; e3e~~t.: 6BTkrM MANUFACTURE OF PREPREGS AND LAM NATES W TH RELATI VELY | OW
DI ELECTRI C CONSTANT FOR PRI NTED Cl RCUI T BOARDS FI ELD OF THE | W‘M“m
[ nvention generally relates to prepreg and | am nate conpositio

formng printed circuit boards having a reduced and uniform di el ectgopeg2*
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 them g
systens of 10 nodern devices, which typically have hi gh signal WMWWW
operating frequencies. The circuit boards made of materials wth | oM.
dielectric constants permt the speed of electronic signal transm ssion in
the lam nates to be increased and data totbe processed at greater speeds.
Thus, by using a printed cbrcui tP board vvithLa I0\A+er \9vi el ectrilc cvgnstant,
el b MR e b R
signals. Since the d e ”' lgrd?s ?1 '§|ﬁ (.Pr '§ r ch the PCB
is formed has a direct effect on the performance and speed of circuits
built on the boaFl@LDiOFer el ectrical performance and the demand for
i ncreased speed requirkigthvertioPgBerall) réREEHIbrafRdYy d@darhinste RbAPFHItRAS Rr Sear ch
for ways 10 r£duge  Rfinflh Shs érotit SRR AN BreduBy SR ilibedl foibyfyn whi ch they
20 are made. Printed ! rcw% oarldga ﬁlre itj I C Iéa/ RLO uceg %X i npregnati ng
a fabric, such a®"SAMeIMPLYPRHISIRA! 5B ap SF’“agﬁ EOSPECH AR th a 1iquid
t her npset ti ng ep ¥y drpeArangs Y 4apFiARd trerfoYedisilladilfs heat ed to partially
cure the resin and to forma dry, flexible sheet in which the resinis in
an internedi at e BACKGROBNDE ,OFSTHEINVERTIGN referred to as the "B" stage or a

“pre-preg.” Pre-pr egTﬁ@ErﬁJteﬁi A&t 3 Péb%ﬁ%@rﬁraﬁ ﬁgﬁé gtftrom sZsthﬁﬂ)fr ed
t hat u [ €

t hi ckness anﬂ1 subjected to heat an ressure a Ly cures the resin.
This forms a anﬁnhfgel”é. Vécgﬁﬁgg%t%o"f Y Do Ofgnistnal sRgeqs and OBYAMIY es said to be
in the "C'- stageTearppsiesal 18 circyt paprdsanaderat tiateriple #ite owimtaatrigrcopstanibout  50% by
wei ght epoxy andpe3@it 5@%pbked aieieghtnicsigat ransmissiog irdtle lafinatess tgbass ( E- gl ass) .
The typical dieliggksded ap@asth abe BHbcdsbd dtardalabsecat. HUYODyRSIhG a@RMEENt S
about 4.6, a val YR pBiiluiia WS AGHEBhbn] ALl Rord gfx JMeadargnds of
the nost hig speeé CO u}ers c_urrentﬁ Y; I %8 ve| $ ) reduce the
di'el ectric obnst A SOt PRSP PEETT Saesli gMop dieiRlHE cPRYmS U8 s uch
cyanate esters, Paeyalfraedichie Bpdkyormedingpndinat efrst en heperfaim@nem@me whi ch
have a di el ect ri speednfsdiratits butitionhhd tsoak® $e iddneased biectdeat partrmamce@od fiteant  of

epoxy 2 have beshng % rikedlspelll teqduit@YorPeBd if Boden B&JRE hEp¥mBR@Nsi ve or
suffer from ot hege

' or. I P f y have
a dielectric constafatjérrffQf &yﬁgﬁr&g‘%ﬁ‘r’% é?'g&%”g‘? mf%%f,@%%{s f{oﬁ{&/ﬁgr E‘eﬁa
relatively eper¥PV¥%nd difficult to manufacture, conposites inpregnated
with PTFE are diffi chfinted gregit peggs aratyvgicpitytrsodyaed by impeegnading atfalficciugit ui t
boards, and pr e-@raeiairesitsgrpdeipar gdssvwEtghasE)Mith adinid biesrioosetied epodyy at
tenperatures at \bihChhelipRENAYEEEIITEhdatéitd phAaRy duRtthé redinERB % ARk

stability, and tdeneRauenidtlblitihy BRGL B GeHeRle RORGE LfRiRESaUse L hey
are not thermoset mgt LatEn ﬂagt es preparea Wsd ngapo %/5 eny %Q*i

oxi de/ br omi rfat ed ®EFER P 3587 (5 S{A8RE EREKGPIarTde PEIRN PRy ¥tk Densi ve
than 10 PTFE, bul9ethes tejp desired ficknessipod apiiectqoido heat apg grepaute Hgt ®lly however, is
typi cal ly about durés thetesinhEhipfoodsis tanirsatedadoatpbsiteliywhioh the résircia sdmétines

consi stently mangHi@etodiehe 8s"-dthe. conposi tion of the resin tends to
fluctuate fromrun te,run, ~Fi - : hal
fibergl ass hﬁe Whg?&%%’ggﬁtg%l@ fé 5%@%&%%%9&%3%@%9@32@%&9 gééx.%)?%fbect ric
constant of the hueiaht elgelonics ofadeipglglass (I5gasHFhayRIse! dBIERYIC r esi ns

typi cal |y provi denpigntahiedamingte lgt 30% resincententds awns 4.6 valye wieh is ange  of
about 3 to 4. Al insdlicgintialoans shtikiybier denfapde ofahd mastdhighsheat ¢omputfeact or, | ow
mechani cal st rengffntyeHg RHKIGsEve properties and rel atively high expense
are al so associ ated Wil LS &Rkt SRariAh e LIRA LR AR AlB fedigen used,
but like aramd flgers heééare rela IVT?Pé% exPenswe 96 I rgﬁgre& o]
convent i onal >E- gt458 §YanBl5 Spiees: BPIYIMdsar BI/epane PRYBRESYIERS pIhe @Rt of | ess
than 3, but theywiighbave@ dislgatrisiconstaniwhishisriessitiandhe dieleetriteanstanhef eaotyendency
to nelt and | oose their desirable properties at higher tenperatures;

pol yester fibers has a |lower strength relative to glass fiber, which yields
| ess mechani cal properties such as dinensional stability. 25 Okada 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,

o o ~~ 1 Y e



20-150 microneters mdianmeter having a glass thickness 0.5-2 mcroneters
with the volune fraction of filler based on the total volunme of the center
plate being 0.3 to 0.8, nore preferably 0.5 to 0.7. See, U S. Patent No.
4,798,762 at col. 3, lines 23-31. 35 The use of glass mcrospheres as a
filler material to reduce the dielectric constant of the |am nate, however,
is not wthout disadvantages. Because the gl ass shell has a relatively high
di el ectric constant and sonmewhat offsets the very 3 lowdielectric
constant gas which is incorporated within the hollow shell, a relatively

hi gh | oading of the glass mcrospheres is required to provide a relatively
| ow dielectric constant |am nate. Al so, the interface adhesi on between the
gl ass m crospheres and the resin matrix is %)ften unsati sfactory, leading to
thermal, 5 nmechanical and distribution problens. Because hol | ow

m crospheres are bawkasen camiterasl, htithayltgndiabd relaively sxrensivg oradtiénfioonal

equi pment for conbiheH@isivaghded! FonexampleCROBY Bedd fork PEPE Mag Favilsdieaces
Chellis et al. (Ugghstdh Bfgéb?r%aﬁiynﬂzggte 11P|?|)z, Blit i}, QRFrobafArtly SBBhdive'angd! ass

m crospheres are | gess, bu arger _m.crospheres, For this
reason, 10 Chelfi gﬁ%fm ‘1’?‘3'?&1"]%%?' °_@P%S&EH"F?%?QBW&W&Eﬁﬁéglaﬁgd"ﬁc i mum

di amet er of ab®ut f35Cqe ftomublayes piipted Clrcuivbeaidd pRfREdErebTheals plRPamd with

m cronmet ers. NevePTREIcarsBe batiled binlg aetbmpératurescptiwhieh inoerayers medt aagidsat i on to
keep t hemds us pen?@céirafnﬂer_ﬁlég%sdbuwy,smgnépv&vs Rk el bddribch@GdHN prapétbed ot
m ni m ze damage : , a
colum 4, Tine 65% .&“’@% Sﬁ%%é’%hrﬁi%ﬁ@sﬁﬁﬁifgﬁfaﬁﬁr y T%"s"%fé'g %&%e SUMMARY
OF THE | NVENTI ON ANORETOMIESstHPas '8oin (FFOLERGR)E Teively RSy aPgpdve T ¢ pe

provi si on of a0pr EFFEPUAHE delackisicangtantyipl ehthe smitates Bewensr. 43 RisIVABPME il | er
to the traditi onald.0Hrdsise producds péliatively to adiicatto barssistentlg matufaaling, dsome and

uni form di el ectri gompéspiondt the 263in BRIsQY BGLtddefrdMburay RANSi on characteri sti cs,
whi ch i ni mi zes. t hr oUgihdiOlofind Atdrtirer B0k Snd] AR S AILAG naRd easi
processable. Briefly, therefore, 't pres Nt 1.nve Lon s jrected to a
FilTed prepreg cof diderseiqs aBeang arerpia e PRGNS FITTeBte e RBInpIeL AT . The
prepreg conpr i'8es figerp gather wihrRporaiesins \picaliypravigharainatos vith adielaetdel pol yneri c
resin) the cured pohsfantmitbe @bge efsibnutcoto@r iAthough iatantid fitedrd hdvara ol yeri ¢

