WO 01/ 02468 PCT/ US00/ 18038 COWOSI TES OF POANDERED FI LLERS AND POLYMER
MATRI X AND PROCESS FOR PREPARI NG THEM TECHNI CAL FIELD 5 The invention is
concerned with nmethods for the manufacture of conposite materials
consisting of particles of finely powdered filler material bonded in a
mat ri x of WOR&P3#ier material, and new conposite materi aPET/Hsuiasmy such
nmet hods. BACKGROUND ART 10 The el ectronics industry is an exanple of one
whi ch mak E8MEQYHRSARPOUDEREDETLOERS AND FOLEHERLkTRAE AT PGS s @R pﬁﬁﬁﬁ&ﬁéﬁﬁ»ﬁ« S
suc

supports and dielectric participants for electronic <circuits,

subst r atBCHMCAISFIERD of thin flat pieces produced to exacting
specifications as to starting material and physical and el ectrical
properties. The history of the industry shows the 15 use of progressively

hi ghér operating Tiedawptici ©SorRade Wik RBthbds hPthe RHHERE bESHmMRsil0 about 800
nmegahert z él?w?{f) copgeé cO teg circuit boards of %Iéass_fi ber reinforced

pol ymer B8t oQusting 8 es of fingly pewdseaddiller maistigiendedfin ymawanfy| ene ( PTFE)
and_pol yolyinte matchaly srdbR@itompstitaiierial alie BiGLn nthofd €SNt one popular

| am nate material for such applications I1s FR-4, consisting of epoxy resin
deposited on a woven gl ass fabric, because of its ease of manufacture and

| ow 20 gtk GRBHPNEPARY 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 conputer
rel dfed appl i cations bel ow about 500 MHz frequencies. Mbile tel ephones
now operate at fr I : - nd. sone. conput e .already at 0.5
Gz, with the pr o?%ggaﬁgrﬁ&ﬁ?({guﬁ%}f é?‘? %ﬂennec? eL° ?%ﬁmgﬁé“?slﬂl%ﬁ%@?’%ﬁ%gfomst

possi bl @rinigd MWigngdfoards endewbstiatss evuppanstand dicleetet particigaritdfor elequshier

appl i cat.k i J ... At 25 higher operating frequencies
above aggﬁgéi %g@;@&gogﬁggg ﬁﬁ%%ﬂ@e%is H’i°?‘éﬁedﬁ%?"é‘i:‘i“%|5§“éflfcég°“ﬁﬁf rials,
despi t e stefpigmatesial suhysic endrdecirivaigespeniet.i The histdpiof abingustp shdWithd Y because
of na ' ric lLosses, heatjng up,_ l|lack of sufficient

i o e 2 eI hE ol ROR AR te B eieDir BoeieSiaoete 9P her ma
ex_pantsi &0 befabem(l‘fﬂiﬁ cdpek _ematadictrcumioefb ds af gztasgdsblat;@znmt?éealpbity%@is! é%@l% as2nd ¢ a0
ani sotr [ expansi on pr e e operating tenperatures o

t he subg? J?)g?sé@%?'ggce: tﬁﬁp@%ﬁ:ﬁ@@%a{hkp%ﬁ@ AR RAARIdS-BBYCFEn #€SA t from t he
rel ati vetily udedr fjepresemeht pepubtaminte hiteiar seNPPIRI06sGS FR-BCRGLKEEr S used as

substrate .expansi gn coefficients of reinforcing

terial ., and the unequa
fibers i ne}%r%yers“ﬁd&ﬂ@ftﬁ‘g%ﬂw?‘ﬁf’@%ﬁseé‘%mdp??éﬁ‘%i%ﬁ%?ﬁ?:@ﬁmmpfaé‘q&eﬁﬁé?‘é‘s above
800WBlz tche. TipkhREihisi martht Risiadlielefricleb st 5-2%88d DASOPRIARCAFLF Ve
capaci t%tdlg‘ﬁ(}g?r_t gl ant in signal propagation_and here the current
mat eri al’s greis 9‘5““33()@3; |eORRUGHERted @pRlications belpw abaut 600¥E 2
PCTI USOBd:00i8s. MubIlé RieBhaiRE ASW SiferdkOft HRGLAY:eSNLES EBYaR sofk bififlisyi t abl e

owder ed, i nor i.c. materials, such as
P : already atg(gj.1 gl Glc-Iz, with the prospect of higher frequencies in the future. The lowest possible

value of dielectric constant is preferred in computer applications to improve signal speed. At
25 higher operating frequencies above approximately 0.8 GHz, FR-4 and similar materials are
materials, despite their low cost, are no longer entirely suitable, primarily because of
unacceptable dielectric losses, heating up, 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
30  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
' expansion coefficients of reinforcing fibers in their length and thickness dimensions. For
frequencies above 800MHz the dielectric material of the substrates become an active

capacitative participant in signal propagation and here the current materials of choice are
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fused silica; alumna; alumnumnitride; boron nitride; bariumtitanate;
bariumtitanate conplexes such as Ba(Mjii 3Ti 2/3)02, Ba(Zr, Sn)Ti 04, and
BaTi 03 doR§8 i.th Se203 and rare earth oxides; al koxide-derived SrZrQ3 and
SrTi C8; an 3%%23 lore structured Ba(Zr, No) 5 oxides. SuBSTVS¥88BR5ve al so
been enpl gyed consi 51[8 of .net al g_ovxders and sem conductor ., powders
enbedded f%“‘é{‘ GraRLEs Brmhy Surrigar firipg suitable nowdgred ingsgapicapateriply, avahias of

pol yners fised sﬂ@cat o rab@athual B Fhord el BurkftRH LA, @ammttagatng i nt er est
in rrethods‘{s}ﬁ manuf act urin nmposite nmmterials for the uction of

el ect r oni EOMRRIFSE Puhes Bate s mlﬁbeB%(Zr endi@+ anrd BaTite fengil h‘gthﬁ@z(hfﬁriémral s,

with whi chyrgi Jit Rk J d together
W th ther T Es DR T D RS, 80 oV EIREI L SR RN nd

| appi ng, eFides ﬁ@bsastsbhavatabd beenmpiaed adnls«stmgsfmetahmmivm zdﬁidem‘Ebﬂddcﬁw

i nher ent th of ,the ¢ entI aval ab r|x formng

pol yners g&g&?ﬂ %;g(c%:ll;elg Ssorﬁ?eyf?ﬁﬁl g%ér?éft Wars FF‘%Faé'HrTF HRIYHEHe it
necessar yb&xmgﬁntml@s&ﬁorrléii‘ﬂﬁorm ng materials, such as woven gl ass fi ber

cloth, into the su trateﬁb? y. to strengthen it and also to contrain its
excessi ve ther mal TS st iorBpentising inteesiinmethads itnmarufagtering nefrppsitenat el y

cause UNagERAkSIehd ﬁb&ttﬁ%@ﬂ&%z@ﬁchsﬁ'@strg{e§ ki 0F fise a5 Bfectfoky Fﬁ qlie presence

of such reinforcing material nakes 1t icult to 1 ncor ate ®powder ed
fil1 et mateterialsswidhvhigh sinipring sndghe high bradessing trheraturbs teguire. ogetit hith

di fficul t¥heirSnbi Hﬁ?ﬁ%ﬁf@éﬁtt&hﬁxggﬁgﬁ ro?&tla%o&f %Ech%ggge i g%plzfgq g?cr t;h? é%sgﬁﬁt? rit 2? s,

comercially aval e matri-x polyners towar
and ext esisiderablesess oh ammdeddevel oprrent has been undertaken in the past,

and is continuing copnecti o ubstrate-faqrm ng polyners

such as PTFE, to fljlrllla 1%“6%’?%@“ 8%’?’!?6& Str‘f%ﬁt\,\”}\kﬁ ‘f““ﬁ?&?‘&@at&ﬂ@a@étf@n&%es| on

bet ween tﬂnﬂyrpeﬂs ymdalhemafbeﬁslﬁe rmmxp@mmeﬂkfem R Ghadt RuSclaty BfAHeor Y
ubstrates. 25 Dielectric materials

necha tren resul t
are c '@ rﬁ@eg“aé‘g’ar $ndl ?T"ﬁ‘éenl e%;eﬁ erisitihviin the subsifatecbody.Ap sirangther & of

Circuits amd 288lth coawar 1t§di&@§b@£h€f¥n£'e£&a‘ﬂk:&§ But @t?chrmﬁ[g %@hé‘i used of which
is silica, which in its various nodifications has tric constants of

the or der“Hprtunaelyscagse ypgpceptablg ighiompgenig-of tis: SHE@WEVEM%S’HD\E thké peseote ofc

const ant @& rdkBiSl k4l ual | | ow
dielectric vgl uesC |gn t?\lgan?g%ésg%%hgc g?%%@&fg&aheé{& cor(rgléll&-]l ér%%?nalﬁ%“g g’ar ch
and wor k Ripsthe bedy of dhreesubssrater ﬁn@tberdieﬁﬁehmlspmlsydr’ey the generalyl ppof athedittt s speci al
purp , uent | fI uorin PTFE, . and

fl uo;)lﬁjralate po ywe§ @%‘rgs\m ﬁééru!%bema“&@p%?"?heo ?W.ﬁt%?hsﬂf%ﬂam& aidctric
const ant sexsivoveseasclt dratdewdlopmient has.been dndeflakeAlin the @ast Hn@ $L¥htikliAE in

fl uori nat nost _common nodi fication of the pol yners enployed in
view of 4%@3&1& ngéﬁ%vﬁ‘t ¢ 8‘5?1%?%51% TS SHE aS&?Cétleta fd spwiling agengonst ant s.

enhanced thatv 'ﬁ@h'ow&ad%ﬁ'ﬁﬁﬂ'm betvkded tHeFRdlsFne? @d the powder components. and

thus satisfactory mechanical strength in the resultant substrates.

25 Dielectric materials are commonly used as insulating layers between circuits,
and layers of circuits in multilayer integrated circuits, the most commonly used of which is
silica, which in its various modifications has dielectric constants of the order of 3.0-5.0. more
usually 4.0-4.5. Low values of dielectric constant are preferred and organic polymers
inherently usually have low dieiectric values in the range 1.9-3.5, so that considerable

30 research and work has been done to try to develop polymers suitable for this special purpose,
among which are polyimides (frequently fluorinated), PTFE. and fluorinated poly(arylene
ethers), some of the materials having dielectric constants as low as that of air. i.e. 1.00. At the
present time fluorination is the most common modification of the polymers employed in view

of the improvements obtained comprising lowered dielectric constants. enhanced optical
2-
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WD 01/ 02468 PCT/ US00/ 18038 transparency, and reduced hydrophilicity and
solubility in organic solvents, but the fluorination usually results in

t he poly ibiting a degree of polarization which can cause problens
in obt aI‘EIB Eﬁ?ﬁ% desired dielectric properties. U S. Paf & HPS00REWS

d 23 b
1999, Yok fod QR booh 0o BRESY R e APV ERE- G2 Pomnsyt v

the di éhbmassmwmuhhmahepolmaﬁm]ilattmd aliRgRE Bf Polariatisn Mifcﬁ legdice,
di scl ose_and ﬁ?} as a dielectric coating material for

ni cr o- e[BEE P eglsdgept(u?g‘énq%tﬁ gesérF%Q SSHICHEPRAIUTSy| ene  ethers) as a

repl acement for sylS. pachedRe. 58| ®at stlﬁdq@tﬁﬁfgﬁﬁl1@97%35%‘7@ﬁ§@q sH?cl%’s(ary' ene
et her) _does ng%%have ngnar omat i ¢ car bons er than perp enyT
|

car bén) February 17R%beth t& & Producnangd q}@m‘wal%ll@qﬁ of Alentowy, Hmhsyd\rambthe
functi oR&kloSELdFSH e
synt hesi zeg rar e %gmnﬁéglﬁggﬁ)?dgéld% ?/mt g&%’%&e&g‘%ﬁ\é % I ﬁlgf’? on of
desi r ablutilipyras psielectris Coahmhhyntliferrnmro-sheamdm tavices ofia class! oe‘(pbry(efrylﬁﬁls't ant

| us. P
No. 5. 6Eb RO AP b Endb RS sl Bl dfecs U, RS P UG ilent her ¢ 15 of

manuf acdaessmot hmemoaamgtawc caoidns (@théraharDperghedlyiate@ ¢hbbs), MBéR{ated! subfighiefts
m ch el ect.ro erein the g_hel ectric material is provided on the

mi crdel &fl%lﬁ uéfé’\?i/aéléa yneriabgraups. dhessmatenaly, whichare relafivelp egsiter

consi St Isﬂ@h@&&@ l’hfrd: ﬁuh(y s@f:rld?ﬁgly to Mk bR BRdel ERRBAbINAGOHEY &e§1ré%fle ﬁrggemgst ructure:
20 - Q {-OAra-O Ara-} " whereln

n=1. o A therm Sﬁﬂbé‘“YAPB’ dighertrig cpnglaat vajigslpwumgistyre atlwaicmmnddmyl ene

radi cal %&@u&%h@gssﬁ{gom the group consisting of. phenyl ene; biphenyl

di radi cal ; para- terghen yl diradical; meta-terphenyl diradical;

ortho-ter phenyl Visa Pté@EINO ﬁ:ﬁpﬁﬁ%ﬂeqlgs&gandiciam inads brcmdednaspearm atticleadi cal ;

phenant 9- di fluorene,of .specific
typgg)r aﬁg%ﬁzg‘:{l T a?ﬁdm cggllbg%nzo uar %ﬁlecm %?’?I?%{%I‘L?’gsa QS IoniB A
Are, Ar3eviem dvhemrmthe diehietl‘lctrmiﬂliﬂ isandvﬂaﬂmmﬁb nficrBeledtivhedevick dad &iainsal € not

i soneri i at.ent 5,874, 5 cl ai,ms pol y(aryl ene ether)
consi st ?ﬁg%ﬁ’g Lﬁ f/él] 1§er ITAER L s (5) enB%&f Ofrrg’ﬂéfg?‘it’l‘?ﬁaldmef“gn%énlisﬁ’é‘hoet ruct ure:
30 - {- Osiwmqtur® Art Im{-OAre-O Ar3-}"- -3- SUBSTI TUTE SHEET (RULE 26) WD

01/ 02468 PCTJUS00/ 18038 wherein nmr0.2 to 1.0; and n=1.0-m and Are. Are,
and Ara are individually divalent radicals selected fromthe group defined

in 2Be preceding paragraphk-0Q&r, €5 868} - #0-Kr00-Ars-}.-

wherein m=0 to 1.0; and n=1.0-m; and Ary, Ar,, Ar; and Ary are individually
divalent arylene radicals selected from the group consisting of: phenylene; bipheny! diradical;
para-terphenyl diradieal; meta-terphenyl diradical; ortho-terphenyl diradical; naphthalene
25  diradical; anthracene diradical; phenanthrene diradical; diradicals of 9.9-diphenyifluorene of
specific type; and 4,4’-diradical of dibenzofuran and mixtures thereof, but Ar,, Ar,, Ar;, and
Ary, other than the diradical 9,9-diphenylfluorene, are not isomeric equivalents.

