 6 r%”c % go Hacker et al. [0004] It has now been found
t hat reS| ns haw r?&etkhca P RIS (RLSIi B/ 2)x(HSi @8/2)y where Rl is an alkyl

gloup [(Z] nAs8hé siz@4f Gaichoiit alpents aad tHeephcs betweenlsach/clemepa tomifiedn 20
el ect ron| c devices, in particular sen conductor devices. These resins can

be us&yscEass. dorre s 2 mqqdrfer Wavlpting maigrials deat hpye & bnver silecyiic qonstaph 1 3.
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For m PerCCi. GRS B BRGBLES » URIBIde G B0 MS BeULaRL DRTRES | ,,
car bo lﬁorqu@iusmgTdmatmmhalshavéE didlertiecanset balowd it agespin-binnatekialsithaton
' d t | yi th [ t ' duct devi
and heHRgR R et e BB ea PSR 1B o cur e the resin and.
produgsosie SHWoﬁl@nﬁﬁﬁﬁ%ﬂﬂn-o%m?a‘%&la%?éV'e "Bg]én BERAVGLH HEr PhBnhaKe a

di el ectric constant of The silicone resins having the
gener al010.4p%in Bagkret abi O PrsehHSo (B2, §14modYlgkortiba st al3and iJ. S Baydnt diosup

haV| ng 1§6’t88%§%d§%ingg%ﬁn§&ﬁ?taﬁas a value of 0.05to 0.7; y has a val ue of
to

erably x has a value of 0.1 to 0.3 and y
has a [O@h}’eltcﬁas Qow Be@n Poutid that resins having the formula (RISiO3 /2)x(HSi03/2)y where

1. .
R is an alkyl group having 8 to 24 carbon atoms can be used to produce coatings on

20  electronic devices, in particular semiconductor devices. These resins can be used to produce

films having a dielectric constant of 1.5 to 2.3.

[0005] This invention pertains to silicone resins having the general formula
1.. . . .
(RSi03/2)x(HSi03/2)y where R1 is an alkyl group having 8 to 24 carbon atoms. The resins

25 can be used to form porous thin films on semiconductor devices by applying the resin onto a
semiconductor device and heating the resin to a temperature sufficient to cure the resin and
produce the porous coating. These coatings produced herein have a dielectric constant of 1.5
to 2.3.

[0006] The silicone resins having the general formula (R’ Si03/2)(HSiO3/2), where R is

30  analkyl group having 8 to 24 carbon atoms; X has a value of 0.05 to 0.7; y has a value of 0.3
t0 0.95and x +y=1. Preferably x has a value of 0.1 to 0.3 and y has a value of 0.7 to 0.9.



WO 03/ 023831 PCT/ US02/ 27755 2 [0007] The silicone resin may be essentially
fully condensed or may have sone residual SiOH or SiOR2 functionalities.
By essentwaloBy2dsal | y condensed it is nmeant that the siliceas/USOBsi7Rs
contains < 1 nole% (based on the sili@one resin) of SIOH or Si OR2 units,
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1,500 .to L}q?(g 000_ and preferably in the range of 20,00Q to 200,000 10
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wher e [(R®8] s Tha sidikchiy kespr i Weightrgyetaoe Moledulardveiglitin theatagsof 1050drtoxyl gr oups

(-OH); nd carboxy groups having the formula -OC(O R4 where R4 is an al kyl
gr oup4ﬂ%8991§ndf1?r6§%%ﬂyt r@hﬁﬂ@éﬁ&@%%wqﬂm erably the el ectron-wi thdraw ng
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cont afjupg The bytktieeyitsain thakiesyuted Sk drouPmae B aRémplaidd by Butaibt liksted! Kyl
chai n. [0012%5 Speci fic¢c exanples of Rl include but are not limted to,

oct yl to.@RekeBorithdraying gronps hhaleganean sk gespy? triadielsitpsy\groupsdosy | |
3,7,17:15- - 3- Rydr oxy- hexadecyl, 3,7, 11, 15-tetranet hy- 3- met hoxy
hexadt%g%%ési’%h@%%%?%? oxy decyl, and 3, 7-diethyl-3- hydroxy dodecyl and
mixt uf@H 0f hSonedifle elet®dBvithdtavwing eroupsinakidb alkioryg gtdups haviny ittesformula -

(R1Si G3/2) x(HSy 3/ 2)y where RL, x and y are defined above are produced by
conbi MBagvliess Ra isan akel gravp having&ofmol iofl cariRin &pixS; kyrdgoxyBeraups (-OH);

and carboxy groups having the formula —OC(O)R4 where R4 is an alkyl group having from 1

to 6 carbon atoms. Preferably the electron-withdrawing group is a methoxy or ethoxy group

or a hydroxy group.
20 [0011] Preferred R1 groups are branched alkyl groups having 8 to 24 carbon atoms

containing an electron-withdrawing group in a pendent position on the alkyl chain; more
preferred is a branched alkyl group having 8 to 24 carbon atoms containing a hydroxy or

alkoxy group in a pendant position on the alkyl chain.
[0012] Specific examples of R1 include but are not limited to, octyl, chlorooctyl,

25  trimethylsiloxyhexadecyl, octadecyl, docosyl, 3,7,11,15-tetramethyl-3-hydroxy-hexadecyl,
3,7,11,15-tetramethy-3-methoxy hexadecyl, 4-heptyl-4-ethoxy decyl, and 3, 7-diethyl-3-
hydroxy dodecyl and mixtures thereof.

[0013] Silicone resins having the formulas (R'Si03/2)x(HSiO3 /2)y Where R!, x and y are
defined above are produced by combining (A) a silane having the formula R1 SiX; and (B) a

30 silane having the formula HSiX3,where each X is selected from a hydrolyzable group or a



30 silane having the fornmula HSIi X3, where each X is selected froma
hydr ol yzabl e group or a WO 03/023831 PCT/ US02/ 27755 3 hydroxy group; in
t he presewoasnt3sfC) solvent (D) water and (E) a hydrol ysi ecaatsat/ygss
Preferably the silanes (A) and (B) ar@ conmbined with the solvent (C) and

t he ter (D) and_. hydrolysis,.cat al ar, d - | xture. [0014
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hydrolyzing fromthe silicon atom in the presence of water (ie. X groups
are rygralyas colplypt (Eparegddedty themigiure.he reacti on conditions and which
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I% TSO]ch pﬁygllmyz)?a& grﬁﬁli”dlt Edﬁeanaa @rcﬂipkthgtyis gdpablesof &ydﬂm}}mggﬁbﬂmdhy sifinch aattbirllnxy .
refera is an al koxy group .0 an r refera i s _an et hox
gr ouph ﬂ[l@)%rfsqncsw water (g iggwcpfl gifec%wla\yefﬂ?gtg -5?4%9%5@85% tff? regcign 7o nmye%
b - | i - 0
as eq:oﬁﬁltfolﬂ? aﬂqg}ﬂ% gg%uprsfév@ee%%%ﬁlg%ed Rl def EMéeY}eﬂrﬂpac‘la-ﬂ]g?selél%gltﬁgf &4

alternatively e A may be ‘exenplified by, but not

| i mi tusd of the Klidhng tesiis - Hpdnolyzeblh grews vyl bo xyenidifmd dyyialide genpssyokidsane;
3,7,11,15-tet t hyl - 3- met hoxy hexadecyl trigthoxysiJ ane; 7,11, 15 15
et 1 AR 50 AFRRORD AL ED GG JIeU P e SIS aftsrorbly X AR kel gtdup

3,07, lshdkRoleghéRMBINY lis A1 SBbRPY¥pupexadecyl  trichlorosilane,

octyl trinet hoxysil'ane, octyltriethoxysilane, octadecyltrinthoxysilane,
hexad@6Y51 r Sienet(dw ysstybisaldy ustdde eplamouat elokipsi0 mele abrscdpr theraseounkef eof |

