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boar ds anth9gror e partl cuI arI y, to | am nates contai ning woven fabrics of

gl ass fibers having a coating which is cogEati ble with lam nate matrix
resins 5 and fabmnataﬂégpm)@a%qmgsugia&@dtﬁ) PnPatantAeplications Sesaldier ound of

| ayer I of —tobr+ B Bolfidel el Bhlingd Mot o IRNBEpp At 8S B eb R ere. o o
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integrity of the electronic circuits nounted thereon. Distortion or warpage
of the boApplichiiontBeralf Neor 084034 A7filetl Marshnd) 19963:5.#1& Gaterit Anmtcdtion
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rel i abil iy aﬂﬁ’erﬂ%l&é%ﬂggwéﬁowgwﬁ%fdhﬁgﬁﬁlé%f ahd Prédidie i ding e

| am nate can al so f éct esli on el ectronic circults to the board.

Def ec28 i et Bamedwehiotl istahcomimiationeingyer appbd:atm e bl mdplicatimnt s or fuzz,
can adver el_g/ af fect surface snoot hness gnﬂ nP i bit adheS| on between t he
k f%% oén at

circuits Ne. PHA34a683 filad Mareh 8, gavApRligatiog Rl Meen gl ass
fiber filaments phe We&(l’@%?% fifi&d 2@nq§%ﬂ%@dﬁ% %Bgr %R{jb%ﬂgmam ed by

t he reed or—wen speed alr je t he speed

of noder anduqtelndm@m? thecsaaeésuhlbhés atcrcaﬂwhuvanbngmpbyt application of ance to
fi ber breakage provid the strand coat i ng becones nore inportant. The

coating ol-$hRrplication SQE%NQI AY0RA 9 TchedMard Jutdgs angfUhFadentr d. 25
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-3 30 August 2002 conposition is typically renoved fromthe woven cloth
prior to |amnation by thermally deconposing the corrporwk@ gf !zﬂﬁgm zing .
(heat treatnment or de oiling) or by washing with water. nal heat
cl eani ng process involves heating the cloth at 380C for 60-80 hours. The
cleaned cloth is then 5 re-coated with a silane coupling agent to inprove
adhesi on between the glass fiber and the matrix resin. The strength of the
glass fibers, and nore particularly the flexural strength of the | am nate,
can be greatly reduced by these thermal ofj ber coating renpoval processes.
Heat cleaning of high silica content glass fibers, 10 such as D- gl ass,
S-glass and Qglass, is particularly undesirable because of strength | oss
and di scol orati on. Many coati ng FQPeStHd Iventioh 0l ass fibers which require
heat or water cleaning prior to'use as a reirnforcenent in a conposite or

| ani nat e are di Sdliseentiontreates gendeaiiyrieseinferced iaminates foi elactnonic

9- 208, 268 di scloses,a 15 cloth havin arn formed fromgl ass fjbers coated
rmed at ol SEHR BRSIS ARFNGIORE PANGUAT {3 1AanaieR Srteind ufavesabioaet -
20. 0 wei gh R5S} o I‘Lg%?-' ' ' : j silica,
cal ci um caplg%‘ra?;t e, Elfgcwrz‘igan 'b g@ﬂb@g&@kﬁ%@g@g@g@%ﬁ%%%@ ?ej%dp?ed
prior té fandefbcititated veedving 08ing. mbdérn &ajetribome. 5, 286, 562 di scl oses a
textile strand for screen 20 products which is weavable on air jet | oons
having a coating of at |east 45 weight percent wax, lubricants, polyvinyl

pyrrolidone and organo sil an | SER{Y . Patent No. 5,038, 555
di scl oses tw sted bundl es of e_ngCcaah?o?J?igimb Luﬁvaeyut' products which are

coated with an FHeeRysicChRMtGards amd 'tyztﬂcéllyffbﬂﬁé@iﬂ@m Ravindedmyepory film
former, emulsifier, lubricant, organo 25 functional netallic coupling
agent, pol yabhiy composedi afdainforesing/hergl sueh anglasstiibers Tahiohopraviseat

cl eani gl ass fibe l.ot.h, Japanesg, Patent. l.icat.jon No. 8-119, 682

i se odds SRnsiane sty 85 BORE ayRablain BB neBuh s (e eardnicer
-soluble e it G5 i for varphQe 6f ' b hi -4
30 August S04 EReshiBBInOREITIDRIR O oratphe bf e BpBIPaLER WHLRE |\,
5, 236, 777 datd ofstermet brpandion opbodrtcorgpghasts cdused Hyotempematureci ng a
resin by coating the glass yarns with a pri marg/ siaéi ng having at | east one

wat er - sol uslr@dienthAYrnRg AghacRian and yee éaﬁﬁdd_ﬁf pelpdReTisNof Ry of an
a2 0! 0 ek f USROG g o o

et hyl ene oxi ane coupli'ng "agen | ubri cant,

vat er wEshi ng t HEny ahitiothReseatite durfacenafithe lahinate can)also ziffagt to | ess than
0.25 weight percent LElI and treating with a secondary_ sizing agent.
Japanese Padhasiappf theaelestronis. cipis tothe Bpratd. oBefeats utheswpyen clatbt - f r ee

gl ass fi ber i udi ng .a I r [Qr a
ol ase 11 berietRbbaroh ShER -2 Ake! chugRe G S ARESOTTMRY sodber o
al cohol . U.gmobWineal dNy inhitiBadistlonl beBlasietheacifits rarrPIRRAknkh&teS | BGan
conposition for glass fibers containing an epoxy filmformer, non-ionic

| ubri cant, @iajatdoom, furr isqiadyced whne daspfiberfilagents inttheabundiesiaseich as
acel! © I8 Loyt iaiii wiiP R RCEE! B7tnoRBLd SAWhER h wdi Beiomm oy

the high speed air jet. As the speed of modern air jet looms increases, the
strand integrity and resistance to fiber breakage provided by the strand
coating becomes more important.

The coating on the glass fibers also influences the quality of the board.

25 Starch, which is a component of many sizing compositions for glass fibers

used in weaving operations, can adversely affect adhesion between the glass
fibers and the laminate matrix material, i.e., the starch is generally not
compatible with the laminate resin matrix material. To avoid incompatibility

between the glass fibers and matrix materials, the crating or sizing



si zing agent including as essential conponents polyvinyl pyrrolidone, a
wat er sol ubl e epoxy resin anm ne addition product and azgia tQo2l i ng
agent which do not requite heat renoval fromfinished ggaégﬁg?urﬁf 20
Japanese Patent Application No. 7-102,483 discloses a warp secondary sizing
agent for glass fiber for weaving glass cloth that does not require heat
oil renoval. The warp secondary sizing agent is conposed mainly of

pol yvi nyl pyrrolidone and contains an additive such as high nol ecul ar

wei ght pol yet hyl ene oxi de. A water-sol uble epoxy resin can be 25 incl uded
as a binding conponent. There is a negd for glass fibers which are
conpatible with a variety of polyneric matrix materials, which prevent
formation of fuzz and fiber breakage during weaving to inprove adhesion
bet ween digpbSbAX & MBSy removed frémiBe NS clR@DBri6t fkahiiatiemBywhi ch are
conpatible Wwth nodern ai'r jet weaving equi pment to increase productivity.
Sunmary thermatly bdecentpasindthéneormpprentsaif thasizing theat treateent ondes a

ol yralTak BY wasdiag iR vl QuiorySPNRoR heaiier EuaRecasor 1o o
compri STiAfoRe¥HeatinAME AbMGIHARPE ot BBLSO Rbutsaiie BRieAl disthGa3heH W Lh 2
coati ng rchis coffpatible with the polyneric matrix materital, the yarn

havi ng arel@s@teanwitiy i dilape doupihg agenoto Mpmivelddhesiin betwasrutheOglassei ght
percent and an Air Jet Transport Drag Force of greater than about 100, 000
gr am f orfieerpand heamatexsesin. yarn using a needle air jet nozzle unit having

oxi t 't ube. havi g Srargen tos 9385 dBels AT PRl HEWBRRL"0r Sout
274 met eét?er(g?\ﬁ%ﬂthé@@nﬁﬁét@%ar?@é gk Ay Fedutddasy tiesetheRhasssre of about 310

kil oPascafs {about 45 pounds per ‘square inch) gauge, wherein the |am nate
has a f|eoatirg reshoesigtrocessasheHéal ¢ledningcefihigh sflicatententrglasyfidatser t han

bout 3 0" kil t b 42.7 .kpsi). Anoth t
R T R AR S e e M R Y
support ,Sﬁgﬁgggﬁg%gghg gigga?g%joﬂg: (a) a polyneric matrix material; 20 and

(b) a woven or cenent ric conprising a yarn conprising glass fibers
at | east part Mdrdyceatirigdompbsitians fartglags fibeshwhichagenpaeihsaé onvtdtet he

| [ tri terial, th ti . i Si 1 . ter; d (2
B | oast GRBIEPYRILio Uek ab AR TIOBATAE (6 ALATRORE OF IRl Syt
l'id |y v Y1 I t ; h
Repect | o KB RTbR art B RSk RlerR AHIPATOrPR®, G106 208 st h t roni o

suppast , clofie hagifigpdr fopmeH iffdni gladsafibers polatadimmediitelyaftetspinsihg and (b)
a woven reinforcenent fabric conprisi ra%ma &arn conprising glass fibers at
| east pawmithagtaichcoma synihatie rasinrnd AP0 26:0jweigbhpataent of inarganive -6 30

August 20 ol ric tri A al . i iS4 1)

ol yest ePor BMERE sfefRsiacliolBl ke bl SaRbhat IR ALRIET Ur (e
present Hudrividtet 8edNingli€ fdduiridCphdr toUfotmbatien df adaminateng: (a) a laninate
for an el ectronic support conprising: (I) a 5 woven fabric conprising a

yarn conpri si A4SgPatent Noeb 2861902 Jiselosra A ieytile steand for screen

20 products which is weavable on air jet looms having a coating of at least 45
weight percent wax, lubricants, polyvinyl pyrrolidone and organo silane
coupling agents. U.S. Patent No. 5,038,555 discloses twisted bundies of
glass fibers for screen products which are coated with an aqueous chemical
treating composition having an epoxy film former, emulsifier, lubricant, organo

25 functional metallic coupling agent, polyvinyl pyrrolidone, polyethylene and
water.

