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relatively large coefficients of ther ex ion of fhe mers used as
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and are still used. One popular laminate material for such applications is known as
FR-4, consisting of epoxy resin deposited on a woven glass fabric, because of its
ease of manufacture and low cost. Typically this material has a dielectric constant of
4.3-4.6 and a dissipation factor of 0.016-0.022 and is frequently used in computer
related applications employing frequencies below about 500 MHz. The lowest
possible value of dielectric constant is preferred in computer applications to improve
signal speed. Some computers now operate at 2.0 GHz, while mobile telephones
now operate at frequencies of 1-40 GHz, with the prospect of higher frequencies in
the future. At higher operating frequencies above approximately 0.8 GHz, FR-4 and
similar materials, despite their low cost, are no longer entirely suitable, primarily
because of unacceptable dielectric losses, excessive heating, lack of sufficient
uniformity, unacceptable anisotropy, unacceptable mismatch of thermal expansion
between the dielectric material and its metallization, and anisotropic thermal
expansion problems as the operating temperatures of the substrates fluctuate.
These thermal expansion problems result from the relatively large coefficients of

thermal expansion of the polymers used as substrate material, and the unequal



expansi on coefficients of reinforcing fibers in their length and thickness
di nensi ons. For frequencies above 800MHz the dielectric material of the
substr at e§OlwaodBE an active capacitive participant in siPpgraiSOpswpagati on
and here the current materials of choice are certain ceram cs formed by
sintering or firing suitable powdered inorganic materials, such as fused

silica; EHH&BE .coaffitiarits B Pélhfdréiﬁ? flbéfé%'ﬁ tRkfrlénith ablthiRhess BiRmeHsondar i um
titanate conpl exes such as 3)2, Ba(Zr,Sn)TiO4, and BaTi 8

doped wﬁdnfma@ecuala@hoaeéow P dl@@tncama@snai@fmﬁsmra@wbemraﬁa anI
Sr Ti O8;
been ey BaPRGHYT RrRIpaY haBarBivheudlitn SRR 1 AR R aI KRS T

gl ass OrchoR@ ateRjertdi Eéramids Reriiddlby sintdrirgf e fired éL&mblle/pOWderdMnergarmel ng
t hose based on PTFE. [0003] For exanple, ceramc substrat(g% t hat have been

used formfhtﬁﬂﬁisdséﬂééﬁrf@ﬁﬁcbm iea; raluminas ghIMiesMm Bitfide; HREPN BErC PRI at es of

5cm (2i | n of a

sl ur E y g@qaﬁgdﬁanﬁrﬁsft%%aq er gg)tl é)a%erd%u% Bé M%%ﬁ' &@%g E;A;z gﬂ?z\?éeﬂm)cl e,

]Eiewat eL'MIOQGOSéd Mlgmﬁz@iaﬁd rdrem‘alnkhrqmdes;tau@qdemwv@ SrZr’O;raarfmh lor eform
romt emxture and then sinte r ec i na

subst r at¥ 195289 prechipissstrugt %@dﬁ%&fi\gﬁ o'gn‘llp.ﬁ?@?ﬁ? gﬁY? a[;‘ﬂ B&SMn val ues

of thi s and

ur f ace FHEIDYed BORLRIR BEmel Uit SrbicChifictor BERLIslom BUIARF™ & HRSR

di el ect rpottymematmd agpatticllanpraierreg fapidy of pelymens baingdhose pased ont he

substant -&L%y uni form application to the surfaces of fine lines of
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fine lines of conductive or resistive metals or inks.

[0004] Such sintered products inherently contain a number of special and very
characteristic types of flaws. A first consists of fine holes created by the entrainment
of bubbles in the ceramic pre-casting slip of sizes in the range about 1-20
micrometers; these bubbles cannot be removed from the slip by known methods and
cause residual porosity in the body. As an example, sintered alumina substrates
may have as many as 800 residual bubble holes per sg/cm of surface (5,000 per
sq/in). Another flaw is triple-point holes at the junctions of the ceramic granules
when the substrate has been formed by roll-compacting of spray-dried powder; they
are of similar size to the bubble holes and appear in similar numbers per sg/cm. Yet
another consists of "knit-lines", which are webs or networks of seam lines of lower
density formed at the contact areas between butting particles during cold pressing.

Two other common flaws are caused by inclusions of foreign matter into the material
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-2 WO 03/031101 PCT/US02/31076 during processing, and the enlarged grains
caused by agglomeration of the particles despite their initial fine
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[0006] There is therefore continuing interest in methods for manufacturing

composite materials for the production of electronic substrates and for use as
electronic packaging materials, with which sintering and the high processing
temperatures required together with their attendant difficulties, high cost of diamond

machining and lapping, and the associated considerable costs are avoided.

[0007] The low inherent mechanical strength of the currently available matrix
forming polymers and their excessive thermal expansion coefficients has made it
necessary to embed reinforcing materials, such as woven glass fiber cloth, into the
substrate body, to strengthen it and also to constrain this excessive thermal
expansion. But such reinforcing materials unfortunately cause unacceptable
inhomogeneity of the structure. For example, their presence makes it difficult to
incorporate powdered filler materials into the body of the substrate with a high
degree of uniformity. Another difficulty is caused by the generally poor adhesion
exhibited by the commercially available matrix polymers toward the usual filler
materials, and extensive research and development has been undertaken in the
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exhibited by the comrercially available matri x polyners toward the usual
filler materials, and extensive research and devel opnent has been

under t akewoiog/ostier - 3 WO 03/ 031101 PCT/ US02/ 31076 past, amdTiGsozsnré nui ng,
i n connection with known substrate-form ng polyners, such as PTFE, to find
coupling agents that will provide adequate adhesi on between the pol yner
and t hepgpstyded icoomtimimg,dn candettivswitihknewacubstratsfdmmimg pblyaisrsngich i n
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noi sture oul gassing. [001/!1 U 5.~ Patent , 658, 994 di scl dses’ and cl ai ns

in its B3 bebamry 4998cbotimtio Air Preducts nddinemicals; ina; ofpilesioma, a conbi nat i on
of a di iC. i 1. Gr gel ectronic devic nerein the
di el eal?{e@ﬁ%;&pﬁp%%@@%p%@%a% W{ﬁluéﬁ A% mﬁ?@%%tfggleirg'ﬁ‘i ytg@me‘g%regﬁa, cont ai ns
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repeating units of the structure:
devices of a class of polyarylene ethers as a replacement for silica-based dielectric
materials, wherein the polyarylene ether does not have non-aromatic carbons (other
than perphenylated carbon), fluorinated substituents or significantly polarizable
functional groups. These materials, which are relatively easily synthesized, are
found surprisingly to have an excellent combination of desirable properties, namely
thermal stability, low dielectric constant values, low moisture absorption and low

moisture out gassing.

[0010] U.S. Patent No. 5,658,994 discloses and claims in its broadest aspect an
article of manufacture comprising a combination of a dielectric material and a
microelectronic device, wherein the dielectric material is provided on the
microelectronic device and contains a polyarylene ether polymer consisting
essentially of non-functional repeating units of the structure:
~{-O-Ar1-O-Arz-}m-{-O-Arz-O-Ars-}n-

wherein m=0 to 1.0; and n=1.0-m; and Arq, Arz, Ars and Ar, are individually

divalent arylene radicals selected from the group consisting of: phenylene; biphenyl
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-{-OCA1-OCA2-Im{-OCAr3-OCAr4-}n wherein =0 to 1.0; and n=1.0-m and
Art, Are, Ara and Ar4 are individually divalent arylene radicals selected
from t he §o®ap3onsi sti ng of : phenyl ene; bi phenyl -4 WO @8TA3049M76

PCT/ US02/ 31076 diradical; para-terphenyl diradical; neta-terphenyl

diradical; ortho-terphenyl diradical; naphthalene diradical; anthracene
di r adi caliadidgngdraltensiteril tiddieal; methiiefineal/sdieddicsl; SrtoRéenenill dieideds; of
specific type; and 4,4'-diradical of dibenzofuran and m xtures thereof,

but Art nagnthalape diggdical; antyerene tditadieale Phepadineene dgiradigabhdingdiealsoplene,
are notg ¢ ' ' ™  yPat.ent 74 5, Al
pol yar y|9é%3’q@ﬁ’{é§f Is@%hé?’i tg plﬁg'f"ég@%%ﬁ"éﬁg 'd'gﬁ"g@n?fMR%’?ﬁH% : %gdpg{é)?lu%
uni ts ofthefenfsbutudtuias, As; BndvAr,dtheil thadmthe Gradical® Srdiphenyifworena, amr0. 2
to 1.0; and n=1.0- Ar2,and Ara are individually divalent

d m.apd Art,
r adi cal §“%té$%?%leﬂ¥”éfﬁreﬂ§% group defined in the preceding paragraph; or
essentially of non-functional repeating units of the structure: .
-{- O Ar Y001 A} 1U)Sn RateniiNe- 68845 1o claines polyantene ethery consigting-esgentialivr x i s
a speci ' ; - Dl Sk 4 Vi) rene and Art and Ara are
I ndi vi dﬁcglr{o&qféx?\\iﬂé?rzanl?epg%tﬁ@}@i%%gségugt#gd fromthe group defined in the
| mredi ately precedi ng paragraph. Variations in Art, Ar2, Ara and Ar4 are
stated to all ow access to a{-OaAreDyArd},{rOpes-0-As-huch as reduction or
elimnation of crystallinity, nodulus, tensile strength, high glass

transition tenperature, et > polyners are said,to be essential.l

chemical ly i neri"{her?fﬂ\/@"ﬁ&i}%gﬁré)'}({/ﬁ'nﬁg\?@' ﬁdeg ie‘f.%?féff/‘\fhﬁﬁq f%ﬁ‘él@a/%}ly .
reacti vejigaleHPfadiedd s&eBed #bey i Yo @I@hﬁedﬂinttﬁépﬁfe%béfn‘@spﬁﬂagﬂé)&ﬁépc In
i nert atnospheres. [0012] The specified polyners are non-functional in that

t hey ar eeasestialtyadf yon-funationahgpentiyg doits of thesstruciuig: f uncti onal groups that
are detrinental to their application in the fabrication of mcroelectronic

devices. They do not have cgbbﬂpy Apheli&s sueh . as amide, inide and
O AR O A Rr i O P e

ket one, whi ch pronote adsor pt1orf r not bear hal ogens such
as fluorine, chlorine, brom ne and iodine, which can react with nmetal
sourc;a; in n”eL awr\@e@'nsirt:ita)PO pT'?ﬁmb sxgﬂhay Arxgiscra_rrppteﬁidl gagieﬁ igeg-bls(albq‘ g
aromatic carbops, exce or e bridging carbon in the.9,9-fluoren ene
oroup,  VNYEReRWaTuareas and AReanhAradre ndvidiAlyaivalentrasisdls @lso selert

proxi m teyohGhar G8Bh! deffiedUnt theSfimediately preceding paragraph. Variations in Ary,
Arz, Arz and Ars; are stated to allow access to a variety of properties such as
reduction or elimination of crystallinity, modulus, tensile strength, high glass
transition temperature, etc. The polymers are said to be essentially chemically inert,
have low polarity, have no additional functional or reactive groups, and to be
thermally stable at temperatures of 400°-450°C in inert atmospheres.

