11 Novenber 2003 1 METHOD FOR MAKI NG M CROPOROUS SILICONE RESINS WTH
NARROW PORE- S| ZE DI STRI BUTI ONS The present invention relﬁtﬁﬁ\le%egz éhod
for making m croporous silicone resins useful for formng Tow dielectric
constant filns. More specifically, the present invention is a nethod for
making a m croporous silicone resin having a narrow pore size range by
hydrosilating a hydridosilicon containing resin with an

al kenyltriarylsilane, coating the hygrosi | ated resin on a substrate, and
heating the coated substrate in an inert atnosphere to effect thernolysis

of the aryl subsgrtuentsoramaktiei nTekRbrForaticor I/ BNEN&ESAdd Ng as a gas.
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) atmosphere to effect thermolysis of the aryl substituents
and their elimination from the coating as a gas.

Semiconductor devices often have one or more
arrays of patterned interconnect levels that serve to
electrically couple the individual circuit elements
forming an integrated circuit (IC). These interconnect
levels ar€e typically separated by an insulating or
dielectric film. Previously, a silicon oxide film formed
using chemical vapor deposition (CVD) or plasma enhanced
techniques (PECVD) was the most commonly used material
for such dielectric films. However, as the size of

f? circuit elements and the spaces between such elements
decreases, the relatively high dielectric constant of
such.silicon oxide films is inadequate to provide
adequate electrical insulation.

To provide a lower dielectric constant than
that of silicon oxide, dielectric films formed from
siloxane-based resins have found use. An example of such
films are those formed from poly(hydrogen)silsesguioxane
resins as described in U.S. Patents 3,615,272 and
4,756,977. While such films provide lower dielectric
constants than CVD or PECVD silicon oxide films and also

provide other benefits such as enhanced gap filling and



constants than CVD or PECVD silicon oxide filnms and also provide other
benefits such as enhanced gap filling and 11 Novenber 2Q0Q3yRecfibef 8663

pl anari zation, typically the dielectric constants of such filns are
limted to approximately 3 or greater It is well known that the dielectric
constant of the above discussed insulating filns is an inportant factor
where IC s with | ow power consunpti on, £r 0SS- tal k, and signal delay are
required. As I C dinensions continue to” shrink, the dielectric constant
increases in inportance- As a result, S|onane based resin materials and
met hods for maki ng such materials that can provide electrically insulating
filme with dielectric constants below 3 are desirable. In addition it is
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\\ﬂ electrically insulating films with dielectric constants
below 3 are desirable. 1In addition it is desirable to
have siloxane-based resins and methods for making such
resins that provide low dielectric constant films which
have a high resistance to cracking. Also, it is
desirable for such siloxane-based resins to provide low
dielectric constant films by standard processing
techniques. ‘

It is known that the dielectric constant of
solid films decreases with a decrease in density of the
film material. Therefore considerable work is being
"y conducted to develop microporous insulating films for use

on semiconductor devices.

U.S. Patent 5,494,859 describes a low
dielectric constant insulating layver for an integrated
circuit structure and a method of making the layer. A
porous layer is formed by depositing on a structure a
composite layer éomprising an insulating matrix material
and a material which can be converted to a gas upon
subjection to a converting process. Release of the gas
leaves behind a porous matrix of the insulating material
which has a lower dielectric constant than the composite
layer. The matrix forming material is typically silicon

oxide and the material which can be converted to a gas



| eaves behind a porous matrix of the insulating material which has a | ower
dielectric constant than the conposite |ayer. The matripf dQRemHRe0md eria
is typically silicon oxide and the material which can be converted to a
gas 11 Novenber 2003 3 upon subjection to a converting process is
exenplified by carbon. U S. Patent 5,776,990 discloses an insulating
f oanmed pol yner having a pore size | ess 4han 100 nm nade froma copol yner
conprising a matrix polymer and a thernally deconposabl e pol ynmer by heating
t he copol yner above the deconposition tenperature of the deconposabl e
pol ymer. The copol yners described are organic polyners that do not contain
silicon atons. 98/ 49721 describes a.process for form ng a _nanoporous
di el ect ri cRFat WG’ BREACBUHSt PaFERVER, lgﬁkéﬁ%%%?%ﬁnﬁﬁi Hf 1R P of
bl endi ng ara¥ibdeoxysilane w th a solvent conposition and optional water;
depositing the mxture onto a sgbztrate whj | e evaporating at | east a
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the substrate to water vapor at ,a pressure hel ow atnospheric pressure and
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resi ns having orqgglc substituents ich are oxidized at a ténperature of
250C. or HiRfe? -EhpedeqsBParibigantenpesativrgemis thif decsawdsalohe di zed at
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e WO 98/49721 describes 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 tbe chamber to a pressure below
atmospheric pressure; exposing the substrate to water
vapor at a pressure below atmospheric pressure and then
exposing the substrate to base wvapor.