M crospheres as a dfskibhtinfadtdtCiow RREAdMIANstRhgth B oRHdHEsIGE blopbriés 4l Yner i ¢

i or ospheres advaps aaeouah e ERRLESLNES RRRALRHAR HlehaaRAL g5 and
printed circuit bgards havin art-iei&(atlve ow an ,|?orm 1electric
constant, inprove aY%%?%%ﬂe”é’g%P\”ti §a%E %‘?@rt%)‘l ar%f?&'ﬁ%’?’ BYPEEYt act eri sti cs,
uni f or m appeaP8nc&ompaed ieaegvanyonshB-gdaspr Belyasted filpars bvelq diglectrarrogetpeiiof obj ect s
of the invention vesklthane, but tEgrténdap patfee from dovdresintapes tb hpatiant! @deraietcy to
hereinafter. 4 RRiahd RESOREPTéRbIORropbltcORAMNEEMBb Gures: pdlyedter fidYs

m crograph (at 10Qx ORQR I:tteﬁ\?{h:r%&%vgg@ghgﬂbgg, WicHBR s Wss LA | Ul ar

pol ymeri c m crospheres use . aration’of pre-pregs, |am nates
and printed cir cuipfOpS%ﬁ? JENGP dt"heé‘s'ﬁ?%g?ﬁ@tyi nvention, the mass including 5
m crospheres @P differ@dasli gl FaientNelitd§Pdh7) dissloserpddingspiiier mategql éo
denot ed as resin to reduce the dielectric constant of a laminate in a process in which a
hardened plate is extruded and then laminated on opposite sides to
preimpregnated reinforcing fibers. According to Okada et al., it is advantageous
to use hollow microspheres of alumina, silica, zirconia, glass, carbon and phenol
30 resin. Okada et al.’s preferred filler consists of hollow glass microspheres of
20-150 micrometers in diameter having a glass thickness 0.5-2 micrometers with
the volume fraction of filler based on the total volume of the center plate being 0.3
to 0.8, more preferably 0.510 0.7. See, U.S. Patent No. 4,798,762 at col. 3, lines
23-31.
35 The use of glass microspheres as a filler material to reduce the dielectric
constant of the laminate, however, is not without disadvantages. Because the
glass shell has a relatively high dielectric constant and somewhat offsets the very




the white spherical objects on the rounded surface. FIGS. 2a - 2d are
series of mcrographs (at 200x magnification) depicting the cross section
of a multicellular polynmeric mcrosphere useful in the preparation of
pre-pregs, lamnates and printed circuit boards of the present 10
invention. DESCRI PTION OF THE PREFERRED EMBQODI MENTS I n accordance with the
present invention, it has been discovered that |am nates and printed
circuit boards having a relatively |low and uniformdielectric constant,

i nproved t hermal expansion characteristics, mnimze through hole 15
failure, are flame retardant and easily processable nmay be prepared using a
mul ticellular mcrosphere filler. In general, the multicellular

m crospheres conprise at |east two cavities, wherein the cavities may be
open or closed tp t nV|ron urroundln he nic I n one
ohbodt ment -t he. [ STETH SonaRN PR MBS N BRI UL "D BRABR Aol yrror | ¢
material havi ng £&elaiely highiaeping obthe glgsraigfospheses 'Wﬁ'éﬁﬂos@&‘f@e@ffe'@?vé'kaw ties
are open to the pwdioenth cogstemvamisataeAlso,(the ieterfa¢esadhesiachadpesmabsglast eri al )

and others are Chis@phéres bBREhE FsinQHAEM B SENMHSERNEBRIN, leddMgdShemal,, t he
properties ofg th%eeﬁﬁq e&ﬁgisdﬁtrjm% r[‘;?r&ﬁémé‘”é’eo%é ﬁ&luﬁl.&&@b%rgés’%rbggyénﬁprOVe

as the nedi an size m Cr Qs res and

i forniy of m EFOEATENTY B TareecaOLoha B B AT FoNHR RN | he

m cr ospher es i ncE9pHebiP&een Hew sesrengece- pregs, | aninates and printed circuit
boards of the presentChetiyetrtl.i(0rS. Ralest No. a6, 1 pjrdtsciobeethaf smediemglase t han 70

mi crometers, nor gidbspheeableYess UUBRA Pah bieGhr§ershiéBs MoredO For hidk&soh han 50

i crometer s, o5t hoifbre b ﬁ%r%agwm@sfon&agpm {4 fibSmihAfnflor BPag,E24 o1 than

25 30 mcrorre ers _ and g )6 SIZ

greater than 10 m‘%?’B%P&‘ 2 e E‘E??Fﬁlo bouhS B‘Wép Bd ﬁ’éeﬁtf‘ee?sh ?Péﬁjl an

si ze of the m cr es@PHeawreicontinyogs agitation to keem tiX8n pyspPRIIRdtaRd Suggest usNg| east 95%
of the m crosphefoessheaveixiag ticatiqiesss minraize ddinaets owetiedspheles. Ssotteer nore
preferred embodi Be@ht Nd. 136 28B D AltoRik, Rie 4518 cBLMR BSPREY SdicsluR@ eJfRat er than
10 35 mcrom?éer§ gad at | east 95% of the m crospheres have a size |ess
than 25 mcrorreters I n anot her nore preferred enbodi nent, the nedian size
of the 5 mcrosphere is no greater than 5 mcroneters and at |east 95% of
t he mi crospher es SUMMARY QF FHE|INYENTIGNN 10 nicroneters. Fig. 1 depicts an
exenpl ary size di str iAmingahie dfecd oreesnwehtiamiihkieteé,isiihaprovision ospbepeg of t he

present inventioRng ¥ la%atez\ﬁhuérpco%%ng@sqn%ﬂternTaWeQ’ngho eIl Ghsy | EWS, a
representative mm(l:crrgsfgwﬁgr%g h?ch}?%%' Q%atﬁ/ng Go%aa}‘uldl utn)for%fdl&g\{ﬂlééosgtant-rhe

mul ticellular

materials. FOY e¥BRipyed, thec"ﬁ%' et’fﬁ"l"tsiot‘,‘éf‘?rﬁ?tﬁﬁ‘s“%I‘”{)ﬁ’ém”&mﬁ%wwﬁg@?%?"ﬁr&mr| se a
vinyl pol ymer suehd igdlapelrsiadgnt@ne eanily piorgasablel at e, a pol yet her such as
epoxy, a cresolic or Beibfy)olerefore &hé present PObntioNistirectad A fladpaprega

pol yurethane, a pghy&fibe for uddinForRMgPRERE Hr&A oM 4L Ithe @eﬂ@d Uo?ﬁ’drlfs&n@ a

pol yet her i m de. - pgluanetala ARLKERIEOA! £ it R 3 SRl 22

pol yi m de et her ardl ess
of the mater ?%I feSBRATIRTIHRG PH'@?P”H'P@Q’V(??%(T'CF?WEeﬁﬁP%/ FE'@rI lﬁ‘F%{Porﬁ{'%‘r spheres
are preferably cHemdtdellyarpotysetic miceasphasesiadyphtageoksly anabiashzaprepdrativn
strength, ther mabfiainmbiek ahy priragicicativaeHiaviag atrelatngly iow drarundaranpl e, t he

ng{]?sgggr SZI DE :E%fe%f?ll:Eomﬁ%riro%dqﬁghﬁ&t%mrﬁstﬁér}ﬁ‘él LRt hOOL S;’it ( ;ggﬁi
27.5 Bar), nore gﬁaq%dgﬁsﬁﬁ? ! ag‘pﬁarangng erﬁh’barfdamg'f%e i‘aH@YJ pSI (about
70 to about 395 Bar).OWefo §@asspﬂ9ﬁ invepfion il 4 ip gt ﬁﬂ’péfe"ﬁ?’tdr'wﬁ'ﬁ@?'@@
preferably have auiheginaftedensity 20 of less than 1.4 g/, nore preferably
| ess than 0.6 g/m and, in sone enbodi nents about 0.1 to about 1.1 glm . In
one enbodi nent, the multicellular mcrospheres are selected from

commerci ally avail abl e, conventional solid phase supports, chromatographic
nmedi a, separation supports, and the |ike. Solid phase supports are
typically used



