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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formed fredksoly(thyidrogen)isinesesystoiemethe hydrosilated resin on a

.éé} substrate, and heating the coated substrate in an inert
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



resins as described in U S. Patents 3,615,272 and 4,756,977. \Wile such
films provide |ower dielectric constants than CVD or PEGQYR.ehlbef8foPXi de
films and al so provide other benefits such as enhanced gap filling and 11
Novenber 2003 2 surface planarization, typically the dielectric constants
of such filnms are limted to approximately 3 or greater It is well known
that the dielectric constant of the abpve discussed insulating filnms is an
inmportant factor where I1C s with | ow power consunption, cross-talk, and
signal delay are required. As |IC dinensions continue to shrink, the

di el ectric constant increases in inportance- As a result, siloxane based
resin materials and nethods for naking such nmaterials that can provide
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met hods for making such resins that provide |ow diélectric constant filns
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Py _ and methods for making such materials that can provide
= 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



porous |ayer is fornmed by depositing on a structure a conposite |ayer
conprising an insulating matrix material and a material{{WyehsefBo®e
converted to a gas upon subjection to a converting process. Rel ease of the
gas |eaves behind a porous matrix of the insulating material which has a
| ower dielectric constant than the conposite layer. The matrix formng
material is typically silicon oxide angd 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

insul ating foanmed polyner having a pore size |less than 100 nm nade froma

copol ymer conprisin .matrix _polynmer and a thermal |y deconposabl e pol yner
by heat i ngPHe THROTTRAPT hBofe PRY SaEEOETAITIT LeimsaraiRIre T1e (e
deconposabt&rbgel ynmer. The copol yners descri bed are organic polyners that
do not contain silicon_ataons. WO 9%@49721 descri bes a process for formng a

nanopor ous di el ectri - Goat PFh§REN 2a 'dEbSPPald SCHRS €130t ds WisMiSes t he
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g that do not contain silicon atoms.
Q}’ 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.



based resins having organic substituents which are oxidized at a
tenperature of 250C. or higher- The wuseful organic SUb%ﬁ%&H@H%grﬁﬁkPh can
be oxidized at a tenperature of 250C. or higher given in this docunent

i ncl ude substituted and unsubstituted groups as exenplified by
3,3,3-trifluoropropyl, (3-phenethyl group, t-butyl group, 2-cyanoethyl
group, benzyl group and vinyl group. 4 Mat. Chem, 1999, 9, 591-598,
reports a nethod to fabricate angstrom size pores in

pol y(met hyl si | sesqui oxane)filnms in order to decrease the density and the
dielectric constant of the filnms. 11 Novenber 2003 4 Copol yners bearing

met hyl (trisj L]yl ifs an | kKyl.(trisilo iLlyl) units, are
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roups were_investi ed as.the_the |1y |abile tituents. The present
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i nsul ating coatings.on electronic devic%ﬁé The nethod conprises (A

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

3 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



formation of a silicone resin where at |east 5 percent of silicon atons
are substituted with at least one triarylsilylalkylene gnquR fesssdded by
formula Ar3Si (CH2)p- (2) and at |east 45 percent of silicon atons are
substituted with at | east one hydrogen atom and (B) heating the silicone
resin of step (A) in an inert atnosphere at a tenperature sufficient to
effect thernolysis of the triarylsilylalkylene groups fromthe silicon
atons; where each 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 |east 50 percent of the silicon atons have a hydrogen
substitution and_as such can be honopol yners or copolynmers. The foll ow ng
11 NovenbeRoRdOBi5iRgnliftt PAgPPEsibdfe poskiddiveatadt dndates and co-

hydr ol ysat % S Lflcal l . I ' ' n, (H2SiOm
(s ol 2ol Raes B a0y By PSSR R reios B b RS 0 y (51 o)
and (HSiCBHQiagy@ShC»yﬂzmmegﬁ,Rngaogﬁ%qgg@hgﬂag/ .ch is not renoved by
heating at a tenperature up to 600C., is either RL or hydrogen, n>2,

np3, the nueidsasti0RERAEiOX,, Y (ABAOE MYt RORASib)i N\ sash pladde
copolynmers, and x 1s at Ieas? 50 percént of the sumof x, y and z.

