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This invention relates generally lo porous materials. In particular, this invention relates 

to the preparation and use of porous films containing organo polysilica materials and having a 

low dielectric constant. 

As electronic devices become smaller, there is a continuing desire in the electronics 

industry to increase the circuit density in electronic components, e.g., integrated circuits, circuit 

boards, multichip modules, chip test devices, and the like without degrading electrical 

pcrfonnance, e.g., crosstalk or capacitive coupling, and also to increase the speed of signal 

propagation in these components. One metbod of accomplishing these goals is to reduce the 

dielectric constant of the interlayer, or intennetal, insulating material used in the components. 

A method for reducing the dje]ectric constant of such interlayer1 or intermetal, insulating 

material is to incotporate witbin the insulating film very small, uniformly dispersed pores or 

voids. 

Porous dielectric matrix ~aterials arc well known in the art. One .lmown process of 

making a porous dielectric involves co-polymeri7.ing a thennally labile monomer with a 

dielectric monomer to form a block copolymer, followed by heating to decompose the thermally 

labilemonomcrunit. See, for example, U.S. Patent No. 5,776,990. In Lhis approach, the amount 

of lhe thermally labile monomer unit is limited to amounts less than about 30% by voJume,. If 

more than about 30% by volume oft'he thermaJly 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 tbennally labile 

monomer unit. See, for example, Carter et. al., Polyimide Nanofoams from Phase-Separated 

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

Thus, the block copolymer approach provides only a limited rcduc1ion in the dielectric constant 

of the matrix material. 

Another known process for prepariug porous dielectric materials disperses thennally 

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 dielectric material. Sec, for example, U.S. Patent 
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No. 5, 700,844. In the 1844 patent, uniform pore sizes of O.S to 20 microns arc achieved. 

However, this methodology is unsuitable for such electronic devices as integrated circuits where 

fcatLtrc sizes are expected to go below 0.25 microns. 

Copcnding U.S. Patent Application Ser. No. 09/460,326 (Allen et al.), discloses porogcu 

particles that are substantiully compatibilizcd with B-staged dielectric matrix. materials. 

However, this patent application docs not broadly teach how to prepare porous dielectric layers 

containing organo polysilica materials. 

U.S. Patent No. 5,895,263 (Carter et al.) discloses a process for manufacLuring an 
integrated circuit device containing an organo polysilica porous dielectric layer. fa this patent, 

the porous organo polysilica layer was prepared by incorporating a decomposable polymer. A 

long list of decomposable polymers is disclosed, including cross-linked, insoluble nanosphcres. 

The '263 patent does 11ot disclose how to prepare such nanosphercs nor bow to compatibilize .· . 

. such nanosphe1"CS with the organo polysilica dielectric matrices. . 

Other methods of preparing porous dielectric malerials are known, but suffer from broad 

distributions of pore sizes, too large pore size, such as greater than 20 microns, or technologies 

that arc too expensive for commercial use, such as liquid extractions under supercritical 

conditions. 

There is thus a need for improved porous organo polysilica dielectric matrix matcrii:i.ls 

with substantially smaller pore sizes and a greater percent by voJume of pores for use in : 

electronic components, and in particular, as an interlayer, or interm.ctal, 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 porogcns) 

iucorporated into m.1 orga110 polysilica dielectric matdx 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. 
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In a first aspect, the present invention is directed to a method of preparing porous organo 

polysilica dielectric materials including tlie steps of: a) dispersing removable cross-linked 

polymeric porogen in a B-stagcd organo polysilica dielectric material; b) curing the B-staged 

organo polysilica dielectric material to form an organo polysilica dielectric matrix material 

without substantially degrading the porogen; and c) subjecting tbe organo polysilica dielectric 

matrix material to condilions which at least partially remove the porogen to fonn a porous 

organo polysi1ica dielectric material without substantially degrading the organo polysilic~ 

dielectric material; wherein the porogen is substantially compatible with the B-stagcd organo 

polysilica dielectric material and wherein the porogcn includes as polymerized units at least one 

compound selected from silyl containing monomers or poly(alkylene oxide) monomers and one 

or more cross-linking agents. 

Jn a second aspect, the present invention is directed to porous organo polysilica dielectric 

matdx materials prepared by the method described above. 

In a third aspect, the present invention is directed to a method of' preparing an integrated 

circuit including the steps of: a) depositing on a substrale a layer of a composition including B­

staged organo polysilica dielectric material having cross-linked polymeric porogen dispersed 

thcrcin;.b) curing tho B-staged organo polysilica dielectric material to form an_organo polysilica 

dielectric matrix material without substantially removing the porogen; c) subjecting tho organo 

polysilica dielectric matrix material to conditions which at least partial1y remove tne porogen to 

fonn a porous organo polysilica dielectric material layer without substantially degrading the 

organo polysilica dielectric material; d) patterning the organo polysilfca dielectric layer; e) 

depositing a metallic film onto the patterned organo polysilica dielectric layer; and f) planarizing 

the film to fonn an integrated circuit; wherein the porogcn is substantially compatible with the 

B-stagcd organo polysilica dielectric material and wherein the porogen includes as polymerized 

units at least one compound selected from silyl containing monomers or poly(alkylene oxide) 

monomers and one or more cross-linking agents. 

In a fourth aspect, the present invention is directed to an integrated circuit prepared by 

the method described above. 

In a fifth aspect, the present invention is <lircctcd to a composition including a 13-ste.ged 

organo polysilica dielectric material and a cross-linked polymeric porogen, wherein tho porogcn 
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is substantially compatible with the B-staged organo polysilica dielectric material and wherein 

the porogen includes as polymerized units at least one compound selected from silyl containing 

monomers or poly(alkylene oxide) monomers and one or more cross-linking agents. 

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; iun 

.... micron; UV 1:1 ultraviolet; rpm =revolutions per minute; nm JOO nanometer; g i= gram; WC°" = 

weight percent; L = liter; mL = milliliter; RI = refractive index; MIAK = methyl iso·amyl 

ketone; MIBK - methyl iso-butyl ketone; PMA = poly(mcthyl acrylate); CyHMA = 
cyclohexylmethacrylate; EG =ethylene glycol~ DPG = dipropylene glycol; DEA lll; diethylcno 

glycol ethyl ether acetate; BzA""' bcnzylacrylatc; BzMA-= benzyl methacrylate; MAPS= MATS 

""' (lrimethoxylsilyl)propylmethacrylatc; PETT A ... pcntacrythriol tctra/triacctatc; PPG4000DMA 

= polypropyleneglycol 4000 dimethacrylale; DPBPA == dipentaerythrlol pentaacrylatc; TMSMA 

... 1.rlmethylsilyl mcthacrylatc; MOPTSOMS = 

methacryloxypropyJbis(trimethy]siJoxy)methylsUanc; MOPMDMOS ... 3-

mcthacryloxypropylmethyldimethoxysilane; TAT = triallyl-1,3,S-triazine-2.4,6-(lH,3H,SH)­

trione; TBOMA = isobomyl methacrylate; PGMEA = propylcncglycol monomcthylcthcr acetate; 

and PGDMA = propyleneglycol dimethacryJate; PPOPMMST = poly(propylono oxide), 

bis(dlmcthoxymcthylsi1yl)i TMOPTMA =trimethylolpropane trimethacrylate: TMOPTA =­

trimethylolpropane triacrylate; BPEPPMS =bis polyetherpolydimethylsilanc; PPGMEA260 ... 

poly(propylene glycol) methyl ether acrylate having a molecular weight of about 260; 

PPGMEA4 75 = poly(propylene glycol) methyl ether acrylate having a molecular weight of 

about 475; PEGMEMA47S =poly( ethylene glycol) methyl ether methacrylate having a 

molecular weight of about 475; VTMS = vinyltrimethylsilane; and VTMOS = 

vinyltrimethoxysi lane. 

The term "(meth)aorylio0 includes both acrylic and methacrylic and the term 

"(meth)acrylate'' includes both acrylate and methacrylato. Likewise, the term 

.. (mcth)acrylamide" refers to both acrylamide and melhacrylamidc. "Alkyl" includes straight 

chain, branched and cyclic alkyl groups. The term "porogen" refers to a pore forming material, 
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that is a polymeric material or Jjarticle dispersed in a dielectric niaterial that is subsequently 

removed to yield pores, voids or free volume in the dielectric material. Thus, the tenns 

"removable porogen," "removable polymer" and "removable particle" are used interchangeably 

throughout this specification. The terms .. pore," "void .. and "free volume" arc used 

interchangeably throughout this specification. "Cross-linker" and "cross-linking agent" are used 

interchangeably throughout this specification. '•Polymer" refers to polymers and oligomcrs. The 

term .. polymer'' also includes homopolymers and copolymers. The terms ''oligomcr" and 

"oligomcric,, refer to dimers. trimers, tetramcrs and tho like. "Monomer" refers to any 

cthylcnically or acelylenically unsaturated compound capable of being polymerized, Such 

monomers may contain one or more double or triple bonds. 

The term ''B-staged" refers to uncured organo polysilfoa dielectric matrix materials. By 

'"uncured" is meant any organo polysilica material that can be polymerized or curcdt such as by 

condensation; to form higher molecular weigh~ materials, such as coatings or films. Such B­

stagcd material may be monomeric, oligomcric or mixtures thereof: B .. sta.ged material is further 

intended to include mix.turcS ·of polymeric material with monomers, oligomers or a mixture ·or 
monomers and oligomers. 