25 for immobilization, catalysis, etc. Chromatographic nmedia and separation
supports are typically used for separation and purification of a m xture of
chem cals. Multicellular, hollow spheres such as BJO 0840 and EPO 0360

m crospheres conmercially available from Asia Pacific M crospheres Sdn Bhd,
are used as extenders in adhesives, abrasive/grinding wheels to control
porosity 30 in the grinding wheels, to aid in stabilizing the dinension of
t he wheel during process, as a spacer relative to the abrasive particles,
thernosetting putty, sensitized dynamte, and syntactic foans. In general,
such materials are multicellular, are highly crosslinked and have adequate
thermal and conpressive strengths. In addition, the variety of commercially
avai |l abl e pol yneric 35 m crospheres enabl &4 the sel ection of those having an
affinity for the specific natrlx material used in the desired application.
This affinity | effER P 2! aci al adhesi on between the

mul ticel lul ar pol ynerfl@. bead§EiM1m16t0I9@ph (8 1p@emegnifigatidnkdepidting R emashef previ ous
i nventions usi ng nglitRsiRIahEIyASITRIERSphefd3QBE B tiRréRefionotirépeak] on i s not
required in MNY (GR5ASs by AHAIBLEHSBaRE 6ARE BRLSIIbRoh AREMAS! HEGHg N

sphere and re may

o sper sod wi (R nHoasSres of TS ety T Ui dRara e iSRS AP RET £ | oo
resin which is sllihec‘&’B!eép'ﬁ%&ca'd@@cisr?”ﬁ‘lﬂf?é@eélsid@ﬂet board applications. For
exanpl e, mul ticel | ul drGsri2ar-@¢ phesedes oflmiedgrapis (aS200r ynaguifiqatiorsalepiblingnoset t | ng
resins such as ep@Xdfosseeudnlor 8 niuRBeiRiar PEEScaRLBEheRAIKiUMndile Cyanat e

ester Dl Sal el mofbaldifAgt (2orcBOl H3HEL ondiOhKBIUFEY6AG: 61 HEDresER! NS

pol ystyrene, Qolxp ene o pol yphe ene 1 suI i de sul f one,
polyethersulf BW et heri m de, polyacetal, pol ycarbonate and t he

co-pol yners and blends thereof Typlcally, the nulticellular mcrospheres
conprise up to alEHCRIRIPK f v fle EME eNT&Il ar m crosphere-filled
resin, mone enbodi nﬂﬂbccotrmthrtmsgielséﬂtafveﬁﬂoﬁr@ﬁd@hﬁé@a's&fveﬁeartml y conprise

at | east about Z(t’an‘yxalt /Br@fpnh@ﬁfc nggrdg Ry a r’&%’iu@enﬂﬁﬁfaﬁé @R*o)’m%%f&{n se at

| east about 10 wt pre a

conpri se about 5°PH d'ﬂ?ro‘i?f‘ ‘W’%a ?pr"llFéonfth"aétﬁr'?t@%|“Hmml'zﬁ u%[ﬂ‘éqhtq gan to

mul ti cel | ul af'Sni dRilgsparerfiame retiydantagd aagiy prosersplie 5194 PE prepaeppisgaa vari ety
of additives, i nanuticeingdr mjicrasphene fitidre Invgemeal sheoouitiethaidrinnioesghecksper mut at i ons
thereof. For examphpriselddRast@wb BavitRY, viekdiPiRa chwitics PiaY e DBembr ciddeditd thavi ol et

1 ght bl ocking dléﬁwroﬂm@htgﬁﬁ%r]d n%qﬁé‘mféﬁ)saﬁe(?@ In o?@@&’\))od?&weﬁtetﬁé nghgelfuf&?” case

the opacity of t rcul

et ool 6 1i ghiorReRielas Soprsep (eracH eRbIRGR eIy S L PGB Rty he
retardant, f@P exavijsewheieinappeerthe eavilies aw opae P the syrayndng eavMrermeboxy or
brom nated fill enie ds a mab@abogenmateds) admirenrate siosdd tashessupharsdiigor us,
nitrogen, or bor @Rvikdamend Ni Ng conmpound to 25 increase the fire or

fl ame-resi stance. Th r uch as
Chem e BYK 322, an |ﬁ8 grgérrf%]ct &/‘%é dd? ?H é g’%gﬁ 'érﬁ'ﬁﬁtgs §Méﬁgetd%ﬂ{: ut?re

S T ca, Candi or " a COAOR SO Ao AuRPOanSHA o T1a PR dR MR T e oai T i n
conbi nat i on, 28onENf §© uabberonity of mucrogehese ammre@@sv\fre%r@ﬁly ﬂ“ﬁ’éef‘h"ﬂl thecel | ul ar
m crospher e-fi | | edcroggieres incbrpblatedhiatb dgame-prebs tanicaes sndaminegaiyuitr esi n, the

brom ne 30 conpripsa®s 4Bk biesGR HvBMionBEE mBin Saiidk 6f@Sintbre faA 7a8bout 5%t 0

30% by wei ght of fifigmb@ta 3t oaltbiosE AW GGE: fupsg ance [ a
PUEANLR SNl o R
i nvention ar é"gf orMeramBiprs angsblgmarciprRierablgs mean Rergele siag o weaten thag tth a

varni sh conpri si mgcromgtessolFoeerample, Inonmehtbodimehtuihamediaosizs phitees, and (ni) a

pol ymeric resin (rﬁ.yres&@}el:yn@grrerateaﬂhwzshhfcaﬂaeté}é aﬁ@&t‘lébsf@ﬂ?ﬁﬁhe The
reinforcing mater, @#Psp%% e%%é?e{ja 99&% @%L%&%Rﬁ‘dﬁ% rk'pﬁ’.”a[ ht*ﬂsrrﬂ Fe?%red 7

properties for t he eselnc Ielectric
const ant (DK), cc?gbeF'fﬂe@'n{ ed?edﬂar?éfzﬁé’f he TRRENEIS i§ negreater a0 ¢ he i nt ended
product appl i38at ingerompterscandet lgpst %%@fﬁf@rﬁﬁ@ﬁmefﬂjhﬂméwwesmn B& a woven or
non- woven mat CcomitroSietags. an Anditied urapreferredbmbaedirherasthe median size ofitAass, or
polyneric fibers. 5 Low dielectric constant materials such as el ectronics
grade gl ass, D-glass, aram ds such as Kevlar and Nonex, both registered
trademarks of E. |I. Dupont de Nenours and Conpany, poly p-phenyl ene
benzobi st hi azol e, poly p-phenyl ene benzobi soxazol e, pol yet her et her ket one,
PTFE, aromatic polyesters, quartz, S-glass, paper, and the |ike, or

conbi nations thereof may be used to form 10 the mat of fibrous material.
The reinforcing material may be ma cowoven or com ngled form The

| am nates of the present invention are prepared from pre-pregs using
conventi onal technl gues such as flat bed press or aut ocl ave Iam nat| on. For

