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.,
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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

art. OndndusEve ipfrense e cipuit ‘F?&RIFYHQ elsclrmicoeRPanaiise e g5 integratedeitats, circuit
co- pol y1Bhige Inﬂgnéhfg AGEIR b?f;f glllg?spﬁﬂmfke%ma 51%31' Rl 0&1 ononer to

forma bl ock co yner, eating to thermal |y
| abil e rmrfmncmn@t, crowék of @pa@tkv&rcpming,unsaISPaxlemaMe @«,ee:i?ce“ sRed. In this

appr oac M1 bil.e oner ynit is liymted to
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*has cylindr Iar domai ns, jnstead of pores or voi ds, which | ead
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degr ade n‘iahﬁlal Res Hi@&r#ﬂra{e&ﬁtﬂuﬁthe FRRQHR il ety snﬁﬁeumfo%ly@fﬁ%é@por&;a&rt er et.

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

prepari %kfﬁ%r ga%gaug idﬁle%&{‘c ﬁ%l@&@é&lf&&zﬂg%&ﬁérﬁﬁﬁ Ia@ﬁ{}%la er wifiPvabl e
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Wi t hout dicgashBtraoriomat te;fomearblvaclng)pblymep&rllowedi 33 heatmg too@aeoinmpe fedbdrmglly o
subst aml_allb?llc ln%nérggo e % f(g'%;{atxmp €, Ts. 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 the fhcmlally labile monomer is used, the resulting dielectric

material has cylindrical or lamellar domains, instead 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




and, if needed; conpleting the curing of the dielectric material. See, for
exanple, U S. Patent 7 February 2005 No. 5,700,844. In théFelguws%ﬁSent
~uniform pore sizes of 0.5 to 20 microns are achi eved. However, this

met hodol ogy is unsuitable for such el ectronic devices as |ntegrated
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inter nemlnan&bﬁér&%ﬂ e H@hmo@,lsﬂfcgmeme@% nhdtide§e fabrication of integrated
circuits. Summary of the Il nvention has now been surprisingly found that
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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.




2 7 February 2005 In a first aspect, the present invention provides a
conposition conprising a B-staged organo polysilica diel @Ethruagy 2ber i al
and polyneric porogen particles, wherein the polyneric porogen particles
are soluble or mscible in the B-staged organo polysilica dielectric

materi al , ol vent used to dlssolveth B-st aged or pal ysi lica
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B- st aged I ri.al [ ARQ ysilica
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depositing a netallic filmonto the patterned organo polysilica dielectric
llayer; and flngthadaspecitinoprésee: ifivehtiont [wofides mnethot bf prgpating an Midpeathdicirtuit a
fourth aspegllngl the present jnventiogn is directed to an integrated circuit
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met hyl i ﬁ(ﬁyrﬁéﬂélporogen 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




ketone; M RK = nethyl iso-butyl ketone; PMA = poly(nethyl acrylate); CyHVA
= 3 7 February 2005 cycl ohexyl net hacryl ate; EG = et hyl ene7§kyreay 2006PG
di propyl ene glycol; DEA = diethylene glycol ethyl ether acetate; BzA
benzyl acryl ate; BzMA = benzyl nethacrylate; MAPS = MATS =
(trimethoxylsilyl)propyl met hacr yI ate; PETTA = pentaerythriol
tetra/triacetate; PPGO000DVA pol ypropyl enegl ycol 4000 di net hacryl at e;
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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,




i nt erchangeably throughout this specification. "Polynmer" refers to polyners
and oligomers. The term"polyner" also includes honopol y#Eeguapn0os
copolynmers. The ternms "oligomer” and "oligomeric" refer to diners,
triners, tetraners and the |ike. "Mnoner" refers to any ethylenically or
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fabrication of electronic and optoel ectronic devices. Thus the present
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dielectric materials. The process includes the steps of. a I spery5| ng
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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




- conmpound sel ected fromsilyl containing nonomers or poly(al kyl ene oxi de)
nononers and one or nore cross-linking agents. It is preff@ethedy bt when
the organo polysilica is nmethyl silsesquioxane and the porogen includes
(trinmethoxyl silyl)propyl methaeryl ate as polynerized wunits, the porogen
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nunber from 1; n s integer from about to a provi ded
t hat a fionpsily! gonfaigiing monomerd Opmiy(a&wnemade)atonomaast one of R R and R2 is
not' hydrogen. "Substituted aryl" refers to an aryl group having one or

nmor e of itsmymrog@myfth@mtea@ééhmgﬁcamw&ul Bub@tcirlg'uhaerﬂielgtbtdupons&ucdsf as cyano,

" hyd Cl- like Inth
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alsfr 0 to, about &s@ is alﬁo?ig eferredthat c.is fromO to about
5 R-staged gasnoge ‘1“'?@&0{%%5‘{ st PR B paputinclgdige sfigon. he above

'for rrul @arbBn, Ik BdnSant Aydbgen AUBPAM h9¥ing SR} mulini ts in the B-staged material.
Preferably, n s an integer fromabout 3 to about 1000. It will be

appreci ated that prior tQ?@‘XxCﬁ'@R"SRQH)’S@{eQO )I@g;o%d)staged organo polysilica
dielectric matrix materials may incl tide on&”or fofe of hydroxyl or al koxy

end cap@ieRth RIR'SRESd A mdéﬁm&ehupmécteqrf%p@ydrogéﬁ ftce@% PRiyNGner side

chain functional groups are known to those e art. Suitable
or gano Spstifed ardaa. o 4sp dere indeprrdentiya Armter frams torieh iﬁdeﬂunth?t fremd.2niotl: | i mi t ed
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or more of its hydrogens replaced by another substituent 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




about 20,000, organically nodified silicates having the conposition RS O3
or R2Si2 wherein R is an organic substituent, and parti aFtyuapdénsed
orthosilicates having Si (OR)4 as the nononmer wunit. Silsesquioxanes are
polynmeric silicate materials of the type RSIOL.5 where Ris an organic
substituent. Suitable silsesqui oxanes are al kyl .sil sesqui oxanes such as

" et hy| c¥fpledhydradysiietracthok yijlanediaving sambesaausrage melogdr wesight ebaholios0dne, but v
si | sesgyi ' : KL A i Lsesaui ESa: nvl
i1 SoomnEIAND, S s Beles el T AR B R Ao RV
m xt ur Bsnsigzhicasbstitugnty indrpertafly natdaysed sithadsated oxarSi@R), ghtbayonomer
sil sesquj ne:. and mxtures af alkyl silsesqujgxanes such as net hyl
si | ses‘%ﬂ%‘ %gﬁgﬁgﬁ@eg?rﬁyplyg]e{lggémﬁ ‘B&%‘i‘?és. Oflég%‘ﬁ’aﬁggl)bls}”ﬁ%régdﬁ?’bﬁréﬁ‘éc materi al s
i ncl udgibhnanpob YiiBle Sk qidAaB R R 3R Squi BARRA WL Iyl sillelR@SER 0Xanes or
m xtures thereqf. Such dielectric materials areqngeneral ly comrercially
i

avai | afihd sticsaiigrape Dy plsesguisyanr A sissavénxane and theslibsi avbrred that the

01 9aN0siREgHRikdile§ Sach s Pkl HESAHLARE AR 10RT 1o S e ChRL AN RN ane

si | sesqui oxane, ethyl silsesqui oxane, propy S|rse§q oxane, [ so-butyl

si | sestuitosameh ag entxiuye pimethyisliseqggenaoxandphenth eilpgsquiixhse sodingstaneofor

- m xtur t.her fcularly.useful silsesgui oxanes i.,nclude m xtures of
- hydri d%ﬁ%lis %8%%%%%%2%@3“@ %H'iélllsﬁ%u,loxgr}eyﬁnd8&15’@#]1‘2?5%18?y‘ " Sl ﬁ%asgggqui oxanes.
Typi cadilsgsquicheesndt@sgniladedinespalgnbn bf iiBedghiexaes sepdlymayent i on are used as
oligoneric material s, qgner al | ,aivi ng frorp about to abouyt_ 10, 000

r epeat PHGFIIFEIES Of PRHLES %%Ofaéﬂf%ég? srrigmetrEals afe general sommesiidiect ri ¢

mat er i alaBayIeyr 188, biSRebared by Mn@on £:4@o@ nore organo polysilica dielectric
materials or a m xture of an organo polysilica dielectric matrix nmateri al

Wi th one ory RRkdertidnBl: oedi Bg-86 bEIL G188 & kiXeed tﬁﬁﬂe@mm&m?mf&%l aagl gano
polysilica dielectric matrix material. Suitabl e other diel ec%,rl c'matrix

mat er i BlsesapigEINGdeEhy! siltes@iiaxart propyilsesaniorage, iforping ailiecauienapetertrietdr i al s such
as carfj:desiox Ml 9esy1 shldddisles f ki fles [ , or

al um nursngs‘aalﬁé o’r%%n?é ma dl’ll X err%{}%;( f&g%éstﬁeg%gh asc%%@g(%lgﬁ%gs@tuggge%? pol y(aryl
est er sipcludpumiypfret dfdiydidt dissg)ipxaped wittalkyd reayles alidyddryl sisebgsioxdoesior i nat ed

pol yi ii.des | nor bor nenes....poly(aryl ene. et hers ol var onat i.

hvar ochinan B IR GRny R R B f i i MRkl s

pol y( pgnédallphavuigt feein byt ® aeabbari®)008 vepbating upid. y (t et r af | uor oet hyl ene), and
pol ybenzoxazoles. It is preferred that when a m xture of an organ

‘pol ysi | i ca Ighwil cippieciat@that Xmiaire bf ditle@ndmandilb ey U alcdcduch as titdri X

AL MR N EIE NG T AT .
pol ysi dnhiSAal il f2€ bF Mbre biher dielectric 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




7 February 2005 matrix material in such adm xtures is neth¥l

si | sesqui oxane, phenyl silsesquioxane or mixtures thereof Febrpy F¥ogen
pol ymers are typically cross-linked particles and have a nol ecul ar wei ght
or particle size suitable for use as a nodifier in advanced i-nterconnect
structures in electronic devices. Typically, the useful particle size
range. rhaix &uft—:halaﬂ Bﬂdh@&hlx@tﬁ&s its Snethyl §1Eées’&bﬁiﬁne 1oHREM sNEBsquissGe oﬁﬁlxm&t h aV' ng
a mean Eartlcle size in the range of about 0.5 to about 1000 rim It~

pr ef er '8d%%that the mean particle size is in the range.of about 0.5 to about
200 nun, nore preferably fromabout- 0.5 to-about 50 nm and nost
preferably flheRvAEBUCLYMeEare BPissby eromeinkpdparticies and iava mmelcofiartweighpers ent
proces aitﬁlct mtsufffn)‘fe 3 78 29h nfoﬁﬁlep era§§anc9n{ lﬁﬁﬂ:o{l&c{ {lﬁmgﬁ%l ift glte#t}o% Jatrix are
substant i al the sane size, 1.e nmensi on, slze O fie renoved
por ogerdeplacs |T0fb@sils{,| gedisefulfacticle slinermpgarfmcmhp@ha(tmns is uped ehoal ,000ahg by t he

por os Wtk PARET b PR e S PRt Frptut OBl <26 T e

range Qiefbrr@nthél.the henHafRlenime iPhehenad of abbub0b G 2t 200 Am Fdre preferably
0.5 and 50 and nost preferably | to 20 nm The polyneric porogens
i ncl uddreft fabléfr&?ﬁbagwféw OrPpE SR, Badmos Reistibp Bomdbe¥ ldet oboyt2gmmsi | y|

cont ai Wﬂvﬂiﬁﬁ@@'ﬁ& (pgéserﬁ%kdé@ﬁlxl‘ﬂlhﬁﬂ@s:%%po%rl&%dﬁn thelfedlechid xMAtnfont ai ni ng

' nononers or kyl'ene oxi de) nononers nmay be used to formthe
uncr os ¢ ﬁll'a&térltw ¥ ;htréame sigrs 6¢h, digendien, ey s sikd ofides temovedpirhgenpmsicies nesrder

cont ai g (5l dr&@'&mﬁ%mt}&a[té{?a?ﬁ}dhe ﬁ;?cthé PiBostl Ltyth géé?e{ﬂ{t ﬂ{ggx'hr[&l pgpnomers in the

present |ﬁve Icon noiety“in suc ning nononers
may be snmmal\lgeurmﬁonnﬂmmmed@msﬁwémbamany mafot-m\pefe siviel pdvirgonhednrportg

Cuch aereBhiEHEE pl R B 6 B000 i HRRPR 5 S b e R R &9 0P

tri et howysidydst prefetadiyni ﬁaga-omﬁnoners met hyl  di met hoxysilyl contai ni ng
nononers, and the |ike. Exenplary "unreactive" silyl containing nononers

i ncl ude thosme BalphéridPortkend iyhddsPaBeridddiinititQeRSonealole@Bild sgle@Ps oOr
‘m xtures reof, such as but are not [imted to, tripethylsilyl

cont ai rﬁ%ﬂ FroAuRae mPRGTERThoA R 3y lereapidad RPRRPTH B sUy! containing

- pheny! dhdai@iia!cs b&wdal@ﬁzﬁ& i) EoIRRRTRYy De u?&!% Ef th KorosEREEBSIGer, POr 0Ogens
i ncluding silyl containing nononers as polynerized units are i ntended to

i ncl udésad psithe gressiigien or bt p dyy dndppmeteonisisingrilidon aay &a uesfulas tssder
cont ai R, Rgind g%ﬁdnxln ﬂ%ﬁ%?ﬁmsgr& Idv?,ntﬂ)% Thb QB&%‘?&@ ‘Pnéd%ﬁ 'sﬁsqecoﬁalhingear pol ymer

that contalng a sil ety onl'y as end cappin
monomers may be reactwe or unreactive. Exemplary “reactive” sﬂyl contammg 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.