To avoid heat cleaning glass fiber cloth, Japanese Patent Application

No. 8-119,682 discloses a primary sizing agent for glass fibers containing a
water -soluble epoxy resin and having a pH of 5.5 t0 7.5, ./h' n facilitates



on ignition ranging fromabout 0.01 to about 0.6 weight percent and an Air
Jet Transport Drag Forcg of greater than about 100,0003@@{_@&&2@@& gram
mass of yarn using a needle air jet nozzle unit having airjet
chanmber having a dianeter of 2 mllineters and a nozzle exit tube having a
10 length of 20 centinmeters at a yarn feed rate of about 274 nmeters (about
300 yards) per mnute and an air pressure of about 310 kil oPascal s (about
45 pounds per square inch) gauge, wherein the |lam nate has a fl exural
strength in the fill direction of the_ffpric greater than about 3 x 107

kil ograns per square neter (about 42.7 kpsi); and (ii) a layer of a
polynmeric matrix material 15 applied over at |east a portion of the fabric;
and (b) a ¢ cal Ly i - it i | sel ected
port  ons- 47eer b6t £ S¥isEAUR 4L, SRR R, Fet R TP 2 b esent

i nvent i on distlegeshmethicods far prodaving diass dictiofor iesnfopcinga resih dyidattiagf or an
el ectroni c support conprising: (i) a woven 20 fabric conprising a yarn
conpri si nghgo yarpewittha prisaaty $iainginaving estaasd operwatercesubledil@onpri si ng

1 ol ter: and,(2 t . lea one pol yner,.selected fromt ro
Consi bt1 naStaing dint seledbd HERE the BiaiBs SRS HRITE St RIS M LeBrfy
starches: i RWe) rhGi i [P ¥ Hed over at
| east ?p(;ré%‘ﬁb%hoéfth?ﬁ}e]é%/%{lﬁél)fg?@gﬁ?*& rgﬁldefmﬁe]?:teﬁgghéf%%?ggkpve | ayer
posi t i onedittheadl &; silane @osipling tagénpand ilobdcarit, saitecwadhsiglhe yHrns e

boar 0 com§FIUFHEE AEPURIARTIRATY SRS 40 KT Eiaroh 25 Uelgh e eam e . (i)
a first C%%\?’Z’E’ts‘ﬁ‘f"}‘ DR 's?z'nﬂ,giﬁgéﬂf.wp EPLEN A PIRIbRN O .2 Yarn

conpri sing ers, yar ving a loss on 1gnition ranging from

about 0. 02680034 dBclegisshind@f2for twighdrele Glads\ibieg lyarmataiedingaandiater-Ai r Jet
Transport Drag Force of greater than about 100, 000 gram force per gram nmass
of yart usioligpla uiethaine epmppund @ngioTa Water-salibleyerexy Rreduetimadified by

chanber hayj s i anet er, of i Ll and a nozzle exit tube having a
| engt h of %&goéﬁﬁ 'Pgr"glt%ta %éyg}(#{(cfggéﬁégte of 5 about 274 neters (about
300 yards) per Uigpifentfloal 383,301 b Ph rabiputompatikid gFascal s (about
45 pounds per square inch) gauge, wherein the |lam nate has a fl exural

strengt h igonpesifibn Fordjlaes fibers containing abreroxyr fm-farmeramoabionic 3 x 10

kil ograns per. square neter . (ahout 42.7 kpsi): and (2) a.layer of a..

ol yorer o IHGticaE BafenEavbrasiit Siprs cqurifd aaefSnd Bhatis Hehabadttis i o
and (i{8 14 @esgqd conposite |ayer different fromthe first conposite

| ayer; and ( an electrically conductive |ayer positioned adjacent to

sel ect ed porti ahspafeseelatinedpplidagomNot Be3R5/8950adisclo¥et aaglacbhdibeaspect of
the present, invention is an electronic circuit board conprjsing: (a) a

| ani nat e fYEINGRA8N dRGIBAING asuppepntial GREIACNSIYE POIYWIY! pyriqlidenec 8 Wrisi-t e

| FEITS _ . al L -|
ibers. ar TUGRBEnoH el AT, o88(of EBREL BhaS SiokE oty ageibyi?e
and (B) atdd eastequire ROAYiERiows Iferh Gdishednyihbe csthup consi sting of vinyl

pyrrol i done pol yners, vi néln al cohol polynmers and starches; and (2) a | ayer
of a p8Pyneric JapanssenBatant Hrnlisptive Noved 081483diselogesa Wash of the 20

fabric: e ! Ny ¢ .
conposi t o Teguidard sRAEEPOLRORRArer o B vl Bliss 48 b8 dobinte

adj acent t edifleatdRbIPMHOWRS THe wWatEséeshadrfaszing dgemtligdbRArdcdedAnot her
aspect of the present invention is a copper-clad reinforced lam nate for an

el ect r oni cmaupof polyvirey | Ipynoticobe @paiprdndaing: arf afiddiveciuareas ighs mat ri x
e e At B S SR A S TR fosf B, 21,
25 included as a binding component.
There is a need for glass fibers which are compatible with a variety of
polymeric matrix materials, which prevent formation of fuzz and fiber

breakage during weaving to improve adhesion between the laminate and



conprising glass fibers at least partially coated with a coating which is
conpatible with the polynmeric matrix material, whereingg ﬁgd@# oohe has a
_g_ 30 August 2002 coefTicient of thermal expansion i - ection of

| ess than about 4.5 percent at a tenperature of 288C. Yet another aspect of
the present invention is a nethod for assenbling a fabric by interweaving a
first yarn with a second yarn to forma fabric, 5 wherein the inprovenent
conprises: the first yarn conprising glass fibers at |east partially coated
with a coating which is conpatible with-a polyneric matrix material) the
coating conprising: ( 1) polyester; and (2) at |east one polyner selected
fromthe group consisting of vinyl pyrrolidone polyners vinyl alcohol

orcvont | SR uand SHals SaFPaORLAAN madertal it AR GRBRR R | ¢ anc

a pol yner iiaciegisel progattifyal by at least partially coating the woven fabric
with the polyneric matrix material to forma coated fabric and appl yi ng
heat to the coated fabric, the woven fabric conprising a yarn conprising

gl ass fibers, wherein the inpgovenent ises: the glass 15 fibers being
at |east partially coated wi tMM@EMconpati ble with the

pol ynmerd ¢ matri (A ; LRg i@al Qi A ging from
about 05. Ol to a ggt‘:aé s‘g)e E?%ﬁh&[@e\égpg%ﬁgﬁg l%ﬁ r%ﬁfor?ggl rééléstgg?{g% ag Force
of gr eat erelebroniguppoit) hedRPnipatcodmpdsinger(a) agiolymesicohatriximatesiang a
needl e ai rﬁ’]@t nozzl e unjt havi ngz an internal air jet chanber having a

di amet er {b)xa woven reinfereemiant {abic SPEMPERING 3 YBEN HAPRISING 9188t h of 20

centineter f . ; ards) per
m nute an a%tsaaﬁrlé%grtg?ﬁ& %ﬁtggﬁkﬁg%ggﬁﬁgmg%#gggﬁée @%g)ﬁgeunds per
squar e i nobglygrigematixnafesiall anenaire hatingng Iess dreignitidn Farg@RgFem n the fill
direction of the fabric greater than about 3 x 10' kil ograns per square

met er {GboRtout).01kpebput 0% weighiperegniand an AimietgirasspertiDragrfidres is a

t hod f i | am fabri d I j tri
mator i al 15" Geatddoin s 3B Mo gt foiE R e ass ok YAt Hen pol yner i ¢
matrix matgssdle éipjfeg Ao Lﬁ%ﬁﬁn@wihférﬁaﬁaamI&hﬁfbé?ﬁféviw?itdg@?g@t ed

fabric, the woven ric conprisihg a yarn conprising glass wherein
t he i npr oveh®milliowtprs amd ativezzig axit tube3Baving eslengt0af 29 cehtinmtersketiang at

| east partially coated wth a coatin ich is conpatible with a polyneric
matrix nat ¥@iaeedirate 96%1‘?9%9270%%?@?@@&”( J‘ioé YBU&Q@?E@'PU&?]@“@?P %E | east

one pokyne r i Syl i r. i

pol ymer 3. SrERSUREESbonCatg kforasisle G T Melrts tordduEIhEN SR ¢ e
Dr awi ngs TwheteindboidginteThas \a fl@aurakdtreragthtifiehd Ol Hivaenion detid fapsic
description of the preferred embodi ments, will be better understood when

read in co@feater them ahaut 3 ndOapiesrasts BeasAvR e Mmeter(peodt 42i7gsi). 10 Fig. 1
iS a cross-secti Vi ew of rejnf A nat e. rain he_ present
5 3T o5S 2ot Rl d BoPhy T eAEAL PR 4 Bt R R B S Pt
I nvent i on; efdcronc $$pporb ehé RaRiHaE cbwsmg:a(a)%apa?n{drh%aﬁw magerag;cor di ng
to the Br esent invention; 15 Fig. 4 is a cross-sectional view of an
el ect r 8Hi casddpbawenaroieinfatrarnentiabpe soamnrising 8 yer conmrisingglassa
cr oss- sect fROAl aiogdt Slrufly BbEL YoodRYUAER s Boribtiole with the

polymeric matrix material, the coating comprising (1) polyester; and (2) at

least one polymer selected from the group consisting of vinyl pyrrolidone

polymers, vinyl alcohol polymers and starches.

25 Another aspect of the present invention is a reinforced laminate for an
electronic support, the laminate comprising: (a) a polymeric matrix material;
and (b) a woven reinforcement fabric comprising a yarn comprising glass

fibers at least partially coated with a coating which is compatible with the



el ectroni c support according to the present invention; Fig. 6 is a
schematic diagramof a gethod for assenbling a fabric ﬁlﬂi!égs{%%’ ng a

| am nate according to the present invention; and Fig. ar genment
of a portion of Fig. 6. Detailed Description of the Invention The | am nates
of the present invention are reinforced wth woven fabric 25 conpri sing
coated glass fiber strands which can provide the amnate with | ow
coefficient of thermal expansion, good flexural strength, thermnal
stability, hydrolytic stability, |ow cogr-osion and reactivity in the
presence of high humdity, reactive acids and al kalies. The coated gl ass

fi ber strands are -10 30 August 2002 conpatible with a variety of

pol yner i ¢ polmedc Medthikirdaterialithé towtingedariprising (theolyester andigpyingr wat er
cleaning of the glass fiber fabric prior to Iam nation. Another significant
advant age pyfralidene gudwudeyl ass fi ber strands of the present invention is
good processabiJ ity i,n weaving d knitting, particularly in 5 air jet
weavi ng. As use%eth%?%tﬁﬁf as%q:qq quﬂe\wﬁ?ﬂ m%ﬁﬂgﬂg 'Saang%c%‘?n'FQHPﬁ" weavi ng
(shown indd W RRYY T i ic kSni otn%’f 0 e warp
shed by adljdlaggtcgmﬂr&%r g@séeﬁfdﬁlt%rf%'?né'?)r?ié%{téar‘r%rbgpgiaﬁq{ et h%gﬁz'l g}sQ The air
jet dr&y twevespfatiricf comprigidg scysmmecorinerioin)y glasa fivees uhe yafrn benipgtd loiski ty of
the strand with the air [et propulsion process. Hi gher air jet drag force
val ues 10 IM@NEiATTangiRg FIRE SaRHt Sk BrRpaldl § welsheRisen shdiampiidet

br eakage i r 1-cal i it et
pr opul si oﬁﬂ%@@?ﬁ@bgﬁ%&ﬁaﬁ ggegﬁg\?ﬁ%ﬁo S@f@ﬂ%@@h?@’ﬁeﬁ%‘%ﬁrﬁﬁ‘ package
ringers) |rasdebParh G4iRge Aeediewisjdtaitdzicc0nit GRYINY aM iftetedlididiey and | ow
insertion time are other desirable characteristics which can be provi ded by
t he coat ecchEgnkgrahaving lsediantatanat2 enillimetess @adra npazlemxittiubedaving @i t at e

i d kni i nd i | id f i i th h
e o) SR A BBl ¥ Bl e SR aBplParh st AR BBRt e
now to t h%/d?&%é’rsmir}(]m%a?ig”?ﬁ bl rRLEBfabPabbdi S RilbPLEcAS ?Q%ﬁtstéf)o

t hr oughout”, Fig. 1 sho amnate 10 according to the present
i nvent i on.pdUnals| @eri squtare i0chyaygudes eghergiothyeraninatmhas xa tiexwrai strergth