[0012] The specified polymers are non-functional in that they are chemically inert
and they do not bear any functional groups that are detrimental to their application in
the fabrication of microelectronic devices. They do not have carbonyl moieties such
as amide, imide and ketone, which promote adsorption of water. They do not bear
halogens such as fluorine, chlorine, bromine and iodine, which can react with metal
sources in metal deposition processes. They are composed essentially of aromatic
carbons, except for the bridging carbon in the 9,9-fluorenylidene group, which has
much of the character of aromatic carbons due to its proximity to aromatic structures;
for the purposes of the invention the carbon is deemed to be a perphenylated
carbon.



for the purposes of the invention the carbon is deened to be a

per phenyl ated carbon. -5 WO 03/031101 PCT/ US02/ 31076 [0013] The pol yners

are propo&eds3fsriouse as coatings, |ayers, encapsul ants, [parniser/3regi ons or
barrier layers or substrates in mcroelectronic devices. These devices may
I nclude, but are not limted to nultichip nodules, integrated circuits,

conduct o 3 2TBesSpdlymis &@ opdsed foriidesas coatihes! laryers, rencapsulahtspat t er ns of
an integratéd circuit, circuit boards as well as simlar or _? al ogous
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has roubbrdudiveiltygersun irtegrated tiecuits, tondwetorsoinsirelid patiecss otamintegrated
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di scussi on o'i‘ngprl or ‘art proposals’for filled polynmer substrates has
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i ndustry, there ar.e man t her ..products [.n i ch h fi Lials are
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of advapfaggs anﬁ%ﬁrﬁﬁudﬁ Para lFordepidrits S £&Waeen heAtshdUingnd
capacitors. DI SCLOSURE OF THE | NVENTI ON [ 0015] The principal object of the

i nvent i fiheiss stch psglasteclathw Heemoiseit bpardswnalt be sindlergidedg Hpyblersidedor
conposi te @ateri als consisting of particles of finely powdered filler
mat er i aImLB ﬂ}ﬁ%r(?dt ogether in a matrix of polyner material, such new

' i al d i cl de f h . ials.
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t hei dyction. [D Lt | furthe ' , | t hod
uni ch ar8etardR whed thg st rBshEls il REbIA Sher BB S ARERET g
at | eastEx@thples apNmadnets) feviie apfeninbe, fasidters dmt eapaditorsyi t h the remai nder
consisting essentially of the polyner nmaterial matrix, enploying as the

pol ymer material polynmers soluble in a volatilisable solvent
DISCLOSURE OF THE INVENTION

[0015] The principal object of the invention is to provide new methods for
manufacturing highly-filled composite materials consisting of particles of finely
powdered filler material bonded together in a matrix of polymer material, such new

composite materials, and articles made from such composite materials.

[0016] It is another object to provide such new methods with which the resultant
composite materials and articles comprise at least 60 percent by volume of filler
material, with the remainder consisting of the polymer material matrix together with
the residue of any additives employed in their production.

[0017] ltis a further object to provide such new methods which are operable to
produce composite materials and articles comprising at least 60 percent by volume
of the filler material, with the remainder consisting essentially of the polymer material
matrix, employing as the polymer material polymers soluble in a volatilisable solvent
and adequately adhesive to the filler material to provide a minimum flexural strength

in the resultant composites.



and adequately adhesive to the filler material to provide a m ninmum
flexural strength in the resultant conposites. -6 WO 03/031101

PCT/ US02/\80036311p0018] I n accordance with the invention tRrerasaz/azops ovi ded
met hods for the production of highly filled conposites of finely powdered
filler material particles in a polymer matrix conprising the steps of:

[0019] f@o18]"An@ceetddricewitd tHedhvaRtion they®ard prdviddd metifbdefar thd he pol ymer
bei ng oOf suffl cient strength and sufficiently adhesive to the filler

mat er i alPreduationl afighiy filled icomposites aptirely powsiered llermptesial pagiclesio | ess
th 17 Lt t her f 60 to 97 b I

pe?(r:]ent %@&é%%@&%‘%’gpkg%%%ﬂgﬁ& 5 \C/)\Ag'?h g[lf f irgiment sgl uti o% ;/g ]th(r)nrem a
Feaui 1 ol0T L e EUADBGiA w0 e 3t fOluenoh PRHIERRLF SEFERF HBrpblE S e on
whi | e subkaficidM sirngth MdIBuffisiepay aHhéé‘n’V@‘%G'théﬂllé}'ﬁnbtériéﬁbaﬁtﬁlé% t@irgbyit buti on

of filler particles I'n the solution with a high degree of uniformty, the
evapor ain epmpesitgs ebitexuiakstrength notlesstban 4 7Mpaol2, 200nsd); con5| sting
essentially of filler particles with the residual solution distributed with

a hi gh[oe2plee of nuininfgdogétlmerlfﬂmen 60 o 9 Hey wmmer[mr'cem dffilleg nfaieridler
continued until

t. h bst ant | ] t b d; d
Co050] - Bapids with e saliion D B, Janansion Eherg Bt R taanea e

pol yner voﬁﬁﬁe?@r&n@bﬁﬁ%’ StyFridh rbGhiRsH for & BoMpRkHet he el ted pol yner
di spersed in [ nters | Ces between the filler material particles with a

hi gh de of unigf, [ ntion

t here a?é prow de ﬁPHHtMgﬁ#f@ﬁ?kgﬁkﬁ%gﬁbe&%ﬁﬁg§u@fe%€rr1§? Eﬁng | nely
powder eghéat treatneriteso ad tqamaintahechskmbstmm btifiket particles iratha solofiorpwithaer

mat eri al th a high. ree . of uniformty, the. materials . conprising;
[0024) " bichbsigerdeces LRATIE. 56 ygPoEon tifhg SPOHRuGLHEdR it PIBaRRY e f o
particl %anei@,ﬁn%laes&ﬂ'aagccﬁffmm ﬁﬁ’&les%ﬁﬂ?ét‘e@gjl{%f léslﬂghwﬁ Gif@@twittsa Sol ubl e
in a volatizable so tha has been volatilize romt emxture, t he
pol ynmer higivde@feemﬁumformﬂy tlmremn@neneumbraamm@em fuiribiee nonijnuedhedil ke t o t he

filler f Btlcbe Ey sult in osites of bending strength not
| ess t h&RVEP QS E enTr& %GW }Y é’ corrp05| te m xture has been

subj ect a sufficient to nd to a

ot essur $0028Y i cABbEti dhe Furnle Aipiarature sificft & et e pofjrier
and to a pressure sufficient to maintain the melted polymer dispersed in the
interstices between the filler material particles with a high degree of uniformity.

[0023] Also in accordance with the invention there are provided highly filled
composite materials comprising finely powdered filler material particles distributed in
a matrix of polymer material with a high degree of uniformity, the materials
comprising;

[0024] a composite mixture of 60 to 97 by volume percent of filler material
particles and the balance polymer, consisting of a polymer that is soluble in a
volatizable solvent that has been volatilized from the mixture, the polymer having
sufficient strength and being sufficiently adhesive to the filler material particles to
result in composites of bending strength not less than 17Mpa (2,500psi);

[0025] wherein the composite mixture has been subjected to a temperature
sufficient to melt the polymer and to a pressure sufficient to disperse the melted
polymer into the interstices between the filler material particles to a high degree of
uniformity.



polymer into the interstices between the filler material particles to a

hi gh degree of uniformty. -7 WO 03/031101 PCT/US02/ 31076 BRI EF .
DESCRI PTIVON 0@B31MHE DRAW NGS [ 0026] Met hods and appar at us fPer/usez3preoduct i on
of the new conposite materials, new conposite nmaterials, and articles nade
of such new conposite materials, pro- duced using such nethods and

appar at UBRIEFMBESERIPTIONIOE VTHE DRAWINGS ed em_:)odi ments of the invention,
wi |l now be described, by way of exanple, with reference to the

acconpanyy di SaTBA ' i et j,\g(gj' o hd rst
part rrgf rﬁgoglg%cwlp ow df‘%gp ?n 0 @gﬁéﬂg gﬁ%tlghqrrgtg ﬁ%ggan rﬁ%%splfaem%{t@a;édr t he
manuf act @w compasée coatedals; andwriicleshwadenal suchi neve somposite matenas; proa,

articul ar for the manufacture of flat,rectangul ar copper clad substirates
Eontendecir‘?“f(%elx‘l:i LEJ%'BQPHP"&F%@PS%HPQ apPAEat<thaj 8 |§pa]@ﬁp5é)f§rrpg eMRRAIPEBtRt i on
of a m Xsffthg hwlione WAPRSR HeCdedtribed SBPWaYIdT exBHipld \Aith Ferbedil 9o the [ 0029]
Figure 3 is a cross-section through the m|l of Figure 2, taken on the line
A-A t heaGomparoiEfiagraomatic drewigsiwiegrefitirt of the bl ock flow di agram
continuing fromFigurel; [0031] Figure 5 is a further part of the bl ock

fl ow di d§02f] Eigure rus the firsd part af e Blogk flowrdiad@asaf the specific Hetod ahdar e

oi oo of Py bt BhEmBRBIAR orfad clivERed la g A SCeR ARG orain

St r uct uriavémRITe ParticlaH P the ehdrRFaaGid ot réctaAyiar ebpP&t @hd siih ion to
be applli \éd to gasbrfac)g, and applied to ther surgagg. TAI LED D%g%ﬁ PTI ON

OF THE PRErERAHDr BsB i alevi®ic 60eEis; W have di scovered that unexpectedly

t he production of useful conposite materials with high | oadings of finely
di vi ded [O0R8Er Figare 2iisiske elquatiarsoba ouxel/stileentrevaporsionahillaghonediah f rom

t hat whi ch.has previ gfpsl y been enployed in their production. A major

pr obl em? I"ﬂ%@ 1BHET "ar t processes, and in the materia:s and sEberat es
obt ai ne eby, ig.the progressiye |oss of nechanical strength that

resul tsd@bagﬂepépﬁ? ér's 8dtr 8%’%6&1%&1’0‘?@ thecmibefddgursng tﬁk@'ﬂl@ﬂ&'@e dnedPts to
i ncor porigkkjn:nore than about 40 volune percent generally has resulted in
conposites which are

[0030] Figure 4 is another part of the block flow diagram, continuing from Figure1;

[0031] Figure 5 is a further part of the block flow diagram, continuing from Figure 4;
and

[0032] Figures 6 and 7 are respective part cross sections to a greatly enlarged
scale through a small piece of a typical material of the invention in order to show the
grain structure thereof, and showing respectively a layer of metal in position to be
applied to a surface, and applied to the surface.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0033] We have discovered that unexpectedly the production of useful composite
materials with high loadings of finely divided filler materials requires a complete
reversal of approach from that which has previously been employed in their
production. A major problem in the prior art processes, and in the materials and
substrates obtained thereby, is the progressive loss of mechanical strength that
results as the filler solids content is increased, and hitherto attempts to incorporate
more than about 40 volume percent generally has resulted in composites which are

so friable that they literally collapse to a heap of sand-like material if in testing they
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so friable that they literally collapse to a heap of sand-like material if
in testing they -8 WD 03/031101 PCT/ US02/ 31076 are stressed to the degree
requi red woososter ci al practice. Mreover, it has been fe®amdsd/sforeul t
wWith prior art processes even to incorporate as nuch as 40 volume percent
solids material, since as the material is added to the polyner the m xtures

becone g ¥iréss@idtotthaldedied psquingdXh Rniresei pradticeu aloravendisikasbeen
Consequer:té\ldy_ ~the approach has of necessjty been to ingorp (gate only as
much fi fqusd ditficaltiviih pronart processes evem iaingPERATAte 3% MG cﬂ%‘f VBN cal
st rengt I : | :

char act Epfc;%[ﬁﬁgél?dsgrﬁgﬁé}%, %ﬁgé 8 Zib:éf"ﬁfaé%r:?él é%gpg%ggér#{se??%lgmt F}%@E mrlxeflém st .

