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DIEJ.ECTRIC COMPOSITION 

Background of the Invention 
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This invention relates generally to the field of dielectric compositions. In 

p~ar, this invention relates to dielectric com.poSiti.ons having low volatile 

organic compound content. 

A present trend:in the printed wiring board industry is toward high density 

interconnected circuitry. Such cireuit:ry lias. an increased number of circuit layers 

in a boa:rd with a decreased width of f~rmed lines and spaces. Typically, a circuit 

board is manufactured by fust constructing all circuits separately and laminating 

these layers together. :Drilling and met8llization of the drilled holes is then 

pexfm:m.ed to el.ectrical;t.y ~ect the layers. Recently, a new method o£ 

manu.factu.rlng multilayer circait bouds has been developed to address inaeased .. . 

densilication. -Such new method sequentially builds ·ci:rcuit layers on a substrate. 

Substrates used in conventional multilayer printed circuit boards typically include 

glass cloth reinforced coppeJ:-clad plastic substcates that range in thiclmess from 4-

8 mils for the insulati.ve plastic alone. 

In a typical process for sequenti,al building Ofcircuitlayers, a definable 

dielectric material is coated onto an appropriate substrate eithex- as a solution :in a 

·solvent, which includes a drying step, or as a p:re-dried :61m resident on polyester. . . 

The definable coating is then lit'!iographically prooessed by exposlUe and 

development to provide lines, spaces and vias as required by· the circu:i.t design. 

Alternatively. such structures may be defined by laser drilling which uncovers an 

area onto which an electrical connection can be made from the upper, ju.st coated, 

layer. The definable coating is then adhesion promoted and plate~ followed by a 

print and etch operation that defines th~ next circuit layers. The above process is 

then :repeated until the de.shed number of layers andinteJ:connecti.ons are achieved. 

In general, the de~nable dielecttlc materials are dissolved in a solvent. For 

example, US Patent No. 5~62,2807 herein incoi:porated by reference, describes a 
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process of sequentially building a printed circuit board using a dielectric material in 

a solvent. Once a coating of the dielectric material is applied to the substrate, it 

must be dried prior to lithogi:aphlc processing. In this d:cying step, a large amount 

of vo.latile organic material is generated, e.g., from evaporation of the solvent. In 

some areas of the wo:.r:ld the emissions of volatile organic compounds \VOCj are 

regulated or prohibited. Thus, the volatilized solvent from. the drying step in the 

dielectric coating process must be contained, which greatly adds to the cost and 

inconvenience of the process. 

Another method of application is from a dry film construction. In this 

method, a sol~nt-bom.e di.electric coating is fixst coated onto ·a carria- sheet, then 

the ·solvent is removed by heating. 

Photodefinable dielectrics must contain components that make the coating 

developahle, that is, components which make the dielectrics either more or less 

soluble in the developer. Th.us, photodefined areas are created during exposure of 

the photodefinable coatings to the developer, u.pon which copper can be later 

deposited. The developahle components used in the dielectric coatings axe typically 

highly polar compounds, which helps their solubility. Unfortunately, such . 

develop able components increase the dielectric constant of the dielectric ~atin~ 

wlri.ch must be as low as possible for circuitry applications. 

Low sui:face tack is an :important property of known di.electric coatinglS as 

such dielectric coating will come into direct contact with artwork during the 

photodefi.Ding process~ The surface tack of the dielectric coating needs to be low 

enough such that the artwork can slide over the su.:rface of the dielectric coating for 

ease of registration with the dielectric coated substrate. Such low suxface tack 

.concerns limit the available low dielectric material formulations. 

Jn the course of applying the dielectric. either from. solvent or from dry :film 

constru.cti.on, the problem of planarization occurs since the coatings are applied over 

three-dimensional structures. When solvent-borne dielectric :material is used, the 

liquid w.ill planarize, however, during evaporation af the solvent, the thickness of 
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the material shrinks to a percentage of the formulation. The amount of shrinkage 
. . 

will be the same whether over a raised circuit or in the valley between_ As the 

solvent evaporates, the remaining dielectric will sbrink to conform to the different 

heightsJI resulting in a .three-dimensional surface. This is also true of dry film 

construction which has a uniform film thickness. When applied to a three­

dimensional structure, the film will conform to the uneven surface. 

Thus. there is a need in the art for dielectric coatings that have low volatile 

organic compound content, low dielectric constants, avoid the issue of surface tack 

and have improved planaxizati~. 

Sum.m.a:ryoftheinventi.on 

The present invention p:rov.ides such dielectric compositions. The advantages 

of the present :invention are that the amount of volatile organic components are 

greatly reduced, post e:s:posure bake is avoided, development of the dielectric 

compositions iS avoide~ planariza'fion is improved and su.xface tack issues are 

avoided.. 

Jn a first aspect; the present inven1ion provides a composition including: a) 

from I to 99% by weight of at least one low c1ielectric constant, crosslinkable 

material; b) fr:om 1 to 99% by weight of at least one reactive diluent; and c) 

optionally one or more. additives; wherein the com.position is substantially :free of 

organic solvent. 

In a second aspect, the present invention provides a composition including: a) 

from ¥0 to 80% by weight of at least one low dielectric constant, crosslinkable 

material; b) from 10 to 80% by weight of at least one crosslinking agent; c) from O_l 

to 25% by weight of at-least one catalyst including acid genexators, photoacid 

generators, therm.al base generatoxs, photobase gen~ators, or mixtures ther~f; d) 

from 5 to 60% by weight of a reactive diluent; and e) optionally one or more 

·additives; wherein the composition is substantially free af' organic solvent. . 
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In a third aspect, the present invention provides a process for manufacturing 

circuit boards including the steps of applyiilg a dielectric composition to a substrate; 

thermally cw:ing the dielectric composition; p:roviding one or more or lines, spaces 

or vias in the diel.ectrlc composition; promoting adhesion; and plating the dielectrlc 

layer with a conductive metal; wherein the dielectric composition includes a) from 1 

· to 99% by weight of at.least one low dielectric constant, Cl:'Osslinkable material; b) 

from 1 to 99% by weight of at least one reactive diluent; and c) optionall:r one. or 

more additives; wherein the composition is substantially free of organic solvent. 

In a fourth aspect1 the present invention pxcwides a process for 

manufacturing circaifboards including the steps af applying a dielectric 

composition to a substrate; thermally curing the dielectric composition; providing 

one ar more or lines. spaces or vitls in the dielectric composition; promoting 

adhesion.; and plating the dielectric layer with a conductive metal; wherein the 

dielectric com.position includes a) froni 20 to 80% by weight of at least one low 

dielectri.c constant, cxosslinkable material; b) froxn. 10 to 80% by weight of at least 

one crosslinking ageni; c) :&om. 0.1to25% by weight o£ at least one catalyst 

including therm.al acid generators, photoacid generators. thexUlal base generato-rs. 

photobase generato:rs,·ox mixtures thereof; d) from 5 to 60% by weight af a reactive 

diluent; and e) optionally one or more additiyes; wherein the composition is 

substantially free of organic solvent. 

In a fifth aspect, the present inventi..on provides a substrate coated with a 

dielectric composition ·as described above. 

In a sixth aspect, the present invention provides a pr6cess for providing a 

dielectric coating on a· substrate including the steps af prepar.ing a melt of a 

di.electric polym.En:, and applying the melt to the substrate. 

In a seventh aspect, the present invention provides a process for prep axing a 

substrate having a dielectric coating including the steps of applying a dielectric 

·com.position as described above to form a coating on the substrate and curing the 

coating. 
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Detailed Description of the Invention 

.As used throughout the specification, the following terms shall have the 

follo'Wing meanin~, ullless the context clearly indicates othe:rwise. 

The terms "printed wiring board .. and "printed cixcuit board" are used 

interchangeably through the specification. The terms *polymer" and "polymeric" 

include dixnei:s, trimers, oligomers, and the like. "Polymer" xe£ers to both 

homopolymers and copolymers. The term "polymexP i.ncl.u,des linear polymers, block 

copolymers and graft c:Opolymers. "Crosslinking agents" and "crosslinkexs" a:re used . . 
interchangeably throughout the specifi.cation. "(M:eth)acrylic• refers to both acrylic 

and methacrylic. Likewise, "(meth)acxylate• refers to both acrylate and 

m.ethacrylate and "(meth)acrylamide'!' refers to both acrylamide and 

methacrylamide. The texm •alkyl" includes linear, branched and cyclic alkyl_ 
- . 