8 7 February 2005 Suitable silyl containing nononers |nclude but are not
limted to, vinyltrinethylsilane, vinyltriethylsilane, 7 February 2005

vinyl trinmet hoxysil ane, vinyltriethoxysilane, y-trinethoxysilylpropyl
(meth)acryl ate, divinylsilane, trivinylsilane, dinethyldivinylsilane,

di vinyl met hyl silane, nmethyltrivinylsilane, diphenyldivinylsilane,

di vi nyl phenSuisble aitg coitaininig Myonphes jcidk,aaeare dbMinmydd B s BiRRMysEhleane,
tetravi l?}é]: Si | ne di met, hyI vi nyl di si | oxane, poI y(net hyl vi nyl si | oxane),

pol y(vi Blahs. yinyHepethpeys aringthagysd negk aimesthoxasilyjirencd - t er t -
but yl dinghpuY i &Qﬁglsfﬂr{eyﬂiﬂfﬁgfs @Eélﬁwh?lﬁ g)‘f:rgrgsﬂfn"f‘c' ikt rfxeetfq{rlgi%é' | ane,

allyltri-i'so®propy ane trlrre ane, t hyl si | ane,

al lyl tmetblblélmvmdsllaanel,lphdn)ddiilvlmxlyllane,tdngdh})dphvylylsnldna,rtemnylﬂ»haiyﬂmhne

t hyl di net hyl phenyl | si |
et hosy SR Ay S R LR BB RRToRFen | v) oy iyl o1 ane, -
triac epmywhywwymmaw) pol! \Qﬁﬂl@,’ﬁﬂﬂ@éﬁh@l ;il;cﬂf(ghenyrvhxsnmwepmlﬁbi}a@ﬂa

triphe vi nyl ane, tris trlnethyIS| oxy vin
vi nyl og‘éy YirV . Plexarmethylsitons, byl planer hé’lmgrmopafsﬂmel iyl

cont ai SlyGinidia b o nvention is
typi cal I)gzﬁf romgg%oué'tjgl%ﬁﬁc[)n g%IShB{CnM e %g’sdéﬁﬂ? t&f}g}ﬁﬁgﬁl ght of the
¥

nonomefigthyl mehy IVIFIYISiI@Cph@ﬁféerCﬁwXY‘h@ﬂSllah@ dipngtipl Pb@}ivamy‘lslhge, eogyrer s are

presen d 9 and. preferably from
about %_prtl&ygglg?s @%SB@/&E/ i ul ﬂa}ls?lylo?}%%&‘skaqeé%%c% "Yéilé*}’ Sprfﬂ%rrer S include,
but da ; wiethoky inyhiihag ltmeﬂ;ybﬁmjlﬂgthnc) thm?vmﬂmlaﬁammmﬁﬁlylﬁgjvw@mlhﬁé, ene

oxi de NONer s e oxi de/ propyl ene oxi de) nononers,

pol y( pf %ypg‘eré‘e‘aylg@%‘%%mi ?Saté?rfﬁ ates, poly(propyl ene glycol) alkyl ether
(et h) acryl opyl ene ycol en t her (neth)acryl ates,

pol y( pr opyl é’m@}‘& %/‘;) léf‘p¥1 “g‘ﬂ’@ﬁ’ﬁ’f gsé&ﬁh]@ry’(‘?rg‘ﬂﬁ’f’%?%ﬁl theressel yet hyl ene
gl ycol hvériieh &)@ﬁwﬂy&‘ﬁo@saboapl (86190 oRe, ks the torth kbl ehBEMNBE monomers

(et h) acryl ates, poly(et hfgl ene glycol) phenyl ether (neth)acrylates,

pol y ( phsBdyit israrlared tharthe Blv)eoplajning monomsesase Prosest i)aaemphatcd froanldton xt ur es
t her eodpoufH08k&f, bEEmoRYr¥tab YoRNBo@ S H SdoufP9ORr S | nCl ude

trimet hoyl ol propane et'hoxylate tri(neth)acrylate, trinethoyl ol propane

propoxy| at esuhiié gayqah@wbﬁa@ moa&hyré mcﬁlexlbﬁpﬁe %Mﬁﬁ’ike)d tHgicpg_é] {éh%col )

acrylate, and t Particularly sui'table pol
met hy | ox%de) onemery) palyéethriensroids) mewmersh pel(ctalena gride/probpend camde)vel ght in the

200° Sln i, S35l R0, PRI, oo BE LR ] 0 T oPY! ene

(meth)acrylates, poly(propylene glycol) phenyl cther (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.




bl ock or graft copolyners. Such nononers typically have a degree of

pol ynmeri zation of from about | to about 50, and preferabV ¥etfruan@bout 2
"to about 50. 9 7 February 2005 Typically, the anount of poly(alkylene
oxi.de) monomers useful in the porogens of the present invention is from
about 1 to about 99 %w, based on the total weight of the nononers wused.

The anount 'Wplmwthahrhwr@ﬂ hl JHRR M BoAorh&rs RERH S AR bYrokE out 2 to
about 90 %M, and nore riﬁ‘cgyr(ab agfromwg{oo%t S to ab outp 8 I%&/Q\?tf@&The silyl

cont ai A5G Hﬁ’ﬁ’?)tf?é‘r%ﬁ%{ﬁéb?‘ﬁ & PR Ryh bassd ox ﬂlfé?tahﬁﬁ@*ﬁf@rf fhempomrsu sed
ei t her yalj0 'T‘ﬁe Qo ogﬁg%ﬂ}g{%hﬁ&l&eg mﬁ%rH%r% nﬁ)r efpo%n s u% f' & r%lmgt%gn d the

i nvention. I's pre e si con ining

pol y( afwtl @d@@ﬁp@@ﬁh@ﬁmbwtéﬁ@ahoseﬁﬂ %Wt conbi nat i on. I n general, the
anount of the silyl containing nononers or the poly(al kyl ene oxi de)
nmononers  nEedlgl ¢antahdmgmabﬁduleirmdtﬂm@owmgaré oridel mioheémett ela@ bt tide@ Mat ri X

depends ARy n the @ t ‘Fﬁ’ ?.'JIF | oadi desired in the matri x, the

parti il kf 88?7%%5???‘ ARt & fpgm edﬁ’ﬁ%%so?@gq PRt igveationt Kisprelpmed that  and t he
COMPOS tHeis{iil cdhtainkiey fHoABEMNA HeYpoB alkyWhe Bx e ASINERS 4r Bselfin Sdrhdihatoqnt @i ni ng
rmnorreEns and. t he pol y(al kyI ene oxide) nononers is used, the anount of one

monormef® #a5rah dhe amouptaf disilykcopwmingrasnemerstor thseobt(allsylenanrited mohemémacr eased.
Thus, a&dtde @HB%hz@{hetht%gé‘l Wil the ﬁﬁf&ﬁ’i‘c ARG g@@g&%&»oﬁ fhe IVEL cﬁéb%?o%ﬁﬁ n the

conbl nati on, anount “of "the pol y(al kyl ene nononer
combi nkeflisg dmryd bethelmeirizabe gartihe Cpmpﬁ}sntmr@fﬁm ‘Irgmlo@oryelﬂlcm&eleasc por ogens in

acet i Car e TR REEH B MR b A e £l Siof oMM Bt one or

Mor e -CoXpaDeTs sndsthe p@ip(elkyremméa) mohoeanisaised, g ARuans dae imdorﬂéﬂ rﬁiyaliekw ene
oxi de) . nmononers at one. nor e cross:|inki nghagg%tﬁ]s. Such rrer por ogens

are reffuRETLS tie ARpUELOT ﬂb@;ﬁ'ﬁ%&lom?wnﬁr@a%ﬁ §ABPUE RE F‘1§1 f¥lo ¢ he

or i gi NadntAMAG ABROrHES Bicekbes th tBE Convhatib, |t Afshnt 8 thé %:lﬁ?(afk%l%‘ﬁlb b¥adyhr ough the
host matrix material. By "renpovable” is neant that the pol ynmer partlcles

depol yHERDE in thegpmbigatisin reavrhedgfreasedr eak down into vol atile component s
which can .then diffuse through the host dielectric matrix film Suitable
mononer s whi PORERETRitalle 95 ses PPgens Wi $ha Present srventin apddaived frgm ogent ai ni ng

MONOMESSmEHe e&?ﬁenféﬁll%%@etﬁ@h&ﬁ@'u.‘ﬁéﬁluﬁﬁgd mB¥dAe) iR g%g ﬁolgféwmeﬁwf s thereof
i nclude, but are not linited (meth)acrylic aci acryl am des,

-al kyl  ¢neearimoaeeopprmuads, Selattkrbfrigm Sldnyomlamg ydoawsrs and m’rn(taﬂwle@mmg)acr yl at es,
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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vinyl aromatic nononers, nitrogen-containing conpounds and their

t hi o- anal ogs, and substituted ethyl ene nonomers. 10 7 FebFdauyry 20035
Typically, the al kyl (nmeth)acrylates useful in the present invention are
(C1-C24) al kyl (neth)acrylates. Sui t abl e al kyl (neth)acrylates i ncl ude,
but are not limted to, "low cut" alkyl (neth)acrylates, "md cut" alkyl
(met h) acry| Aymigallynte amlgﬁme&xhcrylmwbﬁa( mghéragenyinaention atel(GnCedietylal ky!