Japanese Laid-Open Patent (HEI) 10-287746

teaches the preparation of porous films from siloxane-

P
-

based resins having organic substituents which are

oxidized at a temperature of 250°C. or higher. The

useful organic substituents which can be oxidized at a

temperature of 250°C. or higher given in this document
include substituted and unsubstituted groups as
exemplified by 3,3,3-trifluoropropyl, B-phenethyl group,
t-butyl group, 2-cyanoethyl group, benzyl group and vinyl
group.

J. Mat. Chem., 1999, 9, 591-598, reports a
method to fabricate angstrom size pores in
poly (methylsilsesguioxane) films in order to decrease the

density and the dielectric constant of the films.



t-butyl group, 2-cyanoethyl group, benzyl group and vinyl group. J. Mat.
Chem, 1999, 9, 591-598, reports a nethod to fabrlcate1q@ﬁ§gﬁ@g}§®&§ pores
in pon(nethyIS|Isequ|oxane)f|InB in order to decrease t ensity and
the dielectric constant of the filnms. 11 Novenber 2003 4 Copol yners bearing
methyl (trisiloxysilyl) units and- al kyl (trisiloxysilyl) units are
spin-coated on to a substrate and heatged at 2500C. to provide rigid
siloxane matrices. The filns are then heated at 450C. to 500C. to renove
thermally | abile groups and holes are left corresponding to the size of

t he substituents. Trifluoropropyl cyanoet hyl , phenyl ethyl, and propyl
groups wer E t he rnall Iabll ubstltuent . The present
i nvention ?gﬁgyﬁﬁ%k E%grfn e%gF|X§(trlﬁlcro §¥&§S|P158n@' sin which is
used to foathb%trdselezysLhylmnahanb Birkmespisetuhtldr oal eet & cal

insul ating coatings on_electronic devices- The nmethod conprises (A)
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fornula A%SE G o850 ahe aF L FEaSE 5Bep&MDSALLERPSEi con atons  are
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resin of Steﬁﬁﬁﬁ Wln an inert atnosphere at a tenperature sufficient to
S
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The present invention is a method for preparing

a microporous silicone resin which is used to form low
dielectric constant films useful for electrical
insulating coatings on electronic devices. The method
comprises (A) contacting a hydridosilicon containing
resin with an alkenyltriarylsilane described by formula
Ar3Si(CHp)p-2 CH=CHy (1) in the presence of a platinum
group metal-containing hydrosilation catalyst effecting
formation of a silicone resin where at least 5 percent of
silicon atoms are substituted with at least one
triarylsilylalkylene group described by formula

i}? Ar3Si(CHp)p- (2) and at least 45 percent of silicon atoms

are substituted with at least one hydrogen atom and
(B) heating the silicone resin of step (A) in an inert
atmosphere at a temperature sufficient to effect
thermolysis of the triarylsilylalkylene groups from the
silicon atoms; where eaéh Ar is an independently selected
aryl group and p=2 to 20.

The hydridosilicon containing resin can be any
of those known in the art where at least 50 percent of
the silicon atoms have a hydrogen substitution and as

such can be homopolymers or copolymers. The following



silicon atons; where each Ar is an independently selected aryl group and
p=2 to 20. The hydridosilicon containing resin can be aqxrﬁﬁLn%gp§ﬁ) nown
in the art where at |east 50 percent of the silicon atonms have a hydrogen
substitution and as such can be honopol yners or copol yners. The foll ow ng
11 Novenber 2003 5 nonlimting |list of possible hydrol ysates and co-
hydr ol ysates are, however, specifically_contenplated: (HSI O3/2)n, (H2Si O m
(HSI @/ 2) x(RLSI @3/ 2)y, (HSI O3/ 2)x( RIR2S Oy, (HSI®B/2)x (RIRRSIOQy(Si )z
and (HS G3/2)x(H2Si Oy; where Rl is a substituent which is not renoved by
heating at a tenperature up to 600C., R2 is either RL or hydrogen, n>2,
nk3, the nole fractions of x, y and z nust total 1 in each of the

copol yner stoahinkting 3isteadt pPogspbieemydafo s@ tammastd xgoy and z.

Exanpl es ohy Rloehude HPEMYouetlyl apdoanand:, Hidiigosiligen contai ning

resins useful in the present process therr or preparation are
descri bed (Hsi@bﬁy)gateHQSiG)ﬁ1543E203§QQ§§32@10% d) ,010, 159. Preferred is
when the hydridosilicon containing resin is described by fornula

(HSi 3B/ 2) n(HaBOgesELRER2abOYE, aRGiOon /b9 prefleallop Wdit) 2 dmnge of 100
to 1000_ It is preferred that™the hydri§05|licon resin be diluted in an

organi ¢ solNefbs jhpf (H5SHOS  dewherenkal ist @ e studnesid afiom rigaction. The
organi c solvent Is any non-aromatic organi c solvent that does not contain

car bon- carhon vaseredabedhbepisgand ar eehibet a$AUERES to B @rf gax sol vent
can be substituted or_unsubstituted. Exanples of useful organic solvents
i ncl ude alkanestherhR! aer devdcagen. nn>gentraide, thexand.e rfreptianes and

gooctaneiy, cycloal kangse SU6Pa?s1 Y ! QBRA! 31° (LY GhRRAN ang «
- is at least 50 percent of the sum of x, y and z.