0016],.Si | B) [.S.typi.cally us ' 3 5 % based on
the anpane B ket R S0 o PR Ak Db ThH o Bl Saitn BBYIE PUETY 80
to 8exeaiptitied Byl Bit@of Bhitedio, BF,1 1L 05-exammettyl Bagdikyttiekaddest osi | ane,
trimet hoxysilane, triethoxysilane and m xtures .t hereqf. [0031)7](1 Sol vent (O

i s antyiethorysiiame H7.danddctsrnethyl Tathosghgsadecylisetharesilapg 3. tohidi n a
functd ' Led g1 | | i ci ent
VAR 3 ARy Sy R AR ARE 371 L e BRE LD Aok bl |
anountrichfordflahe, @6/ 1tmeiethuixypidme coity lhdetkokysitanet daadeoybitimibwixykilanef sol vent and

oo A B B oL SN o0 VLAt cont The, 20 organi
such @918 BABSADS is 1IB6AIN used-il @R kad Mt G tb 9FEd18%Based 64 Blanfuat bS such
as cycl opentane and “cyclohexane; aromatics such as benzene, tol uene,
xy| en) andgB)ydliermativelyc1Q to Brmeledo, alietmateely B@ia Shpaledb.ubBane Elaagibsxane;
k.J./:‘()t 0 neexsemquﬁ{)ed%sy uq'gﬁlg%lsiila%%ij&}ﬂelthggsﬁgnee, &%ﬂ?&)ysi%g and mixtures thereof.
[0017] Solvent (C) is any suitable organic or silicone solvent that does not contain a
functional group which may participate in the reaction and is a sufficient solvent for silanes
(A) and (B). The solvent is generally used in an amount of 40 to 98 weight percent based on
the total weight of solvent and silanes (A) and (B), alternatively 70 to 90 weight percent. The
25  organic solvent may be exemplified by, but not limited to, saturated aliphatics such as n-
pentane, hexane, n-heptane, and isooctane; cycloaliphatics such as cyclopentane and
cyclohexane; aromatics such as benzene, toluene, xylene, mesitylene; cyclic ethers such as
tetrahydrofuran, and dioxane; ketones such as methylisobutyl ketone (MIBK) and
cyclohexanone; halogen substituted alkanes such as trichloroethane; halogenated aromatics
30  such as bromobenzene and chlorobenzene; esters such as isobutyl isobutyrate and propyl
propronate. Useful silicone solvents may be exemplified by, but not limited to cyclic
siloxanes such as octamethylcyclotetrasiloxane, and decamethylcyclopentasiloxane. A

single solvent may be used or a mixture of solvents may be used. Preferably the solvent is a

mixture of methyl isobutyl ketone and isobutyl isobutyrate.



cycl ohexanone; hal ogen substituted al kanes such as trichl oroet hane;

hal ogenat ed aronmati cs 30 such as bronpbbenzene and chl or obenzene; esters
such as iwolawyds3i sobutyrate and propyl propronate. Usef micTgaiSoz/ztise
solvents nay be exenplified by, but net limted to cyclic siloxanes such

gsngl {?%%gnttgb use ngp%ggl?%c?gl%g tsv?)a?‘vc% %gxr/laﬁlemlkjosegnePr ef erably

t he smlfﬁcﬁait tb effact dﬁkéﬁ'&lﬂﬂ}ec@ﬁpléﬁ%tﬂ‘j’yﬁolysi@bﬂlﬁih sﬂkﬁfe@ () @iddB) sathotiya
i sobutyrate. WO 03/023831 PCT/US02/27755 4 [0018] Conponent (D) is water.
It i SXspssrsanere thal gesulth i aimeliective r%e&éaeqcﬁmanTmmthe water ISRt i ef f ect

essenty 4 doht 6P ORI ¢ ﬁtZemg'l)éQB é‘t@f ﬁer%o%# ?( Ry lﬁﬁb%?% Qﬁd dal@e@iatWemgpl cally

excess sO great t resu a ineffective ra Feaction
t e whb eroléss present in an anDunt of 0.5 to 2 nDIes of water per nole of X

(B 110855 Gptwpucne Bl aty ot ittt snt 5o o By GRAPIVEISE al yot s
KnOWkrdoRyrt 18@h& bt td eatm&@«!hxﬁﬁdﬁoﬂ@lsw Bh ¥ithres gAg{%ﬂm)%fﬁgﬁ&eﬁ&) oftnd (B) in

the presence of water. Known drol ysis cat sts e I norgani c bases
such wiaten oo by diplirstsdatidy;sts 1pduds mocganm/bhsex $uth as arin®odinhydrpgidexi de;

organi ¢_base uch as,trjnmethyl a anic, 0 aci such as hydrogen
ehi orieaesiigt Ry e 3id bR bR Siamnie Ve o ah PR HE06, Breadie

t o flaeedsoackehs Bycﬁﬁfgéh cHibtilieQbifiir® deat A dnsitric(deld; lafid Bfe@aRAkidsBudasamount
sufficient to catalyze the hydrol ysis of X and the optimal anount will

deperfdilypenacetiveacithe nfilydiplysis ﬁ@t@b’st«i s present fipar ameunf suifigieniied ¢atalyze he

t
nycr are oy a8LRs 408 afl B AphtP o SR T ep RO onchiGU BRBIPB of 1o e per
nmol e thé catalyateswell &s ﬂ]A)erﬁpwatﬁlB)of tid h}&frﬁ@&ﬂs\rﬁcﬁoﬁ) Gericdally, She@mheurpart s.

oce maki ng the silicone resin it is preferred to

002 t.h f
corbi erdytiages! SEgana g THNEEIp SBp e o dEmele Repmolhel Hraeol ysi s
c@at aléagtang@;) adq@n;aheglg@flttgro PRl ther separately or as a mixture, to

the first mxture reaction can be carried out at any tenperature so
| ong [Q@ZG)]t biotbs pmessm‘imumakmgghn filicanetregja it mpraferrezdrto cambmecsilanasg Ay fand he

T e o 10 VBl ot e R Lot lbePaa Atedh Bt ca. [ o020
The tdeparatedy bPsgR frﬁb&u&l ol tROARt hd%iufe. The daRAEDA 841 b REePotabhgr of factors
such as the tenperature, the specific ampunts of silanes A) and (B), and
t he dfpReREE selangapdtd does not cause significant gellation or cause curing of the silicone
20 resin. Typically the reaction is carried out at a temperature in the range of 15 °C to 100 °C,

with ambient temperature suggested.

[0021] The time to form the silicone resin is dependent upon a number of factors such as

the temperature, the specific amounts of silanes (A) and (B), and the amount of catalyst.

Typically the reaction time is from several minutes to several hours. One skilled in the art
25  will be able to readily determine the time necessary to complete the reaction.

[0022] Following completion of the reaction the catalyst may be optionally removed.

Methods for removing the catalyst are well know in the art and would include neutralization,

stripping or water washing or combinations thereof. The catalyst may negatively impact the

shelf life of the silicone resin, especially when in solution thus its removal is suggested.
30 [0023] In the process for making the silicone resin, after the reaction is complete, volatiles

may be removed from the silicone resin solution under reduced pressure. Such volatiles

include alcohol by-products, excess water, catalyst and solvents. Methods for removing

volatiles are known in the art and include, for example, distillation.