[0034] Wétdmele \ﬂlmdwiﬁabﬁnilh‘dsrm mixirg bieoomekorirtudily imdpmseibiﬁ. uCopsexlierttiypn of
conposite materials, the soljds content nust instead be_jncreased to.val ues
vel | bEiRARPIOAsR Hagof neeesiniarn tnRFoTprrale oy as w%&@@wﬁﬁﬁa'ﬁw%m f or

oA PSR s RGBS apBi o gl e e

produce e req ani cal st gth, it beling found
unex pec thesitigsitdthotheh ehamraetdristics asucht asthgt dlectnicalkcharsctaristics, thateeseltl sol i ds
content, instead of decreasing, up to the value of about 95-97 vol une

per cent [00B8%] 0 Withvkhee metiaddieot the ipventiont farthesucpedsfutgrodsctiomcafced bel ow t he
m nimum required to naintain, aﬂgauate adhesi on, of, the g?l &mer bet ween t he
filler pampositeaiedals; higslidsicontant nustinsiegd bedpereased o Yaluesmelk y. 1t is
ny beli ' J f o | | i sul t,
a1 t nough oS REIncBefiiAe FoRveBran Bbba. A Ateptig Rk N IR BEESE nel . end
t hat t heomposité inmatetialslis 60tvellinmeeeetnnt. Ssichimategiatsncarf be peodiioedda beodfy mer

[ i nh tly. [ ti | I, hani [ t f it
w11 "he e tanired hidiin MesRonba St tbeleRblid HnefadateRy Bt the s oot n
and al sen&iHahical 8fEhYthh&reasdS 9thaRcreagua isdlid 8onteht, fisteBd of tatreabihgt he new

met hods the polyners are enployed in the form of very thin adherent |ayers
i nt er posipdotiee welee aftabolit PP&Y7 yelumeopersents beyondwhichayalvatie pmpostinmphed

ith th t hads_of t ' ti. j,d '
ut i ci ERDRHE grdugad Belof PR raBtnafte e b aftaltas BHF Blnbon el ur acy
the opt itmaiblyhitirHebRESE $hd Mlertginrticias aishustgd pigneeto 4 AlEY degreé of s known
that layers O0f 1-3 mcroneters can be very successful in giving superior

adhesi onnitpimityadl i avedelief thar gt prssibia explapedon fer thisdaighlyiurexpeetedo

T e e B bl RGO A0S RoBBL B Elrd s BY LR

chosen pedtthginventionibdl limitediteebbgris that eMendhthe chosen polymer is inherently
not particularly mechanically strong, a successful composite will be produced if the
polymer exhibits sufficient mechanical strength and also sufficiently high adhesion
toward the filler material. In the new methods the polymers are employed in the form
of very thin adherent layers interposed between the filler particles, such that can only
be obtained with the methods of the invention and when the solids content is
sufficiently high. It is difficult to specify with any degree of accuracy the optimum
thicknesses for the interposed polymer layers; it is known that layers of 1-3
micrometers can be very successful in giving superior adhesion with adequate

strength, and a possible upper limit is 40 micrometers (0.001in).

[0035] Composite materials of the invention are made by dissolving the required
portion by weight, or by volume, of the chosen polymer material in a solvent in which
it is sufficiently soluble that a flowable solution is obtained which can form a
homogeneous mixture with the corresponding portion by weight or by volume of the
chosen filler material, which should be of sufficiently small dimension, or equivalent

-9-



it is sufficiently soluble that a fl owable solution is obtained which can
forma honobgeneous m xture with the correspondi ng portion by weight or by
vol une ofwohg/o3uabosen filler material, which shoul d be of PEwfUSOL3®ONG | v
smal | di rrensi on, or equivalent -9 WD 03/031101 PCT/US02/ 31076 spheri cal

di aneter, inthe range 0.1 to 50 mcroneters. By equival ent spherical

di amet g hbﬁc;?ﬁﬂaﬁneié?ee 4. WHicrargle GH1¢05D! raickdvetpserBy sfuipalent spleericali ng
t he sa as the specified particle. Once such a honbgeneous

fil1 er /diametards meant thediametepeta compietalysnhescalpaidsie hawnpaesamepe

of "t he Vel REStBripd rigR Hnes HeH [RoPAgo RS SRR pXeeene! t¥

suf fi citgiatpdeh BBtdinéd ehdeblvant, whidteriust be eemovablet fserenaogel mzamnnec and to
a pressure, e.g. in the ran e 3.5 t0 1380I\/Pa 500 c%éoo SI)
pr ef er aihigh Hoes mot destimpihg homogeneidy obibedpdurs, s thatitearhthep |sperse t he

| d | f
T o ibiedted (R Shplatf Gt §%B’E3fbtyﬁn‘{§ftt*h§?’§'é}f§‘lrr§'ﬁ§% y ?}@Z‘i‘tﬂ‘@ N ose
selhect %d-ﬂf@d)mct lbﬁdgrb ayressurepeics imthepainger3.5 ¢nd, CT&GMI?a 2500t 2'%5) QD@ng .
ther-3, and pol yaryl ene e er a i be
:bove A @F 3 75 ad 3@6%?4%@3@ t}@g S')WﬁF lglen¥$%8||65 Sget%%ateri al is
sel ect g, fté fyﬁr%r%&féﬂa?ﬁﬁ@fﬁeﬂn’f@rsﬁ?éé b@t\f\fé'én%e'ﬁé@f &ad offilldrahgtetial.

partlcles romagneti c material, particles a core of inorganic
mat er i a\Ve@csmzbabté p@lymnea maigealscﬂredom@tainpleﬂhd@e ﬁﬁb@tﬁdaﬂromﬁhﬁlgiﬂélﬂés of net al

material particl c material di tric
const arfOTAPHHNG#! yaﬁﬁen%&%gﬁr- JQvaIv'e ﬁ'ﬁtéé??r'? é)ric[ bb@%w h(f}ﬁlr4 £ c'(gﬁ may
be hol | ‘é/ter[a%ﬁﬁ\}e hBén rd%%éhﬁ@éb@\%abﬁé a?élde%mlhl ek d¢oli beldve whilkd ur e
may be orrre Into a sheet, filmor tape by a thernoplastic extrusion

pr ocessthediileo mtsmlflasele@fed/\iﬂﬂmhé grouR ePMpristgRiticles AbinREgarigi t abl e

conductiv t al [ ect bondi ng
of a fofl Ia%.ﬁ% rﬂglgg gﬁbea"g'?’é‘ﬁ‘ﬂ? éﬁl'{r}gg 95\?@1@ & %ﬁ‘gra irgléa mBY%/éHI%r een
" per f or watdidicefearwite adayerf sfemmels elxide mtaeammmmclestdﬁmetalanatamu
pressure step, and these green bodies cg’?verte to heated %rgg ssed

bodi es payiclestafenagaticonaterigbranderastisles af v siclectygicanstant high BY9f whi ch
i r oot BORLPATEY MhasBHEl fi3ritREThafitibs RaRE By, Pt ST R The
ol os U038 o P BRI TEaLeE anf BESes B cobipoStEEriqil Tl b Phto
i nvent i grpeil kilhoreass by kethermopb it bxbesion procassnoatd & surface bf which a
layer of copper or other suitable conductive metal may be applied, either by
sputtering or by direct bonding of a foil under heat and pressure in a vacuum.
Alternatively, green “perform” bodies can be cut from sheet or tape before the heat
and pressure step, and these green bodies converted to heated and pressed bodies
by a thermoplastic compression process, again to a surface of which a layer of a
metal such as copper can be applied by sputtering or by direct bonding of copper foil
under heat and pressure in a vacuum. The resultant bodies may comprise
substrates for electronic circuits or enclosures for electronic circuits or devices, and
the methods of the invention will be described in detail below in connection with the
manufacture of such thin flat plates. It will be apparent however that they are
applicable also to any shape of highly filled composite molded article with which
direct production of superior surface finish, highly uniform micro-structures, and high

dimensional uniformity from finished article to article is desired.
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manuf acture of such thin flat plates. It will be apparent however that they
are applicable also to any shape of highly filled conposite nolded article
wi th whi cWoO odiosget production of superior surface finish, PRITgIS0y310m f or m

m cro-structures, and high dinmensional uniformty fromfi ]nl Sheﬁ article to
article 10 WO 03/031101 PCT/ US02/31076 [0037] W't

m cr oel e@i?’gﬁ kv'ﬁbW‘E@@eCHﬁH'O\MQWPQSn@nﬁ|V§Hbﬁhefhlﬁh@rerﬁ@qwqm\nowwpl oyed, t he
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d ff t f especi al |

i 1 cul hesmplEgnbiegrainthiges it nalp heenaissal Verioganssely wiknaiprvice cven

st i, Sl ) o M N

;ngr a%/ wolatile sabyeot Waﬂadut damegmg ortmlemwdes{tmya*fij thiseti@nogévgeityct th? nlﬁkm#ém it lljr .
this particu ocess permts a

of i 11 oPais s Ao, ARRUP VSl Hipdomnn BEEossht Erproblaxiigh hear miwes t uni ¢y

of specirhéthadsyarideappurafis, taa@e%aﬁb@@npaétaﬁ%@kﬁ&ectrlca' characteristics of

the resultant substrates for the end product. The polyner is added in the

I ependi ng
Upon ¢ hdPOSPERpIePting BB FigHEL T, the stipeftis fo P EHERRT R B fllalier a
sui t abl eargmssemmmtaa mmtup@bﬂdﬁf;elrmte‘ﬂleeh‘rﬁ%na:dgItqggrfgldztm&%of brgfmglf’@ pee,
bconon SHRGRG o spéefiEa i alomhcing Mechanial au gke‘ﬁgwaapm@acmrw?%of thet h
the fil |r§§ulfmit%UbéﬂrateEWbﬁt@éN&BFodLﬁ:t a*l'ﬁﬁ g\éﬁ/r?{?lslg'atd%lghefn HOS fdfRe fa% a liquid

di spersion and suspension vehicle for t er materials an

oppor t usetyfiongheraaf casiallytafiabout 5f40%p;bngemtgatuan dep?}]dmrg upbe tlfee)irscblﬁg?teyr Im(;lst
ona” snodt & Bdad dbpist Ty HiERRIREA G bp A ol sl Tordrerpalvargione

appar at Mhaema rakes Br@iclgigxanynd] whichGs cafrfndrclal réé’dl!?%ila‘ﬂéble isof the
sgloected fIB g,lfeb owdec?‘ed filler material s, usual ? ani c materl al s,

with r&8pabledfdaing erenemisally radsaielelalitized ifr@m themolshmaamremmmg ures

