;e3et 4@BTI t L1 MANUFACTURE OF PREPREGS AND LAM NATES W TH RELATI VELY LOW
*.DI ELECTRI C CONSTANT FOR PRI NTED Cl RCU T BOARDS FI ELD OF THE | NVENTI ON Thi s
invention generally relates to prepreg and | am nate conpositions for 5 use
‘in formng printed circuit boards having a reduced and uniformdielectric
constant, inproved thermal stability and thermal expansion characteristics,
uni f orm appearance, |ow density and inproved drillability. BACKGROUND OF
THE | NVENTI ON The printed circuit board (PCB) is central to the electronic
systens of 10 nodern devices, which typically have high signal speeds and
operating frequencies. The circuit boards nmade of materials with | ow

di el ectric const MANUFACTURE QF BREGS ANBJ:AMINATES %H REGATWELYI on in
the |aninates to bd-PWPEAFGTRIGLCONSIANT FERFBIEERGIREUT BRARDS peeds.

Thus, by using a printed circuit board with a | ower dielectric constant,
the system may ﬁ g i ﬂ! b 15 hi gher speed of processing electric
signals. Si nceF f §ﬂ-ﬂ:e .\ytﬁﬂdj}\ltant of the material fromwhich the PCB
is formed has a di ridts invpplion genereliyereiales torprapicd anddaminaéel compesitians fos
buil't on tbe bosy i foirifg ipfftedanedit Bb&EENavRl HRHLEETRAE Bniftreh diBRcrignmand for

i ncreased spee i f [ mder evi ces has pronpted.a search
for ways to re%?ﬂ:sgeg} ’h@%g?\quetcﬁ%ﬁ% S@?obﬁi&{ §H$ ‘%ﬁfmﬁﬁ%"ﬂ?&ﬁé’PiC&F@ﬁr&?ﬂF%i ch they
20 are made. PYRifprac@RpeRENCE, lbydansityped inproved Hllabildduced by i npregnati ng
a fabric, such as an electronics grade fiber glass (E-glass) wth a liquid
t her nosetting LA, i d fabric is heated to partially
cure the resi BRERGRO N E— Y, e sheet in which the resinis in
an internedi ate curkhesirifited cisaitigane POB) isseoiraldd theelastronie sy#emsiofige or a
't'ﬁ_re[( preg1d grmoaemgd@t@ed ,twrﬁiah?wi&mm haila Alepdksi r%ﬂl?b?&lsl arRy @pé!ﬁﬁr\'t ed
i ckness an J and pressure u cures e, resin.
This fornms a Ifg rﬁag‘t%%B P&%ﬁ' tglﬁt[téoqlﬁs ﬁ)ﬁ'ﬁ%rﬁ’?{*}?&era@%v"ﬁ“ 5@@'8%@&%@?8@?% to be
in the "C'- st aRgMittppispaed of elgetronie sigoalrtcanismissier nshe tamsinatesde bebout 50% by
\_/Iyﬁi gPt _eporydaﬁdre%@e@@%i Iamawait@mr?eé%@tjlra@@wa%ewp@ga%g}mr bgLaing agrﬁrrﬁé @SSs) .
e typical di ri n am nate a oresin content is
about 4.6, a v§1l°3’§tb\%’ﬁfdcﬁﬁ'?éﬁ‘?%éfﬁ?'?éﬁf'gﬁf’f‘%}‘a?@@t)ﬁ%SE?{'E' in&y&:e[(ﬁ%s:%@ﬁlmaof
the nost APgh Rigleisresplipemcessing elstriosignaln Bines beslieiectriq congantod thée
di el etct ri ct cormtawarlm @émgmiéﬁ m%mswombl@%ﬁa d@fl%vmcﬁtt Bn'tes b@ﬁo@g@@%g .
cyanate esters [ . 0 pol yphen e ether, an ic
e o dr ol ectsneete clbRby SR AR e D e Rt Ee Go Gt FertoMangaians oot
epoxy 2 havedeieend osingrernedspebdrequiteg of &Bst io mederedaviceshgs piqueptsil @e or
suffer from otdigrclflics adys s AREe tROHieREB I MstanEBEinERAR FihI MoRTWRicHRNy ave
a dielect hhC caqnilg@d;et of approximately 2.5 at 1 MHZ, but they are
relatively expeﬁ 've-and difficult to manufacture, conposites inpregnated
with PTFE are diffiRtintad eitcul boatsisi arattypicallyprodiceid|byyimpregniating d fabric sich
?oar ds, t and pras fif egcshiaed §raide iof g@ﬁﬂ«ébm@%ﬁﬁtw taﬁqpra th&ﬂ%@d_ _ttl?a@'élbo%r
enper at ur es ! . rlavers. nme nd | ose their, dinensigna
Sabi1 ity andeptsfnuhEabeaY TR peaiaeRRI At g AR T 2B D TAe « hey
are not t her no¥¥: iexRie shestimwhioh the egsin isdn asiintgrped igisiiamg istate, sometimes
;));ll dellgrg_iz_g Eatréfbr%&)ég_rtﬁlé"@tsstéﬁ’?g Ep|t§\9é¥ere§.'" ePl*eeéré 'rs]Hétlét)é dr@%fer\eéiﬂél&'ii' ve
an : el.ectri £ constant, e lam natg, wever, is
typically aboutB a%th%pgnad'a?ﬂ@%ﬁﬁiggr&%s[s ﬁr@asr“éﬂ‘%%‘{/@%f gnaiPressulR ﬁ"af E"?Iy
consi stent |y reMies thetrgsie; This ferms 2 ampoatetlicompokite inewhigl tive tesitdis spmetimes
fluctuate frorgdidito bPintHB"CFifages formed from materials other than

fiberglass have al n _consi der as, a neanps, to r e the dielectric
constant of the Iaﬁﬁ%ﬁ@' pﬁﬁger#%rcﬁ%]oia%rcgnﬁa %ftqpé’Ptgﬁ%ﬁpye‘ﬁ%lﬁpp?Wﬁgd
typi cal | y3Br 0vaQ¥e by avsightetestranich gsads thes glass (Eeghars).affte fypicahdieleatige of
aboEt 3 t|0 4i d&n&sﬁiﬂﬂ@ﬂh@ﬂ@ﬂrﬁt& AR5 ré@N@?rﬁehﬂWagbﬁtSLB?é K/Ql:ﬂefvﬂrﬁérﬁfs | ow
mechani cal str; r iye properti and . relativ [ expense
are al so aﬁssoéﬁgﬁﬁgew}ﬂﬁwt@gggﬁgyﬁ@%&%ﬂﬁﬁ? "Hsbéﬂgb sl‘?ﬁ@& °§FEP8 en used,
but |ike aranm@rendgbeingideyelapedr el ativel y expensive 20 conpared to
conventional E- gl age reBate et Béletirib @bAstAAVEY pRinthEdiRElt oarE PBRMAHe rBfink €SS

than 3, b t t fer from resi stance to heat an endency
to nelt aﬁ I%@ég C? ﬁ@?‘?%agei%=rpé’ﬂ?l"£"‘%rso%§’\'revf’f’é%P ypﬁpgﬂg?e Fﬁﬁfrearrﬁjtdﬁajﬁeé;

pol yest er fi be¥Richhaveya digleatric eonstayt which istgssehan the dislectriclnonstanhpigpoxyel ds
| ess nechani cal properties such as dinensional stability. 25 Ckada et al.
(U.S. Patent No. 4,798,762) disclose adding a filler material to resin to
reduce the dielectric constant of a lamnate in a process in which a
hardened plate is extruded and then | am nated on opposite sides to

prei mpregnated reinforcing fibers. According to Okada et al., it is

advant ageous to use holl ow m crospheres of alum na, silica, zirconia,
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5 mechani cal and distribution problens. Because holl ow m crospheres are
‘buoyant and relatively hard to di sperse, additional equipnment for
continuous agitation is required to keep them suspended Chellis et al.
(U.S. Patent No. 5,126,192) disclose that smaller glass mcrospheres are

| ess buoyant than are |arger m crospheres. For this reason, .10 Chellis et
al . prefer using mcrospheres having a maxi mum di ameter of about 25
mcrometers with a nmean di anmeter of about 5 microneters. Neverthel ess,
Chellis et al. require continuous agitatior2to keep them suspended and
S on” 5o SRS oAb oo b B A SHORE R sl P ur
gbj lelc?g gf a{lﬁemmm‘saﬂyamthgﬁ; E? S be rMe'&E'nTHEFE v didahe
am nat e vhi ch Char CRPPOARRENE Bt M2 o QiR Blegifil RbERI Rl

nmi crospheres, Wfieut tledaaniiagtueg, compgsitesimpreonated withPdi & e diffieulidenst ant |
20 i nproveds t hésbrlatecipantititayet pantad ichtiitbosrds, ard [re-preg Eheets préparadigith hol e
failure, and i ridegs, 5&5@5@%3@9&&3@% &gﬁ%ﬁ&%ﬁg@u ﬁieﬁ%mt@@er efore,
the present invention 1s directe o] ks ﬁ)repreg composition for use
in form ng pri thelgdipensional gabilitisanditeyhexp relgivebnperyeechanical popediesy
material i npregeatigst el ArencithetnddRitiiE iztningtes Prefdi€d 0sihg golyphympene 25
resin conpri sing. | cel ; j ' I 1