All xati.os and am.ollnts are by weight, unless otherwise noted. All num.eri.cal 

ranges are inclusive, unless otherwise noted. The following abbreviations are used 

thxoughout the specifica:ti.on: pph ==parts per h"UD.dred; F ::: Fahrenheit; C = 
Centigrade; cps = centipoise per second; and asf ;::= amps per sqwu-e foot. 

The dielectric com.positions of the present invention include at least one low 

dielectric constant, crossl:hikable material and at least one xeactive diluent. The 

dielectric com.position$ of the pJ:esent invention may option~ include one or more -

of cross]inlring agent{s), catalyst(s) and additive(s). Preferahly, the dielectric 

compositions of the present invention in.elude at least one low dielectric constant, 

crosslinkable mater.ial, at least one crosslinlcing agent, at least one catalyst, at least 

o::o.e reactive diluent, and optionally one or more addi1ives. .Any low dielectric 

constant material that is thermally curable and reacts with ~e reactive diluent 

during the therm.al curing step is suitable for u.se in the present inventiori.. By low 

dielectric constant material is meant a material having a dielectric constant below 

4.0, and preferably below 3.0. By them> ally curable is meant a material that cures 
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in the range of 100° to 500° .C, and preferably in the range of 100° to 800° C. The 

low dielectric constant material llSeful in the present invention may be monomeric 

or polymeric. 

Typically, the low dielectric material is present in the compositions of the 

present invention in an amount in the range of 1 to 99% by weight, based on the 

total weight Qf the composition. It is preferred that the amount of the low dielectric 

material is in the range of 20 to 80% by weight, and more preferably in the range of 

25 to 60%. 

The low dielectric materials useful in the present invention are well known 

and generally commercially available. Suitable low dielectric materials are 

described in US Pat. No. 5,262,280, herein inco:r:pora,ted by reference to the extent it 

discloses such materials. Suitable low dielectric constant, crosslinkable material 

includes, but is not limited to: polybutadiene, functionali%ed polybutadiene, 

• polyphenyleneoxides, funciio~_alized polyphenylene~des, p~lyimides, 

functionalked polyimides, poly.fluorocarbons, functionalized polyfluorocarbons and 

mixtures thereof. By "functionalized" is meant that the low dielectric material is 

substituted with a group that can be crossl:inked with another compound., such as a 

compound containing a vinyl gxoup, an acrylate, or an epoxy group. It is preferred 

that the low dielectric constant, crosslinkable material includes epoxiclized 
. . 

polybutadiene, such as oligom.erlc epoxidized rubber. It will be appreciated that 

combinations of dielectric material may be used successfuily $n the present 

invention. Thus, mixtures of monomers and polymers are contemplated by the 

present invention. 

Reactive diluenis useful in the present invention are any compounds that are 

miscible with all the components of the composition and do not adversely affect the 

function aI the dielectric material. The reactive diluents may be used to adjust the 

viscosity of the coating for various applications. For example, such reactive 

diluents may be a low. viscosity o:r viscosity J:educing material. The :reactive 

diluent.s have the advantage of functioning as solubilizing components fox- the 
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com.positions of the present invention but also cure as part of the final coating, thus 

avoiding the problem. of volatile organic compounds. The reactive diluents useful in 

the present invention ~ay also function as crosslinking agents. 
. . 

Suitable reactive diluents useful in the present invention include, but are not 

limited to: (meth)acryiic acid monomers or polymers, alkyl (meth)aaylate 

monomers or polymers, (meth)acrylamide monomers and polymers, low molecular 

weight acetals, vinyl ethers, poly(vinyl ethers), polyimides, polyamides, 

polyetherimides, urethanes and epo:xies. It is preferred that when a urethane is 

used as a reactive diluent, that it is used in combination with ·anoth~ reactive 

diluent. Prefened reactive diluents are (meth)acrylic acid monopiers or polymers, 

alkyl (meth.)acrylate monomers or polymers. (meth)acrylamide monomers and 

pofymen and epoxies. Epoxies are more preferred as reactive dil.11ents. By low 

molecular weight acetals are meant acetals having a molecular weight up to about 

1500 Daltons-

Typically, the alkyl (meth)aczylates useful in the present invention are (C1~ 

Ca4) alkyl (meth)acrylates. Suitable a:µcy-1 (meth)aceylates include, but are no:t 

limited to., "low cnt" alkyl (meth)acrylates, "mid cuf' alkyl (meth)acrylates and 

'1rl.gh cu.ii" alkyl (meth)acryla~s. 

"Low cut" alkyl :(meth)acrylates are typically those where the alkyl group 

contains from 1 to 6 ·carbon atoms. Suitable law cut alkyl (meth)ac:rylates include, 

but are not limited to:: methyl metha.crylate (.'"l\{MA")) methyl acqlate, ethyl 

acrylate, propyl methac:rylate, butyl methacrylate ('"BMA"), butyl aaylate \BA"), 

isobutyl methacrylate: ("IBMAj, hexyl methacrylate, cyclohexyl methacrylate, 

cyclohexyl acrylate arid mixtures thereo£ 

"Mid cut" alkyl (meth)ac.eylates are typically those where the alkyl group 

contains from 7 to 15 caxbon atoms. Suitable mid ~t alkyl (meth)acrylates include, 

but are not limited to: 2-ethylhexyl acrylate ("EHA.j, 2-ethylhexyl methacrylate, 

octyl methacrylate, decyl methacrylate, isodecyl methacrylate ("IDMA", based on 

branched (C1o)alkyl isomer mixture), undecyl methacxylate. dod.ecyl m.ethacrylate 
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(also known as lauxyl inethacrylate), trldecyl m.ethacrylate, tetrad.ecyl methacrylate 

(also known as myristyl methaccylate), pentadecyl methacrylate and :m:ixtures 

thereof. Particularly useful mixtures include dodecyl-pentadecyl methacrylate 

(*DPMA"), a .mixture of linear and branched. isomers of dodecyl, tri.decyl, te~adecyl 

andpentadecyl niethaccylates; andlauzyl-myrlstyl methacrylate ("LMA.j. 

"High cut" alkyl (meth)acrylates are typically those where the alkyl group 

contains froxn 16 to 24: carbon atoms. Suitable high cut alkyl (meth)acrylates 

include, but are not limited to: hexadecyl methaCJ:ylate, heptadecyl methacrylate, 

octadecyl methacrylate, nonadecyl methacrylate, cosyl metb.acrylate, eicosyl 

methacxylate and mixtures thereof. Parti.cular.ly useful ~es of high cut alkyl 

(meth)acrylates include. but are not limited to: cetyl-eicosyl methacrylate 

\OEMA"), which is a mixture ofhexadecy.I, octadecyl, cosyl and eicosyl . 

methacrylate; and cet;l-stearyl methacrylate ('SMAj, which.is a mixture of 

hexadecyl and octadecyl metb.acrylate. 

The mid-cut and bigh.--cut alkyl (m.eth)acrylate mono:rne:rs described above are 

generally prepared by stan.daxd esterifi.ca.tion procedures using teclinical gxades ~ 

long chain aliphatic alcohols. and these commercially available alcohols ai:e 

mixtures of alcohols of varying chain lengths containing between 10 and 15 or 16 

and 20 carbon atoms in the alkyl group. Exam.pies of these alcohols ~e the various 

Ziegler catalyzed Alfol alcohols f:com VJSta Chemical company, i.e .• Alfol 1618 and 

Alfol 1620, Ziegler catalyzed various Neodol alcohols :&om ~ell Chemical 

Company, ie. Neodol 25L, and naturally derived alcohols suCb. as Pxocter & 

Gamble's TA-1618 and C0-12.70. Consequently, for the purposes of this inventi.011., 

alkyl (ni.eth)acrylate is intended to include not only the individual alkyl 

(meth)acrylate product named,. but also ·to include m:ixb.U:es of the alkyl 

(meth)acrylates with a predominant amount.of the pm:ticular alkyl (meth)acrylate 

named. 

The alkyl (meth)acrylate :monomers useful in the present invention may be a 

single man.om.er or a mixture having different numbers of carbon atoIJl.S in the alkyl 
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portion. Also, the (meth)accylamide and alkyl (meth)acrylate monomers useful in 

the present invention may optionally be substituted. Suitable optionally 

substituted (meth)ac:rylamide and alkyl (meth)acrylate monomers include, but are 

not limited to: hydroxy·(C2-Ce)alkyl (meth)acrylates, dialkylandno(C2-CG)-a1kyl 

(meth)acrylates, dialky.lamino(C2-Cs)alkyl (metb.)acrylamides. 