Fabri o 14, e Wisbiecton.tdhe 13 aretar HFEAGOUL Kol CIORTETS R or weavi ng
(i ccussea TIRR AT adoured TREED, AN 15y e Or A BRVISORRERR etetEll TP ' 1,

conpr i Hes appliedrovarat asttegdoftiopesf ther fabds; 46d ¢byan ietestdcally teaductiose gl ass
fiber 18. Preferably the strand 16 conprises a plurality of glass fibers
18. As usdayeepesitionedadianemt te selasied pedirnoatseleciaseidpa@fieiual fibers.
The term Ifahﬁﬁéte means an individual filanent. -11 30 Aus-~ust 2002 The
gl ass fibers ¢an be forned fromany type of fiberizable glass

conmposi ti on knopRoftertdipeet 6KiHe Bidsiemt ifveraion)is iancéledirbid diaset bu=egar ed
fromfiberizabl e gl ass conpositions such as "E-glass", "A-glass",

"C- gl ass", compgsiags (a) adrglinate for ap-gjeeisenic sUpPt=eEMPHAIMIE-(§laaweven
derivatives, As used.5 herein) "E-qglass. derivatiyves", nean | ass, ...
conmoctd | oGS IR Aot hanmPTalnE es Tb¥ R Ah BRe: SRaADy iRSwina

pr ef er abl ycadtthd éé&ﬂbhsmgfqﬁﬁow&/téﬁ 2RI @) =t st Iy é&?me?rs_%ue&éd froaf

herein, m nor means | es an ‘about 1 weight percent fluorine and |l ess than
about 5 wethghgropercmsisting ofivinBgnataelidore: polyereas, viopl altbhel golgmerseaadpl es
of other glass fibers useful in the 10 present invention. Preferre | ass
£ ber o or S5t Aol BIgrersa! ® PORIER S RN VAET LePP R RVELABETk T ons
and net hod i : I : ; o those

ki 11ed 1 nPPR e hETaBhe e 0T Bl b SRS e pafRdd o oe

necessaby adjaceattwfelebedpetions ofisetéciedrsided of thddiahinatd, i nformation is
needed, such glass conpositions and fiberization

Still another aspect of the invention is an electronic circuit board
comprising: (a) a laminate for an electronic support comprising: (i) a first
composite layer comprising: (1) a woven fabric comprising a yarn comprising

glass fibers, the yarn having a loss on ignition ranging from about 0.01 to



15 met hods are disclosed in K Loewenstein, The Manufacturing Technol ogy of
G ass Fibres, (3d Ed. 1993) at pages 30-44, 47-60, 115 st o26- 135,

U S. Patents 4,542,106 and 5,789, 329, and | PC- EG 140 %_l_l catton for

Fi ni shed Fabric Wwven from'E dass for Printed Boards" at page 1, a
publication of The Institute for Interconnecting and Packagi ng El ectronic
20 Circuits (June 1997), which are hereby incorporated by reference. The

gl ass fibers can have a nom nal filanent diameter ranging fromabout 5.0 to
about 35.0 mcroneters (corresponding te a filanment designation of D

t hrough U and above), and preferably have a nom nal filanment dianeter
ranging fromabout 9.0 to about 30.0 mcroneters. The nunber of fibers per

200"t o abto 60D WeiahERERRL P gh A Trendrleg FRcq Srdtemeriily '
di amet er s, atediet 1WBSOAD gradTorcd pet §ramimasy 6f yAAskapwad bir fit nd2sies ig

and 27, which are hereby incorporated bx reference. 30 Audust 2002
I n addi ti odnit baghgsn inténeas airtjebclhambedhavipgr diamatar 062 eritimeters laed

[ fib 20 .f df t h j i.zab t I - pad
i or | a1 s, @ B0Re R iRhegiaxad A ghgTh et A R EpbAPRIds Ra e Sha el <.

i . . P2l _ s
Cerm s T TEo AT Bt @bOuF RE0GRIFaN ATRLS ARG ER) el ettt iy "

gener al | y 3thkiloRascalé (dlbowts pbuhds pessqaar inchygauge Suhérebi thenon- gl ass
inorganic fihers include ceramc fi ber sﬁljaor me rom sfjél i.con car bide,

d f .
carbon) gr'@pHnate hag,p flexural stianatnin &g flbdugelion o the fabric greaterthan

terials. 0w I . .
Gor ved nafiaiy? KiTe 8o RERTRE Sobars Med|eoatAT™ RIP SRR Ier oy

ram e, hena poyirdric AdriveMteriglhppideovdmatagst  pbrion dfitabystaid BAg i or ned
from pol yam des (such as nylon and aram ds), thernoplastic polyesters (such

as pol ¥8t hgisegend epaynsitel layer difiereal fjomtthe drd cosrpgsitenayert end (Blkcaryl i cs
(such as p crylonitril.es ol yol efins,. po ret hanes and vinyl polyners
(such as 1%%@'[%}%’89[“% ‘fﬁliﬁy)e? H%ﬂlod]egs dj?%{hﬁ Sﬁqu?%g?@&%fo&Slf’ useful "in
the presengeleBRINdiHOS offck @-ﬁﬁl@(ﬁl@ for preparing and processing such fibers
are discussed at length in the Encycl opedia of Polymer Science and

Technol ogy, Vol Ye6atads)aspecpaftie poesentlinvention is as ehestednjc cirdtr por at ed by
reference. It js understood that blends or co %grrers of anéhéf ébhe above

mat eri al s BRATOSPBRHSINGaH{R)AJaBtNatefor anele ffctelela¥aclsrial Se
teri ; ecent, i ; i3 Y t
vent 1on i CCRBSRRE ok RBHERER (1) PGNP RRr e g R el £ e

X ass fi ber

strands, akbimprigingagiass fibktedt igast partilly coatddiwithdecsdtidedhpdisitgie st rand
16 can additionally include one or nore of the non-glass fibers 25
di scussed &bbRelyesier.cand (B) atlemshonepolpaenselesed fpanartae gseurepasistiOnt , t he

conposi 1 o8t ¥NTPEISREhS Podlifer S SRS PourRe odd sRupRef SN RBRS 16 1o
protect theayidrfs golhese rhaen mbté@@@pﬁei% oner arleaesaiptgticner thehi bi t

breakage of the fibers 18. Preferably -1 '
0 fabric; and (ii) a second composite layer different from the first composite

layer; and (b) an electrically conductive layer positioned adjacent to selected
portions of selected sides of the laminate.
Another aspect of the present invention is a copper-clad reinforced
laminate for an electronic support, the laminate comprising: (a) a polymeric
25 matrix material; and (b) one or more plies of woven reinforcement fabric, each
of the plies comprising between about 30 and about 75 weight percent of yamn
comprising glass fibers at least partially coated with a coating which is

compatible with the polymeric matrix material, wherein the laminate has a



30 August 2002 the coating conposition is applied to the entire outer

surface or periphery of~the each of the fibers) 18 of 561%!%&{9&2?0&6. The

coating conposition can be present upon the fibers as ef erred),
a secondary coating applied over a sizing andlor a tertiary or 5 outer

coating, as desired. As used herein, the terns "size", "sized" or "sizing"
refer to the coating conposition applied to the fibers imedi ately after
formation of the fibers. | n an alternative enbod invent, the ternms "size",

"sized" or "sizing" additionally refer-80o the coating composition (also

known-as a "finishing size") applied to the fibers after a conventi onal

primary coating 10 conposition has been renoved by heat) water or chem cal

t r eat nent ,cqefficienhof therewal ggpansioninitis zidireghpnicd dessothear abait#ss fi bers

i ncorporated in a,fabric forrggr%@é term "secondary coating"” refers to a
ari

0
coati ng co‘?ﬁf&?ﬂt ?Bﬂt%'ﬁ'ﬁﬁirf%tﬂ"%g? ily to one or a plurality of strands
after the sizi nge?&ﬁ%r%s@@d Bf fRPHIeSENt iﬂ()@nf?ér?fseé?ﬁpét}‘noatff)} s&impifd 1 al 1y
dried. 15 The coating conposition conprises one or nore polyneric
mat eri al s, a fatwic b intbaveadagta figt yatrewitialassemondngamuplfasthiacfabriter i al s)
which are conpatible with the polynmeric matrix material, 12 of the | am nate
10, i.e, WRereio i ieptavementcomprses:gthedipbydm eampasingidlagsdibgrs adut  and

wet - t hr ou L eri . : [ . d ovi de
adequat e g’%ﬁ‘g Eéﬁﬁgg%éf%%de%}'eés C%t'ﬁg’ﬂ@ﬁ%&fg {'{Prgé.t't%% @Q‘régﬁwﬁc pol ymeric
nmaterial s i@tk Maleid! thd Yo&Ry corprisingt |(M pbiesephh@q2) at lehst swe f ace of
the fibers 18. 'Fhe polynmeric materials can be water soluble, enulsifiable,
di sper si bl Rolimer selegied fitam the gsoup epesisting ehviodl pynelidanepdpaersg
conposition c ri ses .one or 25 nore polyneric filmformng materials which
are corrpatY'BV‘gg@Pbﬂ' %‘?lymﬁﬁgfﬂ%ga W’%W%‘?‘g?‘?‘%ﬂn such as ace used to
form lgui nates gy aﬁbtﬁa@&ggc&wﬁe BRAEABinvEAtiof I BRhEtHTR fbr fRAYNg Besi ns,

whi ch are pol yfunctional epoxy resins and in one particul ar enbodl nent of
t he i nventiconinate of awovent fabnialara apolyatert madniy mataiiaid)y atidagtgpartiaildes.
See 1 Electronic Mterials 30 Auuust 2002 -14 Haagdbook, ASM | nt er nat i onal