| ncor poration %g Idt éam]%téfjé%ﬁﬁﬁ%'Xgﬁ#%éﬁoggﬁ?%ﬂgggﬁeel?iessgfd@é'lr‘\_ 0t QC?GSI y
enabl es t h& pr@HéﬁEatbpbthecﬂlelﬁ@iﬁpﬁaﬂggnfa\E/?dx. pt thatargingle, bawevesoisrtyicalinaboyt a
relda: ihvel yI | owsamgnditref @bﬁh@lii@@@ttv!éiwtowmgg|atr¢tconisi§twmyeﬁladulfiﬁtmlaa§tradtoi i té
an ermal ex ion cteristicCs, uniform rance, |low density an
i nproved drill %@ﬁi’fﬁ'ﬁ’ﬁ%[’%’ﬁgh" tg{ﬂ se%tﬂsucgl‘*at? ﬁmﬁ@gﬁf‘?%n wll be in part
apparent and in par Fibgss feraad digm metasiafiadther than fipewrassihave s eBON OF THE
DRAW NGS FI G tohsideiedSisM meahe ey mialicé Bie didRxtric@hsfantet thenamitary. cArangd a
mass of nmufdicelli F IR bb &y TeSie SRIE r&é ih&tek Wit SBRLAL! on of
pr e- pregs, EtIam’ na'téetgé%tﬁg %’ri nt’e’é}m?rg’r“cﬂw Eg@}rr%kg otg"t"heepr egen@ rvent i on,

t he mass i ncl u§PRgiant inithe ffgeaf@bout3 tn 4.1 Aitberghsaraeyd fibersihave @ilayr am t he
i c][osphelr: IesGS ard%s«i%ﬁ@hﬁbt@S,|dvmewhér]§i&al§;nieﬁgﬂ1,cabommwé driies amnded )
surf ace. : = . ar | r é n on
depicting the téé %g\éel;%gggg%ﬁgggfﬁ%@qﬂ %%Egéoggnﬁﬁe%%ﬁ?c?}%cr%%%@ﬁ usef ul
in the preparat@gpa -Yseageul IKg graial CEh e are feaf Vel @Xpensigdar ds of
the presemo 10 compardd Rconhei{dNaPE diddsOP olydstdtiicerRiie &FNRIgHndDohStdnt of
accor dance W‘tmeéfp?a%easﬁhei%gqgigogf?iér¢° 55 regln el SR RAA 2BRlency to

| am nates and prrnted ti rcuﬂf od FERET 'Hd) r_‘?esf et Iya\ow an unl_cfyorm
di el ectric condmelhnd iopse Hhelrdesiiabladirorsriiehal ahertampetayrest palvester fitiers ze
throughdhol e 15:a§@lbﬂé€st|rt|ﬁfgﬁh felgtve tb@ta's@;dm]g,_vﬁﬂ& ﬁéllﬁbhéfssnﬁml thI e may be
prepar ed using . . ere filler. In general, e

mul ticellular #ﬂ%%%@gs%c%ﬁﬂgﬁ%@éggﬁgh'@ St two cavities, wherein the
cavities niy be opeRkeda et 8k fd-S: Hatant Non¢i798me2n dissiose eddmarafilier enaterial to

m crosphere. | pefiR€o RItRREItHE Bielectitecomdtdnt 6£4 ldmhiRkteTh & ISEERTIRWHIET®PT | se a
f oamed pol yrrerih% &%t %ri I ‘hgvtli r?cda gqbél FI i.ﬁi fe\ré fe 20 |l%:vidtilc? , Wherein
sonme of the cavi {.Ie gd ed?)_’ﬁnf% tHe P e 8 ¢ ePRAS ﬁ%ﬁls ?i .e., is a
macr opor ous nateeimpregnates winfercinglfihers| dsearding to Rkagda et alintisrrgvaniapeofnent .
In general, theops®R6NdW Aficro$ptidtes BT AuPirRy Silich, afiicoaibeglags tapsdrmasdipieérict Ui t
boards i ve t \ i l1icell 1 G

decr eases arﬁ??hgﬁ‘aﬁgg k)?[r%si)l)r/ezf %’frgénﬂ@‘lf‘}%_g gﬁ'étse g}ogéjv%acsr@e@ggosss%%%g? ér ably,
t herefore, the 28rthlopjsheneters inchapeteshaving sglassibicknessP S miqramptess wih and
printed circui théogufe fRdctibR@f et LRBEd bR IR tdtal VollRve oftheRRAte? Pldté ©bMgd.3 N0

nore than 70 m cgrﬁr f L r-ab a r | i .

greater than 5(5891‘ ¢ %gﬁvg?fg?abﬁ@-ﬁ%ﬁg?e%Peygi?ét@@%%aﬁg%‘%f?@%@i"ggs of
no greater t ha?32%1.30 mcroneters and still nore preferably a mean particle
size of noggyreater TRawsd@f glass piBoEHferesas adiflenNmlaterial i RAce Huodlelenic, the

medi an si ze of re. i s .n reater .t han.. L.GI I at
Teast 95% of ¢ e gel) SLARE A, DoVave BT bR g B IGRET eloBud the
anot her nore pratgssrshell heriggelatively hightlielaeldr ganstratans sarpewhatafiselibeders no
greater than 10 35 mcroneters and at | east 95% of the m crospheres have a

size less than 25 microneters. In another nore preferred enbodi nent, the
medi an size of the



5 mcrosphere is no greater than 5 mcronmeters and at | east 95% of the

m cr ospheres have a size less than 10 mcroneters. Fig. 1 depicts an
exenplary size distribution of a mass of multicellular mcrospheres of the
present invention. Figs. 2a to 2d depict, through a series of views, a
representative mcrosphere 5 having a plurality of cavities. The

mui ticellular mcrospheres nmay be forned froma variety of polyneric
materials. For exanple, the multicellular polyneric mcrospheres conprise a
vi nyl pol yner such as pol ystyrene or polyaé}ylate a polyether such as

epoxy, a cresolg
pgl ;ﬁr et hane, Idﬁd@[e%#@é&;{gﬂ?% rﬁeWnen@%ﬂ@ 'g@]ﬁy@ﬂ% S,ggﬁlpabl yi m de
et her or conbi ﬁ%gf‘@%{k 'Qﬁé? Smpwsnh@reeﬂa@qwre@gamwew refativeky
mat eri al from Vév dielectrisycomstart tamningte, tAIso, The mé}fgdeLaom,@Si@hqfegﬁémefh@ e

preferably Che'ﬂﬂl@r‘%kbh(erﬁé Qa8 ket rtng r&'@ Bb%ﬁ(urﬁeﬁls@%g% gagpﬂéo ﬁxeirﬁéﬁngt i

t her mal st il 'rrﬁ/ conpr essi ve pheres
preferably exhl C{‘aa'c SE'BHW%B@PW%@%’SQ heflowsmitreagheras are bizBANDS
(about 13.75 Bany relgtehenardity daipetszqatidiebes leqdPmeps for(c@RBMioR TaghafdsH ), Nor e

preferably at }&ﬁ% ut 4, 000 psi (about 70 to about 275
Bar). In addition, %E@R‘,ﬁlﬁ gr]e%)gllj%ﬁ%nﬁg% crosgheres preferably have a liquid

density 20 of |ess thellis ¢td. (-5 Patept Moph4Pe198) gistiesa thahamaleraladsti  and,
in sone enbodi mictospraesisreleds booyaotianlard &ty st mlckébﬁh@?ese”mqm@‘?@ésont he

Conventi onal solcHe Shac Braeid fidiyibred AN ARATEAibfin.deBeRk pheraih 25

supports, and F}‘Féomie legs Wﬁalq 'B%'hﬁ?@‘@ﬁb@‘cﬂbpsﬂ Smicromesiteral Nevedbele@s Ghetlis

i mobi | i zat i onet aialte@bye icontirefotis a%aw%%eéﬂﬁérﬁ s%ﬁé@@%@ﬁ@?béﬁds@i .
ér eo

t t t
chomcal s vl Sk frikinG foorlo ERARANLTE: tRade'le e GRsHnerenpes
m crospher es c ﬁWBF Pa?l ?Sé@&qt §9|IU§W4 dine &Sita cplumirf §.cinel Tand ptlemass, Sdes Bhd,

are used d% ex2@dfers in adhesives, abrasivelgrinding wheels to control
porosity 30 in the grinding mheels, to aid in stabilizing the dinension of

t he wheel duri rocess, _as a spacer relative to the abrasive particles,
t her moset ti ng gﬂ%ﬂ%ﬁ%ﬁm te, and syntactic foams. In general,
fﬁCh rr}at er :jal S ar e Amobng trel dbjb@s of %ﬁn%rﬂnbh)ﬂh@i‘éﬁr%' Isﬁké%r@”@oi‘g"?ﬁ@?gq’a}le
ermal and cospy ally
avai | abl e pol yneri g%é&e%ﬁlwgﬁaégg %%'Peé"?fﬁ’& Fglgr &%P&Wdﬁ%"? 8% havi ng an
affinity for tHETSPEEIgs w !Fé‘t'?ﬂ%(a FRiativelydow aed diniforn ieletdnd cendtarripl i cati on.