U.S. Patent No. 5,874,516 claims poly(arylene ether) consisting essentially of

non-functional repeating units of the structure:

~{-O-Ar,-O-Ar}-} - {-O-Ar-O-Ar3-} -
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non-functional repeating units of the structure: 5 - {-CGAr,,-CGArj-} n,-
{-OA,-OAr3-} " wherein nekO to 1.0; and n=1.0-m Arx is a special radical
9, 9-bi s(4- oxyphenyl)fluorene and Are and Ar3 are individually dival ent

radi cal s WP8HI4&8 ected fromthe group defined in the i AFEYPHEIY preceding
paragraph. 10 Variations in Art, Are, Ar3 and Ara are stated.to allow
access to a vari etwhesfin mrd@petl; ard =yl @rmaandrAse fee-iaah Asrare idigslly on of
crystall i;nity, t j r J - bdck

Fenper at e rpdBAL el RE e Bt A O Aeale BRSERHE BT R RO OF | nert,
have | ownpefumeiidng) repeatiog noiteafdiet stwptte: f unct i onal or reactive groups, and to
be thermally stable at tenperatures of 400-450C in inert atnospheres. In
addition to the basic polynmer 15 structures as outlined above the polyners
may akso be cross-linked, giohgl-Obsr gLo80-At ARG} -1 tsel f, through exposure
to tenperatures in the range of 350-450C, or by providing a cross- |inking
agent, as well as end capping the polyner with known end cappi ng agents,

such as phenyl et hygyliy JheNng Y e OLERE ArSE BXFal AQRaIY,9biste. The ability
to crosslink at el evated tenperatures W th the consequent narked increase

i n nol ecwkprhemdifyiotenaaed Aarsd tys arendividusdly divalent redicals alspsalacteddiom 1ty usef ul

in mcroelectronic i.cat | y can readily be applied from
sol uti on S5HY dfﬁ%eﬁi 18%%3@%%%&%&5&2&%@%&%&i stant coating by heating. The
speciibi ed pol yner svVarsionoin-Aninat,iAanabd An ardaited ballowecebewiacatitty of nert  and
they do not bear any functional . gr.ou t hat .are trimental to.their

appl i cat iPEIPeTHSS F‘ng agfeéiﬂftf"@a&r F@ﬁ"‘g?%&iﬁ%&q@%ﬁr BW?@“%E\?F’ % r.enqiﬁ’eki}gdo not
have car RoRYlral¥RicAtéRserftiehei@ ThaBbitrerse s Bebe @REntiaily eh@nicsly ibrt,pr onot e
adsorption of water. They dq, not bear hal ogens such ag felrfgori ﬂe, @hl orine,
bromi ne AW¥E loydokaitihRYaNoasAitional funchpR) oRERRSH Ve LRIPEE8] P TReally &8RS ti on

processe o5ped 12388 Bk RbhefeOfn AARRLA the 6&4 rexcept for
the bri d;dittr?g&g%}‘g%sﬁ)ﬁi@glmt heéé, 9-fl uorgn ?i dnene group:a mﬁ%ﬁﬁgs much of the

char dét erstroturzs enwttinedabetsohepalyrecrs may ialsg bp erors-hinke. aiberdyoressiligkiver uct ur es;
for the Rgrl?gﬁl%ﬁ tgct,x BQ%!OQ&%E&%*B@S B’hﬁe ?a?x';p 8fh908.4 ) pbe);ﬁ'oviﬁgl Q%r@;s—
ted carbon.  The polymers are prop or " us &

per phenyla osed € as coatings.
| ayers, dinkmgsptarssvelizaend epping dgi pohsnawithdmoive end capping agantsssisbtat at es i n

m croel ectronic devices. .These devi ces may incl.ude, . e limted to
mul ti chi P Wgﬁﬁ@? | ?ﬁoﬁﬁﬁl%tiuge&e‘ce%}y@?jﬁng,mté‘)o/eng Eec?blﬂ\ci}é 9 ggéeé’?%@l&nd‘%%{eggr at ed

Ci r cui t s, epastuct Vith thetohidyaetit naplat imieise if melaculd weiphateidieasityanakes thei r cui t
boards as wel |l as simlar.-4- SUBSTI TUTE SHEET @ULE 26) V\D(? /,02468 .

PCT/ U800/ maeriats Rarticialy defubin i greF PRt Apphcalios Wea e BisY FIhg2T Rl ati ng or

di el ect r i gk QUhGA Sol@iod MY Weh-codVRR¥d B £sol@hbRsiPEARAEH bydkatitge as a
substrate Fdl electric material) in circuit boards or printed wring
The specified polymers are non-functional in that the 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 carbony! moieties such as amide,

25  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 1o

30  be a perphenylated carbon.

The polymers are proposed for use as coatings. layers, encapsulants. barrier
regions or barrier layers or substrates in microelectronic devices. These devices may include,
but are not limited to multichip modules, integrated circuits, conductive layers in integrated

circuits, conductors in circuit patterns of an integrated circuit. circuit boards as well as similar
4-
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boards. Such a circuit board has nounted on its surface patterns for
various electrical conductor circuits, and nmay include various

rei nfor‘i’%’ﬁ’{)ﬁzss such as woven nonconducting 5 fibers, such as glass cloth.
Such circul oards may be single sided as well as doulfG/ESopER3s),

mul til I [ sed that .additives can be used to inpart particular
t ar get a%?%%%é({uls 5§?tp°n§£8fu§ g‘%%?ﬁ\%‘ﬂf’?%ﬁ‘é‘lﬂﬁl/nw G FeRIONE, By l?hrgé? T&F{??re
i ncl udialsy promised for esesss afshibswater (@letscRTherial Pin@IFBRt Boar® G hinfeldZAES
surfactb%grté!s, uaﬁnd t he lI)l I?th It is also proposed that adhesion fro%mt ers 10
can be 8¢y T¥5" & GHEYLbqarLhas snHpisdonds spFfere paRerap Far yerousiglestrical es.  Such
pr onot ebadwtd cirydis] érﬁdna%clb@é%h@%iﬂbﬁ@n?&ﬁ@ﬁc}% %!\%&J%n%ﬂﬁeo%ﬁuc‘ﬁ% dto

at may be p

interact, with avail abl e hydroxyl functionality resent on a
sur Pacd1PeEylich 43 glasssiloth cSiich gireditlkoardsnay Ringbt eedars vikiEss ANMEREHENThe
princi padltiRpéect of the invention is to provide new methods for

manuf acturing conposite materials consisting of particles of finely
powdered filler Hdspopeded thao adiitives cgrebérased itningpareparticulad targe biopericgat eri al |,

such new: d teri.al,s, and articles 20 nmade from such conposite
mat eri a és.c&ﬂtp&;ﬁlgﬁag%@ﬁgp B eé’é’ﬁ' g %T‘B&P&@géﬁg ZerSHams TRIGEENtSi t h whi ch t he
resul t guigmerts plastiizees, swrfaetant| sndxhéllikd. [ i€ kRS pfpBRUIRR adisich§AGho§Y Per cent

by 1\()ol une.of the %I I gr r’iateri al, wth the renmainder consisting of the
pol \mer“aRRY B5eA 49 aqhste ths, pelymetsiia e appiopraly Syhstratss; Sugh pramoters ace ypid | n

accor dasyexathdthy]disiazhb) WhichQan bE G tb &t&é&‘&iﬂ%a'f?ab‘f@?ﬁ\ﬁ?& i n???zﬁ%fna“ uring
corrposm@le material s conprising particles of finely pcf\/vder)ec]A iTrer material
uni f or ih8F mayibe Prosentoa@ surfacs. sushes & sibea pufaperer material, the net hod
conprising the steps of. mxing together from®60 to 97 vol une percent of
particles of the filler material of m ninmm pore volunme when conpacted and
t he bal ance of pol ynmer bonding material 30 consisting of nonfunctionalized

poliy( amyikeneseiRtehr THE | éﬁﬁo(f\pnposi te m xture; and subjecting the
corrposi‘l_—ﬁ‘e—FOT‘f&?npvrarue m Xt U re sufficient to nmelt the polymer materi al

and to a pressure sufficient to uniformy disperse the nelted pol yner

material into the |nterstigces tween.the partjcles of filler material. -5-
SUBSTI TUTE SHEET%? LE! Es?bl%%b)%Fd’é‘%%b@f&{’@gb’eﬁi‘gmmdmf@o in accor dance

Wi th t eanufeceinbg osmpdsite matetialsROANILAG Of GATPIES b1 fhelBWderddSil P FRlekisi NI
parti Clb%?de%ftofel nelpyan&?v\der edl filler material uniformy distributed in a
matri x oF oL ;08 polymsemalstial, suchaiew sppPPsiefpaterialy ardaticles 97 vol ume
per20entmat fipar sukls tappsfic tagriagnpacted filler material and
It is another object to provide such new methods with which the resultant
composite materials and articles comprises at least 60 percent by volume of the filler material,
with the remainder consisting of the polymer material matrix together with any necessary
additives.
25 In accordance with the invention there is provided a method of manufacturing
composite materials comprising particles of finely powdered filler material uniformly
distributed in a matrix of polymer material, the method comprising the steps of:
mixing together from 60 to 97 volume percent of particles of the filler material
of minimum pore volume when compacted and the balance of polymer bonding material
30  consisting of nonfunctionalized poly(arylene ether) to form a composite mixture; and
subjecting the composite mixture to a temperature sufficient to melt the
polymer material and to a pressure sufficient to uniformly disperse the melted polymer

material into the interstices between the particles of filler material.
-5-
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5 the bal ance of polyner material consisting of nonfunctionalized
poly(arylene ether) together formng a uniformconposite m xture; wherein
the conposite m xture has been subjected to a tenperatur Iﬁ%élisﬁi nt to
nelt the WO material and to a pressure sufficient tPg: uni rﬁey

di sperse the nelte pol r materjal into. the_ intersti t he
particles of fillefShid #E‘?chfﬁ&ﬁ}}%\‘n&?&fﬂwh?ﬁge359%§‘?r$tgrcgﬁx§?é§tr§i Senals of

naxi num ghBAsH les EDfinBlyPowaEri Hiilkitesdd heiforaay didiriveted innmetrixsHm

DESCRI PTI ON OF E DRAW NGS, 15 Met hods and apparatus for the production of
the new Gohssmatsrighthemagrials CORRTSIAGW conposite materials and articles made

of such new conposihg ¢aRS 67 L@lSe pREQHYE paHiNE! S¥The SdhgfacRBNGdRat@Mand
apparatus, that are particular preferred enbodi nents of the invention wll

now bé debebildned of polymerynaiiriabscnsisties ofonfincignalizsd PO YIERECBRIE BEFASTY i ng
di agrani mati.c__draw n rein...20 Figure 1 is the first part of a block
flow dia PW%?W%%“S‘%@@?@I%&&%@E%Od and apparatus for the manufacture of
t he conposite mat emhedls thacbnapobitecihiogure has teen subjestedito A tempseature awlfigienty f or

the manufacture of flat rect ular co r. cl.ad _subst k. j ed for use

for el edpmsitRe E‘?Iﬁ"efifi’?aé‘?“agf"a}gé PIFSpe gﬁﬁﬁﬁie’éﬁ tg\'}ﬁ?‘i’rgﬁy %‘%S egssér%] %(1{5)?‘}1: gol vent

evapor at i Qi rirlnhatHaP WL the irnddétlckifetwedn thipdrii@ey f filler fagtisle 3 is a

cross-section through the mll| of Figure 2. taken _on the line A-A therein;
]

Fi gur® 4 i s anot hePrgsrhlly g polyaep rgickiak is hmaxiayratimeryeh PG r om Fi gur e
1, Figur ' I t he bl ock fl ow diagram continuing from
Fi gure 4;6%‘@61%%%}1 F%L@glgnsg&g%\fgggmare respective part cross sections to a
greatly enlarged scale through a small piece of a typical material of the
i nvention_] rder. t in structure thereof.. and show ng
respecti\?%tgcgl é{} si3 & osition to be applied to a surface. and
applied to the surface. -6- SUBSTI TUTE SHEET (RULE 26) WD 01/ 02468