Typically the reaction time is fromseveral mnutes to several hours. One
skilled in the art 25 will be able to readily determ ne the tine necessary
to conpl ewe oslessseacti on. [0022] Fol |l owi ng conpl eti on of tha/useagt’sdn t he
catal yst may be optionally renoved. Methods for renoving the catal yst are

wel | mi { t | | i zation, . strippi or water
washi Irﬁg 0 ?8 ?Ir?a S t(})l%g%tléfllxglr’%g'fe igrl‘lucl' hﬁﬁgaspgi‘%‘ésf‘es%%}ldé°ég%{f??f87’§lﬁ1%ﬁg°3%%e t he
shel f stabflity of thes#icené resbmite resiion mes pe cindiel Yyurfee an eRteB@duyierion of i 1t S
removal..i.s suggested, 30 [0023] |n the process for neking the silicone
resi n,“’“é‘fhte@‘img 8@‘&5& PP the prap@atugetihe pelyent (ehodymg stspo ) e lhe r om t he

silicoppgvi ' |4t doff | . ude
21 Cotay S S skl caed (1 S IE REBREANA Shop 3t Pth feifrion M

r ebroviPreferablyl theitiodgingrstepkin oamied nuttfora petiodolitimea il the @angk of 3@ xdnpketo 6

di sti tl}l ation. V\l% O?BIIOESBS}IPPCT/ US02/ 27755 5 [0024] To increase the

nol ecdPaP> RECGHTHY hé° Si% P Cone resin and/or to inprove the storage

st abi [0028] OfFollb®irf thi ¢QRBok RSHrBdidaehd AESHeIBsi ' [ an
extenéed %oer iood of time %ﬁmheati ng fror%qg%ﬁgﬂﬁgﬁt@ﬁ?%g%rgggpggeﬁa

t enpe RBEmberofptiona staps weaytbe(catriadyduntp chtaip'the silihene tbsidyn thg dssimd foey. be

carri e 0. the.reaction.st r as part.of. the reacfion

st ep. ?gr %ﬁé@!ﬁ{g@‘f %/i!{g%erte lgé%yr% rg‘foélﬁre:as}n é‘glﬁ)q ?Oé’alaté’dt%n’lo&ngéh?)%ﬁYWg ﬁ‘et ime in
the rargedaf sSHehi Ritoal it oberititaling, nuiiicusthethedsdt Yell Khowa il tHerage [ 0025]
Fol l owi ng,.the reaction to produce the silicone resin and the optional

bodyi Kye-<tistitlation ypdedeaimmdsvrena). Qnegdherlicons resin isteepvetad ine sebidai n t he
silic Ly j | o, | ld.cone..resin my be
" ecov ey ieln ety bp SRR RE ARl i B EHEEPubunck U6y Bl bEERTEHALC, Vo

r enov abe. i Sltaoiativelys if ealiffanct solvert; other thah hisdsolesne uved ih theneadtionist he art

(e.q. di.sl(:ii I ltﬁtei on. un heqt and/ or vacugrr). Once_the silicone resinis

r ecov 8FWEIHor the figpl lerog'?‘irﬁﬁﬁo Yot exchangs may bedopsey ekling §SCRDETEEIVGED i n the
Sape @hd RERIVIES the FriaBivehOthrdigR alstilI&ikb@ For é&sﬁgﬁpl@',& iR SthY resid . @

different solvent, other than'the sol vent In the reaction, is desired
for tRencentiongnsalyent caa beaidinstietl by xemavige somy ofthedohentyr addoligng a secondary

sol vept .. i t.he first solvent through distillation, for
exarrp?&eql&%lc?glgﬁllogﬁal ﬁ&gflﬁt'e resin concentration in solvent can be adjusted

by rep@d2bhg Thesiticohe tdimspodduest heéinagspafculady utdtainalfo péouef sol vent.
[ 0026] The sili.cone resins produced herein are particularly useful in

f or mi RYAPETBASTIAls FAMC THEMBIANGH 5 POBBIS SAMENGFOIT wihesaloin patiowsr @oat i ngs on
226 UDgfeb e sitAaRR Byt on Substrate it is meant to include silicon-based devices and

gallium arsenide-based devices intended for use in the manufacture of a semiconductor
component. In particular, the silicone resins are useful in forming porous coatings in
integrated circuits. The silicone resins can be used to produce thin coatings having a
dielectric constant in the range of 1.5 to 2.2 thereby making the silicone resins particularly
25  useful in the formation of inter layer dielectric films.
The silicon resin may be used to prepare a porous coating on a substrate by

O coating the substrate with a silicone resin having the formula
1. . 1, )
(R SiO3/2)x(HSiO3 /2)y where R' is an alkyl group having 8 to 24 carbon atoms; x has a
value of 0.05 to 0.7; y has a value 0f 0.3t0 0.95 and x +y=1;

30 (II)  heating the coated substrate at a temperature sufficient to cure the silicone

resin and produce a cured resin coating, and
(III)  further heating the cured resin coating at a temperature sufficient to remove Rl

groups from the cured resin coating thereby forming a porous coating on the substrate.



20 el ectronic substrate. By electronic substrate it is meant to include
silicon-based devices and gallium arseni de-based devices intended for use
i n the newofoaorisse of a sem conductor conponent. |n part Pcalmo2/2178®
silicone resins are useful in form ngéporous coatings in integrated
circukdmy T ] - 1251 F [ ings having a
i ol ol Byl L SicbPGin i R APIRS 1 AR bt BEH LA BB 1 ST cone
r esi nSolvauts the heaylbg vBEd iekide lany agdnh er dctomtaf agemth thiantvéll dissoley ordi el ectri c
films., The siljcon resin_may be us to prepare. a, porous c¢oating qn a
subst AEPESHRE syjcpn gesiy ron@npﬁéeé%gﬁfyalw epppus liguid Retarer dge solkeRfilhg t he

f or MUukicafRy b sSIVRR kit SBLAVANRSY £e Bled i tRreabloH ¢ g to 24
car borltﬁélt oﬁ)‘yms;s x has a value of 0.05 %o 0.17; yr ha@ﬂaog’gﬁj’geg% 0.3nto 0. 95
an® xresiny desctibedabavel Préfermed seyvankinclode eytlchelanoms sobutybisommypeteandr e
suffici e.nt1 to cure the silicone resin and produce a cured resin coating,
and (meﬁlfy?r{?rther heating the cured resin coating at a tenperature

suf fi ¢o028} trBe bAGRNCRblvedt B WBEpdti@ilrly Bmatd Bek i 'iéaug?ﬁésleﬂtgntaﬁer eby
form ng a porous coating on the substrate. WO 03/0238 PCT/ US02/ 27755 6

[ 0027 pmype of #ite 9k &0 b sveighit.prefpsiblyal 0 tp pIbased erothe vesighilof silieans ragina
sol Ve%{%&)ﬁ‘?&% rsion. Solvents that may be used include any agent or m xture
ent’s

of ag dat will dissolve or disperse the silicon resin to forman

e$6@enfi02b] y Speuifig aRrReids for Gpplichtidhof thessilicbhe r&dl wehie sulsstrheRhdadd, Yudarsol vent
or mxture of solvents that are used in the reaction to produce the

si | i c8pidimited-tgssmn-cortings fipatpatipg vaay-masing, ley-coaling sersen-puntingend

cye! O BEEANARE prd 80N ki TRPHIDIEALE 1006 dBRRld. Y| ene. [ 0028] The anount of
solvent 1s not particularly I'fmte i's ically present in an anount
of 40[0030P8 Whdnya sedveglois uspd éfessobiohtyis FéindvedFbridlizaattdenbdtiae folowitg of

silicone. resin, and | vent .. 10 [0Q29] Specific nmethods for application of
The. s FPHiceian 1 Auy bl HEhs fBSFIvel TP Red Sk ASraimente SPPIRALEHOL 6,
SPb N- GRAuinYhd/SHRe SPUChIch oSIRAY ([ 6ORkh BYpadsin@V¥ &Rl WiFer Sef E&rb'laf’c%%”t i ng and

others. The preferred method for application is spin-coating. 30] Wien a
sol venYhenspinssdtingis used.vtbpraddidonabdyingométhodris mininurst sihcs thespinaing f ol | owi ng

appl i i.one._Any itable neans for renoval may be used such as drying, the
appl i gfa}ﬁséﬁf%l &aOt\?ﬁj%éO@‘é%ﬁ'um and/or the application of heat (i.e. such as

passi p@3a] cvaledingapplicaofrio fRtsupdtate ®e coated substrate is heated at a
temperature to cure the silicone resin (“curing step™). A cured silicone resin is essentially
20  insoluble in a solvent which may be used for it application to the substrate. Typically the
coated substrate is heated to a temperature in the range of 20 °C to 350 °C to cure the silicone
resin.