This affi 80ty impnoled thewhd e‘xpanﬁmﬁ enSdciensis dhichlmnphisss ﬁﬁoﬁ’éﬁ & Railupe
nutticellul ar Hof X8R reREE asq&ef?gﬁ?%%?l n matrix. Unlike the previous
S

i nventions using glass m cros er 'surface nodification is not
required in many ca&fiedy ’ttbe'%?(f%eev@ RIBSEN dejention tsdIIr&cEIdftaczeflltmeltmemgt he

sphere and r esiompusitionXor s iggomiipg prihfed divdlit b6sdLUHRE d?e;% ?és[ gay be

di spersed t IthI | ar mcr r

re3|pn o Wi | Qb@a&?légﬁgétgﬁélqmépeqn%[eg@ ‘ﬁm ' %‘lrjme%gﬁsw pqrg tpPlyHLe”cFor
exanpl e, fral t|f8§'P|Cl9rfm”Swing§%Maémme mlemslabemwscmﬁﬂmn $recorfroeatimset t i ng
resins such asthepum]nellulbepownmé@rﬁbr@splﬁﬁ@gﬁﬁﬁdﬂ ousd éﬁdﬁléjsethe &ihtfon

ester, bisnal i lene et he si ns,
pol yst yr ene, Sdcglr’gggﬁgfﬁélaz@ed}@?dégwﬁ (Sﬂ %bq‘?er%)' '@%rﬁ%t'v IP?”Q%‘ %?ul f one,
pol yet her sul f GHRISCIEBF9RY!ARY iMpraed Meryatssability apdithermal empamsiamd t he

co- pol yner s arthatdoteriitics, hevifeeh appeaa ﬁ@é |l(‘>’w dbhﬂty”&ﬂd Ihﬁi?b\béﬂ @ﬁllamhﬁf ospheres
nul ti'c m crosp eref|IIed

conpri se to abo

resin; i nwgne enbogit l}%}ﬂ%ﬁ]é’%{%}gﬁﬁ% tYei‘é'PF me'h‘Pe Iﬂ%ﬁ’gew'&a%@f
conprise at | &xsheremafiero0 wt. % of the filled resin, nore preferably
conprise at |east about 10 wt.% 15 of the filled resin, and still nore
preferably conprise about 5 to about 15 wt% of the filled resin. In
addition to nulticellular mcrospheres, the resin may additionally conprise
a variety of additives, individually or in the various conbinati ons and
permut ati ons thereof. For exanple, the resin nmay optionally conprise an 20
ultraviolet light blocking dye, a pignment (such as Ti Oz, Fez03) or resin to
increase the opacity of the pre-preg, lamnate or printed circuit board to
ultraviolet light. The resin nay also optionally conprise a flane
retardant, for exanple, a hal ogen conpound such as a brom nated epoxy or
brom nated filler, or a hal ogen-free conpound such as a phosphorus,
nitrogen, or boron containing conpound to 25 increase the fire or

fl ame-resi stance. The resin nmay optionally conprise a surfactant such as
Chem e BYK 322, an inorganic flow nodifier such as hydrophobic funed
S|I|ca andlor a thlxotropy agent TypicaIIy, these additives) will, in



30 conprises 15%to 60% by weight of said resin, and about 5% to 30% by

wei ght of the total solid content. If the hal ogen substance is a filler,
the brom ne conprises 20%to 85% by wei ght of said filler, and 5% to 30% by
wei ght of the total solid content. Pre-pregs of the present invention are
formed by inpregnating a 35 reinforcing material with a varnish conprising
(i) solvent, (ii) nulticellular mcrospheres, and (iii) a polynmeric resin
(typically partially cured) or resin nononmer. The reinforcing material

sel ected generally depends upon the desi red4 7 properties for the finished
| am nat e. These I constant (Dk), coeffi ci ent of
thermal expansis 3 # oduct application.

general , the reinfoFts. n‘glsrmtaEMahlcwa;ﬁe(amo)r/emgomcamn)vﬂeplehngmtmass of
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i nvention conpare favorably to traditional glass m crospheres. Wereas
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from2.5 to 4, reducing the bulk Dk of the prepreg even further. The
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Formul ati on #1 The varni sh contained 190 g of Shell Chemcal's CS 375,

“which was mixed with 0.5 g 2-nethyl inidazole in 3.6 g nethyl ethyl ketone,

and 7.2 g 1-net hoxy-235 propanol. The m xture was then well stirred for4

hours, and applied to 7628 style E 9 glass fabric (supplied by BG-

I ndustries). The glass fabric was then brought to the partially cured

B-staged by heating at 171 C for two and a half mnutes. A four ply

| am nate was nade, with size 1 oz. STD copper from Gould Foils Inc. on one

side and 1 oz. DST copper Goul d Foils Inc. fon anot her side, by pressing the

prepreg and 5 cQ I n.a book at 183 C and 140 psi, . for

Formul ati on #2 stéefrﬁl'%ﬂo Sfﬁﬁt%ﬁthéﬂgﬁ'ﬁroé"?t?'f ayfds%l‘??ﬁt 9%9 ‘%?ngvar ni sh in

For mul ati on #1nmptrosptgergs ha@mb)mqedeMapdDymeranmethsacﬁgsudeplas aBJRedpldryand
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an

was then well stirred urs e E-gl ass
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the partialdy baviad aBletalityed chyitibeati ng at 171 C for two and a half

minutes, A four plyrhafiARkRuleR ragsﬁFngf P Fom Y RRBPHHoN e

Gould Foils Inc. on one 5| e and

anot her side, B}ﬁ‘t‘fﬁ%%sfﬂ'ge’ﬁ’%O'?)rtEﬁ%“%HH'aéB%'M@re" I H""%{OBB'E)GF{G%POTQBS@XHH' 140
psi for 90 15 anMeesudAaspowanyrmmoimWéﬁd piyeter sussa®épdxyt aul at i ons

#1 and #2 are | e
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Miz4. 64. 2RI na@arbenYIeos axidesa Bply@iiommmymmcier pedscellPolycsfonate
30T-288 (mn) 56266F|'iEin|at|ens'l'tyleféUﬂsnﬂ) 86 pdKintidE efrastor Egmbmattions Hersbf81oh as
Z- Expansi on &%étyﬁa cPy DSC (C)140141Deconposition Tenperature by TGA
(C) 328331Fl a CPr ess Cycle Hold Tinme (mn)909015 Press
Tenmperature (O 1881@89@‘1@?&0&&%"1?&@' framapich they 249 fermegle the UG ular

di el ectri c constienobpliddes arepibfetablyichemiqaip srosslineteo rdispllayzdgh mechanibal

addi tion f r 2 20

For mil ati orf 23 PN, FRFha el PAld b Qe ISR, Por pllRIREC 50
was mxed wit hnzgogpmr@ﬁ@referawwwa@r@dm%wea%vgﬁﬁrmh gfatieasyaboyhd
0.1 g 2-net hyl 200¢sz@beui 18.28 Barjapeiferably a2 Teagt dboi400Xsi CabpubpaBMBar),and 5 ¢

o oS AP ETHRE WO B SR A b
gl ass fabric w&§"k H@,@dgmg[] p migticellylar mlcrospheres preféerably have a liquid densny
20  oflessthan 1.4 g!ml, more preferably less than 0.6 g/ml and, in some
embodiments about 0.1 to about 1.1 g/ml.

