7 February 2005 POROUS MATERI ALS Background of the Invention This invention
rel ates generally to porous materials. In particular, thi3Femwenziosn
relates to the preparation and use of porous filnms containing organo
polysilica materials and having a | ow dielectric constant. As electronic
devi ces becorme smaller, there FORQUSMATHIIALSdesire in the el ectronics

i ndustry to increase the circuit density in electronic conponents, e.qg.,

i nt egr atiagkerpund gfithe Invgntieni t  boards, multichip nodul es, chip test devices,
and the |ike w thout degrading electrlcal performance, e.g., crosstalk or
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naterlauowﬂﬁﬂmnmcbmﬁmmonponents. A nmethod for reducing the dielectric
constant of such interlayer, or internetal, insulating material is to
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pores or. _voids. Porous dielectric matrix materials are well known in the
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al ., Polyimde Nanofoans from Phase-Separated Bl ock Copol yners,

El ect r odA¥H cal Soci ety Proceedings, volune 97-8, pages 32-43 (1997).
Thus, the bl ock copol ymer approach provides only a linmited reduction in the
di el ectric cBerevadielectns mptix aenelserqisglEmown in e etth &ne kpowinpipeaseelss f or
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ectric precur ynerl ZI ectrl C precursor
Wi t hout dielectric monomer to form a block copolymer, followed by heatmg to decompose the thermally

labile monomer unit. See, for example, U.S. Patent No. 5,776,990. In this approach, the amount
of the thermally labile monomer unit is limited to amounts less than about 30% by volume. If
more than about 30% by volume of thé fhcmmlly labile monomer is used, the resulting dielectric
material has cylindrical or lamellar domains, inst;ead of pores or voids, which lead to '
interconnected or collapsed structures upon removal, i.e., heating to degrade the thermally labile
monomer unit. See, for example, Carter et. al., Polyimide Nanafoams from Phase-Separated

Block Copolymers, Electrochemical Society Proceedings, volume 97- 8, pages 32-43 (1997).

Thus, the block copolymer approach provides only a limited reduction in the dielectric constant

of the matrix material.

Another known process for preparing porous dielectric materials disperses thermally
removable particles in a dielectric precursor, polymerizing the dielectric precursor without
substantially removing the particles, followed by heating to substantially remove the particles,

and, if needed; completing the curing of the dieléctric material. See, for example, U.S. Patent




substantially renoving the particles, followed by heating to substantially
remove the particles, and, if needed; conpleting the curV&gpregry ¢
~dielectric material.  -See, for exanple, U S. Patent 7 February 2005 No.
5,700,844. In the "844 patent, uniformpore sizes of 0.5 to 20 microns are
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conditi There is thus a need for inproved porous organo polysilica
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in partlcular as an interlayer, or internetal, dielectric material for

use in the Halfine@bdt %aﬁdy S Btlocid b s arSWHIWY, wbupsfufft:hﬁomvcﬁet' on It
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pore size e as I nsulating mat eri In e eCtI’OI’]IC evices such as
|ntegra¢mhhmerU|ts and printed wiring boards. Such polymeric particles
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There is thus a need for improved porous organo polysilica dielectric matrix materials

with substantially smaller pore sizes and a greater percent by volume of pores for use in
electronic components, and in particular, as an interlayer, or intermetal, dielectric material for

use in the fabrication of integrated circuits.

Summary of the Invention

It has now been surprisingly found that certain polymeric particles (or porogens)
incorporated into an organo polysilica dielectric matrix provide porous films having a suitable
~ dielectric constant and sufficiently small pore size for use as insulating material in electronic
devices such as integrated circuits and printed wiring boards. Such polymeric particles provide
organo polysilica dielectric matrix material having a greater percentage of pores by volume than

is available from known porogens.




organo polysilica dielectric matrix material having a greater percentage of
pores by volune than is available from known porogens. 27Fciradny 2006y 2005
In a first aspect, the present invention provides a conposition conprising
a B-staged organo polysilica dielectric material and pol ynmeric porogen

articles, whereLn the pol yneric or oge articl.es are soluble or mscible
P the B st aglth BRLARG: HEIRSr I andRn e es b EOTRIPPT SmPrsne BTV used t o
di ssol veofghe f1atiRe8dcard aRRriNhY poll e ﬁi@b@ﬁ}.ﬁ&&;, WRd:&h HiRlpoRmeROt h;  and

y

wherein the polyneric porogen conprises a polynerized units one or nore
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cont ai nin nomer nd | y(al kyl ene. oxi d noner.s. a _second aspect,
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parti cl e¥moys the pelymedq Rogreempartigesga Amdioyass prease rebsilise tieleetrigeteriadd nat eri al
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wi t hout substantially degrading the organo polysilica dielectric material;
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met hod descri bed above. Description o ention As use
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organo polysilica dielectric matrix material to conditions which at least partially remove the
polymeric porogen particles to form a porous organo polysilica dielectric material layer without
substantially degrading the organo polysilica dielectric material; d) patterning the organo polysilica
dielectric layer; e) depositing a metallic film onto the patterned organo polysilica dielectric layer;
and f) planarizing the film to form an integrated circuit.In a fourth aspect, the present invention

is directed to an integrated circuit prepared by the method described above.

Detailed Description of the Invention

As used throughout this specification, the following abbreviations shall have the
following meanings, unless the context clearly indicates otherwise: *C = degrees centigrade; pm
= micron; UV = ultraviolet; rpm = revolutions per minute; nm = nanometer; g = gram; wt% =
weight percent; L = liter; mL = milliliter; RI = refractive index; MIAK = methyl iso-amyl

' ~ ketone; MIBK = methyl iso-butyl ketone; PMA = poly(methyl acrylate); CyYHMA =
3




foll owi ng neani ngs, unless the context clearly indicates otherwse: C =
degrees centigrade; m = mcron; W= ultraviolet; rpm = r@v¥eludry 200§ per
mnute; rim= nanoneter; g = gram w%= weight percent; L =1liter; nL =
mlliliter; Rl = refractive index; MRK = nethyl iso-anyl ketone; MRK =
met hyl iso-butyl ketone; PMA = poly(nethyl acrylate); CyHVA = 3 7 February
2005 cycl ohexyl net hacryl ate; EG = ethyl ene glycol; DPG = di propyl ene

- glycol ; BRivlexdinebfy)1R8EG gkiiglehe Q&d&y |DP€I h@bro@geﬁeaglﬁm BEA =dibepieyd acryl ate;
BzMA = benzyl nethacryl ate; MAPS =
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tetra/tri HQP ne Mhat €;
DPEPA = d?%glﬁlet é’e?lmf)ﬁ)%g’&%c g%?y g{? e; %ﬂ%ﬁﬁg’%?%r frhacfm 1%4%%acryl ate;
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vinyltrimethoxysilane.

The term “(meth)acrylic” includes both acrylic and methacrylic and the term
“(meth)acrylate” includes both acrylate and methacrylate. Likewise, the term
“(meth)acrylamide” refers to both acrylamide and methacrylamide. “Alkyl” includes straight

chain, branched and cyclic alkyl groups. The term “porogen” refers to a pore forming material,




removed to yield pores, voids or free volune in the dielectric material -

Thus, the terns "renovabl e porogen,"” "renovabl e pol yner" 7 &ddudry 2005vabl e
parti cI e" are used interchangeably throughout this specification. The
terms "pore,” "void" and "free volume" are used interchangeably throughout

this specification. "Cross-linker" and "cross-linking agent"” are used
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di el ectyl t. S... The .process includes the steps of . a) dispersing
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I
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percent by weight and all ratios are by weight. All numerical ranges are inclusive and

combinable.

The present invention relates to the synthesis, composition, size, distribution and purity
of polymer particles useful as removable porogens, i.e., pore forming material. Such porogens
are useful for forming porous organo polysilica dielectric materials in the fabrication of

electronic and optoelectronic devices.

Thus the present invention relates to a method of preparing porous organo polysilica
dielectric materials. The process includes the steps of: a) dispersing removable cross-linked
polymeric porogen in a B-staged organo polysilica dielectric material; b) curing the B-staged
organo polysilica dielectric material to form an organo polysilica dielectric matrix material
without substanti'alfy degrading the porogen; and ¢) subjecting the organo polysilica dielectric

matrix material to conditions which at least partially remove the porogen to form a porous




5 7 February 2005 organo polysilica dielectric material wthout
substantially degradi ng the organo polysilica dielectric7measmeir abos wherein
the porogen is substantially conpatible with the B-staged organo

polysilica dielectric material and wherein the porogen includes as

pol ymeri zed units at |east one conpound selected fromsilyl containing
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pOr 0gens nwie ¢b&-1RkaHSFEnts. NI @/ Préfofedtha wihes telorgdho sgsiﬁbarﬁg w1 diel ectric
constant of ., organ polysilica dielectric materia particularly those

mat er i a?Iﬂ%eSﬁ‘%i%al‘iﬁ and ap@swﬂw@s&Wb@mlgﬂyl)@qu}metmaw&tf: #s npbenaized i c

mat er i alnid Shefbo géﬁtfﬁ’n‘iﬂe?lncfﬁﬂé’éda% !?rr{éhé‘éd%}tg Geds &@%ﬁ{a} CA nd a0, Apout - 4.

- By B—staged organo polysilica or gan SI oxane) IS nt a conpound -

i ncl udifregn sl cendaining eranbwers oopalyetryEnclotige) mwgemerat ons and havi ng the

formula: ((RRLSIOa(R2Si OL.5)b(R3SIOL.5)C(SIi Q2)d)n wherein RRb, R, R2 and R3
ar e i ndependéapérpgensloé the g:sént arvetticdrapgenful (nGiduCopahddiblectee ycbnstaamf

- substit andd re.in ndent |y a nu romO to 1l;, bis a

nunber ?éa?‘ﬁngyg‘i‘?a ‘%Eleg*“"’ TSR pé‘&’e‘:%‘%ﬁ%}%s%%tﬁ%ﬂ%h%" @88&6“"%6“0‘6’63‘% ovi ded

that a(#h A low dielectlc mﬂtﬁﬂal@ﬂ’m\_'l/indﬂ@‘lat haingal diclb@astononm 16k tha aboutand R2 is

not hy;‘goz? Substl ut ed arggl fers.to an aryl group having one or

nmore of"] §taﬁ‘§ﬁd?’%5§'é’d’§’ yrs iS5t e Q aB‘ﬂ/S‘ KtchEmeapiistortrowit inglpding silisefeh as cyano,

Dy X tarbR @Rl end Aghogenl n Bkl 1o Ghn@D) al koxy, and the like. In the

above fornmula, a, b, ¢ and d represent the nole ratios of each conponent.
Such nol e ratios can be \(@mig@ fetsi eIy R8N g (si t 1. It is preferred that

ais fromO to about O.8. is also referredt2 at ¢ is fromO to about
0.8. | tyHefif RIZNRS aerI@’fa?ar irneq)eh&aay @blecﬁedfffo%mﬁrgg@n gbout a@%ﬁaryi Apjhe above
formula, n refers to t unbe r epeat units in th staged material .

Pr ef er ABIS}tutss arg; ae ﬁnﬁt‘ié&élﬂdqpﬁwfé)bbmm@f frlemdligt b isropmber fromitt] tole
appr eci gt g [%Pﬁl&ml%éﬂﬁ ; o%PYo é‘d«bf xﬂgidééﬁﬁ’t afihe B él@g%ﬂ 6\9@61?1 RQlysilica

dielectric trix materia cl ude one or nore yroxy or al koxy
end cap@staneof RsRband Retiamat thgﬁim Shelistitgted apd” refuccte 2 Ayl grpphagngoenesi de

chain f i"ﬂl%%e SR Ihy@rrog ep?acgd E;Pé? %’lﬁ% subgth:ucn‘? group, such as cyano, hydroxy,
mercapto, halo, (C;-Cjlalkyl, (C;-Cq)alkoxy, and the like. In the above formula, a,b, c and d
‘represent the mole ratios of each component. Such mole ratios can be varied between 0 and
about 1. Itis preferred that a is from 0 to about 0.8. It is also preferred that ¢ is from 0 to about
6.8. It is further preferred that d is from 0 to about 0.8. In the above formula, n refers to the
number of repeat units in the B-staged matérial. Preferably, n is an integer from about 3 to about
1000. It will be appreciated that prior to any curing step, the B-staged organo polysilica
dielectric matrix materials may include one or more of hydroxyl or alkoxy end capping or side
‘chain functional groups. Such end capping or side chain functional groups are known to those
skilled in the art.