PCT/ USO0/ 18038 DESCRI PTI OF THE PREFERRED Eg/%%DI MENTS L ha & gi sgover ed
that thexpectedly 8% petiiraaly ‘_—’rfté?ﬁ’rlogu%‘f’“e? WA SPARPYY 5™ 8F P61 ynrer s,
namel y polyé @ltREmERAE S0 arforditide fBbthURIW doripbgle rdibrple plodath esihyeness

toward finely ground filler materials of the kind_that ?%n,be errpl_ﬁyed in
conbi nat i sushwietheds and apparatus, that are particular preferred embodiments of the invention wi

now be described, by way of example, with reference to the accompanying diagranimatic
drawings wherein:

20 Figure 1 is the first part of a block flow diagram of the specific method and
apparatus for the manufacture of the composite materials and articles of the invention.
particularly for the manufacture of flat rectangular copper clad substrates intended for use for
electronic circuits;

Figure '2 is side elevation of a mixer/solvent evaporation mill shown in outline

25 inFigure 1;

Figure 3 is a cross-section through the mill of Figure 2, taken on the line A-A
therein;

Figure 4 is another part of the block flow diagram, continuing from Figure 1;

Figure 5 is a further part of the block flow diagram. continuing from Figure 4

30 and

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.
-6-
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matrix materials to produce electronic substrates and that, also
unexpectedly, the production of useful naterials requires a conplete

r ever sal wofo1agapg oach from t hat which has previously beﬁ Iﬁ&ﬂl?%@d in the
production of conposite materials. A major problemin the prior art 10
processes of forming conposite naterials, and in the substrates obtained

t her eby. gressi ve Ioss of rrechanl cal strength that results as
t he flllpgléé tioyags EERRED EMBODIMENTShi t herto attenpts to

SQUT T US T

i ncorporate nore than about 40 voI uper cent generally has resulted in
conposi tes which are so friable that they literally collapse to a heap of
sand- | i ke mat eri dhaygdisqpvered that W@Xpdm@qdlﬁa partitulassbdarhily bhekitogi fagilyequi r ed

in caomarp%wermagaggﬁ% %Eé)é/tﬁé%é% &5 beg&mgbngggg fficult wth prior

art processes to In te as CRGPPYEs nmterial,

si nce ttawandifioely grounsftitemematapialsi of e kand ﬂnat catbe kRIpBYBA ¥ doghbiati¥h WitHal | Y
roach has of necessity been to

: rrlrggfps)l)l?% e o%?{%i;sg‘s fﬁ?&ﬁyﬁl?qnpg §2f5s gnd that algp upexpediedly, theipreduaiost r at e of

adequatdf usefohamtedals regir@nOdomplad ftviRalaFa dhhforh ctrical
char acter| Stlcs%ih?tf;ﬁ,r ul t. pI have 2éll scg]%?ed ho%@rﬂﬁﬁh{ﬁg‘q?ﬁﬂf

met hodsPe5t SPRIGY ‘i‘%‘ﬁ“ of grmRaie BigtesialssA majqrpoehlert irthe pﬁommpom te
mat B | adrécesdeb of ﬁﬂhir@%oﬁ@ﬂilﬁe%méﬂ%ﬁ and Bth&&fbshGed &%u?etadstggrséy? V{ﬁl ues wel |

beyond t hose of the conventional prior art. An acce Frum for
new corfseEFyedess of mgrhanjcal BEngb thateespls asahd ﬁllerrsohdkas‘ontemb itBdabdd, ads ar e Of

o t b f that th
e l’eCﬂiﬂhéx%jatf@rﬁ'ﬂtﬁg&I nCoT 20 h’ﬁ)% ?@151?0%%8 v%llélaxegglicgrg§e€% yelixﬁs?eguhgcf Bad of

mechani cal stren eases W I NCr éa
decr easioRyositep “thUhtaF\%SQ/fé.lhbie tiott theelp diteiralBbecBldpse 26 a WedploTRandetileaterif i iRey Ond

whi ch t mer_is. reduced bel ow the mninum val ue

requi ret?i”}%t glﬁ%g%?é%%%eggoequ %'e%ffﬂglé‘?dglﬁ CRRMGERIH Prastics, Mareust. yt has been but ed
fillSer fpendtdifficeB withtprios amyrooedsésb mdaasorae ROSMEEHAsA08% éegpsofhag this

hi ghly Anexpect e%} result, alt hou}%écq ot her expl anati ons e possible, and

t her ef JFETEEFPR 61° PREBFPEEARE 5¢ Hacqus thehvmi fampaixing s ‘(letdallyt imposdille. i s t hat
al t houﬁntmemmmmpmhm%f ﬁéﬂabéﬁytbe%%&lxﬁ&at@ bﬂl? 3@%‘3}?@%;:15312%“ ally 30
e

toward oxi.de nma s su as silica, alum num ox rs and

teri
boron it P EFSUI iHasp %Stéﬁi%° QUi mehanisal syrengtis g tecatcent tat Ilowmgdesrmti
t her ef Cttsatrﬁﬁl&:hﬁﬁatfenﬁfcfs% ko481t 1Mhald'diScoVeMd ABGeves BRE Wit ¢ }%pxﬁ)eté df’i ﬁ'ﬁa

eml.oyed in the formof very thin adherent |ayers 1 nterpos
fil4%r PHEPER fIrdhe sgesssiabpredyrtion o casapaskie matesiallsyshe kpltdbeorrmtthmds of the

| nvent iifeadbd indh@Bed th h/@lu@éjivél@ﬁ 3‘695‘1}{%@& f the %vaeﬁt% lo¥71q %ﬁ%ﬁn E SHEET

difficult to specify with any degree of accuracy
(RULE Z‘G?‘W &1 My ueRecoREPFUSHNEIgs 5350 \itreapament lucihaeﬁxﬁlemafeﬁélstai’teof

t 1-3 t
cucoosarary Regimid m SR kRt NI e AL HGR g 5

possi blircreaggserith inpieased |sehd¢®omemr; mmehd?bﬁde(;ﬁaﬁﬁ)gl ubid the VRRB @B4BoRt §RHeri al s of
thesi n\(lgfﬂl;ﬂe%rc%gt?orbt?eygg‘ wh hne1 p)%;;]o ion (()]fe po yerrlierEshr(gduced below the minimum

value required to maintain adequate adhesion between the uniformly distributed filler
particles. It is my belief that a possible explanation for this highly unexpected result, although
other explanations may be possible, and therefore I do not intend that the invention be limited
thereby, is that although the chosen polymers exhibit unusually high adhesion, especially

30  toward oxide materials such as silica, aluminum oxide, metal powders and boron nitride, they
are not particularly mechanically strong, and therefore are most effective in this new and
special application if employed in the form of very thin adherent layers interposed between
the filler particles, such as 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
-7-
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5 required portion by weight, or by volume, of particles of the chosen
non-pol ar, nonfunctionalized polymer material of sufficiently smal

di mensi on OIW#:I val ent spherical dinmension, e.g. in thesapaRsd. 1 to 50
m cronet e 9 the corresponding portion by weight or by volune of the

chosen filler L gl: TENS r

equi val eh?nmum %‘gérklgggaf% farrlg?é@‘g%Ed%we;s fti mﬁwrtgﬂ%#m% to %gﬂnnﬁtgé gr?et ers,
and subj ecr;:sumgessfté imgixing seperior adhgort mtbedwetr@ngﬂf ped &passipls upeertlingihe

pol ymer ater.i I, N the range 280-400C and to a pressure, e.g. in

t he ranges@r%‘cﬁofpefr%@ dB%)-(500 to 200,000 psi), preferably 70 to 1,380MPa
(10, 000 to 200, 000CcHEposite Biefikle bEME irventinsqaabs ematihiey mblitgtgpbirgher mat eri al

into the interstices between t particl.es fil maerlal By
equi val ertauprheartienby Wrightethy \fozu%aﬁrem?ﬂes ‘Efoé'?ﬁg\oéein NOB#P°¢ conpl et el y

spheri cal, papd oﬁéxlﬁe@?&ﬂ&fﬁgx‘ e ARHALMNERS! difenskRe6d q]uﬁid}eﬁﬁdphéﬁdal% In 15
al ternative processe are describéd in nore detail below the pol ymer
may be addam:on,eg e thie gange 6f1 1a 58 oticroineters; wish SisfcorTRIPENAIRE BOTHPR B WIER! t aken
to renove of t I ave
been uni fDB cg} ume QE%&: tcg%se herqga%%xas nginn r%lg LdfﬁExeﬁ%n%ﬂ %@sgﬁ%b%ﬁgﬂ | ect ed
from t he sgliefidgl daensionse.ngn mﬂry@ey)llemé()emh@me&xs pud spbjeglingtbe itivret32 and

pol yaryl ene et her terials are,descrjbed bel ow,

whi 1 &0t héerpergugre S@cmt@ﬁ%‘nﬁ %0*%*’8?%&%‘%‘66%%% éané? Qgémdéoﬁnpd"rﬁ?z‘%%

particl e%:r&ﬁurk RQJ. Pk ?anﬁ@Bgrté absoME (506 toe200®00 psid, @adfér@wmgﬁeih ISOM;Haer [ aI
particles of a core of inorganic materjal covered w

oxi de nat(&d, 9%{3] to 268004 el §Ufﬁfle%? dispssap tag pgjted E%W‘P?ré‘i‘aé?‘agi‘m‘h‘é@ r‘fg?r?téces
material e g]%rptah{i}eg %f ﬁ% r theiafliE) e%,ﬁivaieﬁ: sﬁaﬁ&&taﬁ&lhmﬂbﬁb mEehtithd@ameknt

pol ymer ich particles may be hollow 25 The resul t ant
heat ed aruﬂ apomglsuhn spbericebpryde¢ having the sanee yalymoes thesneeified particlg Insheet, film
or tape, Qnto.a s REhe BRYmBEmAPR ddash i ei t her
by :ﬁut taétfmatwe g{?g&g%rh §e%?:lt n(g’b@dk Sle d%faggbg oi | eg%dlelr heat and Sr essure
in a vacuuérformhéasdﬂemn therbof, provided st dneiahg: toaemess ablyof shetshvertBFadE| ¢

extrusio AI t er nat,i ve bodi [ sheet or

t ape bef 2‘?1@ ’%?I‘%‘#%%E%& g{f ?aﬁldxetdeto eéheg?[é’gﬁ @HE itnaf% len 30
convert e%r&i@rab@ﬂE @Q’ec@d&d‘riﬁf 88 %ﬁ?p ?m&dpﬁﬁng)yolﬁarylbﬁ ﬂb@lhsdﬂyﬂykﬂi@hﬁ% lrélmh .
process, ainto a surface g ic er o n plie y
sputteri er) BEyleRg ether-dcVhigh RgieHgs 8t d@ffﬁ%@ ’F‘Breldeﬁﬁgggwhgg Etghﬁn I‘l{r)essur ein
a vacypm Ibe. iesikiatonadbRsp H&Mpr%ﬂ@}fah&@es&iﬂ%igaﬁtc&ﬁatérm paﬁic&@bf oni ¢
circuits or enclosures for electronic circuits or deV| c ?P?M %? cesses of

the i nvededugmaghetic nsterigh sapirlseef 4 SorieliiBPRABe MR iRk FO¥g %{H th the
manuf act T, ST el 024 924685
PCTNS00/ Lljréglélggxufel at ex’i{‘flmc?ésgﬁrl@ﬁl ﬁl}k’;{% e apparent t a? t hey gr

appl i cabl & law galacmcamysugm higb resfitingrrioéts golyrer wligrialnplf ?f \vmﬂcwmiffsea%v be
producti on l%f superior surface finish, highly uniformmcro-structures, and

25 The resultant heated and pressurized composite mixture may be formed into a
sheet, film or tape, onto a surface of which a layer of copper may be applied, either by
sputtering or by direct bonding of copper foil under heat and pressure in a vacuum, the sheet,
film or tape being formed by a thermoplastic extrusion process. Alternatively, green bodies
can be cut from sheet or tape before the heat and pressure step and these green bodies then