[0032] The cured silicone resin on the substrate is then further heated to a temperature
. 1 . . .
sufficient to remove the R groups from the cured resin coating thereby forming a porous

25  coating on the substrate (“removal step”). Typically the cured resin is heated to a
temperature in the range of 350 °C up to the temperature at which the backbone of resin
decomposes. Typically the cured silicone resin is heated to a temperature in the range of 350
°C to 600 °C, alternatively 400 °C to 550 °C, alternatively 425 °C to 475 °C. Essentially all of
the R groups are cleaved during this step. However, residul small alkyl groups such as

30  methyl or ethyl resulted from R’ groups may remain in the coating The weight percentage of

R1 groups removed will affect the dielectric constant of the film as well as the porosity. It is

suggested to heat for a period of time sufficient to remove most of the R1 groups, such as



When spin coating is used, the additional drying nethod is mnimzed since
the spinning drives off nost of the solvent. [0031] Foll ow ng application
to the suwetBarm3ithe coated substrate is heated at a temearasoueE530 cure
the silicone resin ("curing step”). A7cured silicone resin is essentially
20 insgLubl ein so] vent which may be used for it ap‘gl ication to the

subst PRYeDY weightiipmyihe gured sesine dTha AqunbekR | thap sgemgvedean hedgraminedre in t he
range , of ﬁgﬂc to 350 Cto cure the silicone resin. [0032] The cured

si | cONdTRsIORS¥AmPfie substrate is then further heated to a tenperature
suffi qoealy tihelcBARY Steh BRI Em&a@%ﬁﬁa&%@c&ﬂ%d%f &paffaY or ﬁPé‘&ih%lQ s{ege_r eby
form ng a porous 5 coating on the Substrate ("renoval step"). Typically

t he cuvhseein theicuring tdkesaplade avthe coatngsubstrateds being heateditogbe tdmBEOw€fap to t he
te ergtgra at which the backbone of resin deconposes. Typically the cured
sific6HB%Y%sin is heated to a tenperature in the range of 350 C to 600 C,
al t er fa034y eliyis peé¥ered Mabf cluingkfes bibiemthY stép be Gartied fian feertEssential Iy al |
of the Rl groug}s@ are cleaved during this step. However, residul small

al ky| eg¥isnmaens ygrtasmgspherasiyefubhereiniyqludes but are aot witedio njiregaosanthy r emai n

inth aty 2. e e f l. gr ved.w. |-l affect the
i el ocrgite o skt Wl uRp R Rt ool R85 SFPR g BBy gest ea

t 0 hedéssfien 18 ppat bDekygbnt Theprwéifré af veliith the dueinR wad rEIBbvadktepd e Bhrrigd oups,
sugh as. WO 03/ 02?8%;@[ PCT/ USQ2/ 27755 7 90% by weight fromthe cured resin.
TAE ambtiimoberiteel  hag curingaadsveava sispperederieslly seaed of abeoRspisic exanpl e
[0033g>|rél;9@reﬁ8\5vb§,\%,e SRR sARdk ARHMMRG BleSRndifaPRofBRks ed Out separately of in

a single step rein the curing t s place as the coated substrate is
bei ng [0@3f e dArtyonethed bEhgrting tmeyebef wsed diringetino vating pd4jovht sters. foef erred t hat

the curing step.and renoyval. step be carried in an inert envirconnent. |nert
at mos SHEPHS. D SYEReraReY R PIACTd e Tptie Pibe dumBEe: CORTSEB00 C8HIMAIBHER® and
ar gon.staBy onhbEplhtesi t i s meant that the environnment contain |less than 50 ppm

and preferably less than 10 _ppm of oxygen. The pressure at which the
ch?i nd0ed Haitbisanctbedds pessibiatoriredicg porws cpatingstonarsubsteas¢. . Prefecatdyir i ng and

| st e typicall i t at_at her | h :
b ot bR ol Ak SR 03 Ry Wil SR S AT e hga of
heat i R@rdiBYodBigY Hiavk sldicdaftid dbRstanl ih Mk Ak SENMDYRD. 35 tTBR IR of porosity

in the films is dependent upon the amount of R1 groups in the starting resin and the degree to

which they are removed. Typically the porous coatings will have a porosity of 20 to 60%.
20  [0037] Porous ceramics or ceramic membranes may be produced by heating the silicone

resin at a temperature sufficient to cure the silicone resin and further heating the cured
- . . 1 . .
silicone rein at a temperature sufficient to remove R groups from the cured resin coating

thereby forming a porous ceramic or porous ceramic membrane. The process conditions are

similar to those described herein above for producing the porous coating on a substrate absent
25 coating the substrate with the silicone resin. However, in the step of removing R~ groups, the

temperature can be much higher such as 800 deg.C, and oxidative atmosphere can be used to
minimize residual alkyl group.
[0038] The following non-limiting examples re provided so that one skilled in the art may
more readily understand the invention.

30



exanpl e, the substrate nmay be placed in a quartz tube furnace, convection
oven or allowed to stand on hot plates. 15 [0036] By this nethod it is
possi bl e wWo opioga$ace por ous coatings on a substrate. Preferaltiuyso2/11es por ous
coatings have a thickness of 0.3 to 285 m nore preferably 0.5t0 1.2 m
The porous coatings have a diel W Egnstant in the range of 1.5 to 2.3.
The anopunt of porosity in the fiThs 1S dependent upon the anmpbunt of Rl
groupEx'amnIehe starting resi n and the degree to which they are renoved.
Typi ca| t he porqus coatings will hay rQS|ty of 20 to 60% .20 [0037]
Por ouio%’éil anreples - tronghcl-favass arﬁs%reﬁ!rgy Bv%%ba agpunts descHbed We
siliceqg Glh jtesin at a tenperature sufficient to cure the silicone resin and
further heating the cured silicone rein at a tenperature sufficient to
refove Rl ghpmipthokysitanthe cured resin coating thereby forning a porous
ceramc or ﬁ)orous ceram c nmenbrgne. The process conditions are simlar to
t hose descf mwrgem@rlﬂkamﬂené,& SHOBdssamg t he porous coating on a
substrate absent 25 coati ng the substrate with the silicone resin. However,

in the stefClonixaiesfimeghkisogubibstone MIBE panstisehuiyldsetatypie (rdcreightgher such
as 8OQat%g%&%%@ggMéEéXﬁ%PoaﬁﬁPm% Fe]sﬁl‘i’iﬂ ?&1&@‘90' to mnimze residual

al kyl non- exanples re provided so that

one sk0040¢d Torthis meixarré wangddeder Rixhaadf (1Y) wmtdemﬁt @) thytiiugen ohleridé mrthe 30 WO

03/023831 PCT/ US02/ 27755 8 EXAVMPLES Exanple 1. [0039], Sanples 1-1 through
g%%sr’geg f’ég 1Ehﬁ§esmngﬁ%aca%am®cwéﬁmm qyoltigsrade 5 (A)

f)f” ﬁé? ér%‘%ﬁr%@? B Rl B e o7 - 2D e opeS it

rati ohdd&ine uehike e SRR ohRAt SRRACERY §oﬁ’t§tidﬁﬂv&fthéﬂ1ﬁeaﬁ&§tﬁ|réﬂlﬁ§9fd% e%otir 8¢ [ 0040]
To this mxture was added a m xture of (D) water and (E) hydrogen chloride

in t hevatergrasiveerhwas trased isertinuustip [Lbe tesulfing resis oolutions Weraspinowagdoduct was
lid
cont enp Bl SEERTRF it Rl PRl ol kol

15 flow at 470 °C for 1 hr. The dielectric constants were measured and shown:in Table 1.