Examples of Rl include methyl, ethvl and phenyl.
Hydridosilicon containing resins useful in the present
process and their methods for preparation are described
in U.S. Patents 3,615,272, 5,063,267 and 5,010,159.
Preferred is when the hydridosilicon containing resin is

described by formula (HSi03,2)p., as described above, and

n is preferably within a range of 100 to 1000.

It is preferred that the hydridosilicon resin
be diluted in an organic solvent that is not detrimental
to the hydrosilation reaction. The organic solvent is
any non-aromatic organic seclvent that does not contain
carbon-carbon unsaturated bonds and aromatic solvents.
The organic solvent can be substituted or unsubstituted.
Examples of useful organic solvents include alkanes such
as dodecane, n-pentane, hexane, n-heptane and isooctane;
cycloalkanes such as cyclopentane and cyclohexane;
aromatics such as benzene, toluene, xylene and
mesitylene; ketones such as methylisobutylketone; halogen
substituted alkanes such as trichlorcethane; and halogen
substituted aromatics such as bromobenzene and
chlorobenzene. Additionally, combinations of the above
organic solvents may be used together as cosolvents for

the hydridosilicon containing resin. The preferred



aromati cs such as benzene, toluene, xylene and nesitylene; ketones such as
met hyl i sobut yl ket one; hal ogen substituted al kanes such gsydJdhfifdl 9pget hane;
and hal ogen substituted aromatics such as bronobenzene and chl orobenzene.
Addi tional ly, combinations of the above organic solvents nmay be used

toget her as cosolvents for the hydridosilicon containing resin. The
preferred 11 Novenber 2003 6 organic sqgjvents are aromati c conpounds
because of their high volatility, with toluene and nesityl ene bei ng nost
preferred because of their safety profile It is preferred that the
hydridosilicon containing resin be diluted in the organic solvent at a

wei ght perce of 5 to 60 weight percent of the solution canmprising the
resin and %F%%%f% gorvent’ %eaﬁggﬁ e TPe n A958R Fi%Ton

cont ai ni nghigki wolstillityedwinh thauvengannd selsientlcate Hdilrey HdIwei ght

percent on thg sage%basis. Ig Egg. resent net had .t he hydridosilicon
cont ai ni ngPTBEFHTFS RONERAEed i witfitan SELRENY PEFTEr A~ sil ane described by
formula (1). In fornotaiélpreferregptasentheamyidideieendamidry sel ected aryl
group as exenplified by, phenyl, _tolyl, xylyl and naphthyl. Preferred is
When each 0TS BHARy TS Rebs| RIAVPER LralPls RaRE GoSCHMSEE B For mul a. ( 1)
conpri ses wighkepytcestbsti fUeBt 600WRA bHitNGe led 2@ FCAHOR AL | . €. p=2

to 20) and having an end-term nal. unsaturated carbon-carbon bond.
Pref erred SRREF 2Rt REKERFENsABSt PrdaRic sodpyErdes ¥ore B3 ed@B@d at ons

(i.e. p=3 19 ddn thei ByALEESSRLYcbA LBACRAGIGRL JBLERO0G J At w12fd e, t he
hydrosi |l ation reaction at | east 45 percent of "the silicon atons remain
sybstitLﬂE&P%M??H%@l¢e%%%V%%E at 10 to 30 weight percent on the

same basis.

In the present method the hydridosilicon
containing resin is contacted with an alkenyltriaryl-
silane described by formula (1). In formula (1), Ar
represents an independently selected aryl group as
exemplified by phenyl, tolyl, xylyl and naphthyl.
Preferred is when each Ar is phenyl. The alkenyltri-
arylsilane described by formula {1) comprisgs an alkenyl
substituent comprising 2 to 20 carbon atoms (i.e. p=2 to
20) and having an end-terminal unsaturated carbon-carbon
bond. Preferred is when the alkenyl substituent

comprises 3 to 15 carbon atoms (i.e. p=3 to 15).

o,
N

It is necessary in the present method that
after the hydrosilation reaction at least 45 percent of
the silicon atoms remain substituted with at least one
hydrogen atom to retain curing ability of the silicone
resin. Generally, this amount of hydrogen atoms bonded
to silicon atoms.in the silicone resin is achieved by
adding an amount of alkenyltriarylsilane to the present
method such that the mole ratio of the alkenyltriaryl-
silane to silicon-bonded hydrogen in the hydridosilicon
containing resin is within a range of 0.05:1 to 0.7:1,

with a range of 0.1:1 to 0.5:1 being preferred.