"Halo" refers to fluoro, chloro, bromo and iodo. Likewise, "halogenated'' refers to 

fluorinated, ch1or1nated. brominated and iodinated. Unless otherwise noted, all amounts arc 

percent by weight and all ratios are by weight. All numerical ranges arc 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 fonning material. Such porogens 

a.re useful for forming porous organo polysilica dielectric materials h1 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 

orga.no polysilica dielectric material to fonn an organo polysilica dielectric matrix material 

without substantially degrading the porogen; an<l c} subjecting tho organo polysilica dielectric 

matrix material to conditions which at least partially remove the porogen to form a porous 
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organo polysilica dielectric material without substantially degrading the organo polysilica 

dielectric material; wherein the porogcn is substantially compatible with the B-stagcd organo 

polysilica dielectric material and wherein the porogen includes as polymerized units at least one 

compound selected from sifyl containing monomers or poly(alkylene oxide) monomers and one 

or more cross-linking agents. It is preferred that when the organo polysHica is methyl 

silsesquioxane and the porogcn includes (trimethoxylsilyl)propylmcthacrylate as polyrneri7.ed 

units, lhe p()rogen further includes as polymerized units at least one other compound selected 

from silyl containing monomers or poly(alkylene oxide) monomers. 

The porogens of the present invention arc useful in reducing tl1e dielectric constant of 

organo polysilica dielectric materials, particularly those matelials having low dielectric constants 

(''k"), A low-k dielectric material is any material having a dielectric constant less than about 4. 

By 'B-staged organo polysilica (or organo siloxane) is meant a compound including silicon, 

carbon, oxygen and hydrogen atoms and having l'he formula: 

((RR1Si0)1(R
1SiO,"').,(R3Si01.J0(Si02)Jn 

wherein R, R1, R2 and RJ are independently selected from hydrogen, (C1-C6)alkyl, aryl, and 

substituted aryl; ~ c and dare independently a number from 0 to I; bis a number from 0.2 to 1; 

n is integer from about 3 to about 10,000; provided that a+ b + c + d = 1; and provided that at 

least one of R, R1 and R2 is not hydrogen. "Substituted aryl" refers to an aryl group having ono 

or more of its hydrogens replaced by another substituent group, such as cyano, hydroxy, 

mcrcapto, halo, (C1-C11)alkyl, (C1-C6)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 l. It is preferred that a is from O lo about 0.8. It is also preferred that c is from 0 to about 

0.8. It is further preferred that dis from 0 to about 0.8. In the above formula, n refers to tho 

nwnber of1·epeat units in the B-stagcd material. Preferably, n is an integer from about 3 to about 

1000. rt will be appreciated that prior to any curing step, the B-stagcd organo polysilica 

dielectric matrix ma.teria1s may include one or more of hydroxyl or alkoxy end capping or side 

chain functional groups. Such end capping or side chain functional groups arc known lo those 

skilled in the art. 

Suitable organo polysilica dielectric matrix materials include, but are uot limited to, 

silsesquioxanes, partially condensed halosilancs or alkoxysilanes such as partiaUy condensed by 
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controlled hydrolysis tetraelhoxysilane having nuntber average molecular weight of about 500 to 

about 20,000, organically modified silicates having the composition RSi03 or R2Si02 wherein R 

is an organic substitucnt, and partially condensed orthosilicatcs having Si(OR)4 as the monomer 

unit. Silsesquioxanes are polymeric silicate materials of the type RSi01.s where R is an organic 

subslituent. Suitable silsosquioxancs arc alkyl silscsquioxancs such as methyl silsesquioxane, 

ethyl silsesquioxane, propyl silsesquioxane. butyl silsesquioxane and the like; aryl 

silsesquiox.anes such as phenyl silscsquioxanc and tolyl silscsquioxane; alkyVaryl silsesquioxane 

mixtures such as a mixture of methyl silsesquioxa:ne and phenyl silscsquioxanc; and mixtures of 

alkyl silsesquioxaues such as methyl silsesquioxane and ethyl silsesquioxane. B-stagcd 

silsosquioxanc materials include homopolymers of silsesquioxanes. copolymers of 

silsesquioxanes or mixtures thereof. Such dielectric materials arc generally commercially 

available or may be prepared by known methods. 

It is preferred that t'he organo polysilica is a silsesquioxanc, and more preferably methyl 

silscsquioxanc, ethyl silsesquioxane, propyl silsesquioxane, iso-bulyl silsesquioxane, tort-butyl 

silsesquioxano, phenyl silscsquioxanc or mixtures thereof. Particularly m;eful silsesquioxanos 

include mixtures ofhydrido silsesquioxanes with alkyl, aryl or alkly/aryl silsesquioxanes. 

Typically, the silscsquioxancs useful in the present invention a.re used as oligomeric materials, 

generally having from about 3 to about 10,000 repeating units. 

It will be appreciated that a mixture of dielectric materials may be used, such as two or 

more organo polysilica dielectric materials or a mixture of an organo polysilica dielectlic matrix 

material with one or more other dielectric matrix materials, i.e. not an organo p~lysilica 

dielectric matrix. material. Suitable other dielectric matrix mateiials 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 benzocyclobute11es, p0ly(aryl esters), 

poly( ether ketoncs), polycarbonates, polyim.ides, fluorinated polyintides, polynorborncnes, 

poly(arylcnc ethers), polyaromatic hydrocarbons, such as polynaphthalcnc, polyquinoxalines. 

poly(pcrfluorinated hydrocarbons) such as poly(letranuorocthylenc), and polybenzoxazoJes. 

It is preferred that when a mixture of an organo polysilica dielectric matrix material and 

another dielectric matrix material is used. the organo polysilica dielectric matrix material is 

present as a predominant component. It is further preferred lhal lhe organo polysilica dielectric 
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matrix material in such admixtures is methyl silscsquioxane, phenyl silsesquioxanc or mixtures 

thereof. 

The porogen polymers are typically cross-linked particles and have a molecular weight or 

particle size suitable for use as a modifier in advanced interconnect structures in electronic 

devices. Typically, the useful particle size range for such applications is up to about 1,000 nm, 

such as that having a mean particle size in the range of about 0 .5 to about 1000 run. It is 

preferred that the mean pru.iicle size is in the range of about 0.5 to about 200 nm, more 

preferably from about 0.5 to about 50 nm, and most preferably from about 1 nm to about 20 nm. 

An advantage of the present process is that the size of the pores formed in the dielectric matrix 

are substantially the same size, i.e., dimension, as the sizo of the removed porogen particles used. 

Thus. the porous dielectric material made by the process of the present invention has 

substantially uniformly dispersed pores with substantially unifonn pore sizes having a mean pore 

size in the range of from O.S to 1000 nm, preferably O.S to 200 nm, more preferably 0.5 and SO 

.run and most preferably 1 to 20 run. 

The polymeric porogens include as polymerized units at least one compound selected 

from silyl containing monomers or poly(alkylcne oxide) monomers. Such silyl containing 

monomers or poly(alkylene oxide) monomers may be used to fonn the uncrosslinkcd polymer, 

used as the crosslinkcr, or both. Any monomer containing silicon may ba useful as the silyl 

containing monomers in the present invention. The silicon moiety in such silyl containing 

monomers may bo reactive or unreactivc. Exemplary •'reactive" silyl containing monomers 

include those containing one or more alkoxy or acetoxy groups, such as, but not limited to, 

trimcthoxysilyl containing monomers, triethoxysiJyJ containing monomers, methyl 

dimethoxysilyl containing monomers, and the like. Exemplary "unreactive" silyl containing 

monomel'S include those containing alkyl groups, aryl groups, alkenyt groups or mixtures 

thereof, such as but are not Umited to, trin1cthylsilyl containing mouomers, t.riethylsilyl 

containing monomers, phcnyldimethylsilyl containing monomcrst and the like, Polymeric 

porogcns including sUyl containing monomers as polymeri.,..ed units are intended to include such 

porogens prepared by the polymelization of a monomer conlaining a silyl moiety. It is not 

intended to include a linear polymer that contains a silyl moiety only as end capping units. 
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Suitable silyl containing monomers include, but are not limited to, vinyltrimethylsilanc, 

vinyltriethylsilane. vinyltrimcthoxysitane. vinyltricthoxysilane, y-trimethoxysilylpropyl 

(meth)acrylate, divinylsilanc, trivinylsilanc, dimethyldi vinylsilanc, divinylmethylsilanc, 

methylttivinylsilanc, diphenyldivinylsiJane, divinylphenylsilane. trivinylphenylsilane, 

divinylmethylphenyJsilanc, tetravinylsitane, dimcthylvinyldisiloxa11e, 

poly(methylvinylsiloxane), poly(vinylhydrosiloxanc), poly(phenylvinylsiloxane), allyloxy-tcrt­

butyldimethylsilano, allyloxytrimethylsilane, allyltriethoxysilane, aJlyltri-iso-propylsilane, 

allyltrimcthoxysilane, atlyltrimethylsilano, allyltriphenylsilane1 diethoxy methylvjnylsilane, 

diethyl methylvinylsilane, dimethyl ethoxyvinylsilane, dimelhyl phenylvinylsilane, ethoxy 

diphenylvinylsilane, methyl bis(trimeillyJsilyloxy)vinyJsiJane, triacctoxyvinyJsilanc, 

triethoxyvinylsilane. trielhylvinylsila11e1 triphenylvinylsilane, tris(lrimethylsilyloxy)vinylsilanc, 

vinyloxytrimcthylsilane and mixtures thereof. 