Suitable organo polysilica dielectric matrix materials include, but are not limited to,

silsesquioxanes, partially condensed halosilanes or alkoxysilanes such as partially condensed by




skilled in the art. Suitable organo polysilica dielectric matrix materials
include, but are not limted to, silsesquioxanes, parti af Fgbreand®ised

hal osi | anes or al koxysilanes such as partially condensed by 6 7 February
2005 controll ed hydrol ysis tetraethoxysilane havi ng nunber average

mol ecul ar wej ght of about 500 to  about 20,000, .organically nodified

sili ca’f(@émWYI‘?Q’ll’ﬂ‘ﬁée‘é%?ff*ﬁéléﬁﬂtl@ed}@VRSlH@@b@rﬁv% rpleulng eei ght RB/ abiogt ¥ ter gani ¢
subst i fyagrdg oo%nslrgﬁ&ﬁééuz%ddYﬁeﬁ‘%ﬂQ&E'éﬁ@l IR RSOIBVRMO (LY a5 the
mononer unit [ sesqui oxanes are porymeric I'caté materials of the type
RSi O1. 5 anjoegasicRubssitvant, mrdgmrtiatiy cadbssed bnﬂmsﬂmat&hatvﬁiglﬁ(oa)j, aﬁhqnnbﬁmmes are
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Si | sesguLQXRRERs SHERs nprshteégmé;}ahé %ﬁﬂpia,g f’asa&‘ M 1§e§ Mispxane.

B-staged 'silsesquioxane nmaterials Inc equ|oxanes
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mat er Idﬁiqﬁl ﬁ&?cgg%%sasuﬁyﬁ l?%%ﬁ ?I Saiiukc}{(aneaa\ﬁgl %)hflpsﬂe squxoxan\é %e éaoq gPar ed by known

. met hods preferre Tie OrganG gor Ve Tiea s a sesqui oxane,
and nosibesgniekarcalteriatshdiyde hosiopslpmery loDs{Bé@moeatd&y lcosdlira@s @fii oxane, propyl

5|Ises i oxane, 1 so0:-but sil se i.oxane, -butyl  sil sesqui oxane,
pheny!® ?ﬁq’é’%ﬂlﬁﬁ 8&%@%%%& SredlriRctene AT | PRty Iy

si | sesgidilgianasay baprbpdetd byikkdwi 88theds. hydri do sil sesqui oxanes with al kyI
aryl or alkly/aryl silsesquioxanes. Typically, the silsesqui oxanes useful

in the pr eqﬁatpréfme@%dt% Ao w%in&%%m&%a& ﬁﬁatrﬁéﬂe@lre?mblg%ﬁf ally
havi ng from about to about 10;000 repeating units. be appreciated

t hat aSﬂﬁfS;aweF@eo?thsdﬁéqeémqm@e, Pk siladsquiprpe - Mécaﬂsegmwaag t@r%butaslr nor e
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dlelectrlc mat r i mat er one or nore ot ect C matrix
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in p Fq et er 6 RIS RE oYY “a oXi 08’ W% and
oxyflqgmmdﬂﬁhmmm§ﬁMna@ﬂu3ubﬂmmﬂnﬂooﬂ@buﬁgmmns and organlc natrlx materi al s
such as benzocycl obut enes, poly(aryl esters),
It will be appreciated that a mixture of dielectric materials may be used, such as two or

more organo polysilica dielectric materials or a mixture of an organo polysilica dielectric matrix
material with one or more ather dielect;'ic matrix materials, i.e. not an organo polysilica
dielectric matrix material. Suitable other dielectric matrix materials include, but are not‘ limited
to, inorganic matrix materials such as carbides, oxides, nitrides and oxyfluorides of silicon,
boron, or aluminum; and organic matrix materials such as benzocyclobutenes, poly(aryl esters),
poly{ether ketones), polycarbonates, polyimides, fluorinated polyimides, polynorbornenes,
poly(arylene ethers), polyaromatic hydrocarbons, such as polynaphthalene, polyquinoxalines,

poly(perfluorinated hydrocarbons) such as poly(tetraffuoroethylene), and polybenzoxﬁzoles.

It is preferred that when a mixture of an organo polysilica dielectric matrix material and
another dielectric matrix material is used, the organo polysilica dieleciric matrix material is

present as a predominant component. It is further preferfed that the organo polysilica dielectric




pol y(et her ketones), polycarbonates, polyimdes, fluorinated polyi mdes,
pol ynor bor nenes, pol y(aryl ene ethers), polyaromatic hydr 6&drEENRE05such as
pol ynapht hal ene, pol yqui noxal i nes, pol y(perfluorinated hydrocarbons) such
as poly(tetrafluoroethylene), and pol ybenzoxazoles. It is preferred that
when a m xture of an organ polysilica dielectric matrix material and

anot hermaliie haetinl i swhtalink e € hictyl siBeddgBfhne! fien dﬂ"sﬁ%@@ux@ﬁh&' &t hixGes

di el ect{llc matrix material is present as a predom nant conponent. It is
furthert ‘HF@f erred that the organo polysilica dielectric 7 7 February 2005
matrix material in such adm xtures i-s methyl silsesqui oxane, phenyl
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size, i.e., dinension, as the size of the renoved porogen particles used.
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pol y( alnkydrRingosopiefieblyDR@UBKS. Such silyl containing ' nononers or
pol y(al kyl ene oxi de) nononers may be used to formthe uncrosslinked

pol yrmer , usmdp@ﬁm&rmqmedg@mhuaa@is,po@&neh@édhmxtﬁmemrmmpsmsawwg silicon
‘may be usefF as .the silyl containing npnoners in_the_present invention.
Y

The si fFompHIyhemEiging Horyipgss %H%H(alkﬂﬁ"teé}xfﬁeh@m‘?ﬁfﬁ%n%’ﬁg Sﬁlrﬂf"‘b%mi“éact ive or
- unreactho@met e PO @1 lent @ﬁ&é)'zﬂ&mm%fs'zb(éy e ARdaab mrﬂﬂhmmgﬁmmd F&?an&de those

contai ni ng one or nofe al oxy or acet oxy groups, such not limted
to, used as the crosslinker, or both. Any monomer containing silicon may be useful as the silyl
containing monomers in the present invention. The silicon moiety in such silyl containing
monomers may be reactive or unreactive. Exemplary “reactive” silyl containing monomers
include those containing one or more alkoxy or acetoxy groups, such as, but not limited to,

- trimethoxysilyl containing monomers, triethoxysilyl containing monomers, methyl
dimethoxysilyl containing monomers, and the like. Exemplary “unreactive” silyl con_taining
monomers include those containing alkyl groups, aryl groups, alkenyl groups or mixtures
thereof, such as but are not limited to, trimethylsilyl containing monomers, triethylsilyl
containing monormers, phcnyldimeth&'lsilyl containing monomers, and the like. Polymeric
porogens including silyl containing monomers as polymerized units are intended to include such

porogens prepared by the polymerization of a monomer containing a silyl moiety. It is not

intended to include a linear polymer that contains a silyl moiety only as end capping units.




trimet hoxysilyl containing nononers, triethoxysilyl containing nononers,
net hyl  di met hoxysilyl containing monomers, and the I|ike.7

"unreactive" silyl containing nononmers include those containing al kyl
groups, aryl groups, alkenyl groups or m xtures thereof, such as but are
not limted to, trinethylsilyl containing nononers, triethylsilyl
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tri phenyl vi silan i s(trinmethylsil vi nyl si | ane,
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typlcallg fromabout 1 to about 99 %w, based on the total weight of the

mononetsed. Liisgueterred that thy Slybsqnidningraenoniess 253 pysentiormnamennipf fomohter s ar e

pr esenﬁbothOa’J%wﬁ@H&‘ﬂﬁ%req;reftxraﬁ?"ﬁlomta%out%qg WibouBPs 9, and nore preferably from
about S to about . Suitabl e poly(al kyl ene oxi de) nononers. i ncl ude,

but are notgykthsnk f)ﬁ?ﬁ Il?len@@}hbf HRRYHES Srcl@X 'bq{agre HON %S0 r%ﬁ@f@?}‘l&%' ene

oxi de) nonomers, | 'ene oxi de/ propyl ene” oxi de)
pol y( prags) rr@n@mgﬁ y@bd@th)(lmomdal:mynomeeﬁs polpieihylepe g>p§i¢/9mgylgll1qmme) al kyl et her
- monomers, poly(propylene glycol) (meth)acrylates, poly(propylene glycol) alkyl ether

(meth)acrylates, poly(propylene glycol) phenyl ether (meth)acrylates, poly(propylene glycol) 4-
nonylphenol ether (meth)acrylates, poly(ethylene glycol) (meth)acrylates, poly(cthylene glycol)
alkyl ether (meth)acrylates, poly(ethylene glycol) phenyl ether (meth)acrylates,
poly(propylene/ethylene glycol) alkyl ether (meth)acrylates and mixtures thereof. Preferred
poly(alkylene oxide) monomers include trimethoylolpropane ethoxylatc‘tri(meth)acrylate,
trimethoylolpropane propoxylate tri(meth)acrylate, poly(propylene glycol) methyl ether acrylate,
and the like. Particularly suitable poly(propylene glycol) methyl ether acrylate monomers are
those having a molecular weight in the range of from about 200 to about 2000. The
poly(ethylene oxjde/ﬁrOpylene oxide) monomers useful in the present invention may be linear,

~ block or graft copolymers. Such monomers typicaily have a degree of polymerization of from

- about 1 to about 50, and preferably from about 2 to about 50.




(meth)acryl ates, polypropyl ene glycol) phenyl ether (neth)acryl ates,

pol y('propyl ene glycol) 4- nonyl phenol ether (neth)acryl at@§cbrpoy §#5hyl ene
glycol) (meth)acryl ates, poly(ethylene glycol) alkyl ether

(meth)acryl ates, poly(ethylene glycol) phenyl ether (neth)acryl ates,

pol y(propyl ene/ et hyl ene glycol) al kyl ether (neth)acrylates and m xtures
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por ogen pol yrrer When a conbination of silyl containing “nononers and the

pol y( aMepPmesTdn digicaubinglismanayrte degeasedd, the anpunt of one nonomer nay be
decreased as the amount of the other nononer is increased. Thus, as the
amount of t M POPImAFs sugghle K Hiery PAROBETHH the Sresens iysatior arpdaried Gemisaat i on,

t he angufére ‘éfhyfeﬂi%al%rﬁ@ﬁ&l@ﬁl:ﬁ@%%ﬁ@a moNGHQE R lu'dfﬁﬁtag' ?019&%88%;111;‘9 n may be

decreased. Thé polyners Suitable for use as porogens In"the present
-1 nvent prsrorarcee ehepjounds stleeipd fera silyl containing monomers and poly(alkylene oxide)

monomers at one or more cross-linking agents. Such polymer porogens are removable, such as

by the unzipping of the polymer chains to the original monomer units which are volatile and
diffuse readily through the host matrix material. By “removable” is meant that the pdlymcr
particles depolymerize, degrade or otherwise break dowri into volatile components which can
then diffuse through the host dielectric matrix film. Suitable monomers which may be
copolymen'zcd with the one or more silyl containing monomers or one or more poly(alkylene
oxide) monomers or mixtures thereof include, but are not limited to: (meth)acrylic acid,
(meth)acrylamides, alkyl (meth)acrylates, alkenyl (meth)acrylates, aromatic (meth)acrylates,
vinyl aromatic monomers, nitrogen-containing compounds and their thio-analogs, and

substituted ethylene monomers.
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or nore ethylenically or acetylenically unsaturated nononers including as
pol ynerized units one or nore conpounds sel ected from si F¥ebra@anteosni ng
nononers and pol y(al kyl ene oxi de) nononers at one or nore cross-linking
agents. Such polynmer porogens are renovable, such as by the unzi pping of
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(" | BMAisbdechbaythacrylef (IDMA 8 baed 6 BlamdheX Y&, B NasHhdt ndk@re) Gitabgnexyl acryl ate
and m xtyres thereof. "Md cut”" alk (meth)acryl ates_are typically those

yl -
wher e fisthagyleds, defesylmetsstviatn@lse kaowras lewsylmethagrpen), Hidspd metipcndait.e mi d cut
al kyl  ¢iREd, ARERAMISE [l it Lymh i el exyl
~acrylate ({aE'HA") cﬁé _et( h%g%gias ﬁg{lﬁg{cn?c)}@%yel%t&)gﬁnﬁ e%%aéﬁﬁ%ﬁ@ decyl _
met hac mpxtates thercog gthetgoplarlyrasdialoniytusts énclide By -prasdecyb mebranytived ( C10) al kyl
i soner iﬁ%uxe . t |.at e ] t al so known as
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thereof. Particularly useful m xtures include dodecyl - pent adecyl
met hacr yl at ‘@igh cut” alkyl (meth)acrylates are typically those where the alkyl group contains from

16 to 24 carbon atoms. Suitable high cut alkyl (meth)acrylates include, but are not limited to:
hexadecy! methacrylate, heptadecyl methacrylate, octadecyl methacrylate, nonadecyl
methacrylate, cosyl methacrylate, eicosyl methacrylate and mixtures thereof. Particularly useful
-mixtures of high cut alkyl {meth)acrylates include, but are not limited to: cetyl-eicosyl
methacrylate (“CEMA™), which is a mixture of hexadecyl, octadecyl, cosyl and eicosyl
methacrylate; and cetyl-stearyl methacrylate (“SMA”™), which is a mixture of hexadecyl and
octadecyl methacrylate.