[ t f rial or mxture of materials
mmy be S EANer REfehl AP SolyEREls i Fen bl tosBisp s B Mo Rhapere i
sol uti omdcauspansuam\ehpmemnthe filler matetidio wadekhe @bbannm@y BhAdlfordasReh e
required i el ec _ﬁhconst ant, |loss tangent, and particle size
0

di stribdf gur I'OB?{'PS 1SS erEAlution mustbe sufticientdy Buwid for the subsequent

mixing with the filler material and should therefore be at least of “syrupy”
consistency. With this apparatus separate preliminary mixtures are first formed of
each of the selected finely powdered filler materials, usually inorganic materials, with
respective portions of the polymer solution, the separate mixtures then being
combined into one. The filler material or mixture of materials may be obtained
respectively by precipitation or coprecipitation from solutions of suitable precursors,
and however obtained should have the required purity, dielectric constant, loss
tangent, and particle size distribution. In this embodiment up to four different
powdered materials can be fed from a delivery and metering system comprising a
plurality of hoppers 10, 12, 14 and 16 respectively, while the polymer solution is fed
from its hopper 18, and suitable surface active functional additives, if required, such
as surfactants, plasticizers and lubricants, are fed from a respective hopper 20. It is
an unexpected advantage of the processes of the invention that, usually, such

additives are not required and therefore would only be used if absolutely necessary,

=77-



powdered materials can be fed froma delivery and netering system
conprising a plurality of hoppers 10, 12, 14 and 16 respectively, while

t he pol yneo ogobuvi on is fed fromits hopper 18, and suit ROTASEUBHAE e
active functional additives, if required, such as surfactants,

pl asticizers and lubricants, are fed froma respective hopper 20. It is an
unexpeghadhas WrMimefiIA Gubhstydrmesseand furidiieniof saohinoatetialstis wedual |y, such

additives are not required and therefore ul d onl e used if sol ut el
necessadogumebiedp@no3s @isorgell knowndo shaseotd eclawdﬂtﬁré%r%m'aﬁ? iﬁ%maaguant i ty?/
The us nd functj.on.of .s Jaterials is well docunented, and is also
wel | kﬁwakﬁft#SFHBﬁ%” éﬁ(%‘?tl régt]}r%at his particular art, so that further
description i ot requiyred 03 . ' ed
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obt ai ngd §1oghd 98PEE hitdihaBUEyidbtdintd Gonprespeotive piauipittioarorsy st ems 22, 24,

Chow. Copespiicarsysiems 22 24s op e POPIESRIELGN RulpE! 17 dne SRERFR AR, "
I Si tered ' : i luti
< et Aoty S S e Sdvhy TRB Ao B BRLEHICE boudBF o I BPPOLETC T3, O o by

met er  3ntinabdsly pesEsioh rslered b ianedppctivemeter @8, tharof the pelymer seliioni ve
flows are netered b

t 6. h prelimni ' f
ol y reris sustatacohy MASoriEs shabal tha e stve aafiveS cmaneg oy Pelredt  ve
A i . X v e . . O
bl ow. “JTELIGHE g 38 pofffd goltier Sephiielor adiaes floRY ord mlERdtY & shes
it frorfeBpbEtiveahibterp36e Bsarspiatintimany mixture of pelyeeresplution, Pewders aadt

wd latively wd f ticl ' | 0 @bt ai
bpt | muradsidvasy deUyBraRntaoR retece Erundabe miai s Tipelefhdib ml 280 o0 o
the t hi& |E§dc?rf1 mdie ddthieheresed pol yner layers, as contrasted with the

hi ghly uflTormsi ze, and consequently expensive, powders which are

n

requir rHGU t ; ' blsBHgGiRhagitdram peibr aktes to
achi evgl%oégiqy&%e(l’fﬁh{af%gﬁ)rgn&tsy&g?gﬁ%gég?‘g%tgl%é iugr ?g t he fgr_rralpfli on of each
mi Xt ur epigRBssELiBIRat it ieprefenied tpase low esstusavedary of errslativelyrwigarenge 5 of a

v« smicksesio g i obyboBBEu BAIRE RN B PSR B oF)
2001 ore L B BB o o Scar -
m xer / ntohtr@fed pdthaheshighly minifotrh sizee @pd rronsequently P aansEe: BRYOgIEWhich
di sper Sialpenre%fuired, particularly for the production of fired ceramic substrates to achieve
adequate uniformity of processing. Prior to the formation of each mixture the
respective powder particles usually consist of particles of a range of sizes, together
with agglomerates of many finer particles that inevitably form during storage etc.,
and that can vary even more widely in size, and this must be corrected, particularly
the reduction of the agglomerates back to their individual particles. Each high shear
mixer/mill 38 operates to mix the components and produce complete dispersion of
the powdered material in the liquid vehicle, and also as a grinding mill to mill the
respective powder particles and agglomerates to a required size distribution to a
obtain a required degree of uniformity, but with a distribution that will also result in a

minimum pore volume when compacted.

[0041] The proportions of the powder and polymer solution from the hoppers are
such as to obtain a solids content in the respective preliminary mixture in the range
of 40-95% by volume, the quantities of the dispersing vehicle (the solvent in this
example) being kept as low as possible, but sufficient for the consistency of the
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the powdered material in the liquid vehicle, and also as a grinding mll to
mll the respective powder particles and agglomerates to a required size
di stributworespsilar obtain a required degree of uniform tyPChUSOBIM a
distribution that will also result in a mninmmpore vol une when
conpacted. [0041] The proportions of the powder and pol yner solution from
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and 5, 5 mé'rﬂgfﬁi%gly%tﬁﬁes]b‘ﬂ WhicA298 inddigordtsd hessivi by tieib refereficear e

i ncor porat’ I's reference. [0042] These special mlls may be of
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second t f mll, ich. i st i : :
o ot anbib abmelen oho PE ARG S kpbEeREl o1 MSer Bl BT sSB R
ggl f[ Rg[é nd: EIQ%? miﬂ,{\{@hi@ﬁ%n@i%té &fan inner eyiiridridar mebsiargotdtalgbtdbputiaspl aced

_ e ng wall's are nore cl osely “spaced together at on
| ongi t ukbriEdntalacds insidena stationanehellqye puisieyindrical sraMbeaihe pxes Oﬁs'et he

axes, what is referred. to,as.a,processi 0 |
apaced o evidsrafeng siahn] et Tl o hALLaR Ry cRpB ! & T e
paral | elnd Qg HB@%H@F%‘E on%@ﬁ%iu&jimﬂ@wtm dround theicpemplesTyio doryn, qaraliedr o gap.
The m xture flows through the processing gap,produci na so-cal l e

ot Koo et cloTe k3O ORGSR CBY an
the i cRePGH Bt BecudRRyRally SRppRed Bqiatinal Keafh B9f, agBinbaGIERE 00 | he
st at i ong{e/axexYReiat Whiefbrregtd uslaorghplediendarymrenaenoegap. The mixture flows

through the processing gap producing so-called "supra-Kolmorgoroff* mixing eddies

in the portion of the slurry at and close to the macro gap and so-called "sub-

Kolmorgoroff* mixing eddies in the micro or processing gap. Ultrasonic transducers

may be mounted on the stationary member which apply longitudinal pressure

oscillations into the processing gap and reinforce the "sub-Kolmorgoroff* mixing

eddies. Such apparatus is capable of processing relatively thick slurries of sub-

micrometer particles in minutes that otherwise can take several days in conventional

high shear mixers and ball or sand mills.

[0043] The mixture of separate preliminary mixtures is formed into a substantially
uniform slurry or wet paste by passing them together into a mixer/deagglomeration
mill 40, in which the combined mixture is subjected to another high shear grinding,
deagglomerating and dispersing operation. The mill 40 is again one of the above-
mentioned special mills which are the subject of my Patents Nos. 5,279,463 and

5,538,191, being also of the type comprising an inner cylindrical member rotatable
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oscillations into the processing gap and reinforce the "sub-Kol nmorgoroff'
m xing eddies. Such apparatus is capable of processing relatively thick
slurries WD 0gtobt101mi crometer particles in mnutes that ot h®CRUsSe2swmme t ake
several days in conventional high shear m xers and ball or sand mlls.
[0043] The m xture of separate prelimnary mxtures is formed into a
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past o bwpmpesdrinn de gt 43 GA0 &M 1 Rapann rasteldhe hERhe e, s 1
er 44 in
the form é@ér\\ﬁf, fé}hpﬁéd Wﬂllé?he?gsfehlb% rbbslm&e@funﬁbﬁhlg‘hcéﬁém&@ﬁdﬂﬂ@nsSOl vent

IS reno e pas vi gor ously under hi gh shear conditions
that comit bostimionshyeremesistthe cuteresurianeftacnsuce e the thiekaningaatefialkeni ng

ol ventremaloh hpBRSRABOUS SaPRs i pradresshe BTV L e soFBRE e embfal

to its F@&Eﬁr@hﬁ Ebil/8REmbYE RN ERE Body Intérfdt tevREtaticr suf¥dedom stheince
Vi gor ous ear m xing and surface renewal the njxt re vvoul dhé"‘fgl dly

gﬁf?gﬁe'm?ﬁ eaapon[abete;]/V|thug|’r§gehgth§0!a% higheshear yeixing and ut er
e past.e S econe

hel i cal Mbgyre woulg, fﬁn@flf anorgﬁtrﬁgrcep%ﬁc’,]ﬁ%ﬂgﬂﬁor{lﬁ%&ﬁe@%p?}aﬁ%ﬁ \?n > tS oI |nt§1
di schar g&. agiast ltRdm 20e @atéﬁyma@ed THe sasto tivenbecames tbdmramusﬂwmmh asdl vent

di schar ge let 52, fromwhich it t
recovergravelaah adedical p@thg‘mlﬂgqgé%i g%ﬁﬁ%nbgﬁgfﬁ%ngggﬁ?ﬁéu ﬁ%'ﬁﬂh& ) o

:’? m;\(;a: gﬁaggrg@&t#[q% ?@Bé/sf ml%fé("anﬁ &R SNht 38 witRdteh fH8figedorBAse, so that
discharge outlet 52, from which it passes to a condenser (not shown) for recovery
and reuse. At some stage in the volatilization and solvent removal the mixture may
now be regarded as having changed phase, so that it no longer comprises filler
material substantially uniformly distributed in solution, but instead comprises
essentially filler material in which the remaining solution is distributed to a high
degree of uniformity. The evaporation of the solvent is facilitated by heat from a row
of cartridge heaters 54 in the base of the machine, their output being such as to

obtain a temperature in the mixture body of about 150°C.