The amount ofsiliyl containing monome1· useful to fonn the po1"0gens of the present 

invention is typically from about 1 to about 99 %wt, based on the total weight of the monomers 

used. It is prcfctTed that the silyl containing monomers are.present in an amount of from 1 to 

about 80 %wt and more preferably from about 5 to about 75 %wt. 

Suitable poly(alkylene oxide) monomers include, but are not limited to, poly(propylene 

oxide) monomers, poly( ethylene oxide) monomers, poly( ethylene oxide/propylene oxide) 

monomers, poly(propylene glycol) (meth)acrylates, poly(propylene glycol) alkyl ether 

(meth)acrylates, poly(propylene glycol) phenyl ether (meth)acrylatcs, poly(propylene glycol) 4-

nonylpbcnol ether (meth)acrylatcs, poly( ethylene glycol) (mcth)acrylates. poly( ethylene glyco~) 

alkyl ether (meth)acl'ylates, poly(elhylcnc glycol) phenyl ether (meth)acrylates, 

poly(propylene/ethylene glycol) alkyl ether (meth)acrylates and mixtures thereof. Preferred 

poly(alkylene oxide) monomers incll.ldc trimethoylolpropanc ethoxylate tri(metb)acrylate. 

trimethoylolpropanc propoxylate tri(mcth)acrylate, poly(propylcnc 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 oxide/propylene oxide) monomers useful in the present invention may be linear, 

bJock or graft copolymers. Such monomers.typically have a degree of polymerization of from 

about I to about 50, and preferably from about 2 to about 50. 
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Ty1>ically, the amount df poly(alkyJene oxide) monomers useful in the porogcns of the 

prcscut invention is from about 1 to about 99 %wt, based on the total weight of the monomers 

usod. The amount of poly(alkylene oxide) monomers is preferably from about 2 to about 90 

%wt, and more preferably from ~bout 5 to about 80 %wt. 

The silyl contaiuing monomers and the poly(alkylene oxide) monomers may be used 

either alone or in combination to form the porogcns of the present invention. It is preferred that 

the silyl containing monomers and the poly(alkylene oxide) monomers arc used in combination. 

In general, the amount of the si\yl containing monomers or the poly(alkylene oxide) monomers 

needed to compalibHzc the porogen with the dielectric matrix depends upon the level ofporogen 

loading desired in the matrix, the particular composition of the organo polysilica dielectric 

matrix, and the composition of the porogen polymer. When a combillation of silyl containing 

monomers and the poly(alkylcnc oxide) monomers is used, the amount of one monomer may be 

decreased as the amount of the other monomer is increased. Thus, as the amount of the silyl 

containing monomer is increased in the combination, the amount of the poJy(alkylene oxide) 

monomer in the combination may be decreased. 

The polymers suitable for use as porogcns in the present invention are derived from one 

or more ethyJenically or acctylcnically unsaturated monomers including as polymerized units 

one or more compounds selected from silyl containing monomers and po1y(alkylcnc oxide) 

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

by the unzipping of the polymer chains to the original monomer units which are volatile and 

diffuse readily through the host matrix. material. By "removable" is meant that the polymer 

particles depolymeri7.e, degrade or otherwise break down into volatile components which can 

then diffuse through the host dielectric matrix film. Suitable mo11omers which may be 

copolymerized with the one or more silyl containing monomers or one or more poly(alkylcnc 

oxide) monomers or mixtures thereof include, but are not limited to: (mcth)acrylic acid, 

(meth)acrylamides, alkyl (melh)aerylatcs, alkenyl (meth)acrylates, aromatic (meth)acrylales, 

vinyl aromatic monomers, nitrogen-containing compounds and their thiowanalogs, and 

substituted ethylene monomers. 
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Typically, the alkyl (meth)acrylatcs useful in the present invention arc (C.-C24) alkyl 

(mcth)acrylates. Suitable alkyl (meth)acrylates include, but arc not limited to, "low cut,, alkyl 

(meth)acrylatcs, "mid cut" alkyl (meth)acrylates and "high cut" alkyl (mcth)acrylates. 

"Low cut" alkyl (moth)acrylates are typically those where the alkyl group contains from 

1 to 6 carbon atoms. Suitable low cut alkyl (meth)acrylales include, but are not limited lo: 

methyl methacrylato ("MMA"), methyl acrylate, ethyl acrylate, propyf methacrylate, butyl 

methacrylate ("BMA"), butyl acrylate (uBA"), isobutyl mcthacrylate ("IBMA"), hexyl 

methacrylatc, cyclohexyl methacrylatc, cyclohexyl acrylate and mixtures thereof. 

"Mid cut" alkyl (mcth)acrylates are typically those where the alkyl group contains from 7 

to 15 carbon atoms. Suitable mid cut alkyl (mcth)acrylates include, but arc not limited to: 2-

ethylhexyl acrylate ("EBA"), 2-ethylhex.yl mcthacrylatc, octyl methacrylale. dccyl mcthacrylate, 

isodecyl rnethacrylato ("IDMA", based on branched (C11,)alkyl isomer mixture), undccyl 

mcthacrylate, dodecyl melhacrylatc (also known as lauryl methacrylatc), tridecyl methacrylale, 

tetracleoyl methacrylate (also known as myristyl methacrylatc), pcntadecyl methacrylate and 

mixtures thereof. Particularly useful mixtures include dodecyl-pentadccyl mcthacrylate 

(''DPMA''), a mixture of linear and branched isomers of dodecyJ, tlidecyl, tcfradocyl and 

pe11tadecyl methacrylatcs; and lauryl-myristyl methacrylatc ("LMA''). 

"High cut" alkyl (meth)acrylates arc typically those where the alkyl group contains from 

16 to 24 carbon atoms, Suitable high cut alkyl (meth)acrylatcs include, but are 11ot limited to: 

hexadocyl mcthacrylate, heptadecyl methacrylate, octadecyl methacrylato, nonadecyl 

methacrylate, cosyl mcthacrylate, eicosyl methacrylatc and mixtures thereof. Particularly useful 

mixtures of high cut alkyl (mcth)acrylates include, but are not limited to: cetyl-eicosyl 

methacrylatc ("CEMA"), which is a mixture ofhcxadecyl, octadecyl, cosyl and cicosyl 

mcthacrylate~ and cetyl-stcaryl methacrylate ("'SMA''), which is a mixture or hcxadccyl and 

octadecyl mcthacrylate. 

The mid~cut and high-cut alkyl (mcth)acrylate monomers described above are generally 

prepared by standard csterification procedures \lsing technical grades of long chain aliphatic 

alcohols, and these commercially available alcohols are mixtures of' alcohols of varying chain 

lengths containing between 10 and 15or16 and 20 carbon atoms in the alkyl group. Examples 

of these alcohols are the various Ziegler cataly7..ed ALFOL alcohols from Vista Chemical 
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company, i.e.t ALFOL 1618 and ALPOJ .. 1620, Ziegler catalyzed various NEODOL alcohols from 

Shell Chemical Company, i.e. NEODOL 25L. and naturally derived alcohols such as Proctor & 

Gamble's TA-1618 and C0-1270. Consequently, for the purposes of this invention, alkyl 

(mcth)acrylate is intended to include not only tho individual alkyl (meth)acrylatc product named, 

but also to include mixtures of the alkyl (mcth)ac1-ylates with a predominant amount of the 

particular alkyl (meth)acrylate named. 

The alkyl (meth)acrylale monomers useful in the present invention may be a single 

monomer or a mixture having different numbers of carbon atoins in the alkyl po1tion. Also, the 

(meth)acrylamide and alkyl (meth)acrylate monomers useful in the present invention may 

optionally be substituted. Suitable optionally substituted (melh)acrylamide and alkyl 

(meth)acrylate monomers include. but are not limited to: hydroxy (~-CJalkyl (meth)acryJates, 

dialkylamino(C2·CJ-alkyl (meth)acrylates, dialky1amino(c;-CJalkyl (meth)acrylamidos. 

Particularly useful substituted alkyl (mcth)acrylate monomers arc those with one or 

more hydroxyl groups in the alkyl radical, especially those where the hydroxyl group is found at 

the (3-position (2-position) in the alkyl radical. Hydroxyalkyl (mcth)acrylate monomers in which 

the substituted alkyl group is a (<;-CG)alkyl, branched or unbranched, arc preferred. Suitable 

hydroxyalkyl (melh)acrylatc monomers include, but arc not limited to: 2-bydroxyethyl 

mcthacrylate ("HEMA"). 2-hydroxycthyl acrylate ("HEA"), 2-hydroxypropyl methacrylato, l­

methyl-2-hydroxycthyl methacrylate, 2-hydroxy-propyl acrylate, l-methyl·2-hydroxyethyl 

acrylate, 2-hydroxybutyl mcthacrylate, 2·hydroxybutyl acrylate and mixtures thereof. The 
. . .. .. 

preferred hydroxyalkyl (meth)acrylate monomers arc HEMA. J-methyl-2-hydroxyethyl 

mcthacrylate. 2·hydroxypropyl methaczylate and mixtures thereof. A mixture of the latter two 

monomers is commonly referred to as "hydroxypropyl methacrylate" or "HPMA." 

Other substituted (meth)acrylate and (mcth)acrylamide monomers useful in the present 

invention arc those with a dialkylamino group or dialkylaminoalkyl group in the alkyl radical. 