The mid-cut and high-cut alkyl (meth)acrylate monomers described above are generally
prepared by standard esterification procedures using technical grades of long chain aliphatic
~-alcohols, and these commercially available alcohols are mixtures of alcohols of varying chain -
lengths containing between 10 and 15 or 16 and 20 carbon atoms in the alkyl group. Examples
of these alcohols are the various Ziegler catalyzed ALFOL alcohols from Vista Chemical

11




("DPMA"), a mxture of |inear and branched isoners of dodecyl, tridecyl,
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chain | engrwwalm(mah)ab@gtemamm wkBfubindhelfres@hit i Gen@ibll nd9 be aklpR atons in

the al kyl group. . | es t hese al cohols are the_various Ziegler

cat al y?éﬂ ‘ﬁilf’f)%"}& ijf%Fﬁ“W‘gP%Frs(ﬂ‘féﬁﬁ bew ptomg IW&lFéMW‘EOﬂS‘% npany,

i.e., Ohétachbilidend a&bﬁﬁetﬁbﬁ%ﬁate%\&gﬂn% uE@ﬁI% ﬁ%%%ﬁﬁh&ﬂﬁoﬂ\ﬁ al cohol s
I

from Shell Chem cal 5L, and nat ur al erived

al cohoPE“%‘Eﬂbhbea%lbW& 03““8?13 mﬂ@ @bwt%@@fh)ﬁw@@ld@ﬂ@ al nsequently, for

th t
ot aarangsyBle ool O artid Hinind SRINES (S B PEIDEINEE © |
gy tdlaimbmmcﬁc&{awbénﬂ)a‘mhma'dwkylmm(ﬂlﬁe)ﬂWM)mryﬂamadem edoni nant

anount of the particular alkyl (nmeth)acrylate named. The al kyl
(et h) acr yl Baicwtaniyowsefud substithitet alkpl (Inth)m-ﬁstemonommelata thoservesh dae oa si ngl e

nononer ture havi di.f f.erent ar.bon, at ons .i n .t he al kyl
o ¢ 1 omoR B O B h L B BB RE b e BRSPS rohrer o
usef ul' theB-godRioR (BE&Mtton) MUBNE1kARdTRY. Hﬁﬁbﬁy@ﬁ@l qn)édgﬁcr?MRSﬁédone%QH whitht abl e

opt| onal l'y substituted (neth)acrylam de and %geéIwymth acryl ate nononers

i ncl udie S%fom’éfidéﬂﬁ’égmw mat(QdCs)élth hrapeey o wpr prefereadn Saka)e at es,
di al ky}hafm, &%&%ﬁa@&x o BRER R B 88 nodlAkditb AT SFulR) al Kyl

(et h) acr I am d
methacrylate (“HEMA”) 2-hydroxyethyl acrylate (“HEA™), 2-hydroxypropyl methacrylate, 1-

-methyl-2-hydroxyethyl methacrylate, 2-hydroxy-propyl acrylate, 1-methyl-2-hydroxyethyl
acrylate, 2-hydroxybutyl methacrylate, 2-hydroxybutyl acrylate and mixtures thereof. The

| preferred hydroxyalkyl (meth)acrylate monomers-are HEMA, 1-methyl-2-hydroxyethyl

-methacrylate, 2-hydroxypropyl methacrylate and mixtu£es thereof. A mixture of the latter two

monomers 1s commonly referred to as "hydroxypropy! methacrylate” or “HPMA.”

Other substituted (meth)acrylate and (meth)acrylamide monomers useful in the present
invention are those with a dialkylamino group or dialkylaminoalkyl group in the alkyl radical.
~ Examples of such substituted (meth)acrylates and (meth)acrylamides include, but are not limited
to: dimethylaminoethyl methacrylate, dimethylaminoethyl acrylate, N,N-dimethylaminoethyl
methacrylamide, N,N-dimethyl-aminopropyl methacrylamide, N,N-dimethylaminobutyl
methacrylamide, N,N—di—ethylaminoethyl methaérylarnide, N,N-diethylaminopropyl
methacrylamide, N,N-diethylaminobuty! methacrylamide, N-(1,1-dimethyl-3-oxobutyl)
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Particularly useful substituted al kyl (nmeth)acrylate nononers are those
wi t‘h one or nore hydroxyl groups in the alkyl radical, egpegialbgosthose
where the hydroxyl group is found at the P-position (2-position) in the
al kyl radical. Hydroxyal kyl (nmeth)acrylate nononers in which the
‘substituted al kyl group is a (C2-C6)al kyl, branched or unbranched, are

pr ef er pentlandd; Nat|3ediphengi- Dxtiall-kytobhiybtabytediye, M-€ -Hem Dﬁg nyEbihgynbut are
not |imted E‘-)“\‘ Z-Q‘}/ﬁroxyet yl  nmethacrylate ("HEMA"), 2-hydroxyet hyl

acryl _af@i@’ﬁ e, and PGP by amise i Eehegeviamide of asingathyd ethylgreoxy et hy |
et hac iidadliacuidr ek Qi RioAMklina Rl BhRa: FafBliNhBofpnaiMeLly!  acrylate,

2- hydroxybutyl méthacryl ate, 2-hydroxybutyl acrylate a m Xtures thereof.
The pmeEtEres grdefdr oxyal kyl (et h) acryl ate nononers are HEMA,

1- net hyl - 2- hydroxyet hyl net hacryl ate, 2-hydroxypropyl nethacrylate and

m xtures t hfhsosubstituieil fmethlacryfatet thenokmtst wseful inche preseoniprsitios aeaiticon! y

referred.,t.0..as "hydroxypropyl a ate! or "HPVA." O her substituted
et by Seebiing Fnon e S Ao LR S ok SivEina Clesbe e, bt

i nvent i IsBvitche j i |.an el Walor:-} ro in
e ol o Ly e8GR 1oy ) OB B BB GrcfiihaROpES G OuP |

(et h) 88ty ardes -Candkaxyaily! foethasrmlateovinyliti{G, €&alltonysi teethypérainienvaylhy |
th i et i ; . AN di i noet hyl
et e R e R e L S B L A RS

N, N- di fme¢thjatmtuten einyt tyil C,-Opdibdsiyy{naeti) akeylaty, ddddnixetdyheasdrnoet hyl

nmet hacryl am de, N, N-di et hyl am nopropyl nethacryl arni de,
N, N- di et hy| &im vigharbybtiombivagsryhsafil shainsdthrtd tnodbimeds iy the Breaud iveytich 12 7

Febr uar 0Q5 acrylamide; N-(1,3-diphenyl-|-ethyl-3-oxobutyl) acrylam de,
N- (I - r’rﬁ%l‘\é?’%@ aﬁéﬁwmlé‘zddszpﬂlf@m ST ek Rl AxrRfe Vinglelusnengrdr oxyet hyl
acryl am&ﬁi@sb&bﬂ&?&tﬁﬁﬁh&‘i}b@ﬂ&%vﬁhn%ﬂt}fé%%h:lﬂylﬁ@%&,%ﬁ@ bHﬁl%cheM'aﬂBFhQacr yl oxy

et hyl norpholine, N-nal ei m de of di nethyl am nopropyl am ne an m Xt ures
t her eo¥inylergsatic sigpemepns gise inciude thel sersspatdngrvhdieed cautemartsisncit 4se present

e a0 308 SO PRABTSLOG R 8o B BB i,
(et h) ammndyﬁtpr, opapio, {1 {J)allC&y Atakagiy CEBIEE kalbkTiHSihlkbxy, nebiyacr yl at e,
e e
?Icg_ _Cé—e)CS‘l) ﬁl)ﬁ??)é%/ %ﬁ-%tgi:nk :cér;nila%.‘lndé gl%ttggiratﬁ{oyalngfogé us\c/e%urllgsl unsaturated
monomers in the present invention include, but are not limited to: vinylpyridines such as 2-
vinylpyridine or 4-vinylpyridine; lower alkyl (C,-Cy) substituted N-vinyl pyridines such as 2-
methyl-5-vinyl-pyridine, 2-ethyl-5-vinylpyridine, 3-methy1—5;vinylpyridine, 2,3-dimethyl-5-
- vinyl-pyridine, and 2-methyl-3-ethyl-5-vinylpyridine; methyl-substituted quinolines and
isoquinolines; N-vinylcaprolactam; N-vinylbutyrolactam; N-vinylpyrrolidone; vinyl imidazole;
‘N-vinyl carbazole; N-vinyl-succinimide; (meth)acrylonitrile; o-, m~, or p-aminostyrene;
maleimide; N-vinyl-oxazolidone; N,N-dimethyl aminoethyl-vinyi-ether; ethyl-2-cyano acrylate;
vinyl acetonitrile; N-vinylphthalimide; N-vinyl-pyrrolidones such as N-vinyl-thic-pyrrolidone, 3
methyl-[-vinyl-pyrrolidone, 4-methyl-1-vinyl-pyrrolidone, 5-methyl-1-vinyl-pyrrolidone, 3-
ethyl-1-vinyl-pyrrolidone, 3-butyl-1-vinyl-pyrrolidone, 3,3-dimethy1—l-vinyl-pyrroliddne, 4,5-
dimethyl-1-vinyl-pyrrolidone, 5,5-dimethyl-1-vinyl-pyrrolidone, 3,3,5-trimethyl-1-vinyl-
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(nmeth)acrylate, vinyl tri(Cl-C6)al kylsilyl (neth)acrylate, and m xtures

t hereof. The vinylaromatic nononers useful as unsaturat ed7iretioargp@si n t he

present invention include, but are not |limted to: styrene ("STY"),

a-met hyl styrene, vinyltoluene, p- nethylstyrene, ethylvinylbenzene,

- vinyl napht hal ene, vinyl xyl enes, and mixtures thereof. The vinylaromatic

~ MONONEh$ralid®Qe, |4n&h§4q%lhﬁ%yﬁogwng SSRORAL ﬁ&hﬁulbﬁhfrrltp%r%ﬁd GeURd ghRarts, such as
hal ogenat ed derivatives, I.e., containhing one ha l'ogen™gr oups, such

as fl u@ﬁ*mﬁbﬂ-icwrlbh-nm@héfpnebmyhmolearvdayhamhm, a0y Hingl, plﬁ@fﬂu@w) al koxy,

hal o( Cl1- Clo%al kyl, "carb(Cl-C10) al koxy, carboxy, am no, (Cl-C10)al kyl am no

deri vat i vesThawibstitated ethglencTinenamicts welshasomsrtaiind moneoerpisun de pessentt hei r

t hi o- ag e as un atu t ed Tononer s |nthe S i nyention

i ncl udg@e’g&}% 1};@% G g'tlt IS ’?ﬁt %@ VIgYL AP IRG iyl fsmamigey, %ﬁcgfg“@? AYpyri di ne or

‘21 vi n%'lrf]lpsimidedvml ?rbmiﬂer \gﬁgﬂiﬁﬁhezc(hﬁtnﬁ@?ain u&@tﬂlubﬁa@ﬁldwmﬂmﬂe bRyildi nes such as
nmet hy vi nyl - pyri di ne et hy vi nyl pyri di ne

3- met hyl - 5- Yhawdiérk Gichf as ordgch MBhOYkseRt inVdnfYh mBY bé

2- met hyl - 3- etdr%ﬁ% rV| nyl Si/g?rd% ne; %( \ yl t:%lulfl)lst [ Itmggt/edlg’jﬂc(;U| nol’i neasncgnoé

i soqui Refymagationteshnigies soFbasselusion PM?W?WWWISE@W&WW&HWW@W rol i done;

\(/ Imr;%/ lh) g%?aiﬂ%ﬂ)f ?c:lutm'n\ﬂo%engﬁfoga?ﬂé %}171]1% ébl;%ﬁgﬁ Z\l%iﬁl' ifl 'ﬂf@pﬁjégnt invention

N-vi nymap ahmar,dmmhedwrl‘gﬁcﬁedendmhy l@cmogdemhy lox homqnolyatdmrPart&ulayly 2-cyano

acryl a onk 1y ] thal | I i dones
such st Shihib AAEHES Ik Sonahts O BRIR. 15 Moy Ml ¥fihtof

4- LTE][ h|§h|esd polqlmwh tspiy l[hemhngd G)ﬂ%ﬂ%(ﬁtortfﬁﬂlb,‘ﬂb(_} | privﬂeﬁyly lplwﬂg o scd@oe, ana'more

ethyl -1 - - rol.l e,..3-putyl-I-vinyl-pyrrolldone,

3, 3-di Hf&f%{ﬁfx i6 5‘5%‘%10@@5%0%6@8@@9’ spegsity. of Hfiesppiials ¥ in G rpee plk 1090 done,

5, 5-di ﬁi@féﬂwlylbortbllﬁ}’éndﬁwréﬁicfml o 3.1p-trinmethyl- | -vinyl 13 7 February
2005 pyrrolidone, 4-ethyl-I-vinyl-pyrrolidone,

5- met hyl - 5-Blelutiba }Sbl?fﬁkrs RY (he @tk R et ad éénéally prepared in a non-aqueous
trinmethyl-I-vinyl-pyrrolidone; vinyl pyrroles; vinyl anilines; and vinyl

pi per i SUYsREsSuityhie salygyds for Ei%cétﬁobﬁlﬁwaéﬁés %W@lhwﬂdsm slaliedim e at ed
MDNOMeE S, nhistes dF sﬁ&esofv ?ﬁ% Gltude ciﬂi’fr@ BthPm{eE tﬂ@roo%&nsafiﬁh ?:ioﬁlkidegn ted to:

vinyl acetate, viny Vi ny viny uor 1 de, vinyl
br oni dByoripate iy drocrebark) amdladmatlv hydrbédadens efblesoretabes, asfers vaIcmains dehe broni de.