(et h) ar re the a cont,, from 1
to 6 o parehRel SdnPUER kR RRLE. bt iRl B dorRBl BIST but ar e
not | i finttbghctybates, frefdheyd” atit fuech)ydralhes ﬁndl\ﬁli&h)cut”%&ﬁﬂﬁhetﬂ}é&ﬂa@dsﬁ et hyl

acryl ate, propyl nethacrylate, butyl nethacrylate ("BVMA"), butyl acrylate

(" BA"), i soliudw buttmikyidmeth)aaiydatés skBlyhicaily heveytherd BE AREMAb@ BotathGlonnexy!
met hacr,yl a/cl oh§ L Zcryl abfg' and m xtures thereof. "Md cut" alkyl
(et h) 49 ?P%FP%% lgmg wvﬂ ke tefybancipasryaienpchiigput 5e sotimigetiai ns from 7

t 15 | t but
not 1 e Redbéghte (MM ngﬁ“"ﬁ%‘c’aﬁ’%’*ﬁ%? T B R DR e 1
octyl Wﬂﬁ%’bﬁ bBMA”aLé@WI RWIEW({EBM)%@NW*MQ%’WC (TEIMAL), pesatie ("1 DVA,

dodecy et bcr o ar t PUBRTAM SRR e eyl

met hacryl at i | at ngwn ;a
met hacryl at 23{, %gna{lg@@ﬁ&ba [ gg’% a%y(t Wher)?%heraél@ﬁlgﬂ%P 8?%“?’39’?% cularly
usef ul tori X¢adropsitdnmc I&Ldﬂ:lﬂmdhmyhlkgde{mbmﬁﬁqydtesrm&m&gbxytlaad ot 11(mtBE’MA ), a

m xture,of |ine ra oners e trid etradecyl and
pent adgw{h a%Fﬁanlg}t{g » Eﬁﬁag‘f”é?’iﬂ‘? FRaghy ESPW rﬁéb??&é?%‘%ﬁé"& eihagpvlate, i gh
cut"” aﬁd@yécy(mk&ﬁaﬂewmm aésed b:ypﬂamkhyctg)am?ﬂsmhﬂx@m wdkyyl  group
contains from 16 tq 24 carbon atons. Suitab |gh cut al kyl

(met h) Beibpeaiatss dpdeeylampthacrylate Gisa knoywn asilagrylaethasrylatpl Wideed yrethpstiaier y| at e,
hept adegyliecyBhbasdyhR (& 1&%%‘2? acryl ate,

~ cosyl net h%:gﬁ/ll at €, elkcgbos met h hsﬁ%@&?ﬁé}ﬁ%é&?@@ﬂ%ﬁ%&go %f’d;lrt icularly
usef ul mixtiues the@Qf cHartknugihlyclsnﬁﬂamkWGS(xmm)dadqcyl pengsledyholetiderylabut  are not

i m t ededRia A xture of
hexadegq ?t a ecy %?l(?:%egr %‘%%Jdc%)ognﬁrs éfd%&%@d)m(femé%p%%%y@aél yl - stearyl
met hac_pgdt:aiaeyl(rﬂeﬁi%iy)a,tesy\kﬁddtmylsnmsml Methaa'ytate (bhmd@cyl and octadecyl

met hacryl ate. The m d-cut and hi gh-cut al kyl (neth)acryl ate nononers
descri bed alifigkeca? elkgldmethddckyates are typically those where the alky! 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
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prepared by standard esterification procedures using technical grades of
l'ong chain aliphatic alcohols, and these comerci al | y avairktatdre2@scohol s
are m xtures of alcohols of varying chain |engths containing between 10
and 15 or 16 and 20 carbon atons in the al kyl group. Exanples "of these
al cohols are the various Ziegler catalyzed ALFCL al cohols from Vista

Chemi cabmyshy,fi.eetirunt 41 8200 BLE@NB20YZiegleratalydbd ok S ABowHI0al AL Bk D 20,
Zi egl e %ﬁ% e[\g: vari ous NEODOL _al cohols from :Shell Chem cal Conpany,
i.e. 2! “mEaHat 6 NECPYL &%‘rsua%eaw%m‘@d ggelivinucpaplegpr &  Ganbl e' s

TA- 161&aam LA 187D andOOSOM! €0 s¥quehi®), f&r iOtnvbitich, dyention,

alkyl (neth)acrylate is intended to i ncl ude not only the 1 hdiVidual aI Kyl
( met h) §eethlasytateis dndended ivdmadetle nobonly ﬁiesmlmd»ual nld;yudwthmrylemeqasodott ttatwed,al ky!|

(ot ) B2t Bl bl bARP AL R AR Pl A Foeleh euiog e 7 ¢ e

presenparnculamil{yd)(masth)gcfgmealaﬁiemgl e nononer or- a m_ xture having different
nunbers of carbon atons in the al kyl portion. Also, the (neth)acrylam de

and al kyl (Tt dily ¢hythptglarnnentiicss WisRI lthd predehinPin€isg Riay b Y @iEieON NMaY
opti onal be substi tut eddﬁgw table optional ly substituted (neth)acryl am de
I

|
and al. R&?me?rrf’éf‘ﬁjlﬁ e heging dEHEhRRebey gn 2igRg 1hihe atkyt Pariien. tAdge. ths:  hydr oxy
(C2- Cﬁlrﬁétk)dbrz/faﬁﬂd%hd@lﬂc‘ﬁ @lcBBac 1%%&%&&%%1@2:}1@@%%%%&%@ acryl ates,
u

di al kyl am no met h) acryl am des. Particul arly usef substituted

al kyl ~ PrHOnANEbe s Memﬁ@@ §Ptallﬂé113t sdsEuipd (mﬁf@ﬁwbmldwﬂ@ﬂm/dr oxyl groups

Lo 2 h found at
i ol S80S URIB BRI B o0
(et h) é’@@haﬁ@(%ﬁ&)@ﬂmﬂﬂﬂw]ﬂhs dlld’hle(lzsmbdﬁz Cdelkl! @dd)hcrgomitesi s a

(C2-Co6) al kyl , branched or unbranched, are preferred. Suitable hydroxyal kyl
(et h) acr yl Baicwhaniyowsefus substitbiied elky btettdgceylae tnohbmirs ack thase vAthhyndooxyet hyl

ot nacPyab By kG 1 SO e gty G oGy

acry| aihe B-positioh (ypostioRy GrtRxyR} dical. anydtb;@,m?d &a&»%@mw%ﬁmhefmh Raghy! ate,
2- hydroxybué%/lée acrgl ate and m xtures thereo preferred hydroxyal kyl

(et h) &e deerd aropR isar(E--HBRIYL, branged g1 m@rqﬁyhﬁdow@miwed FEtPACr yi at'e,
2- hydr W&{ﬁl@c}ﬂ M}%ﬁﬁé 'nﬁah@m@z‘%‘% ¥ LBk 58 nbﬂgﬁ i#fto: é\hﬂix’&%%l{dﬁrl of the latter
tV\D nononers 1S CO ref erre to as I oxXypr opy crylate OI’
" HPVA. meibpdrplated (IBEMIAT Y t2dUdJ(0mthn)1 acnylaked(f @Arﬂd%ﬁé@h})mw methadglatmpbomer s’
usef u':met!ﬁyf-f—ﬁycﬂ‘{»%%ﬁlgf methacrylate, 2-hydroxy-propyl acrylate, [-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 mixtures 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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invention are those with a dial kyl am no group or dial kyl am noal kyl group in
the al kyl radical. Exanples of such substituted (neth)acrykatag2e05d
(meth)acryl am des include, but are not limted to: dinethylam noethyl

met hacryl ate, dinmethyl am noethyl acrylate, N, N-dinethylam noet hyl
‘met hacryl am de, N, N-di net hyl - am nopropyl nethacryl am de, :

N, N- di retyteyiduyNAQ BudiphenynBglcT-yt abiiyiercryblntiki€l N-@t dyth A - pRei Y bxobutyl)

met hacrélill am fﬁ?’ﬁ N, N-gl Pe(féthyl ?}m nopr opyl . nmet hacryl ar ni de, -

N, N- di SERFFRTATHD avd 7-hpdrohstnd fearpawe Nmethasryigoigs ofamimedwbeibylong 12 7
Febr uanyea2QQ%:t@e i@ ; 3xial Ayl =l 3= et: - 3- I cryl am de,
N- (I - et hyl -1 - phg%/’?%@ﬁ%%é l;lffej N%rrﬁ?ﬁgdgrof |d5%t%%m§ﬁ§6%%%ﬁ@ )Sﬁ‘f/let hyl .
acry| amigares fgeppethacryl ami de of ami noethyl ethyl ene urea, N nethacryl oxy
et hyl norpholine, N-maleimde of dinethylam nopropylam ne and m xtures
t her eof . O Rher sbpénied (met)a¢ryhatahammetatsefuhinribnpesntisedntibn hre siliten-pr esent

i ti . il - t ai ni h - I .

%?YE%’PO lﬁ’{n?g}%'g}gﬁ’n% Eﬂ%@?f@@l @i?%{@?ﬁ’g‘%iﬁﬁﬂp}%ﬁ%@ff Zﬂ 6fsiiy
e , . Ie Shkal : ryl ate,

y- pr op?!alél udéiﬁ(l%ljl(l-mé% gﬁ?;l ’(@1_%??%%‘%9 i!§|‘](%‘net h)ggﬁ/f% a)%{er:,y ﬂ%aﬁ d

tri (C29€Eyah RS Copalkayailyh fraethptralats, vipyligi(C,-Colalkoxysilyl (meth)acrylate, vinyl

di (C1- a - | ¢k i : t y iy .

(c1Cof R R CR A E - GBI Bhqdfpord TR AT CY Do i oatiity

t _ri (Cl{@ﬁ)l)ﬂ_bﬂﬂaltes inyl tri{ Ge€ Miladsilyl (a:haﬂ))acayldtendnnhnixm&stﬂli&é@of . The

vi nyl aromati ¢ nononers useful as unsaturated nononers in the present
i nvention Thectingderpmbiid maneneadseful #8 dneduthed neingimern én the Ple¥ent invention

a-met hyl styrene, vinyltoluene, p- nethylstyrene, ethylvinylbenzene,
vi nyl néﬁﬁr@ﬁ&%ﬁé?‘”\}i‘%‘%d@ﬂ dese & ahd InfRpeYyERfe MEEHOIUSel- vi nyl ar omat i ¢

MO NONE frsthHsBRereNGh ARy bBBkAe, CRVLSHRANAE NShyuhsit, LHE &%(tﬁ‘faagﬁ,%&w%%& such as

hal ogenat ed "der.i vatives, i.e., contalningorie or nore ogen groups, such
as f [ ubinylaeomagip moppmers glso obwde fheir camesperidinaosubgifetedooupepags.Gpel doxy,

hal - 1 ..car- - ' : - al kyl am
oo B e A U T S b AR L o o
t hi o- apslrogdey@emitto, aganon@ii(yited, hagfpaR)atkyl, vatbt@-Qpletkexy, carhwant i on

i my R i e e Briiivesdnd B XG4 U ™ Nevi myl pyr 1 i e such as.

sty TS RRTUER T SR YA Y-

2- met hitlondin@t fithe Frestnhih@itioh dichide, bYBArL Ybt-1BnikEltd:t vib@dy@ihdelidings- and
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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i soqui nol i nes; N-vinyl caprol actam N-vinyl butyrol actam N-vinyl pyrrolidone;
vinyl imdazole; N-vinyl carbazole; N vinyl-succinimde; 7February 2005
(meth)acrylonitrile; o-, m, or p-amnostyrene; naleimde;

N-vi nyl - oxazol i done; N, N-di net hyl am noet hyl -vi nyl -ether; ethyl-2-cyano
acrylate; vinyl acetonitrile; N vinylphthalimde;, Nvinyl-pyrrolidones

- such ap ol 10 P djghbﬂ&ﬁ@ s-Aen{ied B L Yl}{%whoﬁ&{ band 5193¢-

4- et hyl - I-V|ny pyrroli 5 nethy one,

et hy| - tarsthylt L-ypylrpirioidens; VlBylbmrylles Ivinyl anjlinegyand winyOwpeidines.

3, 3-di net hyl - 1-vinyl -pyrrolirdone, 4,5- dinethyl- | -vinyl-pyrrolidone,

5, 5- di net hyThe ﬂubstithuqdlbthplyn&mbmoutmseﬂl 8 @smmmmmmerk is-in thieypkesdd 7 February

2005 yrrolidon . . . .