hydrogen atomto retain curing ability of the silicone resin General ly,
this anount of hydrogen atoms bonded to silicon atonms i ‘ﬁﬂé”ZBﬁge
resin is achieved by adding an anount of alkenyltrlaryIS|Ian

present nethod such that the nole ratio of the alkenyltriaryl- silane to
silicon-bonded hydrogen in the hydridosilicon containing resinis within a
range of 0.05:1 to 0.7:1, wth a rang% of 0.1:1 to 0.5:1 being preferred.
11 Novenber 2003 7 The present nethod r'equires the presence of a platinum
group netal -containing hydrosilation, catalyst. The platinum group

met al - cont ai ni ng hydrosilation catalyst is any of those known in the art to
effect a hydrosilation reaction between a silicon-bonded hydrogen atom
and an unsaturated cBrBoRre&ehENBShAd Bpaupkras e rgrememaretel g it s

meant ruthenhHimud ogbUg mgeghaékﬂggl?szagaggarus'ﬂa%o%“%{)A Jum with

pl ati num being preferred- Exanples o num group net
catal ysts ﬂ%@fM@athn@megpﬂésemetahveqntemnang tesorisidadt iiom U. S Patents

3,419, 593; . 361 6 220,972 291;
3,516, 946: ag %% aha :9 g,%%%"%% “i‘%%r g%ertsgd aﬁitaﬁonu%fger‘%up""
met al - contbw¢w¢§91@el@myseatsiancbapWegno& pliatiicommbeinided] h3-diceidreny| -

-
limted asgtony restaher Elt sia muéﬁtcreaheﬁmnmnt oS IR, pTan%.QIlejhrﬁ;r ate a
Lfafhgoglﬁg;wﬁgg S#I%&QQPQ%E ed hggégﬁ Egonﬁ and thg¥9lkenyl substi t uent
Vitti ary I : t ot F Bt BLAFdtH® e pl ati num gr oup
tal - conpeefémngedat abyatphes | odepbadiupangtbap RatbilcWoataGat al yst used.

ﬂ“ general a%&ﬁtse%sefgf in the present invention are described
in U.S. Patents 3,419,593; 3,989,668; 5,036,117;
3,159,601; 3,220,972; 3,296,291; 3,516,946; 3,814,730 and
3,928,629. A preferred platinum group metal-containing
catalyst is a comﬁlex of platinum with 1,3-diethenyl-
1,1,3,3-tetramethyldisiloxane.

The amount of platinum group metal-containing
catalyst useful in the present method is not narrowly
limited as long as there is a sufficient amount present
to accelerate a reaction between silicon-bonded hydrogen
atoms and the alkenyl substituent of the alkenyltriaryl-
silane. The appropriate amount of the platinum group
metal- containing catalyst will depend upon the
particular catalyst used. In general, as low as 0.001
part by weight of platinum group metal for every million
parts by weight of components present in Step (A4),
including any solvent when present, is useful.
Preferably the amount of platinum group metal is at least
1l ppm on the same basis, with 10 to 100 ppm being more
preferred, and 20 to 60 ppm being most preferred.

The temperature at which the hydridosilicon
containing resin is contacted with the alkenyltriaryl-
silane is not critical as long as it does not effect

significant gelation or curing of the silicone resin



part by weight of platinumgroup netal for every mllion parts by weight
of conponents present in Step (A), including any solvent WwheRLBrs§8Nt, IS
useful Preferably the amount of platinumgroup netal is at Teast 1 ppmon
the sane basis, with 10 to 100 ppm being nore preferred, and 20 to 60 ppm
bei ng nost pref erred. The tenperature at which the hydridosilicon
containing resin is contacted with the @l kenyltriaryl- silane is not
critical as long as it does not effect significant gelation or curing of
the silicone resin 11 Novenber 2003 8 product. Generally, the tenperature
is 20C. to 150C., wth a tenperature of 50C. to 100C. being preferred In
step (A) of the present nmethod, a silicone resin is formed where at | east
5 percent Wfoduet sj | feparailvns thee tempstiatursd i RS Iteadt505Ks |

trlaryIS|I al kyl ene group Lbed by f rrrul and at |east 45

percent of ’stilTl%o?\;eI&P‘BﬁgtHFg ggbgp Fut & \?mo 5 Cat %eg%?t PI&ETR-ogen at om
Preferred is where 18ntet2p paycemt thef ptrtégesjtl @@ odt, 03B sang coest i t ut ed
with at |east, one trlarﬁlsw yl al kyl ene gr.oup descri bed by formula (2) and