(19§9¥] at $RRUNG Higyween fimﬁi%wit&rl eRANERSI¢ Madrp Araledal iy forarmaepeated. AsI
mans that A Snh AN e REFPR i Codfed Baufic B Wheeh rablfc FBIrprkind®s °1 20 L gn

and wet - ouyaef cornprisibrdidssfiberd, atharpiarthe hprovdrhent samprisss: hieoylase
adequat e ph%si cal properties in the corr&g;i te, are chemcally conpatible
with the tfileersdering iatdeasitnarialinceated widng capling adich sawomaag@l@rvw lysis. The

measure of ,th netration of the. pol rl ' terial _thr t he mat
IS ?gf errewe[ §°&§18rw§k%6\?§ﬁ“g' ﬁkﬁeey %ﬁ@ngﬁéﬁig%%&é@fﬁqvagﬁ% he

pol ymeri c gBbUi 8.0TRbMEGUt 0. 6MAIGht pERell 58 ahi AR Uelhsportlfraor &ice
essentially conplete encapsulation of the entire surface of each gl ass

fiber by thtgmstenthancabeutriC0,080gramifoice pesf ganemass efsyarpessingud” . Usef ul

| ic filmfaorm terjials.incl t | astj [, i.c materi al
Do TeL € bRl S g Gk B S pb S IRE b SR ey M AT oe
(e.g. abi pRadiRiIPALLAELARS Hbzﬂé‘lﬁﬁtmﬁe RAV ¥R g,ﬁg;tﬁ!b(ffioaéerﬂtﬁnéké%hﬂé :

t her nopl asti ¢ pol yuret hanes, acrylic polyners m xtures thereof which
are conpat yatrefedd tate of abouab2@4 tmetpretatraut 308t yards) pePmiride rand an air

th | asti I i ncl SMOPHEN 2000 d DESMOPHEN 2001 KS) both
of wh oh aPESTIEON Sb2u 310 KPFBseaI (B eSS BPUBRS Pe SOHBIICT PEAHES! vani o)
and RD- 847 i i i | @l i :0m Bor den

Chem cal s ?P B%\%ﬁ%ﬁgtéaﬁ@d‘&@lﬂ@l&g@m @e@lei mn‘c@ﬁ%é’ﬁ%%é&%%\fD

product s wgreateatiearsaboet 8ixad O Ykigamalpee stiuare Gmter @bovt l4ls7 Kpsili cal s,

I nc. Useful thernoplastic polyurethanes include WTCOBOND W 290H which is
comer €Pal | y avaﬁncabeéasmmhqnythecpreﬁ@nﬁl@\eﬂnt@@rffé.a arethed ferdorming @ noi s and

RUCOTHANE ] | th 1 at ich.j i.all [ f
Ruco Pol yri? TBsts T GWereR G BhE kalBRut MR AtEREr hE stleBaniiymer i o
material s igyatiHgehé NIVERSRbYIC It e/ B6iyMesic rBRPKYMERErRI i@ Fsrm Hiddste®st er s,
phenol i cs, am nopl asts, thernosetting pol yuret hanes and m xtures thereof

whi ch are dabfiaandiapplying heat he the seatedfabraitthewengnefabiic catoprising &

t hernosetting polyesters, ca 30 Auqust, 2002 -15 include. STYP ol yesters
whi ch are. SGRVEREIIE ARSI RS WPEH A BT L ST ISH YRS Por
Washi ngton, Wsconsin and NEOXIt _ pol yesters which are comrercially

avai l able from DSM B. V. of Cono, Italy.



Useful epoxy materials contain at | east one epoxy or oxirane group in 5 the
nol ecul e, such as pol yglycidyl ethers of polyhydric alsgolghssPs062i 0! S-
Exanpl es of suitable ep6xy polyners include EPON 826 epoxy
resins, which are epoxy functional polyglycidyl ethers of bisphenol A
commercially available from Shell Chem cal Conpany of Houston, Texas.
Preferably, however, the coating conposition is essentially free of epoxy
10 materials) i.e., conprises |less than about 5 wei ght percent epoxy
materials and nore preferably |ess thag about 2 weight percent. Preferably,
the coating conposition conprises one or nore polyesters (preferably
DESMOPHEN 2000 and RD-847A) and one or nore additional filmformng

pol ymer s : st L g\ ; I :

ol ymer s (BECy e SOBRS Caifly BaSROUM Lot it (PYORREHERFINZ | g

vi nyl pyr palyrderie npatrix meaterial ¢ielicoatind bemprisgent (1) modydstem andqlyide

pol yvi nyl pyrrolidones such as PVP K-15, PVP K-30, PVP K-60 and PVP K-90,
each of wheast aneepelymassalested fremuthengrosr consistnig ehwRylgarolidenpayne, New

Jersey. f { NGl ed from pot at oes) corn, wheat,
waxy 20 #E@%H\egsag’g&%?%d&qngﬂﬁéarg%%%%Pﬁ#}%’%'ther eof , such as Kol lotex 1250
(a lowsviscosity, | ow anyl ose potato-based starch etherified with ethyl ene
oxide) which is comercially available from AVEBE of the Netherlands. The

anount of additional pol yrBrief Begeriptiontafitheddrs :

percent, and e preferably ranges from apout, 0..1 tp about 5 wej ght
percent. Pref g‘r]fﬂﬁ ﬁ),r esg'wm@é‘ﬂgrﬁf’ WS%B?F? il@ﬁ)vi"gg &@%‘?ﬁﬁ?wﬁ ﬁogbc’fof
starch, i {ge. ' | : WRHERoREWFBRL ch and nore
preferably ?gr f%@e&’o ﬁ'é’??f’ﬁﬁf‘@aﬂf"?ﬁ@?é“g?ten [ nocorrpat ﬂbrleéa\?\nﬁt h the matrix
mat eri al . domjunctont with dahé weppneédcdrawingsb ddithmedtaiogsi am nates for printed
circuif boards,_the polynmeric materials, of H;e cozti ng conposition conprise
a mxtWe 30 Rgghds axyoss-segtional MgV A rEEIQeedaminatepccpupngtao

pol yvi nyl tR¥gfr8%éﬁ99 e MOPHEN 2000 pol yester and VERSAM D pol yam de. The
coating conpasrtron _a't]l conprise a mxture of one or nore thernosetting

pol ymeric naterfigl 2 igfat topQiian Qlew'df & fathey avgdrdiig to thel pregencinv@hgsm;al s. 5
Ceneral ly, the anount of polyneric material can range from about 1 to about
99 wei ght per cehig. 8fis mhperspactivegviewrafssceated fiher strapdacoosdingdoltbei s,
preferably about. 1 tﬁ about 50 wei ght percent and nore preferably about 1
to about ﬁ?ﬁﬁp W’E"eﬁ PRent. In additi on to or in lieu of the polymeric
materi ghs di scusged i8k0YSss sattidithl SRk bmancaaa@@m&ls%peﬁeé&b?@hg t§ONpri ses
one or nore coupling agents such as organo silane coupling agents,

t ransi t i orthegirekenbingkntign,agent s, phosphonat e coupling agents, al um num
coupl i ng agents,. ani.no-contai ni.ng Werner. coupling agents.and n xtures

t hereof . These E@ug:'?r?gc@ééﬁtegh?'g%ivé%i’f’logflaﬁa%jgeraﬁ e GW&di"Bﬁaﬁr)?t?/r.‘ Each
metal or sk : e i SnPéRigy: nore groups which can
react or conggteﬁlgiaﬁl@e w?ﬁérgﬁg%?%éeprésﬁrﬂa%e alnd/ or the conmponents of the
coati ng conposi Figol. isAssctsadaticdiagramidia metimod fovrgsatntblinigze fabriesansd t hat

t he gr%ps are chemcally attracted, but not bonded, to the fiber surface
and/ or 29 hefoEminh Adaminate aoserdiagtq e p&SEHEINVEsHON; 8Rd exanpl e by pol ar,

1EG RS 27 Plk e bR dUE i B B\ ST S L, ©
nonohydr oxy and/or cyclic CZ-C3 residue of a 1,2- or 1,3 glycol, wherein R

is C--C alkyl; Ris Hor C--C4 alkyl; R3 and R4 are independently
selected fromH C--C4 alketalied WESCHPUE A/ANRENLIONCA- C~ al kyl ene.

Bs enptien|of
Groet doy” ot E1BPISESAIRS o Hhe e FyehHRF LA A1l S84 Bpki bl
ur ei do25i NteapERsinyoatdl sy fiberdtiandaivehicRRiZnastovidet the IBRiRReWitR Ry ani no

groups.

coefficient of thermal expansion, good flexural strength, thermal stability,
hydrolytic stability, low corrosion and reactivity in the presence of high

humidity, reactive acids and alkalies. The coated glass fiber strands are



30 August 2002 -17 Functional organo silane coupling agents are preferred

for use in the present ™vention. Exanpl es of useful an&ﬁé'lﬁgpéoﬁgano

silane coupling agents include gamma-ani nopropyltrial gama

i socyanat opropyl tri et hoxysil ane, vinyl-trial koxysil anes,

gl yci doxypropyl trial koxysi |l anes and urei dopropyl tri af koxysiianes. Preferred
functional organo silane coupling agents include A-187 gamma

gl yci doxypropyl tri nmet hoxysi | ane, A—174‘%gnna

met hacryl oxypropyl tri nmet hoxysi | ane, A-"1T00 gamma- .

am nopropyl tri et hoxysil ane silane coupling agents, A-1108 am no silane 10

coupl i ng agent d A-1160 ganmma- uyrei dopropyl tri et hoxysi.l ane ach of which
arepcomqrerg?'ﬁpﬁwé\)ﬁ'iﬂl‘ é‘tﬂaé'gelt\f ghpesime mag'l%f p%%t,engﬁscxv ¢h ‘PQPEGE‘FB%"P New
Yor k). Thegor i i | i RV

ro iy oty R0 198 B SPABL bRBAISS] 1EARLE Br 8RR oL 1 bion,,

about a 1:1 stojpbtiurignificamtadvaritage of tescoatbd glaskifibdristrandbditied yzed
form 15 Suitable transition nmetal coupling agents include titanium. )
zi r coni um Piasent mﬁe@ﬁiendagonﬁmﬁgmblﬁg inyer\dng amd: knittieg: pedisaaritibupl i ng