In one embodiment, the multicellular microspheres are selected from
commercially available, conventional solid phase supports, chromatographic
media, separation supports, and the like. Solid phase supports are typically used

25  for immobilization, catalysis, etc. Chromatographic media and separation
supports are typically used for separation and purification of a mixture of
chemicals. Multicellular, hollow spheres such as BJO-0840 and EPC-0360
microspheres commercially available from Asia Pacific Microspheres Sdn Bhd,
are used as extenders in adhesives, abrasive/grinding wheeis to control porosity

30 in the grinding wheels, to aid in stabilizing the dimension of the wheel during
process, as a spacer relative to the abrasive particles, thermosetting putty,
sensitized dynamite, and syntactic foams. In general, such materials are
multicellular, are highly crosslinked and have adequate thermal and compressive
strengths. In addition, the variety of commercially available polymeric

35  microspheres enable the selection of those having an affinity for the specific
matrix material used in the desired application. This affinity lends itself to
improved interfacial adhesion between the multicellular polymeric beads and the



the partially cured B-staged by heating at 171 C for one mnute. A four ply
| am nate was made, with size 1 oz. STD copper from Gould Foils Inc. on one
side and 1 oz. DST copper Gould Foils Inc. on another side, by pressing the
prepreg and copper in a book at 188 C and 140 psi for 90 mnutes. 5
Formul ati on #4 The varni sh contained 143 g (70% solid) of the varnish in
Fornmul ation #3 plus 5 g highly porous polyneric beads such as BJO 0840 and
0.9 g surfactant Chem e BYK 322 in 8.1 g 1-nethoxy-2-propanol. The m xture
was then well stirred for 1 hours, and applded to 7628 style E-glass fabric
(supplied by BGF 10 industries). The glass fabric was then brought to the
partially curefen sradigedntye iecprerguainventions ysing gass migasreres.chamigsl y
Ia&n natg Y/as nMedgacannblifisatich ilé n@llire_ WB?Wmaﬁy céééﬁlfbh@&ﬂleﬁgléﬂléfzebtﬁﬁle on onﬁ
side an 0z. . c [ y | nG. .on.anot her side, by pressing the
prepreg and Cogﬁgaaqeg@egﬁggfﬁ\eagprfg%aﬁdﬁsﬁn Tfér"gsi for 90 mnutes. 15 A
conparison of sel eclegensrapbetmeicelllarninpspheren snayPedidpersed pifairanyn Tabl e
1_I#I4- . 12I T€{§3LEré#sl§n @ﬁﬂﬂF lrd rfn@lﬂc@lﬂéqh%d He%{;ﬂl&@&rééiﬁ%ﬁﬁh iE%Eeﬁhllbléffd)er‘é i#f and
ormul ati on # or mul at i on . 4. 84, sin n
(o 424208 @5 REDEOG O RouRphliediond: b SertpiaoHuficelis ARER bERLARY
( i nC) 4028Z- CTgsipomay Tgmpnae ﬂamsgmagr@mmm €Paxy., B E&¥posi tion
Tenper at ur e by péfoxa@ind3pa kit e ByBRATe] dsyofSRaRHRidEMEABN &Pt ebicre
(m n) 9090Pr ess %cheﬂgqr?soethature “%&%&188 Sllm Iear tooex‘;lrrplof %ela#lheere are
obvi ous advant 8§&8"¢ PRE" 195N P fed’&epW?rP} W_VEQQSec?‘ﬂ G HOPRETM %t ri ¢
constant (1), suifideZpaydufors.meaiitoersulfone golyeiharimideripalyacetak nalratogatey 25
Formul ati on #5 ahlieny/ 86-Rbfer® BRA bRAESs BerBoR  Tydidailyothe HukicsliWaemioysheady  of
1- met hoxy2- propanal. to N gl— ql:@# Byl for de and | 4.4 g di ﬁéagﬂll g de,
whi ch was m xe§OWPIIRE ¥B40 GOt e "@'Pém"’ & gultieciiviy mpsEaSpngliegTipd g
2-met hyl i ni daifobre emhediment.the nwaticelibian miksbspherés preerably conprise ot least
aIOpI l e]gi L o 762%b§t§1t\’i£ﬁwg*’/§bﬁﬁ? f[||éb{rﬁ§n,(rﬁa§p¢rlblfaiamyc&ﬁﬁd rééé‘?ﬂl‘éb%ﬂ&ﬁ)).lrt] 1(‘1’?@;:% t
gl ass fabr wa n_brau e parti cure - st.a i.ng a
38 tor 16w DR R rpeiiiin 48 o ARy cmbrt S e SRR LY g RFR o 0 ™)
0z. STD copper thefﬂlﬂdc;@aipd Foils Inc. on one side and 1 oz. DST copper Gould
Foi I's I'nc. on anot hgy aditith toluifESBfdr MlcloBBh 6§ hE Ge iR thayCitidtionkally @ book  at
188 C and 140 psi_f.or 90 .n&nqlitaga.t. 13 .‘Iﬁ:@rajrl at.i g_% #6. The v%rnl.sh cont ai ned
150 g (62% sol CRY"PHPE AYarigY qliadrtives.Fadivighally; &dn s yarioys fombmagans aid, ous
pol ymeri ¢ beadpesuutatians Be®3#0r axample3the resinfreayt eptionaieedrepiBeas22 in 20
g 1-nmethoxyo 2- praRwaight/Biecihg biys & YBmehD @Bl TG, IFel@d op rédi tolinBiRisé
and applied to, /7628 sttyl EF_H'gl ass If abric fsur% (|jl ed . Y. B A |Edusﬁrt|.e§t2. The
gl ass fabric wit® ?'Fl%cﬁyﬁfgl?g -RTG9+1 ARINALE O BT'IE ElPUtPRRrd i YaviRetight i ng at
171 C for two dhe resihandy afboaptienaliAcbowrise bylaienietaxtdantnies exaciple, wihdiogenze 1
0z. STD copper cbrpBuf@Ylich £9hIForhMatedPEpdiy@r BrélRinaitd fllePZr aiRlogedPipey Coul d
Foils Inc. on another side, by, pressi anthe preBre an .cogger L& book at
188 C and 10 1&8m£g|.mcp §pc @m%&@yrus, itrogen, or boron containing compound to
25  increase the fire or flame-resistance. The resin may optionally comprise a
surfactan{ such as Chemie BYK 322, an inorganic flow modifier such as
hydrophobic fumed silica, and/or a thixotropy agent. Typically, these additive(s)
will, in combination, comprise about 3 wt.% to about 20 wt.% of the multicellular
microsphere-filled resin. If the halogen substance is an epoxy resin, the bromine
30  comprises 15% to 60% by weight of said resin, and about 5% to 30% by weight of
the total solid content. If the halogen substance is a filler, the bromine comprises
20% to 85% by weight of said filler, and 5% to 30% by weight of the total solid
content.
Pre-pregs of the present invention are formed by impregnating a
35  reinforcing material with a vamish comprising (i) solvent, (ii) multicellular
microspheres, and {iii} a polymeric resin (typically partially cured) or resin
monomer. The reinforcing material selected generally depends upon the desired



A conparison of selected properties of Formnulations #5 and #6 appear in
"Table I'll. TABLE Il Conparison of Selected Properties of Fornulations #5
and #6 Fornul ati on #5Fornul ati on #615 Dk @1 MHz4. 94. 4Resi n Cont ent

(99 3535DF @1 MHzO0. 0090. 012T-260 (m n)17> 30T-288 (nm n)1620 Tg by DSC

(C) 132141Deconposition Tenperature by TGA (C)307331F amrabi | ityVOVOPress
Cycle Hold Tine (mn)9090Press Cycle Tenperature (C)1ggl88 25 Fromthese
results obvious advantages in the dielectric constant (Dk), T-260, T-288,
Tg, deconposition tenperature were realized with the addition of a small
fraction of polyneric fg} rgspheres. MPLE 4 Formul ation #7 The
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brought to thePpaiedickryiybearded B- st aged by heating at 171 C for two and a
ggl }‘dm;:np}zta)si A fourhé)faSu!tm@ilé‘rﬁh@té/\ﬁ%féfﬁg9,ha‘é/iatr'élafﬁillél? Idw eveleciiﬁllmm.r from
u oils In 07., r |
anot her side b&?/h%tﬁg,s@?ﬁ%rﬁ{n%ge @%geﬁ%%l %gﬁg dﬁ%‘%ﬁ@?%ﬁﬂ%}*{)‘g‘dggsa@ﬂ6‘25 Et %r}{ﬂ 140
psi for 120 ni FRfEsontane pisemeambadivenis: tetdielecttic wppstant is prefaraipbtless o

_resiF n colnt ent . thkd FOIBO% resin dbhtnl NRoleiraferliblg ARbahaes.521 30 % fesimeontétni sh
In Fornmul ation

The m xture wagﬁgH{egﬁﬁ%'ljﬂfg%ta?érrgﬂ%b@?Jt%%sr{ﬁﬁe%ir?/%;%ﬁagg?ﬁds??72288\;&2\240-
E-gl ass faric (supple-egopyamiatesendpinted pircahloajile sworpasating mukicelvday
brought to thenpabépradréy maybRbrBpared @ dcddidance with the present invention with only
minimal adaptation to existing equipment and methods. For example, prepreg is
most often produced on freaters. The main components of a treater inciude
feeder rollers, a resin impregnation tank, a treater oven, and receiver rollers. The
30 reinforcing fabric (E-glass, for example) is usuaily rolled into a large spool. The
spool is then put on the feeder rollers which turn and slowly roll out the glass.
The glass then moves through the resin impregnation tank, which contains the
varnish. The varnish wets out the glass. After emerging from the tank, the
coated glass moves upward through the vertical treater oven which is typically at
35  atemperature of about 350 to 400 °F (about 175 °C to 200 °C), and the solvent of
the varnish is boiled away. The resin begins to polymerize at this time. When the
composite comes out of the tower it is sufficiently cured so that the web is not wet