at | east AP cbht Lo eHeBPEECBR 4EBRE ar #STGHHG bt &8 Wit 90 | east one

hydrogen aQins IeﬂréteabéBiteteeheleheeentleeetthe@le tthe a3hhisGarRA - resin of
step (A) is heated in an inert atnosphere at a enperature sufficient to

ef fect thérifslyie %FOFHedGFFFaP?ﬁsPVyIf&’Wlé‘ne(2g)r Gigs aftr dipatstre 45 1 i con

atoms. Thgehealid NGri i PROHCLBIMES AReS LAY 1SLERPLATES RO AStA TWo-step
process. In the two-step process, the silicone resinis first heated in an

i nert at nE¥Pheredmpden aEpPer aPueEesues disemhere 0f &ot 26uibergenitt hout
5k9n|f|Ca@ftéﬁgrg&Y§é§nogt6H§ 5£bagﬁb§kh%h%gﬁyh&%% at least one
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triarylsilylalkylene group described by formula (2) and

at least 45 percent of the silicon atoms are substituted
with at least one hydrogen atom.

In step (B) of the present method, the gilicone
resin of step (A) is heated in an inert atmosphere at a
temperature sufficient to effect thermolysis of the
triarylsilylalkylene groups from the silicon atoms. The
heating is conducted as a single-step process or as a
two-step process. In the two-step process, the silicone
resin is first heated in an inert atmosphere at a
temperature sufficient to effect curing without
significant thermolysis of the triarylsilylalkylene

groups from the silicon atoms. Typically, this
temperature is 20°C. to 3509C. Then, the cured silicon
resin is further heated at a temperature of greater than

350°9C. up to the lessor of the decomposition temperature

of the silicon resin polymer backbone or R2 substituents
(as described above) on the silicon atoms to effect
thermolysis of the triarylsilylalkylene groups from the

silicon atoms. It is preferred that the thermolysis step
be conducted at a temperature of greater than 350°C. to

600°C., with a temperature of 400°C. to 550°C. being most

preferred. In the single-step heating process the curing



groups fromthe silicon atons. Typically, this tenperature is 20C to
350C. Then, the cured silicon resin is further heated I re of
greater than 350C. up to the |essor of the deconpositigﬁ‘?%%%@%ﬁ?@?é of
the silicon resin polynmer backbone or R2 substituents (as described above)
on the silicon atons to effect thernolysis of the triarylsilylalkylene
groups fromthe silicon atons. It is preferred that the thernolysis step
be conducted at a tenperature of greater than 350C. to 600C., with a
tenperature of 400C. to 550C. being nost preferred. In the single-step
heating process the curing 11 Novenber 2003 9 of the resin and thernolysis
of the triarylsilylalkylene groups are effected sinultaneously by heating
the silicont Flsjhessnaandnpeernotesds gfeblhertrhany3sdtylepkydeantse | essor
of the dequgg§'t' uL e: LiiC tn.p I ckbone or
R2 substituentsé0%9?h%fg??§%%né§%§%ﬁégg?§£#g %?e?%??%ggtﬁ%%ngﬁéggfﬁble-step
met hod of réehtitg hetedpdvstedeabragtenperatbwag 9bogeealigr thhamhe 350C to
600C., with a te rature of 4000C, to 550C. being nost preferred. The

pr esent ?ﬁﬁP?gggigﬁé Sﬁ%?m?ﬂ%lﬁé%PiE@m%?rag?ﬁﬁ ?B) the &éAdGS%ed in an
inert at The_] hepe_i-s_ne ry _hecause.the presence
of oxyqen Lot oy Y Set cpe e oh o oh R el Be LEEEBRtE BN B i R 1
framewor k atorig gh Ienperatefesredsthétnghe nsiamglacseapenetdel edtric

art: for SRt 5 Rend i R o RPRPO et et Ve PRRBPobe 8 |l cone
resins forymgbdy thesopoesenti it hodearerpantd cot a&ba@@egel ﬁg%dcqw
g%electn<%ega$rgggg Sigﬁé;;ggF devi ces such as integrated chips.
The present method requires that the heating of
step (B) be conducted in an inert atmosphere. The inert
atmosphere is necessary because the presence of oxygen
may oXidize Si-H bonds and cause destruction of the resin
framework at high temperatures resulting in an increased
dielectric constant for the resin. The inert atmosphere
is any of those known in-the art, for example argon,
helium, or nitrogen.
The microporous silicone resins formed by the

present method are particularly useful as low dielectric

films on electronic devices such as integrated chips.
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The silicon resins of the invention are usually applied
to the surface of electronic devices in the form of a
dilute solvent solution by methods such as spin coating,
dip coating, spray ceoating or flow coating. The solvent
is then allowed to evaporate by drying to form a
homogeneous resin which is then heated as described above
to cure and provide a microporous silicone resin having a
dielectric constant less than 3. The useful solvents can
be the same as those described above for use in the
hydrosilation step.