Examples of such substituted (meth)acrylates and (meth)acrylamidcs include, but arc not limited 

to: dimelhylaminocthyl methacrylatc, dimcthylami11oethyl acrylate, N,N·dimethylaminocthyl 

methacrylamido, N,N-dimethyl-aminopropyl methacryJamidc, N,N-dimethyJaminobutyl 

melhacrylamide, N,N-di-ethylaminoethyl methacrylamidc, N,N-diethylaminopropyl 

rnelhacrylamidc, N ,N-diethyJaminohutyl methaccylamidc, N-( 1, I-dimethyl-3-oxobutyl) 
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acrylamidc, N-{l ,3-diphcnyl-l ·ethyl-3-oxobutyl) acrylamide, N-( l-mctbyl-1-phenyl-3-oxobulyl) 

methacryJamidc, and 2-hydroxycthyl a.crylamide, N·melhacrylamide of aminoethyl ethylene 

urea, N-methacry1oxy ethyl morpholinc, N-rnaleimidc of dimethylami11opropylaminc and 

mixtures thereof. 

Other substituted (meth)acrylatc monomers useful in the present invention are siJicon­

containing monomers such as y-propyl tri(C1-C6)alkoxysilyl (mcth)acrylate, y-propyl tri(C1-

C6)alkylsi1yl (meth)acrylate, 'Y-propyl di(C1-CJalkoxy(C1-C6)alkylsilyl (meth)acrylatc, y-propyl 

di(C1-CJalkyJ(C1-C6)alkoxysilyl (mcth)acryla.te, vinyl tri(C1-C6)alkoxysilyl (mcth)acrylate, vinyl 

di(CrC6)alkoxy(C1-CJa1kylsilyl (mcth)acrylate. vinyl (C1-CJalk.oxydi(C1-C6)alkylsilyl 

(metlt)acrylato, vinyl tri{C1-CJalkylsilyl (meth)acrylate, and mixtures thereof. 

The vinylaromatic monomers useful as unsalllratcd monomers in the present invention 

include, but ~c not limited to: styrene ("STY'"), a-metbylstyrenc, vinyltoluene, p-­

methylstyrcnc, ethylvinylbcnzcne, vinylnaphthalcne, vinylxylencs, and mixtures thereof. "fhe 

vinylaromatic monomers aJso include their corresponding substituted counterparts, such as 

halogenated derivative.q, i.e., containing one or more halogen groups, such as fluorine, chlorine 

or bromine~ and nitre, cyano, (C1-C1o)alkoxy. halo(C1-C10)alky1, carb(C1-C10)alkoxy, carboxy. 

amino, (C1-C1o)alkylamino derivatives and the like. 

Tho nitrogen-containing compounds and their thio--analogs useful as unsaturated 

monomers in the present invention include, but are not limited to: vinylpyridines such as 2-

vinyJpyridine or 4-vinylpyridine; lower alkyl (C1-Ca) substituted N-vinyl pyridines such as 2-

methyl-S-vinyl-pyridine, 2-ethyl-5-vinylpyridine, 3-mcthyl-5-vinylpyridine, 2.3-dimcthyJ-5 .. 

vinyl-pyridine, and 2-n1ethyl-3-ethyl-5-vinylpyridine; methyl-substituted quinolines and 

isoquinolincs; N-vinylcaprolactam; N-vinylbutyrolactam; N-vinylpyrrolidone; vinyl imidnY.olo; 

N-vinyl carba:r.olc; N-vinyl-succinimide; (meth)acrylonitrile; o-. m-, or p-aminostyronc; 

maleimidc; N-vi11yl-oxazolidone; N,N-dimcthyl aminoethyl-vinyl-ether; ethyl-2-cyano acrylate; 

vinyl acctonitrile~ N-vinylphthalimide; N-vinyl-pyrrolidoncs such as N-vinyl-thio-pyrrolidonc, 3 

methyl-1-vinyl-pyrrolidone, 4-mcthyl-1-vinyl-pyrrolidonet 5-mcthyl-1-vinyl-pyrrolidone, 3-

cthyl-1 ~vinyl-pyrrolidone, 3-butyl-1-vinyl-pyrrolidone, 3,3-dimcthyl-1-vinyl-pyrrolidone, 4,5-

dimelhyl-l-vinyl"pyrrolidone, S,5-dimcthyl-1-vinyl-pyrrolidone, 3,3,5-trimethyl-1-vinyl~ 
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pyrrolidone, 4-ethyl-1-vinyl-pyn-olidone, 5-methyl-S-ethyl-1-vinyl-pyrrolidone and 3,4,5-

trimethyl-I~vinyl-pyrrolidone; vinyl pyrroles; vinyl anilines; and vinyl piperidincs. 

The substituted ethylene monomers useful as unsaturated monomers is in the present 

invention include, but are not limited to: vinyl acetate, vinyl formamide, vinyl chloride, vinyl 

fluoride, vinyl bromide, vinylidene chloride, vinylidene fluoride and vinylidene bromide. 

The polymers useful as porogens in the present invention may be prepared by a variety of 

polymerization techniques, such as solution polyme~ization or emulsion polymerization, and 

preferably by solution polymerization. The soJulion polymers useful in the present invention 

may be linear, branched or grafted and may be eopolymers or bomopolymcrs, Particularly 

suitable solution polymers include cross-Jinked copolymers. Typically, the molecular weight of 

these polymers is in the range of S,000 to 1,000,000, preferably 10,000 to 500,000, and more 

preferably 10,000 to 100,000. The polydispcrsity of these materials is in the range of 1 to 20, 

preferably 1.001to15, and more preferably 1.001to10. 

The solution polymers of tho present invention arc gcnc1-ally prepared in a non-aqueous 

solvent. Suitable solvents for such polymerizations are well known to those skilled in the art. 

Examples of such solvents include, but are not limited to: hydrocarbons, such as alkancs, 

fluorinated bydrocarbons, and aromatic hydrocarbons. ethers, kctones, esters, alcohols and 

mixtures thereof. Particularly suitable solvents include dodecane, mcsitylene, xylencs, diphenyl 

ether, garnma-butyrolactone, ethyl lactate, propyleneglycol monomelhyl ether acetate, 

caprolactone. 2-bepatanonc, methylisobutyl ketone, diisobutylkctonc, propyleneglycol 

mo11omethyl ether, decano1, and t-butanol. 

The solution polymers of the present invention may be prepared by a variety of methods, 

such as those disclosed in US Patent No. S,863,996 (Graham) and US Patent Application Ser. 

No. 09/460,326, both of which arc hereby incorporated by reference to the extent they teach the 

preparation of such polymers, The emulsion polymers useful in the present invention are 

. generally prepared the methods described in US Patent Application Ser. No. 09/460,326, 

described above. 

lt is preferred that the polymers of the present invention are prepared using anionic 

polymerization or free radical polymerization techniques. lt is also preferred that the polymers 

useful in the present invention are not prepared by step-growth polymerization processes. 
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The polymer particle porogcns of the present invention include cross-linked polymer 

chains. A11y amount of cross-linker is suitable for use in the present invention. Typically, the 

porogc.ns of the present invention contain at least 1 % by weigbtj based on the weight of the 

porogell, of cross-linker. Up to and including 100% cross-linking agent, ba.sed on the weight of 

the porogen, may be effectively used in the particles of the present invention. It is prefen·ed that 

the amount of cross-linker is from about 1 % to about 80%, and more preferably from 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 increases, the conditions for removal of tho porogcn from the dielectric matrix 

may change. 

Suitable cross-linkers useful in the present invention include di-, iii-, tetra·, or higher 

multi-functional cthylenically unsaturated monomers. Examples of cross~linkcrs useful in the 

present jnvention include, but arc not limited to: trivinylbenzene, divinyltoluene, 

divinylpyridine. divinylnaphthalene and divinylxylene; and such as cthylcncglycol diacrylate, 

trimethylolpropano triacrylatc, diethyleneglycol divinyl ether, trivinylcyclohexanc, allyl 

methacrylate ("ALMA"), elhylencglycol dimcthacrylate ("EGDMA''), diethyleneglycol 

dimetbacrylate ("DEGDMA"), propyleneglycol dimothacrylate, propylcncglycol cliacrylate, 

trlmethylolpropano trimcthacrylate ("TMPTMA''), divinyl benzene (''DVB"), glycidyl 

methacrylate, 2,2-dimethylpropane 1,3 diacrylatc, I,3-butylenc glycol diacrylate, l,3·buty1ene 

glycol dimcthacrylatc, 1,4-butanediol diacrylate, diethyJene glycol diacrylate, dicthylcne glycol 

dimethacrylate, 1,6-hexancdiol cliacrylatc, 1,6-hcxallediol dimethac1ylate, tripropylene glycol 

diacrylate, triethylene glycol dimethacrylato, t.ctracthylcnc glycol diacrylate, polyethylene glycol 

200 diacrylate, tetraethylene glycol dimethacrylate1 polyethylene glycol dimcthacrylato, 

etl1oxylated bisphenol A diacrylate, ot11oxylatcd bisphcnol A dimcthacrylate, polyethylene glycol 

600 dimcthacrylatc, poly(butanediol) diacrylate1 pentaerythritol triacrylate, trimcthylolpropane 

triethoxy triacryJate, glyceryl propoxy triacrylatc, pentaerythritol tetraacrylate~ pentacrythritol 

tetramethacrylate, dipentaerythritol monohydroxypcntaacrylate, and mixtures thereof. Silyl 

containing monomers that are capable of undergoing cross-linking may also be used as cross-

1.inkers, such as. but not limited to, divinylsilanc, trivinylsilanc, dimcthyldivinylsilane, 

divinylmethylsilane, methyltrivinylsilane, diphcnyldivinylsilanc, divinylphenylsila11e, 

trivinylphcnylsilanc, divinylmethylphenylsilane1 tetravinylsilanc, dimcthylvinyldisiloxane1 

poly(melhylvinylsiloxanc), poly(vinylhydrosiloxane), poly(phcnylvinylsiloxane), 
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telraallylsilaue, ] ,3-dimethyl tetravinyldisiloxane, 1 ,3-divinyl tetramelhyldisiloxane and 

mixtures thereof. 