5 et Ele’\krgtEonqﬁanq g’ut v%lot Bth%fE)y 818 aceldls, \gnyi?%'mamMe vinyl chloride, vinyl

trimet Iﬂyd)ﬁde- vmgalyﬂromwle,r ahylideeshloideWinyiédedluefide anld R ?/lﬁéﬁe'bkd?ﬁae and vi nyl
pi peri dines. The substituted ethyl ene nononers use as unsaturated

nononers i smerpdtfmerpnm % porbgeé@&ttheftegeﬁpxh%ﬁon B} bé ?I%pd?af by 4 Pe§det O
vi nyl acet ate, vi nén formam de, vin chloride, vin fluoride, “vinyl

br om dBOYReTgAtipR &S 1€‘Fﬂ5(ﬁ“f31b|@ 50(F‘F‘ﬁfypqlﬂé@fé’a@mr@mblwmlmeﬁ?ﬁlOdeenlé bromi de.
The pohiRisty Hﬁ?glﬁﬁon PARRS Thdsdhien fusddVif B &emveﬁﬁorp repared by

a variety of  polymeri at| on techni quesBBlgﬁ‘%ﬁ as sol ut| on polynerization or
enul si 8y beligersrtiraehédon grafied andomef e @bblymby osbdmﬂpobzmqmlﬂartmulazlyt ion. The

sol uti I A inve nea ranched
or gr a&?gggasﬁlgﬁ é%@&%g&g bnﬁgﬁgﬁér%’gsél?ngggﬁg B BT rheP lézghyPg? %ﬁ“@fﬂu WA E’E?fbt abl-e
sol u':] i thesepailyoers & i lﬁmlm@e off, OmStoII%?OB 200, qﬁafeiayh?ﬂl)g}go 'tlbym(}g)gg Ioaylg Onidaceo m):c ecuL?r
wei ght o 0 the range of 5 to 1 refera
0. So0pEran (G AR 1 mebaterilty bow pevians ibge obee ofrbe 20, © y

pol ydi pRedably ¥.00f tol IREHRI kb Brefcddbly 1.601 8 1bhe range of 1 to 20, preferabl y
1.001 to 15, and nore preferably '1.001 to 10. The solution polyners of the

present i nvm@oﬁﬁoﬁp@yﬁ@ﬂa%mle Yesdft BRANRE afe"geaeréu%réﬁy&m% oS EBR -
Sui t abl e sol vents for such o nmeri zations are vwell known to those skilled

in t hesodyent. Suitahlesplyentpfor ueatipss arqwellirownge thoge skilfpstin thewitt ed t o:
hydr oCRL NS of$ oa,%mgh{eﬁfa@%ut ark hmral{aaft&gf#ai/ rORNS, a1Rds ar omati c

hydr ocar bons, ethers etones, esters, alc m xt ur es 't her eof
Part i cﬂﬂlqmﬂasedéludma@b@mwﬁ\amagc hyt&b%d@nﬁ@dbesalmnesresmswmhels amyl enes

di phen | act at 0 en
onomeih- L ARt SRRy Rl 5h 0 ehe YooreaBlrBinie® RB¥IAST Pl v

ket onecthe:ﬂ gmmtbtytwoﬁcme, etiiyt pylegmegiisteglycol mpnomEhilyctheeiideerke, decanol , and
t - but anol

caprolactone 2-hepatanone, methylisobutyl ketone, diisobutylketone, propyleneglycol

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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The solution polyners of the present invention may be prepared by a variety
-of methods, such as those disclosed in US Patent No. 5, 86Bel@hyt@sahan)
~and US Patent Application Ser. No. 09/460, 326, both of which are hereby

i ncorporated by reference to the extent they teach the preparation of such
pol yners. The enul sion polyners useful in the present invention are

~general |y pritpaopthet fetidepdiogss SRECHtRetniatibSintRlS Hoss Nl Galiep Ser. No.
09/ 460, 3[1%6, "described ahove. It is preferred that the polyners of the
pr esent “RIeARY BHOuY ef grepiakeds srirhe o Hsedh the prisontyrrention : Tymraly, the ee

radi cal pdPEYe MBS thd @ik ' log ‘ pol ymer s
~usef ul 1? n the rel?g_ér?'? nﬁ?\@ﬁﬁ??@ﬁ?&%&tﬁ%?%%@thégg§&£@gE‘Eegi It)\(?\i tltg'g )

pol ymerhogeaeno cpsdieiesedp toland Inchialingidfys cR8SEnkihgageot, pased opatretweipig opor ogens

- of the ' Lop ik ncl ude. cross-|i.nked paol.yner. hai ns, anount
of cr ostgé ? ?rﬁg%\f }mlnggé;%fﬁa gﬁellyeusf(gll'n tﬁ%%aﬁcﬁestoﬁ eé’f“égfgﬁ VeP'i’l%ﬁHSé’ﬁ‘?fe ¥al ly,
the pahegeamt of crofidinperdsforh abdin €Viltd BbuC8Yh,aind nidke proRedblylfibhYbiRiIght , based
on the V\ek‘g’ﬁht (gf thﬁ por ogen }%E cross-linker. Up to and including 100%
cross- |'PARFHGOGg Lyl bp rseriaiie Weospekifiet in dre arithat ap Broggonnt faypseréinker

ef f ect iiy leyporsiRfl icRadcl thdnliiehedr RinolN8r @Ak §56PLn 4N Bl hadg Preferred
that the anount of cross-linker is fromabout |%to about 80% and nore

pr ef er dBXCERESM about 1% to about 60% It will be appreciated by those

- skilled in the art that as the amount of cross-linker in the porogen

i ncreases, tHéabioHesstlinkers used in derpresdnt infentine ingbide dientrif rtema-t drdrighice| ectri c
mat ri X H8%.- e thdhib AR AN Hﬁ@ el N b r t 1nvention
i ncl ude di -, tP%?? ﬁgtlr ag,u%%a?&rﬁt?{gﬁlgirl&&%ﬁl - &ggﬁ%snsal 8%#3?@%%‘%{“1 |y
unsat urpatsest imentoreinsindd-kerpd s limftedtoosismlyibakeens divieftoluchid) t he present

i nventign include,. bu re.not limted to: trivinyl benzene, divinyltoluene,
di vi ny |‘%X}P¥Iﬁ¥fhd§‘,‘°’ E’J‘?’Wf’ﬂi’zﬁﬁﬁ%ﬁ?{: H%Fi ‘ilﬁl&yléﬁ&“ed T iﬁlﬂé’ﬁf&eg'é{ﬁ%l diggpiates

et hyl enggkfigipréiadeiibgla®, diethilenalyoyl diR @BeF &itifyIAcIohbAME; allyl

di ethyl enegl ycol divinyl ether, trivinylcyclohexane, allyl methacrylate

(" AL NA'W“,thaé'p%%fF EHe 4 dathydensely ¢od dimathaciylate CEONMEA™), disthylpgasbiselyl ycol

di met haghyh e PR A : | %&r . Qé&m | enegl ycol
di acryl ate, ﬁ;frf?i r(ret hyl ol p%gggﬁgyéfgﬂaﬁg%ﬂh%%c?ﬁ%@(' Tl\%%l%&ﬁ?m | v%/’nyl benzene

(" DvB" Jrimgihylelnmpanc imethaeny et BYP PMA Hidivinsh henpers @AY BT), Slygidakr y| at e,

L 3 el tealChabohg £ e LY VB BUANE R
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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di et hacryl ate, 1, 6-hexanediol diacrylate, |, 6-hexanedi ol dinethacryl ate,
.tripropylene glycol diacrylate, tiethylene glycol dinetha&Feyhay 2005
tetraet hyl ene glycol diacrylate, polyethylene glycol 200 diacrylate,
tetraet hyl ene glycol dinethacrylate, polyethylene glycol dinethacrylate,
et hoxyl ated bi sphenol A diacryl ate, ethoxyl ated bi sphenol A di nmethacryl ate,

pol yet hytraliglsi@ing Ciol-dinR@Q1 RiriAbNAGIokaA, €,3-dahycAtnmediiohdxafl 48T V! at e,
pentaerythritol triacrylate, trimethyl "ol propane triethoxy tiacrylate,

gl ycer yRXBrSH0T ri acryl ate, pentaerythritol tetraacryl ate,
pentaerythritol tetranethacrylate, dipentaerythritol

monohydr’ oxyEéﬁ?r@a%hfz}qeéP@Og@nﬁﬁwiCﬂDﬁthew‘ﬁﬁmmolﬁtlomiwbe dirottyt &ided tigheronomer s

t hat ar cr0ss-|ipki ed as cross-
| i nker sﬁ sﬁ%@ﬁ& %’%?%‘K%‘ﬁ c[&? [tne%l'x aten&?"‘\‘/sl hy érspgur’n% ?ﬁ/‘ieg’iol Gne,

di net hyhﬂhﬁﬁia&yﬁmhﬁ@meﬁfecmﬂwlema&t plyststeld Iﬁélﬁ:mdﬁﬁjf B&bﬁ'(ﬁdl&dd’if}ﬂe&l | ane,

di phenyl di.vi n i,l ane, divin nyl si | rivinyl phenyl sj| ane,

di vi ny#ﬁ@ﬁﬁ% éﬁiﬂwgqoggh@mcg%ﬁaﬁqe Hﬂg?‘?g elt%?rr]i’é‘tpﬁ IRFIRHOT ofi (8 PUREsAe,
pol y( nmgtakticle¢ioPydseiptionsitBg impR@tid( Vi nyl hydr osi | oxane),

pol y(phenyl vi nyl si | oxane), 15 7 February 2005 tetraallylsilane,

1, 3- di et hylThé editaipadhddt pdrbg: @Bﬁhc predemdlinvédioh lﬁﬁédi@'ﬁﬁ@ehé/ J)vggﬁt' alv%é@e and

m xtures thereof. The cross- ogen particles of the present

i nvent iTBRICGHE WsEhtinthegange 0&&@8@& 300({2)1&90 @efgmhbeaﬂmrg@gwfdeﬁ 9 ica

di el ect fahh S

rpur i €0 e0] Rt e BRI Pl @k 10D 1 R0 000 T Th: IR
el ectr mlgafldéla?mmrticlmamto abqup h,004 nmm&pamrmgfmramwctf 0 teslomaxymb& is

acconpl | her’ rec1 tatl 0 particl.es, or

adsor ptplr%n’LTe tg%th v h8 Cuerlﬁm%g’ eﬁfi‘gge 03&8?‘1@%%8‘?@?&25&3&188@% CIgpblY o™ esent
i nvent iabouttOyfpiboal Sl()ymh amEmast pRifgitly 8ueraee 1 lm)ioel@uhtazo el i polydlidpBigity ange  of
5,000 taq 1, OO?lttOOO preferably in tggié(gmge of Q00 to 500, 000 and nor e

pr ef er A8 FPNYGR PRlygE o tegerssd to emrefﬁrﬂ%@%wlmrwﬁeoséwm por ogens

typi calahynmtgﬁef@r@@rlﬁghglraglggbiz;eomgotlg about 1,000 rim such as in the range
of 0.5 to 1000 nm is preferred that the particle size is in the range

of about 0. FoheuRBQus petfEnd R fofRLE po&S BEIEY mhicARk, @Tg%g&séfm@out 50 nm
and nost preferably fromabout 1 urn to about 20 nm e pol yd| spersity of

t hese $BISERLIBISNYE TyRbpaatilenst nartialy remaygele wndes colitigng whihedogobddvemwplyy i n t he
range Qr.d. thocﬂrelE&néélatnﬁ é?ﬂ%#)re%rﬁﬁfglﬁjpﬁ 13![1? r&ﬂ&/aﬁﬁ'n% IH&‘C ﬂare@%fy o 10. To

be useful as porogens 1 n ous ectric materi a € porogens
of t he completely removable. By removable is meant that the polymer depolymerizes 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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present invention nust be at |east partially renovable under conditions

whi ch do not adversely affect the dielectric matrix matefFebrparpe@fser abl y
substantially renovabl e, and nore preferably conpletely renovable. By
"renovabl e" is nmeant that the pol yner depol ynerizes or otherw se breaks
down into volatile conmponents or fragnments which are then renoved from or
m gr at qe f 2 Any

pr ocedur e of ettt 8ol o Pl i bk Sl PRI The Rrod B BB o

Wi t houtPreseténvsalign raasf boteoged 4 engerheetin ithe rangeraf X 50?&0 600°al amigpyrefombiyused. |t
is pref. th r ubstant | r emoved i cal t hods of
remvallg{k{e?g}%aﬁﬁ 4%50 g[ea? lcf”lfym cdqresns i‘b%%tﬁﬁ&* lf%enﬂ@é%/‘%é‘?m?"& i ation,
such asipobhdatingfor |a|p€ﬂu§(ﬁ§f tinte in We rinpelofly to UAMRALEAYAn @ﬂvﬁﬁﬁg@@ﬂ’ thé cles, neutron
beam or el ect ron beam is preferred that the matrix nmaterial is exposed