Th h db
2 var i BHgs HEE iRy ORBESukt DEuRt ERERbe e BT SRB Zhc on of

emul si ﬁherpgﬂnmbu@ﬁulacmm, edtytllactate, propyleneglycol monomethyl ether acetate

caprolactone, 2-hepatanone, methylisobutyl ketone, diisobutylketone, propyleneglycot

monomethyl ether, decanol, and t-butanol.

The solution potymers of the present invention may be prepared by a variety of methods,
such as those disclosed in US Patent No. 5,863,996 (Graham) and US Patent Application Ser.
No. 09/460,326, both of which are hereby incorporated by reference to the extent they teach the
preparation of such poiyrhers. The emulsion polymers useful in the present invention are
generally prepared the methods described in US Patent Appliéation Ser. No. 09/460,326,

‘described above,

It is preferred that the polymers of the present invention are prepared using anionic
polymerization or free radical polymerization techniques. It is also preferred that the polymers

useful in the present invention are not prepared by step-growth polymerization processes.
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preferably by solution polynerization. The solution polyners useful in the
- present invention nmay be linear, branched or grafted and7mebudre2@spol yners
~or honopol yners. Particularly suitable solution polyners include
cross-1linked copolyners. Typically, the nol ecular weight of these polyners
Is in the range of 5,000 to 1,000,000, preferably 10,000 to 500, 000, and

~nore  pref erlblpylyklr fdi¢ Sord s HQRe prifiat iRRlnveh HRRES bbYs-Bikell BESMpBL €T al S
isinthe.range of 1 to 2Q, preferably 1.001 to 15, and nore preferably

1. 001 tC2HE. AFhanQuy o grens-ligkerysnytable for pyedn Hreasesant invepden. i Biwicakly, thener al | y
pr epar SRn@o NP ; : lof fQr.:$

“pol yr‘ne(ralisj}zr a inons ﬂ?lg&\%gﬁﬁl%ﬂ%%l@g&gﬁ?ge} gﬁ#ﬁgg@t#gy{)ﬁgeg{%@ ?Sﬁilgrrpl es of
such sdosesensoficrass-lidesr. Ypito and éncivgling] 10A%stceds-tioking ygbng baseh on the veaight oas

- al kane ri drocar bons d aromatic.hydrocarbons, ethers,
ket one:t,he gésljtoge?\ é},nggf)eg%ﬁeg LA lnﬁﬁ??aﬁgcg? Q?H’l?rpé???mﬁé%f’?% Ialéfslpﬁef%‘?‘{ tEEBI e

sol ve nLthe hmmlhm dﬁcrd@dﬁkaﬁefrorlﬁﬁﬁddt Y¥ao @boux&ﬂlee,ma& lmoeﬁ Ilﬂbﬁfh)bly fr&hh lals&u 1;,?

ganma- bhut yr tone, ethyl |actate, propyl eneglycol nononethyl ether

acet at €° ag%“g[g&%l gtd)i”g e appreqint Ya‘f%‘?ﬁﬁ ékl{l?fg‘flﬁ‘iﬂ rictB# et {he apenptnf cross-linker

di i sobuh HeiRiapRe incRbRIMhERBBHHEDbr re FHBRD TEHLD ¥Er0?$r1hﬁcfm HeFa0e m%ﬁﬂ
t-butanol.. The solution polyners of the present 1nvention nmay be prepared
by a vdR¥¥%ethgugst net hods, such as those disclosed in US Patent No.

- 5,863,996 (Graham) and US Patent Application Ser. No. 09/460, 326, both of
whi ch are herBe ¢rasdingsers atedd ibifie prsfent inmension nclide diextrierittra-asyighench t he
prepar ahh10FRk: e | useful [t present
et (o an B Cy ALMT Sl AF A M Blel FECrSos RN st

Appl i carésent iSentioNocud butGes B2 Bmited wetsiomyberkead ditdnyltbluehs preferred that

t he pol yners of the. present inventian .are pyrepared ysin nj, oni.c

pol yrrer(‘?{‘ga)flp By dlrwg@a@g‘m&e&aFﬂ%@?’g}ﬁé}ﬂ?%ﬁfiﬁ?&a %SC%WHWE coljdiacridaty) so

pr ef er ragethppiprégage PRtYAR] Siethiisfdpliicol divikf) @thRY, @FERMIcycbEeink OilyAlr € not
prepared by §teE‘- rowth pol ymerization processes. 14 7 February 2005 The
pol ymermEBRIe %M%gmlwwdm atg (FERM /D, distbylerrelicposs- | i nked
pol ymergim&hairiste (‘@BGI?M?:}F roﬁleeﬁe&}gﬁ;@@'&iﬁ&ﬁzﬁfﬂﬁ]@ ;}?(??yie@xgé@ccﬁ AacHEfe | N T he

present invention. Typi y, th orogens o € present invention

cont ai Arigethylelpsepanoiimpethpenylgia ( TIMEEMA b divinybbetebmg{fDEB ™), Blycidybr ogen, of
€1 05 Iohdtylaib R 2 ABSholdGALH Berf 08 S505RAS S MRLARAL 1,3 BiRpesk on the

wei ght
glycol dimethacrylate, 1,4-butanediol diacrylate, diethylene glycol diacrylate, diethylene glycol

dimethacrylate, 1,6-hexanediol diacrylate, 1,6-hexanediol dimethacrylate, tripropylene glycol

~ diacrylate, triethylene glycol dimethacrylate, tetracthylene glycol diacrylate, polyethylene glycol
200 diacrylate, tetracthylene glycol dimethacrylate, polyethylenc glycol dimethacrylate, _
ethoxylated bisphenol A diacrylate, ctho;cylated bisphenol A dimethacrylate, polyethylene glycol
600 dimethacrylate, poly(butanediol) diacrylate, pentaerythritol triacrylate, trimethylolpropane
triethoxy triacrylate, glyceryi propoxy triacrylate, pentaerythritol tetraacrylate, pentaerythritol
tetramethacrylate, dipentaerythritol monohydroxypentaacrylate, and mixtures thereof. Silyl
containing monomers that are capable of undergoing cross-linking may also be used as cross-
linkers, such as, but not limited to, divinylsilane, trivinylsilane, dimethyldivinylsilane,
divinylmethylsilane, methyltrivinylsilane, diphenyldivinylsilane, divinylphenylsilane,
trivinylphenylsilane, divinyhnethylphenylsilaﬁe, tetravinylsilane, dimethylvinyldisiloxane,
poly(methylvinylsiloxane), poly(vinylhydrosiloxane), poly(phenylvinylsiloxane),
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t he porogen, may be effectively used in the particles of the present
invention. It is preferred that the anmount of cross-| i nk&Febrsarf 2@ about
| % to about 80% and nore preferably fromabout 1% to about 60% It wll
be appreciated by those skilled in the art that as the anount of
cross-linker -in the porogen increases, the conditions for renoval of the

por ogenetidaliplildne, I-SinRetl lofraVTRylaikdoxaRe] IGhﬁoﬂﬂﬁ tet%ﬁetﬂ%haﬁl&amdl I nkers
useful in the present invention include di-, tri-, tetra-, or higher-

mul ti - FEREEsSSHEsofet hyl eni cal |y unsat ur at ed mononers. Exanpl es of
cross-linkers useful - in the present invention include, but are not limted
to: trivi nyITIBéPFP%@kedinfpgﬁ}llHdGICLﬁenéthﬂd'rﬁwnmmplgﬁdndh%ebe diiegilngddedphhdal ene

and di i X S ne chol

trimet \P%F%#%r%%;ﬁgo%iﬁ?c&r@ cﬁ%matggﬁah Pehegt Ve lgﬂdf % %“q%eg fgprove

t ri vi nyilnpydties tiex aiight cfidck the eleﬁﬂbﬁl&:ﬁpiﬂs&hﬁ)répe?ﬁ.d%f ):i,ectedxhcydies;ﬁtxegl ycoI

di met hagryl ate (" EGDVA" eth l.ene dj net hacryl ate

propyl g‘ﬁ’é‘éﬁ%&%logﬁ’i‘e !foﬁg{%qmcéfiﬁéﬂ %"@gt&fi)‘?%ﬁ |P5‘E,°|‘R}Ta5?’é°f(the Pm'ogen
trimet hmhw[d@bpm@@nbﬁbfrmé ﬁm,sate "TMPTMA"), divinyl benzene ("DvB"),
gl ycidyl nethacryl ate, -di net hyl propane 1,3 diacrylate, 1, 3-butyl ene

gl ycol di acryé ﬁlﬁionlpof}'nlék'fjé&b%ﬁ‘é*of @b iéﬁ:ﬁﬁnt ﬁ'l'v&ﬁitoﬂwwéﬂ@thﬁve zg-wélgf?tlétv@t'agéj' ol
di acryl ate, diet h}/l ene glycol di acg%)qat e, diethylené glyco

di met hdeelgquis weight leﬂwer%awé 5800 i BeG008; pscferably. méb@emm ctﬂlO@Wr@t hacryl at e,
tri proraob%n@aﬁm&@hefegg yLil@ltagge(;t*lﬁtOByﬁ B oaby q%mg&gﬂ,g{ E y s

t etraethyl ene iacrylate; polyet e’he g yCO :
tetr aettkwb@hélagﬂ q’mclt’chimtphaeluqult a0eq nrpaiuy}eashy terrenggl of & tod Ddethattiy| at e,

t hoxyl_at h A. di | at hItd' | A dinmeth | at
Rt R R oy S et e e
pent aerapbitiois acbbuttsmlm ayd @b preferhtile bl a0bp I’lQﬂafd)leoﬁﬂ’ZOG{nlﬂUKhé ﬁd[}mpb‘tlsﬁﬁ e

gl yceryl ropoxy triacrylate, pentaeryt |toI raacr
pent aer® ?@&t%npglwaﬁ%&mwﬂ%léo BPpHeErSf PP bfic Fae of 1001 o 15

nonohy dh@xegéraasl Y At Gangapdi 00 xbypes thereof. Silyl containing nononers
that are capabl e of undergoing cross-linking may al so be used as cross-

linkers, sughpagsefilyl pdtofent infolitle b&ouliMbaié Shi-ARE, thd pbrdbdi¥ bBibkane,
dlnethyld|V|nyIS|Iane di vinyl mefhyl'si l'ane, nethyltrivinylsilane,

di phenyaresestiimKpnesm rmyré be ileastiprtisie mcmablan@ier cenditing yhithedoytosadvasely

0 YR B0 S e kLAY LU S i gy

pol y(p memyleteilmmvabﬁx dhyeremdvablE” Fefeanathyt tﬁ@ﬁ@ymer depl)lymcrizes or otherwise
breaks down into volatile components or fragments which are then removed from, or migrate out
of, the dielectric material yielding pores or voids. Any procedures or conditions which at least
partially remove the porogen without adversely affecting the dielectric matrix material may be
used. Itis preferred that the porogen is substantially removed. Typical methods of removal
include, but are not limited to, exposure to heat or radiation, such as, but not limited to, UV, x-

ray, gamma ray, alpha particles, neutron beam or electron beam. It is preferred that the matrix

material is exposed to heat or UV light to remove the porogen.