The cross-linked porogen particles of the present invention may be directly added to the 

B-staged organo polysilica dielectric matrix material as is or may be first purified to remove 

impurities that might.effect the electrical or physical pmperties of electronic devices. 

Purification of the porogen particles may be accomplished either by precipitation of tho porogen 

particles or adsorption orthe impurities. 

The solution polymer porogens of the present invention typically have a weight average 

molecular weight in the range ofS,000 to 11000,000, preferably in the range of 10,000 to 

500,000 and more preferably in the range of 10,000 to 100,000. ·The solution polymer porogens 

typically have a pa11icle size up to about 1,000 nm, such as in the range of O.S to 1000 nm. It is 

preferred that the particle size is in the range of about 0.5 to about 200 11m, more preferably from 

about 0.5 about SO nm, and most preferably from about 1 nm to about 20 nm. The polydispersity 

of these solution polymers is in the range 1to20 and more preferably in tho range of 1 .001 to 15 

and most preferably in the range of 1.001to10. 

To be useful as porogens in forming porous diclcctdc materials, the porogens of the 

present invention must be at least partially removable under conditions which do not adversely 

affect the dielectric matrix material, preferably substantially removable. and more preferably 

completely removable. By "removable" is meant that the polymer depolymcrizes or otherwise 

breaks down into volalile components or fragments which are then removed from, or migrate out 

of, tlie dielectric material yielding pores or voids. Any procedures or conditions which at least 

partially remove the poroge11 without adversely affecting the dielectric matrix material may be 

used. It is preferred that the porogen is substantially removed. Typical methods of removal 

include, but arc not limited to, exposure to heat or radiation, such ast 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 porogcn. 

Tho porogens ofthc present invention can be thermally removed undc1· vacuum, nitrogen, 

argont 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 tha11 the lhermal curing temperature and lower than the theooal decomposition 
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temperature of the organo polysilica dielectric matrix material. Typically, the porogcns of the 

present invention may be removed at temperatures in the range of 150° to 500° C and preferably 

in the range of250° to 425° C. Typically, the porogens of the present invention are removed 

upon heating for a period of time in the range of 1to120 minutes. An advantage of the 

porogens of the present invention is that 0 to 20% by weight of tl1e porogcn remains aft.er 

removal from the organo polysilica dielectric matdx material. 

In one embodiment, when a porogen of the present invention is removed by exposure to 

radiation. the porogen polymer is typically exposed under an inert atmosphere, such as nitrogen, 

to a radiation source, such as, but not limited to, visible or ultraviolet light. The porogen 

fragments generated from such exposure are removed from the matrix material under a flow of 

inert gas. The energy flux of the radiation must be sufficiently high to generate a sufficieni 

number of free radicals such that porogen particle is at least partially removed. It will be 

appreciated t;y those skilled in the art that a combination of heat and radiation may be used to 

remove the porogens of lhe present invention. 

In preparing the dielectric matrix materials of the present invention, the porogcns 

described above are first dispersed within, or dissolved in, a B·staged organo polysilica dielectric 

material. Any amount of porogen may be combined with the B-staged organo polysilioa 

dielectric materials according to the present invention. The amount of porogen used will depend 

on tl1e particular porogen employed, the particular B-staged organo polysilica dielectric matedal 

employed, and the extent of dielectric constant reduction desired in tho resulting porous 

dielectric material. Typically, the amount ofporogen used is in the range of from 1to90 wt°lo, 

based on the weight of the B-stagcd organo polysitica dielectric material, preferably from 10 to 

80 wt%, and more preferably from J 5 to 60 wt%. A particularly useful amount of porogen is in 

the range of form about 1 to about 60 wl%. 

Tbe porogcns of the present invention may be combined with lhe 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 

isobulyl ketone, diisobutyl ketone. 2-heptanonc, r-butyroJactonc, s-caproJactono, ethyl lactate 

propyleneglycol monomethyl ether acetate, propylencglycol monornethyl ether, diphcnyl ether, 

anisole, n-amyl acetate, n-butyl acetate, cyclohcxanone, N-melhyl4 2-pyrrolidone, N,N,-
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dimethylpropylencurca, mesitylene, x.ylcncs, or mixtuTes thereof, to form a solution. The 

porogcn particles are then dispersed OT dissolved within the solution. The resulting dispersion is 

then deposited on a substrate by methods known in the art, such as spin coating, spray coating or 

doctor blading, to form a film or layer. 

After being deposited on a substrate, the B~staged organo polysilica dielectric material is 

then substantially cm·ed to form a rigid, cross-linked organo polysilica dielectric matrix material 

without substantially removing the porogcn particle. The curing of the organo polysilica 

dielectric matelial may be by any mea11s known in the ai1 including, but not limited to, heating to 

induce condensation or e-beam irradiation to f'acililato free radical coupling of the oligomcr or 

monomer units. Typically, the B-stagcd material is cured by heating at an elevated temperature, 

e.g. either directly, e.g. heated at a constant temperature such as on a hot plate, Ot' in a stcp.:.wise 

manner. Typically, the organo polysilica containing polymeric porogens is first annealed at a 

temperature of from about 200° to about 350° C, and then heated to a higher temperature, such as 

from about 4000 to about 4500 C to at least partially remove the porogens. Such curing 

conditions are known to those skilled in the art. 

Once the B-staged organo polysUica dieleclrlc material is cured, the film is subjected to 

conditions which remove the porogen without substantially degrading the organo polysilica 

dielectric matrix material, that is, less than 5% by weight of the dielectric matrix material is lost 

Typically, such conditions include exposing the film to heat and/or radiation. It is preferred that 

the matrix material is exposed to heat or light to remove the porogen. To remove the porogcn 

thermally, the dielectric matrix material can be heated by oven heating or microwave heating. 

Under typical thennal removal conditions, the polymeriT.ed dielectric matrix material is heated to 

about 350° to 400° C. It will be recognized by those ski11ed in the art that the particular removal 

temperature ora thermally labile porogen ~ill vary according to composition of the porogen. 

Upon removal, the porogen polymer depolymerizes or otherwise breaks down into volatile 

components or fragments which are then removed from, or migrate out of, the dielectric matrix 

material yielding pores or voids, which fill up with the cauier gas used in the process. Tims, a 

porous organo po\ysilica dielectric material having voids is obtained, where the size of tho voids 

is substantially the same as the pa11icle si:Ge 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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In general, the polymers of the present invention useful as porogcns must be dispersible, 

miscible or otherwise substantially compatible with the host dielectric matrix material in solution 

and i11 the thin film. Thus, the porogen must be soluble in the same solvent or mixed solvent 

system as the host dielectric B-stagcd material. Also, the porogen must be present within this 

solution as substantially discrete, substantially non-aggregated or substantially non-agglomerated 

particles in order to achieve the desired benefit of this invention, namely substantially uniformly 

dispersed pores with a size comparable to that of the porogen's size. This is accomplished by 

modifying the porogen composition such that it is ''compatible,, with the host dielectric matrix 

material. Thus, the use of the appropriate substituted or functional monomers at an appropriate 

concentration in the preparation of the porogen allows for complete dispersion, or preferably 

dissolution, of the porogen polymers of the present invention into the host organo polysilica 

dielectric B-staged material. 

An advantage of the present invention is that the porogens are selected so as to be 

substantially compatible, and preferably fully compatible, with the dielectric tnatcrial used. By 

•'compatible" is meant that a composition of B-staged organo polysilica dielectric material and 

porogen are optically transparent to visible light. It is preferred that a solution of B-staged 

organo polysiJica dielectric material and porogen, a film or layer including a composition or B­

staged organo polysiJica dielectric material and porogen, a composition including a organo 

polysilica dielectric matrix material haviug porogen dispersed therein, and the resulting porous · · 

dielectric material after removal of the porogen are all optically transparent to visible light. By-.~ · 

"substantially compatiblen is meant that a composition of B-stagcd organo polysilica dielectric 

material and porogcn is slightly cloudy or slightly opaque. Preferably, ''substantially 

compatible" means at least one of a solution of B-staged organo polysilica dielectric material 

and porogcn, a film or layer including a composition of B-staged organo poJysilica dielectric 

material and porogen, a composition including an organo polysilica dielectric matrix material 

having porogen dispersed therein, and tho resulting porous organo polysilica dielectric material 

after removal of the porogcn is slightly cloudy or slightly opaque. 

To be compatible, the porogen must be soluble or miscibfo 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 including the B-staged organo 

polysilica dielectric material, porogen and solvent is cast. such as by spin casting, much of the 
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solvent evaporates. Afier such film casting, the porogen must be soluble in the B·slaged organo 

polysilica dielectric material so that it remains substantially unifonnly dispersed. If the porogen 

is not compatible. phase separation of the porogen from the B-staged organo polysilica dielectric 

material occurs and large domains or aggregates form, resulling in an increase in the size and 

non-uniformity of pores. Such compatible porogcns p1·ovide cured dielectric materials having 

substantially uniformly dispersed pores having substantially the same sizes as the porogc11 

particles. 