30 converted to heated and pressed bodies by a thermoplastic compression process, again tc a
surface of which a layer of 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 eircuits or enclosures for electronic circuits or devices. The processes of the

invention will be described in detail below in connection with the manufacture of such thin
-8
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hi gh di nensional uniformty fromfinished article to article is desired.
Wth mcroel ectronic devices, and with the higher frequenci es now enpl oyed,
5 the pmlmsof adequate uniformty of physical and c const itution
and physica el ectrical properties of the substrat

exacer i Qstes, 30t WNELSAPFRlRt Hatth argrgﬁﬁ:ﬁﬁlgilquggn shg %tgrgé]ﬁg%usﬂal ly Wil

not provide sufficient uniformt I N suc gcessary
to enpMaii ‘@Mtdlrﬁ@apraﬂmappﬁsmnsr usfactefimish, bighly mnlﬂ)&hanlbrobstﬁu@wresﬁﬁfder ring

now t o t ocess, it ssuned that a 10 m xture
of dif gérhgfr’ﬁ Eas 3‘1“?! ‘H“’%p’i’ﬁ’F {"sﬁ“g%héaﬁngé ‘°6§¥§&’ ‘Ségsbr«s& ally in view of the
opport uni ty t hi szt}hrrmvrodkestrmflc dgpéees fdndatithithé Bigher frdagderdd ndRCailbyedl and

el egtr har e of t resul ta substrates for the ‘end

pr o?iuc{t}F afﬂ%?“a\ es“’ﬁ BTy ﬁpﬁﬁ'ém?loar“ﬁ\cg?m‘ﬁalﬁpﬂtt?féﬂﬂ adphpsital endual [y of
about k&%mﬂrjﬁ,‘@%hteabfﬂﬁ)subd&aﬁss%hﬂ'é&@h exa%eﬂbm%atanalﬂﬁéklﬁ 1e%{§l %Q:‘??@E&%Qe and
the op Is taken of enploying this sol vent a SO0 as

t
di sper gg{?ﬂgﬁiﬂi’%&gﬁﬁ‘é“% Phnetdrevidessutiagient yaifarmity, anddn snett easé albscomfés
pr el | MhB@sryHoxiriley d dehbd Bid fga{;&fé 2Qte A6 @fdeiaﬁ%ﬁﬁ)%he“ ed finely powdered

filler materials, usually inorganic nmaterra e sel ected pol yner
solution, alt hou&#CMg n@WﬁeFIgm)besﬁespmmm pmlessat Bassumedehat@our se al so be

us | rials be obt ai ned

s59d. PSR el UM B L O B, o012

3g| It ab Ipegvmeeoﬁmaﬁsallyagﬂt;rmg\ma/mecmhicau amegle&ﬁﬁull dillaﬁatéﬁsﬁda?f ﬂfé%ﬁghﬁﬁ pur : ty,
i el ec (30 ant 0 ent . article size distribution. In

this e%ﬂsglatﬁseﬂt 11? g erdBEltr ?ﬁ‘? ?cﬁ)é’%grrff U&am]%efam fed Wlstigndhereef (wakled from a

del i vewoyatmnel omafclem@tw;sinmuqm EdlSdrRSuch a@lc%% &%)ég%o#g];ar{agﬁ)t ﬁ%’gcycgﬁohexan éﬁe

and 16r tiv while the sol ution of

is fed® ‘Fﬁ‘%‘rﬂ% ﬁ’ﬁ%ﬁﬁﬁ@? sqlgent 35q a3  ligwig (dispersion ane suspersica viebictet foothel
addbt i fiter mitkridl€ QUpreBRlinaBr gl nae ricants,
are fe fnrrgmg respect |mve hot e#s%{ffoégé %&%@‘gﬁgé&%&ﬂ'ﬁf& &re be fed
di r ect Ve Baterias, r“é‘saﬁééws«@l%p‘ﬁé?l%mth the Selqmed mmndr&pllmpn,adlmalghahl vely
obt ai n@ghef ﬁ&&sﬁ&%ﬂﬁ?@éh‘l@e%@;‘;bﬂ&ﬂ: fagg bQ'hﬁéan? ﬁl'i%' ena Pr E‘ﬁ‘i 22, 24,

or 26 (a systemfor the contents o If the
pol ynemafesialsipaydipotainedirespedtivein hyfpremplmmnler capk'ﬁlplllatlomfrbm sbkﬁni)ﬁbff romthe

h h be. f t
ogper S&%;o Ie‘éﬁé#éugsgiss ?’%lnqﬂ% ﬁéersdr?g%%egfs%‘gd%fwe tg wqﬁﬁe %%‘t%fodﬁ%lf‘it%r ‘S"?’ 'ﬁ‘ﬁecel :‘/Fow of
ea

3dps$ tangent. qnémplefsmmsmtmnhmgpmxs ermbatimehtripas Sduy dffepshit pbwderset er ed by

a re of th ol yner sol yt.i on netered by neter
f ng%%n%ﬁ E’%ése{ﬁi% l2’(’:‘1 e}1 g?ivel\'yeang éﬁStFrg Cﬁ’@f’ﬁ?é@a P‘I(S‘;a Reelopgers yand t hose

of t he 1@,olribimw mmtvegomne un/smuhb@afmé p8lg et inBe &y M xAHoRe FBELT €d by
respectfl ve g_FF 36 Ea fia%{ |imnary nmxture of polyner solution, powders
: g

and - 9-"°84 e e co R iveFngHansb aditivesTf tagpmad ek additi ves i s
del i vesmehctantspplasticReR@ad ubgicsHts) Bre fd ol av8Setti e ppE 28 Elcn3Bwadigger i bed in

5? material can be fed directly to the respective hopper 10, 12, 14, and 16, or alternatively

obtained from respective precipitation or coprecipitation systems 22, 24, or 26 (a system for
the contents of the hopper 16 is not shown). If the polymer is employed in the form of a
powder then it will be fed from the hopper 18. while the dispersion vehicle will be fed from a
respective hopper, or perhaps from the hopper 20 along with the additives. The flow of each
30  filler powder from its hopper is continuously precision metered by a respective meter 28, that
of the polymer solution is metered by meter 32, that of the surface active additives is metered
by meter 34, and those of the combined polymer solution/filler or additive flows are metered

by respective meters 36. Each preliminary mixture of polymer solution, powders and
-9-
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detail below. One of the aspects of the invention that al so distinguishes
it fromprior art processes is that it is preferred to use | ow cost
powders of a relatively wide range of particle 5 sizes ffbag 0 Obtain
opti mum pRPRLAY] oget her of the particles, and resul tantﬂ%m‘r%'lﬁm zation of

the int osed pql .| . t ted .wi.th t ' ] i ze,
and condéBiiER  JIVATRAHE A fePesRaRPL SRR T AEb Lo LIPS QR HGPE T U EC,

t he produgtiiverwof fired ceramc substrates to achi eve adequate uniformty
of processing. Prior to the formati on of each . .the respective

m xt.yre
powder particles Qaaafthyamspspsie dvepign e dﬁ‘ngulgﬁﬁﬁém& PR #8s and 10
aggl One:@&é;eﬁslegfs %H%{?M%éieﬁﬁfed@@ﬁsre'l&b 85t bORlerE 6k MREVel P Wadt raRfePhrtieley | N

size, a corrected, particularly the reductiaon of the

aggl dnersigee & drderiko bbtainroptimumrmckingltegethprafithapagicles, melapsulip dpipigipgtion g
operates ;to .mx th 0 nent : L I e
ourlor ocP! ik Biefagee ot e TR Ry A B SR SABnfLBR ahTbaReRlent ',
m |1t hexbespespiwders Witviteere paquired, lpesicalady &gghopredurtios of fired ceramyisi red si ze

distribution to a_obtain a reguired_.degree .of uniformt t wth a

di st ri bulPBRIEhRRCHFYERdGEE R Of ArakesHg t%ﬁ%"%?ﬂ’h%fea en
conpact &gk theREPRANE IpBRSer Phrticles uRVH 8onsisPof pariilessPla inge bf sired aadldi ti ves
fromthe hoppers are Such as to obtain a solids_ contenpt |g t.he respective

pr el 107 reeelomarates afandny fmpreparticiasleat 640 vegY SBmomRRFe Wehn® SiZerald RIS AEF Y es of
the dispersi L | | ihe¥ &liR&langarkepd as | ow as
possi bl ec%r%h{é@gp‘éﬁp}xg%igﬁ%@%@ﬂﬁéﬂ@%&%ﬁ%ﬁ%@b@g Q(% {r?gyn‘i >1<t ureg?rg be kept to
that of Bachehiatrinnidll 38 opetatep s the componexyts andoprpducaicemplets dispeisiop|odihet hr ough

the relativel narr.o .0CeSSI. fl I ke mill 38,
and t he RARSEES AT Hagd vty dnd Sl BER ?‘?‘Qﬁ’?ﬁﬂﬁﬁg’@”é 8BRS 10 10. 000
centi poi evbirticlesatal dgyloterasatté s fegalral size distribition tore bbteids: refuirefidegrervent i on
preferably such grindjng,. deaggl oner.ation and di spersion of 25

prel t3i n¥ lfgf’ﬁlt‘)grbét yith gg‘?ﬁrﬁ%@’g‘%btg?t V%‘ﬁ Ptr%?ﬁgb’hg P RO ‘Foé"lsr%%% e mill

38, usinghrbktelihi s purpose a special mll which is the subject of ny US
Patents Nos. 5,279,463, issued 18 January, 1994, and.5, 538,191, issued 23
July, 1996, the dieEIRs¥grIoas e?thm?%#fwm%é@f*ﬁ?}?%n%égdmﬁé‘r‘é‘i‘?ﬁ y this

refer €NCeop E{%%?@su%ﬂ%éo%lmeAéoﬁdm%t 8f tht VRp¥R OpreiMPRS, mixturdinfthd st of
which the 1l has 30 two Ci rcul ar coaxial plate nenmbers with a processing
gap for nedgbef 40ei¥s bhatpmetihe auantitiesfof theglispersing vehisiesad thefunctignal of

horizontal,. .lt 0. f QR LR Riktid folbe  WHi Ch
cons?@tsa% ti?%b%iﬁﬁgéﬁég[oi nagrﬁ!ags\gﬁg‘%t Z?H%tf%{]g eglggou){ a horit_zor?t al axis

i nsi de akers tatharofarrylatively wev pasie er shayy, itmperindtdts free flowrthrouglethg sedatively t he two

O eSS e AR TR B R AR TS,
viscosity in the range of about 100-10.000 centipoises will usually be satisfactory. In the
methods of the invention preferably such grinding, deagglomeration and dispersion of each

25  preliminary mixture is carried out simultaneously in its respective mill 38, using for this
purpose a special mill which is the subject of my U.S. Patents Nos. 5,279,463, issued 18
January, 1994, and 5.538,191, issued 23 July, 1996, the disclosures of which are incorporated
herein by this reference.

These special mills maybe of two major types, in a first of which the mill has

30 two circular coaxial plate members with a processing gap formed between them; the axis of
rotation can be vertical of horizontal. It is preferred however to use the second type of mill,
which consists of an inner cylindrical member rotatable about a horizontal axis inside a
stationary hollow outer cylindrical member, the axes of the two cylinders being slightly

displaced so that the facing walls are more closely spaced together at one longitudinal
-10-
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WO 01/ 02468 PCT/ US00/ 18038 | ocation around their periphery to form
parallel to the axes, what is referred to as a processing or mcro gap, and
are NoREo ¥/6RésY spaced at the dianetrically opposed Iocg_l tudinal location - __
to form again parallel to the axes, what is referred R3usgo B%npl enent ary

or Magdcati I h th Arog essing gap producing
“so-cal |Cgtd&%§3%n}igﬁ ®oP “‘9*‘3'8 S forkl, B “m" fhe Siepy MBI FeLsTed 1B s € PBRCSMEL he
sl ur r 9r Bicregp, endare more witelympesed agéqe (hﬁiﬁhtﬁ&ll@@bb@éd {ongudid] T8agey of '

m Xi ng, C | trasoni.c transducers rray"be

- rmunt% o%g n}‘fﬂmtlsltg gtto :Hc')en%(rg?qu;legﬁéf"te %;54 W%"B’H&m Adn#EAP 8?1? é"bSure

OSCI | maxtixgrfowsthroughhthe progessingigag pgﬁlﬂmﬁ%go Eeﬁleﬁf“@&;ﬁ@Kbhﬁor S rgorof f'
mgdaqéjsd %ge guch ratus iis, capable of processing re atlve y thick

sI urr| es of uy $apd F@F"e@ tl‘l%mmrﬁlgg@gnctmalle “sub ot herwi se can

t ake Keumrgd;roﬁayfﬁxmg\emmmelrﬁiaﬁi Sh orysand mlls.
The separa relimnary m xturesor;ﬁrre SS%\%E%{ {S)Ig% %%FQ?(S ?’@”’ﬁa conbi ned
mi xt uFQUHE P%B’etsﬁé‘o%hgle@érn‘dblcbﬂméy imgftmdlmlsptassuryomllamehs pasthe -by passing
t hem pRt&sia X8I refi t conbi ture is, subjected to
anot hgr ‘%rslﬁ F%ng, iy -Ark%glggfdbq( O? d&gﬁﬁuxd?ﬁ ?C@F @Eﬁ@???‘ﬁﬁ‘soperatlon The
m xer FapR FOﬁEOF@SSlagatﬂﬁl\@bghmk sh:lmaeslﬁ setbmicomer: pLNaes iapgaked (gl | | s which

a t R ts 9, 463 ,and 5,538, 191, being al so of
e tg'%ee’%‘g%rr%ﬁaéﬂg%‘aﬁgaﬁd S‘%F”&‘S‘/‘P‘ f?‘éar‘ﬁ%%’éﬁfs #okball g pandimiblido o

stationary hoI Imsqwae pteyhmm:dy mbatreSRREBRH: mitkd TREEE: 18%hn é‘c&hﬂ%de

mxer(nn)lture 3 thg rn; ﬁed |fn thIS enbodi nent,” i n sone -procésses it may
be prét errga 8] r‘?ﬁ?%i’e ye %PﬂW%W@rrwﬁwpﬁebnmsmlthmdmpendu ng upon the =
anounmixanchili 40,8n ohichltheehntGheddERaG: QFEEEJ@&E@H, a@lﬂfier% dmgx' ng that is
reqwrelehe mlled fslurr fromthe m’l asse a m xer/sol vent

ev apo‘?eﬁgg gmeraing and unifprm dispersing gaerations Tchﬁ mxm/mypie 1s:agap-rone|o|ﬁ ¢hean i nner