T o o 1. . o T . Y



13.75 - 40 Bar). Copper lines providing electrical pathways can be etched
on to the resulting | amnate. These can be used as a single substrate or
pressed with other sheets of |am nate, copper, and prepreg to produce a
multi-layer lamnate or printed circuit board. 20 The resulting | am nate
preferably has a relatively low dielectric constant. That is, the | am nate
preferably has a dielectric constant of less than 4.2 at 50% resin content.
In some enbodi nents, the dielectric constant is preferably less than 3.9 at
50% resin content, nore preferably less than 3.5 at 50% resin content, and
may be no greater than 3.0 at 50%resin content. 25 Pre-pregs, |am nates
and printed circuit boards incorporating nulticellular mcrospheres may be
prepared in accordance with the present ingention with only m ninal
adaptation to existing equi prent and met hods. For exa prepreg is nost
of ten produced or"FogRNEER i§ nogFRAteRHIAA SCRRPBRIEHR ANdt 'eé“{@éa‘fféne i ncl ude feeder
rollers, a resin moPsggnesttiasea siaeless that e aticomeesn Figahdepigds en examptany | er s.
The 30 rei nforci Ngizel dddiiiuGor &F-a0h@Sf mUliEelIGMAMIRFc3phdrss of3ttaprbsent Bldrion.i nto a

| arge spool . The ﬁ&OQ tdme@ £ trRtlon Aehi&lCor REAS robseRithie Wi Gebnbir 0 and

slowy roll o%t | ﬁt ass en noves throug sin

i npregnati on ank’ A SPLes the varni sh. The varni sh wets out the

gl ass. After energi ngT'?er'BH'i“ieH@a’t'Bﬂﬁ'l@SP"teWé reRyfedermeddron arriely ofipaEPeiict hr ough
the vertical treanh@erias orekantie, itte mylixetadr pplyateri@iczospberpecanuise aehylabout

g50| tg 400 F gl_ﬁbqwlyni’e75ucﬁ ds@PoRBiPreke or pAcrh/BR, & BblY&Rdr sQnh 4Wepo¥@ani sh i's t
ol |l ed awa e | €, onposite
y. Jrgs%'h@or%%gbdﬁé rds k| ELIZHFC{ EE rr(y& aspowu{gt;‘r}axl\é a\i}g{l)ﬁ% Png'P wet

conmes out of the
e oy TR PP sse xR s s one 2 BONTRER o BNacE, BEYGR B <
t hat additi onal cficPmpingtprs g@fﬁﬁ syohén ppla'mlqeaﬁtfeerpéccrm@tiowéer ughah roll s

t he prepreg ont o pdemideatedrver rolls which can be changed when the run is
finished. A new roll R&gdreR AiHeardi&fh frém WARH tHe9 3teSbrmSeR, thBMultReMw run can
begin. 5 The |am HH@FoEp Hg%fér%uﬁ&%% %W‘&SSSY‘AKEP t{!ﬂ?\}) {V rﬁ@e@vé%qag}éﬁ”“ on

have enhanced electrlc tric
constant undef vely 9va"? tailtygng Fc&,qrjeﬁvg,strwth n@(?ég% &€ i nproved
t hermal properti @'C%wafﬁﬁﬁh@ﬁxﬁ@b@mﬁégﬂ coromTesstviestenatiypleat |el§étt3cbevt T- 260
and T-288 proper t208%s! (@soundd s Bar) peferabip dt et hbout ¢80 pgp(abper27ieBarfuch as

thermal expansi onmgRara&hay bﬁéés@ﬁbcﬂc@‘] 0606 286 4200@%585(?1‘5"3“@w5‘J AWt 278he
prepreg and | am n@érg ol g(ﬁﬁornegel?‘yunCQHU?arT,I;ﬁ(%‘BH%ﬂ? éﬂ%{%&fhév@%ﬁ.ﬁt\ﬁsgerg Y+t ations

nachlnablllty

to the existiaf %ﬁﬁ%ﬁfﬁ’?ﬂ/%{f‘hmﬁe Pf]efef?rb@/d?"édh%a%ﬁf’/%?’ﬂﬁ & SAMF particul ar,

the nmulticell uI aremrsidipasts abobichtite aboetd! .1 @/mi.he present invention conpare
favorably to traditi omaneghbsdiments thesplitieeiedar Mithespaares greasetectedomal | y has 15

a Dk of approxi ”Béd?ﬂrﬁler@alﬁ,avé|BBIeV&fnl/&¢t|MnéP§oh@%h¥§§3§u seEhréthatosralc t o produce

the multicellular,pgl %E?Jr!at?on%ﬁ&?x C&Hd etﬁ@lﬂ(%eSol l%g})gs aret .c%ny Jsgguc' N9

the bulk Dk o the,

| ani nate wi | 1%%ecPe! 9N GRS F I FerBoy Bpfbt‘dge 7 apgh qpa I ymeric
beads as the entraspets R ypPigplylused @pﬁw@tlp@gnqnpqnﬁcatnh@ofzmmmwmf body. This
i s advant ageous i ¢heajialsi dddticellutar ossvesphereglstich @ Bud-e@0and EPQetBeas i n

por tabl € CONsUNET meldRERdreYidhincidsllylad5idle HomEAd PAMRMIGbEUIes SBRBRE,
backpl anes). This, %Gg&:ﬂés edbngéld nPéadh'ég\%li:h rBJ\/e*? M}m %ﬁéélé’t% c%ntgolgngL?%e

conponents of prin

have el ectricHl , PH&HRANS waedsi ddin St%&'“ﬂﬁ%@% gl?\)"éﬂ??'afb‘égg as wel I as
honogenei ty i n 25prdedsk|dsgprasal relativeto the abraside parictes thetnwetﬁnm@m ni ng
operations over tsusgiaaiynamic; aspiyateesc fodiay i NGeo@sicsuchethtdriar araiventi on in
general terns, objg6échuandre G fke@bnd Me'aeé’cﬁx@wtﬂé}rréf@ndr&ﬁ\%resswe

specifically ill u&Febgﬁl%dln%\éd# theQ)a %y oﬂ%{rﬁﬁ(e%m,g%%llablg%ogﬁr #Cu ar

materi al s and_ano as ot her 30
conditions ant def§I9sRNereIaplg “be?e q&gOFij‘Hg{SF heeng *E]‘WHWIW the $PEEiNE hi s

i nventi on. EXAVPLEBattix Fratenal used isrineidesTekanpieation HTheswffind reads tsf tg of Shell
Chemi cal 's CS 375imprdvied Intertasiarddxesonbethiedd. the Bulleamelimdlymetic daadslaaditie 3. 6 ¢
met hyl ethyl ketone, and 7.2 g 1-nethoxy-235 propanol. The m xture was then
well stirred for4 hours, and applied to 7628 style E 9 glass fabric
(supplied by BG- industries). 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 lam nate was nade, wth 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



5 copper in a book at 188 C and 140 psi for 90 m nutes. Fornulation #2 The
varni sh contained 150 g (71 % solid) of the varnish in Formul ation #1 plus
8 g highly porous polyneric beads such as BJO 0840 and 0.3 g surfactant
Chem e BYK 322 in 2.7 g 1-nmethoxy-2-propanol. The m xture was then wel |
stirred for 1 10 hours, and applied to 7628 style E-glass fabric (supplied
by BG- industries). 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
| aim nate was nade, 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 15 m nutes. A
conpari son of selected properties of Formulations #1 and #2 are listed in
Table |I. 10 TABLE 1 Conpari son of Sel ect &d Properties of Fornul ations #1
and #2 5 10 15 Dkre@hlmdwiiz URaeitie grenb@ntvenfions Rsingdlasd\Mmerosprithdl, Civantigal T- 288

(mn) Z-CTE pre- T&&M}lc%ogﬁop@ lirediGh &FW&QQ% tgla?;f/@\ge;‘agis%@e %@I%Taolbé 'II?ISSE

(C) Deconposition Te tur

(mn) Press Cycl e"ﬁegﬁg%gezw ‘?ne %ﬂheﬁo?'}%\]%séq *Fornul ati on #1 #2
4.64.244440. 0150. o17>im%\95968*%@@6@12%4“'%5@@%%?2@@2\?@/&@96%88 18B
From t hese resll t esinbe foons radicatitiagesospheteHfedlieginediiahiicsuitabie fonase inDk) , and

Z-axi s expansi on p&f&d sieait baedappitdtiohd) Foreinipid mulitelRias Ardsphéragiiddon  of
pol ymeri c m cr ospRRLEShay ciMiRefhe?mbtting resins such as epoxy, phenolic resin,
benzoxazine, polyimide, cyanate ester, bismaleimide triazine, polyester,
polyphenylene ether resins, polystyrene, polyphenylene oxide, polyphenylene
10  sulfide, polysuifone, polyethersulfone, polyetherimide, polyacetal, polycarbonate
and the co-polymers and blends thereof. Typically, the multicellular microspheres
comprise up to about 30% by weight of the multicellular microsphere-filled resin;
In one embodiment, the multicellular microspheres preferably comprise at least
about 20 wt. % of the filled resin, more preferably comprise at least about 10 wt.%
15  of the filled resin, and still more preferably comprise about 5 to about 15 wt% of
the filled resin.