The compatibility of the porogens and organo polysilica dielectric matrix material is 

typically determined by a matching of their solubility parameters, such as the Van Krevelen 

parameters of delta h and delta v. Sec, for example.,. Van Krevelen et al., f[operties of Polymers. 

Their Estimation and Correlation wilh Chemical Structure. Elsevier Scienlilic Publishing Co., 

1976; Olabisi et al., Polymer-Polymer Miscibility, Academic Press, NY, 1979; Coleman et al,, 

Sg_ccific Interactions and the Miscibility of Polymer Blends. Technomic, 1991; and A. F. M. 

Badon, CRC Handbook of Solubility Parameters and Other Cohesion Parameters, 2'"' Ed., CRC 

Press, 199 J • Delta h is a hydrogen bonding parameter of the material and delta v is a 

measurement orbolh dispcrsivo and polar interaction of the material. Such solubility parameters 

may either be calculated,-such as by the group contribution method, or determined by measuri11g 

the cloud point of tho material in a mixed solvent system consisting of a soluble solvent and an 

insoluble solvent. The solubility parameter at the cloud point is defined as the weighted 

percentage 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 polysiliea dielectric matrix 

material are substantially similar, the porogen will ho compatible with the dielectric matrix 

material and phase separation and/or aggregation of the porogen is less likely to occur. ft is 

preferred that tho solubllity parameters, particularly delta hand delta v, of the porogen and 

organo polysilica diclcct~i~ matrix material are substantially matched. It will be appreciat.cd 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-stagcd organo polysilica dielectric material. 

It will be further appreciated by those skHled in the art that a porogen may be compatible with 
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one B-stagcd organo polysilica dielectric material, but not another. This is due to the difference 

in the solubility parameters of the diffcre11t B-staged organo polysilica dielectric materials. 

The compatible, i.e., optically transparent, compositions of the present invention do nol 

suffer from agglomeration or long range ordering of porogen materials, i.e. the porogen is 

substantially unifo1mly dispersed throughout the B-stagcd organo polysilica dielectric material. 

Thus, the porous organo polysilica dielectric materials resulting from removal of the porogcn 

have substantially uniformly dispersed pores. Such substantially uniformly dispersed, very small 

pores arc very effective in reducing the dielectric consta11t of the dielecltic materials. The 

compatibility of the porogens of the present invention with the organo polysilica dielectric 

matlix material is achieved by preparing the porogens from al least one monomer selected from 

silyl containing monomers or poly(alkylcne oxide) monomers. 

A further advantage of the present invention is that low dielectric constant materials arc 

obtained having uniformly dispersed voids, a higher volume of voids than known dielectric 

matel"ials and/or smaller void sizes than known dielectric materials. These voids arc on the order 

of 0.S to 1000 nm, preferably 0.5 to 200 run, more preferably 0.5 to SO nm, and most preferably 

1 to 20 nm, Further, the void size can be adjusted, from 1 to lOOO nm and above, by varying the 

size of the removable porogen particles. The resulting organo polysflica dielectric matrix 

material has low stress, low dielectric constant, low rerractivc index, improved toughness and 

im1>roved compliance during mechanical contacting to require less contact force during 

compression. 

The porous organo polysilica dielectric material made by the process of the present 

invention is suitable for use in any application where a low refractive index or low dielectric 

matorial 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 diclectrio materials or the present 

invention are preferably useful in electronic and optoelectronic devices including, but not limited 

to, the fabrication ofmuliilevol integrated circuits, e.g. microprocessors, digital signal 

processors, memory chips and band pass filters, thereby increasing their performance and 

reducing their cost. 
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The porous organo polysilica dielectric matrix materials of lhe present invention are 

particuJarly suitable for use in integrated circuit manufacture. In one embodiment ofintegrat.ed 

circuit manufacture, as a first step. a layer of a composition including B-staged organo polysilica 

dielectric material havi11g a polymeric porogen dispersed or dissolved therein and optionally a 

solvent is deposited on a substrate. Suitable deposition ntethods include spin casting, spray 

casting and doctor blading. Suitable optional solvents include, but arc not limited to: met11yl 

isobutyl ketone, diisobutyl ketone, 2-heptanone, y-butyrolactone. ~-caprolactone, ethyl lactate 

propyleneglycol monomethyl ether acetate, propylencglycol monomethyl ether, diphenyl ether, 

anisolc, n-amyl acetate, n-butyl acetate, cyclohcxanone, N-methyl~2-pyrrolidone, N,N' -

dimethylpropylcncurca, mesitylene, xylcncs or mixtures thcrco£ Suitable substrates include, but 

arc not limited lo: silicon, silicon dioxide, silicon oxycarbide, silico11 gennanium, silicon-on· 

insulator, glass, silicon nitride, ceramics, aluminum, copper, gallium arsenide, plastics, such as 

polycarbonate, circuit boards, such as FR-4 and polyimide, and hybrid circuit substrates, such as 

alwninum nitride-alumina. Such substrates rnay further include thin 1ilms deposited thereon, 

such films including, but not limited to: metal nitrides, metal carbides, metal silicides, metal 

oxides, and mixtures thereof. In a multilayer integrated circuit device, an underlying layer of 

insulated. planarizcd circuit lines can also function as a substrate. 

In a second step in the manufacture of integi·ated circuits, the layer ofthe composition is 

heated to an elevated temperature to cure the B~staged organo polysilica dielectric material to 

form an organo polysilica dielectric matrix material without degrading tbe polymeric porogen. 

A catalyst, such as a Brmisted or Lewis base or Brsnstcd or Lewis acid, may also be used, In a 

third step, the resulting cured organo polysilica dielectric matrix material is then subjected to 

conditions such that lhe porogcn contained therein is substantially removed without adversely 

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 polysilica dielectric layer. Such optional cap 

layer before or ancr the porogen removal step. Suitable cap layers include dense dielectric 

materials such as, but not limited to, organo polysilica dielectric materials, silicon dioxide, 

s.iUcon oxycarbide. silicon carbide, silicon-on-insulator. silicon nitride. siHcon oxyfluorides, 

benzocyclobutene.c:;, poly(aryle11e ethers), poly{aryl esters), poly{ ether ketones), polycarbonates, 

polyimidcs, fluorinated polyimides, polynorbomenes, polyaromatic hydrocarbons such as 

polynaphthalene, polyquinoxalines, poly(perfluorinatcd hydrocarbons) such as 
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poly(tetrafluoroethylenc), arid iJOlybenzoxa?..oles. Typically. such cap layer matcria1s are 

deposited by chemical vapor deposition, physical vapor deposition or spin-on processes, or other 

methods known to those skilled in lhe ati. 

The porous organo polysilica dic1ectric material is then lithographically patterned to form 

vias and/or trenches in subsequent processing steps. The trenches generally extend to the 

substrate and connect to at least one metallic via. Typically1 lithographic paUeming involves (i) 

coating the dielectric material layer with a positive or negative photoresist, such as those 

marketed by Shipley Company (Marlborough, MA); (ii) imagcwise exposing, through a mask, 

the pltotoresist to radiation, such as light of appropriate wavelength or e~bearn; (iii) developing 

the image in the resist, e.g., with a suitable developer; and (iv) transferring the image through th~ 

dielectric layer to the substrate with a suitable transfer technique such as reactive ion beam 

etching. Optionally; an antireflective composition may be disposed on the dielectric material 

prior to the photoresist coaling. Such lithographic patterning techniques arc well known to those 

skilled in the art. 

A metallic film is then deposited onto the patterned dielectric layer to fill the trenches. 

Preferred metallic materials include, but are not limited to: copper, tungsten. gold, silv~r, 

aluminum or alloys thereof. The metal is typically deposited onto the patterned dielectric layer 

by techniques weJI known to those skilled_ in the art. Such techniques include, but are not limited 

to: chemical vapor dcposjtion ("CVD"), plasma-enhanced CVD, combustion CVD ("CCVD"), · 

electro and elcctroless deposition, sputtering, or the like. Optionally, a metallic liner, such as a 

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 11it1.idc, 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 ~etallic materia1 is 

generally level with the patterned dielectric layer. PJanarization is typically accomplished with 

chemical/mechanical polishing or selective wet or dry etching. Such planarization methods are 

well known to thoso skilled in the art. 

It will be appreciated by those ski1Ied in the art that mu1tiple Jaye1·s of dielectric material, 

including multiple layers of organo polysilica dielectric material, and metal layers may 
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subsequently be applied by repeating the above steps. rt will be further appreciated by those 

skiJled in the art tbat the compositions of the present invention are useful in any and all methods 

of integrated circuit manufacture. 

The following examples are presented to illustrate furthet· various aspects of the present 

invention, but are not intended to limit the scope of the invention in any aspect. 

,IDca.mple 1 

'fhe compatibility of a number of porogen samples in a variety of commercially available 

methylsilscsquioxanes (''MeSQ") with varying molecular weights was dctem1ined. The various 

commercial MeSQ samples tested are reported in Table 1. McSQ samples A and B are only 

methylsilscsquioxanc and Sample C is a methylphenylsilsesquioxanc. Compatibility 

determinations were perfonned by visually inspecting a film of the methyl silsesquioxane 

dielectric matrix material and porogen that was spun ca.st on a silicon wafer. All visual 

inspections wore by naked-eye under daylight. All samples were clear unless otherwise noted. 

The porogcn samples are reported as the monomers used to prepare the porogen sample along 

with the ratio of the monomers used. The indices of refraction of the samples were also 

determined. The compatibility results are reported in Table 2. Different loadings of porogcn in 

the McSQ matrices were evaluated. The loading levels are reported in Table 2 in percent by 

weight. 