Particulax-ly u.s~ substituted alkyl (meth)acrylate monomers are those 

with one or more hydroxyl groups in the alkyl radical, especially those where the 

hydroXyl group is found at the ~-position (2-position) in the alkyl radical. 

Hydroxyalkyl (meth)acirylate monomers in which the substi.tuf;ed alkyl g:roup is a 

(C2-CG)alkyi bxanched or unbranched, are preferred. Suitable hydroxyalkyl 

(meth)acrylate monomers include, but are .not limited to: 2-hydroxyeth.yl 

methacrylate \HEMAi. 2-hydroxyeth.yl acrylate ("HEAj, 2-hydroxypropyl 

methacrylate, l-methyi-2-hydroxyethyl methacrylate~ 2-hydroxy-propyl acxy-late, 1-

metb.yl"2-hydroxyethyl: acrylate, 2-hydxoxjrbuty). metha,ceylate, 2-hydroxybutyl 

acrylate and mixtures thereof. The prefer.red hydroxyalkyl (meth)acrylate 

monom.exs are HEMA, .1-methyl-2-hydroxyetb.yl methacryla.te, 2-hydroxypropyl 

methacrylate and mixfu.tes thereof. A mixture of the latter two m.onom.ers is 

commonly refex-red to as "hydroxypropyl methacrylate" o:r EPMA. 

Other substituted (meth)acrylate and (meth)acrylamide monomers useful in 

the present invention are those with a di.alkylamino group or dia1kylaminoalkyl 

group in the alltyl ra~ Examples of such su.bstituted.(meth)aerylates and 

(meth)acxylamides Diclude, but are not limited to: dimethylaminoethyl 

methacrylate, dim.ethylaminoethyl acrylate, N,N-dimethylaminoethyl 

methac:r.ylamide, N.~-Climethyl-aminopropyl methac:rylamide~ N,N­

dimethylaminobutyl m.ethacrylamide, N.N-di-ethylaminoethyl methacrylamide, 

N,N-diethylaminopxop:yl methac:r:ylamide, N ,N-diethyJaminobutyl methacrylamid.e, 

N-(l,l-d:im.ethyl-8-oxo'butyl) ao:ylamide, N-{l,3-diphenyl-1-ethyl-3-o:xobutyl) 

acrylamide, N-(1-methyl-1-phenyl-3poxobu.tyl) methacrylamide, and 2-hydroxyethyl 
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acxylamide, N-meth.acrylamide of amin.oethyl ethylene u.re~ ~-methacryloxy ethyl 

morpholine, N-maleimide of d.UnethylaminopropyJamine and mixtures thereof. 

The epoxies useful as reactive diluents in the present :invention in.elude, but 

are not limited to: mono-, di~ and tri-functional low viscosity epmcies7 so.ch as 

glycidyl butane ether and glycidyl butane diether. 

More than one reactive diluent may be used successfully in the present 

invention.. I~ will be appreciated by those skilled in the art that more than one 

reactive diluent may be needed to achieve a desired viscosity or solubility of the 
. . 

components of the com.posi1ion or both.. Typically, the reactive diluent is present in . .. 
the cOlllpositi~ns of the invention in a range of 1. to 99% by weight, based on the 

weight of the composition. It is preferred that the amount of the reactive cliluent is 

5 to 60% by weight. m0re preferably 15 to 55%7 and even more preferably 20 to 50%. 

Any aromatic or aliphatic ctOSslfokin g agent that reacts with the low 

dielectric constant material is suitable for u.se in the present invention. Such 

crosslinking agent.a will cure to form a polymerized network with the low dielectric 

material. Such crossH?'1dng agents m.ay be monomers or polyxnen. It will be 

appreciated by those skmed in the art that combinations of aosslinking a.gents may 

be used successfully in the present invention. 

Suitable crosSfinking agents useful in the present invention include, but axe 

not limited to: phenolic resinst amine containing compounds, epoxy containing 

materials, compo'llllds:containing at least two vinyl ether groups, allyl substito.ted 

aromatic compoUJJ.ds, and combinations thereof. Preferred crosslinking agents 

include phenolic xes:inS and amine contruning compounds. 

Suitable phenolic resin~ include, but are not limited to: phenol aldehyde 

condensates (known in the art as the novolak resins)~ homopolymers and 

copolymexs of alkenyl.phenols, paxtially hydrogenated novolak. and 

poly(vinylphenol) resfus, polymers con.taming phenolic units and nonarom.ati.c cyclic 

alcohol units, and homopolym.exs and copolymers ofN-hydroxyphenyl-maleimides. 
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Of the phenolic resins suitable as crosslinkers for the compositions of the inventionT 

the novolak resins a:ce preferred. 

Novolak :resins are the thexmoplasti.c condensation product of a phenol and 

an aldehyde. Examples of suitable phenols for condensation with an aldehyde, 

especi.ally fo:rmaldehyde, for the formation of novolak resins, include phenol; m­

cresol; o-cresol; p-cresol; 2,4-x:ylenol; 2,5~xylenol; 3,4-xylenol; 3,5-xylenol; thyrool 

and m:ixtures thereof. An acid catalyzed condensation reaction results in the 

formation of a suitable· novolak resin which may vaxy in molecular weight from 

about 500 to 1007 000 chtl.tons. Pxe£erred novol.ak resins lliclude phenol 

formaldehyde condensation pxoducts, cresol formalclehyde condensation products7 

and mixtures thereof. 

In gen~ novolak resU1s are made following procedures Jm,own and 

disclosed in numerous:publications such as DeForest, Photoresist Materials and 

Processes, McGraw-Hill Book Company, New York, Ch. 2, 1975; Moreau, 

Semiconductor Lithography Principles, Px:actices and Materlals, Plenum Press, 

New York, Chs- 2 and 4, 1988; and Knop and Pilato, Phenolic Resins, Spr.inger­

Verlag, 19851 all said publications incorporated herein by :reference to the extent 

they teach the prepaxati.on and use of novolaks and othet phenolic resins. 

Poly(vinylphenol) resins are thennopla.stic materials that may be f~ed by 

block polymerization, emulsion polymemation or soluti;on poI.ym.erization of 

con:esponding monom~ in the presence of a cationic catalys~- Vmylphenols used 

for production of poly(vinylphenol) resins may be prepared, for example, by 

hydrolysis of commexciall.y available coumarins or substituted coumarins, followed 

by d.ecarboxylation of the resulting hydroxy cinna:mic acids. Useful vinyl phenols 

may also be prepared by dehydration of the corxesponding hydroxy alkyl phenol or 

by d.ecarbo~lation of hydroxy cinnam.ic acids resulting from the reaction of 

substitu.ted or non"substitu.ted hydroxy benzaldehydes with malonic acid- Preferred 

poly(vinylphenol) resins prepared from su.ch vin.y.l phenols have a molecnlar weight 

range of from about 2;000 to about 100,000 daltons. Procedures for the formation. of 
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poly(vinylphenol) resins also can be found in U.S. Pat. No. 4,439,516, incorporated 

herein by reference to the extent this patent teaches the preparation of these 

coxnpounds. Many useful poly(v.iny]phenol) resins are commercially available from 

Maruzen Ccn:poration, Tokyo, Japan. 

The polymers containing phenolic units and nonaxoxnati.c cyclic alcohol units 

that are suitable for use in the present invention are analogous in structure to the 

novolak resins and poly(vinyl;phenol) resins. Such copolymer resins are described 

in European Patent Application No. 0 401499, incorporated herein by reference to 

the extent this application teaches the preparation of these.compounds. 

The homopolymers and copolymers of N-hydro~henyl maleimides useful in 

the present invention_include those disclosed in European Patent Application No. 0 . 

255 989, incorporated herein by reference to the extent this application teaches the 

preparation of these compounds. 

The amine con:taining compounds useful as crosslinking agents in the 

present invention include, but are not limited to: a melamine monom.er or polymer, 

melamine-form.aldehyde res.ins, benzogo.anamme-foxm.aldehyde resins, mea­

formaldeb.yde resins, glycoluril-form.aldehyde resins, and combinations thereof. 