to heatPOHETS\? I&tegﬂﬁtse’t“dnt‘f‘é‘%‘t/@ ﬂtaﬁg e Be el thropasepen sermring afisT pr esent

| nvent ixaflo s RoRthd SiEATIRI i FRIEH, WRS mugGUm ni trogen, ardon, m xtures
of nitrogen and hydrogen,” such ?orm ng gas, or other inert or reducing
at nospher e. {2 RMLIGRAS wAkn oéern%?% rés@f(t‘?ﬁ%h%hx@%&%df)ggﬁ)\égﬁe% any
tenperature that is hi gher t the thermal curing tenper re and | ower
than t Wediatiegy hepordeenaroliondris l@mﬂcalls’ eRpdeed nuder yn RO Btnasplpes, ath]nrae nigfogtipe or gano
pol ysi | i I I pi ens of the

or esen ttélg?]a\(liglﬁt?)!l ?(ﬁl%e Sucg%g bhf(n W%tﬁea(%% V151Beéro§§ﬁtlra§éielt ng’ﬁ a% f 150 to 500
C and [i'ragmemtabért;cratedrfrddﬂatchafqgﬁmehre&&ﬁo‘tfad fﬁﬁ’ﬁth@ma'ﬁmhﬁxahil)ﬁndérﬁ&ltwtogenS of

t he present venti o ar re ved atln%g}3 aperlo of tinme in the
range of° rt12‘50 Waopd1: 4 %t’&t}gﬁ‘tg é ciqnify Nigh 4y s p cH"e“tpresent

i nvent lnembbr&)ftfﬂaatadibatscsucam{at Wr gﬂﬁci@fs ak E@st@@c&t@@yﬁﬁn{o%ﬂa'lﬂﬁtlﬁﬁé er renoval
fromthe organo lysilica dielectric matrix material. In one enbodi nent,

when a 2pREdHehby Otﬂrﬁéﬂbﬂ&@ﬁfm ihat & propkipatios of @%Wdawxm@sweed t9

radi at i:QRovelthE RYRISRMPRleYeiBinvdidioh YPI cal |y exposed under an inert
at nosphere, such as nitrogen, to a radiation source, -such as, but not

limited to, py r%a%tgth%rmaééut@mgatﬁtatehtﬁ%tme}teemte“ , gt generat ed

from such exposure~are renove rom-t rx m a flow of
i nert gasribadwboenar dyst filsporsedfwithire or diskiobted om a Mugtgel orgsud pwlgzslbwtdigledmgh to
that en particle

gener at ¢ u f|C|en nunber F uch
o et PR R or BREOE el be S SR B B R p AR o MRREC BT 1 1
the ar tdletdmtc raatermlﬂ:ncamiingmo i pfeeal insationadhabhamt Uﬂpbrb@nuns&ﬂwiuloiepérﬂrmve
t he por ogens of the present inventi on.
e particular porogen employed, the particular B-staged organo polysilica dielectric material
employed, and the extent of dielectric constant reduction desired in the resulting porous
dielectric material. Typically, the amount of porogen used is in the range of from 1 to 50 wt%,
~ based on the weight of the B-staged organo polysilica dielectric material, preferably from 10 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.nemethyl 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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In preparing the dielectric matrix materials of the present invention, the
por ogens. described above are first dispersed within, or diBBakuae2don, a
B-staged organo polysilica dielectric material. Any anmount of porogen may
be conbined with the B-staged organo polysilica dielectric materials
according to the present invention. The anobunt of porogen used will depend
on t he diBateylprapyenqyene ogesitylens Kplpass, onmiatuss tharent) to rforsta sofutipad Tbe gano
pol ysi k}bz%g %} cggsta{ré ﬁreﬁrafs%’réealor gggl)\leﬁ ﬁjun tﬂ@%l&tﬁﬁ {lltx %dgbe%élﬁrﬂs.r Ic
const ant ction desire |nt e resulting porous ¢ naterial.
Typi calmey,depds&echmommtbsm¢te bometyeds knowd ir the a, suﬁeasrsgmg:eatnfg, fpronodatiigor90 wt %
based gn tt r&ﬁ ag.ei %htf of %F staged organ polysilica dielectric material,
pr ef er 887" 99N 1D*YF 2 %" and nore preferably from15 to 60 w% A

[ f.ul t of porogen_is in the ra of formabout 1 to

| |
D oout 60wt hter R R o oo R Bl Taeef st pobh g Al LRSS i ¢

the B- sea@guheligidNcured0 lford 4 HiGa c%selhﬁréédrdrganrr@wgm@d mmctﬁamafrsctrﬁaa%knom in
the art. Typr cally, the B—staged matrix material is first dissolved in a

sui t abMethaRtsrbssatiailypmowing dhpporagae partigle. Bha cuﬁag of therpreago P@YSllr'r@t hyI
| sobut g, e!ﬁﬁ‘fcqgﬁenzfiihd S8PYY Yy HERORE i RERLARARGne Y g&%@
- s-caprol actone attate propy eneg yCco BRomet er a et at e,
- propyl éneg wdbnsmtﬁfrym imgdingion taifaghate freeatdieal coupling gf)ﬂheollgpnmmt acet at e,
n-. butyl acetate, n 7 February
2005 aFinePRST B S, TS B S pilRe P 1 4R Rt Crvplidls
f or m aegoéithet Qifect!y ey, hpnedg @ BoBant aembaamaer@cﬁ o alios pRies ockn@rstegi wiso | ved
within the soluti g} .. The resulting dj sperg}ﬁ_lon is then_deposited on a
subst rgta@n%y Tocalle e leRERn PP rrsﬂrcrréoaﬁaruﬂgw eHE PUREFNS dpEst fﬁ&ea ledstay coating
or  dogderdtladt H6m a%&;tb@(‘i"% godut it:m" ef add%}f&{ heat®ll iR niDRIr M ReRas] dewaon a
substrate, the B-staged &no pol ysr ica dielectric material 1s then
subst afomebpyt @Qr@@bﬂ‘é 4p@rirtont fepggipartially tswve thelperpgersg dieh poingsi | i ca
di el eCEEdd‘Eulcﬁ@ta{e'léLo@Httc?@b&lslan‘éﬁInhtﬂé‘ﬁrtSUbSt antially renoving the porogen

e

particle curing o he ‘'organo polysilica dielectric material may be by
any means k to

i nduce cond{eﬁrﬁé\g(:lt %’%nsrt%?d g{g%n mﬂsgggg?}'ﬁc ?fgﬁrnat%gfa ﬂgg ea’e[g% gﬂ? }sggﬁ%%&?tga

coupl i nepditfons kduiahl rergovghe parogemevitmersubatintislly degpidnglthe/grgatvepoBsiicaged

material .is.cured b t | evat.ed.t.e tur . er
di rect aﬁf}ecﬁmdnatﬂ’ég’t%&gfe?’ ealS g‘ésﬁi}fagﬁ ye‘?(r%%iﬁgf &F’gp %ﬁ% agtmérrrn aFTAl lcpSPat e, or
in a suepicallysSuchrBitiedns inkhle eadoking thelTHmas gean@nqmlrycﬁaﬁdnc dt i prefaiediting

- polyneric rogens .is first anneal ed at
oLy the marr):r?x m%tepxal is exposeds to heat or l?ght fo rcrnove the porogen. To remove the porogen

Ay

thermally, the dielectric matrix material can be heated by oven heating or microwave heating.
Under typical thermal remor.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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tenperature of from about 200 to about 350 C, and then heated to a higher
tenperature, such as from about 400 to about 450 C to at F&alwparpadas al |y
renove the porogens. Such curing conditions are known to those skilled in
the art. Once the B-staged organo polysilica dielectric material is cured,
the filmis subjected to conditions which renove the porogen w thout
subst ant i al [/ewegk s negymrerreof dhaprersniioyopsd iiscful atpabgeat must ealispbesibhent er i al |

that i SpisdigsS, . S%hy, wai b her dielectric. matri terial .is |ost.
Typi ool T e v s PR el O B ReSaldcki Ryt e Pl

radi at iaod in the thisfilor. Thes rtedpdréigh mustie SORbIeiiX teBEAE sdvent 5r BRSSO heat or
- light to rem)%ﬁe th o] rengve the porogen thernmally, the

di el ectVIE AnlF Pt eg{“i% %Sn% THEETRE A 16 thsyporrgeh wsidie pgrewwithin isnay e
heat i ngo1uti&inﬂ;e;mbitafﬁhnﬁais&ét@,rsﬁpémﬁﬂwéﬁfo?laggﬁ Ld ér%ﬂtéstarﬁigﬁ%g&iéyég}%{rﬁ&ﬁ% be
. W

dielectric matrix material is heated to —~about 350 to 4
r ecogniPgRigles ip erde d@ ackigvr thedlesired reefis of thislirmentidne nppaely sehstaatiallyemifomily

t enper : I i Le.por il.l _wvary .accor di t
conpos ?E#%’ﬁ?%"“%h"ye‘a’gﬁ%gég %‘plﬂg@% (k)onthgteor?oag%g,m\g% & Slﬁ% r %% K aﬁ%‘?’&‘ﬁqﬁ?ed%y
depol ymedifyisg therpootger commsition eahsha this*compativied] vaith the host Al R HBHOr

fragne i&h e th renoved fro r mgrate out of, the dielectric
mat ri x%a?rea eriar ’adé/? %ﬁe(??_ﬁlﬁ AP eoﬁuli’ﬁg%lta‘g?r %ﬁ%{?ﬂalf"?qnf’mﬁﬁ it FPPEREAEar ri er
gas useondemtrdtion ithe pepsratiohufShe RrogeR Al WS doB Mt O@kESdib, GApRILIBFt ri C

mat eriﬁi (gavi ng oids is obtained, where the size of the voids i's

subst afSFRRYQ: PHAc RUREEnRelyMsE qf thanreser inyepiiongptor thehgsbpiggeqpolymilicar esul ti ng
di el eclfeletirat-ahéalmatdiayi Ng voids thus has a | ower dielectric constant than
such material w thout such voids. 18 7 February 2005 In general, the

pol ymer s of AhbgyaRiagS6fthe hrBMG Y ARioH RGhH lthe%ﬁ%gﬁsoag&?ﬁfic@ssg 20 F’é % spersi bl e,

m sci bl e or otherwse substantially conpati W e hos ielectric
mat ri x S¥staatigly compatgis, aed praferabbydfulin canpetiblaj witlf the dielebhicsnaterted ugpdr Bgen nmust

be sol u PP ] L. or -m xed,sol vent, .system as the host

di el ect Jrngng)aE- St gg%. mﬁrr&%%éﬁ&%ﬁ 3 ,@—S{Eﬁgd B’@%ngé)tr%ysﬁ}‘hcét%mgeémbcr%ggﬁﬁa[l a@ﬁst hin this
sol ut i perogen sxeibgicaliit fradspayend ks dsibledights Uis bafericdkay a sentd@gdBegaiedd or

subst anti al | 20N-a, omer.at ed articles in order .1to achi eve the desired
boner 1 Plegfh pof AR BNRTEL LS g BN S it e A g A FP b S n st B o por o
Wi th astageiorgaopalysbiteditlectihabiei] ahdforbmOYeinosBiva teluliigh drgamdcconpl i shed

by nodi féhng .the poraogen c‘oirpo_si tion such that it is "corrBati ble" with the
host dPRyalsadideid mpteX mpferial haxing perpgen dignsesed dereit. apd the gpssiting pprstie

subst i HidfeB@lic MatdridNFHiek ARRN B ARPREShcRhre 2N ggmnpmsga@m HRIRGERL RPN I N the
preparation of the porogen allows for conplete diSpersion, or preterably
~ “substantially compatible” 1s 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 iayer including a composition of B-staged organo polysilica dielectric
material and porogen, a composition including an organo polysilica dielectric matrix material
~ having pbrogen 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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di ssol ution, of the porogen polyners of the present invention into the host
organo ponS|I|ca dielectric B-staged material. An advant’digbruat 200fe
present invention is that the porogens are selected so as to be
substantially conpatible, and preferably fully conpatible, with the
dielectric material used. By "conpatible" is nmeant that a conposition of