15 heating at 171 C for two and a half mnutes. A four ply | am nate was
‘made, with size 1 oz. STD copper from Gould Foils Inc. on one side and 1
0z. DST copper Gould Foils Inc. on another side, by pressing the prepreg
‘and copper in a book at 204 C and 140 psi for 120 m nutes. The dielectric
constant at 1 MHz is 4.5 under 31%resin content. 20 Formul ati on #10 has a
depressed dielectric constant as conpared to Formnul ation #g; otherw se, the
two fornulations are simlar. EXAMPLE 6 Formul ati on #11 The varni sh RD2000
LD benzoxazi ne package from Vantico was ap@ied to 25 7628 style E-gl ass
fabric (supplied, by BGF industries The gl fabric was en br ht to
the partially BD%éy'B%?éEB'@oprﬂﬁe%gf’Yv %5? eé%ﬂ q;r?é’"}ﬂ \9{"e$°t our ply
| am nat e was naddiliomaltdurisg zen bcor. wr&'ﬁﬂanmmmers rhaden ToeiebRoeén wllste on one

side and 1 oz. %Te&@ﬁ%ﬁe@é&%r'?&!s'v@hlbl’i‘ﬁan Bgcﬁaﬁcj&%éﬁ%mhys ) rw the
prepreg and co for 120 m nutes.
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conpari son of ahsbdrcavednprawpdrrhac&mabilltfmmvm‘dbasliyoand#ﬂdbeambﬂ#i@nthmplyamnon

Table 1V. TABL G‘gqg) #11
and #12 For nul gt %%fa l%léhé%QF%? §ﬁ”‘§ﬁ’§2ﬁ%@%ibm‘% gﬁﬁggégl n ?\t ent
(9% 4646DF @1 RAHGUGHABE Hugticeilar palympdc bgadsuged gstheprasent ityenieno Tg by
DSC (O 178187Deomnprrsﬁa&omhly‘ﬂertmﬂﬁtmhar@a@/mmpheres Whereas glass typically has

C) 327340
Temper at ur & (G 2bd S Jegs o ECelBLor iyl side o pRRen e,
the diel ectricMbisida {p?lmrlctaad%%m@gllq pBﬁr%%ﬁetPﬁ u?@%‘@erbgﬁ‘l '?lied
with the addit iobtheqirepregnedeh fartlaert i on of pol ynmeric nicrospheres.
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partially cur eaomgﬁcpr(hOﬁqwmlmeé@heaﬂalasyaﬁ 9’|‘FﬁFPR,edrﬁal§r"Hﬂﬁl§8F9§§ regiit iheng at

| east two 2penfinal tridysEhistaadiantsgeass in applications2whdrbavdightlied factepfsech as

claim1 whereig, n@é]‘f‘ab‘i’é’l:é{ﬁ@?f i of ﬁﬂoﬁﬁ%ﬂﬁ%@% i ﬁﬂé@&f&ﬁtboa?’d béf&@dn'eerES

prepreg of claim1 wherein
have a di aneter whi ERiSjiRveson £aR beused aith et W%?%Y?e@@@ t'VQ compongnts| ol
prepreg of cl aiprintedwlireciéboards%Tok résdtingpreprsgl and laminate have electrical,

thermal, mechanical, and processable advantages as well as homogeneity in
25  drilling and other printed circuit board machining operations over the glass
microspheres.

Having described the invention in general terms, objects and advantages
of the invention are more specifically illustrated by the following examples. The
particular materials and amounts thereof recited in the examples, as well as other

30  conditions and details, should not be construed to unduly limit this invention.

EXAMPLE 1

Formulation #1
The varnish contained 190 g of Shell Chemical's CS 375, which was mixed
with 0.5 g 2-methyl imidazole in 3.6 g methyl ethyl ketone, and 7.2 g 1-methoxy-2-
35 propanol. The mixture was then well stirred for 4 hours, and applied to 7628 style E-




~polyneric m crospheres have a dianeter which is no greater than 25
mcroneters. 5. The filled prepreg of claiml wherein the multicellular

pol ymeric m crospheres have a nmean di aneter which is no greater than 10

m cronmeters. 6. The filled prepreg of claim 1l wherein the multicellular

pol yneric m crospheres have a nean di aneter |ess than 25 mcroneters and
95% have a dianeter which is no greater than 70 mcroneters. 7. The filled
prepreg of claim1 wherein the nulticellular polyneric mcrospheres have a
nmean di ameter |ess than 10 m crometers and 5% have a diameter which is no
greater than 70 ep claim 1 wherein . the
nul ticellular §!ﬂS§ rfct: SHPB'WH?M%@E@ plfhqujags %&H%Wla?ﬂ?ﬁn 8“9{@#%’ B an
1.4 g/ . 9. Tipartially cerdB-sfaged bythealiag at 87 Wifogitwo a68@dfalftrhioutest Aifeei pivil ar
pol yneric m cr eaRhateRad MRictwith %%tﬁ?z ‘@T’[?Eobgo%r%ngéﬁﬁﬁﬁfon&h%‘ ohbne side

m cronet ers. 10 The repr wherein he
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greater than 1 mcrorretgrs . ~12. ~ filled prepreg of daim38 whereto the
mul ti ceaul ar p ion#2 ~  pjcrospheres have a nean dianeter |ess than 25
rt>kxomet ers and 95V aamish cdhain 5070 P salidiof tge earnésh ih Rarmdation #1 plus
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have a framet e®Whbehn €3 grehoxy-2mrapaned The Mbrdiecyas thep wel, stikred
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density of no 1/\@{ in
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95% of the nul frooeGbulddoilp iy orbhe sideamspihet. €S TheoppenGduldrfils inavMon@notrer no
greater than 2 T. he
Tt gl | ugar - BFy SLFFESSHES prodreg gt o B ABEBR o haiC B A PaRbr o 10
greater th (ﬁmﬁ*r"‘@Poneters 18. The filled prepreg of claim 14 wherein the
nui ticeliular pol ynmArdotnpariaos pheglested prapettiewoflFoimatatives #1 @asd #2hae ligled in
mcroneters ang,8p% have a diameter which is no greater than 7p

m croneters. 19. he filled prepreg of claim14 wherein the nui6cellul ar

pol yneric m aospheres have a noan dianeter |ess than 10 mcroneters and 95%
have a diameter which Is no greater than 70 microneters. 20. The filled
prepreg of dairti 1 wherein the nmulticellular polyneric 19 m crospheres
have a liquid density of about 0.1 glm.




21. The filled prepreg of claim1 wherein the nulticellular polyneric

m crospheres have a liquid density of about 0.1 to about 1.1 glm. 22. The

filled prepreg of claiml1 wherein the multicellular polyneric mcrospheres

di splay a conpressive strength between 400 and 4,000 Ibslin2 (27.5 Bar and

about 275 Bar). 23. The filled prepreg of claim1 wherein the nulticellular

pol ynmeric m crospheres conprise a vinyl, polyacrylate, polyam de,

pol yi mi de, pol yurethane, polyester, polyether, cresolic, or phenolic

polymer. 24. The filled prepreg of claim230wherein 95% of the

mul ticellular polynmeric mcrospheres ha di ameter which is no greater

than 70 mcroneters. 25. The filled preﬁ?@?yrz—olf claim 23 wherein 95% of the

mul ticel |l ul ar pol yrmer Compacisos ph8elestedRrepertids afEomnulaiirsi#1i andw?2 gr eat er

than 25 microneters. 26. The filled prepreg of claim 23 wherein the

mul ticel | ul ar potymeritnrcrospheres—havea meanm drameter - whithr 75 1o

greater than 10 mcroneters. 27. The filled preprgmafatiohal mFagnwaesei n t he

mul ticellular polyneric mcrospheres have a nean di afeter | ess t#an 25

m croneters and _95% have a dianeter which is no greater than 70

m cronmeters. 28. The filled prepreg of claim 23 wherein the multicellular

pol ymeric nicrodPh@ tMHave a mean di ameter |ess th#®10 nicrom&@rs and

95% have a di amrﬁer ich 49/S no greater than 70 mcr ters. 29.,The filled
i My Freh

prepreg of cla aten 5% of the multicel | ul ar*bol yneric mcrospheres

have a di angter D‘P‘@ Chpmbs no greater than 70 microngfgfs and the g{e-preg
conprises a flane Tetardant conposition. 20 30. rT?Iie ?i | 1l ed prepreg of

cl ai m 23 wher ei W-ngrﬁiher‘- preg conprises a flane retaraant conposi3oi on. 31.
The filled prepreg of claim1l wherein the pre-preg conprises a flane
retardant conpodi-28®fmin32. The filled prepreg of claPm 31 whereifi the flame
r et ar dant como%_ékg&ﬁg&r&h}@%@c& hal ogenat ed corrp%l;@g. 33. The 1! 'l ed

prepreg of clali ane retardant co ition co i ses a
brom nat ed epoxy,_ T bRl ler. 34. The fill prepreg o | ai m 31
wherein the fIa%eﬁg%g%ﬁ%ﬁ%% ition conprises a%gﬁosphor us, f2;lrlgtrogen,
or boron cugnt ai @_Egpé}gmm(q@d. 35. The filled prepregof claim1gderein the
pre-preg conprises an epoxy resin containing about 15%to 60% by wei ght
brom ne. 36. Thddfhy D86 ({Cepreg of claim 1 wherein 146 pre-pregldbnprises a
W bl ocki ng dye._ 37. The filled prepreg of claim1l wherein the pre-preg
conpri ses pi gneﬁ@?”@@ﬁ'tlﬂ’ﬁeﬁfmpﬁ@ﬁ”srb&%%(UQf) cl ai m328wher ei n tE’ré“ pre- preg

conprises a fl OVI\-Llém:dnia i"%r. Vo VO
Press Cycle Hold Time (min) 90 90
15 Press Cycle Temperature (°C) 188 188

From these results obvious advantages in the dielectric constant (Dk}, and Z-axis
expansion were realized with the addition of a small fraction of polymeric
microspheres.