Table 1.
Sample R R’ Wit. Parts Molar | Dielectric
ratio constant
A:B
No. A B 1O | O] E | K]|GB
1-1 3,711,L15-  Et | 1 1 0.89 | 8.65 | 048 | 0.04 | 76 | 24 1.77
tetramethy
1-3-
hydroxy-
hexadecyl
1-2 3,711,15- | Me | 1 | 0.83 | 899 | 048 | 0.04 | 76 | 24 1.85
tetramethy
1-3-
methoxy-
hexadecyl
1-3 dodecyl | Et | 1 | 0.64 | 6.16 | 0.48 | 0.04 | 76 | 24 2.0
1-4 octadecyl | Me| 1 | 0.72 | 7.88 | 0.48 [ 0.04 | 76 | 24 1.97

20  Comparative Example 2.
[0041] Comparative samples C2-1 through C2-3 were prepared by combining in the

amounts described in Table 2:



added to make the solid content 20% The solution was then heated to refl ux
for 1 hour and water produced was renoved continuously. The resulting
resin solwbiogng3sser e spin-coated onto silicon wafers sui trablesot/orss

di el ectric constant measurenents, and9cured in a nitrogen 15 flow at 470 C

for 1 hr. ' ric constants were neasured and shown in Table 1.
Tabl e 1. Sg‘%ﬁng{hak%%{ﬁ‘?’ Parts Molar Dielectric ratio constant A:B No. (A

(B) (O (Dipf BorkotiBlodyshat §5§?(Ofr¥,gﬁd7l 0.89 8.65 0.48 0.04 76 24 1.77

t et r anet hy Rydr oXy- "hexadecy ,11,15- Me 1 0.83 8.99 0.48 0.04

76 24 1. 850} RldauRirmeiiv 3 i , - . 0.64 6. 16
0045 ol og (BT e lgscotbg%g%ﬂ?\femo. Rzt (HBENe (Fu gt . O 0

Conparaiio)\eso@gtuiophakexthe pothiratongfahatesulting sespd %0.C2-1 t hrough C2-3 were

b OLB9PD 783 e v adked Emtn t IoBFaer et G mooeth Ryt b,
R5Si ( 6¥Bdhts daseeibédoin TAbIS DI €he tesiRinB Yéactis® Bridutt W& IRgpddNR)atifRdmiigobut y!

i sobutyrate (6:4 weight ratio), enough to nmake the concentration of the
r esul réduged @essnreéd60SCIEH He sbtid thrtentBexdni 22 Wae%a dshdityd issbutyttewad (D)

wat er anp E) hydrogen chloride_in the
agde% tg rrzake ¥he so%d content 20%. The resulting resin solutions were spin-coated onto

silicon wafers suitable for dielectric constant measurements, and cured in a nitrogen flow at

10 470 °C for 1 hr. The dielectric constants were measured and are shown in Table 2.

Table 2.
Sample RS R2 Wit. Parts Molar | Dielectric
ratio constant
AB
No A1 B O | O E KB

C2-1 Iso-butyl Et
C2-2 Iso-butyl Et
C2-3 | trifluoropropy | Me
1

042 | 398 [ 048 | 0.04 | 76 | 24 3.05
2.01 110.67 | 0.90 | 0.08 | 40 | 60 2.82
1.99 | 1475 | 0.90 | 0.08 | 40 | 60 3.03

[Ruty N R

15  Example 3

[0043} Samples from Example 1 were spin-coated onto silicon wafers. Half of the wafers
were suitable for dielectric constant measurements and the other half was suitable for FTIR
measurements. The spin rates were selected in the range of 1200 to 1800 RPM to achieve as-
spun thickness in the range of 7500 — 9100 angstroms. The coated wafers were heated in a
20  quariz tube furnace in a nitrogen atmosphere at different temperatures for one hour. After 24
hours, all cured films were inspected for cracking, and dielectric constants, refractive indexes
and FTIR spectra were measured for crack-free films. Table 3 shows the cracked films and

dielectric constants of crack-free films. Table 4 shows refractive indexes for all crack-free
films and as-spun films. Table 5 shows the percentages of R1 group lost after the films were

25  cured for one hour. The values were calculated from the FTIR C-H peak intensities per unit

of thickness before and after curing.



anounts described in Table 2. The resulting reaction product was stripped
of volatiles under reduced pressure at 600C until the solid content becane
22 - 20%wbgoledsyl i sobutyrate was added to nmake the sol ipdTamsar/erss 20%
The resulting resin solutions were spidn-coated onto silicon wafers

suita Ok di | € C gg&gt . red.n.g nitrogen flow
at 10%@6lﬁ CTTh grd gﬁfqﬁﬁfabﬁﬁe&%ﬁa%g(&:tte%%?%%n ar@gn\fi;gs?l é)%#rneeargﬁlpg’gﬁlaand are shown
i n TabtancRed orgati¢ grop stelnpd B7R1R5MEtrarikathiyls3 -Mpdraky-Berddeetlrdrd,7,1915-0 const ant
A: B No. (A ) ) ) (BE) (A (B) -1 lso-butyl Et 1 0.42 3.98 0.48 0.04
76 24r thygz@ét%e%é-gmdpcsétforinszqr@"»k- % fimsovig ubiradgwabelgejtio copstantp - 3

tri T 1 ¢QpaPloR ¥mfterkhdn 99) dth 16wl cB8 tdnRRarth B8 tholSwi Samie 3 [0043]
Sanpl giqufrom E?(lan%fl el m)ere spiengcoat e%g%ﬁ%o %ll |Ocowlt&/§$1§1re?m m‘? of the
wal er groupeneh asndtalstd dralodedydl ectri ¢ const ant neasurenents and the ot her

hal f uitable for, ETIR.. megsurepents. The spin rates were selected in
t he rﬁ@%‘é ofAng@Wntubrriééé W&S ﬁ%ﬁﬁ%\}‘é"eéjs@rﬁ% %ﬁe@i??m‘éssm@9g nat%‘?é range of
7500 sarfidi8Q-2n9S bh@AB0 °C hRr ¢ RdRd -WPlRANSr RS RhER b iAfe@v e the t ube
furnace in a nitrogen atnosphere at” different tenperatures for one hour.

Af t er ag-8purhiginssindigiating theseicdried fbmsbadna prepety edl drack-feafilmneredatd
dielegtric constant ref.ractive indexes .and FIlI R spectra were nmeasured
for c?ﬁ hE]E fepRET T RAd Sf.%rgfigm%fy\;lﬂxg%refrﬁﬁwg Hﬁ@%ﬁ%lt A" ﬁ(@ﬁé’l ectric

const anlicatiaf siphifitknd c@6sifyl ihMBese Tatel dilds. S Taw\@ath &f Ta6lk UMBdicadeH@sad or al
crack-free filnms and as-spun filnms. Table 5 shows the percentages of Rl
gr oup °rgsaehygiridasiloxgae resinqitha beanshedgreatc grupsheh aod.1 Ligeevametby-3ver e

and TRy HERE 5 s o SR BfBRbL B REH Bty R AILERORSY 2200
3 demthisffilas eisa Iohat cae tangaaiokeyten tose wnkanmeamgminthp?Pc}gaﬁnﬂeil S?r gani c

tetra

group such as 3,7,11, 15-tetranethyl - 3- hydr oxy- hexadecyl
ek S dhgé

xy- hexadecyl

forms crack-free filnms wWith ultra-I| ow

disl e¢bodet QANBORALS Table 5, an organchydridosiloxane resin with a branched organic group

such as 3,7,11,15-tetramethyl-3-hydroxy-hexadecyl started to lose majority of its R1 group at

a relatively low temperature (410 °C ) compared to those a linear organic group such as

octadecyl or dodecyl.
20 Table 3.
Sample | 3950C 4100C 4250C 4400C 4550C 4700C
1-1 cracked 1.97 1.75 1.78 1.73 1.77
1-2 2.61 cracked 1.96 1.88 1.85 1.85
1-3 2.52 2.51 cracked cracked cracked 2.0
1-4 2.43 2.42 cracked cracked cracked 1.97
Table 4.
Sample | As- 3950C | 4100C | 4250C | 4400C | 455°C | 470°C
1-1 ing cracked 1.25 1.20 1.20 1.20 1.20
1-2 145 1.45 cracked 1.30 1.27 1.26 1.26
1-3 1.45 1.44 1.44 cracked | cracked | cracked 1.28
1-4 1.45 1.45 1.45 cracked | cracked | cracked 1.28