B- st age®!@niyaporpied. yshidrisod fﬂmeiaﬁmrgrm@p&ag@rm@{ bedtlibl IR MR & r@Rb | cal |y
transp 111ca%1ee g}f’b et%r@{[gh‘il is preferred that a solution of” B-staged
or ganoa%o)( ysT Il 5 gLl 9 atﬁ’aﬁe@ﬁi“éf;“bé%ﬂa&bﬁr‘le’é@ﬁﬂy disparsesh Erthﬂ Royegen

i ncl udi i gorcofPARIIS iphase Befatitn gfﬁgsgoggn%ﬁpmgg@% Iib%gwggcﬁ!{s i i ietc terial

and porogen a conp05|t|on i ncl udi ng”a organo 16t ‘c matrix
mat er | APARER} CRYrTRRAG ﬁéﬁdw&sms&gtegaltﬂ@ fegim eselting hlhm imcesugd i tim;]mneus

di el ect t of the porogen, are all o

trans palgdgﬁltnﬁtg%ﬁ\;} @lpgﬁg ?JCh %%%ep'oﬂﬁ%ﬁ %fﬁ‘flfle 'Tqﬁfl ‘gﬁlﬁﬁﬂ'ﬂ“ﬁ Bals %"l%ant t hat
a cormcﬁ?:‘b%t*f@*ﬁ“mm&rmtmmrsed gc&aﬁlapmgmstahﬁalydheeéaﬁ@tsrﬂe@as thesdbdepl and

por oge }‘tﬁzlél ightly cloudy or slightly opaque. Preferably, subst antially
conmpat i means at | east one of a solution of B-staged organo polysilica
dielectric terlal gﬁ oro n,a filmor |ayer including a conposition
of B-staged ? %{ﬂ%anﬁgllt)ﬂ/ t %fp%?r@argqne polygilicardiglectageatsismpgrsial isa

* conpositypicailyidehidedvey a’:\ﬂa@ﬁiﬂg\BPthEIPMIﬁiﬂlltk%Qraﬁlbt%}se&&ﬁ LCthBRGHE K¥evaREEr 1 @l
havi ng Iﬁor% ?gq, gileft% persed therein resulting por ous organo

pol ysi | Penddgitayi Spe, fosfexample, Sfan Katvelsh et #le Prmpenigeof Badyrsdri. ght | y

i sci bl e e R A Ch A St el U B R P hng o (e

sol ventl9u&&dahiy etidls mm_miym_a_w_mgm Arearizaic Predsy iyl uw Cdlleﬁhle@ttal[ ic

mat eri af, a . filmor _af 3 05|t| |nclud|ngthe
B- st ag e(gfﬁcﬂl%rychovylanﬁ the 13%.l ? it r Bler j‘F&B‘ﬁ é‘?fHAsFOMent i s
cast, éiwhn alﬁib:bdik @f&ﬂ[ubﬁlgy ParG BeR fand D@ed Sohésibe Pﬁx‘dﬁa‘&ﬁérszﬁ)@ﬁd sekpent

evapor ter. such ing, the porogen nust be soluble in the

B- st ag 6338#8@{10861831 IJ“Y‘#rB%c Oéfﬁl%PWrﬁct?Fé’tfg}el%te%alth VS & emai ns

subst amiedagiréryend 6f B dikperdh SR HSBFintetdotiber (ROLLGRAN. sh& s’&ﬂ.{b @y{l 9L e, phase
separation gf t he porogen fromthe B-staged organ polysi |ca ectrl c

mat er | &2y §ERLE C%{H‘H“F‘éls‘é“é‘ 38 Gihergsouprconighrting anctnds erdsierminsdiby mngiunmg an
i ncreasgig didud é)hﬁlt 8f %€ mafadlal 199511%'539 #rs)ferr? I:os u% of a3y lecsglrrP l e porogens

~provide cured dielectric materials ntla y uni
di sper sweiuplsselyetiaFhaelubiliss panmpted 4t ﬂlﬁtcﬂmld$)am918 sefies aametvlmghpﬂr oge n
partic 'pgréentage of the solvents. Typically, a 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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. The conpatibility of the porogens and organo polysilica dielectric matrix
material is typically deternined by a matching of their sofdbbiatyi2005
paranmeters, such as the Van Krevelen paraneters of delta h and delta v.
See, for exanple, Van Krevelen et al., Properties of Polymers, Their
Estimation and Correlation with Chem cal Structure, Elsevier Scientific
Publ i shPPgB-erged orggmaohellisdilisicctet material, Boingtmotien | Thieis di ecthddiffeteyice

Academ " 1979; I n al ., Speqgific Interactions and ‘t he

M sci biﬁtgégog'?bﬂfl%% ag/nr?éfs %ﬁ%ﬂ%@eﬁﬁiﬁ%ﬁ)@amﬁ@é S‘,‘f“‘érﬂjé"q?&?““li’?‘atﬁﬂials-Bar ton, CRC
Handbook of .Sol ubil ity .Parameters and O her Cohesion Paraneters, 2"d Ed.,’
CRC Press, ﬁ&gc mpﬁéql%/’é‘eho?téca FRASPRB G FOBBPRIT NG Op e AFRseTd iNVSRUGNHS neat er i al

and del kuffey from aggloMRAGIUA 6B ra9fe &@éﬂﬁg@fﬁmg&in\{a&e&wi.&%@ﬁorégafl%f action of
the material . Such solubility paranmeters nmay either be cal cul ated, such as

L p
by the SHos@ptallyantemuy fispersedithraeshonthaRsiaged taanopplysibias diclentgic matmziak| oud
poi nt  offpgdh i | D@ : i sting,.of a soluble
Dol vent T Reroft dpnd iR YER e bk s ek A SRk BB o ReRE o1 ouc
poi nt i bavgerbstrotiallysuni fosnipeisgérs@ichorgse Bodrsubgymtiolly trhiforalyl digitsed, vEywpiadl | y, a

nunber. ints.are neasur.ed f.or the teri,al , and _the_central area
ot meaPBsFf dib BRNS iRl dbounElorb R, M Shiufeas Pargn i y

par anet mm;:;ﬁbﬂitﬁdfehdmiltr@eh?d)ﬂhé %ry%{mn&én_eoxswitmmeldrgaﬁo péiﬁz_ﬁﬁimcﬁél&tﬁé bt he .
porogen_and organo pol ysilica dielectric patrix material are substantially
simlar Wa{%‘ﬁé"ﬂﬁ%’rﬂgﬁéﬁhlﬁ%‘i bY BErPagifiat PUBPRSIRITPR af keast apemarqmer selprted frqm

mat er i asilyRBshtdias MoBGR&E ol pPRaIRNEQxiRPBbRAAH on of the porogen is |ess
likely to occur. It is preferred that the solubility parameters,
particul arl ys d@ihbBedatiift ot eletRestnt ifentdAgs RQF lgg%lﬁﬂﬂz co%tgxﬁ.rf'lﬁt&%hsya% lica
dielectric matrix material are substantially matched. Tt wi e

appr eci eitteieddipving podermik dispessgd ivpids, adighert volirat ofiveists raoseowh disleofrict he por ogen

t hat af : ' i . 2 he conpatibjlity of that
por ogen&l\%i% %lﬁg %@é&%@gg%gr}eogi Sglr%%{aﬁg%la%ool yag'dil(Tscfanccar%‘Ii | 1ngqée'c 1% Vi By f’%*h."‘ or‘?éf will
be f urtfdk5S mpPp@uigirefdrably & htwsXO0 sk mbegréferabli®. san 50 hhandamp prgesblyray be

conpat i w th. 20 7 February 2005.0 - S organo, pol ysilica

di el ect ﬂo?or?élf'er‘ir%ﬁ’ HS FPdRse Cﬁrhgetarﬁiﬁsggﬂ‘%n%&?‘gﬁg@ém? %"r‘ltahg"ed YY&EYBREE in the
sol ubi | siteyofpigy rametablespoddget barticled. f Bk eahiliBg sisagesbipiganeRatdmitik ca

dielectri c.g%teri als. . Th? conpatible, 1.e., _o%:i cally transparent,

conposi PHEHR b Loy Iiaessy ¥ diRleqUin cORF oY getragtive iady wipreved iovalpise At at i on or

| ong r amgeoves dﬁﬁ@lﬁgc&iurﬂg LReRRicARRhRs 30 rdquite 1l 1@nRGY BRE Qudis: o
substantially uniformy dispersed throughout the B-staged organo polysilica
di el ect¥¥F®P§¥EPRri al . :

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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Thus, the porous organo polysilica dielectric materials resulting from
renoval of the porogen have substantially uniformy di spefdebrupm2esds. Such
substantially uniformy dispersed, very small pores are very effective in
reducing the dielectric constant of the dielectric materials. The
conpatibility of the porogens of the present invention with the organo
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di €l ectyiohaffBhat ot Biards\RcPATIENknd foifR! A8 h38:R1 AFEhShRRbaL, UaaTAl 1D
el'ectroni c_and _optoel ectroni c devices including, but not [im e ato, t he
fabri caAlyeRuymiFds-elumine Sughtubsiates awy irthevinelyde bindilmyidepositedrbesenr s,

di gi t alg,sd gialincIdi itOEAD ass,filters,  thereby

i ncr eassiung t ellmﬁ Q‘%gé‘:% gﬁ%&lg@g an'd%}aggilg&éﬁg&?%gﬁ;ﬂ%%ﬁefal5‘ml‘?cﬁzg{ﬁa{ljary 2005
The porwisss.endangups thesiof.iloa ndiltighec tntd gateiatinchix devide eani aldsrigihg taer qir esent

Se inintegrated circuit

i nvent ii ﬁla%d? Plagﬁ’{zteé[ 8%1%341:1%’%0%# Ialé?a g\:nﬁ?g 82{5 g%\é dtr

manuf act ure. 'fn one e Mircuit manufacture, as a
AR B R R Sk e
t her ei rheataditocqtdlanat Ite;in}ﬁratgre to cure 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
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solvent is deposited on a substrate. Suitable deposition nethods include
spi n.casting, spray casting and doctor \Wadi ng. Suitabl e @pebromaR0S0l vent s
include, but are not Iimted to: methyl isobutyl ketone, diisobutyl

ket one, 2-heptanone, y-butyrol actone, s-caprolactone, ethyl l|actate

- propyl enegl ycol nononethyl ether acetate, propyleneglycol nononethyl ether,

di phenylLiatiar j.58l gg%; - Rutyl acetate. cycl ohexanone,
"N et hig,l yg pyruP ?Ie?lggﬁg’, ?ﬁﬁpﬁf - #ﬁ%@%ﬁﬁ gﬁﬁ ’glf‘f:ehucral aa,yerrrlengtie{‘yf e, xyl.enes or
m xt ur dspashet moheBisht abbrelegesiivty physisal ivaygr def@sitibtlbr spaa-6n p@teskdsdl @i t O

silicon, ,si.licon dioxi si i con oxycarbi de, silicon germani um
si | i comeivds }qhoﬂﬂtgpwf?g‘afegé%@eéﬁ‘l icon nitride, ceramics, alumnum copper,

gal | ium ar s%gi de, plastics,. .such as polycarbonate, circuit boards, such,
RYGY

as FR-4 and OB BRTUSERpISHSLSE S thatenal isdhmdithographically, patesned tayforni num
Ni t ri dgiagbadbmteenctey ahsubithedn : u [ b LA ] deposi t ed
t hereon, - such fnfl s iun%laudi ﬁggé%u .%Jgt %?%%Cg%%egﬁlr%?g%dﬁ??{ﬁdes, met al
car bi déubstratgang cagneat kg & deast onematallic yiei Japicallyn Hihopephic patteriieg Bwblved @ a

mul til it : ed-.Cl LI devi ce n rkying. r aof insulated,
pl anar ?az{ag%lgclt:}%ra?%?ctﬁrl |antgrg:ﬁga Erblllvgﬁlsac}sog ﬁlr"{?: ngﬁ%ﬁ%p‘%ﬁgﬂ ISSLIS a@e%sg}oﬁea second step
i n t hemasketed By tShipéeydTonipate@Matberbugh, MAN; (if imbgdeevideaypssimf, tirfighaemRsi tion is

heat ed | evat ed. t t the B-staged or. lysili
di of oot tReBs Ao BTN Sebinb ity ehnr: BG T e

nat eri dle imbgdiautic rdeq) o] wigh 4 AGaNOHNERHECaddAN G ferrify ARIRALYNShrouSHED as a
Bronsted or. Lew s g%%% or Bronsted or Lews acid, may al so" be used. In a

third Stelgiricdaysr fod e Wi ewitaiylrnsiop ohuique sueh i reactive iandepmt r i x

mat eri ghehihg, O aﬁ}!!ﬂhlﬁﬁh@ﬂkcﬁ% cogﬁgmﬂ!tiid rﬁé}ﬁbeﬁdﬂ%’&sédfb%tthé %il?le&% ﬁg?e?ﬁfé ont ai ned

therein is substantially renove out” adversely affectin

di el ecpifrdo thetphpteresat wetingl Stch §thegraphi ppueroing tahgigns spoivs kidvaeto dioed ect ri ¢
mat er i ?ﬂiﬂedigthciaﬁ. al so optional to deposit a cap |ayer on the organo
polysilica dielectric |ayer. Such-optional cap |ayer before or after the