These resins may be prepared by the :reaction of acrylamide or methacrylamide 

copolymers with formaldehyde in an alcohol-containing soluti~ or altexnatively by 

the copolymerlzation af N-alkoxy.methylaczylamide o:c meth.acrylamide with other 

suitable monomers. Particularly suitable ~e-based cxos~ers include the 

meJ.amfoes manufactured by Cytec of West Paterson, ~ew Jei:sey, such as CY.MEL™ 

800, 801, 303, 350, 370, 380, 1116and1180; benzoguanamine resins such as 

CYMEL'IM 1123and1125; the g]ycoltuilresins CYMEL-n.s: 1170, 1171and1172; and 

the urea-based resins BEETLE™ 60, 65 and 80, also available from Cytec, West 

Paterson, New Jersey. A large number of similar amine-based compounds are 

commercially available from various suppliers. 

Melamines are the preferred amine-based crosslinkers. Particularly 
prefei:red are melamine formaldehyde resins, ie., xeaction products of melamine 
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and form.aldehyde. These xesins are typically ethexs such as trialkylol melamine 

and hexaalkylol melamine. The alkyl group may have from 1 to 8 or more carbon 

atoms but is preferably methyl Depending upon the reaction conditions and the 

concentration of form~dehyde, the methyl ethers may react with each other to form 

more complex units. 

The epoxy containing materials useful as crosslinkers in the present 

invention are any oxganic compounds having one or more oxirane rings that are 

polymerizable by ring opening. Such niaterials, broadly called epoxides, include, 

but are not limited to:~ monomeric epoxy compounds, and p~eric epoxides that 

may he aliphatic, cycloaliphatic, axoma1ic or heterocyclic. Pxefetted epoxy 

crosslinking materials. genexally, on average, have at least 2 polymm:izable epoxy 

groups per molecule. The polymeric epoxides include linea:c polymers hav.ing 

tenninal epoxy grou.pa (e.g., diglycidyl ether of a polyoxyalkylene glycol), polyme:rs 

having skeletal mdl;an:e ~ts (e.g., polybutadiene polyepoxi.de). and polymers 

having pendant epoxy· groups (e.g., glycidyl methacrylate polymer of copolymer). 

The epoxides may be pure compounds but are generally mixtures conta:inilig one, 

two or more epoxy groups per molecule. 

Useful epoxy-containing materials may vary from low molecular weight 

monomeric materials and oligomers to relatively high molecular weight polymers 

and may vary gleatly in the nature of their backbone and substi.tuen.t groups. For 

example, the backbone may be of any type and substi.tuent ~oups may be any 

group free of any substi.tu.ents reactive with an oxirane xing at :room t.emperata:te. 

Suitable snbsti.tuents incl.udei but are not limited to: halogens, ester groups, ethers, 

sulfonate groups, siloxane gi:ou.ps, nit.to gxoups, phosphate groups, and the like. 

Particularly useful epoxy conta:ining materlals in the present invention 

include glyci.dyl ethexs.' Examples are the glycidyl ethers of polyb.ydric phenols 

obtained by reacting a: polyhydric phenol with an excess of cblorohydrin such as 

epicblorohydrin (e.g., the diglycidyl ether of 2,2-bis-(2~3-

epoxypropoxyphenol)propane). Further examples of epoxides of this type are 
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described in U.S. Pat. No. 3,018,262, herein incorporated herein by reference to the 

extent this patent teaches the preparation of such epoxides. 

Suitable epoxi.d.es useful in the pxesent invention incl:u.de, but are not limited 

to: epic.hlo:rohydrln, glycidol, glycidylm.ethac:r:ylate, the glyci.dyl ether of p· · 

tertiarybutylphenol (e .. g., those available under the trade name EPI-REZ 5014 from 

Celanese); diglycidyl ether of Bisphenol A (e.g., those available under the trade 

d~gnations EPON 82B, EPON 1004 and EPON 1010 from Shell Chem; cal Co.; and 

DER-331, DER-332 and DER-334 from Dow Chemical Co.), vinylcycl.ohexene 

dioxide (e.g., ERL-4206 from Union Carbide Coxp.), 3,4·epoxy .. 6-methyl­

cyclohexyl.methyl-3,4-epoxy-6-methylcyclohexene carboxylate (e.g., ERL-4201 from 

Union Carbide Corp.), .bis(S,4-epoxy-6-methylcyclohexyhn.ethyl) adipate (e.g., ERL-

4289 from Union Carbide Corp.), bis(2,8..epoxycyclopentyl) ether (e.g .• ERL-0400 

from Union Carbide Corp.), aliphatic epoxy modified with polypropyl~e glycol (e.g., 

ERL-4050 and ERL-4269 from Union Carbide Coxp.), dipentene dioxide (e.g .• ERL-

4269 from Union Carbide Corp.), flame retardant epoxy resins (e.g .• DER-580, a 

brominated bisphenol type epoxy resin available from Dow Chemical Co.),. 1,4-

butanecliol cliglycid.yl ether of phenolformaldeb.yde novolak (e.g .• DEN-481 and 

DEN-488 from Dow Cli.emfoal Co.), and resorcinol diglycid.yl ether (e.g., KoPOXl.TE 

from Koppers Company, Inc.). 

Compounds containing at least two vinyl ether groups include, but are not 

limited to divinyl etheX'S of aliphatic, cycloaliphatic, aromatic. o:c araliphatic dials. 

Examples of such materials include divinyl ethers of aliphatic di.o1s having from 1 

to 12 carbon atoms, polyethylene glycols, propylene glycols, polybutylene glycols, 

dimethylcyclohexan~s, and the like. Part.icula:r:ly u.seful compounds having at least 

two vinyl ether g:toups include divinyl ethers of ethylene glycol, trlmethylene-1,S .. 

diol., diethylene glycol, triethylene glycol, dipropylene glycol, tripropylene glycol, 

resoxcin.ol, Bi.sphenol ~ and the like. 

Suitable allyl substituted ru;omatic compoUllds useful as crosslink~ in the 

present invention are those containing one or more allyl substituents. that is, the 
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axomatic compound is substituted at.one or more xing positions by the allylic carbon 

of an alk.ylene group). Suitable allyl aromatics include allyl phenyl compounds, 

such as an ally! phenoi An allyl phenol crosslinker can be a monomer or polymer 

that contains one or mcD:e phenol units where the phenol unit.s are substituted at 

one or more ring positions by an allylic carbon Of an alkylene group. Typically the 

alkylene substituent(s) is propenyl, i.e., the phenol has one or more propenyl 

substi.tu.tents. Preferred allyl phenols include a polycond.ensate of phenol and 

hydroxybenzaldehyde and an allylhalide such as allylcbloride. A number of 

suitable ally! phenols are commercially available, for example the ally! phenol sold 

under the trade name THERMAX SH-150AR by Kennedy and Klim, Inc. (Little 

Silver, ~.J.). Allyl phenyl compounds including ally! phenols are also described in 

U.S. Patent No. 4,987,264, herein incorporated by reference to the extent this 

patent teaches the. preparation of such compounds. 

The compositions of ~e present invention may suitably comprise only a 

single type of crossli.nk~. e.g., only a phenolic resin crosslinker, or may contain two 

o:r more different c:rosslink~s. When a combination of crosslinkers is used in the 

present inventiont it is preferred th.at the combination :include a phenolic resin and 

an amine containing Cbmpoun~ and more preferably a cresol novolak resin and a 

melamine crosslinker.: The concentration of crossUn\ing agents in the compositions 

of the present invention may vary within a relati.V"ely wide range. It will be 

appreciated by those skilled in the art that suitable crosslinker concentrations will 

vary. with factors such as crosslinker reactivity and specific application of the 

composition. Typically, the c:rosslinking agent(s) is p:cesent in an amount in the 

:range of 10 to 80% by weight, based on the total weight af the composition, 

preferably in the range of 15 to 70%, and more prefexably in the range o£ 20 to 60%. 

It is p.referred that a crosslink.ing agent is used in the compositions of the present 

invention. 

The catalysts useful in the compositions of the present invention are any 

which catalyze the :teactio:n of the low dielectric constant," crosslinkable material 
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with the reactive diluent, and optionally any crosslinkjng agent. Such catalysts 

jnclude, but axe not l:i.niited to: thermal acid generators, photoacid generators, 

thenn.al base generators, photobase generatoxs, and xnixtures thereof. It will be 

appreciated by those skilled in the art that a mixture of two or more catalysts of one 

type, such as a mixture of two or more thennal acid generators, or a mixture of 

catalysts of different types, such as a thermal acid geneX"ator and photo.acid 

generator, may be used advantageously in the pi:esent invention. Likewise, a 

mixture of a thermal base generator and a photobase generator may be used. It is 

prefer.red that the catalyst is a thermal acid generator. 