CY3 i ngiovEalenti®rEaq c?a‘inmst@ﬁ Lon ter -
cylindrij calenrre ﬁe 46 1 legglt%eth ﬁbﬁe%tgfarﬁﬁ& ‘8n°¥hig8u‘{%§llﬂﬂ€y| indrical - -
sur f ade Ht? th%ngrélﬁ%ﬁthwpﬁ nommsmg)armnoér calitdrical lfnexhher%'mabm ihdi 41i | | nost
-of tagiceX S HNEWANRP | e the paste is vigoerously
m xed, }the@paste becgyr%%ﬁaéégg}r%ﬁgﬁﬂéﬂmlogﬁ?lﬁySﬁlé‘g é’%’x?‘?mﬁ]r 8| s in a helical
pat h W@?ﬁeﬁh@ﬂﬂ%@@@m¢w ipepme prb8esaés it hﬁybvp&fh’rﬁalt@&nﬁbklachgn bEsvgli sScharge—

out | e ) §‘u°ch vent wn t hrough sol vent di scharge
outlet — % T}H’iP?d%é 1H§H§ ntt%pasg'é%t af'iraéeﬁ H’gﬁ’ge?eagﬁlefnegaﬁem dfor recovery
a4 r@lxstlgthﬂlhereemaqdorat ion of the solvent fromthis mlIl is facilitated by

heat froma ro riridge hea 54 in the -- 30 base of the machi ne,
t heir out put b\gl gé" lgeglc “?ﬁf%%d?ﬁﬁr ‘ﬁ) RESYeS ffp Pater/pelvens eyaperatigpanibody of -- -

about421witich aguéeis ofthet)he wmﬁﬁag g i dydindQdal HAmbEH 44 rol 1R ?‘E‘? I's of
sufflgltent igugfness lgarqa#] n be extruded into a coherent fhin tape 56

of t e qagy UPHENS) E‘k‘fﬁe@@ Rasld baing carried on theiouger aylodirivant i onal
ast esusfxderafch A5G B e e { ains,snmall anounts__
p u dife 4 {eth %rnﬁbffhctﬁm iy ﬁpfﬁg%xh%rloag&%e (I:ychhF)f_FélP eat i ng

solvent. and the additives, it must be su
ocSQlventis remayf whilgjthg paste isvigorously mixed, the paste becoming continiiously

thicker as it travels in a helical path from the feed entry point 48 of the evaporation mill to its
discharge outlet 50 as more and more solvent is withdrawn through solvent discharge outlet
52, from which it passes to a condenser (not shown) for recovery and reuse. The evaporation
of the solvent from this mill is facilitated by heat from a row of cartridge heaters 54 in the
30 base of the machine, their output being such as to obtain a tempera-turé in the tape body of

about 150°C. Near to the discharge outlet of the mill the paste is of sufficient stiffness that it
can be extruded into a coherent thin tape 56 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 the additives, it must be subjected to a further heating process in'a tunnel dryer
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SUBSTI TUTE SHEET (RULE 26) -- WD 01/02468 PCT/ US00118038 oven, and to
this end the tape i s deposited on an endl ess conveyor 60, which passes it
through a drying oven 62, during which passage the SO'WQH%I much as
possi bl e EF”Fﬁémgdditives are removed to | eave the strip or g%§§

consi sting onl f a thoroughly and uniformy dis sed. co m xture
of the pXfedi ac?fig%&éﬁenfiﬁlée P9 ’gg?‘yoﬁ’é?%e‘?”i ayen Ssrféfj%eryf’gﬁs wglrll%‘ pt%‘hsgp g?ﬁ’/‘g%’r or 5
pol ymer s, dxgirrg%&rﬁ@i,ﬁuﬁ@émﬁiﬁ:ﬁbéﬂé&efﬂw sobwegandns eieh ad sossibleof eheatgitiess i n t he
range 150-250C. the heating being carried out slaqw to_évo;i .as far as
possi bl eare Fqst eleavsihoTirip fHBPRCoREFEE onbyofiathorarghly HOPRY STBRFSHRdi um

and addi LygesuOf AA0HN SabRABARANAIOALE! 5 mdiBeall ARRNSRIheti ed paste is
passed thr ug’h a cutting station 64, in which it is severed into

i ndi v§ dupslythers o siitablebermnperttareforsfuch ars0'68 is, feygathpleon theganagrigtiZab®Shape and
of the 0,si.ze.requir.ed fo h I QNI | ' , if
that 1 ERESHEE tHEE SRl mitine R PRI B Bo R L LyP R o HHBRL hBkE .
deposi t epy R RKiEhE Yispdrsian netiai md kiditivestop addigvedavdktiywn produdieat ed

conpression nold conprising heated.upper, and | ower pl atens .68.and 70, the
cavity being |ocat daﬁer'?étoﬁgn?dg%é‘re "ﬁ%éfegdﬁrﬁ%ﬁ %?PW@%’%“’P&%I i e

| oadi Ng RLEGESRo ifdGGuat Nfedr @ﬁ&frﬁ'&:?)&forh@%@&ﬁu&lhﬁoﬂféﬂtﬁxgﬁﬁ%ﬁaﬁe_ il ofhigsed by

t he downward noving heated top platen 68 whi ch 15 protrudes into the cavity

to cobpr sgsrenniceddprihe electraniq giscuit boaif sehsirae i st s dhe ush Epr adyrdy thg materigls

t enper at . ' L3 ; 25 leGlegNt tO
ol -t he s ariel HE brin P MR 1 ST R O e et 1o
conpl et ekympressiontriwdd corhprising leewd apper endilowehplatehd 68 and 7iathe e4vity bplagt i cl es,

whi l e the maxi IS that, at | ch. the I rowill ' ade
unaccept Elﬁf“f,é( I“r%:ﬁg]oﬁﬁeﬁ ?ﬁ?ﬁ% pg?‘t%rémzﬂuﬁpzact‘lgmﬁg&elﬁ%n(ﬁ%%rgcﬁsss' Q%%E Ehe@gef@m%g{% t he
choi ce 0foad€l the PRI @bty B.cldsed bhie dodmwatd indvingtishtbd wipelterf 68 whitke nel t ed
polynmer to fl ow as descri bed, thﬁl& gqrfessur.e and éi.me f.or ich.tt nold is
cl 058 beroNydesptoiths @MY PeemPrRsS Mg PEfeEt P rered MEpEPTREnE SRV al ™ maxi num
conpact i Qi RRALEENWhibY the Prdtbitd atdiRaleal tha ieblPiseSidleat 10 Yeditahd futymembt ed
polymer wll flow rel atlvelgl freely and the tenperature and pres e are

§

mai nt ai ndwt itpol gwdeelyouderihy presseistapplisddn sempicte il R FEiG e C@gﬁgé
conpl et eleyiof hbibridi P&i&é&,ﬁ&ﬂi%%@fmmw ifal ﬂ%‘i&tt}ﬁfg&){ &t BBgih Redeaplde d

: t '
particles 1n the formof correspondi ngly very ayers. Typically the

t enper at unacématin Thi exinizmerep2gore40 b mplhyddds etupladrvadstne ehoieg 9fn t he range 70

MPa 1,380 MPa . : : [ I r pyerci al ly

i keI?‘)%/ preenépfﬁar‘éie’i lé %%5%2&5{%4%%9%58& o%%tegé’%’?‘%\g\ﬁi tfog&%raggﬁﬁr €s egs | ow as
3.5 MPa (pbRfireaid)tinmafpr baich siaheld isTtiesed being awfEsienffot themptezelarishet hat cont act
the prefor are m.rror.-finished. or tter £o.assist, | obtakning the
smoot h s @FFYEELC P mAFEHEERe lq”c?flggfrgﬁi"r%‘fﬂng%}zeur&a% arngt@%s‘frgf%#(;{gg f or

i Cr owav endite@ BeIgRerwith Ritiveln Sreelfand the tertiieeacire ahdpressdieant mgiatadfedt he

nonfuncti onal 1 sed pol y(aryl ene ethers) enpl oyed i hat,. si nce,they may be
cross- | i ﬁw@djeﬁyd g;{gggr&rt%eqs&rqtg%%ﬂmeé§a$$pr?;ﬁgelyéﬁld e@ﬁatwesly small

25 interstices between the solid particles in the form of correspondingly very thin layers.

Typically the temperature is in the range 280-400°C, while the pressure is in the range 70
MPa to 1,380 MPa (10,150 to 200,000 psi), although a more commercially likely pressure is
about 345 MPa (50,000 pst), while pressures as low as 3.5 MPa (500 psi) may be usable. The
surfaces of the platens that contact the preforms are mirror-finished or better to assist in
30  obtaining the smooth surfaces that are desired for electronic substrates intended for

microwave frequency applications.

Another unexpected advantage of the nonfunctionalised poly(arylene ethers)
employed is that, since they may be cross-linked by exposure to temperatures in the range of

350°-450°C in the presence of oxygen. it is possible to take the finished substrate through a
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350-450C in the presence of oxygen, it is possible to take the finished
substrate through a -12 SUBSTI TUTE SHEET (RULEI 26) WO 01/ Pt2438 _ |
PCT/ USO g cycle in which initially the polymer is nelted again an
t hor ougﬁl"é g&% used throughout the body, the pol ymer aXCVH§¥WIEBE e peing

Cr oos- Pt AP e e A el ckeh FBE ooty b pa iymahoutites. i ace.

Alter nh@dwékypplvtﬂteanhrspmge bangrwlattlve@ﬂm&' ahl HertdRethe BhREMLiye a
5 an appj ng a ent SO that t he desired

g;(r)\;sf | ca? %eg%m? ‘ir?ss'la g’/g?ﬁrngégmasf’mcg%&eqs@%‘&"eﬂ heRolymer takes olcbed above
tm s akltbintyvely) thercoffpbiiftkmixfigé @fayﬂmhdeapa@adc%\%vﬂrsg kRS, IOnS%(B% makes the

?I’I als particularly useful in mcroelectronic applicat ecause they

canr’ r eBYFdFapRIng agsyhse H‘aé@e desiredidspviBeation mill take plase atdower temperatiresm s ol ution

I t tant mate
ot Sﬁﬁﬂ?ﬁ“ﬁﬁ hORRD KL Sink Ao B PR IS ER EAR R Sk St he pr ess

are feategals patirelary usefid in mécxoadettronicl applieatibmgberalsk etey g teadidy bt Whi ch t hey

ontrol ed t.hi.ckne flattened. The
Surt nochrie hoRLRGEH Bkt S I 0T sOIR G SBtrro0 apAHEB CoMEGI 19 | n o der
to oba solvent resistesmatedalfof mermmdéﬂ'snylbyftmmm The sheet. filmor tape from

whj h t he prefor n cut .usually has a thickness | ess than about 60
* can bg Iessﬂ'?ﬁgl?f’ féﬁ&ﬁ%‘%@“&f’ﬁ’mt prepreare fod tp agrultistand.disated, 10 nil, nay

be | esBattening ralisd wiill 42 ift ivhicB ity Gad roB¥E R ﬂ%eéﬁ%ly&%ﬂ@ol%‘?hﬁkkﬂesﬁ

Substr gt es end for. use in el ectronl c circuits wll usualTy be of

t hi ckn %tgcnf41 %ﬁéu‘%éﬁg‘é{t hese 10l 2lsp mimprfinished@r better, againdniofder gt %dgdgg or

t hi ck hout

i r oo o SBSRAAL UBNAN SRR Sfect B S R ROR VW hith AR SRRRHEE st be

flat t eBét“t‘léPall"I'l‘aﬁa@Hd@e?ﬁ lessohmaé»pur(&p mil.ooan be &ss th'ihequ 86 atinmaabe now fed
tors hrad@sh Aul %ﬂ%ﬁn& 1?{&@&%%& 'Ch thgé’notf%ﬁgség ch,laminated on one

or both sides with at SNDOo abeptlmilof ¢ he same
size, Wistresinipodes fontdeyin lebctectmrhetbuits) wpit mmebé GfthicRhe3S i the raebé CUi t . These

froma strip 78 supplied from
thgflgt ereo(P“(g gf( S Ogmﬁfta% rhen d ‘F’HCEE%B“BF%E@?%P*I.EYFE%HI{W@b%nd
mi r r or sthooth whabgutr(t Z5e0. ﬂ@mctrameten(zaao rﬂ"lhﬁnﬁsgl,r»ﬂidil@zgﬂmteﬂﬂaﬂﬁ»r SR, fﬁﬁ egt ggt
2 [ es etween a pair o
D1 ot et R 6tk el Sty QOB Fosit 2L fiPh P are et (o 8 beatechat
co eslpmrrrdtmg pn‘e:ssrﬂ4ah wtﬁchl tl’fﬂaa’rE e4thtl@minBRd $Hohe &S pfiddheinPl B&ERa The
mrror-fi t he eztuﬁst%rate surfaces and those of the copper pieces

i s espec ogtf P'ﬁce F?%R?f sh G SPrmegiee, W @Eé@?eqneammsm@c&md trzodicatle, as

r t | ayers of
descgg&lﬁrgﬁ&iwa gﬂeg@ SuHrénb't %)rg%ér? éc?sﬂéigbgtra %%?Ie%rl ?@tll iggrtr)lfa ,?r e e{@ﬁﬁg conduct ors
o° olf essal i

is 30 FYBAr Bot howr) WhSBITCUS inte Bicess at y\utting frel pinocdmishs of t he
| nvent sudfcihd Qaticl 8OTEhPfirfaeith 3tanOdontftRed 4 hdt eI BNk Rlhe cut pieces are

25  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 uniformity in characteristics of the etched conductors is

30 facilitated by such smooth surfaces.