The porogens of the present invention can be thermally removed under vacuum, nitrogen,
argon, mixtures of nitrogen and hydrogen, such as forming gas, or other inert or reducing
-atmosphere. The porogens of the present invention may be removed at any temperature that is

higher than the thermal curing temperature and lower than the thermal decomposition
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tetraal l yl silane, 1,3-dinethyl tetravinyldisiloxane, 1,3-divinyl

tetramet hyl di sil oxane and m xtures thereof. The cross-|i Akegupeeaifen
particles of the present invention nmay be directly added to the B-staged
organo polysilica dielectric matrix material as is or may be first purified
to remove inpurities that mght effect the electrical or physical

proper tgh) J i . bt f rticles
may be ta&?ﬁ%ﬁ%ﬁei%g Efé:?&%ﬂg{; %gﬁsgiac(g%écgil ‘gflﬁ% %.]}[;(i on 3?‘ n?‘ﬁ’éwgg’ﬁ%‘g-‘g‘%g& glg(r)f)iﬁ%l es or
adsor pthresantafvenen megpls jemiows] at Brpesibirestin the rpegeyofie §0°po 508 ehandgfrefehblypr esent

i nventi. tvni h 1 ght .average | ecul ar ight in the range of
5000 15 i SBo” R ¢ NP, R e s BT S b e etTo68 and o ¢
pr ef er aipbiyhéating fog apangrofaimelif RG8hde@f 1@01000inuitheAs advahiaBdlofRE YMEr por ogens
typically have a particle size up to about 1,000 rim such as in the range
of 0.5 Hoé’gi‘ﬁftf%&i'ﬁﬁmﬁ‘t ipention i8 gt Béﬂz(}%ﬁl’ welght ¢fdhe paEpgengemaing after n t he range
of aboybmBrabrbM ORIV sl diRES RlaAlhAREM, from about 0.5 about 50 nm

and nost preferably from™about 1 urn to a%out 20 nm The pol ydi spersity of
these sol ut PEhRLIRISt e 2 ! Gnvalsi ef e in the
range of 1.001 eto 15 atr’ld ?ms?‘srggegfog?% |“§/S"itn %ﬁ%&rp%ﬁ%@gvg?gg%ﬁﬁ??m. To
‘be usefrediatps, e porgeenspalymdr dr trpicajlypspesed untice kreintrt atnaspheass, isedhsas nittogeor ogens
of the [.ovent.i . east jalbv.r )vabl e under

condi t 1 ERRAP 6" Rch 95 SRS el EBR o BB bt TP HERER mrer i el
pr ef er dagmests pateanndd fedoh yuch e posad bt remoedfionethp heker abtkial vaddrplfRixedfy

renovabl e. By, .'renovaple” is ant that € o r depol yneri zes or

ot hervml’éeétgaﬁr'gmc’_é% xioﬁfhﬁr?fg%ﬁﬁ“}”é{%éﬂ%?ﬂfémgwo g?"&&?@nﬁ‘gﬁmtch are then
r endV e GubBf ek ra¥iclsahéh Batlporodbn pdfige Hiaeletf bidislyRERVERI I ¥ilEhLdi ng pores or
voi ds. Any procedures_or conditions which at |east partially renove the

por ogefiPREEiHEUPY Bgseeskdierdyn the pa that heprehieation of keat andcradiption maynkgtused Wl may be
used. Irgmg,@tpgﬁq@%;e@gftﬁpﬁﬁsélpﬁv&%ggen is substantially renoved. Typi cal

nmet hods of renova I ncl ude, but are not limted to, exposure to heat or
radi ation, : EL L1 1., 2ol al pha
particles, ne ?’}agiagﬁ%%%el%gce g@%%@%n gg%%lp?es?ﬂst%e%%%g%%g%s the matrix
mat er i dkscrifedmbpusad fitw dispasedorithisy/ ot digfotved on, r Ersvged ohmnp polpgjbes. didieripor ogens
of the _present invention can be.thernally.r ved under vacuum nitrogen,
ar gon. “SRE - By o e mifon SR R et e Y o ot her

i nert diclgcattundtartpls RtordBpghethe preddie inpetidge Mhe gﬁoﬁdnefp:rre@ﬁﬁntsed willelepérdn may be

_ re m)ve((j)n ?I'Ee p-aapt%ulta? {E’ggreaﬂtelﬂ{p?oyte&?‘_lhc lga%ticular B-staged organo polysilica dielectric material

employed, and the extent of dielectric constant reduction desired in the resulting porous
dielectric material. Typically, thé amount of porogen used is in the range of from [ to 90 wt%,

~ based on the weight of the B-staged organo polysilica dielectric material, preferably from iO to
80 wt%, and more preferably from 15 to 60 wt%. A particularly useful amount of porogen isin
the range of form about 1 to about 60 wt%.

The porogens of the present invention may be combined with the B-staged organo
polysilica dielectric material by any methods known in the art. Typically, the B-staged matrix
material is first dissolved in a suitable high boiling solvent, such as, but not limited to, methyl
isobutyl ketone, diisobutyl ketone, 2-heptanone, y-butyrolactone, e-caprolactone, ethyl lactate
propyleneglycol mo.nqmethyl ether acetate, propyleneglycol monomethyl ether, diphenyl ether,

anisole, n-amyl acetate, n-butyl acetate, cyclohexanone, N-methyl-2-pyrrolidone, N,N’-
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hi gher than the thermal curing tenperature and | ower than the thernal
deconposition 16 7 February 2005 tenperature of the organo PBibyaint 2008
dielectric matrix material. Typically, the porogens of the present
invention may be renoved at tenperatures in the range of 150 to 500 C and
preferably in the range of 250 to 425 C. Typically, the porogens of the
pr esendimeipdpropyiancaree. mesiizael xylgprsnormeiztures dherest, ta fasard spdutiop. There in the
range ] - f . O 0f . sent

| nvent PosErkRrtat 4 e perfl PRAAIN-AIR 1l WiichC TROEQRRL abpBI BT
f r om t tlendepmited pod yubstrdte by tiethbdsdpve imtht it suchedsapinabatidgnsmanecoatiipeli nent |

when a rogen of the esent invention is renoved by exposure to

r adi at ﬂgﬁ?ﬁﬁ?{ﬁn%é? %’6‘8@%’8@%@1 s typically exposed under an inert

at nosphere, such as nitraogen, .to a radiation source, such as, but . not

i ted to, AT PHRE o R R pishe o Bt AR b Gl SIS bR o at e
from sueh seHRRSHIEREER o TRIPYEEd fckQBIIhIRG iRk pSlySBELdibiBirib BRABK Batkkpw Of

inert gas. The energy flux of the radiation. nust be sufficiently high to
gener atfthguisubstantipbfemoningiherpogieer particle-adhcariag ofibp orgene PYptiitgen particle

is at | . i . -eCi : 0 skilled in
the oy (Rl el ob SYRYAleqnt kndlid iy e BHREAC LB AR LNl BORGREL] | BE

-t he poimiyensondénsutimn qredsantiridnientd Belitatafrasredical cougling of tie eligewarioc mat ri x
materials of the present.invention, .t.he porogen escri hed above are first
i epor BisgoRen i, TaReahy el Pt Renblls Rl %R 158 I8  RBS¥EREl ol 11

mat eri alg, eitvay didgtiy e g. BEat@idt @ GGk taiBempEraRyALINGhnY Hdd plabeg oBn aitstPedsor gano
polysilica dielectric materials according to the present invention. The
anount "5F5o SBiEH Y SE QTSNP POl FANtABHEIRESEF PPROgTALS 135t BPEHEH B oyed, the

parti cynderddire 8F A6RAOL206°%0 PRIY $40° CCanddh&] 1REA b MBAS tdrflerat@uoy8d, and
the extent of dielectric constant reduction desired in the resulting porous

di el ecfiopoabaut 4907 tol aboutypP @ ta af leastpartishpiemove the pesogefsn Sugleeiting i n t he range
of fromdgitds 92 v % o Q@%%%ll‘é{i‘%;ﬁt?@aﬁﬂei ght of the B-staged organ polysilica

dielectric material, prefera rom10 to 80 w% and nore preferably _
of For m aboare 1t &l bt plita N Rkt cRRRIK ot RRC BBTR e rtiiet Ton may
be conbomiittbnaiwthivchirbreoB-tbt pyegbnovidhant subsotipisi degrdingitld erganoi lysiicer i al by any
et hOdﬁieﬁQt%y(\:nmaitQ}c %rxg%riglr, %h'at 1{%@5‘5 ?h%ln |552§ ’oyt whee1 ghl%_o% %h%%%ﬁjec{}%trﬁétéx material is lost.
Typically, such conditions include exposing the film to heat and/or radiation. It is prefcfred that
the matrix material is exposed to heat or light to remove the porogen. To remove the porogen
. thermally, the dielectric matrix material can be heated by oven heating or microwave heating.
| Under typical thermal remow-.ral conditions, the polymerized dielectric matrix material is heated to
‘about 350° to 400° C. It will be recognized by those skilled in the art that the particular removal
temperature of a thermally labile porogen will vary according to composition of the porogen.
Upon removal, the porogen polymer depolymerizes or otherwise breaks down into volatile
components or fragments which are fhen removed from, or migrate out of, the dielectric matrix
material yielding pores' or voids, which fill up with the carrier gas used in the process. Thus, a.
porous organo polysilica dielectric material having voids is obtained, where the size of the voids
is substantially the same as the particle size of the porogen. The resulting dielectric material

having voids thus has a lower dielectric constant than such material without such voids.
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material is first dissolved in a suitable high boiling solvent, such as,
but not limted to, nmethyl isobutyl ketone, diisobutyl ket d&pruary2005

2- hept anone, y-butyrol actone, s-caprolactone, ethyl lactate

propyl enegl ycol nononet hyl ether acetate, propyl eneglycol nononethyl ether,
di phenyl - ether, anisole, n-anyl acetate, n-.butyl acetate, cycl ohexanone,
N et hyl - 2- fyesetal dhsrrelyniraef thérprasemdbyansionyu 00 5s prirogenkylust lepljdpenidle ea,
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|

rigid, cross-lIinked organo polysilica dielectric matrix mate W t hout
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pol ysi |4 1 b Cos i Vi noea known in.t art
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i rradi anadgping thefrmoiden tatmsition euchalihit ad “compipitilaTgvidf the hest dlclegoiBiianey  nonomer
units. Typi lv,.the B.staged.material ,is. cured by heating at an el evated
t enper ﬁ%e?iea P afhél¥’gtl?e lé‘eietoﬁg‘F a@% PRILAES V%Stg‘%ﬁd OrFfé%ft“@Bﬁéxf‘%améﬁﬁé ?‘g?ﬁpr‘fpé’ﬁﬁer ature
such asowmentativatn @b sicparatiin dfthespobdgef aldviGor JHRPEE dispeyddbit 3k bferdblie OF gano
polysilic conttfaLni ng pol }/rreri C. porogens is first annealed at a

t enper SV o ORI AHI RO IST of ghensergit Imesptien intgrbe hoseorzheapadilice a hi gher

t enper @leldcRic Buaibdasaterfaf oM about 400 to about 450 C to at least partially
renmove the porogens. Such curing conditions are known to those skilled in

the art. OnafakVifiaBe 5 AOFdR GARRORY MRl SR EChLdG RLENA! 1 cured,
the filmis subjected to conditions i CH T Erov e e porogen w t hout
subst aftbswntisllygeapaiihla gnd preferablyafnly ponpasbli with thddelesgicrinaten tisddx Byat er i al |,
that is : % Laght of..the dielectrig. matrix.material is |ost.
Typi cal gruiatich bttt o Son e B s B Rl et S5 e Sl

r adi at ponogen dre pticpilyefraspageht tdvdsibletlight. Meit plefermatier & sdlutich eDBpased t o heat or
| i ght renove

renpve. L he rogen. . To he, porogen.. t hernmal |y, tgi/a
ai o ecP R R Fics SRR L N R ey PO SO HEE P R B A Shav e
heat i ngtagedldngh@b pblyilicadiclbdigs fiadkriklQADYerb oGO Einki o0iiSn idchﬁiix%‘ﬂ dpRb zed
dielectric.mafrix material is heated to  about 350 to 400 C. It wll be
r ecognPPEA By Aigleriiematkix magsgial having@omeen dirnsrsed ferqimand dgiresuiting porpys
dielectric material after removal of the porogen are all optically transparent to visible light. By
~ “substantially compatible” is meant that a composition of B-staged organo polysilica dielectric
matertal and porogen is slightly cloudy or slightly opaque. Preferably, “substantially
compatible” means at least one of a solution of B-staged organo polysilica dielectric material
and porogen, a film or layer including a composition of B-staged organo polysilica dielectric
material and porogen, a composition including an organo polysilica dielectric matrix material
_ having porogen dispersed therein, and the resulting porous organo polysilica dielectric material

- after removal of the porogen is slightly cloudy or slightly opaque.

To be compatible, the pordgen must be soluble or miscible in the B-staged organo
polysilica dielectric material, in the solvent used to dissolve the B-staged organo polysilica
dielectric material or both. When a film or layer of a composition inciuding the B-staged organo

polysilica dielectric material, porogen and solvent is cast, such as by spin casting, much of the
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tenperature of a thermally | abile porogen wll vary according to
~conposition of the porogen. Upon renoval, the porogen polAlsbmary 2005
depol ynmeri zes or otherw se breaks down into volatile conponents or
fragments which are then renoved from or mgrate out of, the dielectric
matrix ~material yielding pores or voids, which fill up wth the carrier
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trans paﬂieamrerh@t uf ‘r&jﬂb&@pe'rdl@'ﬁnd pblar in&ré?:ﬁ@rf Sfthedatbhat S@chséaidﬂmtf)ﬁir%etgs S t aged

organon%é é | lica dielectric material and porogen, | mor” l'ayer

i ncl udi T OREHsptpd suckras By e contghvwiionpesties; ¢ dsteratined b medsorimat er i al
and POHRARSA pdiné Qf‘iﬂé’ﬁﬂafeh&’lrln h ﬂﬁkéﬂ%bﬂﬁ:g%&é&@d?& ur&ﬁ H3h Lllb%%oﬁerﬁlag(:f; ric matrix

“material having porogen disperse e resultlng
di el ectispibiguelaeitaThagolubility prrameter ab thetcheid poinbig dnfizdas tﬂelweﬂglﬂtddcal ly

trans pa&%&ﬁagte%f Mfe%l)l%n?s l’f‘y%IcaIIy,B number of cloud points are measured for the material

and the central area defined by such cloud points is defined as the area of solubility parameters

of the material.