In addition to multicellular microspheres, the resin may additionally
comprise a variety of additives, individually or in the various combinations and
permutations thereof. For example, the resin may optionally comprise an

20  ultraviolet light blocking dye, a pigment (such as TiO,, Fe,O,) or resin to increase
the opacity of the pre-preg, laminate or pnnted circuit board to ultraviolet light.
The resin may also optionally comprise a flame retardant, for example, a halogen
compound such as a brominated epoxy or brominated filler, or a halogen-free
compound such as a phosphorus, nitrogen, or boron containing compound to

25  Increase the fire or flame-resistance. The resin may optionally comprise a
surfactant 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 varnish comprising (1) solvent, (ii) multicellular
microspheres, and (1i) a polymeric resin (typically partially cured) or resin
monomer. The reinforcing material selected generally depends upon the desired



25 Formul ation #3 The varrnsh contained 89 g Shell Chem cal's RSM 3614,

whi ch was m xed with 28 g phenolic novolac resin (Such as Borden SD- 1703),
and 0.1 g 2-nethyl indazole in 24 g acetone, 27 g 1-nmethoxy-2-propanol, and
5 g nmethyl ethyl ketone. The m xture was then well stirred for 4 hours, and
applied to 7628 style E-glass fabric (supplied by BGF industries). The

gl ass fabric was then brought to 11 the partially cured B-staged by
heating at 171 C for one mnute. A four ply lanm nate was nade, 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 Fornul ati on #4 The varni sh cont ai ned
143 g (70% solid) of the varnish in Formlation #3 plus 5 g highly porous
pol ymeric beads such as BJO 0840 and 0.9 g surfactant Chem e BYK 322 in 8.1
g 1- net hoxy- 2- pr opaertiés foifihe finsheduaminatasThebe inchude thickess r dieledtrircotstamur s, and
applied to 7628 @iky|RefficigntasheintddexpandisPETE"GndiheliEnded protdast ri es) . The

glass fabric was aﬁ&l‘i@ﬁlohr Ukbral, the erﬁfoWgthéfértaY m%VB@gw@v &QSQ“BVenheatl ng at
171 C for one mnu STD

copper 1 om coul HALSmitsnad R phBMAGk o Gt %zg?dsbﬁ"’%'&'BEEé"e“b&?ul 4 Foils
Inc. on anot her SpWdielepljic penstast MateiTsSYSh ap Plesironifg geasis sass. h9'ashook at 188 C
and 140 psi for 9@midsrutiess Keviar®aod Npaex® bnthobgisteed tbéangrkogiér t.i es of

golr nrult ag l (F))ns #3t BOgbrit de RBPERE ahd'CIIAPA, ;Ldn -phehgled\E8zobisthiGLdId) @by S ON ?f 4
el ect e roper all on
510 Dk @1 Mz 4P 8le %E?ﬁ%ﬁ&;&&é & 953 Sf%?ﬁ% it #gﬁ‘g‘%r 0 (m n) >
30> 30Z- CTE pre- 1§ ’lg:f*l’:e G- ?SET%

(% 1.61. 5Dec8>9rpo§1‘3tm%ﬁf fté?idéé‘i**'ﬁ@f@# d hﬁj’/e'ﬂfmne W?B@BB@M‘*&WBWWGDWO\/@r ess
Cycle Hold Time tormingie®®ERr ess Cycl e Tenperature (C)1 ggl88 Simlar to

exanple 1, there areTﬂ@wnmmesadmr@@aﬂnwmom&bra@pta}amrowéla&egy@s. th 15
respect to the d@%ﬁé@ BRASSAEn LK pod Bl bt Rib RANRASN A the final

lam nat e. EXAIvpl'examp prepreg sheets are sandwuched between two sheets of copper and

15  laminated under heat and pressure (e.g., about 188 °C and 200-600 psi (about
13.75 - 40 Bar). Copper lines providing electrical pathways can be etched on to
the resulting laminate. These can be used as a single substrate or pressed with
other sheets of laminate, copper, and prepreg to produce a multi-layer laminate or
printed circuit board.

20 The resulting laminate preferably has a relatively low dielectric constant.
That 1s, the laminate preferably has a dielectric constant of less than 4.2 at 50%
resin content. In some embodiments, the dielectric constant is preferably less
than 3.9 at 50% resin content, more preferably less than 3.5 at 50% resin content,
and may be no greater than 3.0 at 50% resin content.

25 Pre-pregs, laminates and printed circuit boards incorporating multicellular
microspheres may be prepared in accordance with the present invention with only
minimal adaptation to existing equipment and methods. For example, prepreg is
most often produced on treaters. The main components of a treater include
feeder rollers, a resin impregnation tank, a treater oven, and receiver rollers. The

30 reinforcing fabric (E-glass, for example) is usually rolled into a large spool. The
spool is then put on the feeder roilers 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 1t is sufficiently cured so that the web is not wet



The varni sh contained 53 g of a 50% 50% m xture by wei ght of

1- met hoxy2-propanol to N, N-dinethylfornmam de and, 4 4 g di cyandi am de,

whi ch was m xed with 19S g of Shell Chemical's CS 350 Resmand 1.2 g
2-nmethyl im dazole. The m xture 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 mnutes. A four ply |lam 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 m nutes. 13 Fornul ati on #6 The varni sh cont ai ned
150 g (62% solid) of the varnish in Formulgtion #5 plus 7 g highly porous
pol ynmeric beads such as BJO 0840 and 0.3 g surfactant Chem e BYK 322 in 20
g 1- met hoxy- 2- pr op@abl . Th¥lgurerprodess: Bowersr tshwieppge shorkeficomplgtian sodhat1 hour s,

and applied to 7aR8tigayt@ndca assr irehndntindts sppddecdhbyeBenirsidttet ri es). The
glass fabric was ptdpedy PHiPHE ek ramvmraah%lcwar@aa GHePmat@Oethitheh@at i ng at

£78C Lor v andes Bl e & Lot iy Lalb g S goce, (1 5z

Foils Inc. on’anot her §|'?f@”atf)§"eﬁ?r8§§] ??ﬁmfjﬁ@ed‘f‘t@mee@e?fr’?ﬁ'”&%ﬁ%P Pn a book at
188 C and 10 140 eprancedeledicarpmpertes suph adafriatively lpwalieleaticcopstantpypdgier t i es of
Formul ati ons #5 aadg Igwbloappiauiticetiularablymetid beadd,Adprlavdd therGanjrapertasrsuct

Sel ected Propertisghighl: de0drmBusiibh Ritfbefhtura Ha1éHr- Zed 4Hd 13deQid _I&Ftl@wétv&éﬂ” #6#515
ce @1 wea. 54 sdgalh oD (i 6 1 W (e BT e T -

30T- 288 (nin) 1626‘ rposition TGA

(C) 307331FI arfftabilP 1 grRAe% %’é"é"ﬁ?}&i B‘er%‘?Rﬁegﬁ"}‘?éaT'ﬁ?tﬁ)pWderbéé@s wered
Tenperature (C)1 a@gbaﬂe irraved machieabdity; v density odngi poersssathilitwithgpoly nimert he

di el ectric const aghptétidks to the @48ling bqBiBent/hgpthods 60ITRNEY aMiTadt@BPRY at ure were
realized with th aﬁ&@!géﬂ !h@%nmfceﬁnaﬁ'f&&bﬂneﬁé ks 4edoh t%ré’@%{ ihGerlibit I OSpher es.

14 EXAMPLE 4 For n‘gﬁg/gre?ervo C?ZalyTo Fat{t nFI a{sf%?rl?cr}%%ben%g VQIhqbrea% tf %ﬁ))I(C% ;‘_:ra% from

Georgi a-Pacific 9511,
and 15 g Shel'P Ct‘i‘é?ﬁ‘i‘f&PprE’ﬁ ﬁteyﬁﬂé@ Vaﬂ'?fé"anPWé" 'é‘sﬂJﬁ%’ntO\Béqquc%WFrred for
4 hours, and applnuigeltutar peig@erit helads &l rasge i Bk friom 2 Siepip radedndtpe BAK Dk
i ndustri es) . The ogthapeeptarfvis funasr. t hen brought to the partially cured
B-staged by heating aﬁhelﬂéﬂs @;of‘ %pr@%n@@%rﬁteﬂﬁill Eed?éd%@tvﬁﬁ thepadtjﬂb'ﬁ ofpI y

| am nat e was nade oﬁl zeé r{ﬁe on one

side and 1 oz, D3P'Cd Brh'é O%BOIV'Berqueﬁg > PC St apﬁ%@?%s W'H%'FFA%"G r8§} B'r essing the
10 prepreg arf C(S'B?Jé’PdY A Nig isRsyRNtagecYB R a@p%qunfzg@eﬁswelgrms 2f6ctAi BUANAS. The
di el ectric const anporabld cdissigiepeledtonict acd largeatze riel cisgauig bdarg bagkdlafes)08

respectively under 39%igiggnforcadntoenised WieH o pdssne afBactibe commgonestb of ont ai ned