With the processes of the invention the volume percentage of the filler material
can be 60% or more, the minimum value being that at which the interposed layers of polymer
are somewhat too thick to have the required mechanical strength for the substrate to have the

corresponding amount of mechanical strength. The maximum value is set by the amount of
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can be 60% or nore, the m nimumval ue being that at which the interposed

| ayers of polynmer are sonmewhat too thick to have the required nechani cal
strength for the substrate to have the corresponding a chani cal
st rengt h. WeHB/0246%i num val ue i s set by the amount of _0 W’% SHEET
(RULE 26) WD 01/02468 PCT/USOQ 18038 . the parti{%ul ﬁr rﬁi}oelz‘i}/rlner required to
adequat ety petipeian Doy requied iaradequarely bind therpagicuiap fitlghhaterial R PBRE coher ent
body. Th £BaR). Thid BieP ERMMChE PRodRdion QFBSEHIsRe FRiedlls &l $hichthshi ch t he
sol i ds c%ﬁ’tnéﬁétﬁ%y%n' eg‘?! l'y én(ﬁ?eqonom’ ggl I y1 in thgﬂ)ranqe 60% 97%%3 . vol unme,
pr ef er abo}idy Conterd weaily andlecanemicals in/be wnge FPUR Yo By WunRPS R n t he

m xturesgls,only t : Lk i8Es TBLE thahedREtd Cl €S

t oget her9%#%’#%*%%@%%?%&@2g{glgp a&ﬁle%ﬁgh% }r?orgash{gg §'(_)Wde?. after its
CONpr £5s hdHerd the fillerimateriab pardclepogdtiar atdiily Mblireshé peres lefiiigthe drongantopovwiipe
relatively .small anounts of pol yner esent.in. 1t g’pﬁﬁi : erials
nust be B%EAESRRPrEFREM ‘°£Halm“é'§%‘ﬁ¥’f“if?'§@¥rpgéeaﬁ%{:n%‘ﬁg%F%g‘ fi ne’&%‘ér icles, and
this is ggadihduRcsippyakt gredirt h hfiConpsatenarsals apl iyeademely twelllahy

i ndependently of the particle size of the filler mé@%ﬂ?}kﬂﬁlo The process

and appaewniidistsssed prewe hp oo raidesand this s afily aghey i GPFESSEBI ume
product i I efid 4 A8%£S requiring |ess
appar at ugglggge&gﬁg%@v&})ﬁ??ﬁ&e?{%}Legi}stg%%%ﬂgf §1tb ﬂghiﬁ%\i}gﬁﬁon. For exanpl e, as
descrndbed above i t Thespredesscangepparshedaseribediakovesgreparssulariysuitpdfor bighi vi ded
filler material and e b0 I.SRers ' nd ry
a1 vodoHTs Proar e ey TGS W ler RSB AR ool I Tepp BRRESRE Y
m xer/ m lalss wiBinlhe soagé of thd hivemiopr Bateramplbas desibedabovh v iscakggpossilpér si on,

while at the sane_ ti bt ai.ni.ng the ef.erred range. of rti Si zes,
the di sp@HE&Ee &?‘ﬁﬁgeﬁ?aﬁ'fd%pgﬁlﬁ‘?%aﬁ%aé&% RSP r‘gi?grlsﬁ)a m%gus{rg@%é ﬁso t he

dryi ng ovetséf, fidfives @fi therbdfiet Pty onts pdcesiigsin ohforeseyieagihikaatillodd the
degree of uni formt% required in the material  of aahe fini shed. substrate is
such 1Bhatandoptf torpeoduge A ssavicdiheroneh disprryen sdilg b sERGUIRAH BRI HE ot be
20 suffigj xalﬁgé jrlsarBB sBEs, BRGBSSALY mb:Qurd Btk % RdtuRetintle o beiggr i s of

st eps in%ﬁ:ﬁt edsftt?bstrgt es are brokréln and gropadr;]ad back down lt% about the
ori gi nal pessed tochedwingeoveh 49 ¢tF-baft Wighthe priptpro¢ss® difference that the filler
material particles 0L | al: el in Bakadeghieg g@nd thin
coatings of the pO{n?hﬁ%ﬁ?y%éagB#sﬁﬁ%ﬁéﬁeﬁo\??ﬁ%&gﬂﬁéﬁgﬁﬁg?r.ni S agéei n grtound and
di sper sedinishedsubsirdtatsisecntbatienen thy exismsivefspesific process desatibedgbovepaysint 8¢ al

mlls, such as the.m|ls 25 38 and .4 ' : : d he maxi mum
possid) e S }cfeBFﬁP‘fS} may PSBESPREC @ 1@%“? %dég‘gr{é?%%&?gfs\éﬁ’s ﬁrﬁﬂ%u:ﬁllﬁ%}{es removed and
t he resulgbdfateatedidiah and gioundstHok doweth dboutthtiedginal pamine sizpdesggiutiogn,oper at i on

to produce the desired substrates,  the polyner . heing suff.icientl
t her nopl a%ith 1ge Q’%eefeﬁ‘&e 'S‘éﬁg%gé‘?’d?aé%n# Eﬁﬂ?lgse"ﬁgfl%‘?’ lqtﬂ’i’%&f SSSB%atﬁ%ggfl bl>/e. Fi gur es
6 and 7 ghafid@aReM 3R e o8 RIN IR PGiSide taicpiaisis uiOugimdand

dispersed in a suitable medium by use of one or a chain of the special mills, such as the mills

25 38 and 40 described above, until the maximum possible uniformity is obtained. when the
dispersion medium is removed and the resultant material again subjected to a heating and
pressing operation to produce the desired substrates. the polymer being sufficiently
thermoplastic at the temperatures required for this to be possible.

Figures 6 and 7 are respective photo micrograph cross sections through a

30  material of the invention, respectively before and after the mirror finished piece 76 of copper
sheet is attached to the mirror-finished surface of the substrate, the material consisting of
closely packed particles 82 of the filler material. of irregular size and shape, coated and bound
together by polymer material 84 that no longer exists as discrete particles but as thin

intervening films and interstice-filling masses. As an indication of the size of the particles.
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30 material of the invention, respectively before and after the mrror
finished piece 76 of copper sheet is attached to the mrror-finished

surface whoifepubstrate, the material consisting of ‘%Z'%é’?‘( acked
particles 82 of the filler material, of irregular size é@ coat ed

and bouadinvél0gEhE Suaky Ef?érb’mf gdff Nger .£xi sts as

di screte particl egdiubutseas | I E'?Eaéra%dé%s?ﬁmwaf‘etege%cg'%zgest| ce-filling
mas s es 2dhggivensss ?fdh%aqlmﬁrs@fthenevegnwsoﬁfﬁctmt foansure hdgpate bdndiSeBSTI TUTE
SHEET (Rbbf iiec RrMhAZANSAEGTLHRANARP3S et involved the square

section of Figure 6 measur m Crorme rs each side. The adhesiveness of
the pol ymers of A particuleearieotly prMﬂfgt@lp&iﬁthds@le&B@Fél?ﬁ?ﬁM& bondi ng

it f A t |
s e T AL Gy
| n V\,hl 2.8- dlﬂfrmnylﬁpemm rag: de@ighatbdiPhEFZWWMlE aﬁ’dtﬁé@hﬁéﬂtl wrﬂﬁg%%ﬁg ih he

-dlhfglca| of | fl uorene, are designa whi | e

anot hel" tﬂ?eerﬁ?qa?n%l”é‘f ’érpfl@de'@%% Iraﬁcalmwm@e Adpdiradipa) ofiBi% i s

par a- t @i Milorehe) 26 H i i of .9 9-

di phenylbﬁiﬁor g;e ar e&?gglegnmeﬁ%gé’mg%&% ﬁf gggﬁpogghlf’l“{)“ t@?er red

gr oup, TEPFRURE Bk igakom @p'eapfthg upis$ QfIi‘AsEa and)ﬁi&ErBahteaimgﬁatédlBAEm ts of PAE-2

angdy PAEx ds f.or, t oduction of these
pol ynergglgggfoglﬂg oseg(t) E%E (r)%'gsmﬂls greddn the ngafe}wps do%. 5, 658, 994
and 5, Batentsiies. 5t6<58;ﬁﬁ4 @ﬂ!ﬂﬁ37‘&5k6ntmwhiﬂlg(rdfeemdﬁy3ﬁrmdd@$a&fplekB?gﬁse pol ynmers

are fo |nC| characteristics: PAE-2 PAE-3

PAE- 4 ﬁ@%"&ﬁ&%ﬁ'}&a@amﬁhﬁ ogtin %3%‘? %W%%Fr@% 45, 400 75,800 Nunber

aver age nol ecul ar wei ght M 20, 700 11 400 25,700 Mw Wh 2.58 3.98 2.95

G ass transition tenperature Tg via DSC 257C 271C 273C Tensil e nodul us
(dynes/cn2) 1.45x 1010 1.45x 1010 .39x RAEE wei ghtPAR3s % at m_after 6
hrs O. walgatme e @olecidk glaight OP % at 45 ter 6 91 1.6 %
gai n gl sur e 85RH N & 301 oo 1o Rl ove enefed U s
patent “‘P S¥eragh BPieqlar weightdMrcr i bed a20.Fvi ng i MpMd0ed propesvéces, as
conparMsy/Mint h prior art fluorinated poly i%yl ene et?%) mat er i %3
designated PAE-1, a particul ar sanple of ich has the foll ow %onparabl e
char act'éss tEnsitign te“m&B“!‘EeWélesﬁver age B®I°6cul ar wg7gt@ Mwv 20, 8 c Nunber

aver agrensid B6dil1AY (dyRds@af?) Mh 7, 700 1.45x10'° 1.45x10'° 39x10'°
Weight loss % at 400°C after 6 hrs 0.36 0.57 0.65
Weight loss % at 450°C after 6 hrs 0.91 1.65 1.26
Wt % gain moisture at 85°F/85RH 0.279 0.301 0.274
15 In the above-mentioned U.S. patents these materials are described as having

improved properties, as compared with prior art fluorinated poly(arylene ether) materials

designated PAE-1, a particular sample of which has the following comparable characteristics:

PAE-1]

Weight average molecular weight Mw 20,000
Number average molecular weight Mn 7,700
Mw/Mn 2.58
Glass transition temperature Tg via DSC 166°C
Tensile modulus (dynes/cm?) 1.23x10'°

-15-
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Mv Mh 2.58 (dass transition tenperature Tg via DSC 166C Tensil e nodul us
(dynes/cnR) .1.23x1010 -15 SUBSTI TUTE SHEET (RULE 26) WO 01/02468

PCT/ USOQ l\gggﬁuuyééi ght loss % at 400C after 6 hrs 0.72 Wicghisedsesz % at
450C after rs 3.16 Substrates made usi ng PAE-2 have been very

successf éigfﬁkb%s&%%b fflPgg N0t  oxidise in air, gp2highly adhesive

wi t hout the”use of coupling agents, and has a |l oss tangent in the

f r equencWeigh ipss & atga09q aftek @hrs nt erest (1-10 GHz) 1®4% than 0.0008, as
conpared to nost 5 other thernposet polynmer materials presently used for
el ectronic circuit applications, nanely 0.02-0.005. The polyner is

t her nopl astic and Sistries pideasing PAF2 hAgbeS0GEy swnacksiiy; thomaterialdeegiotg t he

substrates_at .300-400C tqg establish cross-1inking the ed

t her mse@#ldlmﬁr»tlmgﬁéégh%ﬁ &é‘h?utd"r‘f‘o‘b% o ETB e85 ﬁa?‘*ﬁ’%?ggf #@? %aﬁg%}lg\ﬁ{ei ght
average ngl ﬁ&t&b% réﬁ%ﬁ%bbm’ti&ﬁéﬂﬁ\te@&ql}ﬂl 0IHAMRs &g 00008 =6 esinpesed @ssostlesi r abl e
for use with the nethods of the invention, 10 since even.mare than the

PAE- 2/53/ #thenthsrmeseipolyresy matesialfquesshiiyense far Sleptronie Giryitapplicatens, pamely | v
strong fid e S HREARE ndlckited BrRe-3d0TERAA ¢ body,
because odf&s%o{?gﬁgéeg%g%gﬁgyﬁgé Jrsg atlve:?)yp?dﬁi_%ﬁ structures tgﬁgﬁatter into
a mul tit ucketing the sobstraes 4t 3OQARITCo establish vrosulinkien/ dev ernths\iendsredithamoset,
surprisingly even the |ower | a ' ' L0, L:pt.act and
conesi ve by e R e PR F ot E gt AR o d BRI 2 s
of 15 ahuw dbodt 30,6000k gdrdedaisdess desitable fafwse e/itheheusettiodsaif theounghtiothe hi gher

nol ecul ar  wei ght terials to b referred., T rekative proportions
of th¥d fiﬁ‘WcéFV%P%TE%&Péh@rﬁﬁ%;ﬁdt Wétebjgf@%ﬁed@bgﬁﬁtoggm Iaéeﬁg%te 0 sone extent
upon the dseutafy Ybrip Ttk ShediDsdn@lofhet Subbi@ntRely Bibe-dinfensions bydih befauderafquency
circuit isto be installed then i1t wll be preferred to havgzFﬁ he maxi mum

amount  ofa Endeney ofesg relativelyrthisk AEicBEeSEP SBATET L2 RS f SEHR 28R yrrer .