Table 1 

MeSQMatrix Molecular Welgl1t Hydroxy Content 

A Higb Low 

a Low IUgh 

c Medium Medium 

Table 2 

----~---=-Po~ro.::Jg=c.."11.:..:..__ ______ --..:.!M=eSQ. Sample Porogen % 

None A 

None B 
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None c 1.502 

None A/C (9:1} l,374 

1.374 

MMNfMSOEMA/ALMA (60/30/I 0) A so smoky 

MMAtrMSOEMA/ALMA (60/30110) B 50 1.216 

MMANTMS/ALMA {45/45/10) A 50 smoky 

MMANTMS/ALMA {45/45/10) B 50 1.228 

MMAtrMSMAIALMA (45/45/J 0) A so smoky 

MMA/rMSMA/ALMA (45145/10) B so opaque 

MMAIMAPSIALMA (60/30/10) A 30 1.353 

MMAIMAPS/ALMA {60/30/10) 

MMAIMAPSIALMA (45/45/10) A 30 1.359 

MMA/MAPS/ALMA (45/45/10) 30 1.349 (smoky} 

c 30 1.SOl 

MMA/MAPS/ALMA (30/60/10} A so l,391 

MMAIMAPS/ALMA (30/60/10) B so l.36S 

MA/MAPS/ALMA (10/80/10) A so 1.376 

MA/MAPS/ALMA (10/80/10) AIC (9:1) so 
MA/MAPS/At.MA (30/60/10) A so 1.373 

MA/MAPS/ALMA (30/60/10) AIC (9:1) so 
MMAIMAPTMSMS/ALMA (10/80/10} A 50 1.364 

MMNMAPTMSMS/ALMA (10180/10) NC (9:1) so 
MMAIMAPMDMOS/ALMA (10/80/10) A so 1.372 

MMA/MAPMDMOS/ALMA (10180/10) B so 1.327 

BA/MAl>S/rMPTMA (18n2J10) A so 1.370 

DA/MAPSlrMPTMA (18n21JO) A/C (9:1) so 
BAIMAPS!rMPTMA (45/4SilO) A so 1.371 

BAIMAPSfrMPTMA (45/45/10) B so 1.323 

BNMAPS/TMPTMA (72/18/10) A 50 1.353 

BAIMAPStrMPTMA (72118/10) B so 1.263 

B so opaque 

c 50 1.440/1.502 

30 1.5 

BAIHPMA/MAPSffMPTMA (15/60/15/10) A 50 NA 

l3A/HPMA/MAPS!rMPTMA (IS/60/15/10) 30 opaque 
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AIC {9:1) so opaque 

B 50 1.272 

c so 1.508/I .502 

30 1.506 

BNUPMAIMAPSll'MPTMA ( 60/lS/J SI 10) A so 1.353 (smoky) 

DAllIPMAIMAPS!l'MPTMA (60/lS/15/10) AIC (9:1) 30 1.368 

so smoky 

B so 1.333 

c so gel 

BA/HPMAIMAPS/fMPTMA (IS/lS/60/10) A so 1.381 

BAIHPMAIMAPStrMPTMA (IS/lS/60/10) NC {9:1) so 1.390 

B 50 1.U17 

BANTMOS/DVB (80/10/10) c 50 1.523/1.502 

BANTMOS/DVB (80/10/10) AIC (9:1) so 1.360 (smoky) 

B so 1.214 

BANTMOS/DVB (8S/S/IO) c so 1.SJl/1.502 

BAIVTMOS/DVB (BS/S/10) A/C (9:1) so 1.364 (smoky) 

B 50 1.273 

PPGMEA260/VTMOSIDVB (80/10/10) c so 1.526/I.502 

PPGMBA260/VTMOS/DVB (80/10/10) A/C (9:1) 50 1.367 

B so 1.232 

A 30 1.304 

PBGMEMA475NTMOS/DVB (80/JO/l O) c so 1.520/1.502 

PEGMBMA47SIVTMOS/DVB (80/10/10) AIC (9:)) 30 1.354 

so 1.356 

B so 1.251 

A 30 1.292 

PPGMBA260NTMSIDVB (80/10/10) c so gel 

PPGMBA260/VTMS/DVB (80/10110) 30 I.SIS 

AIC (9:1) 50 l.32S 

B so 1.230 

A 30 1.334 (smoky) 

PEOMEMl\47S/VTMOSffMPTMA (80/10/10) c 30 1.510 

PEGMEMA475/VTMOSffMPTMA (80/J Oil 0) NC (9:1) so 1.329 

B so 1.210 

PEGMEMA47S/VTMSffMPTMA (80/10/10) c so 1.523 
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PEGMEMA47SNTMSffMPTMA (80/10/10) 

PPGMF.A260NTMOSffMPTMA (80/10/10) 

PPOMEA260/VTMOS/fMPTMA (80/10/10) 

PPGMEA260/VTMSfI'MPTMA (80/10/10) 

'PPGMEA260NTMSfI'Mf'TMA (80/10/10) 

BAIVTMSJTMPTM'.A (80/J 0/10) 

BANTMstrMPTMA (80/10/10) 

NC (9:1) 

B 

c 
NC (9:1) 

B 

A 

c 

NC (9:1) 

B 

A 

c 

NC (9:1) 

This Sheet Has Been Replaced· 
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so opaque 

so 1.263 

so 1.530/1.502 

so 1.371 

so 1.218 

30 1.272 {smoky) 

so 1.525 

30 1.508 

so 1.36 

so opaque 

30 opaque 

50 J.Sl2/I.S02 

30 1.SOO 

so opaque 

Smoky refers to compositions that arc very slightly cloudy. Clear samples result when 

the porogen and the MeSQ matrix material are at Jeast substantially compalib1e. Samples having 

a lower refractive index than the MeSQ control sample are indicative of dielectdc 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. 

_BxampJe2 

Porous dielectric films were prepared using polymer porogens of the present inventio11. 

A methyl silscsquioxanes ("McSQ") sample was prepared by combining McSQ matrix C 

(0.0265 g) and MeSQ matrix A ( 0.21 g) with a porogcn having as polymerized units 

PEGMEMA475/VTMOSffMPTMA (80/10/IO) in propylene glycol metbyl ether acetate (l.55 

g, 15 wt%). The sample was deposited on a silicon wafer as a thin coating using spin casting. 

The thickness (estimated at-1.3 µm) of the film was co11trollcd by the duratio11 and spin rate of 

spread cycle, drying cycle and final spin cycle. The wafer was then processed at 150° C for t 

minute foHowed 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 below 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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C per minute to a temperature of 420° C and held for 60 minutes. The decomposition of the 

polymer particle was accomplished at this temperature wilhout expansion of the polymer 
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What is claimed is: 

1. A method of preparing porous organo polysilica dielectric materials comprising the 

steps of: a) dispersing removable cross~linked polymeric porogen in a B-staged organo 

polysilica dielectric material; b) curing the B-stagcd organo polysilica diefoctric material to form 

an organo polysiUca dielectric matrix material without substantially degrading the porogcn; and 

c) subjecting the organo polysilica dielectric matrix material to conditions which at least 

partially remove the porogen to form a porous organo polysilica dielectric material without 

substantially degrading the organo polysilica dielectric material; wherein the porogcn is 

substantially compatible with the B-staged organo polysilica dielectric material and wherein the 

porogen compdses as polymerized units at least ono compound selected from silyl containing 

monomers or poly(alkylene oxide) monomers and one or more cross-linking agents. 

2. The method of claim 1 wherein the polymeric porogen has a particlo s17.o in the range 

of from about O.S to about 1000 nm. 

3. The method of claim 2 wherein the pai1iclc size is in the range of from about 0.5 to 

about 200 run. 

4. The method of claim 1 wherein the silyl containing monomer is selected from 

vinyltrimethylsilane, vinyltriethylsilane, vinyltrimethoxysilane, vinyltriothoxysilane, yft 

trimethoxysilylpropyl (meth)acrylate, divinylsilane, t.rivinylsilanc, dimcthyldivinylsilane.,,,. 

divinylmethylsilane, methyltrivinylsilane, diphenyldivinylsilanc, divinylphenylsilane, 

trivinylphenylsilane, divinylmelhylphenyisilane.. tctravinylsilane, dimetbylvinyldisiloxanc, 

poly(methylvinylsiloxane ), poly(vinylhydrosiloxane ), poly(pbenylvinylsiloxanc ), allyJoxy-tert­

butyldimethylsilane, allytoxytrimethylsilane, allyltrlcthoxysilane, allyltri-iso-propylsilanc, 

allyltrlmcthoxysitane, allyltrimethylsilano, allyltriphenylsilane, dicthoxy inothylvinylsilane, 

diethyl methylvinylsilanc, dimethyl etho~yvinylsilanc, dimethyl phen.ylvinylsilanc, cthoxy 

diphenylvinylsilane, methyl bis(trhnethylsilyloxy)vinylsilane, triacetoxyvinylsilanc, 

triethoxyvinylsilanc, tricthylvinylsilane, triphenylvinylsilane, tris(trimethylsilyloxy)vinylsilanc, 

vinyloxytrimcthylsilanc or mixtures thereof 

5. The method of claim 1 wherein the poly(alkyle11e oxide) monomers arc selected from 

poly(propylene oxide) monomers, poly( ethylene oxide) monomers, poly{ ethylene 

oxide/propylene oxide) monomers, poly(propylcne glycol) (meth)acrylatcs, poly(propy1one 
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glycol) alkyl et.her (mcth)acrylalcs, poly{propyJene glycol) phenyl ether (mcth)acrylates, 

poJy(propylcne glycol) 4-nonylphenol ether (meth)acryJates, poly( ethylene glycol) 

(meth)acrylatcs, poly( ethylene glycol) alkyl ether (meth)acrylates, poly(ethy1enc glycol) phenyl 

etber (meth)acrylates, poly(propylene/ethylene glycol) alkyl ether {mctb)acrylales or mixtures 

thereof. 