(equal to or smaller than 2.0) at a |lower cure tenperature than those with
a linear organic 5 group such as octadecyl or dodecyl. [0045] As shown in
Tabl e 4 awbosnzassitfree filns cured at | ower tenperatures PEITSW/ATES sanpl e
1-2, 395 and 410 C for 1-3 and 1-4) had virtually identical refractive

I ndexes to the as-spun filns, indi g these cured filnms had no
porosity; all crack-free filns cure hi gher tenperatures had

si gni fi|c8ample | owesoref | aaypoe Indamcthamztdo@ ag- spagod i | M7
i ndi catfi ngl PI I Ellagﬁlé’&'. or%‘% L ggs/ese (,urgyd/l T | llb 921?Te ﬁ]'c[t 33%u Tabl e 4

i ndi catfed—thatanmproanohycr . e 3 “aﬁ¢he preaani C
AR 15 S N N M 7/ i 574

I

roup steh-—as e et rahethy—3
g, 7, El 15-% 3¢ty énr'g; 9| - Lmai%w- rya‘?}' Flyl f%@dnr a%@p pnr&g%h hi n
films 31110 by S%e t brpé¥at urle emekedt Hoseadkedh |a crackedr [or 3% ¢ br oup
such as octadecyl or dodecyl 15 [0046] As shown in Table 5, an
or ganohydri dosi |l oxane resin with a branched organic group such as
3,7,11, 15-t et ranet hyl - 3- hydr oxy- hexadecyl started to |lose ngjority of its
Rl gr dndfle4a relatively |ow tenperature (410 C) conpared to those a

| i near ani c group such as octadecg or dodecyl. 20 Table 3. Sanple 395C
416¢C 49 @@%44@11:0%5@3'41?@@11%@ eesEcwishi 37,1971 Sitetmm@thymﬂwl@xy-hﬁad@ylz 2.61

crack g ked C ed ol 2.0 1-4
2. 43 %q%‘%’ s it By Hi shesRd of debefincifin Topld P8 R{ﬁaﬁ 3@%%%‘100 425C
440C %ﬁ@ﬂﬁl&w& &ufb 1]6 lAkaﬁl@leCdfaﬁlk eebirlschtioh. 24k HoaR 13 n2fle %oﬁﬂs add 2 1.45
1.45 cracked 27 1. 26 26 1-3 1.45 1.44 1.44 cracked cracked

crack eRfPf%SltZ@n& PoLE Slzeﬁaﬁdemn%% Another semple yeassqated auiaeiliconymfepnds/ 023831
PCT/ U%ﬁﬁ%ngﬁcﬁéract%ﬁsﬁrc%mf %1e500at1ng on the substrate determined.

10 [0048] A sample of the resin solution was placed in a crucible and heated at 150 °C first to

remove solvent, and then at 4250C in nitrogen for one hour. The resulting solid was tested

for nitrogen adsorption at 77°K using a Micrometrics ASAP 2000 Accelerated Surface Area
and Porosimetry System (Micrometrics Instrument Corporation, Norcross, GA). The BET

surface area was determined to be 875 m2/g. H-K analysis (Horvath, J. Chem. Eng. Jpn.,
15 1983, Vol. 16, p. 476) of the adsorption data indicated that the solid had a micropore volume
of 0.402 cc/g, a narrow pore size distribution, and a median pore size of 0.94 nm.

[0049] Another sample of the resin solution was used to spin coat a silicon wafer. The

coated silicon wafer was heated in a nitrogen atmosphere at 425°C for 1 hour. The resulting
film had a thickness of 0.44 microns with a thickness variation of 0.7%, a refractive index of
20  1.225, and a dielectric constant of 1.95.

[0050] Example 4 demonstrates that an organohydridosiloxane resin having an R1 isa

hydrocarbon group comprising about 8 to 24 carbon atoms or a substituted hydrocarbon
group comprising a hydrocarbon chain having about 8 to 24 carbon atoms forms nanoporous

solids with a median pore size smaller than 1 nanometer upon heating.
25

Example 5
[0051] Samples 5-1 through 5-7 were prepared by combining in the amounts described in

Table 1 (weight parts per weight part of A):
(A) triethoxysilane,



Sanpl e 3950C 4100C 4250C 4400C 4550C 4700C 1-1 cracked 76% 85% 89% 92% 93%
1-2 8% cracked 65% 84% 87% 89% 1-3 8% 8% cracked cracked cracked 88% 1-4
8% 8% cr awkbad/oezsacked cracked 87% Exanple 4 5 [0047] An PCT/US02/27755

or ganohydri dosi | oxane resin with 3,7,121, 15-t et ranet hyl - 3- hydr oxy- hexadecy!l
group was 3 no [ | ! for sanple 1-1,
except thathgiﬂzﬁl’lraét %%ﬁggm%%?%glfoggq%gédfgfﬁqf&é@zg%?gp%%néhi s resin solution
was heat ed (€pmisire of arethid isbdtyl fetoas (MIBEnahdoisolautyli izebutgrsted t4eweipinted.

Anot her . ;arrpl was co%t ed on a.siljicon ﬁ@ger an%0 physi cal characteristics
of t hEOPATOHE tRmelfdhs GRRGeptplo f FiSHLBE 1% P3048] A sanple of the resin
sol ut [@F2ySothRGEH i was GAde SRR dr g pkae: ald E5%y&rddeh ShiokiQe i BEOVE

sol vent, and then at 4250C in nitrogen for one hour. The resulting solid
wal t emowuts dessribed i Bagde 1 dasighppartspeaweighopartiof Ay Ehevtesnlbimgredctisn ASAP 2000
Accel erated Surface Area and Porosinmetry System (Mcronetrics |nstrunment

Cor poPErduetwangiipned 2§ volanjes upder meycedgupssue at 60 Yaunidstheselid sanid to be 875
M2/ g. pkk eai%‘l Zé%.slggp{%f}/ﬁélghtg]aée%?%c}a%{f%oem‘sl%ﬁhg shitd Gt oL Tikb: P- 476)

of the adsorption a’indic ad a mcropore volunme of
0. 402 selatign was then heated e eflak fer Dheirrant wiaked produced wvaspmnewedpongnidiugle of 0. 94
nm [0Q49] Another sanple of the resin solution was used to spin coat a
silicdf gan St 4Pcoat ed silicon wafer was heated in a nitrogen

aj ros ﬁdgt%f\%ﬁ?t o gﬁﬁggﬁ%ﬁq rdsif) S¥llution W ﬁéﬂé!% g}{rﬂggh 4 i orhidsh Badsinek Qﬁﬁgsgf 0.44

m cro ness variation of 0.7% a refractive I ndex o
1. 225 filtanahda AR ehieshnrTeflonopsngnfiltaf spin-©6ated GO Q] siliboarypifer, ondlewred st r at es

t hat h i dosi.| i n _havi R1,.i hyd b

compr 405 SCORR O it BirRs Boh S dree v e & el R o iRty r onp
Conpr iffind Gvad ifihe rRHRFS00 C3a0Mnh aYibRetrRReKtarfts bl Bod6IaE BPthe HIREBvetOr B
nanoporous solids with a nedian ‘L))ore size smaller than 1 nanoneter upon

heat | mgasywsd Exdihgveluss peobendadpbles. SMadulny Gaghesured st ranginsgataten by
;gﬂ) | O.ﬁ% ﬁé}f%?fgte?}@?ﬂ%@ayglﬁ ?lg}#gbo?q 0%” Th-le-:almaem]Eﬁﬂﬁ)ilqu ndf@ldsSnRer wel ght
dielectric constants and modulus of the thin film made from 3,7,11,15-tetramethyl-3-
“hydroxy-hexadecyl hydridosiloxane resins can be varied in the ranges of 1.7 —2.1 and 2.6 — 7.0
respectively by varying a molar percentage of 3,7,11,15-tetramethyl-3-hydroxy-hexadecyl
group in the range of 24 — 10%.