The amount of catalyst useful in the present invention l.s any amount that 

catalyzes the reaction. The catalysts useful in the present invention are typically 

used in the range of O.l to 25% by weight, based on the weight of the composition. . 

It is preferred that the catalyst is pxesent in an amount in the· range of 0.5 to 15% 

by weight, and more preferably in the range of 1 to 12% by weight. 

It will be appreciated that when a thennal acid or base generator is used, the 

composition may effectively be photo-accelexated.. that is that light, such as UV, 

may be used to accelexate a reaction. For example, in a reaction containing a 

thermal acid generatox-, light may be used to start or accelerate the reaction. 

followed by heating. Such photo-acceleration has the ·advantage that the ainount of 

catalyst may be reduced. 

The thermal acid generators useful in the present invention are any 

compounds which liberate acid upon heating, typically at a temperature in the 

range of about 25° to 220° C. Suitable thermal acid generators useful in the 

pl!esent invention include, but are not limited to: 2,4,4,6 .. 

tetrabromocyclohexadienone, orgaxri.c sulfonic acids, such as dinonylnaphthalene 

disulfonic acid, dinonylnaphthalene sulfonic acid, dodecylbenzene sulfonic acid and 

p-toluene sulfonic acid, alkyl esters of organic sulfonic acids, such as benzoin 

to~late, and 2-nitrobenzyl tosylate, beneylic halogenated aromatic compounds, 

mon~- and di-alkyl acid phosphates, mono- and di-phenyl acid phosphates. 
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alkylphenyl acid phosphates, and combinations thereof. Blocked thermal acid 

generators. that is, acid esters, are preferred, such as blocked dodecyl sulfonic acid 

esters and blocked phosphonic acid esters. Such thermal acid generators are well 

known in the art and are generally commercially available, such as NACURE brand 

blocked acid generators available from King Industries, Norwalk, Connecticut. 

The thermal acid generators useful in the present invention may be a single 

compound or a combination of compounds. For exaxnple, two or more thermal acid 

generators may be used. Altem.atively, the thermal acid generators may be a two­

part system. Such two;_paxt systems are particularly useful fox :room temperature, 

that is. 20° to 25° C, curing of the c0n1positi.ons of the present invention. In a two­

part system, typically two or more compounds a:r:e mixed prior to combining with 

the other components of the composition. Such two-part systems have a relatively 

short pot-life, for example up to 4 hours, and thus are p:repared just prior to use. 

The therm.al base generators useful in the present invention are any 

compounds which. liberate base u.pon heating, typically at a temperature in the 

range of about 25° to. 220° C. Suitable therm al base generators useful i:p. the 

present invention include those described in Japanese Patent Application No. 5-

158242, herein incorporated by reference. 

The photoacid generators useful in the present invention are any compounds 

which Hberate acid upon exposw:e· to·light, typically at a wavelength of about 320 to 

420 nanometers, howe\rer other wavelengths may be suitable.- Suitable photoacid 

generators :include halogenated tria.2'.ines, onium salts, and Sll1fonated esters. 

Particularly useful halogenated triazines include halomethyl-s-triazines. 

Suitable halogenated tnazines include for example, 2-[l-(3,4-benzodioxolyl)]-4.6-

bis(trichloromethyl)-1,2,5-triazine, 2-[1-(2,S-benzodioxolyl)]-4,6-

bis(t.rlcbloxo:methyl)~ 1,a,s~triazine, 2-[l~B,4--bem!odioxolyl)]-4,6-

bis(trihromamethyl)-1;3,5-tciazine, 2·[1-(2,3-benzodioxolyl)]-4,6-

bis(trib:r:omomethyl)-l,3,5-triazine, 2-(2-furfylethylidene)-4,G-bis(tricbloromethyl)-

1,8,5-triazine, 2-(2-(5-methylfuxyl)ethylidene]-4,6-bis(trichloromethyl)-I,S,5-
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triazine, 2-[2-(4-methyl:furyl)ethylidene]-4,6-his(trichlorom.ethyl)-1,S,5-triazine, 2-

[2-(3-m.ethylfu:ryl)ethY.lidene]-4,6-bis-(trichloromethyl)-1,8,5-triazine, 2-(2-( 4,5h 

dimethylfuryl)ethylidene]-4,6-bis(trichloromethyl)-1,3,5-triazine, 2-[2-(5-

methoxyfuryl)ethylidene]-4,6-bis(tricltl.oromethyl)-1,8,5-triazine, 2-{2-(4-

methoJcyfuryl)ethylidene]-4,6-bis(trichloromethyl)-1,3,5-triazine, 2-[2-(3-

methoJcyfuryl)ethylidene]-4,6-bis (tric:hloromethyl)-1,3,5-triazine, 2-[2-( 4,5-

dimethoxy-furyl)ethylidene]-4,6-bis(trichloromethyl)-i,3,5-trlazine. 2-{2-

furfylethylidene)-4,6-bis(tribromomethyl)-1,3,5-triazine, 2-[2-(5-

methylfuryl)ethylidene]-4,6-bis(tribromomethyl)-1,3,5-triazine, 2-[2-(4-

m.ethylfw:yl)-ethylid.ene]-4,6-bis(tribromometb.yl)-l,8,5-tciazi.Ile, 2-[2-(3-

meth,Hrayl)ethylidene]-4,6-bis(b:ib:tomom.ethyl)-1,3,5-triazine, 2-[2-(4,5-

dimethoxyfuryl)ethylidene]-4,6-bis(tribromometb.yl)-1,3,5-triazine, 2-[2-(5-

methoxyfuryl)ethylid~e]-4,6-bis(tribromomethyl)-1,3,5-trlazinep 2-[2-{4-

methoxyfuryl)et~ylidene]-4,6-bis (tribro:momethyl)-l.8,5·triazine, 2-[2-(8-

methoxyfuryl)ethylidene]-4,6·bis(tribromomethyl)-1,S,5-triazine, 2-[2-(4,5-

dimethoxyfuryl)ethylidene]-4,6-bis(ttlbl'Olllom.ethyl)-l,8,5-trlazixie, 2,4,6-tris­

(trichloromethyl)-l,8,S-tr:iazine, 2,4,6-tris-(tribromomethyl)-1,8.5-triazine, 2-phenyl-

4,6-bis(trichlorom.ethyi)-1,3,5-tri azine, 2-phen.Yl-4,6-bis(Ui.brom.omethy})-l,S,5-

triazin~ 2~(4-methoxyphenyl)-4,6-bis(trichl~methyl)-l,8,5-triazine, 2-( 4-

methoxyp~enyl)-4,6-bis(tribromomethyl)-l.S,5-triazine, 2-(l-naphthyl)-4,6-

bis(ttlchloroxnetb.yl)-1;8,5-triazine, 2-(l-naphthyl)-4,6-bis(tribromomethyl)-l,S,5-

triazme, 2-(4-methoxi-l-naphthyl)-4,6-bis(trichloxomethyl)-1,3,5-triazine, 2-(4-

m.ethoxy-l-naphthyl)4,6-bis(tcibromomethyl)-l,3,5-triazine, 2-(4-chlorophenyl)-4,6-

bis(tribromomethyl)-1~3,5-triazine, 2-styryl-4.6-bis(trichlo:romethyl)-1,8,5"triazine, 

2-styryl-4,6-bis(tribromomethyl)-I,3,5-triazine, 2-(4-methoxysLyryl)-4,6-

bis(trichloromethyl)-1,8,5-t.riazine, 2-(4-methoxystyryl)-4,6-bis(tribromomethyl)-

1,3.5-triam.e, 2-(3,4.5-tri.m.ethoxystyryl}-4,6-bis(tri.chloromethyl)-l,3,5-triazine, 2-

(3,4,5-tri:m.ethoxystyxyl)-4,6-bis(tribromometh.yl)-1,8,5-triazine, 2-(3-chloxo-1-

phenyl)-4,6-bis(trichloxoxn.ethyl)-l,3>5-triaZ'in e, 2-(3-cltlorophenyl)-4,6-

bis(b:ih:romomethyl)-l;.8,5-triazine and the like.- Other tciazin e type photo acid 
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generators usefulin tlie present invention are disclosed in US Patent. No. 

5,366,846, herein incorporated by reference. 

The s-triazine compounds are condensation reaction products of certain 
- . 

methyl-halomethylfts-triazines and certain a.ldehydes or aldehyde derivatives. Such 

s-triaz.ine compounds inay be prepared according to the procedures disclosed in U.S. 