EXAMPLE 2

20 Formulation #3
The varnish contained 89 g Shell Chemical's RSM 3614, which was mixed
with 28 g phenolic novolac resin (Such as Borden SD-1703), and 0.1 g 2-methyl
imdazole in 24 g acetone, 27 g 1-methoxy-2-propanol, and 5 g methy! ethyl
ketone. The mixture was then well stirred for 4 hours, and applied to 7628 style
25  E-glass fabric (supplied by BGF industries). The glass fabric was then brought to




39. The filled prepreg of claim1l wherein said at |east partially cured
polyneric resin is selected” fromthe group consisting of epoxy, phenolic,
benzoxazi ne, polyimnm de, cyanate ester, bisnaleimde triazine, polyester,
and pol yphenyl ene ether resins. 40. The filled prepreg of claim 39 wherein
the nulticellular polyneric mcrospheres conprise a vinyl, polyacrylate,
pol yam de, polyi m de, pol yurethane, polyester, polyether, cresolic, or
phenol i ¢ pol ymer. 21 41. The filled prepreg of claim40 wherein 95% of
the nul 6¢cel | ul ar pol yneric mi aospheres havdla di anmeter which is no greater

than 70 mcro . fill repre | m-4 ej = of the
mui Geel | ul ar rﬂ?ﬁgF)S'B'Sﬂi%r}p?’?ﬁg%@gﬁg'?@@"%%\/ﬁ%%%ﬂ@%@%i%EOLB}%O .
greater than 2%aminate was made, withsigerl 92 S8ils copper from Gould Foils Inc. on one side |
oo - oo ... and H8. DSEchppdr ShuM FBilsCacObn Shéthed Sfe Wiairesding tHe prepreg

mui ticeliular pdynerk m crosph r&gggave f a dqoarret% which is no greater
than 10 mcro (EPPFYIn 4 h°&q pi?@p détggﬂforc 2 MY wher ei n t he

mul trceUul ar pol ynmeri c m aospheres have a nean dianeter |ess than 25

m cr onet er s5 angcpliay@ga di aneter which is no greater than 70

m croneters. 45  The fille repre d 4Q. ein fhe mul 8cell ular
pdyneric m crospherigeﬁawghgﬁgﬁe‘gﬂg%&@b% %Cg'gy\gfﬁtéﬁ VTU"% '@?M%ﬂgn d 95%
have a ~amet er pius &b highlynpogue polymericdeads sutl as BdO8A0 16l 0.Flgs Urfactaad
onsi ot ng of ol ierye SR S22 Gt 8 CHGhibuR:ficbahol T8 mLark waTLERRg oup

47. The filled SHFF89{@9¥'§?‘%E‘| S ARRyeie B n shis ﬁfgi‘qsgﬁﬂg? Bpljest %géga ect ed
fromthe gthup industies). The gasefabitwasdsen bedightiodbs padiadly turedH-aiagdd bpaper
el ectod ' 1roneonnd bl £61 Y6 RR RY rifufe, RMOpy DRRLE Wl Mah W0th s 3102 1S
ram . paper _aHD Sahe? o CRIE I e riants SdbaRs i DSt HoPaRHGOHRL oS
conposite of dan¢.renignotherdides by presaing e, prepreg aibd Bpper3n a bk at 18846, ardi7,
or 48. 50. A pryotafrfodWhihufe@ar d conp<i sing the cronposition , of claiml,
2, 3, 8, 9,.22, 23, ,24, 31, 32 9, 40, 41, 46, 47 r 4 51. A
process fol?the prepaiomiRadsizonpt ﬁg]??tﬁéé)&‘)m%ﬁ%@%W@P?%&ﬁndfﬁ%@&ﬂe&&s
conprising the Tiabld bwi ng steps in the specified order: (i) inpregnating a
reinforcing material with a varnish, the varnish containing a solvent,

mul ticellular polynmeric mcrospheres as a filler, and a nononer or a
polyneric resin which is 5 at least partially cured, (ii) evaporating
solvent fromthe inpregnated reinforcing material, and (iii) optionally
heating the inpregnated naterial to at |east partially cure the nononmer or
further cure the polyneric resin to forma pre-preg. 52. The process of
claim51 wherein the polyneric resin conprises a surfactant. 53. The
process of claimb51 wherein 95% of the multicellular polyneric mcrospheres
have a dianeter which is no greater than 70 microneters. 54. The process of
claim51 wherein 95% of the multicellular polynmeric mcrospheres have a

di aneter which is no greater than 25 m croneters.




55. The process of claim51 wherein the nmulticellular polyneric
'm crospheres have a nean dianeter which is no greater than 10 m croneters.
56. The process of claim51 wherein the nmulticellular polyneric
m crospheres have a nean dianmeter |less than 25 mcroneters and 95% have a
di ameter which is no greater than 70 mcroneters. 57. The process of claim
51 wherein the nulticellular polyneric mcrospheres have a nean di aneter
| ess than 10 microneters and 95% have a diameter which is no greater than
70 microneters. 58. The process of claim532Werein the nulticellular
pol ymeric m crospheres have a liquid denfi\%?_/ ?]f no nore than 1.4 glm . 59.
The process of claimb51 wherein the nulti’c lIEuI ar polymeric m crospheres
have a liquid density cfmdiRisBRcf SklRdP@paiEl of FBrmUlbfor @ gssaef claim sl
wherein the multicellular polymeric mcrospheres have a liquid density of
about 0.1 glm: 23 617 The process of ctaim sl wherein the nmulticellular
pol ynmeric m crospheres have a liquid density of Falmulatiéh #3t dFarbholatiof #4
glm. 62. The process of claimb51 wherein the nmulticellular polyneric
m cr ospheres di sgl ay a conpressive strength between 400 and 4, 000 I bs/in2
(27.5 Bar and aBb@ 12MBzBar). 63. The process of cl &fn 51 whereihZt he
mul ticellular pgly. i i grospheres conprise a viny pol yacryl at e,
pol yam de, pol yﬁﬁ%{'ggg‘"ﬁ%ﬁ%@et hane, pol yester, polyetther, cresol ?% or
phenolic pdy ymepr gp4mHpe process of claimS1l whergjgy{he varnighqgontains
a polynmeric resin Selected fromthe group consisting of epoxy, phenolic,
benzoxazi ne, po¥ye0i(dan) cyanate ester, bisnalei m de>B0i azi ne, pol3ester,
and pol yphenyl ene ether resins. 65. The process of claimb51 wherein the
var ni sh cont ai n&-Glthpreof@fmovmé&Chi xt ure of nonomners 4thi ch, upon 28
pol ynmeri zation, _forma polynerigc resin selected fromthe group cgnsisting
of epoxy, phenoft<lE B@ﬁzfﬁ( M8 Clpol yi ni de, cyanat ezgét er, bismal™ ni de
triazine, polyesgt . | yphenyl ene et her resins. epoxy, phegolic,
benzoxazi ne, po?yg%aagegég’zpat e ester, bisnaleimde 1t'&;{)i azi ne, po '3g/est er,
and pol yphemyl epgcéhpssitidre JeRfperature b[\ir TGA (°C 331 331
/ N3SZ/ Ng] / Nl Nz/ Nz/ Ng6@ NI g] / Ngz/ NJ-/ NI/ N$/ 7/ N/ NJ / Nt/ Ngj / NS/ N< / NC/' N g/ N
J/ N@¥/ NS6/ N6J6 Flaitnmability VO VO
"toy' ** *Z-/z4| 4G9D?F?D| wr mhc”Y] ca] ca] ca] ca] ca] cal gfd cal ca] ca] ca&ca] ca] ca]
c’a] ca] c”a] ca] cBlass4dixelg daldckmedid)] ca] ca] c”a] ca] ¢ ca] ca 9
D* J, JYKRRRSSS{ ULX#X YYFZ| ZPZ [\\\]]]}w ngb] Wc”a] ca] cal] ca] ca] ca] c”a
] ca] ca] ca] ca] c"%??ﬁ@%ﬁ%%’}"[ﬁﬁ%‘ﬁfﬁ’ca] ca] ca] c”a] caWp8a] ca] ca] c”88ca] ca] ca]
caljJca ] " " a a"a%(acbfbibcccc. c4dbdeeeeh
iti-i/iV k! k+k{vgkfa\ W ca] ca] ca] ca] c*a] ca] ca] ca] ca] c™a . ) _ .
U] c”a] ca] cal] c Amiarcosxanipien] dhpwaare shrioys edyantpaey tospeiap daip deghnickieciic a
+k: kn&ncqf thapaassry w/sexidiedthis h&:ﬂlstﬂﬂ{(wkffa@\i\ﬂ-ﬁﬂ% eRpamicradiant siahicamjrad.cal c
a] ca] ca] ca] ca] ca] c”a] ca] ca] c”a] ca] ca] c”al ca] ca] c*a] calU] ca] ca] ca] cMa] cal] cha
hz>PB) , ?L& v8CF~xsngb] XS] ca] ca] ca] cal] cal] ca] cal] ca] caU] ca] caU] ca] cal] ca] ca
U cal] caU] ca] caU] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca]ca]ca
F| WB<S>H 95| wr mhc] WeaU] cal] ca] ca] ca] ca]erhm@Lead ca] ca] cal] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ¥%2Bq"
dbeh2xLH vql gb] Xth! ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] cal] c
aU] ca] cal] cal] ' cal] cal] ca] cal] ca] caU] ca] ca
B{ ~oZbeh2xLH vql gb] Xsehhewdredréahedbs al ¢fal mrs@hmﬂiﬂadeq%a wabneg}fcatpueg@kyatﬂ c
au caul cal call oA 5akd BN R-6irletlaharldeaa ik BRl SAliamde, Which Qs ()
20  mixed with 198 g of Shell Chemical’'s CS 350 Resin and 1.2 g 2-methyl imidazole.