20 Table 6.

Sample | Wt. Wt. Wt. Wit. Molar Dielectric Film
No. | part Part Part Part | percentof | constant | modulus
®) © D) E) B GPa
5-1 031 | 447 | 0.04 0.40 10 2.12 7.0
5-2 0.38 | 498 | 0.04 0.41 12 2.07 6.8
5-3 046 | 552 | 0.04 0.42 14 2.04 5.9
54 1053 [ 6.09 | 0.04 0.43 16 1.95 4.7
5-5 0.62 | 6.68 | 0.04 0.44 18 1.90 3.4
5-6 | 0.70 | 7.31 0.04 0.45 20 1.85 3.1
5-7 0.89 | 8.65 0.04 0.48 24 1.73 2.6

Example 6
25 [0054] Samples 6-1 and 6-2 were prepared identically to sample 5-4, and sample 6-3 and 6-

4 were prepared prepared identically to sample 5-7. To sample 6-1 and 6-3, a
NaOH/ethanol solution with a NaOH concentration of 2% was added to make the amount of

Na in the solution 1 ppm. A sample of each resin solution was filtered through 0.2 micron



WO 03/ 023831 PCT/ US02/ 27755 12 (B)

3,7,11, 15-tetranet hyl - 3- hydr oxy- hexadecyl triethoxysilane, and (C m xture
of net hylwpgsleisgi ket one (M BK) and isobutyl isobutyratePCausomeirght

rati o), enough to nmake the concentrati3on of the resulting resin 9% [0052]
To thi 1 ﬂ@é 0 ! : &) foh¥HE R&@nchl ori de
in thgéﬂ@ é&ng{ﬁg S dg@%(rjc?%g 0i'ﬁlrtf}(él'a llg%lp{fafe\a%linaﬁ?%laa?? gs pgrfo\?vei. ght part of A).
The r eistolgtn.nGhe grc tdtowas peledert so thasths thicknseciofghe guied filing svag iithe rangguced

pressu at C uptil the solid content C 22 - 20% .| t

isobuf’{lg —e8a§ggma§éf‘é%ftt1{160??§%§lt5t Ig%chhbs ?ﬁﬁs ‘%%meﬁ’?g?eds%?% %Q#lue\%/as t hen
heat egrotBowlih TXbIEDT. WoAGME wWaREhaAsked bp habitRatatis witi®padetarismuous! y
with a Dean Stark trap. 10 [0053] A sanple of each resin sol utjon was

fi3 t epenttiationdeith af 10%. fihedetr igiExempla Hudicates ithaymodujysiadithethin Blmy 2 nj cron
Tef | i il i.n-coated ont : d at 425
Ct or it gte Ty ag R SRR B ioda s End R E fesirBBth G011 °C @

t hi ckpRems@f by AR REe cAthlyTBIt Was found the fitarige odthe 66h sol @R thiwugtiDihel ectri ¢
constants and nodul us of the filns were npeasured ”figf he val u @ g e shown
i n TablOcms glassbbar fittenaleo brewghi Na@Hbinto/lie sisHuOHton; Whic SW“%"I‘ﬁeaée‘f) f U8Rt age of
penet ratdigﬂlrsl %%%tx | 8f 5 0% The data in Exanple 5 indicates that dielectric
const it arq modutrus‘of the thin filmmde from 3,7, 11, 15-t etranet hyl - 3-
hyglr oxy- hexadecyl hydri dosil oxane resins can be varied in the ranges of 1.7
- 2.1 and 2.6 - 7.0 respectively ﬁ\y vgryi ng a nol ar percentage of

3,7,11, 15-tetranet hyl - 3- hydr oxy- he able yl group in the range of 24 - 10%

20 Talyt To PP -O?t_W_W_W . WdlzD Bl €804 C| DidlBtridP. pamt Hart
Part farf ‘percent 0 g;on_s%?gt 359 Ig;s]e)e@ Nal Bon&affP? Riodulls 31 4. 47
5{ ). 06 o°

0.04 0.40710 2 b 0 4 2107 6.8 5-%}%46 5.52
0.04 (4214 h.)\)/‘. 529 B.4/0 153 09—0—-84—06+43—36-—4954-—"+155 8"6‘ 6. 68
0.04 46-118 | 0. 301 36.89 5.G504 7rp-2;3'21 084 0 45Y§E\ 1 851;9.31 4.

6-2 0.53 | 6.09 0.04 0.43 16 No 1.96 2.0

6-3 0.89 | 8.65 | 0.04 0.48 24 Yes 1.75 2.5
6-4 0.89 | 8.65 [ 0.04 0.48 24 No 1.73 1.5




5-7 0.89 8.65 0.04 0.48 24 1.73 2.6 Exanple 6 25 [0054] Sanples 6-1 and
6-2 were prepared identically to sanple 5-4, and sanple 6-3 and 6- 4 were
prepar ed woapaeisdi i dentically to sanple 5-7. To sanpl e 6- Pcansos2355 a

NaOH et hanol solution with a NaOH congentrati on of 2% was added to neke the

anou f i solution 1 ppm A sanple of each resin solution was
fil tg&ﬁﬂﬁﬁhéwﬁl% cron WO 03/023831 PCT/ US02/ 2%55 13 Teflon syringe
filter,, spLh-co& t hld ®OBiVBS)SfHS;: cwh&d rettis 428k gretip one hour
in ﬁ‘r#?%lggﬁf.‘e’%%ﬁe‘q‘gb’. tfr?%?oerﬁ{uv\gs&gellde@)é{i s'}?gg at the thi cknseass of the cured

fi 1 Mg 088 o B AaNGrHoRNE6ms:Af hBAQatuedFD 050 0F;8/ 186 tarvialtueast0s3 @Ik es amick #rodul us
of the I'ms were neasured and the values are shown in Table 7. Mdul us

was neadured by nanoindentation with a percentage of 5 penetration depth of
10% The data in Exanple 5 indicates that nodulus of the thin film nade
frrom 3, 7,11, 15- tetranethyl - 3- hydr oxy- hexadecyl hydri dosil oxane resins can

b i db ddi ng. . . } i f

Phe rAoRSE R roR P PRGRS B At U p bR et grbdg Bt O

Ecanpt § 2 ERih S8 tbimiinf e iR SRR e B e 1 m

No. pakyl cRaint Part Part percent NaOH constant nodulus (B) (C (D) (E) of B
¥

GPa 6-1 0.53 6.09 0.04 0.43 16 Yes 1.93 4.8 6-2 0.53 6.09 0.04 0.43 16 No
1.96 2.0 6-3 0.89 8.65 0.04 0.48 24 Yes 1.75 2.5 6-4 0.89 8.65 0.04 0.48

o1l 1 Canbhs b heTER Ag CRHBSd BIos PR pors il by kMY S T A
al kyl OBy D3KL00. 8110, 21 RERARIAL 9T 1 XtchamehyKSlHardY-HxRfc} O 7 ¥

has a
3,7,11,15-tetramethy-3-methoxy-hexadecyl, 4-heptyl-4-ethoxy decyl, and 3, 7-diethyl-3-

hydroxy-dodecy! and mixtures thereof.