Pat. No. 3,954,475 and Wakabayashi et al., Bulletin of the Chemical Society of 

Japan, 42, 2924-30 (1969). 

Onium salts with weakly nucleophilic anions are particularly suitable for use 

as p~otoacid generators in the present inyention. Examples a! such anions are the 

halogen complex anions of divalent to heptavalent metals or non-metals, for 
- . 

· example, antimonyt ~iron, bismuth, aluminum.1 gallium, indium, titanium, 

zirconi.um, scandium., Chromium, hafnium, copper, b~ phosphorus and arsenic.. 

Examples of suitable onium salts include, but are not limited to: diaryl-diazonium 

salts and onium salts of g:toup VA and B, IIA and B and I of the Periodic Table, for 

example, haloniu.m salts, quatexnary ammonium, phosphonium and arsonium. salts, 

aromatic sulfonium salts and sulfoxonium. salts or selenium. salts. Examples of 

suitable onium are diSclosed in US Patent Nos. 4,442,197; 4,603,101; and 4,624,912, 

ail incm:poi:ated herei:.D. by reference. 

The sulfonated.:esters useful as photoacid generators in the present invention 

:include snlfonyloxy ketones. Suitable sulfonated esters include, but axe not limited 

to: benzoin tosylate, t-butylphenyl alpha4-tolu.en.esulfonyloxy)-acetate, and t­

butyl alpha-(p·toluenesulfonyloxy)-acetate. Such sulfonated esters are disclosed in 

the Journal of PhotopOlymer Sci~ce and Technology, vol. 4, No. S,337-840 (1991), 

inco:r:po:cated herein by reference. 

The photobase generators useful in the present invention are any compounds 

which liberate base upon expOSllre to light, typically at a wavelength of about 320 

to 420 nanometers, h¢wever other wavelengths may be suitable. Suitable 

photobase generators:include, but are not limited to: benzyl carbamates, benzoin 

carbaxnates, 0-carbamoylhydroxyamines, 0--carbam.oyloximes, aromatic 
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sulfonamides, alpha-lactams, N-(2-dlylethenyl)amides, arylazide compounds, N­

arylformamides, and 4-(ortho-nitrophenyl)dihychopytldines. 

The additives which may opti0nally be present in the compositions of the 

invention include, but are not limited to: dyes, such as ORASOL BLUE, available 

from Ciba-Geigy, leveling agents, fillers, pigments, wetting agents, antifoam. 

agents, adhesion promoters, thixotropic agents, fire retardants and the like. Such 

additives are well known in the art for coating compositi.ons. It will be appreciated 

that more than one additive may be combined in the com.positions of the present 

invention. For example, a wetting agent may be combined with a thixotropic agent. 
. . 

Suitable fillers and thixotropic agents include silica, fum.e<l: silica. talc and the like. 

Suitable wetting agents include silicon based agents, such as SlLWETn1, available 

from Dow. Such optional additives are commercially available from. a variety of 

sources. 

The dielectric ~positions of th~ present invention are su.bstantially free of 

organic solvent. By "'substantially free• is meant that the com.positions include u.p 

to 5% by weight, based on the. total weight of the composition. of one or more 

orgaxdc solvents_ Preferably, the amount of organic solvent is up to 3% by weight, 

and more preferably up to 2%. It is especially pteferred that the dielectric 

com",Pos:itions of the present invention are :free of organic solvent. 

Such oxganic solvents JJ1aY be added to the composition for ease of 

formulation. Suitable·o:cganic solvents for use in the present_inventiOJJ. include. but 

are not limited to: glycol ethers, such as ethylene g1ycol monoxo.ethyl ethe:r, 

propylene glycol monomethyl ether, dipropylene glycol monomethyl ether; esters 

such as methyl cellosolve acetate, ethyl cellosolve acetate, propylene glycol 

monomethyl ether acetate, dipropylene ~ycol monomethyl ether acetate, and other 

solvents such as diba.Sic esters. pxopylene carbonate, y-butyrolactone, ethyl lactate 

and alcohols, such as n-propanol, i-propanol, and the like. 

A particularly useful dielectric composition af the present invention includes 

20 to 30% by weight o£ epoxidized butadiene rubber. 10 to 15% by weight of a cresol 
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novolak c:cosslinker, 5 to 8% by weight of a melamine crosslinker, 1 to 5% by weight . 

of fumed silica as a thfxotropic agent, 1 to 5% by weight of blocked dodecyl sulfonic 

.acid, 20 to 25% by weight of glyci.dyl butane ether, and 20 to 25% by weight of 

di.glycidyl butane ethe~. It is further preferred that this composition is fre~ of 

organic solvent. 

The compositions of the present invention may be prepared by combining the 

co:cn.ponents in any order. The components may be combined simultaneously or may 

be combined one at a time. For example, the low dielectric material may be fixst 

combined with the reactive diluent and crosslinking agent, followed by additional 

crosslinking agent and optional additives, and lastly combined with a therm.al acid 

generator. It is preferred that all other components are combined prior to the 

addition of the thermal acid generator. lt is further preferred that when a room · 

temperature therm.al acid generator is used, that it is added to the composition just 

before use. 

The compositiori.s of the pres~t invention provide a cll:cuitry dielectric layer 

having low voe content, without the need for photocur.ing or development. Since 

there is no photocuring, surface tack is not an issue and since there is no 

development. high levels of polar developer material are avoided. Thus, the amount 

of dielectric material in the composition can be increased allowing the coating to be 
lower in dielectric conStant than is ac.bievable in known developable sy~ • 
.Another advantage of the present invention is that clielectri.c:layers are provided 

having greater than 9~% planamation. 

Using a method for forming a printed circuit board for purposes of 

exemplification, a composition of the invention may be applied to a substrate 

having a pattern of conductive material disposed thereon. The substrate may be a 

copper laminate substrate prepared by the methods described in Coombs. Printed 

Circuits Handbook7 McGraw-Hill, (3rd ed. 1988), incorporated herein by reference. 

Other suitable substrates include those pxepared by Jamin ating multilayer boards 
for the manufacture of printed cizcuit boaxds with vi.as (through-holes) and 
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interconnections which may contain solder, as described in the above referenced 

Printed Circuits Handbook. 

The compositions of the invention may be applied to the substrate using 

conventional techni<1ues including screen coating (or screen printing), curtain 

coating, roller coating, slot coating, spin coating, flood coating, electrostatic spray, 

spray coating, dip coating and as a dry film. When the compositions of the p:resent 

invention are spray coated, a heated spray gun xn.ay be used. .As indicated above, 

· the viscosity of the composition may be adjusted to meet the requirements for each 

method of application by adding additional :i:eac1ive diluents fo1: methods requiring 

low Viscosity, such as dip coating, or optional additives, such as thickening agents 

and fillers, for methods requiring high viscosity., such as screen coating. 

The coated substrate is then cured, either by thermal curing or photo--cnring, 

dependeing on whethe;r a thermal~ or photo-generated catalyst is used. When the 

compositions are thermal cured, they may be cured at room temperature or in an 

o-vcn. The particular cUrlng temperature will depend upon the particular thermal 

acid generator chosen; Thus, the curlng temperatme must be sufficiently high for 

· the thermal acid generator to libexate acid. Therxnal curing may be conducted at 

temperatures ranging from about room temperature (Le. 25° C) to 180° C, 

pxeferably 100° to 140° C, for a period of time betw~en about SO and 240 minutes, 

preferably between about 45 and 90 minutes. 'rh.e themial cme hardens unreacted 

components, promotes·flexibility of the coating layer and can enhance adhesion of 

the coating layer to the substrate. The coating layer also may be post cured using 

radio frequency \RF'). or microwave energy by methods well kn.own in the coatings 

industry. When the catalyst is photo-genex-ated. i.e., a p:hotoacid or photobase is 

used as the catalyst, the coated substrate must be therm.ally cured, as described 

above. 

Once cu:red, lin~. spaces and vias are provided in the coating by means of 

laser ablation or drilling. Suitable lasex-s fol:' use in such drilling incl.ude CO: and 
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neodymium yttrium ali1minum gaxnet (""Nd: YAGj. Such lasers are generally 

commercially a-vailable, such as from ESI, Coherent, Lumonics and Hitachi. 

The coated substrate is then adhesion promoted by any known method, such 

as plasma etching, electrostatic discharge and swell and etch processes, pr~erably 

by swell and etch processes. In a typical swell and et.ch process, the coated 

substrate is first swelled with a solvent, such as ClRCUPOSIT 302, available from 

Shipley Co.> Marlborough, Massachusetts, et.cb.ed with permanganate, such as 

CIB.CUPOSIT 3308, available from Shipley, Co., and neutralized, such as with 

CmcUPOSIT 3314, available from Shi~ley Co.~ at room temperature for 2 minutes. 