143 g of the var |§th b|FbuE%£FH$ afHeQQsd‘ﬂgB éé?eg]éﬁd%n%ﬁatg'hmé(ed&fr?:élouﬁ()g?'syng:"dc

beads SUCh as BJ ermal e;;]am rT|‘I ces a%lea Va as d]_.asﬁ eneI&

applied to 7628 st i SR TR PSS M AVHPPELY . The

gl ass fabric2as df'm%aflﬁ’r‘ghﬁHE'“tf"bC'ECH@b??é‘F PeNMgo RAF@NBOKY H§&UPSBy heating at
171 C for two andnigro$phefesm nutes. A four ply lamnate was nmade, with size 1
0oz. STD copper from Guving desdribed the tnveftibnGngenstll s Gbjkcte and BSYEngeper 20

Goul'd Foils Inc. @me%ﬂ@ﬁt%%raréhgr%spQéfﬂoQﬁFﬁ?s'terQd%Dﬁueﬁél%&fn@%xéfﬂﬂe&%@er in a

book at 188 C and ectrl const.ant ,and

di ssi pation fact @?%'C@arpmma% and aénoém ﬁ%rﬁofé%fﬁer'é’gh ee alm\'/)els aswt(q og"i% resin
content. For Rl atcPegitions aﬂ‘égeté"sdﬁ'ﬁ’l“@%é@ eAnelrysdity F’&dué’d'ﬁ%tt‘%lﬁt”"%‘%m&orrpar ed to
Formul ati on #7; otherwi se, the two fornmulations are sim|lar

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 ethy! 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-



15 EXAMPLE 5 Formul ati on #9 The varni sh RD2000 hal ogen-free benzoxazi ne
package from Vantico was applied to 7628 style E-glass fabric (supplied by
BGF industries). The glass fabric 5 was then brought to the partially cured
B-staged by heating at 171 C for two and a half mnutes. A four piy

lam 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 204 C and 140 psi for 120 m nutes. The
dielectric constant at 1 MHz is 5.1 under 31 %resin content. 10

Formul ati on #10 The varni sh contai ned 250g of the varnish in Formul ati on #9
plus 13 g highly porous polyneric beads such as BJO 0840. The m xture was
then well stirred for 1 hours, and appliedoto 7628 style E-glass fabric
(supplied by BGF industri esg, The gl ass fabric was then brought to the
partially cured mlassiabag (syp “fﬂb}ﬁgﬁgi"ﬁjﬁs%{?s)'ﬁ‘f atesp (bric Was Rp PRUBEE thRi nut es.
A four ply | am naedialeererBtelaged thestingat 17 HC foFo apd phelf minutas &dwr dy Foi | s

I nc. on one side lamidaté wag mad&TwithaixeelrozCoTb dogdper frén 5aald Foils la@hlvae sidede, by
pressing the prepngyg o2sh1CRBRGGolR FiIPAL SN BhotkA4idE: %rwes;iﬂgtﬂa%»ep}égranﬁo

m nutes. The gl el ggé]errlinca NSt afd oAl J14¢;/H§ 19 lrln'i5uté'm er 31 %resin content.
20 Fornul ation #10Phad & c?eSr essed 8i e 8ctfri8 oSt ant as conpared to
Formul ati on #9; otherwi se, the two formulations are sim|ar. EXAMPLE 6
Formul ati on #11 Hesmuwationi#2h RD2000 LD benzoxazi ne package from Vantico was
applied to 25 7628 styHeakrishlcaainédBige7 196 syhp) df @ vByusBEFormdiesdnii @kl . The
glass fabric was ddviiDioutioyhfi BexaRalidiAlelw.d840 ik €3 8aaatrbindifali ng at
171 C for one m 2A fzﬁuupe\( ag pate \A@§ made Wl{h Slﬁet.l ‘ﬁ‘%’ 1STD
copper from Goul ¢ Fordza" PHcS T SIFTSHE 28 HaUn e MBI wesrthe il Stees 08 1 Foi 1 s
Inc. on anot H8r <PHE; aBh2npHL!S; 7848 piyle EndlassrabyicdpuprigsihyBChindustinsk The 204 C
and 140 psi for DRBs fabriewvasthen bra@hFothedagiallomuretiPstagas byaeatinglat t01i€ &irned
240g of the varniwhanda Fr wmbies.i ORuFbhliapinat Wb ade] @i 320060 STDRBPYEIEN i C
beads such as m%oﬂfé&l@%sﬂc%r&nﬁ@fd@%ﬁi@&. DS eBder BYE 3?!% hd) of arfotiter

1- et hoxy- 2- propangl . The mt)éture was .t hen weIL ?(tl réég Ei 5,I’101é§s, and
applied to 7628 St & REHNISES PIERrEdANE SO NP 3RS (halR 149 YO e

gl ass fabric Ras ®REPS-brought to the partially cured B-staged by heating at
171 C for one m nut e.A éommaiisorpdhselecint papetiesas Fomudigtions #harsi #2eard lisver in STD
copper from Goul drabrill s 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 mi nutes. A conparison of selected properties of
Formul ati ons #11 and #12 appear in Table IV. TABLE IV Conpari son of

Sel ected Properties of Formul ations #11 and #12Formul ati on #11Fornul ati on
#1215 Dk @1 MHz4.34.0Resin Content (% 4646Df @1 MHz0. 0040. 006T-260 (m n)>
30> 30T-288 (mn)> 30> 3020 Tg by DSC (C)178187Deconpositi on Tenperature by
TGA (C) 327340FI ammabi | i t yVOVOPress Cycle Hold Tinme (mn)120120Press Cycle
Tenperature (C)204204 25 Fromthese results denonstrabl e advantages in the
dielectric constant (Dk), Tg, deconposition tenperature were realized with
the addition of a small fraction of polyneric m crospheres



17 CLAIM5 1. Afilled prepreg conposition conprising a reinforcing materi al
inpregnated with (i) a polyneric resin, the polyneric resin being at |east
partially cured, and (ii) multicellular polyneric mcrospheres as a filler.
2. The filled prepreg of claim1 wherein the polyneric resin conprises a
surfactant. 3. The filled prepreg of claim1l wherein 95% of the

mul ticellular polyneric m crospheres have a dianeter which is no greater
than 70 microneters. 4. The filled prepreg of claim1l wherein 95% of the
mul ticeNul ar polynmeric m crospheres have a dianeter which is no greater
than 25 mcroneters. 5. The filled prepreg of claim1l wherein the

mul ticellular polyneric m crospheres have a nean di aneter which is no
greater than 10 m croneters. 6. The fi Ileqoprepreg of claim1l wherein the
mul ticellular polyneric mcrospheres have a nean dianeter |ess than 25

m croneters and 95% have a di aneter whi TABLE1Nno greater than 70
mcronmeters. 7. The filt&fbdpicoPsremideied PrédeRied ofihBiatordshe aftkpi cel | ul ar

pol ymeric m crospheres have a nean di aneter |ess than 10 m croneters and
95% have a di anet er-which—ishno greater—than—70—nrcroneters—8 The filled
prepreg of claim1 wherein the nulticellular poFygmefdtonm ck@splhgses have a
liquid density of no nore than 1.4 g/m. 9. The fiFKled prepreig2 of claim$8
wherein 95% of the-multicellular polyneric mcrospheres-have-a-di-aneter
which is no great g5 ghgfu70 mcronmeters. 10. The fjkled prepreg of claims8
wherein 95% of the nulticellular 18 polyneric m crospheres have a

di amet er whi ch i s Resing@ardené(%)t han 25 mcroneters. 24. The fil44ed prepreg of
claim8 wherein t | ticellular polymeric mcro res hav mean

di ameter whi cR |srtﬁ(énér@¥t er than 10 m cronet ers.ﬁ%g.g The fi‘?’?@d prepreg of
claim 8 wherein theaéagndidicel | ul ar pol yneric m crospkeres have g nean

di anmeter less than 25 mcroneters and 95% have a di anmeter which is no
greater than 70 mi tP¥hEt®rs. 13. The filled prepred of claim#8 wherein the

mul ticellular pol y%rgrrégremd:wp,h@r es have a nean diggneter |esg than 10
/0

m croneters and 95% have a di a/rret er which is no greater than 70
m croneters. Z-CTE post-Tg (mm/m°C) 367 278
10 Z-Expansion (%) 4.2 3.0

Tg by DSC (°C) 140 141

Decomposition Temperature by TGA (°C) 328 331

Flammability 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 methyl 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