The following examples are provided to
illustrate the present invention. These examples are not

intend to limit the scope of the claims herein.



The silicon resins of the invention are usually applied to the surface of
el ectronic devices in the formof a dilute solvent solufl 5M§ng%b¢ﬁds
such as spin coating, dip coating, spray coating or fIOM/coatlng e
solvent is then allowed to evaporate by drying to forma honpbgeneous
resin which is then heated as descri bed above to cure and provide a

m croporous silicone resin having a digelectric constant |ess than 3. The
useful solvents can be the same as those described above for use in the
hydrosilation step. The follow ng exanples are provided to illustrate the
present invention- These exanples are not intend to limt the scope of the
clainms herein. 11 Novenber 2003 10 Exanple 1 A two step process was
perforned. EkATBAEnll, 2 weight parts of 50 weight percent poly(hydrogen)-

si | sesqui oxane resi npi I ny phenyl si | ane

wer e rgacted at 100C. ?ﬁé¥ﬁ§%ij?ggénce g@hgﬁi %ﬁgépwelgh p%% ? in the

formof a wesapterawtshof, §ﬂdW%mﬂmeE%CE1%1b¢k¥fh¥m¢¢gém15|Loxang fogtgg
t t he silated resin fornmed in

m nut es. Qé%&@gghhoxgn% Ge @.qlp 9{}71 ali% dC)Ié weight aezﬁtfca\E

1 was pl aced 1 nt CFUCIb e an 1 hour and

in nltr09601ﬂ§169Q§he59&5113Q@rwéEQﬁr@%ﬂﬂédinﬁ%ﬂO@h Wep EﬁétEd for
nitrogen adsorption at 770K u3|ng a Mcromeritics ASAP 2000 Accel erated

Surface ArpaeagsdcePofoSi meflly >Systiemt 'ﬂaae:tsu:rﬁ e o eshavaBodivt €F nhned by

b d fhe Jour. Am
chom Soo. CREPIBE Ya%E) 103 BEosEE R g e K Sy A VA R chomn
Eng. Jpn., £68830 fv(mhutéﬁ pagstépo)r 1gf & e gack&m[pmé ot deie i ndi cated that
Ahe solid

ij hydrosilated resin formed in Step 1 was placed into a

) .
crucible and cured at 400°C. in nitrogen for 1 hour and
in nitrogen at 600°C. for 1 hour. The resulting solid

was tested for nitrogen adsorption at 779K using a
Micromeritics ASAP 2000 Accelerated Surface Area and
Porosimetry System. The surface area was determined by

the Brunauer Emmett and Teller (BET) method described in

the Jour. Am. Chem. Soc. 60:309(1938) to be 342 m2/g. H-
K analysis (Horvath, J. Chem. Eng. Jpn., 1983, Vol. 16,
page 476) of the adsorption data indicated that the solid
had a micropore volume of 0.16 cc/g corresponding to 19
£y volume percent of porosity and a narrow pore size
distribution with a median pore size of 0.52 nm.
Example 2
Two weight parts of 50 weight percent
poly (hydrogen) silsesquioxane resin in xylene and 0.4
weight part of vinyltriphenylsilane were reacted, cured
and heated as described in Example 1. The resulting

material was a microporous resin having a BET surface

area of 280m2/g.

Example 3 (Comparison example)

Two weight parts of 50 weight percent
poly (hydrogen) silsesquioxane resin in xylene and 0.8

weight parts of isobornyl methacrylate were reacted,



had a m cropore volune of 0.16 cc/g corresponding to 19 volunme percent of
porosity and a narrow pore size distribution with a nedj i of
0.52 nm Exanple 2 Two wei ght parts of 50 wei ght percen?+pﬁo£§m§g§b6§

pol y(hydrogen) si | sesqui oxane resin in xylene and 0.4 weight part of
vinyltriphenyl silane were reacted, cured and heated as described in
Exanple 1. The resulting material was a m croporous resin having a BET
surface area of 280nR/g. Exanple 3 (Cbhbarison exanple) Two weight parts
of 50 wei ght percent poly(hydrogen)silsesquioxane resin in xylene and 0.8
wei ght parts of isobornyl nethacrylate were reacted, 11 Novenber 2003 i
cured, and heated as described in Exanple 1. The resulting material wag a
slightly pé&rogs. maner hgateslian des@Ebedr facexamnebdeol . 78The/ g. Exanple 4
(Conpari so ) i,0 ts, O Lght percent .

pol y( hydr 0335?2?‘3?%5 ?E‘:%?awﬁé B‘;eas]g s if‘éli“g?r%évg%%’%? giP5rt 1abhaving
tributyl si hapeTwene feeacikeda G erk apdl/dheated as described in Exanple 1_
The resultingmnaterial was a non-porous material with a BET surface area
of 0.8 n2/EX2TR{Enfl dCOmpaT, Ak was coated with the product of
Step 1 of Exanple 1 agd hRal@t 3a800G idb Nid{QgeNef0tn 0. 5 hour. A clear
m croporous filmwas forned wth no observable cr acks. Exanple 6 A resin
was made aBEoY 4hHEreaenneigseEsast oxpe ryereth | i Steberle oindEx@ndl patt except

that the xykepgivrutylsilane were reacted, cured and heated as

described in Example 1. The resulting material was a

;} non-porous material with a BET surface area of 0.8 m2/g.