Exanpl es ofu&i04 pel Ydr, seO YL , whkhl rANd spheryibst iydrtdagiddicons cont ai ni ng
resins useful in the presen process and their nethods for preparation are

descri bed noth thifoveatBpt Be3c 64§, 2¥2a 2RB2rd@ (ranthd GG PR Prgferred is
when the hydridosilicon containing resin is described by formula-
(HSi 08/ 2) ni-s aei desrrRbedr abpdspgend n>2, m>3, the mole fractions of

{i@ X, ¥ 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.

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



nis preferably within a range of 100 to 1000_ It is preferred that the
hydridosilicon resin be diluted in an organic solvent tfAal,JehiiPboos
detrinmental to the hydrosilation reaction. The organic solvent Is any
non-aromati ¢ organi ¢ solvent that does not contain carbon-carbon

unsat urated bonds and aromatic solvents. The organic.solvent can be
substituted or unsubstituted. Exanplesgof useful organic solvents include
al kanes such as dodecane, n--pentane, hexane, n-heptane and isooctane;
cycl oal kanes such as cycl opentane and cycl ohexane; aromatics such as
benzene, toluene, xylene and nesitylene; ketones such as

met hyl i sobut vl ket one;._hal ogen substit.uted al kanes.such as tri chl oroet hane;
and halogeﬁrgéﬁ st??%Y%Hkgrgﬁﬁtﬁggmgﬁ&ﬁ &8“@P8W@§b&%§ﬁ@%ﬁu?g robenzene.
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percent omni g hgheake ashsiabbilReopr esarbimBLROd dhe hydididesidd aon
containing resin is contacted with an al kenyltriaryl- .

. the organic solvent 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.



silane described by formula (1). In formula (1), Ar represents an

i ndependent|y selected aryl group as exenplified by phepyl, dle¥booxy! ¥l
and naphthyl. Preferred is when each Ar is phenyl. The al kenyltri-

aryl sil ane described by fornula (1) conprises an al kenyl substituent
conprising 2 to 20 carbon atons (i.e. p=2 to 20) and having an

end-term nal unsaturated carbon-carbon_ bond. Preferred is when the al kenyl
substituent conprises 3 to 15 carbon dt oms (i.e. p=3 to 15). It is
necessary in the present nethod that after the hydrosilation reaction at

| east 45 percent of the silicon atons remain substituted with at | east one
hydrogen atomto retain curing ability of the silicone resin. Generally,
this anount of hydro§en aremsnboneshodt segiliresn thcomsssendse o ld cone
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preferred. Examples of platinum group metal-contain
catalysts useful 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. 1In 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



catal ysts useful 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, :
3,516,946; 3,814,730 and 3,928,629. A preferred platindﬁ$§%§5%8#2003

nmetal -containing catalyst is a conplex of platinumw th 1, 3-di et henyl -

1,1, 3,3-tetranet hyl di si |l oxane. The anmount of platinum group

metal -containing catalyst useful in the present nmethod is not narrowy
limted as long as there is a sufficient anbunt present to accelerate a
reacti on between silicon-bonded hydrogen atons and the al kenyl substituent
of the alkenyltriaryl- silane. The appropriate anmount of the platinum group
nmetal - containing catalyst will depend upon the particular catalyst used.
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product . GHeff1y, I¥AEPt ERper abaftebys fogrulpy (B30end afj tieagtt dfperat ure

of 50C. 1 @k0G ¢ W ng; PE8ERT E8EMEN a3 ECR A 1@l cele WRtesaRt 1Rldod, a
silicone resinis formed where at least 5 percent of the silicon atons

are substianf evdNeentaFenst Breferrglylisi Mpere 10 to 25 percent

s of the silicon atoms are substituted with at least one

e triaryvlsilylalkylene group described by formula (2) and
at least 45 percent of the silicon atoms are substituted
with at least one hydroggn 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



al kyl ene group described by formula (2) and at |east 45 percent of silicon
atons are substituted with at |east one hydrogen atom pPr 8-, Wher e
10 to 25 percent of the silicon atons are substituted V\nﬁtﬁg\g@{nﬁt&gaﬂg@one
triarylsilylalkylene group described by fornula (2) and at |east 45
percent of the silicon atons are substituted wth at |east one hydrogen
atom In step (B) of the present nethod, the silicone resin of step (A is
heated in an inert atnosphere at a te%perature sufficient to effect
thernolysis of the triarylsilylalkylene groups fromthe silicon atons. The
heating is conducted as a single-step process or as a two-step process. In
the two-step process, the silicone resinis first heated in an inert
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silicon atoms. Typi cal tenperature is hen