Finally. the coated subst:mte is plated with a conductive metal by any known 

method. Typically, the coated substrate is electrolessly plated with a met~ such as 

copper. In a typical electrOless plating process, the adhesion promoted coated 

substrate is cfirst onditi.oned. such as with Cm.cUPosrr 8820, available from Shipley 

Co., at 45° C fox- 5 minutes, then etched, such as with PREPOSIT '148, available from 

Shipiey Co., then catalyze~ such as CATAPOSrr 44, available from Shipley, Co., at 

room temperature for 5 minutes, then copper is electrolessly deposited, such as with 

CmcUPosIT 828, available from Shipley Co.,. and finally copper is electrolytically 

plated, such as with ClB.CUPOSIT 1100, avail.able from Shipley Co. 

Any d:b:ect plating methods are also suitable for use with the coated 

substrates of the present invention. Suitable direct plating methods include, but 

are not limited :to CRIMSON and GRAPBlTE 2000, both available from Shipley Co. 

The compositions of the present invention are useful for all applications 

requiring definable electronic coatings. Such applications include, but are not 

limited to: as dielectrics in sequen1ial build applications, as flexible o"VerCOats for 

flenDle circuits, as encapsulants, that is «glop-top•, as solderm.asks, and as 

under.fill. The p:resent compositions are particularly useful in applications 

requiring laser drilling, such as dielectrics in sequential build applications. flexible 

overcoats for flexible cixcuits and sold.ermasks. Laser drilling provides for more 

intricate geometries in electronic circuits u compared to scxeen printing. 
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Compositions ofthe invention are useful as dielectric innerlayers for 

multilayer printed circuit boards that are produced by a sequential layering process 

as described above and in U.S. Pat. No. 4,902,610. For example, a composition of 

the invention can be coated over a first circuit layer and then the coating layer 

cured and laser drilled as d.escn"bed above to provide openings that define 

:interconnections, and then one or more other board layers sequentially formed over 

the drilled composition layer to fonn a circuit board having two or more layers of 

circuitry. The fust cirCuit layer will be in electrical connection with other ci.rcuit 

layer(s) of the board by means of the drilled openings of the coating layer. A typical 

application of a dielectric innerlayer would comprise application of a two mil layer 

of a composition of the invention over a pre-cleaned ci:rcui:try substrate having 6-mil 

wide conductors; and foxmation of 3-Dlil diameter via apertures in ·the coating layei: 

by means af laser ablation as discussed above. The via apertures will be located at 

predeter.mined sites within the width of the underlying conducto:ts. The vias can 

then be plated with electroless copper at the same time as the second layer of 

circuitry conductors are plated. 

The c0mpositions of the present invention are also suitable for use as a 

sol.d.ermask, and will exhibit solder resistance and adhexe well to copper cin:uitxy. 

For example. compositions of the invention may withstand 550° F (280 - 290° C) 

solder flotatiQu tests for 10 to 80 seconds without any blistering or othex visible 

degradation of the therm.ally cu.red coating layer. 

A crosslinked coating layer of a composition of the invention has the properly 

of substantial :flexibility. A more flexible crosslinked coating layer is highly 

advantageous because, for example, less care is required to p:revent cracking or 

other degradation of fhe layer during subsequent processing steps. Cured coating 

layers of th~ compositions of the invention typicaily withstand 180° C bend tests 

without cracking ox aily other degradation of the cured coating layer. Elongation 

testing of cu:red coatllig layers o£ the compositions may provide values of 5 percent 

and greater elongation 'Without any detection of deg:ra.dation of the coating layer. 
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As is known to those in the art, the term "elongation value" is the length of a 

sample stretches before b:ceaking, expressed as a percentage of the sample length 

prior to stretching. Fot example, a one centimeter long sample which breaks after 

. stretching to a 1.10 centimeter length would be said to have a 10 percent elongation 

value. 

Solid polymeric dielectric materi.~ that is polymeric material containing no 

solvent, may be coated onto a substrate as a polymer melt. In such a process, a melt 

of the polyme:ric dielectric material is prepared and then applied onto the substrate 

to be coated. The melt· of the polymeric dielect:cic material. may be prepared, and 

tb.en the substrate coated, by any conventional means, such as extrusion. 

When a solid poly.m.eric dielectr.ic material is to be applied as a melt, such 

material may be applied as is,. that is, without the need for a reactive diluent. It 

will be appreciated by :those skilled in the art that a reactive diluent may be a~ded 

to the melt prior to, or during, the coating of the substrate with the melt. Such 

reactive dilu.ent allow$ for adjustl11ent of the viscosity of the polyme:t melt and/en: 

provides a crosslinked:coating. 

Any solid po]ym:erlc .material having a low dielectric constant that can be 

prepared as a melt may be useful in the process of the present invention. Such 

solid polYmeric material includes, but is not limited to: polyimide homopolymers 

and copolymers, poly(~eth)acrylate homopolyme-rs and copolym.exs and 

combinations thereof . 

By way of the present invention, dielectrk layers having a thickness in the 

range of 0.3 to 5.0 mil:thick may be obtained. Preferably, the resultant dielectric 

layer has a thickness in the nnge of 1 to 8 mil thick, and mo:re preferably 1.8 to 2.2 

mil thick. 

The following examples are presented to illustrate further various aspects of 

the present invention, but are not intended to limit the scope of the invention in 



any aspect. .All reagents were of good commercial grade and were used without 

further purification. 

Example.) 

A low VOC dielectric composition was prepared by combining 23. 7% glycidyl 

butane ether (ARALDITETM RD-1, Ciba~Geigy), as a :first reactive diluent, 23. 7% 

diglycidyl butane ether (ARALDITETM RD-2, Ciba-Geigy), as a second reactive 

diluent, 27.8% polybu.tadiene rubber oligomer (POLY BD 605, Elf Atochem), as a low 

dielectric constant material, and 14% cresol-novolak. resin having meta- to para­

substitution ratio of 55:45 and average molecular weight of 5000, as a first 

crosslinker, using a high speed mixer. After all the components had dissolved in 

the reactive diluents, G.6% melamine resin (CnmLTM 303, Cytec), as a seco~d 

crosslinke:r, 0.1 % silicon wetting agent (SJLWETTK, Dow Chemical Co.) and 0.6% 

acrylate antifoam.llewling agent (M:OD.AFLOwn.t, Monsanto) were added and the 

components comhined:using a high speed mixer. .After 2 hoUX'S of mixing, 2.4% 

fumed silica. as thixotropic agent, was slowly added in ord.ex to ensure proper 

dispersion. After 5 hours of xnixing, Ll % blocked dodecyl sulfonic acid (NACURETM 

5225, King Industries). as thermal acid generator, was added and the mixtw:e 

blended for an addi'fional 30 minutes. 

~xample2 

The p:roced~e of Example l was followed, except the cresol-novolak resin 

crosslinker was replaced with a cresol"novolak resin having an ortho-ethyl- to xneta­

methyl- to para-methyl-substitution ratio of 10:50:40, 

ExamP1e3 
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The procedure of Example 1 was followed except the c:resol~novolak resin· 

crosslinker was replaced with a bis-A epoxy oligomer having an epoxy equivalent 

weight of 475 and a softening point o£ 70-80° C (DER 661, available from Dow). 

E:8:ample 4 

The procedltte o-f E:xam.ple 1 was followed except the cresol-novolak resin 

crosslio.ker was replaced with. an epo:Jcy'-novolak hav.ing a viscosity of 800 cps at 

110° C (DEN 444t available from Dow). 

Example 5 

The procedure of Example l was followed except th.at melamine resin was 

replaced with a melamine having reduced methoxy sllbstitu.tion (REsIMENE 741, 

Monsanto). 

Example6 

The procedure of Example 1 was followed except that the me.lamine resin was 
. . 

replaced with a urea (BEETLE 80, avail.able from Cytec). 

;Example7 

The procedure of Example 1 was followed except the melamine resin was 

replaced with a glycocil (cYMEL 1170, available from Cytec). 

Examples 

The procedure of Example 1 was followed except that the blocked dodecyl 

sulfonic acid was replaced with dinonyl naphthalene sulfonic acid (NACURE 1419, 

available from King Industries). 
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Example~ 

The proceduxe of Example 1 was followed except that both the fust and 

.second reactive diluents were l'eplaced with cresol glycidyl ether. 