¥ e ‘ ool ude. or e .
ot or ' al s ondfels s Bh hAEAEAR | SGERe) RECHES WET BRI LRELES
mat er i Biefgrred imetatiGnmalierdatd iddude, bitlateqonliaiytar bomber, taightet, @old; sitver,de,

o eon. op : 116 Ctride. sili i . e
benzochURaB ey thard ShRents bt gonbh ra i pasRed SEtewiige: her
ket onesy tecipduss el RNBEES thosd@illed i Besst. ShdiaédhhRtQdnEedd bl &eSot limited

pol ynor bor nenes, pol yaromatic, hydrocarbons such as pol naE‘ht hal ene,
bol yquiPHEeaTsahEipor fRSPylisier FIBok PRETEERTRYH SO 5eREYSI88 N A CE3 D7) Febr uar y

I2005 pslle?e&ot £l lreﬁf:tlrdlék'é QEHoBYibE R tteriAR dr BENIKD EOFRNATHL b efetallly RhE Ak as sSUCh cap
ayer materials are
y 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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deposited by chem cal vapor deposition, physical vapor deposition or

spi n-on processes, or other nethods known to those skill édchmary@80%rt. The
porous organo polysilica dielectric material is then lithographically
patterned to form vias and/or trenches i n subsequent processi-ng steps.
The trenches generally extend to the substrate and connect to at |east one
metal | i n nvo ves coating the
di el ects?F%hén%lﬂ;e[}SQalﬁﬁleag re&;é&t{ﬂg%e%%ves |veftorlmr)16elg’a A aé’pf?ﬁ{? grbéé}f such as
t hose shrillek én thel altbshasthr: pbmposﬁmnpaﬁme frivient inednabig e uM‘f)ll, in@hy ind am&g@mdg e

exposi qq, tt hr.o g ﬂ {kﬂ t he photoresist to radiation, such as |ight of
appr opr AREETE Fcé‘ ARG heam (iii), developing the immge in the
resist, e. h.a suitabl e devel oper; and (iv) transferring the inmge

t hr ough themaﬂﬁt"@’&gﬁxémplswr: pregenfaddo dlwpsate Birgenyarinuspsaets offhecbreseninsf er

t echni Gu@enSHE Bubie AQIALANE mtmseee e%m@ar&gnuo%wéskwf an antireflective
conposition may be di sposed on the gle lectric materia prior to the

phot oresi st coati.ng. Such lithographic patterning techniques are well known
to those skilled in the art. Anetallic filmis then deposited onto the
patterned dielectric layer to fill Lirenches.  Preferred metallic
materials include, but are not I|i ﬁ%‘)%tale}g_tl 0. copper, tungsten, gold, silver,
al um num or 18l Lays.hiner §Qf

‘patterned di el ectl?‘lllc1 %{alyernu -EQPOng%gén §a§1 BHC@ZL wn t&%ﬁ{h 13%%19&?3{ ed in

t he ar tmetlsd%hcslqemmtaq(jé@SQﬁ):wLuhlearylbglmoaacniarrmﬂgﬂts wid dderntired. Thewarivag vapor
depOSltl

and el ectro céass gépdl&pﬁjf gateggggglfogtg‘?%gbl’ﬁ ﬁ%&ﬁ fa%ﬂ'%v ?édo}%;(?él(’?y a (raria?;f Ir:)c

l'i ner, mdilgflsiBSsqaioxdnayied Sahple CikemethypidodsUsBqilidtaadli OfpdtiNEpt €n, or
chrom ufr i ncl udi ng nitrides or silicides thereof, or other |ayers such as

bar r i e EFMEYINLS 65 ReHowred by yisyallysinspeeting arfinaf die ragthylistlegsquienang t ri de, is

deposi tdagecait hitfix B@tehﬁlrdﬁﬁgoﬁgéh tﬁ£t%§§‘px@1‘c%&t%ﬁtarshﬁoﬁ7%fé?'ﬁilwsheﬂ a fifth step
of the process for integrated circuit nmanufacture, excess netallic material

i's remdVBELtioas yere Ry nﬁ@éﬁﬁ? fudengpylinel. pdlisampleewetclchpr edess bEerwibenatas ul t i ng
tallifge Sar ~ i
met al | ifhe FBEL BhnpleS arcdHly 5&@5&&{6 SuEher Ll d henRakL sbneth dh sty © laver.

Pl anari za nis yp| ca acconpl i shed wt ni car pol i shi ng
or sel edthitheraliepf e mengmes siednghe Bricts qfrefratiorefithonmpltsivedsalar e wel | known

to th ith killed th
b0t ChEfrefiintd. St PublBuRy fesyldardieporsed Ty ARME £ bRy IbaREO S BeTER e | Byer's
of or galreavVpR yﬁtdcemerd eelleeddl IThe fALAS [Atls aRRehoned Bl TdbyBhmSermdt b33

. weight,
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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7 February 2005 subsequently be applied by repeating the above ste 8 .
will be further appreciated by those skilled in the art tHdebrug2005

conpositions of the present invention are useful in any and all nethods of
integrated circuit manufacture. The foll owi ng exanples are presented to
illustrate further various aspects of the present invention, but are not
intended to limt the scope of the invention in any aspect. Exarrpl e 1 The
conpatibility of a mumber of porogen sarrpl es in a variety @fpcomercially
avai |l abl e nethyl silggsqui oxanes (" Mssg vé\f th varyi ng nol g%gl ar weights
was determ ned. The various comrercia I\g Q sanples teste re reported in
Table 1. MeSQ sanples A and B are only nethylsilsesqui oxah#&4and Sanple C

i s a nethyl phenyl sil sesqw oxane. Conpatibility deterninations were

per f or med by raik mp( 559 a filmgof the nmejhyl silsesqui oxane
dielectric ITB.tI’IX materla and porogen tHat was spun cast BfR%¥a.silicon

waf er. All YMYBMSOEMAMAGWBREOner e by nBked- eye ¥nder dayliight. All

sanpl es vxerem%mnamtm&s@i/nqerw se noteg. The pgrogen sagples are
reported as tye. i} %35%3 to p'repare the por %en sanpl e along wth the
ratio of the rmnorrers use P1e i ndi ces refraction of t 8sarrpl es were
al so det er nMMAFMSTHALMAHASIDI | ity resuf&ts are r®ported ismoJabl e 2.

Di fferent | oemiarmysmaiapor@gene N the MegQ matricgs were %ﬁa@ﬂ Jated. The

| oadi ng | evel Table 2 i percent by weight. Table 1 MeSQ
Mat ri xMbl ecul ar % éf%{ﬁgo){hp@nt ent AH'ghLow BLBwH gh OMed? unMedi um Tabl e
2 PorogeanSM’FﬁFW@@@ﬁmMR | . NoneAl. 372 1.367 NoneBl.365 24

MMA/MAPS/ALMA (45/45/10) A 30 1.359
MMA/MAPS/ALMA (45/45/10) ' 30 1.349 (smoky)
C 30 1.503
MMA/MAPS/ALMA (30/60/10) A 50 1.391
MMA/MAPS/ALMA (30/60/10) _ B 50 - 1.365
MA/MAPS/ALMA (10/30/10) A 50 1.376
MA/MAPS/ALMA (10/80/10) A/C (9:1) 50
MA/MAPS/ALMA (30/60/10) A 50 1373
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) AC (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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7 February 2005 NoneCl.502 NoneA/C (9:1)1.374 1.374 MVA/ TMSCEMA/ ALNVA

~ (60/ 30/ 10) A50snoky MV TMSOEMAY ALMA ( 60130/ 10) B501. 216 MV VIKASIyaDnR05
(45145/ 10) A50snoky MVA/ VTMS/ ALMVA (45/45110) B501. 228 MV TMSMA/ ALVA

(45/ 45/ 10) A5SOsnoky MVATTMSMVA ALVA (45/ 45110) BSOopaque MVA VAPS/ ALNVA

(60/ 30/ 10) A301. 353 MVA/ VAPS/ ALMVA (60130/10) A301. 359 MVAY MAPS/ ALVA

(45/ 45/ 10) MVA/ MAPS/ ALMVA (45/45110) 301 gq& (snnkxé C301. 503 MNA/NAPS/ALNA

(30/ 60/ 10) A501. 391 MV MAPS/ ALNVA. (SOIAé / 1'8) B501.7365 M/ MABSALMA -

(10/ 80/ 10) A501, 376 MA/ MAPS/ ALMA (10/ 80/ 1B) A/ C (9:39) 50 M MAPE/ ALMVA

(30/ 60/ 10) A501. 373 MA/ MAPS/ ALMA (30/60110) A/ C (9:58) 50 MVAsIYARTIVEMS/ ALVA

(10/ 80/ 10) A501. 364 MVAI MAPTMSMS/ ALMVA (10/ 80/ 10) A.C (9: 1) 501

MVA/ MAPNVDIVOS/ AL VA %10/80/10)A501.372 MVAY MAPNDMVOS! AL MA (10F§6/10)8501.327

BA/ MAPS/ TREFIMAMAPEAMPTY A0 159D BA/ MARS/ TMPTMA 5018172/136) (o) 9: 1) 50
BA/ NAPS/ TREEIVRAMATSAMPTAN ABOL1 301 BA/ MMPF-TMPTMVA 3645/ 45/ 10)43601, 323
' 50 smolky
B 50 1.333
C 50 gel
BA/HPMA/MAPS/TMPTMA (15/15/60/10) A 50 1331
BA/HPMA/MAPS/TMPTMA (15/15/60/10) AIC (9:1) 50 1.390
' ‘ B 50 1.197
BA/VTMOS/DVB (80/16/10) C 50 1.523/1.502
BA/VTMOS/DVB (80/10/10) AIC (9:1) 50 1.360 (smoky)
B 50 1.214
BA/VTMOS/DVR (85/5/10) C 50 1.53171.502
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/DVE (80/10/10) AIC (9:1) 50 1.367
B 50 1.232
30 1.304
PEGMEMA475/VTMOS/DVB (80/10/10) c 50 1.520/1.502
PEGMEMA475/VTMOS/DVB (80/10/10) AIC (9:1) 30 1.354
' 50 1.356
B 50 1.251
30 1.292
PPGMEA260/VTMS/DVB (80/10/10) C 50 gel
PPGMEA260/VTMS/DVB (80/10/10) 30 1.515
AIC (9:1) 50 1325
B 50 1.230
‘ A 30 1.334 (smoky)
PEGMEMAA475/VTMOS/TMPTMA (80/10/10) C 30 1510
PEGMEMAA475/VTMOS/TMPTMA (30/10/10) AC (9:1) 50 . 1.329
‘ - B 50 1.210
PEGMEMAA475/VTMS/TMPTMA (80/10/10) . c 50 1.523
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BA/ MAPS/ TMPTMVA ( 72/ 18110) A501. 353 BA/ MAPS/ TMPTMA ( 72/ 18/ 10) B501. 263