cured silirteinresia tSmﬁ‘n@f&hﬂfeh@ﬂt gdcaten trapesabure ab goeatrr than
350C. up to the lesso ‘5 t he deconposition tenperature of _the silicon
resi n pol yreFS®ackbo é e?&‘“@%ﬁ%ﬂ-?ﬁeﬁ?@pe’(%guﬁ%s‘aiE| 5@8 EBAGL@F%n t he
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conduct ed &ttoras t errintarars weebérgedatbatt bhe 3H0FletotepfONELhoR WIE a
heat | ng. prBERSkIY HEe P AEC T4 NG RoBPBEE o 61 *F he=PBLPR AT hor mol ysi s
of the trimfodesi |y aé&fW@ne wPERURSt 8hSe£f {-8FL edr ShybEanggugkydpy heating
}be Slllcbelng most preferred.
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 aré particularly useful as low dielectric

films on electronic devices such as integrated chips.

7

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.



resin to a tenperature of greater than 350C. up to the l|essor of the

deconposition tenperature of the silicon resin polyner.ﬁqggkgﬂ%r%boga
substituents on the silicon atons. It is preferred that the single-ste

nmet hod of heating be conducted at a tenperature of greater than 350C to
600C., with a tenperature of 4000C. to 550C bei ng nmost preferred. The
present nethod requires that the heatlg step (B) be conducted in an
inert atnosphere. The inert atnosphere™ s necessary because the presence
of oxygen may oxidize Si-H bonds and cause destruction of the resin
framework at high tenperatures resulting in an increased dielectric
constant for the resin- The inert atnosphere is any of those known in the
art, for eEXApPdeadgon, helium or nitrogen. The nicroporous si li cone

resins formed by thep present, A e par éé%g rLy us as io
evi ces suc as in té% % The

dielectric films on electronrc egra
silicon reyﬁﬁ§h§fpﬁﬁésl@ieﬁﬂlmemhilnﬁnﬂdqﬁznnﬂyéh&dtegéﬂbusurface of

el oot 1 oni C<deuLeghs kabeLanm oh oy dllditg g of venic sgluti.on. bycret hods

such ‘as spin coating |ng, Spray coat1ng ‘o g. The

sol vent |slhﬁearabh@wgdshga@%aﬂ@ﬁﬁiQé@békaﬂéw iébd@rniﬁ-tﬂénvge”eous
resin which is then heated as described above to cure and provide a

ni cr opor ousrebehcenefr Bsikn 1iavi mgightdipelrectaf ®iconsteind f®@ss dhaa 3. The

f ul I e t e sa as t e.d scrlbed ahove_for_use in the
E;grgS|thlgﬂgz?§a&l E t 31 Fowi- en@kaﬁp ¢ ar & Provt T4 sHP¥RRRate the

present in¥entR2Onmithess.exanplseseparg, n®t2lgﬂ3HMbIé)dfrﬂﬁethe scope of the
~£aln8 herﬁy3r051lated re51n 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,



11 Novenber 2003 10 Exanple 1 A two step process was performed. In Step 1,
2 weight parts of 50 weight percent poly(hydrogen)- SIL§@§6UQHR%§@§O§GSIH
in xylene and 0.8 weight part of vinyltriphenylsilane were reacte

100C. in the presence of 5 x 10-5 weight part of Pt in the formof a
conplex with 1,3-diethenyl-1,1,3,3-tetranet hyl di siloxane for 20 m nutes.
In Step Il, a 2 g sanple of the hydrosji]Jated resin formed in Step 1 was
placed into a crucible and cured at 40bc. in nitrogen for 1 hour and in
nitrogen at 600C. for 1 hour. The resulting solid was tested for nitrogen
adsorption at 770K using a Mcroneritics ASAP 2000 Accel erated Surface
Area and Porosinetry System The surface area was determ ned by the
Brunauer ERREEE. ap@dTéldaded BET)demt hbtedeber Faupla ltheTHeur Am Chem
Soc. 60: 30 n Hor va Chem Eng