The mixture was then well stirred for 4 hours, and applied to 7628 style E-glass

fabric (supplied by BGF industries). The glass fabric was then brought to the

partially cured B-staged by heating at 171 °C for two and a half minutes. A four

ply laminate was made, with size 1 0z. STD copper from Gould Foils Inc. on one

25 side and 1 oz. DST copper Gould Foils Inc. on another side, by pressing the
prepreg and copper in a book at 188 °C and 140 psi for 90 minutes.
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171 °C for two and a half minutes. A four ply laminate was made, with size 1 oz.

STD copper from Gould Foils Inc. on one side and 1 oz. DST copper Gould Foils

Inc. on another side, by pressing the prepreg and copper in a book at 188 °C and

10 140 psi for 90 minutes.
A comparison of selected properties of Formulations #5 and #6 appear in

Table III.
TABLE il
Comparison of Selected Properties of Formulations #5 and #6
Formulation  Formulation #6
#5
15 Dk @ 1 MHz 4.9 4.4
Resin Content (%) 35 35
Df@ 1 MHz 0.009 0.012
T-260 (min) 17 > 30
T-288 (min) 1 6
20 Tg by DSC (°C) 132 141
Decomposition Temperature by TGA (°C) 307 331
Flammability VO VO
Press Cycle Hold Time (min) 90 90
Press Cycle Temperature (°C) 188 188

25  From these results obvious advantages in the dielectric constant {Dk), T-260,
T-288, Tg, decomposition temperature were realized with the addition of a small
fraction of polymeric microspheres.
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EXAMPLE 4

Formulation #7
The varnish contained 143 g benzoxazine from Georgia-Pacific (70% solid
in methyl ethyl ketone), 5 g Vantico ECN 9511, and 15 g Shell Chemical Epon
5 1163. The mixture was then well stirred for 4 hours, and applied to 7628 style E-
glass fabric (supplied by BGF industries). The glass fabric was then brought to
the partially cured B-staged by heating at 171 °C for two and a half minutes. A
four ply iaminate was made, with size 1 oz. STD copper from Gould Foils Inc. on
one side and 1 oz. DST copper Gould Foils Inc. on another side, by pressing the
10  prepreg and copper in a book at 188 °C and 140 psi for 90 minutes. The dielectric
constant and dissipation factor at 1 MHz are 4.6 and 0.008 respectively under
39% resin content.

Formulation #8
The varnish contained 143 g of the varnish in Formulation #7 plus 10 g
15 highly porous polymeric beads such as BJO-0840. The mixture was then well
stirred for 1 hours, and applied to 7628 style E-glass fabric (supplied by BGF
industries). The glass fabric was then brought to the partially cured B-staged by
heating at 171 °C for two and a haif minutes. A four ply laminate was made, with
size 1 oz. STD copper from Gould Foils Inc. on one side and 1 oz. DST copper
20  Gould Foils Inc. on another side, by pressing the prepreg and copper in a book at
188 °C and 140 psi for 90 minutes. The dielectric constant and dissipation factor
at 1 MHz are 3.8 and 0.004 respectively under 37% resin content.
Formulation #8 has a depressed dielectric constant as compared to
Formulation #7; otherwise, the two formulations are similar.
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10 Formulation #10
The varnish contained 250g of the varnish in Formulation #9 plus 13 g

highly porous polymeric beads such as BJO-0840. The mixture was then well
stirred for 1 hours, and applied to 7628 style E-glass fabric (supplied by BGF
industries). The glass fabric was then brought to the partially cured B-staged by

15  heating at 171 °C for two and a half minutes. A four ply laminate was made, with
size 1 0z. STD copper from Gould Foils Inc. on one side and 1 oz. DST copper
Gould Foils Inc. on another side, by pressing the prepreg and copper in a book at
204 °C and 140 psi for 120 minutes. The dielectric constant at 1 MHz is 4.5 under
31% resin content.

20 Formulation #10 has a depressed dielectric constant as compared to
Formulation #9; otherwise, the two formulations are similar.

EXAMPLE 6

Formulation #11
The varnish RD2000 LD benzoxazine package from Vantico was applied to
25 7628 styie E-glass fabric (supplied by BGF industries). The glass fabric was then
brought to the partially cured B-staged by heating at 171 °C for one minute. A four
ply laminate was made, with size 1 oz. STD copper from Gould Foils Inc. on one
side and 1 oz. DST copper Gould Foils Inc. on another side, by pressing the
prepreg and copper in a book at 204 °C and 140 psi for 120 minutes.
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Formulation #12
The varnish contained 240g of the varnish in Formulation #11 plus 12 g
highly porous polymeric beads such as BJO-0840 and 0.3 g surfactant Chemie
BYK 322 in 2.7 g 1-methoxy-2-propanol. The mixture was then well stirred for 1
5  hours, and applied to 7628 style E-glass fabric (supplied by BGF industries). The
glass fabric was then brought to the partially cured B-staged by heating at 171 °C
for one minute. A four ply laminate was made, with size 1 oz. STD copper from
Gould Foils Inc. on one side and 1 oz. DST copper Gould Foils Inc. on another
side, by pressing the prepreg and copper in a book at 204 °C and 140 psi for 120
10  minutes.
A comparison of selected properties of Formulations #11 and #12 appear
in Table IV.

TABLE IV

Comparison of Selected Properties of Formulations #11 and #12

Formulation #11 Formulation #12

15 Dk @ 1 MHz 4.3 40
Resin Content (%) 46 46
Df@ 1 MHz 0.004 0.006
T-260 (min) > 30 > 30
T-288 (min) > 30 > 30

20 Tg by DSC (°C) 178 187
Decomposition Temperature by TGA (°C) 327 340
Flammability VO VO
Press Cycle Hold Time (min) 120 120
Press Cycle Temperature (°C) 204 204

25  From these results demonstrable advantages in the dielectric constant (Dk), Tg,
decomposition temperature were realized with the addition of a small fraction of
polymeric microspheres.
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CLAIMS
1. A filled prepreg composition comprising a reinforcing material

impregnated with (i} a polymeric resin, the polymeric resin being at least partially
cured, and (i) multicellular polymeric microspheres comprising at least two
open or closed cavifies as a filter.

2. The filled prepreg of claim 1 wherein the polymeric resin comprises
a surfactant.

3. The filled prepreg of claim 1 wherein 85% of the multicellular
polymeric microspheres have a diameter which is no greater than 70
micrometers.

4. The filled prepreg of claim 1 wherein 95% of the multicellular
polymeric microspheres have a diameter which is no greater than 25
micrometers.

5. The filled prepreg of claim 1 wherein the muiticellular polymeric
microspheres have a mean diameter which is no greater than 10 micrometers.

6. The filled prepreg of claim 1 wherein the multicellular polymeric
microspheres have a mean diameter less than 25 micrometers and 95% have a
diameter which is no greater than 70 micrometers.

7. The filled prepreg of claim 1 wherein the muiticellular polymeric
microspheres have a mean diameter less than 10 micrometers and 95% have a
diameter which is no greater than 70 micrometers.

8. The filled prepreg of claim 1 wherein the multicellular polymeric
microspheres have a liquid density of no more than 1.4 g/ml.