When the solubility parameters of the porogen and organo polysilica dielectric matrix
material are substantially similar, the porogen will be com[l)atible with the dielectric matrix
material and phase separation and/or aggregation of the porogen is less likely to occur. It is
preferred that the solubility parameters, particularly delta h and delta v, of the porogen and
organo polysilica dielectric matrix material are substantially matched. It will be appreciated by
those skilled in the art that the properties of the porogen that affect the porogen’s solubility also
affect the compatibility of that porogen with the B-staged organo polysilica dielectric material.
It will be further appreciated by those skilled in the art that a porogen may be compétible with
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. "substantially conpatible” is nmeant that a conposition of B-staged organo
polysilica dielectric material and porogen is slightly clioigiypanr208fi ghtly
opaque. Preferably, "substantially conpatible" nmeans at |east one of a
sol.ution of B-staged organo polysilica dielectric material and porogen, a
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Propert] : oA AL i .1 on . qrrelation with. Chem cal
Sttt ur o sl PR it IR, SRl R A ARG Bl it b O

Pol yrer ofifo] iprtdp0 Mosmiforablytlys toAvademorepraefasbly NS, to 50 78, akdhestpref@iblal .

Specifig, lpteractions and the sclbj Li f Pol r, Bl ends, Technom c,
1991; air:ﬁ? j&.mﬁ?ﬁﬁhcr’ %ﬁrvpgjﬁ}zeéﬁ%%{‘?gﬁ%? tQSI)qOLqB'i“{ ‘{E‘la)?b% rgng thend O her
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bondi ng _par.aneter of the material and delta v iIs a neasurenment of both

di sper SPHEHAE 18815TPsS; iekielatcniitatng rofpelys iadex, yepred dpughrass exd -

par ametgipfoved compliance during mechanical contacting to require less contact force during

compression,

The porous organo polysilica dielectric material made by the process of the present
invention is suitable for use in any application where a low refractive index or low dielectric
material may be used._ When the porous dielectric material of the present invention is a thin film,
it is useful as insulators, anti-reflective coatings, sound barriers, thermal breaks, insulation,

- optical coatings and the like. The porous organo polysilica dielectric materials of the presént
invention are preferably useful in electronic and optoelectronic devices including, but not limited
to, the fabrication of multilevel integrated circuits, e.g. microprocessors, digital signal
processofs, memory chips and band pass filters, thereby increasing their performance and

- reducing their cost.
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may .ei t her be cal cul ated, such as by the group contribution nmethod, or
determi ned by nmeasuring the cloud point of the material i fFabmarx@@050l vent
system consi sting of a soluble solvent and an insoluble solvent. The
solubility paraneter at the cloud point is defined as the weighted
percentage of the solvents. Typically, a nunber of cloud points are
measur ed f orTHeli@rd®bofiah@polysHitd dlel@irfe@itidifatdfi 880 s ﬁr@?e% Qxyrerﬁ%ﬁ R.cloud
points is defined as the area of solubility parameters of the material.
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organo Mcﬂ%ﬁhit@,%ﬁ@ﬁi%cﬁ%@u_@h SEHrel b polyi%ﬁé?md%?ﬁi@&fcﬂﬂ%u&&gtﬁygu&QJsysi lica
dielectric materials [esu1 ti ng from renoval of the porogen dve
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 per S5 LB bu APURRCEE IR LS4 Kauhlh RRAYSH IR, o o cct /€
the pr exsdélss, andweruies thewiof. Hnaheiltiagaimvegpatdydichit devicd] @l wxttnying tperdfx materi al
is achlig ?ﬁ%dgélﬁ‘ [ ERaLI Nl 1Iﬁ%se aggféggﬁg@q%gg@%gl east one nopnomer sel ected

from sﬁ{ly aining fre oxi de) nononers. A further

advant age of_the sent, i nvention d.s that .| ow g‘lé’ | ectrlc constant
material s’ a:ﬁég SCOCB&EA‘TEC 2t “"a‘%?nh‘g“ ﬁ"]-‘}%‘?ﬁﬁ%}e‘%‘f@%ﬁ» 32‘3@6?%%‘? CHMPISYIBLS vol ume
of voi dsatedarenkaiarated ttHnﬁ:leﬂﬁi;dE toGure the B-staged organo polysilica dielectric material to

form an organo polysilica dielectric matrix material without degrading the polymeric porogen.
A catalyst, such as a Bransted or Lewis base or Brensted or Lewis acid, may also be used. Ina
third step, the resulting cured organo polysilica dielectric matrix material is then subjected to
conditions such that the porogen contained therein is substantially removed without a&versely
affecting the dielectric matrix material to yield a porous organo polysilica dielectric material. It
is also optional to deposit a cap layer on the organo poiysilica dielectric layer. Such optional cap
| layer before or after the porogen removal step. Suitable cap layers include dense dielectric
materials such as, but not limited to, organo polysilica ldielectric materials, silicon dioxide,
silicon oxycarbide, silicon carbide, silicon-on~insulator, silicon niu—ide; silicon oxyfluorides,
benzocyclobutenes, poly(arylene ethers), poly(aryl eéters), poly(ether ketones), polycarbonates,
polyimides, fluorinated polyimides, polynorbornenes, polyaromatic hydrocarbons such as

polynaphthalene, polyquinoxalines, poly(perfluorinated hydrocarbons) such as

22




materials and/or smaller void sizes than known dielectric materials. These

voids are on the order of 0.5 to 1000 nmu, preferably 0.57FebrzG0200% nore

preferably 0.5 to 50 nm and nost preferably 1. to 20 nm Further, the void

size can be adjusted, from1l to 1000 nm and above, by varying the size of
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di el ecﬁIﬂISEratﬁﬂ’E $ongecs it leasfenpmelgintia. iTiypigslty, bthoaﬂaphlp patemiapinyolyesiul in
el ectr @i %b eV, n but, not limted to, the
fabricat |to mqi]g eve"{1 91?, Iﬂl aéoggﬁm rlgeéyt? Otoresmt Suc a5|’[hoéessor S,

di gi tamaskequé)bf Shmﬂaydésrgmnss{Maﬂbnmngh,mpm)ameigm&xpm fhrd)dgﬁl’a&nask her eby

i ncrea per.for manc reduci t hei bruary 2005

The po?ﬂggjg 0'?89’3’3%8 L SIui%c h@ﬂteqféﬁw?r@t‘??g?vrﬁr i’f’%ﬂ’s(l QfdeY @ esent

i nvent thermagesin ﬂlb&é:ithd.Q Aittya SikthBleddvelob & addRy) 'tr@ndfé?hﬁ@ﬁﬁtlﬁ RhrofgH the

manuf ag I'n one embodi nent of int e%éat ed” circuit manufacture, as a
{egﬁmcé

first ayenipdhe S(S‘PS“é‘tec‘HFHi’o%‘It@hi%ﬁaqs feqlaniany sBChsasHgraive Fgdeem pol ysi | i ca
di el eckichife MpEun). el BkcRyR H&ﬁangm%p(g R AR ol pflligPl ved

therein and optionally a ven I's on a su stra

deposi Piesio ﬁmﬁh@fééﬁwmmmte Ssq:h lithegaapthiong|tersipg dachniqesstarngelhkubvaao tiese Vadi ng.
Sui t abj, 1§ %q solvents include, but are not limted to: nethyl

i sobuty tone "dii sobutyl ketone, 2 heptanone y- but yrol act one, -

s-caprol act I rg e nmononet et.her acetate,

pr opyl enegl%%% lﬁénﬁr}}élﬁ%thh%gﬁgpto?ﬁd%n q 1% gé@ﬁ%@" AEh° rs}%ﬂ tge &ﬁncé?ﬁll acet at e,
n- but yPre@Eﬁmelimﬂhmmﬂammt afémsehﬂmtd:d B+ pwprerq lingteeg, gold, Niver,

di met h | eneur I ene, . X 9r t ures eof Suitable
subst r LPBERRY AR ia s kbt Sbici EaonisT ouPFtimes FREERC deki de.
si |i copy QKMQ@’ebWQI@kn@M to €Be GElTBHY Bt Sﬂxdhlté‘dhﬁi'qﬁéh'incluﬂe, but are not limited

to: chemical vapor deposition (“CVD”), plasma-enhanced CVD, combustion CVD (“CCVD™),

electro and electroless deposition, sputtering, or the like. Optionally, a metallic liner, such asa
layer of nickel, tantalum, titanium, tungsten, or chromium, including nitrides or silicides thereof,
or other layers such as barrier or adhesion layers, e.g. silicon nitride or titanium nitride, is

deposited on the patterned and etched dielectric material.

In a fifth step of the process for integrated circuit manufacture, excess metallic material
is removed, e.g. by planarizing the metallic film, so that the resulting metallic material is
generally level with the patterned dieleétric layer. Planarization is typically accomplished with
chemical/mechanical polishing or selective wet or dry etching. Such planarization methods are

“well known to-those skilled in the art.

[t will be appreciated by those skilled in the art that multiple layers of dielectric material,

including multiple layers of organo polysilica dielectric material, and metal layers may
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i nsul ator, glass, silicon nitride, ceramcs, alum num copper, gallium
arseni de, plastics, such as polycarbonate, circuit boards Febwyah 208s FR-4
and polyimde, and hybrid circuit substrates, such as al um num
nitride-alum na. Such substrates may further include thin filns deposited
thereon, such filns including, but not lim ted to nmetal nitrides, netal

car bi d%%b al sk [ tures thereof. In a
mul til ayestealg%tnt gSr aéﬂhga Qf%geﬁﬁgleevaf:g% 58 Pi un(rﬁ11 y| ng ﬂpglj?gra?egg’y Hos& ul at ed,
pl anar i skdtgd i ﬁhgemtthat ihnesmpaitioat efithé praehi iovensisn arewdfsl ihahpand 41l MetbRgond st ep

in thetgaq ure. of g' rated circuits, the layer of the conposition is
heat ed %ﬂag M@Em(l ature to cure the B-staged organo polysilica
dielectric r{ﬁ ﬁ}lf al to forman organg polysilica dielectric matrix

mat eri al B (R oY I/ tfﬁ@reﬁ@rf%rt%rﬂ%%%ﬁ%@rvaﬂow 3spqold ofdhe presgeth as a
Br onst eidvdhﬁod-%w e R 3Reled BN 19h3 iR dc b ok&t\%ﬁre@tﬁdnqna &lso be used. In a
third step, the resulting cured organo polysilica Pectrlc mat ri x
material is then subjected to conditions such that t he porogen cont ai ned
therein is substantially renmoved wi thout adversely affecting the
dielectric matrix material to yielg.a pqrous organo polysilica dielectric
material. It is also optional tod a cap |layer on the organo

pol ysilica %@Lcﬁﬁﬂaﬁbﬁm} &55.% on%géd Qles ﬁ‘?zf)vaéte@yd&; Oplﬁrc?p(}li %(/at?ai)feer the

‘porogen renoval step. “Sui tabl et HiC
mat er i aneshdsilsesquivxanos MeSQ”) wnit traying m,oleoulgxawmgtnmhryssddtctmmadl &heeirtous

or §coroBmeRi iR BBl ity pfrnr Bl R, MET st of PrebEine onfy
benz ocymdth;bulsaqu%xan]a@hd/s:t&ﬁpté e:risaa @bmﬂbﬁewfytsmsmﬁ@tané @&hﬁe{tﬁ))lgy pol y(et her
ket Oneﬁ%ﬁpﬁm car bonat es, des | uori nat ed e

pol yno S Wﬁt?l%?’éf?%‘ﬁ&thiyd’ ‘%?Hrléﬁ?ﬁ?tb‘(gﬁsﬁl@d’é H‘edgetglﬂéﬂﬁﬂ%b?ﬁah%l ene,

pol yquidngeatd Basx mReky(Re {pttoga{mﬂatagépdtycqgt%arsﬁfaw%a&ycttu%sw 7 February
2005 pol y(tetrafl uoroet hyl ene pol ybenzoxazol es. Typically, such cap

| ayer ARPETICRT Bergby nal@éw@vwddayyglahérhhseraples/'apr@rcleawdw toth@nwsqm@t cal vapor
deposi trig! skilled
in the ar ?mg eﬂ?@feg%s?gﬁgg‘%%@%% 3@? %nggegtﬁéﬁt?ﬁg Qn% rsltﬂ%lpE hen

i t hogreptthealie pf hamossmeduted. by mmices esefeatidror! ther@mplifeswewe aisosubsequent

Connoe e P oG RARR R GRaR R e et g R e B el r i ng

i nvol vels NeJQ maokts wge t:tma@bdelme ldatliig MeREIE bicatpokidy B Tabild Dindep@sityl ve or
negat i \(N%i&tttot oresi st, such as those

Table 1
MeSQ Matrix Molecular Weight Hydroxy Content
A High Low
B Low - o High
C Medium Medium
Table 2
Porogen MeSQ Sample  Porogen % RI
None _ A 1.372
1.367