Jpn 1983?E%§?§anon8%e%§%Ex% of t?iig%g%g ?%%u%a? %ﬁa%a?%ﬁl?%at the

solid hadaaBRIrCEQRFEE eV @lrE® f 1B 12 L5/ 9 corresponding to 19 vol une
percent of cor03|ty and a narrOM/pore size distribution with a nedi an pore
size of 0.322#H CHPATRRP e HIP ik t s of 50 wei ght percent

pol y(hydrogen) si | sesqwbom&%kf@%a&w 3| €08, @Nh 0. Jor ¥ ght part of
V|nyItr|phen | sil ane were reacted, cured and heated as described in

Exanpl e KE (hgdhPerhd SHEaSSa L arne TRTHDpbr cusl eesi andali Higoar BET

surface a&@%@ib@@?ﬁ%&@!am@x%@'é 2 d LOUPAT S0 RISt ed as

described in Example 1. The resulting material was a

S
A

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



Two wei ght parts of 50 wei ght percent poly(hydrogen)silsesquioxane resin
in xylene and 0.8 weight parts of isobornyl methacrylat r d 11
Novenber 2003 ii cured, and heated as described in Exa ‘ﬁ M§W§¥%§%ﬁb§
resulting material wag a slightly porous materi al haV|ng a BET surface
area of 78 nk/g. Exanple 4 (Conparison exanple) Two wei ght parts of 50

wei ght percent pol y(hydrogen)sil sesqui oxane resin in xylene and 0.8 part
of tributylsilane were reacted, cured and heated as described in Exanple
1_ The resulting material was a non-ppyous material with a BET surface
area of 0.8 n2/g. Exanple 5 An al um num panel was coated with the product
of Step 1 of Exanple 1 and heated at 600C. in nitrogen for 0.5 hour. A
clear mcroporous filmwas fornmed with no observable cracks. Exanple 6 | A
resin was &% atcording to the process described in Step 1 of Exanple 1,
except that the xylene was replaced mnth t ol uene and reaction was carried
out at 90C. of 25 mnutes. Then, 4. ht parts of toluene ,were added

to the reactiort-produétlifions Fa5in f"P?’ﬁ‘Fv% leﬁ‘tsé?pér@ﬂr%egptsﬁf S¢bkt™hg on a

silicon watehs dhe soateducd@f@rnas heatetdd taiaki1 o0 AlfRspher e at
450C. for 20 mnutes. The resulting filmhad a thickness of 0.6 mcron

and a di ePEewP|desBHdeanbyofornga fictielCRele o BhderFhble RYWERS in the
film 11 Hgvgﬁpﬁ&xggggms are substituted with at least one hydrogen

atom, and where each Ar is an independently selected aryl group

and p=2 to 20.

-
S

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
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.



12 Clains : 1. Asilicone resin where at |east 5 percent of silicon atons
are substituted with at |least one triarylsilylalkyl ene 1grnauentesenodbed by
formula 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

i ndependently selected aryl group and p=2 to 20. 2. A method for preparing
a silicone resin conprising contacting a hydridosilicon containing resin
with an alkenyltriarylsilane described by formula Ar,Si (CH2) -,CH=CH, in
the presence of a platinumgroup metal-é8ntaining hydrosilation catalyst
effecting formation of a silicone resin where at |east 5 percent of
silicon atons are substituted with at |east one triarylsilylalkylene group
descri bed by foreul a Ar@SicoHarperdimy tat dledwnt 3 4%hqys &dst of silicon atons

are substituted with.at |east. one hydrogen r ch Ar is an
independenﬁﬁ?ﬁuggﬁég%gﬂlé??“ﬂﬁpﬁﬂ% ﬁ%srb%% F%ggg¥b§£qﬂ nefﬁg gaccording to
claim 2 whetwsidig), hpdr hdosididom eombagai oy ro@site Bagoa general fornul a
selected fromthe group of (HSIG3/2) n, (H2SIO m (HS G3/2) X (RLSi G3/2)
Y, (HSi®/2) X (RIRRSIO Y, (HSi@B/2) x (RIRRSIO Y (Si®) Z and (HSi @3/ 2)
X (H2Si O y; whese R ain@tBodwlssidingnioc Wi Cdhd 5¢ NAtainedMedheRy eheat i ng at
a tenperature up tq 600C., R2 is either R or hydrogen, n>2, np3, the nole
fractions O x% yRaREERASHIdY E6aFted FnpmRbATEE t‘HélYé'UpEfP’%f%r%I}dand X is
at | east S5GH09610t afh pihecssym of x, y and z. 11 Novenber 2003 13 4. A

met hod according to claim3 where the hydridosilicon containing resin is
descri bed by formula