' B500opaque ¢501. 440/ 1.502 301.5 BA/ HPMA MAPS/ TMPTMA ( 15/ 60115 FEBiuAFQbys
BA/ HPMY MAPS/ TMPTMA ( 15/ 60115/ 10) 30opaque 25 7 February 2005 A/C

(9: 1) 500paque B501.272 C501.508/1.502 301.506 BA/ HPMA MAPS/ TMPTNVA
(60115115110) A501. 353 (snoky) BA/ HPMAN MAPS/ TMPTMVA (60/ 15/ 15/ 10) A/ C

9: 1) 301. C50gel BA/ HPMA/ MAPS/ TMPTMA
E 15/ )15160 E?@%%é‘fﬁ%%ﬂ%?@ﬂﬁi@s,/ TV Y 15/ 15580/ 10) A/ @208 1) 501. 390
B501. 197 BA/ VTMOS/ DVB (80110110) C501. 523 1502 BASYTMOS/ DVR.%80/ 10110) A/ C
(9: 1) 501, Amhsmmyios 0 A VTNDSI QVB (85 5/,40) 501, 53114, 502

(80) 101 10y CHB RO B b EUAIR 0/ VTOLSPIVS (80810) 10) A GXD. 1)501. 367

B5Q1. 232 B 50 1.218
. A 30 1.272 (smoky) -

PPGMEA260/VTMS/TMPTMA (80/10/10) 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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A301. 304 PEGVEMA475/ VTMOS/ DVB (80/ 10/ 10) C501. 52011. 502 PEGVEMAA7S/ VTMOS/ DVB
(80/ 10/ 10) A/ C (9: 1)301. 354 501.356 B501.251 A301.292 PPGVEASE(PRANEO0NE
(80/ 10/ 10) C50gel PPGVEA260/ VTMS/ DVB (80/ 10/ 10) 301. 515 A/ C (9: 1) 501. 325
B501. 230 A301. 334 (shoky) PEGVEMA475/VTMOS/ TMPTMA ( 80/-10/-10)C301. 510.
PEGVEMA475/ VTMOS/ TMPTMA (80/ 10/ 10) A/ C (9: 1) 501. 329 B501. 210
PEGVEMAZ g&/ TS TMR ey a 804 £ 40610 ) P ld H2 F

PEGVEMA4 75/ VTME/ byl (807 10/ 10) N/ G (9 %%’%‘é%eéqﬁg‘g g orme
PPGVEARSYIMPT RSP et Resopplished a1y ERDLra880With&.0 2xRRGMEARHO pMTMES/ TMPTMVA

. (80/10/ 10) A/ C (9: 1) 501. 371 B501. 218 A301.272 (shoky) PPGVEA260/ VTMS/ TNPTMA
(80/ 10/ 10) C501. 525 PPGVEA260/ VTMS/ TMPTMA ( 80/ 10/ 10 301. 508 A/ C (9: 1) 501. 36
B50opaque A30opaque BA/ VIMS/ TMPTMA ( 80/ 10/ 10) C501. 512/ 1. 502 BA/ VTMS/ TMPTMA
(80/ 10/ 10) 301. 500
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A/ C 9: 1 500paque Snoky refers to conpositions that are very slightly cloudy.
Cl ear sanples result when the porogen and the MeSQ matri X Feeruay2805 are at

| east substantially conpatible. Sanples having a |ower refractive index
than the MeSQ control sanple are indicative of dielectric |lowering of the
MeSQ matrix material. Thus, the above data clearly show that the porogens
of the premgnd: invention are substantially conpatible with organo
polysilica dielectric material. Exanple 2 Porous dielectric filnms were
prepared using polymer porogens of the present invention. A nethyl

si | sesqui oxanek A tavasQitionsamptigngas Bpstaged meghnb polysitiba diclegtriveG@erat ri x C
(0.0265 g) and MeSQ matrix A ( 0.21 g) with a porogen having as polynerized
units  PEEMEMAELMIOYEEET Yihibs, (Wi thkGlolyrherity ptivdea part i 4 Ged solibidy | et her
acetate (1.55 g, 15 wt% . The sanple was deposited on a silicon wafer as a

t hi td : i b | i i t.i --- 1.3 p.
I'n - coatl gfifistibled 11R/PB Ftagg@fﬁ)lg%ﬂftﬂ()hgolgﬁﬂca.tJlbl%&ﬂ@gﬁtédﬁ 4 s%ﬁ/teﬁfg.}s@& ) p.m

of the filmwas controll uration and spin rate spread cycl e,

for 10 m okl PoiiroBBbele B nGer AG-Wrileeti 2o ho wB YE8 R ven 1o 200

C under an.argon atnosphere. Th? oxygen content of the _caontainer was

moni t or e PURBCHEPHPSTHOMAFEFAY POLYIRHZEH Bniy Qners qrs grostlinlaae agemi ad Af t er
30 minutes at 200 C, the furnace was heated at a rate of 10 27 7 February
2005 C pedt legshenecomponnd sahgstaddram sildfcontaming manorhess and ply@kylenaut es. The
deconposition of the polynmer particle was acconplished at this tenperature
wi t hout eoxide)stomnmefs. t he pol ymer 28 7 February 2005 Clains: 1. A
conposition conprising - a B-staged organ polysilica dielectric nmateri al
and polyneric porogren particles, wherein the polyneric porogen particles
are soluble or mscible in the B-staged organo polysilica dielectric
material, a solvent used to dissolve the B-staged organo polysilica

materal. . i . ed or: |
s pol yner | 2od i re SR AR tAEREh e b B8 pReh BB bRPER 558 "o

compound 2l 6t e8! £ Bk Y5 SRR BbFsoNOTSr S and poly(alkyl ene

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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oxi de) monomers. 2. The conposition of claim1 wherein the p ymer i
porogen has a particle size in the range of from about O. % Felyuagy, Qp( 1000
nm 3. The conposition of any one of clains 1 to 2 wherein the silyl

containing nonomer is selected fromvinyltrinmethylsilane,
vinyltriethylsilane, vinyltrimethoxysilane, vinyltriethoxysilane

Ui ety arop e R R 519%9%6@?1*3%"3%% eﬁ*y SRR (e,
i Vi ny! e Fb Ry REF Rk sgw%' p ey F%g»ﬁ@}faﬂéa' di 511 oxane,

pon(nethyIV|nyIS|onane) poly(V|nthydr05|onane)

pol y( phenyinyiosyirisaethsssileag or mugtirgs theieofer t - but yl di met hyl si | ane,
allyloxytrinmethylsilane, allyltriethoxysilane, allyltri- iso-propylsilane,
allyltrinmethoxysilane, allyltrinmethylsilane, allyitriphenylsilane,

di et hoxy net hyl vi nyl sil ane, diethyl nethylvinylsilane, dinethyl

et hoxyvi nyl sil ane, di nmethyl phenylvinylsilane, ethoxy diphenyl vinylsilane,
met hyl 29 7 Febfaecymaaite obarg(dreiofetamys §id 3 ivbeginthe Blsagded oegano
triacetoxyvinylsilane, triethoxyvinylsilane, triethylvinylsilane,

tri phenylpolyailcs idiedigric hatis midtérim hiythe ifdbotludxy) vi nyl si | ane,
vi nyl oxytriraethyl silane or m xtures thereof 4. The conposite of any one

of claims | to 3 wherein the B-staged o poI silica dielectric matrix
material has the forml a:(RREFOHRIHO 059 OL. 55) ¢(Si @2) d) n
wherein R, Rl, R2 and R3 are |ndependently sel ected from hydrogen,

(Ci1-Co)al kyl, aryl, and substituted aryl; a, ¢ and d are independently a
nunber fromO to 1; b is a nunber fromO0.2 to 1; nis integer fromabout 3

~to about wiRr8AR, RbRé‘ﬂhdiRaaﬁehﬂdepandbnﬂy selécted flom hyydroged] (OXR)aliggdrilhat  at
| east one of R Rl and R2 is not hydrogen. 5. The conposition of claim4

wher ei n 136 B BhAGRHVORIARA d0k YRichdrBndl PheRSS om OB fiis TRLAGLA! 1S 2

S|Isequ|oxane conpr $i'ng net hyl | sesqui oxane, phenyl’ S|Isequ|oxane or

E)noi(;l(J;Fi Q%g&) dlé is 1-r|1- e%erct?&g Eoute_’) to aboutyl(%}ﬁ) provuie%'tﬂ& a+ Bq- +\ghf}r ein the

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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nononers are sel ected from pol ypropyl ene oxi de) nononers, (et hyl ene

oxi de) nononers, poly(ethyl ene oxide/propyl ene oxide) nDno P@umyZmE

pol y(propyl ene glycol) (neth)acrylates, poly(propylene glycol) alkyl ether
(metfa)acryl at es, poly(propylene gl ycol ) phenyl ether (meth)acryl ates,
poly(propylene gl ycol ) 4-nonyl phenol ether (nmeth)acrylates, poly(ethylene

glycol) ( mehq:toga(eth lehy EE LY b @hatqileih)@drivteset her 30 7 February
2005 (et )ac at es, pol g(et%@&ezg g?ycoﬁ( phgny et her (nmeth)acryl ates,

pol ypr opy, [ﬁﬂ% m Xt ures

t her eof . Ig7 foﬁg{éﬁg/gm?e%gggg@i n %%?‘gh%ag?%rgﬁ%g%gng%qﬁgca %lr electric
materials conprising the steps of a) disposing the conposition of any one
of claims 1 to 6 on a substrate; b) curing the B-staged organo polysilica
dielectric material to forman organo polysili ca dielectric matrix

material w thoyty G aaggg&ggﬁ%%ﬁ&gﬁfgpg  A5R8 HERLLE ngrggen particles;

and c) subjectlngt e ric matriXx erial to

condltlons mhlch rtial I renove, th 0 i orogen particles
to form&® §€%§t ncﬁi ?))o‘fl %Sllnﬁ& © CRTPastiion; o agrié é‘? ?é‘Fla StlhtS%’tonap
substanti aI |y de rad| ng the organo polysilica dielectric material. 8. The
met hod ofSUbstEtenbY cuine B B-stagedmreameqelysdicg sirieqine eteriak to farma s ergane
material further conprises one or nore other dielectric materials. 9. A

met hod ofpobysdpadislertimmiatiixagamtialdvithaut sitistantialby degrading the polyepsicof :  a)
depositing on a substrate a |layer of the conposition of any one of clains 1

to 6; b) pousdenPartiche; &dsd) 3UEjdctaipaanorgand polybilieadidicRtrRahitig nm&@ k! to form
an organo polysilica dielectric matrix material wthout substantially

renovi ng A8 WhRh aClehQ} pRgen E?ag&xl/e%@gm nc%HFHgI%ﬁ?hﬂigleQE(g Polysilica

dielectric matrix materla 1tion Ich™at st part| l'y renove

the poly arti s to f.orm Qr,0 no ica

di el ectri‘c AU% Ogéanggjﬁpysg?% rd Ie\(/i\? ct%ﬁom?tenol[)“sqt%ﬂ'{?f’%lfs 3;51“8 a?ﬂf“ﬁ ﬁ’r?eor% ano

pol ysilica,diel ?flCtl materjal; d) patterning the organo polysilica

di el ect r POLYsHifadie W‘H’@B@E‘P ing a metallic filmonto the 31 7 February 2005

patterned organ polysilica dielectric layer; and f) planarizing the filmto
forman

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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integrated circuit. 10. An integrated circuit prepared by the nethod of
claim9. 32 POROUS MATERI ALS Abstract of the Disclosure Poesusy&fano
polysilica dielectric materials having | ow dielectric constants useful in
el ectroni c conponent nmanufacture are disclosed along with nethods of
preparing the porous organo polysilica dielectric materials. Al so

di scl osed, a&érﬁed"&%ﬁkftﬂiﬁ)lﬁﬁhcfa@ﬁd@c&ﬂ: lhﬁ%ﬁﬁﬁﬂmﬁbﬁa@lﬂhéﬁmt@%ﬁr@éﬂ“ ng such
polysiTi

por ous organo ca dielectric materials.
integrated circuit.

10. An integrated circuit prepared by the method of claim 9.
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