9. The filled prepreg of claim 8 wherein 95% of the multiceliular

polymeric microspheres have a diameter which is no greater than 70
micrometers.

10.  The filled prepreg of claim 8 wherein 95% of the multicellular
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polymeric microspheres have a diameter which Is no greater than 25
micrometers.
".

The filled prepreg of claim 8 wherein the muiticeliutar polymeric
microspheres have a mean diameter which is no greater than 10 micrometers.

12, The filled prepreg of claim 8 wherein the multiceliuiar polymeric
mictospheres have a mean diameter less than 25 micrometers and 95% have a
. diameter which is no greater than 70 micrometers.

13.
microsph
diameter

The filled prepreg of claim 8 wherein the multiceliular polymeric
eres have a mean diameter less than 10 micrometers and 95% have a
which is no greater than 70 micrometers.

" 4. Thefilled prepreg of claim 1 wherein the multiceliutar palymeric
microspheres have g density of no more than 0.6 g/ml.
15.

The filled prepreg of claim 14 wherein 95% of the matticeliutac

polymeric microspheres have a diameter which is no greater than 70
micrometers.

16.  The filled Prepreg of claim 14 wherein 95% of the multicellular

- polymeric microspheres have a diameter which ks no greater than 25
micrometers.

17. The filled prpreg of ciaim 14 whereln the multicellutar polymoric
- microspheres have a mean diameter which Is no greater than 10 micrometers.

18.  The filled Prepreg of claim 14 wherein the multiceliular polymeric

" microspheres have a mean diameler less than 25 micrometers and 85% have a
diameter which is no greater than 70 micromaters.

19, The filled prepreg of claim 14 wherein the multicellutar polymeric
microspheres have a mean diameter less than 10 micrometers and 95% have a
diameter which s no greater than 70 micrometers.

20. " he filed prepreg of claini 1 wherein the multicellutar polymeric |

e
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microspheres have a liquid density of about 0.1 g/ml.

21. The filled prepreg of claim 1 wherein the multicellular polymeric
microspheres have a liquid density of about 0.1 to about 1.1 g/ml.

22.  The filled prepreg of claim 1 wherein the multicellular polymeric
microspheres display a compressive strength between 400 and 4,000 Ibs/in® (27.5
Bar and about 275 Bar).

23. Thefilled prepreg of claim 1 wherein the multicellular polymeric
microspheres comprise a vinyl, polyacrylate, polyamide, polyimide, polyurethane,
polyester, polyether, cresolic, or phenolic polymer.

24.  The filled prepreg of claim 23 wherein 95% of the multicellular
polymeric microspheres have a diameter which is no greater than 70
micrometers.

25.  The filled prepreg of claim 23 wherein 95% of the multicellular
polymeric microspheres have a diameter which is no greater than 25
micrometers.

26. The filled prepreg of claim 23 wherein the multicellular polymeric
microspheres have a mean diameter which is no greater than 10 micrometers.

27.  The filled prepreg of claim 23 wherein the multicellular polymeric
microspheres have a mean diameter less than 25 micrometers and 95% have a
diameter which is no greater than 70 micrometers.

28. The filled prepreg of claim 23 wherein the multicellular polymeric
microspheres have a mean diameter less than 10 micrometers and 95% have a
diameter which is no greater than 70 micrometers.

29.  The filled prepreg of claim 23 wherein 95% of the multicellular
polymeric microspheres have a diameter which is no greater than 70 micrometers
and the pre-preg comprises a flame retardant composition.
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32. The filled prepreg of claim 31 wherein the flame retardant
composition comprises a halogenated compound.

33. The filled prepreg of claim 31 wherein the flame retardant
composition comprises a brominated epoxy or brominated filler.

34. The filled prepreg of ctaim 31 wherein the flame retardant
composition comprises a phosphorus, nitrogen, or boron containing compound.

35. The filled prepreg of claim 1 wherein the pre-preg comprises an
epoxy resin containing about 15% to 60% by weight bromine.

36. The filled prepreg of claim 1 wherein the pre-preg comprises a UV
blocking dye.

37.  The filled prepreg of claim 1 wherein the pre-preg comprises
pigments.

38.  The filled prepreg of claim 1 wherein the pre-preg comprises a flow
modifier.

39.  The filled prepreg of claim 1 wherein said at least partially cured
polymeric resin is selected’ from the group consisting of epoxry, phenclic,
benzoxazine, polyimide, cyanate ester, bismaleimide triazine, polyester, and
polyphenylene ether resins.

40. The filled prepreg of claim 39 wherein the multicellular polymeric
microspheres comprise a vinyl, polyacrylate, polyamide, polyimide, polyurethane,
polyester, polyether, cresolic, or phenolic polymer.
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41.  The filled prepreg of claim 40 wherein 95% of the multicellutar

. polymeric microspheres have a diameter whtch is no greater than 70
micrometers,

42.  The filled prepreg of claim 40 wherein 95% of the mutticellutar
~ . polymeric mcrospheres have a daameter whlch is ho greater than 25 N
R e ot . s

43.  The filied prepreg of claim 40 wherein the muiticellular polymeric’
microspheres have a mean diameter which is no greater than 10 micrometers.

44.  The filled prepreg of claim 40 wherein the multicellular polymeric

microspheres have a mean diameter less than 25 micrometers and 95% have a
diameter which is no greater than 70 micrometers.

45.  The filled prepreg of claim 40 wherein the multicefiutar polymeric
microspheres have a mean diameter loss than 10 micrometers and 95% have a
_ diameter which is no greater than 70 micrometers.

46.  The filled prepreg of claim 40 wherein reinforcing matedal is

selected from the group consisting of electronlcs grade glass, quartz, aratnid,
paper and PTFE. .

47.  The filled prepreg of claim 39 wherein reinforcing material is

selected from the group consisting of electronics grade glass, quartz, aramid,
paper and PTFE.

48.  The filied prepreg of claim 1 wherein reinfordng material is selected

.~ from the group consisting of electronics grade glass, quartz, aramid, paper and
PTFE.

- 49. A conductor-clad substrate comprising the composite of ciaiin 1, 2,
3.8,9,22, 23,24, 31,32 39,40, 41, 48, 47, or 48.

50. Apnnted circuit board comprising the compoatmn of claim],
2, 3,89, 22, 23, 24, 31 32, 39, 40, 41, 46, 47, or 48.
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51. A process for the preparation of a filled prepreg composition, the
process comprising the following steps in the specified order: (i) impregnating a
reinforcing material with a vamish, the varnish containing a solvent, multicellular
polymeric microspheres as a filler, and a monomer or a polymeric resin which is
5  atleast partially cured, (ii) evaporating solvent from the impregnated reinforcing
material, and (iii) optionally heating the impregnated material to at least partially

cure the monomer or further cure the polymeric resin to form a pre-preg.

52.  The process of claim 51 wherein the polymeric resin comprises a
surfactant.

53. The process of claim 51 wherein 95% of the multicellular polymeric
microspheres have a diameter which is no greater than 70 micrometers.

54. The process of claim 51 wherein 95% of the multicellular polymeric
microspheres have a diameter which is no greater than 25 micrometers.

55. The process of claim 51 wherein the multicellular polymeric
microspheres have a mean diameter which is no greater than 10 micrometers.

56. The process of claim 51 wherein the multicellutar polymeric
microspheres have a mean diameter less than 25 micrometers and 95% have a
diameter which is no greater than 70 micrometers.

57. The process of claim 51 wherein the multicellular polymeric
microspheres have a mean diameter less than 10 micrometers and 95% have a
diameter which is no greater than 70 micrometers.

58. The process of claim 51 wherein the multicellular polymeric
microspheres have a liquid density of no more than 1.4 g/ml.

59.  The process of claim 51 wherein the multicellular polymeric
microspheres have a liquid density of no more than 0.6 g/ml.

60. The process of claim 51 wherein the multicellular polymeric
microspheres have a liquid density of about 0.1 g/ml.
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62. The process of claim 51 wherein the muiticellular polymeric
microspheres display a compressive strength between 400 and 4,000 Ibsfin® (27.5
Bar and about 275 Bar).

63. The process of claim 51 wherein the multicellular polymeric
microspheres comprise a vinyl, polyacrylate, polyamide, polyimide, polyurethane,
polyester, polyether, cresolic, or phenolic polymer.

64. The process of claim 51 wherein the varnish contains a polymeric
resin selected from the group consisting of epoxy, phenolic, benzoxazine,
polyimide, cyanate ester, bismaleimide triazine, polyester, and polyphenylene
ether resins.

65. The process of claim 51 wherein the varnish contains a monomer or
a mixture of monomers which, upon polymerization, form a polymeric resin
selected from the group consisting of epoxy, phenolic, benzoxazine, polyimide,
cyanate ester, bismaleimide triazine, polyester, and polyphenylene ether resins.
5 epoxy, phenolic, benzoxazine, polyimide, cyanate ester, bismaleimide triazine,
polyester, and polyphenylene ether resins.