Kenr1 ohSpetl SEinRiGe” Bt neaiR: 2 uRRSI ndshs rdvBe Ieismerciar 1y
avai | abl e {vealink: (shodtRAMTtig ds) MNaRRIShsheffillWdrAl (Aagns insereint th@‘ﬁaﬂ{]ﬁ no 20

contai ning Werner-type coupling agents are conpl ex conpounds in whic
trival ent sbedbyra biastofcompesssed ainifiom bseqsdndreairdet nodziés.amherajani ¢

oupl i ng. AFSATSS RABRROKJOTIRAISCUERPABIPIPN (72 M aSP<d COmPRIDUY S e o n.
Th t | 4 ; ; ; ; i ght
por cont _of ST RS A toReki? B Do ARicPRESSE CPUOREL b def GeBBe YRuER 107 201

about 1Ot oirriicute tA&t thei \irh apprephatelRetbateritizestwitirogreaRagémna preferred
enbodi ment of the present invention, the coating conposition conprises one
or nore solhefefpiets rase apfogdyramicaly FOPEHGEROAT IRiHEPRHEISIAN.t he out er

surfaces of the f] 18, .. 1L 1t et ween

adj acent gl ass !Lpb};ﬁl?f@,d %ng Ioﬁﬁ%éﬁ%ﬁﬁg%gﬂ%ﬁsf@g@fgp @Zﬁ hgg‘g%éf)m es 24 can
provi de i ntiggetd, 1o lbobBie ARigSd, W etrafErteasivan figiefivbaity ¥ntdowhesé@vienage
particle size 32 of the solld particles 24. As used herein, "solid" neans a
subst ance fihe angoethendesirable gharaeleristics Winiele camixepevidant by le chateds

definite capaci for resi,sting forces i C er o deformi nd under
or di nar@ c@%ﬁstétéﬁé?rﬁé‘péiqih%p it 'F%e'g?%{]%f?&ﬂgﬁéep%aé% %‘%L‘F@"% Third
New | nt er nat,| i Pk G d f ‘,ﬁ(rp.gé' z rd (1971 )
at page 21 g‘b%ﬁ%@%?@%esg%gﬂehere %&cpf e t’gf}?ngs ggpg?%@%nc udes troth
cryst al | i nelefeuds famprintedtaiiclit o amd tapplieattonsl0 The solid particles 24 can
have an average rticle size 32 (e

ui val ent herical, di aneter) ranging
from about 0.01 Ff%e@nr&n@w toriap Faws rWﬁ‘@f@PéﬁPep?‘é‘F‘@F%iﬁl'Q&P?M@oout 1to

about 1000 gm d € r

m cr onet er g@rﬁ%g@géi%hﬁphgggﬂnsl%% gd%‘?‘?ﬂ%aéagﬁ%&?@%g?g%g%se{%e solid
particlas IdvernionesTied Eemigate 8ldomprisdshe palyenade nmatrik matetial dRamet er  of
the glass fibers. The configuration or shape of the solid particles 24 can

be gener al I(fissgsegd tudetad hafowkwhicis reifercesily| @ wevenreiaiaieement spher es) ,
cubic, pl a¥bAL 14. The fabric 14 can be formed by any suitable knitting or weaving
process, but preferably is formed by an air jet weaving process such as is
discussed in detail below. '
25 Referring now to Figs. 2 and 3, the fabric 14 comprises one or more
coated fiber strands 16 comprising at least one glass fiber 18. Preferably the
strand 16 comprises a plurality of glass fibers 18. As used herein, the term
"strand" means one or more individual fibers. The term “fiber” means an

individual filament.



acicul ar (elongated or fibrous), as desired. For nore information on
suitable particle characteristics see H Katz et al. (@hdadqu ok of
Fillers and 20 Plastics™(1987) at pages 9-10, which arE‘hégégggg%%orporated
by reference. The solid particles preferably do not crunble, defcrmor

di ssolve in the coating conposition to a particle size of |less than 5

m cronmeters, and preferably not |l ess than 3 mcroneters, under typical

gl ass fiber processing conditions, such as exposure to tenperatures of up
to about 25 C, and nore 25 preferably-dd to about 400C. G ass fibers are
subj ect to abrasive wear by contact with asperities of adjacent glass
fibers and/or other solid objects or materials which the glass fibers
contact during T giasg fibeds 98senbe fidrmed ¢ess iany)type of fiserineblel gigsor

roving. "Abrasive wear") as used herein, nmeans scraping or cutting off of
bits 30 CRmRAfitigppowndo dhose skifeddn the Bdt inelkdingdhesemrenreaskirom gl ass
fibers by dri.ctional caontact.wth | Gl-€ dges Eenki ties, Qy miterials
whi ch arer{?gbgg%%oﬁaﬁs FBW&&\%& %‘g‘ﬁﬁéé éb&t‘aﬁg 'ggéglgg?i'bgfél.ag ee K. Ludem,
Friction, gféay) hiftadLatr asd 1996)at AROE-dI8s dehvatvds AglaRY

i ncorporated by reference.” Abrasive 5 wear of glass fiber strands causes

st r and Sor dwtaipe “Biglasgderivatoes meamsigassfcuopdsitions svhich pradglde ninsuch as
woven cl oth and conposjtes, ch increas ste ndiﬁguf acturing cost.

whj S
To ni ni m ANepptsgf %@&r@nq/%l)em anﬁsmﬁe%ﬁ FRfHiINeAtra &/Qh| e whi ch

does not Jr R ] S tlm : glnﬁ’%; of the 10
gl ass fi bg?gﬁqveﬁiepﬁgpgﬁ%é‘?'\%gl ues @%rﬁ,ﬁﬁtﬁrﬁgeég?ﬁc es aé{n%&%{ﬁass fibers
can be detweighhperdent flugrice aneriesotizdn hbodh&sseigbapercamnt boromi B2@altsuch as

Vickers or Brinell hardness) but is preferably determ ned according to the
ori gi nal N¥KSMinRiakwess fibers aregxamplesaiQihes dlass fikaratsedulda the ch

i st . ieal : I f gl
i ber o5 Ryanetifv Sl Brdterd BhgE hrs 208 i ML GRS T S5flefe bl y
about 6. Rierletigés (Slich, cdrpediasks ahdehetisds ¥f maringhyiaks FiarkBhtdr ess
(1975) at \lggge F-22, which is hereby incorporated by reference. The Mhs'

har dness tefram araavelbknaivpie theseskifedir thg iyt anthfisthearrdiscugsion 0.5 to
bout 6. T hs' | f .al -limti | f
201t par thEred 1Sgot Bebdmt B feteStatiie/igidahe Ariben AsHORRE of ven i n
Tabte A b i I; } i igi nal
scal o) bor artionta ihferath i nBRHBYpACTBIRYY GobpOBiiond d o 2lioh O

1t al cab®utmétHodsnareadiboloted i K3 Ldelvafistéinddine, Manufactuiing Tesghnologlgrofcat i on,
(1996) at page 27, which is hereby incor;gorat ed by reference, ast

2 R W
(Ed.), Ha iBteschdditst AP93hat PRgSE AOr4ErRE7 G 5122 gndat26;488. F-22. 3
R Lew s, , ' i A | " ] : 93] at
pagee\%:s%, %ﬁ%ﬂ?\é’t{é@gﬁgﬁggﬁz%@g@ gghp eql er'elérgg'2%4shie§\i}db ea\'tjlgg f%ﬁndjenged

Chem cal [FmishediaF abrid WavenHlom1'898iasd fara@enttllBoands!’ @l pagehereby
i ncorporated by reference. Hawl ev' s Condensed Chemical D ctionary. (12th

3] . .
Ed. 1993) Rubligagienmddheinstitute fonkterppnngebnganst Backagipaigelieric = 30
Aus~usby 2087 cuits (June 1997), which are hereby incorporated by reference.

The glass fibers can have a nominal filament diameter ranging from
about 5.0 to about 35.0 micrometers (corresponding to a filament designation
of D through U and above), and preferably have a nominal filament diameter
ranging from about 9.0 to about 30.0 micrometers. The number of fibers per

25 strand can range from about 100 to about 15,000, and is preferably about 200
to about 7000. For further information regarding nominal filament diameters,
and designations of glass fibers, see Loewenstein at pages 25 and 27, which

are hereby incorporated by reference.



-20 kaoliniteabout 2.0-2.5gypsumabout 1.6-2calcite (cal cium carbonate)about

3cal ci um fl uori deabout 4zi nc oxi deabout 4.5al um numabojyg gagggpﬁggéabout

2. 5- 3i ronabout 4-5gol dabout 2.5-3ni ckel about 5pal | adi

4. 8pl ati numabout 4. 3sil verabout 2.5-4 As nentioned above, the Mbhs'

hardness scale relates to the resistance of a material to scratching. The

instant invention, therefore, contenplates particles that have a hardness

at their surface that is different 5 fromthe hardness of the internal

portions of the particle beneath its sd¥f-ace. Mre specifically, the

surface of the particle can be nodified in any manner well known in the

art, including but not limted to coating, (;_gaddi nq? or. encapsul ating the

particle or chdRddsitign é?lﬂf?@srf@qrﬁvsth&ftoﬁg%‘é IbREFYHRAD AP qanturthsf ng

t echni que | f I 5 the 10
Eo}‘rﬂ)gt@'é ﬁtfbr%hfo mrgnnefﬁénh%thg ﬂBQﬁz?HE it Gral 8@ qfaefﬁc thadk

particle Is greater rdness of the glas ers while the
har dness eafatetiglspauth@£nbarg@ddinbhfartic hidtesialss ngtural watdriag drjanibar dness
of the glass fibers. For exanple but not limting the present invention,

i nor gani c PphiNOeLs Biaterials asd spmhinatiansrthiedeofart Hsetrhatginnihertete can be
provided w.th.a,si,)Jica, carbqnate or nangg¢lay coating. In_addition, silane
coupl i fg \z‘i\#&?ﬁﬂ t\i?tweéﬂ&ﬁ "@q%ﬁlml%P?%ﬁm @f’?‘?%@%%ﬂé@"&t page
F-22.7 HapdhfiRkoQd fifRBHE bérdrdmy&f garnat page F-22., 8 Friction. Wear.
Lubrication at page 27.9 Friction War ~ubricaiion at page 27.1 Friction.
Wear. Lubri cat iSuitadktle pageg2gs Idordganict fibmrs_indlede cetarbici fitzars dornagd pame 27. 12

Handbook of. Cheni d_Physi F-22. 13 Handbook of Chenm d
Physi o aSIGAAEAEDISE, SARaRURBRIe: mellim LM UREHI SNPROARIE F- 22, 15
Handbook e&%%@%@@%%% ' ?i%@gﬂe% &t &ﬁta%% Eﬁi@ﬁ%ﬁa@g&%@ stry and

Physi cs at page Handboo mstry an age F-22.18

Handbd@k deriCedmattral fivets Rhsde sotidn eedielldsel daturaOrubibdnsflax 08die, 21 si de
chains can be reacted with the surface of many oxide particles to provide a
"softer” $@MRcEsalandmwaaly Sutabledmparmadedibersingiidahass fermaegfregent

et or eo PobarRes3sBER s Bb) B Abhe i e fidaa® SAV:S M b, om
i nor gani ¢ pERfeRh{RhE taPbKThahE 3 FdIfo @y RiHE fé@éﬁitﬁéialt@)r aknfies ik gpterial s

and netallic materials. Suitable ceram ¢ materials include netal nitrides,
met al oxi ¢edyaargioaitritem)bpdiysiefime; polysrethades anduinyl pobmerss(suoie aal
silicates, nmetal carbopnates and m xtures thereof. 10 A pon-limting of a
sui taglli Mﬁmwiqﬁ??%ﬁi ﬁ%‘ﬁ@ﬁsiﬁbﬁfﬁ Eﬁﬁvef@nb? yse "bﬁ'@f RiESERL i nor gani ¢
materi al f i i I : i #oiddrsigpyention are

f or med. A"?l%%ﬂt I mgﬁ? mégﬁﬁgf?}éb%@“ﬁzﬁdjuh‘%sgmoﬂ de 1 srsza{?%c oxi de.