6. The method of claim l wl1erein the B-staged organo polysilica dielectric matrix 

material has the formula: 

{(RR1Si0)4(R2SiO,,$)b{R3Si01.Jc(SiOJJ11 

wherejn R, R1, R2 and R3 are independently selected from hydrogen, (C1-C6)alkyl, aryl, and 

substituted aryl; a, c and d are independently a number from 0 to 1; b is a number from 0,2 to 1; 

n is integer from about 3 to about 1 o.ooo; provided that a + b + c + d = 1; and provided that at 

least one of R, R1 and R2 is not hydrogen. 

7. The method of claim 6 wherein the silsesquioxanc is selected from methyl 

silsesquioxanc, phenyl silsesquioxane or mixtures thereof. 

8. The method of claim 1 wherein lhe polymeric porogen further comprises one or more 

cross-linkers as a polymeri7.ed unit. 

9. Tho method of claim l wherein the B-stagcd organo polysilica dielectric material 

further comprises one or more other dieloctric materials. 

1 O. A porous organo polysilica dielectric matrix materials prepared by the method of 

claim 1. 

11. A method of preparing an integrated circuit comprising the steps or: a) depositing on 

a substrate a layer of a composition comprising B~staged organo polysmca dielectric material 

having cross-linked polymeric porogcn dispersed therein; b) curing the B-staged organo 

polysilica dielectric material to form an organo polysilica dielectric matrix material without 

substantiaJJy removing the porogen; c) subjecting the organo polysilica dielectric matrix material 

to conditions which at least partially remove the porogen to form a porous organo polysilica 

dielectric material layer without substantially degrading the organo polysilica dielectric malerial; 

d) patterning the organo polysiJica dielectric layer; c) depositing a metallic film onto the 

patterned organo polysilica dielectric layer; and f) planarizing the film to fom1 an integrated 
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circuit; wherein the porogen is substantially compatible with tho B-stagcd organo polysilica 

dielectric material and wherein the porogen comprises as polymeri~d units at least one 

compound selected from silyl containing monomers or poly(alkylcne oxide) monomers and one 

or more cross-linking agents. 

12. The method of claim 11 wherein the polymeric porogen has a particle size in the 

range off rom about 0.5 to about 1000 nm. 

13. The method of claim 11 wherein the silyl containing monomer is selected from 

. vinyltrimethylsilanc, vinyltriethylsitanc, vinyltrimethoxystlane, vinyltrietho]tysilanc, y­

trimethoxysilylpropyl (meth)acrylatc, divinylsilane, trivinylsilane, dimethyldivinylsilane, 

divinylmethylsilane, methyltrivinylsilane, cliphcnyldivinylsi1anc, divinyJphenyJsilanc, 

t.rivinylphcnylsilane, divinylmethylphenylsilano, tctravinylsilane7 dimcthylvinyldisiloxanc, 

poly(melhylvinylsiloxane), poty(vinylhydrosiloxane), poly(phenylvinylsiloxane), aJlylox.y-tcrt­

butyldimethylsiJano, allyloxytrimet.hylsilan.c, allyltriethoxysilanc, allyltri-iso-propylsilane, 

allyltrimethoxysilane. allyllrimcthylsilane, allyltriphcnylsilane, diethoxy methylvinylsilanc, 

diethyl melhylvinylsilane, dimethyl cthoxyvinylsilano; dimethyl phonylvinylsilaue, ethoxy 

diphcnylvinylsilsne, methyl bis(trimethylsilyloxy)vinyJsilane, triacetoxyvinylsilanc, 

triethoxyvinylsilane, triethylvinylsilane, triphenylvinylsilane, tris(trimethylsilyloxy)vinylsilane, 

vinyloxytrimethylsilai1e or mixtures thereof. 

14. The method of claim 11 wherein the poly(alkylenc oxide) monomers are sel~tcd 

from poly(propylcnc oxide) monomers, poly(elhylcnc oxide) monomers, poly( ethylene ___ , 

oxjdc/propylene oxide) monomers. poly(propylene glycol) (mcth)acrylales;- poly{propylene 

glycol) alkyl ether (metb)acrylates, poly(propylcne glycol) phenyl ether (melh)acrylates, 

poly(propylene glycol) 4-nonylphenol ether (melh)acrylates, poly( ethylene glycol) 

(meth)acxylates, poly( ethylene glycol) alkyl ether (melh)acrylates, p~ly{cthylene glycol) phenyl 

ether (meth)acrylates, poly(propylene/ethylene glycol) alkyl ether (meth)acrylates or mixtures 

thereof. 

1 S. The method of claim 11 wherein lhe B-stagcd orga.no polysilica dielectric matrix 

material has the formula: 

31 



111111111111111111111111111111 
* C L M S * 

wherein R, R1
, R2 and R3 are independently selected from hydrogen, (C1-CJalk:yl, atyl, and 

substituted aryl; a, c and d are independently a number from 0 to J; b is a number from 0.2 to I; 

n is integer front about 3 to about 10,000; provided that a + b + c + d = 1; and provided that at 

least one of R. R1 and R2 is not hydrogen. 

16. A device prepared by the method of claim 11. 

17. A composition comprising a B-staged organo polysilica dielectric material and a 

cross-linked polymeric porogen, wherein the porogen is substantially compatible with tho B­

staged organo polysilica dielectric material and wherein the porogen includes as polymerized 

units at least one compound selected from silyl containing monomers or poly(alkylcnc oxide) 

monomers and one or more cross-linking agent 

18. The composition of claim 17 wherein the polymeric porogon has a particle size in tho 

range of from about 0.5 to about 1000 nm. 

19. Tho composition of claim 17 wherein the silyl containing monomer js selected from 

vinyltrimcthylsilane. vinyltricthylsilane, vinyltrlmethoxysilane, vinyliricthoxysilane, y­

trimcthoxysilylpropyl (meth)acrylate, divinylsilanc, trivinylsilane, dimethyldivinylsilane, 

divinylmethylsilanc, methyltrivinylsilanc, diphenyldivJny~ilanc; divinylphenylsilane, 

trlvinylphcnylsilane, divinylmethyJpbenylsilanc, tctravinylsilane, dimcthylvinyJdfsiloxanc, 

poly(methylvinylsiloxane ), poly(vinylhydrosiloxanc}, poly(phenylvinylsiloxane ). allyloxy-tcrt­

butyldimelhylsilanc, allyloxytrimethylsilane, allyllriethoxysilanc, allyltri-iso-propylsilane, 

allyltrimethoxysilane, allyltrimethylsilane, allyltriphenylsilane, dietboxy methylvinylsilanc, 

diethyl methylvinylsila11e, dimethyl cthoxyvinylsilanc, dimethyl phenylvinylsilane, etho~y 

diphcnylvinylsilane, methyl bis(trimelhylsilyloxy)vinylsilane, triacetoxyviny_lsilanc, 

triethoxyvinylsilane, triethylvinylsilane; triphenylvinylsilane, tris(lrimcthylsilyloxy)vinylsilane, 

vinyJoxytrimethylsilane or mixtures thereof. 

20. The composition of claim 17 wherein the B-stagcd organo polysilica dielectric 

matrix material has the f01mula: 

((RR1SiO)"(R2Si01.s)11(R3SiOu)c(SiOJa1)11 

wherein R. R1
, R2 and R3 are it1dependcntly selected from hydrogen, (C1-CJalky1, aryl, and 

substituted aryl; a, c and d are independently a number from 0 to 1; b is a number from 0.2 lo 1; 

32 



---------~===-=== ....... --..~=~-~--~·-·-~--=-~~~~~--~--~··· --. ...,....-··.--.--.· .. ·- ------.··· 

111111111111111111111111111111 
* C L M S * 

n is integer from about 3 to about 10,000; provided thal a+ b + c + d = l; and provided that at 

Jeast one of R, R 1 and R2 is not hydrogen. 

21. The composition of claim 20 wherein the silsesquioxanc is selected from methyl 

silsesquioxane, phenyl silsesquioxanc or mixtures thereof. 

22, The composition of claim 17 wherein the poly(alkylcnc oxide) monomers are 

selected from poly(propylene oxide) monomers, poly( ethylene oxide) monomers, poly( ethylene 

oxide/propylene oxide) monomers, poly(propylene glycol) (meth)acrylatcs, poly(propylcne 

glycol) alkyl ether {mcth)acrylates, poly(propylene glycol) phenyl ether (mcth)acry1ates, 

poly(propylcne glycol) 4-nonylphenol ether (mcth)acrylates, poly(ctbylene glycol) 

(mcth)acrylates, poly( ethylene glycol) alkyl-ether (mcth)acrylales; poly(ethy1ene glycol) phenyl 

ether (mcth)acrylates, poly(propylene/ethylcne glycol) alkyl ether (meth)acrylates or mixtures 

thc;reof. 

23. The composition of claim 17 wherein the porogen Js fully compatible with the B­

staged organo polysUica dielectric material. 
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