14. The filled prepreg of claim1 wherein the nulticellular polyneric

m cr ospheres have a liquid density of no nore than 0.6 g/m. 15. The filled
prepreg of claim 14 wherein 95% of the multicellular polyneric mcrospheres
have a diameter which is no greater than 70 mcroneters. 16. The filled
prepreg of claim 14 wherein 95% of the multicellular polynmeric mcrospheres
have a dianmeter which is no greater than 25 mcroneters. 17. The filled
prepreg of claim 14 wherein the nmulticellular polynmeric mcrospheres have a
mean di ameter which is no greater than 10 m croneters. 18. The filled
prepreg of claim 14 wherein the multicellular polyneric mcrospheres have a
mean di anmeter |less than 25 mcronmeters and 95% have a di aneter which is no
greater than 70 mcroneters. 19. The filled prepreg of claim 14 wherein the
mul ticel lular polyneric mcrospheres have mean di aneter |ess than 10

m croneters and 9hdpditalg cared Bastarjed by Wdtia g af 571110 fgorahfriutd. Adour ply

m crometers. 20. ,;r,n.ﬁatfewagﬂgdgrvﬁmrs?zg 1%z, §1 g&Bpleri‘M?ﬁ’b%hIB FBQQné“éhtohE%ém ar
pol ymeric 19 m crqsop

The filled prepréq clséfﬁ‘?pfe(/\ﬁ%ﬁ%lz?{'gF’??eo%"o?heéé'fj? Lﬁyé}ressigp r‘faeorr?preg

m cr ospher es havé‘”ﬁcPFPR?ﬂI"cF bpor 8t 188 "BrandAdQiesi for PO Minulgsout 1.1 g/ m . 22. The
filled prepreg of claiml1 wherein the nulticellular polyneric m crospheres
di spl ay a conpr eserd@atinrangt h bet ween 400 and 4, 000 1 bsli n2 (27.5 Bar and

about 275 Bar) 23. Thedls} rls‘?m%Fhra%BE ?93 {708 n&“cﬂf g@ﬂ&%‘?‘éh@n biksel lular

polyi 1 de, ol yuPAEHE R By Bielren ] étSHlea Bidbrost V1S Siaian
FE‘QWT? -DrOPARRL rTER MIXGeMES thenavel

pol ymer. 24. The GheMmieYH3zopéd Hi-me
mul ti cel | ul ar polsijineg foc1 hows.cep lapplied thz628 styledt-glae febrionkipphed by BGF gr eat er
than 70 m craget efdustriéd). TheWadsifabrie tvab ieRbRBgR to HedafaBdcurbtes slaen0 of t he
mul ticell ul ar po'hxéamg'awqr«afeﬁ Shifitte 116G Ay HhHERS Gs AU find Sd1Pogll eat er

than 25 m cromet Rer from Goul L‘ons IrPc:r glpgnegsé)e and 1 oznb copper gomd‘:

mul ticellular pol
Inc. on another side, by pressing the prepreg and copper in a book at 188 °C and
140 psi for 90 minutes.
15 A comparison of selected properties of Formulations #3 and #4 appear in
Table |l.



m crospheres have a nean dianeter which is no greater than 10 m croneters.
27. The filled prepreg of claim 23 wherein the nulticellular polyneric

m crospheres have a nean dianmeter |less than 25 mcronmeters and 95% have a
di anmeter which is no greater than 70 mcronmeters. 28. The filled prepreg of
claim 23 wherein the nulticellular polyneric mcrospheres have a nean

di aneter less than 10 mcroneters and 95% have a dianeter which is no
greater than 70 mcroneters. 29. The filled prepreg of claim 23 wherein 95%
of the multicellular polyneric mcrospheres have a dianeter which is no
greater than 70 mcroneters and the pre-preg conprises a flane retardant
conposi tion. 20 30. The filled prepreg of claim 23 wherein the pre-preg
conprises a flame retardant conposition. 3 The filled prepreg of claim1l
wherein the pre-preg conprises a flanme retardant conposition 32. The filled
prepreg of claim31 wherein the flanme reT@BM@mt conposition conprises a

hal ogenat ed conpound 33.. The fil | re I aim31 erein the flane
retardant conposition c&PPPPL 058%P§?ﬁe'9faf>%8 QS/m%?t'OB?%WJ{ dod filler.

34. The filled prepreg*of—d?mﬁ%ﬂfmhererrrﬂ—he—ﬂ—arre—reta—rda—m—commsmlon
conprises a phosphorus, nitrogen, or boron contFarmulﬁtgm@ﬁerrpm:mdatno’ﬁBM The

filled prepreg of glaiml wherein the pre- ri ses _an epoxy resin
cont ai ni ng about la(/ 0% by wei ght brom ne he fil I ed epreg of
claim1 wherein the @re eg conpri ses aUVbIockl dye. efiIIed

prepreg of clai m IReshecdaidnt {%)e pre-preg conprises puzgrrents 3&2 The filled
prepreg of claim1l wherein the pre-preg conprises a flow nodifier. 39. The
filled preprec of @i rN”'iZ wherein the said cured PAYneric rési' is a cured
resin selected fro,mzé roup consisting of epoxy,>P@enoI ic, g@zoxam ne,
pol yi m de, cyanate est er bi smal ei m de triazine, polyester,

pol yphenyl ene et he- Crégraﬂ'@ (mbm°qhe fill ed prepreg4of claim 3928\/\/nere| n the
mul ticel lular poly. C ros es conprise a vi polyacr ate,

pol yani de, pol yi m%grré Bgﬁmﬁr@fnﬁ'ﬂ% pol yester, pol %4 her, cr eé%‘%

phenol i c pol ymer. z-Explnsion (%)

10 Decomposition Temperature by TGA (°C) 331 331
Flammability VO VO
Press Cycle Hold Time (min) 90 90
Press Cycle Temperature (°C) 188 188

Similar to example 1, there are obvious advantages for using this technique with
15  respect to the dielectric constant (Dk), and Z-axis expansion of the final laminate.

EXAMPLE 3

Formulation #5
The varnish contained 53 g of a 50%-50% mixture by weight of 1-methoxy-
2-propanol to N, N-dimethylformamide and, 4 4 g dicyandiamide, which was
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 oz. 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.



41. The filled prepreg of claim40 wherein 95% of the nulticellular

pol yneric m crospheres have a dianmeter which is no greater than 70

m cronmeters. 42. The filled prepreg of claim40 wherein 95% of the

mul ticellular polyneric mcrospheres have a dianeter which is no greater
than 25 mcroneters. 43. The filled prepreg of claim40 wherein the

mul ticellular polyneric m crospheres have a nean di aneter which is no
greater than 10 mcroneters. 44. The filled prepreg of claim40 wherein the
mul ticellular polyneric mcrospheres have a nean dianeter |ess than 25

m croneters and 95% have a di aneter which is no greater than 70

m cronmeters. 45. The filled prepreg of claim40 wherein the nulticellular

pol ymeric m crospheres have a nean di anet | ess than 10 microneters and
95% have a dianeter which is no greater than 70 mcroneters. 46. The filled
prepreg of clai mEnuistond®n reinforcing material is selected fromthe group

consi sting of el ectr orieGarmhadRta@e@ IS0 g G268 dofid) R thaViahishPaP&murich ATFE. 47,

Fom t he_gr bup cohs’d '9%’89 53;3‘% AL Boddk <DUEHSH M0 aRB R 0 g diMaBBE 0 OF e
bnd PTRE. 298, P T HEa BUS arAIBPRg e Epsr ey B TS W?%ﬁﬁ“sﬁiwd%‘ el | BFTS
sel ect ed fronPt hdorgrhoyps. atshanried tag6af step Ectiass fbris (ypeligd by BSEIndu§tiask 2,

aram d, paper andhPgleEs fabBe wds themblacghd to toé pattisiylosted &-sagedivp heating@gt t he
conposi te of cl aim i ff twodand® hat middes. Bourd.lariftate Qs mdde, with,siz89,0240, 41,

46, 47, or 48. 5 i I 0 1Si 20 i claim
1, 2, 3, 8, 9, 2%%:0259@3'%9’2%&%%"%5#; &g‘g"e %éﬁnﬂ&d%ﬂf@%&?b&l?&% 22
51. A process for'¢ ABapTRGSIE& PIesnI L s RreRradanst @hPYd 8 8Rpudi'B nand he
process conpriPsi Ag0 psidorf8IMigieshg steps in the specified order: (i)

i mpregnating a rei nf ok conmgpriset & selatted\propertiesvaf Fninsiigtiond#5 arat #6 appearomt ai ni ng
a solvent, multicgblewiar polymeric mcrospheres as a filler, and a nononer
or a polymeric resin which is 5 at least partially cured, (ii) evaporating
solvent fromthe inpregnated reinforcing material, and (iii) optionally
heating the inpregnated material to at |east partially cure the nononmer or
further cure the polyneric resin to forifBLpHe-preg. 52. The process of

cl ai m 51 wherein the potomparisen sfcicnted Pmperties sf Foraulafiasttannd #63. The
process of claimb51 wherein 95% of the multicellular polynmeric mcrospheres
have a di anet er whi-eh--is—noe-greater—than—f0-m-ecrometers-—54—The—process of
claim 51 wherein 95% of the nulticellular polymhGafBnC FSPRQLERH #Bave a

di aneter which is no greater than 25 mcroneters. #5. The process of claim
51 wherein the nmulficelTular polyneric m crospheres have a nean di aneter
which is no dPeat & @fMHa0 nmicrometers. 56. The frbcess of &4im 51
wherein the nulti c@s|n%@,qenﬁyn}o)yrreri c mcrospheres hgve a nean g aneter |ess
than 25 micronmeters and 95% have a diameter which is no greater than 70

m croneters. 57. TH&@ pMitzess of claim51 wherein @¥¥ nulti cdl01@l ar

pol ynmeric m crosp have a nean di ameter |ess than 10 mcr ters and
95% have a di anet Qﬁﬁﬁ(,mgﬂ is no greater than 70 n‘i@?orret er s.>g§‘.3 The
process of claim5l2sgei®gin the nulticellular polymeric mcrospheres have a
i quid densi tz% of no nore than 1.4 g/m .