Examples 10 - 15 

The procedl.lre of Example 1 was followed except that the amount.s of the 

components were varied. as shown Ui the table. All amounts ~e pexcent by weight. 

Example! 10 11 12 13 14 15 

Bea.ctive 22.l lLl 83.2 25.7 22.0 .24.8 
Diluent 1 

Reactive 22.1 33.2 J\.l 25.7 22.0 24.8 
Diluent2 

Polybutadiene 29.5 29.5 29.5 25.7 S2.5 24.2 

Novolak resin 14.8 14..8 14.8 12.9 14..0 12.6 

MAlamine 7:0 '1.0 7.0 6.1 6.7 6.1 
resin 

ThennaI. acid 1:2 1.2 ' 1.2 1.0 0.1 2.0 
generator 

Fumed silica ~6 2.6 2.6 2.2 1.6 4.S 

Wetting agent 0.1 0.1 0.1 0.1 0.1 0.1 

Antif'oam 0.7 0.7 0.'7 0.6 0.4 1.1 
a.,&ent 

Example 16 

Each of the samples prepared according to Examples 1-15 was coated 

separately on a pre-formed ci%cuit board. Each resulting coating was from 0.3 to 5.0 

mil thick. The coated .substrates were then baked jn two stages. fixst at 90° c for so 
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minutes, then at 155° p for 60 minutes. After baking, the coated substrates were 

cooled and subjected to pre-programmed laser drilling. 

The coated suhsb:ates were then prepared for electroless plating by first 

adhesion promoting the subst:r:ates using a solvent (Shipley 3032, available front 

the Shipley Co.) at 165° F fox 3 minutes and Shipley 8308 etch (available from the 

Shipley Co.) at 165° F for 5 minutes, followed by immersion in a neutralizer 

(NEUTRALIZER 3314, available from the Shipley Co.) for 5 minutes, and finally by 

rinsing the substrates :wi.th water for 2 minutes. The substrates were then dipped 

:int.o a cleaner/conditioner (Cleaner/Conditioner 3320, available from the Shipley 

Co.) at 120° F for 3 ~utes, followed by rinsing with water for 2 minutes. 

Next~ the coated substrates were then dipped in Shipley 748 etch (available 

from the Shipley Co.) at room temperatu.refor 1 minute followed byrinsingwi.th 

water for 2 minutes. After rinsing, the coated substrates wete placed in CATAPOSIT 

404 (avail.able from the Shipley Co.) at room temperatuxe f~ 80 seconds. Following 

this treatment, the coated substxates were placed in CATAPOSlT 44 at 115° F fo~ 4 

minutes, followed by water rlnsfog for 2 minutes. The substrates were then placed 

in ELECTROLESS 3850 (available from the Shipley CO.) at 115° F for 7 minutes, 

~d with water for 2 minutes, dried and baked at 90° C for 80 ~11tes and then 

baked at 120° C for SO: minutes. Finally, the coated substrates were electroplated 

using ELECTRoPosrr 1.100 (available from the Shipley Co.) at 20 asf for 90 minutes 

at room temperature. 

In each case, coppe:i: plating up to 9 pounds per linear inch bond strength was 

achieved. 

Example l'.I 

Sequentially built circuit boa:tds were prepared by prln.ting and etching the 

circuit boaxds prepared according to Example 16 to provide traces and vias. The 
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steps of Example 9 were then repeated to provide a second dielectric layer. These 

steps were repeated until the desired number of layers were achieved. 



31 111111111111111111111111111111 . 
* C L M S * 

What is claimed is : 

1. A composition comprising: 

a) from 1 to 99% by weight of at least one low dielectric constant, 

crosslinkable material; 

b) from 1 to 99% by weight of at least one reactive diulent; and 

c) optionally one or more components comprising crosslinking agents, 

catalysts or additives; 

d) wherein composition is substantially free of organic solvent. 

2. The composition of claim 1 further comprising a catalyst comprising thermal 

acid generators, photoacid generators, thermal base generators, photobase 

generators, or mixtures thereof. 

3. The composition of claim 2 wherein the catalyst comprises thermal acid 

generators, photoacid generators or mixtures thereof. 

4. The composition of claim 2 or ~ wherein the amount of the catalyst is in the 

range ofO.l to 25% by weight, based on the weight of the composition. 

5. The composition of any one of the proceeding claims further comprising a 

crosslinking agent. 

6. The composition of claim 5 wherein the amount of the crosslinking agent ·is in 

the range of 10 to 80% by weight, based on the weight of the composition. 

7. The composition of claim 5 or 6 wherein the crosslinking agent is selected 

from the group comprising phenolic resins, amine containing compounds, 

epoxy containing materials, compounds containing at least two vinyl ether 

groups, allyl substituted aromatic compounds, and combinations thereof. 
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8. The composition of claim 7 wherein the crosslinking agent is selected from the 

group comprising phenolic resins and amine containing compounds. 

9. The composition of any of the proceeding claims wherein the reactive diulent 

is selected from . the group comprising (meth)acrylic acid monomers or 

polymers, alkyl (meth)acrylate monomers or polymers, (meth)acrylamide 

monomers and polymers, low molecular weight acetals, vinyl ethers, 

poly(vinyl ethers), polyimides, polyamides, polytherimides, urethanes and 

epoxies. 

10. The composition of any one of the proceeding claims wherein the low 

dielectric constant, crosslinkable material is selected from the group 

compnsmg polybutadience, functionalized polybutadience, 

polyphenyleneoxides, functionalized polyphenyleneoxides, polyimides, 

functionalized polyimides, polyfluorocarbons, functionalized 

polyfluorocarbons and mixtures thereof. 

11. A composition comprising: 

a) from 20 to 80% by weight of at least one low dielectric constant, 

crosslinkable material; 

b) from 10 to 80% by weight of at least one crosslinking agent; 

c) from 0.1 to 25% by weight of at least one catalyst coiµprising thermal acid 

generators, photoacid generators, thermal base generators, photobase 

generators, or mixtures thereof; 

d) from 5 to 60% by weight of a reactive diluent; and 

e) optionally one or more additives; wherein the composition is substantially 

free of organic solvent. 

12. The composition of claim 11 wherein the catalyst comprises thermal acid 

generators, photoacid generators or mixtures thereof. 
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13. The composition of clam 11 or 12 wherein the crosslinking agent is selected 

from the group comprising phenolic resins, amine containing compounds, 

epoxy containing materials, compounds containing at least two vinyl ether 

groups, allyl substituted aromatic compounds, and combinations thereof. 

14. The composition of claim 13 wherein the crosslinking agent is selected from 

the group comprising phenolic resins and amine containing compounds. 

15. The composition according to any one of claim 11-14 wherein the reactive 

diluent is selected from the group comprising (meth)acryl~c acid monomers or 

polymers, alkyl (meth)acrylate monomers or polymers, (meth)acrylamide 

monomers and polymers, low molecular weight acetals, vinyl ethers, 

poly(vinyl ethers), polyimides, polyamides, polyetherimides, urethanes and 

epoxies. 

16. The composition according to an one of claims 11-15 wherein the low 

dielectric constant, crosslinkable material is selected from the group 

compnsmg polybutadience, functionaliz.ed · polybutadience, 

polyphenyleneoxides, functionalized · polyphenyleneoxides, polyimides, 

functionaliz.ed polyimides, polyfluorocarbons, functionalized 

polyfluorocarbons and mixtures thereof. 

17. A process for manufacturing circuit boards comprising the steps of applying 

the dielectric composition of any one of the proceeding claims to a substrate; 

thermally curing the dielectric composition; providing one or more or lines, 

spaces or vias in the dielectric composition; promoting adhesion; and plating 

the dielectric layer with a conductive metal. 

18. A substrate coated with the dielectric composition according to any one of 

claims 1 to 16. 
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19. A process for providing a dielectric coating on a substrate comprising the steps 

of preparing a melt of a dielectric polymer, and applying the melt to the 

substrate. 

20. A process for preparing a substrate having a dielectric coating comprising the 

steps of applying the dielectric composition of any one of claims 1 to 16 to 

form a coating on the substrate and curing the coating. 

21. The process of claim 19 or 20 wherein the dielectric coating is applied by 

screen coating, curtain coating, roller coating, slot coatin~, spin coating, flood 

coating, electrostatic spray, spray coating, or dip coating. 

22. The process of any one of claims 19 to 21 wherein the coating is thermally 

cured or photocured 