S
A

Example 5

An aluminum panel was coated with the product

of Step 1 of Example 1 and heated at 600°C. in nitrogen
for 0.5 hour. A clear microporous film was formed with
no observable cracks.
Example 6

"A resin was made according to the process
described in Step 1 of Example 1, except that the xylene

was replaced with toluene and reaction was carried out at

90°C. of 25 minutes. Then, 4.4 weight parts of toluene
were added to the reaction product and a thin film was

prepared by spin coating on a silicon wafer. The coated

wafer was heated in a nitrogen atmosphere at 450°C. for
20 minutes. The resulting film had a thickness of 0.6
micron and a dielectric constant of 2.6. There were no

observable cracks in the film.



was replaced with toluene and reaction was carried out at 90C. of 25

m nutes. Then, 4.4 weight parts of toluene were added tplﬁg&?&ig%bbgn
product and a thin filmwas prepared by spin coating on a silicon wafer.
The coated wafer was heated in a nitrogen atnosphere at 450C. for 20

m nutes. The resulting filmhad a thickness of 0.6 mcron and a dielectric
constant of 2.6. There were no observable cracks in the film 11 Novenber
2003 12 Clains : 1. A silicone resin where at |east 5 percent of silicon
atoms are substituted with at |east ong,triarylsilylalkylene group
described by fornmula Ar3Si (CH2) p. and at |east 45 percent of silicon atons
are substituted with at |east one hydrogen atom and where each Ar is an
independeg&l sel ected aryl group and p=2 to 20. 2. A nethod for preparing
a silicone F&8Fn’ conprising contacting a hydridosilicon containing resin
with an alkenyltriarylsilane described by fornula Ar,Si (CH2) -,CH=CH, in
the presence of a pIathun1$roup_nEtaI-containing gédrosilation cat al yst

ef fecting forngti onPofT4TSPEF &57d ™ BEFRS \iHer'®2st PeBRTCen: S&r E&ht ot

silicon akeshs i@ Silstituted widnadt 16eastorne ribikl 88 ¥ Pidivakkyl ene group
described by fornmula Ar3Si (CH2)p- and at |east 45 percent of silicon atons

are subst ProvRASFIH e by e Hige Alyir GFehe- atofin2tad@afbiet® BECKHEA is an

i ndependeptl y; 1 a&lechefd-ant AN ARdaPFAr 2r2Qeadr dhdrehledgagcording to
claim2 where the hydridosilicon containing resin has a general formula

sel ect ed ateom ak Wegepeath (HSiIGBAR) inded4RBInOl ynpe [48ie@B3 /a2y I Xgt RIS O3/ 2)

Y, (HSiGg/2). X% (RIRSIO Y, (HSi®/2) x (RIRRSIOQ) Y (SiR) Z and (HSi O3/ 2)
X (H2SI O 7y; RFere ‘is a substituent which is not renoved by heating at

a‘tenperature up to 600C., R2 is either R or

2. A method for preparing a silicone resin comprising
contacting a hydridosilicon containing resin with an
alkenyltriarylsilane described by formula Ar,Si(CH,), ,CH=CH, in
the presence of a platinum group metal-containing hydrosilation
catalyst effecting formation of a silicone resin where at least
5 percent of silicon atoms are substituted with at least one
triarylsilylalkylene group described by formula Ax,Si(CH,),. and
at least 45 percent of silicon atoms are substituted with at
least one hydrogen atom, and whére each Ar is an independently

selected aryl group and p=2 to 20.

3. A method according to claim 2 where the
hydridosilicon containing resin hds a general formula selected
from the group of (HSiO,,),, (H;8i0),, (HSiOhQ)xﬂUSiO”ﬁy,
(HS810,,,) , (R'R’S810),, (HS10;,,),{(R'R’S$1i0},(510;), and
(HS10,,,), (H,8i0},; where R' is a substituent which is not removed

2

by heating at a temperature up to 600°C., R? is either R' or

hydrogen, n22, m23, the mole fractions of x, y and z must total

1 in each of the copolymers, and x is at least 50 percent of

the sum of x, y and =z.