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.



59. The process of claim51 wherein the nmulticellular polyneric

m crospheres have a liquid density of no nore than 0.6 glnm. 60. The
process of claimb51 wherein the nmulticellular polynmeric mcrospheres have a
liquid density of about 0.1 g/m 23 61. The process of claimb51 wherein
the nulticellular polynmeric mcrospheres have a liquid density of about 0.1
to about 1.1 g/m . 62. The process of claim51 wherein the nulticellular

pol ymeric m crospheres display a conpressive strength between 400 and 4, 000
I bslinz (27.5 Bar and about 275 Bar) 63. The process of claim51 wherein
the nulticellular polynmeric m crospheres conprise a vinyl, polyacrylate,

pol yam de, polyi m de, polyurethane, polyester, polyether, cresolic, or
phenolic polynmer. 64. The process of clainy5l wherein the varnish contains
a polynmeric resin selected fromthe group consisting of epoxy, phenolic,
benzoxazi ne, polyimde, cyanate ester) bismaleimde triazine, polyester,
and pol yphenyl ene ether resins. 65. Thexpmeceas of claim 51 wherein the
varni sh contains a nononer or a m xture of nononers which, upon

pol ymeri zati on, fF‘BFg&]I&oR%y”e“ c resin selected fromthe group consisting

of epoxy, phenollc i mde, cyanate ester, bisnaleimde
triazine, polyester, afd® bslh 'Pfé'ﬁ% ?e‘%’eg banRerazing §pm SeomiaBesii, (Th el i c,
benzoxazi ne, pol i met etftyylmfmeaa Sexs\amtico BCN A6 lebmd tfeg ShéllcCHentdsal Pminyest er
and pol ypheny5end 16t Tee mage Aas theARA! é’tf?r:eé}\forA’tE?’le»u»/ésu§%L a‘b&md%'%@?& ABEAR A

.Au. A A Ar . Aff "
! u. 2 XX\ *; ! nhB}:Qsa%bﬂl\fp s@pplle@bg@@&yc’\ % 9“”?3 then br]ou%r]tca] chal cal ¢
D

a] ca] ca] ca] ca] Ca Ca Car% rt oandahafmmutes
\ ** 44522 @DsJuJK' a%n@@ywnh size 1 oz. copper from Gould Foils Inc. on

YYYZ) ZZZA] K[ N { vqngwe@@h] e PSa]copijec &oald [Foitd loajoo ahatagroside: by rasirgy thé a] ca] ca]
ca] c”a] ca] ca]@a] paprglana @it Alatitbk al m]°c@h@aao:§é. P 8 minutes, PradigdyakabbbTe”
cacdcsc#f & 57 di bdstdnt #id<disipmuél %LQPMM é:r?]d,%‘;ai Oladoﬁ?gsgf %@Lﬁqﬂrca] c”a] ca]

cal] c”a] ca] ca] ca] g@(;, (FQJm Co%le%?] cal ca caJca] ca
i kskkLn_nnnqgqqqgss

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 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
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% & ()-2Zf10% & %' ()-F!'0 10% 2t 2& () - F! D*O 109%& ()-FdP$ 5 6 7 8
z[PE:!'I! 10t 10t 10t "The varnish R 2000 halogen-free benzoxazine package from Vantico was

applied to 7628 style E-glass fabric (supplied by BGF industries). The glass fabric
5  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
Gouid 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 5.1 under 31% resin content.

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 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. 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 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 minutes.
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10%] z] & ()-3(!1\0Y 10%\ p\ & ()-3(! X0Y 10% | & ()-3(! SfOY 10%g] g] & ()-3(! NOY
10%b& ()-3(! NOY 10%b\ b\ & ()-3(4444455a78uS1! DO& 10%"& ()-& D*&
10%m&' ()-& kOf3 10%EE& ()-nf3 1098& ()-nmsl0% & ()- 10z]z] 10z] z]
10z] z] 8d9C: ; "=">?WU3uS1! I " & 10%/V& () - & N@& 1094 " (" & ()-& 1 0&
10%##& () -& DO& 10% " & ()-& 1 k0O& 10%##& () - & DO& 10%
& () - &????? CEBBAISNURBAGIIZMWE' () - ! SOGLOY%R' () -! N*GLO%.L&' () -
10% L&' () -nt 10% & () The @vivsiLéviYained 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 4.0
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 (ii) multicellular polymeric microspheres as a filler.

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

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

6. The filled prepreg of claim 1 wherein the muiticellular 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 multicellular 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 multicellular

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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16.  The filled prepreg of claim 14 wherein 95% of the multicellular
polymeric microspheres have a diameter which 1s no greater than 25
micrometers.

17.  The filled prepreg of claim 14 wherein the muiticellular polymeric
microspheres have a mean diameter which is no greater than 10 micrometers.

18.  The filled prepreg of claim 14 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.

19.  The filled prepreg of claim 14 wherein the muliticellular polymeric
microspheres have a mean diameter less than 10 micrometers and 95% have a

diameter which is no greater than 70 micrometers.

20. The filled prepreg of cltaim 1 wherein the multicellular polymeric
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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.  The filled prepreg of claim 1 wherein the multicellular polymeric
microspheres comprise a vinyl, polyacrylate, polyamide, polyimide, polyursthane,
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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30. The filled prepreg of claim 23 wherein the pre-preg comprises a

flame retardant composition.

31.  The filled prepreg of claim 1 wherein the pre-preg comprises a flame

retardant composition

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 claim 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. Thefilled 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 the said cured polymeric resin
is a cured resin selected from the group consisting of epoxy, phenolic,
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 multicellular
polymeric microspheres have a diameter which is no greater than 70
micrometers.

42.  The filled prepreg of claim 40 wherein 95% of the multicellular
polymeric microspheres have a diameter which is no greater than 25
micrometers.

43. The filled prepreg of claim 40 wherein the multicellular 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 multicellular polymeric
microspheres have a mean diameter less than 10 micrometers and 95% have a
diameter which is no greater than 70 micrometers.

46. The filled prepreg of claim 40 wherein reinforcing material is
selected from the group consisting of electronics grade glass, quartz, aramid,
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 filled prepreg of claim 1 wherein reinforcing 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 claim 1, 2,
3, 8,9, 22,62, 23, 24, 64, 31, 32, 39, 40, 41, 46, 47, or 48.

50. A printed circuit board comprising a composite of claim 1, 2, 3, 8, 9,
22,62, 23, 24, 64, 31, 32, 39, 40, 41, 46, 47, or 48



( 109 ()-9 f &LOY%& ()- f
Yz109%&' ()-f f

109%&' ()- f10%& ()-101010f ff 210%& ()-: ff , YI0%& ()-m ff

S) Y10%&' ()-Kc|[:vU4 f f\

109& () -:

fX

22

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 varish, the varnish containing a solvent, multicellular
polymeric microspheres as a filler, and a monomer or a polymeric resin which is
at least partially cured, (ii) evaporating solvent from the impregnated reinforcing
material, and (i) 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 multicellular 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 1s 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/mi
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62. The process of claim 51 wherein the multicellular polymeric
microspheres display a compressive strength between 400 and 4,000 Ibs/in® (27.5

Bar and about 275 Bar)

63. The process of claim 51 wherein the multicellular polymeric

microspheres comprise a vinyl, polyacrylate, polyamide,
polyester, polyether, cresolic, or phenolic polymer.

polyimide, polyurethane,

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, b

enzoxazine, polyimide,

cyanate ester, bismaleimide triazine, polyester, and polyphenylene ether resins.

5  epoxy, phenolic, benzoxazine, polyimide, cyanate ester,
polyester, and polyphenylene ether resins.

bismaleimide triazine,