Sui t abl e rdiscussed dtildagth ircthedenoydlofetia whRtlguef Sdience amdal eshndicayl, f i de,

t ungst en ({i{ﬁuéfigg and zinc sulfijde. Useful tal silicates include 15

al unmi num {9i €4 8e7 hatipAagH SO L ihich i Beranydncarporates; Riaferenceyitt abl e
metallic I j I i ygfdglw 8% I jum

ni ckel , aﬁ%ﬁﬁhﬁ%ﬁg(&)ggé?,greégilsgg}%o&%mﬂ%ﬁ ver aﬁi‘dt h%‘i%dlylré (Lajrg}" E#%rlée%&.’

Pr ef erbl yombieations @dfibers drhtbdofom atesf e aveveamaterizds cdnlbehidedant s.  As
used herein) "solid lubricant” neans that the inorganic solid particles 24
have 20 a tBRdAraseryinyentionryesiredne habit which causes themto shear into

thin, flat plat i il L ver: ad,th oguce an
antifriction | uﬁﬁ? ﬁg%g%a{ @gg@{n ﬁ)gl &i‘g??et ﬂ@ggg%%ggéﬁﬁjgrlﬁ@ﬂmeaécj(gntgﬁooqan _

adj acent sgihs¢lfiBUF §REAdsAIthARTT oRESKINEJWAItRE aHSwould TRidePStanti W4t tRe Lewi s,
Sr., Hawl ey's Condensed Chem cal Dictionary, (12th Ed. 1993) at page 712,
whi ch is Z8rang é6cainnadditionaleihchyder eme oemere)ofthe aonegiass fibers resi st ance
to sl ig' ng,.Qne soni%d over another. F. Causs, Solid Lubricants and

Sel f - LTibr i YEEYIRESBPPYE, (1972) at page 1, which is hereby incorporated by
reference. |n aRBIGHRG @IFRIPOIERAN ol (iR 180bY dnldoRfiheRANhefbbILCI £87 Nave a
| amel | ar structure. Particles having a lanellar or hexagonal crysta

struct ur e thesstrargD1Bwagesto160 Withoz layem2@seida ebating:eompositionappdiedfto at ons i n

hexagonal array, w.th strong bonding wi thin the sheet_and ak van der

Waal s bond‘?ﬁ@ﬁﬁé}%@h OZI?eﬁ‘t‘ ,Cep?g*\'/’ie Ibegs H@\/\’OSWfQEﬁCt ¢ fibigt ﬁ‘\j\%@e‘\/\%ﬁrﬁ sheet s.
Friction. Méats ey I 28 ! j n

Sel f - Lubr i cat .Sh"g'*éﬁf".‘ﬁ3*’2?9%%5%%?’%39%’? ‘1@%3?6 brife @%é,lgg‘oa?sgfefﬁ%b'ygo- 102,
113-120 and 128, and W Canpbell "Solid Lubricants”, Bounday Lubrication;
An Appraisal of Wirld Literature, ASVME Research Conm ttee on Lubrication
(1969) at pages 202-203, which are hereby incorporated by reference.
Inorganic solid particles having a-lanellar fullerene (buckyball) structure
are also useful in the present invention. 10 Non-limting exanples of
suitabl e inorganic solid lubricant particles having a | anellar structure

.




Boron nitride particles having a hexagonal crystal structure are nost
preferred for use in the aqueous sizing conposition. ggr%Lhdgttzd@e, zinc 20
sul fide and nontnorill dnkte particles al so provide go ITeness in
conposites with polynmeric matrix materials such as nylon 6,6. Non-limting
exanpl es of boron nitride particles suitable for use in the present

i nvention are Pol arTherm 100 Series (PT 120, PT 140, PT 160 and PT 180),
300 Series (PT 350) and 600 Series (PT 620, PT 630) PT 640 and 25 PT 670)
boron nitride powder particles which art3eomercially available from
Advanced Ceram cs Corporation of Lakewood, Chio. ~Pol arTherm Thermally
Conductive Fillers for Polyneric Materials", a technical bulletin of
Advanced Chegaatingoempositipons applied dodrl entire euter sogacewipehpherydr eby

i ncorporatgd by .reference. Thes articl have a thermal conductivity of
30 August %&*—"2&&'833?”@0&9&"%&??@”%3%' neter K at 25C, a dielectric
constant of ab : o IShiad ' i

ohm cent i et er?ﬁ%&%&@@%@#@éﬁ%ﬁggﬁkﬁg@@gﬁygeérrlglggﬁggﬁ)?gﬁesasl?gze rangi ng
f r om about (feferreat) patsetdndany coatingy applidte0860a Szingantas aterargoage

particle size ranging fromabout 5 100 tq a%out 150 m cronmeters and the 600
seri es ﬁaso'dtﬁr &9@8&%@%9ﬁ§i"@4’e"\§i ysed BREAheteIMansiae”.181zed" of ‘siairg” t han

b 200 I " h . . : _ .
ar sper st onl i, EERGI g Earififioh 4¥PIRG METPRE FmpOifBl #Brcnos™ " °

m neral oi forgratioh@Thne fibBf& R R lafteleative mbodlrerit, heviirahy "spar cepky: can
be included in the 10 sizing conposition, if desired. A non-limting

exanpl e of ou"gizingtadditiodatypeefer tmthef caaling compaeitight(afser krown-Boron nitri de
particles jn.water.ig ORPAC Nl TRI RELEASECOAT- CONC whi ch is
Pommer ci sl StAS BidshLapplsd BVBeRA T BT 3 RTVNIORAKPRITHRK CORTRhe s ce.

~CRPACH BORGDIn b IRER REbEASTERNa F B Freattulafisty el hghiort! | 15 15
Coat i ngs, Inc.ble)gmkk?ﬁgh I S hereby |enc rp%?téte by ref@rgncrg%trﬁ%@blfegi %)g to the
suppl i er) fihishingrsine which deapplicd 1 bard glashifibers indogiorated indo a dateicage

particle s . _This dispersion has about 1

Lze of less than apout 3 mcroneters [
et cent o [GiynEa? il SHRONGRN FPRUBREISIAR BrF Se0ie PREHES ERGRRIBS! | or

bi nds t he ind £ rt ; j he-di spersion
is appl i ed.e%‘ﬁmé}ﬂﬁd §§g i %@E%E%{DZSE#@E“‘E%*@%?A%L&?@%SQ@E#% e from
ZYP Coat i ngppiiem;Iamjepmly\hﬂ'ﬁb@[zphu&ﬂy@ﬁ@ﬂ,pai nt, BRAZE STOP and WELD

RELEASE products. Wi le not preferred, the coating conposition can contain

hydr at 46l e or hyhesasdingreargpesitios sonprisgs-onaat mege dalmeric Rsterialsyi t i ng

el phsPEbarthemetingd naaring AP RstmpBlastio MAlerE R wigh S 5y o 2 '
nont nmor i | | eBivpatiblea@ith thé 90%1?@& RfatHk (SERSAAR T2 OF theMfartimate RO Q. Nthe

"hydratabl e" neans that the 'solid inorganic lubricant particles react with
mol ecul es epmpanents of ther endtingr carepoaitiondeilitate westaut asid wetitheeuainofor wat er

Feact | on of Bt mAlerR Gt e fider SPeiR AER PEOYe AHeaHAR BNREE: bond 1 s
' . o . _ ey l  Cherrc: e ,
?thﬁpgc?. fg§3§ lg% "tgléée?%@g’-s'éﬁ'o an?f%.slyggrgr oS, %Hem’ st?lgl,ls i@tg?;)ng[ypages

186- 187, wgeabrallyecdntinebys ifivtosipen apptiet o tid sudace of tHenfibes 8. chiwri cal

formul as of drates) the addition of the water, ecul es | s conventionally
i ndi cat ed W%“%’é%f‘@t%ﬂalécﬁaﬂ Qeyaﬁe%wygﬁ-@ﬁwé@'ﬂg&ﬁ, @)ﬁp%ﬁ@dﬁsQ@I}GQZHZO

(kaolinite)y, mgr ates contain coordinated water, which coordinates the
cations in tﬁe ydrated material and cannot be renoved w thout the

breakdown of t héns preférsed enstiatiiment! thecdadtimg cumbpositioh icomprites one@res
interstjces in the structure to add to the electrostatic energy w thout

upset ti4vy tAeRpl¥mescdimdranieg matenalswhichare gorpalible withia o yst al

Chem stry, 4 W I r i ence.

Preferably ,tﬁ%%%(?%eotg{‘? ﬁgﬁﬁ% ﬁ%&r@féﬁ% ?Eegs}ge"%’éléllﬁ atP :?;8/% ?%@ﬂﬁ)%gﬁg rd;ﬁ'g%{ e
circuit boards, for example FR-4 epoxy resins, which are polyfunctional epoxy
resins and in one particular embodiment of the invention is a difunctional

brominated epoxy resins, and polyimides. See 1 Electronic Materials



inorganic solid lubricant particles or abrasive silica particles or calcium
15 carbonate) i.e.) conprises |ess than about 20 wei gfjp ﬂgu‘grﬁoazf

hydrat abl e i norganic |lubricant particles, abrasive siTTca particles or

cal cium carbonate on a total solids basis, nore preferably |ess than about
5 wei ght percent, and nost preferably |ess than 0.001 weight percent. In an
alternative enbodi nent, the solid particles 24 can be fornmed 20 from

organi c polyneric materials sel ected fr?PB m t he group consi sting of
thernosetting materials, thernoplastic terials) starches and m xtures
thereof. Suitable thernosetting materials include thernosetting pol yesters,

vinyl esters HERX terials ernosetting

pol yur et hM é%d?t& ?‘@aﬂgfagétéﬁ%@@ﬁ]@%?zct{%iba ﬁ;’ySw tabl e
25 ther vac%%bbfatgatw ﬂe@éx%nb@clAsdesaa 'h)ételﬁottﬁérﬂﬁrése t‘&ﬂﬁﬁﬁﬁbewm _

pol yesters, polyolefi'ns) polyam des, thernoplastic polyurethanes, acrylic
pol yners #nmtmsemngsnamgnmrlalﬂrméansetubtdhga:nmpcsmm:dobﬁracmatmg are in the
form of m crobeads or holl ow spheres. Et 2002 - 25 In an )
al ternati @errp%?ltm éaﬂ latsowetitough ﬁa@c&wﬁ a%fgfrt pdnakixamatarial upan the | y

d 30 watt
Sgp lrjn(; :a\rlﬁke\’ggrg fbé'?d é 5‘%@‘3%&%. ééé&?égraﬁcéaaagﬁéé e netall ;Sc
i nor gani Coﬁ@hhldallwbém&ﬂbﬁa witls e sesknedeetitng Maert raitend| aengreatiistant S of a

solid material can be determ ned by any rrethod known to one skilled in the
art, suchtadydrelygisariwimessurs af ﬂta@en@@am@fﬂbﬁr@lmen@mmlw 85 (\Mn ch

i h b f. “ f ab
anot her _ aMEFnaL TYBUER p% il i€ Eete o A RERRRINITHE nipReah o) eq 2
are el ect rioGaitityi dTHHe PolytRerds nﬂﬁm? rﬁatahalethe@dgw ol %lé§§ FiBbF Miak¥ tol - €., 10

have an electrical resistivity greater than about 00 m croohmcm such as
f or ex@nplobtaioressentially dempléte erulapsulationi afdhe eplira seifase of eagh ghmst , can

conpri se 0 0.001 to about 99 wei ght rcent of .the cgating conposition
on a tot a?%@@tt]yd@e%y@erlﬁmtgxégagergaé%rp eriqu%%o‘t'!?t 88l wei ght  per cent ,

and nore preferg %’éﬁbl EBWertjc flith fAnfRG WatdRaldGhdiie 'ﬂ?érﬁ?tﬂ:?last@?ol?@ﬁrfcng