{“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
éomprising heating in an inert atmosphere the silicone resin of
claim 1, or the silicone resin obtained by a method according

. 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



(HSI®/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 se{eqérehddreapphenyl ,
tolyl, xylyl and naphthyl and p=3 to 15 6. A nethod according to any one
of claims 2-5 having a nole 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 nethod according to any one of clains 2-6
where 10 to 25 percent of the silicon atons of the silicone resin are
substituted with at |east one triarylsil%yl al kyl ene group 8. A nethod for
preparing a mcroporous silicone resin conprising heating in an inert

at nosphere the silicone resin of claim1, or the silicone resin obtained
by a met hcPPSEESFET ey iy thaesolvetta med2 hgaaing irerperakuce suffici ent
to effect si.s .of Larylsilyl.al kyl ene_groups fromthe silicon
atons. 9 _ a,&tdrer)gp Egléga%%oar dicn gtr %E% Al mg WREPS ﬁot‘ﬁ%g%ch i oLEstf 9k
prepar ed Byhea trrgahpls Hgdeddyhene ogamyp D M-oal thkasdFidbne at8msA Met hod for
preparing a substrate coated with a mcroporous silicone resin conprising
applying a solution containing the silicone resin of claiml1, or the
silicone resin iaht aiMeethydaabBS AOThAACOIALRE 10 AARE L S UG,L2- 7, to
a 11 Novenber 2003 14 sHbstrate, renmovi ng the solvent, and heating in an
inert atioSphere PATPH *tepér 4EUIE eafitrentc eoY ePeeef LhErNGHYsis of the
triarylsilylalkylene 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 d4ai nFhe-ethod according to any one of claims 8, 9, 10 or 11

£“§ 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.

A



12- The method according to any one of clains 8 9, 10 or 11 where the
heating is conducted at a tenperature of greater than 330G veh®epO6E3 13. A
m croporous silicone resin obtained by the nethod of claim8. 14. A
substrate coated with a mcroporous silicone resin, obtained by the nethod
of claim 10. METHOD FOR MAKI NG M CROPORQOUS SI LI CONE RESINS W TH NARROW
PORE- SI ZE DI STRI BUTI ONS ABSTRACT A netﬂpd for preparing a m croporous
silicone resin which can be used to formlow dielectric constant filns
useful for electrical insulating coatings on electronic devices conprising
(A) contacting a hydridosilicon containing resin wth an al kenyltri -
arylsilane in the presence of a 8Iatinun1 roup netal - containing

hydr osi | ati on caffBFy<P EPRMRKANCT YERBPPOROHE SILIONERESINS where at

| east 5 percent of siViEBNNARBRY PIRE-SEBEt PLSTEBHTIPNG | east one
triarylsilylal kylene group and 45 percent of silicon atons are substituted
with at |east one hydrogen atom andhdB)rtreating the silicon resin of step
(A) in an inert atnosphere at a temperature sufficient to effect
thernolysis of the triarylsilylalkylene groups fromthe silicon atons.

A method for preparing a microporous silicone
resin which can be used to form low dielectric constant
films useful for electrical insulating coatings on

electronic devices comprising (A) contacting a

N

hydridosilicon containing resin with an alkenyltri-

4

arylsilane in the presence of a platinum group metal-
containing hydrosilation catalyst effecting formation of
a silicon resin where at least 5 percent of silicon atoms
are substituted with at least one triarylsilylalkylene -
group and 45 percent of silicon atoms are substituted
with at least one hydrogen atom and (B) heating the
silicon resin of step (A} in an inert atmosphere at a
temperature sufficient to effect thermolysis of the

triarylsilylalkylene groups from the silicon atoms.

]