As has b LREdoRDRY Bt LiRGisiBly Vel MeaBNLH0160u1 HelghB atefials €t by t hat

requir edﬂév&&?f&%nﬁgq? nt er gr%%luﬁﬁjisﬁﬁtge}rrusg I ces whenct_he i %gtﬁgr stitial volune

i s at it sremeimiintachavdtehesivaarthindilespesitions iif the i micseraeterignasrihickuesys 8f ns f or
the regsul t,i ng, conposi i cm? I oiahieRgbiy: For this
r easofr t haéjogtglnpéng‘?#?rg%tte%sa‘hg {h?%%g%geﬁ?ere&g&%kﬁ&ﬁum 0 E%% 0y vgl urr% of pol yner

to be premewiialasekobgpraferre®5 t he opti mum particle packing of the filler

terial has b tained, the. remainipg 97% sl i i
The 111 er i of cot RAEABNEPIRPiopE e B st iakbsf oS ko EarR, ! 19

agents, apgkt @y @aidiektedl upgoh Hegaatcowhich t culsirag is ©tbe@ogife yrobighlfraguendy ber s

and whi skers, when, the are .provi ded. .
circult is to be installe t%en Et w1ﬁ E:e preferred to have the maximum amount of filler

20  dielectric material and the minimum amount of polymer. As has been described above, the
minimurn amount of polymer is set by that required to fill the intergrain interstices when the
interstitial volume is af its minimum value, and to ensure sufficient coating of the grains for
the resulting composite to have the required mechanical strength. For this reason the
composites usually require a minimum of 3% by volume of polymer to be present as long as

25  the optimum particle packing of the filler material has been obtained, the remaining 97%
solids content comprising the filler dielectric material, residual surface active and coupling
agents, and organic or inorganic reinforcing, strength-providing, fibers and whiskers, when
these are provided.

Materials of relatively small particle sizes are preferred, particularly for the

30  filler starting materials. and also for the polymer if a solid polymer or polymers is employed.
The preferred particle size range for the filler starting materials is from 0.01 to 50

micrometers, while that for the polymer is from 0.1 to 50 micrometers. As described above,
-}16~
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Materials of relatively small particle sizes are preferred, particularly
for the 30 filler starting materials. and also for the polyner if a solid

pol ymer woopol4gsrers is enployed. The preferred partlclgcﬁbﬁ F@gge for the
filler starting materials is from0.01 to 50 mcroneters € that for

t he poltlwmcsencs: dfrpacmnclas of ﬁkher&ﬁhteriab bDARINGE Somps C%Qﬁﬁéx’eﬁkes@keég Pferredk6-

SUBSTI P‘r@gth VéRtlﬂﬁﬁ ?l 1/ 02468 PCTI USOQ 18038 the presence of
particles PFOVEY 1y offense packing in 3 msmnesithay rQﬁUFEFSéh%merSHQES i's

pref er wehime aidreosselidntly ifAGlieee thelpReIveARES the bty &fin H%Hﬁ%dﬁé’sm' B&.in a manner
t hat ﬁ?uces t he lnteripltlal vol une, and conSequerit acilitates the

pr oduc th3 A SParagiersie of the imvention, gesjdesdedusingdhe e:yem’sof pdimezae@mehw fitteristic
of fhe the@RtiEQRANd b f required to fill 5
the interstices ang&gdﬂgfle)&?ﬁggfo rgtth%llgﬁmggﬁe “‘9°"‘F‘¥”§%1H‘ b@ €shown

t heor efHBiFUM, interssitiak volumethat ganbe ohtained tibien ahckm:g sphered dfainifomn sipeisobt ai ned
when p 4S f ut 45% to the w der
parti orat 9= AREE5 iR widdh i pidR 31 g itkean B rnaloyer dhevotean b

r educ edarcknrsiuted a@isgdefablytﬂuaher dowmntotthe $pecifis@oslué iedbotabye, of about 3% As
descri bed above @ %grﬁ a g}enber of |nportant paraneters for the 10
resul tant substr@ EROYFu fﬁféeEBH@P%ré’rfélamrﬁnmmnqera ferghection of the
fi N0er sesalteht sybotrateewisick aumewstermmkgﬁl%bﬁbﬂhg fan& he hi ghest

possi bl 8 val ueg ar g tensile strength; peel strengt er j oi nt
reli abPPYPYES R naeng thgse whigh raguine ths:highestinossible IVdugihare teoile rel i ab| lity;

di el ect 3 i L
factor ““%‘nhﬁﬁgit‘ﬁ?‘?é’ P ‘ﬁgf"?’é‘tyn st P BB B Ao ibobul” o o1

absor pl’? s reliapiligg dielgepioconstens: nwémengqss,adnmemml stabilirgrahd Qr factosSi pati on

fact or hods of this.invention are
par { i cﬁfrg’??yn’ggg’mﬂg{)“ge E}%%ﬁés)tgos-g ?e?}? B 45t VA Ahsyetien: chsstalkivdine i n whi ch

t hédf i P@F‘}lgp@ﬂd@ﬁé@gﬁntlorétsSlMOerfacabr (cemipgbe sf foa(ﬁ(ﬂ'y one or a mixture of
t he "advanced" H?“S' vene now used in industry for the production

of fired cer am c su 18] At& RAgHularly applifable 8 the@redystionefrmon of
whi ch egrepasitemmatiialsnin Mﬂuqhdbe ﬁﬂ@y pawdened ﬁnaramaal chiistsWaReadydpum ti t anat e;

bariu W at.e anate; | ead . magnesium niobate; |ead zinc
ni obag}elmﬁrg%hhlter g‘%’%ﬂceg bg}ater 1 Séﬁ"d S Fﬁfﬂg‘%’t"gtlﬁny tox the peadugtiontaf fizedat e:

zi rconcﬁmmtsui@sramﬁ>:retehﬁomhamuetalzhaﬂﬁéz%nﬂth%fwmh%yémk %nﬂée ary of the
f use uarfz; boron nitride: netal ers;

f
sg%(?ggir’ﬁ% S uartg %’Ii"é‘f'ﬂélfo PG ARt BRrim CORPeT WRERLS; t1¢adr1§ar@tmtmd5| ng

powder mdgn‘eeuum iettea dld bink @idbARUIRE ¥6n ARbAE: '1@Adslrdnrlm€%§ta?e RR,iTR matrix that
have a). read been produce used for exa eti'c passive products

such a a?a}l%lﬁérF‘EW‘H’é wgstatgy FB“r‘%lC%lﬁHd/PeprMStcel swiveledswif emsof thut t he net hods
used afbeegoingCalRad efussd duatth:&ordiBliBide Aheth t [ nd their
sol i ds, contents have. ge&ner al {/ 1eenaljfle ondfeBbarPcP olpgu n'Z‘< t 50% by
vol umelMPPHaNtgHHRHS FAMPOSHIORS ?@nﬂfﬁ@gﬂm@(ﬂgw ifgritesfand like inductive materials in

25  apolymer matrix that have already been produced, used for example in magnetic passive

HII

products such as transformers, inductors and ferrite core devices, but the methods used add
the powdered filler material into the polymer matrix and their solids contents have generally
been limited to not more then about 50% by volume. The invention permits the production of
such composite materials of higher solids content, e.g. 80% by volume and above.

30 At this time the only ceramic materials with temperature stable dielectric
constants that are available have values in the ranges 2.6 to 12, 37 to 39 and 80 to 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
-17-
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such conposite materials of higher solids content, e.g. 80% by vol une and
above. 30 At this tine the only ceramc nmaterials wth tenperature stable
dielectric constants that are avail able have val ues in ghRedodiies 2.6 to
12, 37 toV§P4HE8 80 to 90, whereas in the quickly expanding narket of

Wi reI ess te rmunl treguenci es

rangi ng q‘“?'%"h? %‘t:“%)l\z-/)éebr0 %%g 13 c%ﬁ?ﬁ%ﬁ%ﬂﬁwwﬁ@?e and | ow wei ght
are of Iﬂ&ﬁ@a&ten@sleamof nospesseithtbe wcerﬁmcrfmdctmeélleé@tdﬂqt%ﬂh’@h@ﬁ HeiY 1%‘1eées need
to be tailore

-17- . SUBSTI T E
PCT/ USO0P385 S d“‘%ﬁ?\%@?“"éa%se Ry Ebr%e Eﬁﬁg%&%ﬁ% nﬁ’é‘%u%?céeﬁgl ces dictated
by the Opfbbigdﬂbrcaép@hustmmﬂsr@hlt}teewmgxade thmcmadfm& pxrastrsaandmoe@amnﬂn he
circuit architecture being di ctate the z tza n ﬁ%
di el ekt rprly é‘éﬁli‘shlﬁ’rf#%le%tﬁcaﬁof&?aé‘ ‘3%‘5‘?4 %1 51ng W(Wé%% 5P @e—éﬁi &juenci es
signal  plg %‘?g&%&&%ﬁ&%ﬁ& m&' Md %ﬁepﬁnﬁﬁy%%%p@&%m dieleofrict he
circuitry and consequently 5 only such diel ectric copstant terials
al | ow si gmodatargat this timegsed i nrzramecs%a %éﬁlﬁi%qeﬂ‘ﬁa&tﬁ‘éph%%wﬁ‘ﬁ "ﬁﬁ? rCSWgS
conductor | | ne{n\é\fﬁ? gncfw%%nﬂ bgrr}xgc[ré fan lha?gx]i ﬁcog {iRh Bvo GRAXIFAe diel ectric

r esonat of e’él é I'n nore | on cel lular tel ephones
wor | dwi dgielee@iglctndtmt of the stadate masarmbcoalitbwvexs%ﬁomyhﬂmﬁsemt‘ﬁm of glumingnd i n

cost by nore an t r.d iel ect s0f the substrate
mat efPal OE%FEPHQH’@VF‘Q? dfgsa}ﬁqcﬁgqgﬁségg%?ng;n) ptcb%mi%‘gﬁ na 10 of about 9 to
over 400 and its dj @ Rediblk ithalse ploossesita fubeinity cmmsnbmlammlsxmmsh thet s
possible with these processes to frejfgj cate corrF S.It uﬁ\s in which the
powder ed ppwered filieireatsrial 1sjagfaijprechbleng of SR PERGregRc! fdi vi dual

mat eri al §oq,4BGentt ﬁ)q%gs?r% MaSerfal espeldfty o ﬁérﬁﬁigﬂﬁe@ueﬁm) @p‘ﬁb@ﬂloﬁhb laye epy very
hi gh frequ qency applications, are very exacting, requiri n con deration of
a | arge muadieg, rgctm@rmn@dﬁafmmﬁ@rl@fg%um?ﬁéIoﬁH}PXﬁtfalfﬁrPlP%‘t‘esi%c 51:1 cont ent,
bul k densj M8 2 éb@d

absor ti 6‘5&*@/5%%?@3‘?%?‘&%@”%?]%‘mw gﬁ@lltljs% ragl:‘l égﬁ %st i gcela},tg)e/ Iercoef i CI ent of
linear t hesdxuekasnghompdyliseefiebsticityoentficiany pf lyneaﬂﬁh@lﬁ@émaes‘%rt thsrgtin,
dielectric consta [ C YA e

possi bi | |cf’9é:”6fm§yugﬁle6? g’e'ﬁ%h dl?ecftr?c O%tamaﬂdﬁﬁé%}g%{?? %29 %Meﬁbt;gr :)Sgéﬁll es of
t he substTiRtesitikty of Bthblagbginidkes it asﬂsfbiﬂ in talonthepespertiss ofthe subsisatesigssi bl e

th t d ' t | d
b vi ol atiBe AT B BEITPRGDTT BAORRRPE T ITHo SRR RotEee s The

Mai N JeasQdsnkfhe siREOINsREuld B wolata el thalsulting fired ngatatfahwoalﬁlfdl argrtt o obtain
a mxture with a tail ored di el ectél C cons ant. which remai n

uni f orm c@@?OféhQ@#Eé?aé‘?%r @r comnbifies edl’ﬁ‘aé‘?i? SIB Ry gIKen, rﬁb‘b& % ”f”ﬁ uée very

high Q f%ﬁl?{) AI6Hd cﬁ{%tcoﬁé%an@ WISEW cdnht! vAS Femdia DEISR ) ovdesierpblajurabove 500
and i f possi e as as 5.000. -18- SUBSTI TUTE SHEET ( RULE %6‘2\
range from say - 50°C to +200°C. and with a very high Q factor (equiva ent to a ve loss

tangent) desirably above 500 and if possible as high as 5.000.
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WO 01/02468 PCT/ US00/ 18038 | Caim 1. A nethod of manufacturing conposite
materials conprising particles of finely powdered filler materi al

uni f or Myo@i/pded buted in a matrix of polyner material, the nethod being
characterised by the steps of 5 mixing together from 60F¢HEUS/I3BB e
percent of partitCRgmof the filler material and the bal ance non-pol ar

pol ynmer bondi ng material consisting of nonfunctionalized poly(arylene
ether) to form alconpddtathodml magufactusing cempysite trargiatshempeising phrigles Xt ure t o
a t enper ahdly Sowldrbd £i . ner terial and to a pressure
suf fi ci ent %’g uni forlkﬁ-sﬁaé%r%g)gﬁgégnﬁsﬂgm@ﬂ%&n 58}% POy ImaErialithe nt o t he

i nt er stmeghod bsing\ehatacterissd by the stdpesfof filler material. 2. A method as
clagnmed in clai . teri | hat the polynmer material is selected
fromthe %reoup 2?6‘31’2’.‘%{‘1’9%‘5&0 onbg(?&aérf;YoéWBe BEAEK pgl?a%ﬁ?%ﬁéfrt% BHes meaterial - 3, and
pol yar gibihe beleharnot:paf palymet bdirgsmate I Tkidhe o AbcrionAgeact er i sed in

t hat tggl ga%lgrger i}s1 fheat ed to,a tenperature in the range -450C to

obt ai nPer EELehe Sthst 19 o1 EYRPOsHe mixtyes AR as claimed in claim2 or 3.
characterised i nsubjeating e corhPE¥RE HikiBrd T4t LGl crgss-|inking agent
and/ or ﬁln end cagg;?%fagent §B5§H A n@%ﬁétgéﬁgtgﬁﬁgﬁﬁfeﬁ?gwgg%g of clainms 1
[

to 4. BRFFEEMaER a piggsure sufficigntite wmiforebedisperseitbe melt@iiodyndr om t he gr oup