[0045] Near to the discharge outlet 50 the paste is of sufficient stiffness that it can
be extruded into a coherent thin tape 56 (or sheet or strip depending upon what is
required for the final product) of the desired dimension in thickness and width using a
conventional paste extruding machine 58. Since this tape still contains small
amounts of solvent, and possibly some residual additives, it must be subjected to a
further heating, drying process. The thickness of the tape, etc. exiting from the

extruder will depend to some extent on the thickness of the final substrates, but
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material substantially uniformy distributed in solution, but instead
conprises essentially filler material in which the remaining solution is
di stri butwo oso3aohi gh degree of uniformty. The evapor at iPom/ush2/810&6 sol vent
is facilitated by heat froma row of cartridge heaters 54 in the base of
the machine, their output being such as to obtain a tenperature in the
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ongo ngAUES SradeaInar o Iemit e dli of b il ARTRAE RblaugRly 12, o,
oven, &jighdreed tcBhfpo%ﬂé rhitfurb b ené ﬁlle’hﬁa&lrlbbdnd)pobﬁmandq\ elslstahi@nveyor 60,

whi ch passes It throu a dr |ng oven 62, durin e the sol vent
and as templeraturefarsius éﬂl’b@Vth@, CHcﬁiI‘iaf“RJ%’s'néh% r?'ﬁﬁ)%é‘%g ‘?aﬁé' st I’I\[; (r)]r

tape c S%ifﬁ?ﬁ?edgﬂ&y%‘g‘f%%t%iﬁ’o hsYpIE 366 FERTEIRA SFOUBLIS HBIES oy the

filler tenperature for such an oven is,
for examplekitingsdiént] éﬁd@y@@*étﬁﬂ@estdneadrhﬁla brpakdewngoroduets daptanay Seowl y
to avoid as far as possible the formation of bubble holes by the exiting
sol ventprea@at.-by any additives or additive breakdown products that nay be

present. [0046] The tape 56 of d d t
st at i on[0846] i Fﬁhaﬂam56lt00f dr@dsnﬂﬁéé ;iﬁ;ﬁsr%%é ﬁfdﬂsgh:ogas 'g‘gtgﬁ%wg%dﬂﬂ% Eg

Bl et r o BVErFbiRe A A B SBSARARRIORRCOR, s oy oF sEtARgAF Sare>r [ he
and of the size required for the electronic circuit board substrate, if that is the use for
which the materials are intended. The preforms are deposited manually or
automatically into the cavity of a heated compression mold comprising heated upper
and lower platens 68 and 70, the cavity being located in the lower heated platen 70
to facilitate the loading process. Once the preform is loaded the mold cavity is
closed by the downward moving heated top platen 68 which protrudes into the cavity
to compress the preform to its required dimensions and density. If desired a final
volatilization and degassing can take place by applying a vacuum to the interior of
the mold as and after it is closed. The temperature to which the preforms are heated
in the mold is sufficient to melt the polymer so that it will flow freely under the
pressure applied to completely fill the interstices and coat the filler material particles,
while the maximum is that at which the polymer will begin to degrade unacceptably.
The minimum pressure to be employed is coupled with the choice of temperature, in
that it must be sufficient for the melted polymer to flow as described, the pressure
and time for which the mold is closed being sufficient for the material of the preforms
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which the materials are intended. The preforms are deposited manually or
automatically into the cavity of a heated conpression nold conprising

heat ed upwero3/osmatl | ower platens 68 and 70, the cavity bei RgTItS0As®A i n t he

| ower heated platen 70 to facilitate the |oading process. Once the preform
I's loaded the nold cavity is closed by the downward novi ng heated top
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mrror-finis or better,” again in order to obtajn the de edflnal
smoot h and fcaneeventreleshdlan abpuii BHl. t tﬂﬁ*@ﬁﬂ'\ﬁ?\‘”‘é@d %FHée;WQ "RB'%have been

ggt mulsu%{rré ts‘o‘@l“@é"@“Y ﬁé%ﬁ@gh 33}01}1%? rétl?ngé’b ©Brithlto 1CHHANP 6d) Rl ¢ éﬁtﬁﬂ about

bé Tess than abou , and
can evefhtbfdé®rot tlﬁlbﬁl‘ﬂllrﬁb&ugeJar@ubualﬁum;unradete herﬂmodbdofahout@é( 5:-@;90

el ectronic
micrometer (22-40 microins), while if intended for thin film usage must be flat to
better than 0.05 micrometer (2 microins). The preforms are now fed to a heated
laminating press 74 in which they are each laminated on one or both sides with a
thin flat smooth piece 76 of conductive metal, usually copper sheet, of the same size,
which subsequently is etched to produce the electric circuit. These sheet copper
pieces are obtained by cutting from a strip 78 supplied from a roll thereof (not shown)
which is cut into pieces at a cutting and mirror-finish surfacing station 80. The
surfacing means comprises a hot press in which the cut pieces are pressed between
a pair of heated platens, the platen surfaces being mirror-finished or better so that a
corresponding finish is imparted to the surfaces of the pieces. The mirror-finishing
of the substrate surfaces and those of the copper pieces is especially important in
ultrahigh-frequency applications since, as described above, the currents tend to flow
only in the surface layers of the conductors, and a high degree of uniformity in

characteristics of the etched conductors is facilitated by such smooth surfaces.
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circuits will usually be of thickness in the range 0.125nmm to 1.5nm (5-60
ml), and if intended for thick filmusage are usually required to be
snoot h t owelwews1101 75- 0. 90 microneter (22-40 mcroins), wRCrasot/3iomé ended
for thin fil musage nust be flat to better than 0.05 mcroneter (2

m croins). The preforns are now fed to a heated |amnating press 74 in
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I t 17 2, 500ps Th t t
of "t he - RaTetpiesepbiy e oM R B AU B e T amely B apd et ar 1111 er
mat eri aldgidferked ahfbrrgtﬂherfmecwﬂa@at aﬁwﬂh{s isTii4glily bBRievapRakith ’EHé%Bﬂi&'jéCt i on

of conposite nmaterials in whicht sol i ds content Is easily a

economni cahplpyed vﬂwllyn@m@e%@w%hwp%tl@rmze pf thiedilienmatenab 97% by vol ume.
The volune fraction of the polyner in the mxtures is only that needed to
adher e t[0049] | Tiee pradessiamid gEparatisetesctibge bbeve ate bartfwldrlyruyitedefopbighs | ef t

th ' wd ft t t f bl
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anmong the fine particles, and this is readi|ly achievable w th the nethods

enpl oyecahuvet mas al>$0|pu$e|cbée1tbamx togethartibe fpinety abwéed ifiler oYateniad, thielpadymer,

mat er| althe solvent, and any necessary additives, and thereafter rely upon high shear
processing in one or a series of high shear mixer/mills 38 and/or 40 to produce the
required thorough dispersion, while at the same time obtaining the preferred range of
particle sizes, the dispersed mixture that is produced thereafter being passed to the
mixer/solvent evaporator 42 , the paste extruder 58 or its functional equivalent, and

the drying oven 46 etc., as with the prior process.

[0050] For many applications the degree of uniformity required in the material of the
finished substrate is such that even the extensive specific process described above
may not be sufficient, and it may be necessary to apply an additional series of steps
in which the tape 56 or the substrates 66 are broken and shredded or ground back
down to about the original particle size distribution, with the difference that the filler
material particles are now thoroughly coated with thin coatings of the polymer. This
finely divided material is again ground and dispersed in a suitable dispersing medium

by use of one or a chain of the special high shear mills, such as the mills 38 and 40
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[ 0049] The process and apparatus descri bed above are particularly suited
for high volune production of conposite materials, but sinpler processes
requi ri ngwoes®3t@appar at us are also within the scope of thedmseation. For
exanpl e, as described above, it is also possible to m x together the
finely divided filler material, the polyner, the solvent, and any necessary

addi t i vedesaiibgdrahoveauniditheengxinyeon pReghlesutormityiv ebtainedy wherothe or 2
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descri bed above, unti td?% maxi mum possi ple unéform’ty IS obtai ned, when
the di sve)%rﬂglieéneﬁ%mve S0P SANAER SEHIEPN i iRER P MgASURas armigroragigrs each

subj ect eglgb 0 T élﬁﬁfsi\}% 38bf HEpSH ' ich Y QS r%ﬁn? red
substrates, th((aa pol ymer ebei ng @Eﬁl}/ﬁ%{g?%ﬁlﬁ/?@ﬁg@%% astlgnﬁ%fet |és to be
possi bl eadg¢dqreie poRdipgrwith@utdhe need fer redfpesing fibershartfipemctotbgr aph cr oss
sections through a material of the invention, respectively before and

after t P[@Oﬁtz;]r ﬁs Has][baéresbftmLﬁ(a@oVﬁ, thie sei@cmmﬁlrofihe@b_lynlsemrt poljredr hﬁxtbfhe
mrror-fjnished surface o e substrate, the material consisting o

cl osely ﬁ%é‘ﬁ@m he megméis @rzé groquets of ﬁll%m\/ﬁ«afﬂ@? dapends, aparidgamdhe gsyal and
shape, ¢ 3 : iRk o hat ists as
Thin i rea a8 o gl RS b ot el Eonitert el " BlindBM Mo " 55
t he si zethefaveflabilityanfta comespartdingly meadilyeal ailablesspleerd thetdaroecariorkicglly e 6

T C e BT SRR BariEor B RS ARG BT o ™

rei nf or chalgmick B hsIlyAiersidxAibittdPSficient adhesion toward the finely divided filler
material to be able to form a composite of the required minimum flexural strength of
about 17 MegaPascals (2,500psi). There is usually no requirement for an upper limit
to the flexural strength and values of 124.2Mpa (18,000psi) have already been
obtained for silica/PAE composites and 144.2Mpa (20,900psi) for alumina/PAE
composites. For example, many polymers are soluble in mineral oils, which are
insufficiently volatile under the maximum heating conditions to which the mixtures
can be subjected without serious degradation of the polymer mechanical properties.
A very desirable filler material for electronic applications is boron nitride, but this is
so difficult to bond to that it is commonly used as a mold release agent, and it is

correspondingly difficult to find suitable polymer/solvent combinations for use with it.