COI’TpOSItI on can fturt rrse one " or nore organic I can ch are

cheni cal | yndiefrfads eath bsqnemﬂmlaeiwnbtyeeteratanylaﬂcsyrdess;qm;aﬂeﬁtmve Wi |l e
t he coating conposition can conprise up to about 60 weig %er cent organic
G

| ubri cant Polyrafdgsals.g. @'%%éﬂ'@tﬁﬁ%@@ﬂ%‘clpﬂml@%eﬁﬁ @AYy free of

o gant® | dipiahBeroants Bl PLAbanBRsab e abRBin S BhidesiBEE o gn
percent ofwigicBaiteCcdripatitla Wit a EXEGFRORRHIRY nteOnRtERal Plefdrégant s i ncl ude
cationic, non-ionic or anionic lubricants and m xtures thereof, such as

am ne sal ttbeonoplastip padyastersankipdei BRESMQP HEN 2000 aadiDESMQRHEN; CATI O\I X,

25 which i i I | abl f ,
So oS Ao OB B S GBS SnTmelplyey A Bple e add ot BREEER .0 d and
pol yet hyl qﬂ@nhé’?l@@mﬁngné'ﬁf)’%gl?%g?%wégfe?(i'eﬁﬁ'\Mﬁéﬁ‘bé' anﬁmém%ﬂ? avaiileas EMERY

6717, a partially am dat lene imne comercially avail able from
HenkelZ%rfwmaBomem@hKamm«eéCdldtmbuel ©hio. Ueefalpalyantide incigleTtre coat i ng

iti | si f . ts f f
i spor si ngV ERMERREo el e s REbR I OIETE fram Sepeia) Wtﬁé;E?c"‘

particles.q n i LVl g[\'ﬁ%

surfactants |nc+élg1emgo%§é;f§ ?‘gﬁia%wod C%E)O y%gpém? such as "0 IC 5 T™M
F_108 pol erobwhienasn@h)rﬁémuwéﬁuebwnthMcomahncescwmmr cially

avai | abl e from BASF Corporati on of Parsippany, New Jersey), ethoxylated

al kyl phenghicagey dliineis andERNC QTHANE®A0I | palunetang IpkshwhightiBanol  whi ch

ool yorost e amtedietyfRuine Gy dioa PRRAbe’ CBfh Bk ie, Ne YBIRTVAL 10 of

sorbitol ester SUsIé‘PuMﬁébfﬁleﬁé %lwﬁeﬁé atdtenellshﬁcméel%rn%wws EL- 719,

which is commercially avail abl e from Rhone-Poul enc) and nonyl phenol
sur f act ant polysestars aepoiyQDiaterials, whybestet!s pbemelies, aninopkasts,abl e fr om BASF

of Parsi ppan New.Jer sey) ... Gener al t he ampunt of emul sifyi a ent can
range fr onﬁﬂ\%lﬂ ef"%t)a%'tﬁ héﬁe%"‘&t{%‘ bt rleééﬁem@? & e EB'atpiahQ osition
on a total n or nore
adueous. sof oo o ogeengpal R aEiel TS KRR E‘tﬁ%‘ﬁﬁ?fﬁtﬂé@%ﬁﬁ%

vegetabl e, animal, mneral, synthetic or petroleum waxes. Preferred waxes
are petrol eum waxes such as M CHEMO LUBE 296 mi crocrystalline wax,
POLYMEKON SPP-W 20 m crocrystalline wax and PETROLI TE 75 m crocrystalline
wax which are comercially available from M chel man Inc. of G ncinnati,

Chio and the Petrolite Corporation of Tulsa, Cklahone, respectively.
Generally, the anount of ‘Wax can be about 1 to about 10 wel ght percent of

o, T 1 o o ~r~ o~ o,



30 Aus~ust 2002 -27 Qther additives can be included in the coating

conposi tion, such as silicones, fungicides, bactericijgeAugast 2002 - f oam ng
materials, generally in an anmount of |ess than about wel ght percent.
Organi c and/or inorganic acids or bases in an anount sufficient to provide
t he coating conposition with a pH 5 of about 2 to about 10 can al so be
included. A non-limting exanple of a suitable silicone emulsion is LE-9300
epoxi di zed silicone enul sion which is commercially avail able from CSi
Specialties, Inc. of Danbury, Connectidbt-. An exanple of a suitable
bactericide is Bionet 66 antim crobial conpound, which is comrercially
available fromM & T Chem cals of Rahway, New 10 Jersey. Suitable

ant i - f oanimgjudatSrYROL polyestess shEmateccaramercially avaialde dromEookal | y

i | abl i Speclalties, ., 0f Danb Co ti d MAZU
bF- 136, wit@RPPSTER ANHAIEErS of BAGRNBSHBAN Slissans et NEGE sor sey.
A . . . L
smin: :Jrzna5| o%rg?%%ggﬁr%%.%ﬁ%ﬁ:%gi gg%‘r agi I{/‘%gél oni ?éX; bfgoﬁﬁféflgrl%bl y 15
i ncluded in theUsefal epoxy avgiesialsi contain at e zstamet esoxy ocoxirdnd grou@dhl i t at e

application of a generally uniformcoating upon the strand, generally in an
anount Sof thesuelestle; sugh@sipayolsidyhethses etpelyhydrc atsabhiets pethiciat age” of

about 75 VErEES SufiERld, B8eRE PRE MR RE BER M B2 AR RO BB T 1O
essenti al lgphduyaesiis, WHsH af@bﬁbkﬁk@nqﬁéﬁamvgw@w Bther§ oF RiphahbyAf ree of

glass material's" neans that the coating conpoSition conprises |ess than 20
vol une perasnmentially asvailatde fiom iBhedlr ChemicabCofmpanynof Idbastoncbeyasi t es,

f bl I h bout 5 | t, .and f bl is f f
AR N RN WO B N FORRE RO
gl ass Ger qfhfer B fileX, &%Etllé% geds%lr tR%ELHHoﬁPS'Wéfigﬁf Fereaink %P%Wt?ﬁéé such as

are well known to those the art. ohe enb or weavi ng

fabric foramd muregreferablytied® tiats abbdlte? weadd perdents of the coated fi ber
strands of the gresent i nventi on have applied ., 30 Aus~ust 2002 28 _
thereto a pri nabiefemply, the c@adingpresiiRIECOMPHEE S QRERITNETIE PAlyessiposi t i on

to o g
P EnstcolPHleLpy SRR 2080 s <0 AT v s e e ctugtlfic o

LEASELSP S Sps ! e 30
Bent ALK By e T e i sy oy o REpfilglongs
et hoxylat eblpsieys (irefexgd), NayblajcakEtsapnrES apdmrmiachesy | Riefergtd viny!

I t t whi ch i iall ilaple.f St Co f

Cni cago, | PYTAIC0SRRIVEIGERYSEIH 0 3 Presert MYRAICH Ielde PoMne.  m ne. 1 n
a_pr ef err gl eaRRHEEcH & PYERKL{S, BYPII30 IPTPKIFIPERE PYP KIS0 GaRhest 10

fiber strands of the present invention have applied thereto a primary |ayer
of a dri edwhiah aneeccavhmanciatiy avaialsie Afrang |30 Glusnicatnot\bigynies New Jersey. Ther m

160 boron pityrid owder and/or BORON N| TRl DE RELEASECOAT di sper si on,

RD- 847 pol§ell SarbhRiTeials Hurss Pieeres FP5) Paiaies Seshen

Dol yesper , maiel 45! Kb Crfibitd ARALrEY BRRRFLUGHSS KBl D S0 flllovind. A 187
15 epoxy-functiondl ' organo silane coupling agent. e coatlng conpositions

of the presgigobsity)lewtaneylosepotatophaye) stdradyetanyifisd withéthytatchoxlideuch as
conventional ,mxing well known to those skilled in the art. Preferably, the
conponent sWilidtiscoramereially available fiosy AVEREE @hthe Nethertands: nEhejasiousl

Mnorgan o SoRigThp{RaPRE B AR LS an= RSl 3P (PP BB s e '
pol ymeri c_nwirerpraferablyGanhs fiorh 2ot 11 bt BewerMtpensstts mbfdrasly,
coating. The layer of coating can be applied to the fibers in nmany ways)

for exafpl hegodiing eempogitionds fessentiallysires ohstarehlilasr contains lesaphan cat or,
sprayi ng or t her means. . The coated fibecs e prefe |y dri.ed.at room
torpor at ur 808 ReaigbalBREant SfAieh aRtrne'e MRt aRds e ol S8t uu8h i ot ure
fromthe fokghinédtfpalibleRNias 818 matHk Bsatéfa). curabl e coating conposition

conmponents. The tenperature and tine for drying the glass fibers wll
depend upon sucHhnaaralterhativeprefeeredesrobodiongat fr lanlinatesi for phiatedositduitg

iti 30 Al t 02 . .
compositl O%)oa%)smﬁg %%Eysmeric matgﬁgfs ofztge coating composition comprise a mixture



-29 of the coating conposition and type of glass fiber. The coating
conposition is typically present as a dried sizing reg@gg!%mm fibers in
an anmount between about 0.1 percent and about 25 percen y wer ght after
drying. The loss on ignition of the fibers is generally |ess than about 0.6
wei ght percent, 5 preferably |less than about 0.5 wei ght percent) and nore
preferably ranges from about 0.01 to about 0.45 weight percent. The |oss on
ignition of a sanple of coated fiber can be determ ned by heating the fiber
for 20 mnutes in a nmuffle furnace at'?ﬁrerrper ature of 1200C. A secondary

| ayer of a secondary coating conposition can be applied 10 over the |ayer
of coati ngfm%ositi on di scussed above in an anount effective to _coat or

i mpr egnat & féAirAdyester rensPVEIGS0 pelyvisybpgrelidaneilissMPRENst r and i n

a bath co%ﬁo' % [ { g iy . t he strand
or by contact m@qﬁ%g??ﬁ&a WB’a%élg%rgﬁé;a?h?%ggﬁggg%ﬁéécg%h%gggré_ The
coated st rafthriz@na RAXIAS DEBNEIUr ISR Aefin®sERINGEIBIYMeeXORgferRfRlitR HnddS
conposition fromthe strand andlor dried as discussed above for a tine
suf fi ci entortaorgttheeraeplagtic piodymeriecimaterialsur e t he secondary coating
conposition. The nethod, and apparatuys far applying the secondar ating
conposition to ‘H?eefép%ﬁﬂﬁ q@?ﬁﬁf‘éﬁ?ﬁﬂ@&”?ﬁn%&f%\ Bgntrﬂﬁg%gmaﬁ?‘éttf of the
strand matgygiuplgg Jé]ghﬁbé:%@ﬁ_t bty SoAtimPeomBbstenalr 8toftRbIigabAags, of the
secondary coating 20 conposition in a nmanner well known in the art.