CONGi S triaft@iaDintdM trit&bRSs BiwbdhAhO A 3l articles of
el ectromagnetic materi a? , V|c\)’art|r1% eslglggggﬁl(ﬁ:%rnéa’t%\aei norgani ¢ material covered

with a layer of a netal oxide material, particles of netal material, and

particles of |owdiel i onst.ant . hi.gh nelting. point polyner material.
all of which parfticl elgﬁ{englﬁgggd lérfﬁ%dWF}agT‘ Ix¢ P?Baedgegﬂatéhem&qu any one of

cl ai nmsmaterigl is seledied faorh dhrei s@b donsistivas of ﬁoﬁﬁnﬂ@fé&@f&@?pd?}ﬁl@ﬁ@eth&-ﬂﬁ@%ed to a

t enper [ e, range 280-400C and at a pressure in “the range 5to
1, 380 ﬁ}gg&?]’gk}get&%ﬁoo, 000 psi), preferably 70 to 1,380 MPa (10,000 to

200,000 psi). 7. A nmethod as clainmed in any one of clainms | to 6,
conpri sing also#he ste%s of . ~19 LL1LILE Trrrrr teeer i tr rrnd
SUBSTI TUTE SHEET: ( RUETSHPd gs ¢laifedén oleim 2 abgrapenirodotial 8@38lymer is ng

t oget hbeatetde apandrariie $n @ik rirgk BSU-45B4CEHioBlaid é}ogsi-lnlﬂr% tﬂé}&%‘” ed form the
polymer, and a liquid dispersion mediumto forma 1l owabl e conposite

m Xture thereof;
4, A method as claimed in claim 2 or 3. characterised in that the

composite mixture includes a cross-linking agent and/or an end capping agent.

5. A method as claimed in any one of claims 1 to 4. characterised in that
the filler material is selected from the group consisting of particles of inorganic material,
particles of electromag-netic material, particles of a core of inorganic material covered with a
layer of a metal oxide material, particles of metal material, and particles of low dielectric

5  constant high melting point polymer material. all of which particles may be hollow.

6. A method as claimed in any one of claims 1 to 5, characterised in that
the composite mixture is heated to a temperature in the range 280-400°C and at a pressure in

the range 3.5 to 1,380 MPa (500 to 200,000 psi), preferably 70 to 1,380 MPa (10,000 to
200,000 psi).

7. A method as claimed in any one of claims 1 to 6, comprising also the

A

steps of:
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5 grinding the flowabl e conposite m xture to uniformy disperse the
particles of the finely powdered materials in the |iquid dispersion

medi um renoving liquid dispersion nediumfromthe fl owabl e conposite

m xt ure tOvO pW3éidce a pasty conposite mixture and formi nﬁcﬂpqgg(@ fromthe
conposite pasty mxture; and 10 subjecting the articles tq . the speC|f| ed
tenperature and prf@éi%rl%e"f@‘”*h&ﬂ%’t"ﬁé&fﬁgﬂé‘?*’éﬁ%ﬂl EW?IYCQO&Ydﬁfea forgh Mact er i sed

in that g@lg Emé J'ﬁmc?@%ﬁééﬁ&n ARguinne f(grlrﬂ 4 BSwdRd &Hp@élte@h&tﬂé #efogeparatel y

with ar Irve qui Ispersion nedium and are mxed in respectlve
drum fype grindi nggrmpmgnmmmﬂ@# apimpesitesaigturnownormipisperse thrpartickss of79 463

and 5, 5% q%iyzﬁ%“ﬁgr% |mc;g -léglnfl rﬁqgfddd?s%%{‘ﬁg’ge%g ’he components. 9 A net hod

as cl ai a|m aPacteriise € conposite mxture is

m xed in at | east remevidg umntiylppexgmn mrebidingn ﬁ@p&:@ﬁmbugodipssileosiemrém U. S.
Patents Nos. 5,279,463 .and 5 n%é’lgl to .lro i de_uniformdisp 31 Qn of the
corrponentp?duifb"1 PagLY FRFRBN I AR GBI pg Qﬂg%ﬁa ge Gmpe Rasﬁy(ﬁmg)
charactepjged in that the particles of filler material are of size in the
range 0.1 to 50 micrometers and the p material, when in the form of
sol i dOparticl es i ssubjesiéngdhe aitiglgs forfhe ?f@c%éﬁ&@%raﬁiewgéssuﬁ croneters. and
wherein the particles of filler material may consist of a mxture of filler
5 materials of different chem cal conpositions. 11. A nethod as clainmed in
any one of clains § to Afethodas deimediiseldinhy, chirecterized jin Bet qagk #ithg t he heat ed

d d A net hod
2o ol af b erfROS Pl K e pRaly DB sespdch B Rd Ao AT Dor
?f COppernftxe{dmna asdift atigedah réshectivhdair tybe brindimg zt;?)pmtdsys éiscpiosﬁdé:fél Ssgl ected

rom s eri re copper .foi ea ressure
in a va(F:) GWF‘S?%% m‘&ﬁ&agﬁéggr@ (ﬁov“flue W@Wdff"?f%? Ogg‘e c%rﬁgone er Psed in

that the sheet. filmor tape has a t hi ckness | ess than about 60 m |,
alternatively | ess_than abqut 30 m 111111111111 111111[ 1 TR
SUBSTI TUTE SHEET (RULE 48)cthedpes ﬁhagnf\ﬂﬁ‘ eérf@%zfééfaﬁé‘ﬁe &b R 18H §HTPOsE

al t er natiyelye ik %%dtiﬂﬁﬂeﬁsb%g drih@ t?ﬂe‘ grmﬁintg%g&@éthé/ﬁ' dscledintthspadeut 4 ml,

and alternativel ess han abou A nethod as clained in any
one of clNgspE279. ‘{@ ang 5, Séhé?h@tréwéfew@ymtdwr%ﬂ@ﬁthsmfawem%g a |ayer of
copper to a surface of the heated and pressurized conposite mxture by a
process selected fromsputtering and direct bonding of copper foil. 15 A
method as cl ai med ih ang metfedas clelreddis any ons of 4lairghhiodd charraiesised in thaiat

the particles of filler material are of size in the range 0.1 to 50 micrometers and the polymer
material, when in the form of solid particles is also of size in the range 0.01 to 50
micrometers. and wherein the particles of filler material may consist of 2 mixture of filler

5 materials of different chemical compositions.

11. A method as claimed in any one of claims 1 to 10, characterised by the

step of forming the heated and pressurized composite mixture into a sheet, film or tape.

12. A method as claimed in claim 11, and characterised by the step of
applying a layer of copper to a surface of the sheet, film or tape by a process selected from

sputtering and direct bonding of copper foil under heat and pressure in a vacuum.

13. A method as claimed in claim 11 or 12, characterised in that the sheet,

film or tape has a thickness less than about 60 mil, alternatively less than about 30 mil,

20-
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the resulting heated and pressed conposite material is ground back down to
becone again finely divided particles of the filler material intimately

m xed W Wwo oalogsepol yner material, and the resultant fin i yided
particles are again subjected to a heating and pressi ngﬁé)%/grgdg%ibngﬁ to 5

pr oducaltemaeltlieamidh Hout e OMRASIEy RL B4 ; hod as . clained in
any one, of .claing 1 to 15, char actéri)é(i;% byht oén&g%l%ééhdg&%agﬁgﬁéesgubstrat es
for el S aBAMd Bilrcuits fromthe heated and pressuri zed conposite m xture.
17. A method as clained in any one of clains 1 to 15, characterised by the
step of enclosing electronic circuits or devices with the heated and
pressurized conpbki t eA methoduas elaini 8l in@oyrposofictaimatl e § 3|chara@8iNet Biy Ak

particl P iller terial uniformy distributed in a
ot 1 P CeiiHEER ey BUEERE 1 & s of B BeasBlasdurigieed eommass t o 07 vor ume
per centmisturetst 4 pro¢ess sebdetedifeont sputeringmidatiicod b@ﬂﬁgb‘l‘@oﬁiﬁ} fance non- pol ar

pol ymer material consisting of nonfunctionalized poly(aryl ene ether)
together 5 form ng a conposite m xture; wherein the conposite m xture has

been subjected tt5.a tﬁfﬁéﬁfoﬁ‘a%ﬁirﬁéﬂfiﬁ‘aﬁ}ﬁﬁ'éofc‘ié?mg‘?'tcﬁ%figﬁaégﬁ%%sgﬁﬁnpgﬁt erial

and to ar%ﬁzss%}rﬁe ufficient to unifornmy disperse mer

mat er i 3¢ Eehsated Ardpresseq eamppsitamateriahis gpand badkadowafto bedomeragaimt eri al . 19.
Mat er i dinslyasviddddiaiRebs o el ialG ] AAn that the polyner
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Materials as clained in 9, characterised in that the filler
material is selected fromthe group consisting of particles of inorganic

material, partici{es o | ect r.omagneti c materi al rticles of a core of
i norgani ¢ nateri 1136? cc')(s\f‘/fanre @88\‘7‘\/? flﬁmée%llﬁﬁw o?ﬁ(’f&[a’rﬁ%% &f ?%fhad%m‘?’f’ﬁf’@bi’ te,

par t i chlep obforming abbstratee fdr alectraniclcipdiits fiohthe BéatdOMMdPral e eLE E&n@&ﬂﬁt ant high
S meltin oint polymer material, all of which particles may be hol |l ow. 21.

Materials as claimed in any one of clainms 18 to 20, characterised in that
the particles of filler material are of size in the range 0.1 to 50
m cronmeters, and._wherein the particles of filler nmaterial consist of a

mxture of filler mat'tPrled ay¢lagpedinamhenefsliranl to 1o plipoasitarisechby the2.
Mat er i stesofeiciokiag BREtrdnic @RNitdBEdRices Wath iR Hedteli gngaressﬁh%@c%gn%rogi?eed in that

mixture.

18. Composite materials comprising particles of finely powdered filler
material uniformly distributed in a matrix of polymer material, the materials comprising:
from 60 to 97 volume percent of particles of the filler material and the balance
non-polar polymer material consisting of nonfunctionalized poly(arylene ether) together
5  forming a composite mixture;
wherein the composite mixture has been subjected to a temperature sufficient
to melt the polymer material and to a pressure sufficient to uniformly disperse the melted

polymer material into the interstices between the particles of filler material.

19. Materials as claimed in claim 18, characterised in that the polymer

material is selected from the group consisting of polyarylene ether-2, polyarylene ether-3, and
polyarlene ether-4.

* c L M S *

SUBSTITUTE SHEET (RULE 26)



they have the formof a sheet, filmor tape, and in that the sheet, filmor
tape has a thickness |ess than about 60 ml, alternatively |ess than about
30 ml, alternatlvelylessthan about 10 mI alternatlveélessthan

about 4 niYOOLPER ¢ ernati vel y Iess than about | mil l@/‘i“% sfas
clainmed in claim 2 c racte n that they conprise a_ |ayer of copper
applied to a surfa l% 1meq! 11 giaigy 1 Stoédé thgragtstigeddp Fh?bthéflnﬁfy di rect

bondi ng efargrabipes] Jta-lﬁ zﬁﬂ@egro@%hs HE JIHBRRIAE Bf tnBrgBni AEMT, pAdicledbt erial s
as claimed in anyeone (())f C|§I ns 18! to Zf ch aralcterllse In Fhate t hey have

a | ayer GRCEOPEFiCIAETdPatsies of acomas ingyeasisumatenial aevesad with allayeseof abondi ng

of coppermetd] Bkide m%%rlafvﬁﬁrﬁélbs%ﬁné’ca et ATEd :pﬁl’n@l@é' ?ﬂQQ d?glec?rkcaéo%axgt%x%ho 24,
characterised in th hey conprise subst ate ronic Circuits

f or med fmlﬁngrmmﬁ@ab@m mn@nﬁr@b@whldemxdmmshetmlinth ure. 26. Materials as
claimed in any one of clains 18 to 24, characterised in that they conprise
el ectronic circuits or devices enclosed with the conposite m xture. -22-
11111111111111111721111 IMadrididasGldimeSloBRT loht B I SHERS td R efard®rised in that

the particles of filler material are of size in the range 0.1 to 50 micrometers, and wherein the

particles of filler material consist of a mixture of filler materials of different chemical

compositions.

22.  Materials as claimed in any one of claims 18 to 21, characterised in that
they have the form of a sheet, film or tape, and in that 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.

23.  Materials as claimed in claim 22, characterised in that they comprise a
layer of copper applied to a surface of the sheet. film or tape by sputtering or by direct

bonding of copper foil under heat and pressure in a vacuum.

24. Materials as claimed in any one of claims 18 to 21, characterised in that

they have a layer of copper applied to a surface by sputtering or by direct bonding of copper
foil.

25.  Materials as claimed in any one of claims 18 to 24, characterised in that
they comprise substrates for electronic circuits formed from the heated and pressurized

composite mixture.

26.  Materials as claimed in any one of claims 18 to 24, characterised in that

they comprise electronic circuits or devices enclosed with the composite mixture.
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