[0053] Again, as has been described above, a particular currently preferred group
is the selected polyarylene-ether polymers, especially those intended for the
relatively high temperatures required in electronic applications, because of, for

example, the need to solder connections to the electrical elements. Those in which
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[ 0052] As has been set out above, the selection of the polynmer or polyner
m xture for use in the nethods and products of this invention depends,
apart frowptoB@3usual commercial considerations of cost amdI/usezsiy7e
consistent availability, principally upon the availability of a
correspondingly readily avail abl e sol vent that can economcally and safely
be vol atiid reip@dtlhgmllmtdsbmﬁenyhelréd|bdaldmkedIvmh the A dicadicalaf®,2 so upon t he

| | hi b
v, Geddihengiioranes ararepSNBEGRRE-£rnls arnabyserbepBroretbidf it oq
M Ni UM G éraﬁﬁ hﬁ' i ara@‘fé?hﬁeri'yTd%ﬂ@ﬁﬂﬁﬂ@d%ﬁﬂtr@@ﬂﬁuﬁamﬁbﬁﬁe i's

usual Iy 'no reqw erren n upper Iimt to flexural strength and
val ues etg dipheRiilaoterts, @@@ples)gnamchAEraaaan,d uaarércur@ntlmupfﬁ%f@rrpérgrgup,u IBa/ PAE
corrp03|t 144, 20, 900 SI | upd..na/;R t For
exanpl eV @%&P&ﬁﬁﬁ'}@ Ugt s a 50 8r%|t33{fF?FE\%hé}@9§Fe§Sare

' nsuff'abg@ btéd/PAEUf' mllmﬁ’ésé b@lyﬁ%ﬂs W@sﬁ@bd@@ fapaed sufﬁn@ntmsmb@ the
m Xt ures subj ected withouf serious degradation of the p

mechani oabyqtoiwartqn@s which ige omesireiglly @vallahl%anﬁé@l@tlvglv easHy Bﬁ@‘é‘éfjom c

appl i cat I [

PP oA ERIETA ilbbhS i R droddf o7 S Pobirers he Wit thine hat 1
diffi CU'aboV@-rﬁérﬁtibrféd' FhIresteaisyNes 6558391 and 51874818 ns vsfhm:h l:eferemceh it

[ 0053] Again, as has been descri bed above, a partllccgl ar urreéﬁﬁg%r eferred

_groupd ineay he magde anddhp aripginal shatastatistics f1srrat whicBare gl dntele
I nt ende r INgGt roni
appl i Ca?rpbﬁeénéﬁgg%@@elgﬁ Oé%# 'ép tyrg%gﬁrgmgﬁ géﬁ%&?ﬁ? géegcg)q‘d%%l%oﬁect ions to
the el eQgor34mB13) tervenitis refEnarse shoulhibemads intbedBiepestiaf BvBTingIS02/ 31076
the repeating unit is_biphenyl diradical |inked with the 4,4'-diradical of
9, 9- di Mﬁ’@ﬁ?%ﬁ%ﬂ%@@t' I0fk ¢ desi gnated PAE-2, while another currently

in vvhlchthere eating unit is a-ter nyl di.radi cal

pr ef d
i nked \emogé ﬁwerezarecﬂ maitede obpthes pm@%w Pﬁn&?:@ﬁéucgq gyéﬂé@.@ A28 ed

PAE- 3, an Lr ' : unit is
L Conbi 1BEIBHS e HateRls & B TfeiEn A\ tdte (Y Ho Hecte witRERd figh " |
of theseemplydtarss amy/esthegatiedo meﬂefor spexial dlécticarhayactefistinseor the filler

cycl ohexanone, which is a cq%gﬁ? avai |l .abl e a d reI&@hvel easi, y

hand| ed ansgortbatPaNEF- by su arefamifeseidg lfm%? STe ﬁier s are
d' scl OSWOb.pea e eeéé\m Eﬁ{Hria%'reéblMafﬁy dﬁ@tmmanmn@ﬂ@égn ga%émy ﬁ\e874 516,

erenc may be nade princi pal Characteristics thereof

whl ch arseledted faraﬂyeBtemlmert mcomnneremmmeahstmg Qfmwhupﬂmnetsomtlad@talétof out in
i eér | Itﬁélr?r%)nh Ip%?érlngperg %rnd posN%Ie solvents is given, for example, in the publication

“POLYMER HANDBOOK (Fourth Edition)/ Editors: J.Brandup, E.H. Immergut and

E.A. Grulke, published 1999 by John Wiley & Sons, Inc, the disclosure of which is

incorporated herein by this reference. Details of solvents for various polymer

families are given in Chapter VII, pages 498 through 536, such as benzene, toluene,

chloroform, etc. for the polydienes; acetone, methanol, etc. for the polyacetylenes;

halogenated hydrocarbons, xylene, etc. for the polyalkenes; alcohols, acetone,

isporopanol, etc for the polyacrylics; acetone, chlorobenzene, chloroform, etc. for the

polymethacrylics; cyclohexane and cyclohexanol, etc. for the polyvinylethers;

acetamide, acetone, cyclohexanone, etc. for the polyvinyl alcohols; acetone, benzyl

acetate, etc. for the polyacetals; acetone, chloroform, etc. for the polyvinyl ketones;

acetic anhydride, DMSO, etc. for the polyvinyl nitriles; and acetic acid, acetone,

methanol, etc. for the polyvinyl esters.
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09/ 345,813, to which reference should be nade in the interest of avoiding
unnecessary repetition. [0054] There are a nultitude of other products that
can be prwowsesiiiby use of the methods and materials of tRETIUSVESOION iNn
which there is no need to withstand high tenperatures and/or there is no
need for special electrical characteristics for the filler and/or the

pol yrrgr [0055 uTlhe pslathee prwoetlmmffthmﬂlleemamnaj@laydﬁrf ¢ha palymeadiepend séd,
provi de e essenti al crlt nd fl exural ren t.h can be
e by et legpE exenhipey e feslo RAichdh shiieflie,s ¥ Peut, A Ve

pol yrer ?réﬁtfe'ﬁcgg ré‘uﬂt% t%f e H%?élredr’fﬁéﬁ it %@ar@fefrre%f% RAZSTHe! rﬁaﬁﬁ{wﬁ‘nt S is

gi ven, for exa e, e publication MER HANDBOOK (Fourth Edition)/
Edi t or s:ardoBrtafdiler dnelea:tncn maéer@ajtandrtbe nmnmur@raqu@nt usilyseeoAs 998 begnJohn

W ey ons di scl osur t t hi

r ef erené:é BQ?Q@F)QV%&%%F\P&HH@ ?rBPBQta? %\Sygr?g‘lb?'rt@%qﬁggg éﬁ“ g?é\j)én i Ins
Chapt er jMelgraitpifsrstoss Wheauss ifisstitiabdiume i®anits ntniniwhwang, andftbor of or m
etc. for the polydienes; acetone, nethanol, etc. for the pol yacetyl enes;

hal ogenansuré sufficieat seating of thergrainstfer theorresuh@gpzﬂwms&@ﬁ@dwvg thehol s,

t
et 0ne.onl PR HRRAARIca B P bR et sRE hAResnaS Lasafenzene,
te}] g 1; Frreﬁﬂﬁ?ﬁgrmﬂnw6ﬁ$%rkt$jvolanft@frpoﬂﬁneramelb?pﬂasemabw@(?ﬂmm et c. tf?)r
Vi cohol s; acetone, benz cetate r
acetgneyOR?lﬁﬂ)\/lﬂﬂcﬁ%ﬁ*ﬂ? P@PE'nngfrth@ ﬁ&ergaﬁ%;ﬁahsﬁ%@?e '"e@m:"g?lr@ ¥ﬁ(fe T
DMSO, et t h I
DVEO ot Bonlehf oMUY e Wit B ibians! I idrd dumeetense %‘EE] “The'
rel ati ve:qmpﬁpgragentsslf ahyt dued bigdnmommbegarm aeuaﬂmdcing stm@Mm«:ﬁdingéM at

very hi Gind WhiskaEnene Pesp are Brovdese it maerS R e BB e
Lo have GHE afEKIdRHTEd ABYILIied it kgl bang oA 0t @IE0 (e mi i mum

anount been 'descri bed above he m ni num anpbunt of
pol yrer ms:rsmetenrg Wsadeswqﬂdra@@veothfeupresem@ of parelgs if rfillen meaterialoaf® when
the interstitial volu

coat i ng '8h9 pﬁganrgilqgsgﬁgreqtﬁézerselglmr?%ﬁrg c8'H§83$l?é%go¢?%vtggg%§58p'gp{ﬂ| Lghent
mechani cgdnde gackird] insd i thdtaedidesSthedaspstitiah Qoleioma) efidt eshseguehtly

require a mnimumof 3% by volunme of polymer to be present as long as the

opt i numfpailitates tepradustion of theeverwtmlarhlgﬂﬂv @dhgpivadayess dhatrayeshaeactetistic
remai ni ng R (ﬂventlon, besides reducing the amount of polymer required to fill the

interstices and adhere the particles together. It can be shown theoretically that the
minimum interstitial volume that can be obtained when packing spheres of uniform
size is about 45%. Owing to the wider particle size distribution that can be
employed, this volume can be reduced considerably further, down to the specified

value of about 3%.

[0056] In addition to the basic characteristic of flexural strength there are a number
of commercially important parameters for the substrates, which need to be
considered in making a selection of the fillers and polymer/solvent combinations to
be used. Among those which require the highest possible values are tensile
strength; peel strength; solder joint reliability; compliance i.e. low modulus; plated
through hole reliability; dielectric constant; chemical inertness; dimensional stability
and Q factor. Among those which require the lowest possible values are water
absorption; crosstalk v line spacing; and loss tangent or dissipation factor (reciprocal
of Q factor).
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solids content conprising the filler dielectric material, residual surface
active and coupling agents if any, and organic or inorganic reinforcing,
st rengt h-wowsiosiiltpg fi bers and whi skers, when these are pPCeTIUSe23107 | | er
materials of relatively small particle size are preferred, the preferred
particle size range being from0.01 to 50 microneters. As described above,
the pref0057§ Thepaethodses thig ifvdritien araparticuilarhf applicableyte thermodgction of

pack nGoPPRSIR RIPAIs 4t WHER 5B MeheboWeteet BY Frats 0L Rt of ety Bbuent 1 y
facilitf gsmikdife B At dvaicald indferlfl okt b nblaied mdhessteroragr s that are

characterrstic e 1 nvention, besides reducing the amount of polyner
r equi r edraduction lof fited cénatmie subsieateafor @lahmmcm@ug&rthe eness copyeemef . 1t can

obt ai oA MIatCA e i Eee LB RiAP PR Eh SE Rl PR B3RP 70 e
wi der pagppé tangsiate; dbad titdpltd; 08ad hiignesiun ioben® lexeé dinctiibbatepleadtraran be

reduced considerably further, down to the specified value of about 3%
[0056] hiobatriileadirondungriaieasirentivrartiienate; zifganiyn tingstatesthe chemigah t nere