None B 1.365
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mar ket ed by Shi pl ey Conpany (Marl borough, MA); (ii) inmagew Se exposing,
through a mask, the photoresist to radiation, such as |igAfcemarygfsopri ate
wavel ength or a-beam (iii), developing the inage in the resist, e.qg.,
with a suitabl e developer; and (iv) transferring the image through the
dielectric layer to the substrate with a suitable transfer techni que such
as reactive ion beam etching. Optionally, an antireflective conposition
may be di sposed on thkeedi el ectric material prior to the pheporesist
coating. Such |ithogggphic patterning M%c(grﬂ)l ques are wel | ﬁ]yown to those
skilled in the art. Anetallic filmis then deposited onto™ fe patterned
dielectric layer to fill the trenches. Preferred netallicldmterials

i nclude, but are not limted to: copper, tungsten, gold, silver, alumnum

or alloys tRQgreak t LS typically deposited.onto the patterned
SR (9{]/30}6@ 4 §)e skill e8°%n. the art.

dielectric layer by techniques well known to tho

Such techni éi‘ﬁéé"‘l‘ifsﬁ’@ MA{E¥304%e not |inmBted to:Sicheni cal L.Mapor deposition
("CvD"), planmasemiracks 6o conbusti onaCVvD ("CGYD"), ely GiL,r 0 and

el ectrol ess qﬁgg@nf' ok /A1 ring, or the'like. tionall a netallic

|l iner, such as a . g’yer %?Hr#ogkel, tantalum titafii um tuné@?en, or

chrom um i n¥MAGMIYAMLIMA (B¥8/18r silicides thereofso or ot haskyl ayers such as
barrier or adiesiveRalayer@svsged. silicongnitride gr titanigymenitride, is
deposi ted onlh;ﬂ?]@g“@r[p etched dielectric material. In a fifth step
of the process tor |fn eg&%%@g circuit manuf acturez',o excess métallic material
is renoved, NVMBPS/HIMMERPYI0Ohg the netallic film so that the resulting
metal | i ¢ mat emtaMabpsaLge@sssalo) y | evel with the pajterned dighectric |ayer.
Pl anari zatio ri{?@rﬂ( ' conplished with - chem cal / mechani cal polishing
or sel ectiverﬂ({v\e orgikiry‘l@//gzlﬁ%g. Such pl anari zat i®0n net AS@LkE  wel | known
to those skilled in the art. It will be @ppreciat¥d by those3skilled in the

art that mul tivpdmabsyeisseéodj el ectric material, sgi ncludinggul tiple |ayers
- of organo polysil, I e ric material, and netal |ayers nmay 23 7

February 2ooﬁugsg%ﬁ%¢@&§8) applied by’ repeatin§ the abov® steps. It will
be further ap¥freBTEREMALY¥Hdse skillediin the &bt that tises conpositions
of the presenttainesmati@uoss/eyusef ul i ny@gynand alsy methods of integrated
circuit manufgeture. Th oW ng exanp] es are esented tg illustrate
further various as?f&%%g)%@{oke pr esent A % 3

MA/MAPS/ALMA (30/60/10) - A/C (9:1) 50
MMA/MAPTMSMS/ALMA (10/80/10) A 50 1.364
MMA/MAPTMSMS/ALMA (10/80/10) AlC (9:1) 50

- MMA/MAPMDMOS/ALMA (10/80/10) A 50 1.372

MMA/MAPMDMOS/ALMA (10/80/10) B 50 1.327

BA/MAPS/TMPTMA (18/72/10) A 50 " 1370
BA/MAPS/TMPTMA (18/72/10) AIC (9:1) 50

BA/MAPS/TMPTMA (45/45/10) A 50 1.371

BA/MAPS/TMPTMA (45/45/10) B 50 1323

BA/MAPS/TMPTMA (72/18/10) A 50 1.353

BA/MAPS/TMPTMA (72/18/10) B 50 © 1263

| B 50 opaque

C 50 1.440/1.502
) 30 1.5
BA/HPMA/MAPS/TMPTMA (15/60/15/10) A 50 NA

BA/HPMA/MAPS/TMPTMA (15/60/15/10) 30 opaque
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i nvention, but are not intended to limt the scope of the invention in any
aspect. Exanple 1 The conpatibility of a number of porogen sah§prussy 3085 a
variety of commercially available nethylsilsesquioxanes ("MeSQ') with
varyi ng nol ecul ar wei ghts was determned. The various comercial MSQ
sanples tested are reported in Table 1. MeSQ sanples A and B are only

net hyl si | sesqui oxane and Sanple Cis Ayl phenyl si | sesqui oxane.
Conpatibility determ nations were pe?’?’gﬁgﬁgd by \r}?ésual |y i%%aglffecti ng a film
of the methyl silsesquioxane dielectricBmatrix rfterial akWd2porogen.that

was spun cast on a silicon wafer. Al vigual inspectiongsygise by naked-eye
under daylight. Al sanples were clear unless ot %rw’ se noltﬁ . The porogen
gen sanpl e

sanpl es are reported as the nononers used to prepare the po
along wi PWH@M%FWEW&W@S/WbWBrS used. The i%8di ces 1853 owkyact i on of
t he sanpl ea/HespavaisserTHai@manerd. Thescenpati bilspty resultggare reported
in Table 2. Different | oadings of porogen in the MeSQ nmatrices were

eval uated. The loading |levels are reported in TaESPe 21in 6‘8?1%ent by

wei ght. Table 1 MeSQ Matri xMol ecul ar Weilyht Hydr 0%¥9 Cont entl.38Hi ghLow

BLowHi gh CMedi umvedi um Tabl e 2 Por ogenMaSQ Sanpl ggPor ogen %R 1. NoneAl. 372
1. 367 NO”%E&EM%HM&REH&E/%/@)O% NoneCl1. 502 NqpeA/ C ( 9:1.3)811. 374 1.374
BA/HPMA/MAPS/TMPTMA (15/15/60/10) A/C (9:1) 50 1.390
' ‘ B 50 1.197
BA/VTMOS/DVE (80/10/10) C 50 1.523/1.502
BA/VTMOS/DVB (80/10/10) A/C (9:1) 50 1.360 (smoky)
B 50 1.214
BA/VTMOS/DVE (85/5/10) C 50 1.531/1.502
BA/VTMOS/DVB (85/5/10) AIC (9:1) 50 1.364 (smoky)
B 50 1.273
PPGMEA260/VTMOS/DVB (80/10/10) C 50 1.526/1.502
PPGMEA260/VTMOS/DVB (80/10/10) AIC (9:1) 50 1.367
B 50 1.232
30 1.304
PEGMEMAA475/VTMOS/DVB (80/10/10) c 50 1.520/1.502
PEGMEMA475/VTMOS/DVEB (80/10/10) AIC (9:1) 30 1.354
' 50 1356
B 50 1251
30 1.292
PPGMEA260/VTMS/DVB (80/10/10) C 50 gel
PPGMEA260/VTMS/DVB (80/10/10) 30 1.515
A/C (9:1) 50 1.325
B 50 1.230
A 30 1.334 (smoky)
PEGMEMAA475/VTMOS/TMPTMA (80/10/10) C 30 1510
PEGMEMA475/VTMOS/TMPTMA (80/10/10) AIC (9:1) 50 . 1.329
‘ : B 50 1.210
PEGMEMAA475/VTMS/TMPTMA (80/10/10) - c 50 1.523
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MV TMSCEMA/ ALMA ( 60/ 30/ 10) A50snoky MV TMSCEMA/ ALMA ( 60130/ 10) B501. 216
MVAV VTVS/ ALMA ( 45145/ 10) A50snoky MV VTVS/ ALMA ( 45/ 45110) B50FeBiify 2005
MVAV TMBMA/ ALMA ( 45/ 45/ 10) A50snoky MVATTVBMA ALMA ( 45/ 45110) B50opaque
MVAY MAPS/ ALMA ( 60/ 30/ 10) A301. 353 MVIV MAPS/ ALMA ( 60130/ 10) A301.-359
MV MAPS/ ALMA ( 45/ 45/ 10) MVIV MAPS/ ALMA ( 45/ 45110) 301. 349 (snoky) C301.503
MVAY MAPS/ 91 MV MAPS/ ALMA. ( 30/ 60/ 10) B501. 365
NA/NAPS/&éb%ﬁk%%%égg%égﬁ?g%%?agﬁwplwAﬁéiﬁEwA (10%90/10)A/@”@9:1)50
MA/ MAPS/ ALMA ( 30/ 60/ 10) A501. 373 MA/ MAPS/BALMA (30/560110) A/ G.%9: 1) 50
MV MAPT Med(eAL VR bR - 8191k R 1ahB@ e 364 MVRY MAPTVBME) ALMA ( 10)A/ C

/ wwgﬁkﬁwawcéﬁ@ﬁ%%

(9: 1) 50 / 0/ 80/ 10) A501. 372
(10/80/13@%@%@2¥8¥9§ﬁﬁb¥%é§?N@WWh (18172/5119) A501.5870 BA/ MAPZ TVPTVA
(18172/ 10) A/ C (9: 1) 50 BA/ MAPS/ TMPTMA (45 45/ 10) A501. 371 BA/LMAPS/ TMPTMA

(45/45/10) B501, 323 BA/ NAPS/ TMPTMA (72/18110) A5013§53 BA/L%I?SSH{OI}}/PTI\M

(72118 10%#&%&%@%&%%&%&/10&0} C 50 1.525
PPGMEA260/VTMS/TMPTMA (80/10/10) 30 1.508
o AJC (9:1) 0 1.36
B 50 opaque -
A 30 opaque
BA/VTMS/TMPTMA (80/10/10) C 50 1.512/1.502
BA/VTMS/TMPTMA (80/10/10) 30 1.500
AIC (9:]) 50 opaque

Smoky refers to compositions that are very slightly cloudy. Clear samples result when
the porogen and the MeSQ matrix material are at [east substantially compatible. Samples having
a lower refractive index than the MeSQ control sample are indicative of dielectric lowering of
~ the MeSQ matrix material. Thus, the above data clearly show that the porogens of the present

invention are substantially compatible with organo polysilica dielectric material.

Example 2

Porous dielectric films were prepared using polymer porogens of the present invention.
A methyl silsesquioxanes (“MeSQ”) sample was prepared by combining MeSQ matrix C
(0.0265 g) and MeSQ matrix A ( 0.21 g) with a porogen having as polymerized units
PEGMEMA475/VTMOS/TMPTMA (80/10/10) in propylene glycol methyl ether acetate (1.55
8 15 wi%). The sample was deposited on a silicon wafer as a thin coating using spin casting.
The thickness (estimated at ~ 1..3 pmy) of the film was controlled by the duration and spin rate of
spread cycle, drying cydle and final spin cycle. The wafer was then processed at 150° C for 1
mimute followed by heating in a PYREX™ container in an oven to 200° C under an argon
atmosphere. The oxygen content of the container was monitored and maintained bcl-bw 5 ppm

before heating of the sample. After 30 minutes at 200° C, the furnace was heated at a rate of 10°
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c501. 440/ 1. 502 301.5 BA/ HPMA MAPS/ TMPTMA ( 15/ 60115110) ASONA

BA/ HPMA MAPS/ TMPTMA ( 15/ 60115/ 10) 30opaque 25 7 February 2005 Igbrary 2005
(9: 1) 500paque B501.272 C501.508/ 1.502 301.506 BA/ HPMA/ MAPS/ TMPTMA
(60115115110) A501. 353 (smoky) BA/ HPMA MAPS/ TMPTMA ( 60/°15/-151" 10 A/ C
(9:1) 301. 368 50smoky B501.333 C50gel BA/ HPMA/ MAPS/ TMPTMA

( 15/ 151®p¢r bihitb @ola BR:beBiMd-#7MAY 3) 2:09: 1) 501. 390
B501. 197f%BA/ VTMOS/ DV (8011011%@&%%@%%%% %Aﬁ@%%%)‘@?/ﬁ“‘%‘h‘b&%no.) A C
(9: 1) 5PPLYRRSE PUERE VP 2esmplished atiis WINMESLDYBIt 85 LGt Co0be palhtr 502 -

. BA/ VTMOS/ DVB (85/5110) A/ C (9: 1) 501. 364 (snoky) B501.273 PPGVEA260/ VTMOS/ DVB
(80/ 10/ 10) C501. 526/ 1. 502 PPGVEA260/ VTMOS/ DVB ( 80110/ 10) A/ C (9: 1) 501. 367
B501. 232 A301.304 PEGVEMAA75/VTMOS/ DVB ( 80/ 10/ 10) C501. 52011. 502
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PEGVEMA475/ VTMOS/ DVB ( 80/ 10/ 10) A/ C (9: 1) 301. 354 501. 356 B501. 251 A301. 292
PPGVEA260/ VTMS/ DVB ( 80/ 10/ 10) C50gel PPGVEA260/ VTVS/ DVB ( 80/Feon£®PowL. 515
A/ C (9:1)501. 325 B501. 230 A301.334 (snoky) PEGVEMA475/ VTMOS/ TMPTVA

(80/ 10/ 10) C301. 510. PEGVEMA475/ VTMOS/ TMPTMA ( 80/ 10/ 10) A/ C (9: 1) 501. 329
B501. 210 PEGVEMA475/ VTMS/ TMPTMA (80/ 10/ 10) C501. 523 26 7 February 2005
PEGVEMA4 78131vS/ TMPTMA ( 80/ 10/ 10) A/ C (9: 1) 500paque BSO1. 263

PPGVEA260/ VTMOS/ TMPTMA ( 80110/ 10) C501. 530/ 1. 502 PPGVEA260/ VTMOS/ TMPTMA
(80/ 10/ 10) A/ C (9: 1) 501. 371 B501.218 A301.272 (snoky) PPGVEA260/ VTMS/ TMPTMA

( 80/ 10/ 10) C5011. 30&mmrEMEAZ6MpNEIVE: T BRTAded 08 GbLeidNdicEOBicAMaBer{d: 1) 501. 36
B50opaque A30opaque BA/ VTMS/ TMPTMA (80/ 10/ 10) C501. 512/ 1. 502 BA/ VTMS/ TMPTMA

(80/ 10/ 103Gl yaféicigdroSeh pA€ipRE Weherein the polymeric porogen particles are soluble
or miscible in the B-staged organo polysilica dielectric material, a solvent used to
dissolve the B-staged organo polysilica dielectric material or both; and wherein the

~polymeric porogen comprises as polymerized units one or more cross-linking agents and
at least one compound selected from silyl containing monoiners and poly(alkylene

oxide) monomers.