15 4. The silicone resin as claimed in claim 1 wherein x has a value 0of 0.1to 0.3; y has a value

of0.7100.9 and x +y = 1.

5. A method for producing a silicone resin comprising

1. . .
(I) combining (A) a silane having the formula R~ SiX3 and (B) a silane having the formula
20 HSiXj in the presence of (C) solvent (D) water and (E) a hydrolysis catalyst;

wherein R1 is an alkyl group having 8 to 24 carbon atoms and each X is selected from

a hydrolyzable group or a hydroxy group

(ID) reacting the combination (I) at a temperature and for a time sufficient to form a silicone
. 1. .
resin having a formula (R1 Si03/2)x(HSi03/2)y where R is an alkyl group having 8 to 24

25  carbon atoms; X has a value of 0.05 to 0.7; y has a value of 0.3 t0 0.95 and x +y =1.

6. The method as claimed in claim 5 wherein R1 is chosen from octyl, chlorooctyl,

trimethylsiloxyhexadecyl, octadecyl, docosyl, 3,7,1 1,15-tetramethyl-3-hydroxy-hexadecyl,

3,7,11,15-tetramethy-3-methoxy-hexadecyl, 4-heptyl-4-ethoxy decyl, and 3, 7-diethyl-3-
30  hydroxy-dodecyl and mixtures thereof.



y=1. 5 2. The silicone resin as claimed in clains 1 or 2 wherein RL is a
branched al kyl group having 8 to 24 carbon atons containing an

el ect r on-wotohde3ssi ng group in a pendant position on the achpsowbash. 10 3.
The silicone resin as clained in claith 1 wherein Rl is chosen fromoctyl,

chl or go I tar] A i osyl,

5711 30 st dsRbR 5 URIRKS SRS GEketn 54 AFARKL o305

3,7,11, 15-tetramet hy- 3- net hoxy- hexadecyl, 4-heptyl-4-ethoxy decyl, and 3,
7-di et hyl - 3- hydr oxy-dodecyl and xtures thereof . 15 4. The S|I|cone resin
as cl & ?Féameﬁh%haé.c#ﬁnpeam of Sl & psTeiRAd tgediingg agioyat 19 theyange val ue

of 0. Z)fﬁ@toozho asédxénﬂzel?m ﬁfg@tﬁﬁ@p%ﬁi&&g% B afoiitlih GREnEEST N

conprising (I Inin ng 't ormula RL Si X3 and (B) a
si b anef Béta SngbIe% baxedwhadhe 200udBioXGA) andt(Bd; (61 ésesedan af ahQntso theenatgg D)

t drol ysi tal yst: i ' | kyl. havi ng 8
Uo. 54 o0 il wPighipcurent Bt R ool vt gE ot kL Wndth Bkt heid o Ca
hydr oxythgr@ise oﬁfbls)tone@ﬁfdwgq)ft(byp&me eﬁmlﬁw hod @t); ﬁnd GE}H@ﬁs%Hlﬂﬁﬁnand for a
time sufficient to forma silicone resin havi a (R

Si 03/ mmwmgemiéomﬁm@leapﬁr@hdlybf@%)cqu(ﬁgw ng 8 to 24 25 car bon
atons; x has a value of 0.05 to 0.7; y has a value of 0.3 to 0.95 and x + vy
= 1. 6. The nethod as claimed in claim5 wherein Rl is chosen from octyl,

chbor 9oahy methdd dsrebditiet $h X yh@xadSC 8 whepsih @0RRYhosehE®S6 Y least one
3,7,11, 15-t et ranet hyl - 3- hydr oxy- hexadecy

3, 7, 1 patumtadealiphaia veﬁ:rﬁéf@l@@kphaﬁéﬁ@lae@y@romtlﬁé@mm oyclic gy sdeny . and 3,

Fh efthe SR SR HREER A A M S Ao UG BRIBSL,
an al kolxyntgeilicyne sBlvedbhandmixtmes thereof.ai ned in any of claim5 - 7 wherein A

is used in an anmount in the range of 14 to 20 nol e% based on the anobunt of
(A and (B); (B) is used in an amount in the range 5 of 80 to 86 nol e%

bgged 19N t AEmRIHRY Hr Rbdédig 2BOrobiBlerahid cdnforidffd I N an amount in the range
of 70 to 90 wei ght percent based on the total wei ght of (A) anq (B); (D is

used in anBMRYAing d $TliédHe rEHNENRS 2 BorfulORL STO siof h@eR Mok of X in
(R Cand ¢ D TRtting o dHiddHe rEARERIAL o Rorfiul (R STO DRSO N

alkyl group having 8 to 24 carbon atoms; X has a value of 0.05 to 0.7; y has a value of 0.3 to

0.95 and x + y =1 at a temperature sufficient to cure the silicone resin;
. . . 1
(ID) further heating the cured resin at a temperature sufficient to remove R groups

20  from the cured resin thereby forming a porous ceramic.

11. A method for producing a porous coating on a substrate comprising:
(I) coating the substrate with a silicone resin having a formula
(R8i032)x(HSiO3/5), where R is an alkyl group having 8 to 24 carbon atoms; X has a
25  value of 0.05 t0 0.7; y has a value of 0.3t0 0.95 and x +y = 1;

(ID) heating the coated substrate in an inert atmosphere at a temperature sufficient to
cure the silicone resin;

(IIT) further heating the cured resin coating in an inert atmosphere at a temperature
sufficient to remove R1 groups from the cured resin coating thereby forming a porous coating

30 on the substrate.



amount in the range of 0.1 to 0.3 noles per nole of (A) and (B). 10 9. The
nmethod as clainmed in any of clains 5 -8 wherein (C) is chosen fromat | east
one sat uwetos@2mBi phati c sol vent, cycloaliphatic sol vent, pararsat/2ssol vent ,
cyclic ether solvent, ketone solventls hal ogen substituted al kane sol vent,

hal ogepat ed,aronmat i c sol vent, . est | yent, .siJli.cone sal vent and m xtures
ther aot? 15TBEGIURO0: aRPedR Bt prEl R hgsihe R df Shrsen domRed: ng (1)

heat i I d4i S Nhavi ng a rul.a 1,5 x(HS| where R1
s an Chiftegion FRRGRHETONAEER, SAdbl bubtia. (v e P05 o
0.7; yhelRadecql, 84, Ll Sietidmdttyo3-nidiixydRtadecyl, ¥-eplyl-atethotyedesl atd!s e7-
sufficient. to cure the silicone resin; (Il) further heating the cured resin
at a t‘ié ¥rithydrexyxdpdecyl ant mpgutes HsveolRI groups 20 fromthe cured resin
thgreby forming a porous ceramc. 11. A nethod for producing a porous
coating on a substrate conprising: (l) coating the substrate with a
silicone resin having a fornula (R1SI G3/2)x(HSI C3/2)y where Rl is an al kyl
group having 8 to 24 carbon atons; x has a 25 value of 0.05 to 0.7; y has a
value of 0.3 to 0.95 and x +y =1; (Il) heating the coated substrate in an
inert atnosphere at a tenperature sufficient to cure the silicone resin;
(I'11) further heating the cured resin coating in an inert atnosphere at a
tenperature sufficient to renmove RI groups fromthe cured resin coating
thereby form ng a porous coating 30 on the substrate. WD 03/023831

PCT/ US02/ 27755 16 12. The nmethod as clainmed in clains 10 or 11 wherein the
Rl is chosen fromoctyl, chlorooctyl, trinethylsiloxyhexadecyl, octadecyl,
docosyl, 3,7,11, 15-tetranet hyl - 3- hydr oxy- hexadecyl,

3,7,11, 15-t et ranet hy- 3- net hoxy- hexadecyl , 4-heptyl -4-ethoxy decyl, and 3,

7- di et hyl - 3- hydroxy-dodecyl and m xtures thereof. 5