are a nu r .of. iall Ve d r ] s f b es,

an on naaer gniucBbaBlaehls o ARah IS oRB LR Bl Fhhey Risehtiey BOITH, 13

pol ymer hpade-anbtat poidess; ismdssdmicohducterd . Akothaginporsantwroop is equire the

hi ghest possible values are tensile  stren _ﬁ(h;_ eel stren,%iﬁg; sol der j oi nt
rel i abi FPEROSEERBICORYIBING B@Wd@ﬁﬁdﬁsamﬁﬁ@ndgl grinductivgpalgRaoinNS PAVMESi 1ty
di el ectrj.G. ; ' i v &l is {ddi

fact o . Mgk ST, Alleagy BERh FRoducHEt bEaTor SIATRER I PR HASSIG prolets.
absor pt sach astessfarhers, indoetospand feyriteacarel desdcasabgéiite methtidsaigesl adsh

factor (reciprocal_ of factor). -20 WD 03/031101 .PCT/ |JS02/.31076 0057
The met ihﬁlﬁo‘@fief @!qrﬁ(}gﬁf'gb’ﬂfoa&‘@ Réymfﬁmaiw9"&8'5?'(3%#%@86? J‘ﬁyf"g)duct?on
of .ConggﬁlfaFa‘er%teﬁrllrﬁi'te‘d {dndtthefe g diduespopeyslelete.f The @ivembaPetmits
consist§S of any one or a mxture of the "advanced" materials that are now
used i nthenproxtuction of subtke compoditie maerials of higherselidsricentsnbs.ga8@% yor

el ectronic ci rcgiabs the nost conmon of which are alum niumnitride;
barium ‘B’Pﬁ'é‘?'%?@, VBum neodym umtitanate; barium copper tungstate; |ead

AR i s e T BB B BB b o
and/ o pBKsiaRtd it 4re BU&cTe AlvaVAILRS i B FRIRE%. 8% 12] 87O 3P dndssultgiuart z,
90, whereas in the quickly expanding market of wireless telecommunication, which is
based on microwave frequencies ranging from 800MHz to over 30GHz, and in which
small size and low weight are of increasing importance, the preferred dielectric
constant values need to be tailored to be anywhere between 8 and 2000, according
to choices dictated by the optimum circuit architecture, instead of, as at present, the
circuit architecture being dictated by the very limited ranges of dielectric constants
that are available. In microwave or GHz frequencies signal propagation depends
mainly on the waveguide character of the circuitry and consequently only such high
dielectric constant materials allow significant miniaturization, permitting the use of
narrower conductor line widths and shorter lengths. For example, coaxial dielectric
resonators, at this time used in more than 25 million cellular telephones worldwide,
could be reduced in size and weight by more than half and in cost by more than two
thirds if the dielectric constant of the substrate material could be raised from the
present value of alumina of about 9 to over 400 and its dielectric loss (loss tangent)

kept below 0.0005.
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nitride; netal powders; and sem conductors. Another inportant group is
conpositions conprising powlered ferrites and |like inductive materials in a
pol ymer watosioxiithave al ready been produced, used for examplCa/usn2/smghnet i c
passi ve products such as transforners, inductors and ferrite core devices,
but the nethods used add the powdered filler material into the polyner

{fﬁt ri ngmttggocy i5 p‘é)@.lsib‘lia-swﬂ?tﬁﬁh@éﬁ Brdte¥ses fefabirighte/ciraposite matarials m wbichnor e
an abbu 6 b

vol une. The invention permts the such
conposi the mwéel’edl fillesmategalds adtgilores Riend ehtwo er 510@65)75 }S'a {/Wﬁg?r?@

above. 058 his e er at re
st a\tgl e Eﬂglrghwgrg% ‘ffﬁgfgﬁ?’@}? ?ﬂeﬁg% %\%géﬁam& @Lﬁl de?‘%r?t he lrJanges
2.6 to Agplichfiohs, 8@ very 3@cting, r@QungeJoeta&ielratlcbmefqlargélmun’d)q:ta:rﬁ@hﬂgcerhr ket
of wireless tel ecommunication,. which ve fr.eguencies

r angi ngPfqpﬁﬁl%ml&d'@%f'ﬁ%rémaw@“ﬁom&ﬁﬁsq% aﬁ'ﬂ%’ &glﬁ%qg)l' sutfgee IS F@Mei ght
are of %@‘ér(gé}éééggg, dN?@rta%es tmg%%ﬁ[)et |rs@fén§tr?|rﬁ@amu§ of SRBEER! val ues

need to arl be a ween 8~ and 2000, accord Ir@ng%
choi ces cdeffickint df hiyearrtbermal enpansmmtﬂnerrmi@bndwtmedleiefémféaﬁﬂe h, as at

present, the ci rcw r ghi tec ure bei,ng, di ct at. y e v

ranges é‘fe@’t@Pé‘@f‘?ﬁ éﬁ?@?%ﬁ'ﬂ% actq{aand V. I%%f?sdgtfvéty I rénﬁ)%s?s(g%tygmgpgﬁ_‘z
frequengi ey Aikes WE't@Talﬂﬁ@ﬁ‘é‘Fﬁo é?ﬁéé‘bi’th@%dﬂ%@rawmheﬁ%peblﬁcaCt er
of the circuitry and consequentl such hig di el ectric constant

mat er i atsslsl |hca/mngar wihicimis neit poa&bla \Eﬁh ﬁcﬂ’nn’[ep%d ﬁeﬁaﬁnlﬁ@st'ﬂ@%éaﬁﬁs the

nar r ower . conduc i.ne vm 5ho [ axi al

di el ect ,s;rgern?geg Ase 55"93 V‘éﬁu‘ﬁ HFS}"Q q]iaiﬁ Hﬁgg@bg%r aﬁ%ﬁé\ Lﬁ%rflﬁgel | ul ar
tel epho?%%rt"‘@hé’\%f% maiPreaohs féleébtﬁsﬂmgmllﬁrmteﬁdlsvwe@iytgnmn ratiods tdvan

hal f an n cost more than two thirds if the dlelectrl? constant of the

subst ratoé)tamteemiﬁwec\mﬁh@ tgiloreg; dielgctricaanstant, whisbsanstant vdll BMaiNu na of

bout 9 t 40

- 0005, suBstARR ARy oVela MBS IS8R sl 387 SRRE I8 R0pIE P RHAL.
processesydrg Hi rfg?i’b(?! fter (@qmvawnt o bajeey low sk rtamgmumdemmblpahdee 600faindl er
material is" a tailored blend of two or nmore individual materials. The

r equi r ereprssitie@sdhioR @800t er | aI s, especially for very high frequency
applications, are very exacting, requiring consideration ?f a | arge nunber
of physi[6860] prthierthe specificatian dgsqubleﬁena lar erpodimerisof thrPresgBhsi ty

(range) ., S“ﬁtf@ﬁgﬁ}gée%fgﬂpu%rgFﬁll c%hzueevf%v\%r%qﬁs MG & prd2P rRehfigh %9 -

f1 exur al'™&} el-astici
without departing from the inventive concept.
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coefficient of linear thernmal expansion, thermal conductivity, dielectric
strength, dielectric constant, dissipation factor, and volune resistivity.
The possiwplBwy11ief such bl endi ng nakes it possible to talPCoruSHEIZ1076
properties of the substrates to their specific tasks in a nanner which is
not possible with a sintered ceramic as in nost cases the sintering phase
rul es woWEIChAIM! ol ated and the resulting fired material would fall apart.
One of the main reasons for conmbining filler materials in any given ratio
is to obtain a mxture with a tailored dielectric constant, which constant

will remain $ubstArrhembuwoume‘pmduowm oﬁh“ghlmﬁrealtwnﬁ!pcﬂsﬁtlésa)ffflhem say -50C
to +200C, and w a ver gI factor (equivalent to a very | ow | oss

t angent ) Pawdereskiilp ramﬁi@aa%wﬂaﬁa In A:PhyBey maérlﬁgorﬁpgﬁnaéh%stW@O[O%O]
Wil e the speC|f|c hm.gq I |

I nvention, those off%T %%Rf}ft?% aﬁéﬁgv@aetﬁi\%g?%a ons f?’{epﬁ B[r: gé@

i nvent i oaf swﬁficibnbstrei@hmldrsyﬁﬁmemﬂy hdhesivetd ih‘ee‘llleom&tetlal pa?ﬁclé@t@%sﬂiﬁllm

PCT/ US02/ 31076 .WE r n of highly filled
compos: t BCesies: o Textital siregof notdess st § MPRIEEU0RES: ' 2 pol yner
matrix conprising hibingtefsher fomf 6 & 98b v%mn%'pefbe?ﬁ oPﬁiIé/rrFﬁéﬁcla‘nBI

vol atilizabl e sol vent, e polynmer being of sufficient strengt

suf fici epalrtrgzleadmﬁs viécmt sokition ito mrmwatsaspelhsmamawmgdbetemn thmluarance in
conposite ngt h not ss t han 17 (2,500psi); mxing

t oget her\’cﬁ?| é‘ff%ﬁ{@#hﬁ i ﬁ%%’é@g E"h&C‘%”PH’? I\@amatt erial particles with

sufficient sol UtlOévéﬁbréﬁﬁ@bélvéhﬁﬂémsth@rsdéﬁéhél@ntvhﬁl'éeé,dbjédlm edomige | N
vol ume percent of the polyner required for the conposite; evaporatling

sol vent W‘%ﬁﬁtt’%mﬁﬁ\%ﬁ@%lt@m@mtal@diﬁh@?l&m(Pfgﬂ"ief pagiciasgn the seltionr tet ment so

as to | b I k

cvapor at T apsaligh Belig berded unt] & a8 b6laRiec] Corhin sty of i
essent i apaiclefs vi/ltH thﬂ resieha soluﬂen widthibtfed themisiithe evapoitation bdirsg furthered
t herein, the evaporation being further continued until the solvent has

subst ant $@! Irweéirunt&l the/seluent hasgkstantially entivgly deeRdemevedi fidire to a
tenperature suffic ﬁérﬁ?;? I ent to
mai ntai n the nel te%&g%?ﬂ@emﬁg%@%s@%{ %raﬁﬂlgnsli.@l rlﬁégs @m@glyrb%"
filler naneio alprpssme(su&mlerﬁ 1o maintdi theamettbdipobenemdispersed In théherei n t he
pol ymer n‘?ers{lces béetween the filler material particles.

2. A method as claimed in claim 1, wherein the polymer material is
selected from the group comprising polyarylene ether-2, polyarylene ether-3, and
polyarylene ether-4, and wherein the solvent is cyclohexanone.

3. A method as claimed in claim 1, wherein the filler material is selected
from the group comprising particles of inorganic material, particles of
electromagnetic material, particles of a core of inorganic material covered with a
layer of a metal oxide material, particles of metal material, particles of magnetic
material, and particles of low dielectric constant high melting point polymer material,
all of which particles may be hollow.