hydrogen, n>2, nm»3, the nole fractions of x, y and z nust total 1 in each
of the copolyners, and x is at |east 50 percent of the1gumwehbér 280and z.
11 Novenber 2003 13 4. A nethod according to claim3 where the
hydridosilicon containing resin is described by formula (HS G/2)n and n
is within a range of 100 to 1000. 5. A nethod according to any one of
clains 2-4 where each Ar is independently selected from phenyl, tolyl,
xylyl and naphthyl and p=3 to 15 6. A nethod according to any one of
clains 2-5 having a nole ratio of the &Pkenyltriarylsilane to
silicon--bonded hydrogen in the hydridosilicon containing resin within a
range of 0.05:1to 0.7:1. 7. A nmethod according to any one of clains 2-6
where 10 to 25 percend wéthdde ascbrdiong dtcordadh 3 Hehexid ithéne resin are
substitute i t.h at _Least one.triarylsilylalkyl r nmet hod for
preparing gh‘:'%r&:}i@ﬁé%ﬁ%n s‘?%@@&ﬁén?e}é?snm c‘?nﬁré?ég?%‘ge%e’ﬁf%ﬁg"‘ﬁ%an i nert

at nrosphere ti®ic),b | codenr e8iwitdfin @ aknyd,obriacheositbdeone resin obt ai ned
by a nethod according to any one of clainms 2-7 at a tenperature sufficient
to effect thernolysis of the triarylsilylalkylene groups fromthe silicon
atons. 9_ A net hed actakdhdty abeotdiabm S awhes Rl Brtdieiss | 1-Q0RRdeL8héh | S
prepared by a nmethad according to any one of clains 2-7. 10._ A nethod for
preparing @SS EPIERREREY RPLACEE T pERBYS st hcon&YEsi ar¢onpri si ng
applying a sgidthhnangqitAidy ng the silicone resin of claim1, or the
silicone resin obtained by a nmethod according to any one of clains 2-7, to
a 11 Novenber 2003 14

{“g ' 6. A method according to any one of claims 2-5 having a
L
mole ratio of the alkenyltriarylsilane to silicon-bonded
hydrogen in the hydridosilicon containing resin within a range

of 0.05:1 to 0.7:1.

7. A method according to any one of claims 2-6 where 10 to
25 percent of the silicon atoms of the silicone resin are

substituted with at least one triarylsilylalkylene group.

8. A method for preparing a microporous silicone resin
comprising heating in an inert atmosphere the silicone resin of

claim 1, or the silicone resin obtained by a method according

\z\—.u"/

h to any one of claims 2-7 at a temperature sufficient to effect
thermolysis of the triarylsilylalkylene groups from the silicon

atoms.

9. A method according to claim 8 wherein the silicone

resin is prepared by a method according te any one of claims 2-7.

10. A method for preparing a substrate coated with a
microporous silicone resin comprising applying a solution
containing the silicone resin of claim 1, or the silicone resin

obtained by a method according to any one of claims 2-7, to a



substrate, renoving the solvent, and heating in an inert atnosphere at a
tenperature sufficient to effect thernolysis of -the triqrybadnpdrably! ene
groups fromthe silicone atons. 11. A nethod according to claim 10 wherein
the silicone resin is prepared by a nethod according to any one of clains
2-7. 12- The method according to any one of clainms 8, 9, 10 or 11 where
the heating is conducted at a tenperature of greater than 350C. to 600C
13. A microporous silicone resin obtained by the method of claim8. 14. A
substrate coated with a m croporous silli*tone resin, obtained by the nethod
of claim 10. METHOD FOR MAKI NG M CROPOROUS SI LI CONE RESINS W TH NARROW
PORE- SI ZE DI STRI BUTI ONS ABSTRACT A nethod for preparing a m croporous
silicone FWsitHakA; creRainge theetol vertor mridowedi #hgctn iam dasstant fil ns
useful for [ n oat i ngs .on el ect nlc evi ces conpri sing
(A) cont acﬁtﬁlﬁgggékﬁ%tr|é;cs)cg'k'?%o%mgon Y iSA§ FesP e CIFREKSHE 19t

aryl si | anghen tthemlesiai@ék@ieaepgmupmmx@muﬁen?iﬁicor@&tn@inal ng
hydrosilation catalyst effecting formation of a silicon resin where at

|l east 5 percent of silicon atonms are substituted with at |east one

triarylsilylal kyl.enen n@tOop aBEoADI MEMELREaQh $6 |1Gae i3l @HE 2f £ Gifstituted
with at | east one ﬁ%ésjro en atom and (B) heating the silicon resin of step

(A) in an iHeft a 8t "N P APEELDT o5 ary ivrent Hoimt Redt
thernolysis of the tri aryl silylal kyl ene groups fromthe silicon atons.

12. The method according to any one of claims 8, 9, 10 or 11

e ? where the heating is conducted at a temperature of greater than

350°C. to 600°C.

13. A microporcus silicone resin obtained by the

method of claim 8.

14. A substrate coated with a microporous silicone

resin, obtained by the method of claim 10.
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