2. The composition of claim 1 wherein the polymeric porogen has a particle size

in the range of from about 0.5 to about 1000 nm.

3. The composition of any one of claims 1 to 2 wherein the silyl containing
monomer is selected from vinyltrimethylsilane, vinyltriethylsilane,
-vinyltrimethoxysilane, vinyltriethoxysilane, y-trimethoxysilylpropyl (meth)acrylate,
divinylsilane, trivinylsilane, dimethyldivinylsilane, divinylmethylsilane,
methyltrivinylsilane, diphenyldivinylsilane, divinylphenylsilane, trivinylphenylsilane,
divinylmethylphenylsilane, tetravinylsilane, dimethylvinyldisiloxane,
poly(methylvinylSiloxane), poly(vinylhydrosiloxane), poly(phenylvinylsiloxane),
allyloxy-tert-butyldimethylsilane, allyloxytrimethylsilane, allyltricthoxysilane, allyltri-

~ iso-propylsilane, allyltrimethoxysilane, allyltrimethylsilane, allyitriphenylsilane,

diethoxy methylvinylsilane, diethyl methylvinylsilane, dimethyl ethoxyvinylsilane,

dimethyl phenylvinylsilane, ethoxy diphenylvinylsilane, methyl
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Smoky refers to conpositions that are very slightly cl oud); Cl ear sarrpl es
result when the porogen and the MeSQ matrix material are SE0PEY 2005
substantially conpatible. Sanples having a |lower refractive index than the
MeSQ control sanple are indicative of dielectric lowering of the MeSQ
matrix materi aI Thus, the above data clearly show that the porogens of the

oresent bR E AL ﬁ%csﬁ% FRRLLE: emf’%?‘“ﬂ*ﬁ%@@g b1 epar edusi ng

polyner por ns af the nt|on equ|oxanes

" MeSQ') E’&ﬁ% B‘gﬁnélsi“ %WM@@T%&%W €(0.0265 g) and
NbSQ matrix A ( 0 21 g wth a porogen havi ng as pol ynerized units
PEGVEMAA 7SnYIPRIISE ¢ gonxgyreptheraef.pr opyl ene gl ycol nethyl ether acetate
(1.55 g, 15 W% . The sanple was deposited on a silicon wafer as a thin
coating using spin casting. The thickness (estimated at --- 1.3 p.n) of

the filmwas controlled by the duration and spin rate of spread cycle,
drying cycle and final spin cycle. The wafer was then processed at 150 C
for 1 m nute 4 Ght cowmposity ohagt onegfichims P¥REXMetthe Brstamed iorgaan oven to 200
C under an argon atnosphere. The oxygen content of the container was

noni tore%oﬁ@glmmmm%@ﬁﬁh@mf&g{mﬁe heating of the sanple. After
30 mnutes at 200 C, the furnace was heated at a rate of 10 27 7 February

2005 C per mnute to a tenﬁ8 rature, of 420.C and held for 60 m nutes. The
deconposition of the pol YREISIPMRIHOeWBSQeodSiPdahed at this tenperature

W t hout expansion of the polynmer 28 7 February 2005 Cains: 1. A
conposition conprising - a B-staged organ polysilica dielectric nmateri al
and pol yneric porogren particles, wherein the polyneric porogen particles

~are sol ubliereifR, RI, Reiahdl B hre ikdepeicail pasebtal Handydokss (CiRldierdct ric
material, a solvent used to dissolve the B-staged organo polysilica

di el ectr 'aﬁd@ﬁﬁcfﬁﬁit&i arfl a RO4d'd RO thd d@ﬁt[}z 4 AfinbR Ko ®Hd € bRQElQEﬁBeICOWW | ses

as polynrerlze units”6ne or nore cross-I'i nking agents and | east one

conpound § 8§t ‘ii Ifl Esoln e%lerl f¥0m aBout%‘ a%gutw provupe% tﬁagtlay -‘ gl ké/ + %nF

and provided that at least one of R, R' and R? is not hydrogen.

5. The composition of claim 4 wherein the B-staged organo polysilica dielectric
matrix material is a silsesquioxane comprising methyl silsesquioxane, phenyl

silsesquioxane or mixtures thereof.

6. The composite of any one of claims 1 to 5 wherein the poly(alkylene oxide)
monomers are selected from polypropylene oxide) monomers, po}y(ethylene oxide}
monomers, poly(ethylene oxide/propylene oxide) monomers, poly(propylene glycol)
(meth)acrylates, poly{propylene glycol) alkyl ether (metfa)acrylates, poly(propylene
glycol) phenyl ether (meth)acrylates, poly(propylene glycol) 4-nonylphenol ether

(meth)acrylates, poly(ethylene glycol) (meth)acrylates, poly(ethylene glycol) alkyl ether
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oxi de) mononers. 2. The conposition of claim1 wherein the polyneric
porogen has a particle size in the range of from about 0.5 ﬁd%éb@MQOQDOO
nm 3. The conposition of any one of clains 1 to 2 wherein the silyl
containing nonomer is selected fromvinyltrinmethylsilane,
vinyltriethylsilane, vinyltrinmethoxysilane, vinyltriethoxysilane,
y-trimet W@héryﬂa@ﬁ,qmw(eﬂay@h@p@a%b@n@ ethéh (dcjhdilamee, trivinylsilane,

di met hyl di vi nyl si l ane, divinyl nethylsilane, nethyltrivinylsilane,

di phenyl di i L Vi khﬁﬂﬁ A : i lcane,

di vi nyl me’ °ﬁ%@%dﬁglﬁ§?’§‘?‘?§ﬂ%%h@§) rag@?%%}?ﬂs a %?rgd tegrg? ﬁ;}ﬁ@%ﬁy egé.’dsﬂ | oxane,

pol y( et hyl vi nyl Si | oxane), poly(vinyl hydrosil oxane),

pol y(phenyl vi nyl si | oxane), allyloxy-tert-butyldi nethylsilane,
allyloxytrinmethylsilane, allyltriethoxysilane, allyltri- iso-propylsilane,

allyltrinmetho i I ' Al | yitri.nhenyl sil ane,

di et hoxy net hﬁ/\% llr??/ﬁﬂ gfi lo?h%e%%%ﬁ%%{?&'@%o@? cgysﬁ@%asﬁﬁ?lg%tg? ng%tér%leat%ﬁﬁyl

et hoxyvi nyl sil an di net . phenyl vi nyl si] ane, ethoxy .di phenyl vi nyl sil ane,
ety 2 or SR BT RO SRR PR pLPaR 6 on 4
triacetoxyvinyl silane, triethoxyvinylsilane, triethylvinylsilane,

t ri pheny|SEbsiyAte i) gwang the Bsstegedassangl polysilice,djgleqtig matdriahts, form an organo

vinyl oxytriraethyl silane or m xtures thereof. 4. The conposite of any one
of cl ai npolysilica3liaktetriematrixwaarigh wigleoit subytantiallypddgrading the poiyshert ri ¢ mat ri x
material has the formula: ((RR1S O a(R2Si OL. 55) b(R3Si OL. 55)c(Si @Q2)d)n

wher ei N Rorden paicRRdaddd) dukjcttivpene beansd FMyﬁﬁh@&i&eﬁ!&tﬁd %R YeH G Fo
(Ci1-Co)al kyl, aryl, and substituted aryl; a, ¢ and d are independently a

nunber fr, | : i : : i forom about 3
to about d%g?lgg%fw%f }cl)\%f foasy e ﬁ*é{[“p g&goier@%&z& gb?f;g’mggﬂgé%ff & RRma O ot

herei n dsEous Cupaib SBEEE QiR ROy Bl el RRR I B Pe® [
si |l sesqui o arie or%pri_si ntge ,rTFt hyl sil sesqui oxane, phenyl sil sesqui oxane or
i xt ur o5 RORSHEBfleciric mattrial.

8. The method of claim 7 wherein the B-staged organo polysilica dielectric

material further comprises one or more other dielectric materials.

9. A method of preparing an integrated circuit comprising the steps of: a)
depositing on a substrate a layer of the composition of any one of claims 1 to 6; b) curing
the B-staged organo polysilica dielectric material to form an organo polysilica dielectric
matrix material without substantially removing the polymeric porogen particles; c)
subjecting organo polysilica dielectric matrix material to conditions which at least partially
remove the polymeric porogen particles to form a porous organo polysilica dielectric
material layer without substantially degrading the organo polysilica dielectric material; d)

patterning the organo polysilica dielectric layer; ) depositing a metallic film onto the
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6. The conposite of any one of clains 1 to 5 wherein the poly(al kyl ene

oxi de) nononers are sel ected from pol ypropyl ene oxi de) ndHhehears 2005

pol y(et hyl ene oxi de) nonomers, poly(ethylene oxide/propyl ene oxide)
nmononer s, pol y(propyl ene egcoI) (meth)acryl ates, poly(propylene glycol)
al kyl ether (netfa)acryl ates, poly(propylene glycol) phenyl ether

(et h) acrpshtahePorgh Mﬁﬂﬁﬁﬂi%ﬁi&hﬁ%ﬁ fplARRYInE e @ln B8] an
(neth)acrylates poly(ethylene glycol) (meth)acryi ates, poly(ethylene

gl ycol) qh %j p ¢ 30 7 February 2005 (neth)acrylates, poly(ethylene

gl ycol ) phe ef (nmeth)acryl ates, pol ypropyl ene/ ethyl ene glycol) alkyl
et her (neth)acrylates or m xtures thereof. 7. A nethod of preparing porous
organo polysilica dielectric materials conprising the steps of a)

di sposing the conposition of any one of clains 1 to 6 on a substrate; b)
curing the B-sta or sili.ca diel erlal to form an organo
polysilica d.?ﬁe t@?%g?ppﬁﬂgéggﬁﬂiw Eﬁé éﬁ%ﬁ&antlally degradi ng the
pol ymeric porogen particles; and c) subjectlng the organo polysilica
dielectric matrix material to conditions which at |east partially renove
t he pol yneric porogen particles to forma porous organo polysilica
dielectric material w thout substantially degrading the organo polysilica
dielectric material. 8. The nmethod of claim?7 wherein the B-staged organo
polysilica dielectric material further conprises one or nore other
dielectric materials. 9. A nmethod of preparing an integrated circuit
conprising the steps of: a) depositing on a substrate a |ayer of the
conposition of any one of claims 1 to 6; b) curing the B-staged organo
polysilica dielectric material to forman organo polysilica dielectric
matrix material w thout substantially renoving the polyneric porogen
particles; c¢) subjecting organo polysilica dielectric matrix material to
conditions which at |east partially renove the polyneric porogen particles
to forma porous organo polysilica dielectric material |ayer wthout
substantially degrading the organo polysilica dielectric material; d)
patterning the organo polysilica dielectric layer; e) depositing a netallic
filmonto the 31
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7 February 2005 patterned organ polysilica dielectric |layer; and f)
planarizing the filmto forman integrated circuit. 10. AnFehuagreted
circuit prepared by the nmethod of claim9. 32 POROUS MATERI ALS Abstract of

the Di scl osure Porous organo polysilica dielectric materials having | ow
di el ectric constants useful iROREVEcHMABRREARDMPONENnt nanufacture are

~disclosed along with nmethods of preparing the porous organo polysilica
dielectric materials. Al so di %%3193%9&&{&80 §u@9d5 of form ng integrated
~circuits containing such porﬁcr:T‘Ur‘ga'nD—pglfSys-rl ica dielectric materials.
' Porous organo polysilica dielectric materials having low diclectric constants useful in

electronic component manufacture are disclosed along with methods of preparing the porous
organo polysilica dielectric materials. Also disclosed are methods of forming integrated circuits

containing such porous organo polysilica dielectric materials.
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