4. A method as claimed in claim 1, wherein the composite mixture is
heated to a temperature in the range 280-400°C and to a pressure in the range 3.5
to 1,380 MPa (500 to 200,000psi), preferably 70 to 1,380 MPa (10,000 to
200,000psi).
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selected fromthe group conprising polyarylene ether-2, polyaryl ene
ether-3, and polyarylene ether-4, and wherein the solvent is

cycl ohexaworma/03301 A nmet hod as clained in claim1l, wherei nPChaShr/bloes
material is selected fromthe group conprising particles of inorganic
material, particles of electromagnetic material, particles of a core of
i norgani ¢ mat &ri al Adeethoddasglaimed in elgisn 1otomprisinglalsx triesteps ofi al |

particles of netal f: i neti.c material, and particles
P o S el ectt: o elRidalify megﬁ&kéﬂ'?%a‘*b%i@ﬁgpwwa fHelfenance of | of

whi ch pastibsthetal umyfokrityof diewibudionfiRé FRsk rAatetiahpaRiGldsinahaipBlyerher ein
the conposite mxture is heated to a tenperature in the range "280-400C and

to a preSQlyienjmahigh sherjanixeyevaporatordo fama apsodrudgbEonidomdsi ) |
f bly 70 to 1 ; : : L) e Ped 3/ 01
ber Usoz) 31076 5. TR e SRrdiabit e i B Bih o i SR P S e

st eps of shemtaporating the solvent fromthe suspension with nai ntenance of

substantial uniformty of distrjbution of the filler material particles in
the pol ynmer sol ut H‘%@ﬁ/ngthg *Fﬁ% egrtep, O@Pé‘r?"eﬁ)ﬁ@éﬂ'h@&ry'ﬂg faiesede

ext r udabengletdsidtial 8IVeHHtHefrbi%: ﬁﬁar udable m xture in the formof a thin
strip, ribbon or sheet; heating the extruded strip, ribbon or sheet in a

drying furnace to sukjecting thesdrirdastripptibleart ot sieeetfto tinge specifisd bgrapériangret he

dried strj ri bbon or sheet to the specified tenperature and pressure. 6.
A et hoda'a(gpﬁ?sﬁ’iuﬁ%d in claim5, wherein the solvent is evaporated from the
suspension with mai ntenance of substantial uniformty of distributionin a

hi gh shear nixer as disclosed in U S.. Patepnts Nos. 5,279,463 and

5, 538, 191. 7.6 negﬁ‘a%thséaa plmed |W§€H“égrrwg?f Ng?%ﬁwvﬁwéquV?Pefat%f@m al
par L1 ¢l efheauBpeSion! ith hiditBRaned 8sthdlarial pRifBHAkPOFGSEDUABA if AGRY ©F 2
m xture of filler materials of different chem cal’ conpositions. 8 A

met hod ashearanixetas disclesech in,U.SnPatents iNtisn§,279463 apd 50638, 0911 ng t he

heat ed and pressurized conposite m xture into a sheet, filmor tape, and
thereafter applying a layer of a conductive netal for the formation of
conductors to/a sulfraetbodfas claimed in claim 1, wherein the filler material particles are

of size in the range 0.1 to 50 micrometers and consist of a mixture of filler materials
of different chemical compositions.

8. A method as claimed in claim 1, and including the steps of forming the
heated and pressurized composite mixture into a sheet, film or tape, and thereafter
applying a layer of a conductive metal for the formation of conductors to a surface of
the sheet, film or tape by a process selected from sputtering and direct bonding of
foil under heat and pressure in a vacuum.

9. A method as claimed in claim 8, wherein the sheet, film or tape has a
thickness less than about 60 mil, alternatively less than about 30 mil, alternatively

less than about 10 mil, alternatively less than about 4 mil, and alternatively less than
about 1 mil.

10. A method as claimed in claim 1, and including the step of forming
substrates for electronic circuits from the heated and pressurized composite mixture.
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the sheet, filmor tape by a process selected fromsputtering and direct
bondi ng of foil under heat and pressure in a vacuum 9. A nethod as

cl ai med iwooB@sImB, wherein the sheet, filmor tape has aPCTRiSO¥8m3s | ess
than about 60 ml, alternatively |less than about 30 m |, alternatively

| ess than abogﬁ 10 ml, alternatively less than about 4 ml, and
al t er nat i vel y 11 essAtRatodaselgimedin Claino 1, angincldingshe stemefenalosingi m 1,

and incly bﬂ@ f@rcﬁ&?%.rﬁfegfc%%ﬂpthemé@ Q%rgg@iﬁﬁgc%rﬁ&s%f%h{x Gitets from

t he heate an pressuri ze osite mx
PCT/ US02/ 31076 11. A nethod as clainmed in claim1, and including the step

of encl osing ect | i ' | W t.h.t heat ed and pressurized
conposite ni x?%r e. A‘Hﬂ%ﬁmﬁ 530{’\? rﬁe(ﬂn %?Eﬁ ﬁg@’heﬁe'ﬁl"&ﬁﬁ tep &V@Pﬂréﬁlﬁl 9 he step
of evaposcait/emig‘roradheemspémsidm ﬁh@d&uﬁtﬂﬂi@ﬁlOiﬁllléhﬁaﬁlbfﬁsﬁhbh'é isenutioh id i 1 | er
particles | r% ? sol ution i substantially uniform and the residual

sol ut i onSykstantilly; ‘#’ @'led'ﬁﬂdéﬂlai §olyfipm dﬁ‘ﬁlﬁﬁflbu'ﬁ%aubﬁéﬂ@alw uniformmy, st ep
of subje terial is
subst antfgﬁ({J etér}ﬁf"gkﬂr% gfe?l sper éécﬁﬁpﬁﬁgwgﬁﬁr%ﬁﬁgﬂnbggaw%%SH% filled
conposi t@olmteemaatbsalaerqubsﬁanuglly unisdynlp digpersetl in ddidintersticesi al particles

distributed in a matrix of polynmer material, the materials conprising;, a
conposite mxture of 60 to 97 by volume percent of filler material

particles andi3he nd@jlwnmeeqmmpsesute Arerisls compRibing ﬂikiél¥ rdetbt]ai flllé't sol ublt ﬁ
rom e m Xture e

ina volatilizable s nt that has been volatilized

pol yner ’Wé‘&ﬁr [P aglﬂf‘fq aﬁsﬁﬁ}l‘t@% %ﬁ@ﬂ@f”éﬁ(ﬁ PebiMRY reateriebtepmatedaliesi ve to the
filler gigh gpart icles to result in conposites of bending strength not
| ess than 17MPa™ (2, 500psi ); wherein the conposite m xture has been

subjected to a ten@eompmsﬁe nsixfure of 60tto 197 byewlun'iemgroémrmfrfllléﬂmettena
pressure_sufficie to,di sperse the nelted I nto the interstices
bet ween R‘?ﬂl'ﬁd?ﬁ% gr}hﬁé}ael"f’ .‘%ﬁpp%'é{mqr Fsisting of 'P%R//'in&lr;%h%tés SPBIOIRM @ n cl ai m
13, mher\mléltntzlagldos&w@mrtha’@h&é békn wélatnﬁféc?ﬁbﬁfithfefrﬁ[mrﬁe H ;%Ig %?'Hagi'na' ng
pol yaryl ene ether-2, polyarylene ether-3, ene her

Mat er i al SHfeient strengih |amdd3%mgrsmﬁlc1amﬂymﬁhnswbéoﬂhé fl&er mnateenal phrtictesstel ect ed

fromt hei’e%f?ﬂ?c&%%gftéé Qpbé)r?cflﬁb Cs{rengf?mf notq n| fhan™ ﬂﬁb b,%lOOpgS;rt cles of
wherein the composite mixture has been subjected to a temperature
sufficient to melt the polymer and to a pressure sufficient to disperse the melted
polymer into the interstices between the filler material particles.

14.  Materials as claimed in claim 13, wherein the polymer material is

selected from the group comprising polyarylene ether-2, polyarylene ether-3, and
polyarylene ether-4.

15.  Materials as claimed in claim 13, wherein the filler material is selected
from the group comprising particles of inorganic material, particles of
electromagnetic material, particles of a core of inorganic material covered with a
layer of @ metal oxide material, particles of metal material, particles of magnetic

material, and particles of low dielectric constant high melting point polymer material,
all of which particles may be hollow.
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el ectromagnetic material, particles of a core of inorganic nmaterial covered
with a layer of a netal oxide material, particles of netal material,
particl eswofosmageti c material, and particles of |ow di elrEatwsoe/3uonst ant

hi gh nelting point polymer material, all of which particles nmay be hollow
-25 WD 03/031101 PCT/ US02/31076 16. Materials as clainmed in claim 14,
wherein the plfti cM@éeréﬁSﬁBId%meﬁHﬂ@lalm1AarV@thElrsﬁhzaaarhclea@ffIHae'rgna’(erra‘alto 50

m cr omet f fille fferent
chem cal ﬂ({:ezorrp%is? nlcl@%:r’aﬁ%(bfm ﬁﬁfo‘ﬁa@eé ﬁnﬁe‘{c?qsﬁ&? Oéﬁi Chavi ng the
form of matdrizds of differerdrchensipal, conysbsifistisei n the sheet, fil m or tape has a

t hi ckness | ess than about 60 ml, alternatively less than about 30 m|,
alternatively less than about 10 m |, alternatively |less than about 4 ml,

and al ternativaly Matsididas cididet i cranln 131%ndN‘Pé\ﬁrﬁ% HeSfoRh & PEHRA, filfh 6f @l M
13, and ngpﬂﬁﬂfw a layer of a conductive metal for the formation o
a

conduct d@ reip taes?iiﬁf?faé@n@lf t@mhgﬁaéhlckness Iﬂsﬁrtharaab0b§/6&mjt tering

Nt e i ol AEEhath¥IeRg han SPolit SO, NERIasRER: I8¢ FR Ao Bumtr ety veeix f oni ¢
ci r cui t desotharvalioutr nrmeaheautemamndlypegsmarn asshitomposi te mi xture.

Materials as clainmed in claim 13, and conprising electronic circwts or
devi ces encl osed with the conposite m xture. 21. Materials as clainmed in

cl ai m 13, whet&i n Mbteriats bedlgmaky iRclgin 13“3%@%0?@&3%’{?)&@517&'0?'& y uniformy
into the intersti c? #)etween the filler material icles. -
conductive metal for the formation of conductors applied to a surface of the sheet

film or tape by sputtering or by direct bonding of foil under heat and pressure in a
vacuum.

19.  Materials as claimed in claim 13, and comprising substrates for
electronic circuits formed from the heated and pressurized composite mixture.

20.  Materials as claimed in claim 13, and comprising electronic circuits or
devices enclosed with the composite mixture.

21.  Materials as claimed in claim 13, wherein the melted polymer is

dispersed substantially uniformly into the interstices between the filler material
particles.
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