Sui t abl e geetanably abouhtli togboatii@sweighh peosant iamdl maee pnefecablymabeut 1 tarf or mi ng
materi al s, Iu?r'hcantﬁ and ot her additives such as are discussed above. The
secondary 2AJVe'eNLPeiceNtnt from the sizing conposition, ite., it (1)

t
component o of e SBrERRTRY ¢k blymplf PRl Gscherdlapoihe e *°

conpongnt doating cdMBOYitioMpfdTetdblfcbimprieds oheasn mbee abupiitg agehtesueAme
conponent contained in the sizing conposition. Non-limting exanples of
sui t abl e fAsceigdapsilapataonpliog agests, tansitionemetn! f9URPENg BIEMRNe are

whi char e HReBgNRie RuiE ed]. Suiipuh s thinbEent SR tetite cou
embodi MENtWRESE sHuplng @idehts BhE TRRturkd URstebONThesE c@hﬁﬁﬁgfdg@ﬁgss of the

fiber strand can having applied thereto a 5 primary |ayer of dried

resi due oftypicabntheve doabfurctionalify c drgshisinetalor silicansatenmbas @ftgobed toit whi ch
can inglude any of the sizipg conponents in the amunts dji scussed above.
i GS Y mape BTG5 Al buAIb Ba% Gh comhatBaENIR Hie ADRCETEARR of n ai
pages 237-@,%?1, : NRSH , 678,
each of whic 052%@28%3@30%@??? gt n@;i}Bﬁﬁogr(enéeAs%% S%rgﬁﬂﬁlﬁ}/&%f

princi pal ‘lcaygratibilize” aramsctaay theogitdupg arerghesnitalhnaticaxted] gt fad t he present
invention is applied to at |east a Eortion, and prfeferably over the entire

out er sur fRRRAeGfo thexliber siufgee and/or theeorwepgsals 9f twaea L onposi ti on can

conprise o ; | i L a | @r those
wni oh ar e SamBpsiet ok ¥RaRelk bE Pt RRHACLr Solf e 155 AR5 51
Tabl e 20| nlygralyizabBayrictipblseiudal Ther mal conductivity (Wm K at

300K) El ectrical Resistance (mcro _ohmcentigeters)Mhs' hardness (original
scal e) boron nitrideabout £001. 1 xO10about ngr on phosphi deabout 350- about
9. 5al um num phosphi deabout] 130-} all unmi num nilt ri deabout 200gr eat er than
10about 9gal | i um rOR?,i denorE, -NLAE-RfalOiNLCIRSS pOLe@bo®®, 4A8- - si | i con

car bi deabout 2704 x 10 to 1 x 10~ greater than 9silicon nitrideabout 3010

to 10 o5 a ' ' t ~ 240 9 ¥ metallic
Cryst a?g wms%:ﬁ‘ﬁ?'gﬁ&#ﬁgy#iﬁ&@o%gﬁ%ﬁ 36&@@@%?133 ébﬁ?msségﬂ&dg’ Hﬁg%) Vol .
34, p. 322RICGIC, alkyieREliy H orcO-0qraaityddRDand R tamninelep2fdantiyéeleeted Ed. ),
Carbide, N tride and Boride Materials nt hesi s and Processing, f(1997) at

page 654. FonEH; EniCoralkyleerCe-Caldylcand & iatCpayalkylene. Exagipieso

"Nonnet al | LG, MW 1 LY J Chem Solids
(1973) Vol %ﬁg%%%%ﬂ@éw“%}?{%%@zﬂgbg@/roﬁﬁgg%‘gg?%te%’%yg}@%oﬁ‘ghce. 23 R,
Lewi s, Sr. mevigabtey cyardrdlign ity Gretha, Halelisoonato( drsilio Fmidd£iid)l,at page
164, which is herebSa inco?porated by reference. 24 G Sl ack, "hbnﬁ%tallic
Cryst aB8 wvinyl.lcgylatm enethaciydatou atiing oy polyanpng grogpem Sol i ds (1973) Vol .
34, p. 333, which is hereby incorporated by reference



25 G Slack, "Nonnetallic Crystals with H gh Therinal Conductivity, J.
Phys. Chem Solids (1973) Vol. 34, p. 329, which is gé orated by
reference. 26 q, Weiner YEd.), Carbide, Ntride and S8 dsl?(ngeal S

Synt hesis and Processing, (1997) at page 654. 27 Friction. \War.
Lubrication at page 27. 28 G Slack, "Nonnetallic Crystals with Hi gh
Thermal Conductivity, J. Phys. Chem Solids (1973) Vol. 34, p. 333 29 ~,
Sl ack, "Nonnetallic Crystals with Hi gh Thermal Conductivity, J. Phvs. Chem
Solids (1973) Vol. 34, p. 321, which-i%g -hereby incorporated by reference.
30 M croel ectronics Packa4i n4 Handbook at page 36, which is hereby

i ncorporated by reference. 31 q, Weiner (Ed.), Carbide, N tride and Boride
Mat eri al s Syntfhurstisnahdrganacsilesiencpuplibgoagents graguedsasd fari use intheer eby

i ncorporated by reference. 32 Frjctio ar. Lubrication at page 27. 33
M or ool e FERABVERAn AERamAIRR LR TURGNabOrgane Alane ravelby

i ncor por 3 VR ; ' Ni tride and Bor' sde
Mat eri al ?g%&%%%eciﬁeeéﬁﬁn% S@E%WWE'T%%YE'Q?%&EH@?EN 35 Friction. War.
Lubr i cat iiggcyainabsiste pifriethol/ sikmles VirydtiigiRokgsilarses, n4 Handbook at page 905,
which is hereby incorporated by reference. 37 Haw ev's Condensed Chem cal

Di cti dharglygidexyprepylirikoyysiangs gadiureidagippyitiialkpsysilapesn drefrred ed by
ref erence. .30 ,August 2002 -32.Table D.lLn api £ j teri al Ther nal
Conduct Jimstiotia AEaRe siiseaiiding BosnBbEREAL BT hhA"
ohmcenti i et ragi ) zi nc oxi deabout 26-about
. 5zinc S%liﬁg)g%dg‘gE?Itrérggfl‘gﬁ?§%rf_é3t%317? af@f(:)gabz)ut 3. 5-4di anbndabout 23002 7

1010si |methasndaxy@oapiiimetbxysiiane, Adri@Shgammat o 2000100" about

. 5-1nol ybdenunmabqut 138about 5. 2pl ati punmabout 69about 10. 6about
el | A TRRRER hveTa0e Slen couPBie gt L BRI SEne

 Soni i Cpha B8 shd A J38R e Rege IS GBI (B o ot page
27. 39 Handichaifte Wontineraiaily availdid s OSi Spuciaitiess Incl 97 Targtowagen2- 54.

40 Handbook of _Chem stry and Physics, CRC Press (71 st Ed. 1990) at page
12- 63, whYew)i Jheargppoisiane sorating agent eas hmatleast Pegisdlydvdrolyzedeni stry

M cr ool ectibuater BIERE ejcBlinio thE TPBRSreBs b R BABIEL CF cnem stry
and Physi gisichidthefrica@tio(of Lif deskréd | Agpiatbinalietlydrplyidcefopmce. 44 Handbook of
Chem stry and Physics at page F-22. 45 (M croel ectronics Pack--~a ina

Handbdbk at pa§uitatie. trarediinn setalapuplingsgyentaiinelute tilanioby zirgeolurat page
12-63, whigch is hereby .46 Handbook of em st ry. and Physi.cs at page F-166,
whi on' i o WERwp R CHHIpS Haite SRR HidtHle cRUBEE aBenBo At ar i on
at page 2% ehinamt i [ j r mal

Conduct i v?‘f?ﬁﬁ&gﬁb’gﬁ&%ﬁgm Sol(%gth%lrg% Ta?}gﬁgﬂi{ﬂoﬁﬂggg??v\m ch is hereby
i ncor por aPettobyemidat Companyt 9SGitablé/ cHtahiust eompldxesr arel corBoieecially and

EnQ neerina An Introduction, which is he i ncorporated by reference. 50
Handbook 8¥aighlefrem {=-laAHPPRY de NempupagleVin t [ﬁfléi"‘(?é?egrt*\eoﬁﬁ‘@'

- ckadon RaRg B S395e Lo ab ORI Bl ofBBlings rubiathook o
M cr oel ectrivaienthutedegtonvsingdd ehkoratunp égeo8idinated with lavodrgahicCaeidi st ry

and Physics at page F-22. 56 M croel ectronics Packactina Handbook at page
37. 57 M &a¥ERaminefusstionalitnc Qthar mataiydata apd goosdinats tyne ARG f

Chem stry Phvsi 5 t.r O ~ckagi nu Handbook

at page 3?§Qgt§ W@"f@gﬁ) giqsr%g%ﬁlé{d %%&%%Mﬁ?%\g%o%%aaﬁ é‘bé;%e 37. 61

M croel ect roni Ghelafibaat agcdrdgjlmgﬂa%r&tcmngonﬁame eslapelt 99i Cs

P~ckagi ng Handbook at Eage 37. 063 ndbook of Chem strﬁ and Physics at page
a

F-22. 25 Mweight perceshotihereostiagi ogmpasitioo oo atotehgelidybasiss and

M cr oel ectroni cs. Packagi.ng Handhook. age ,37. 66 Fiction. War,

Lubri cat i @ﬁe%fa@)ﬁ@goﬁ'?% t@%hﬂ%ﬂ@é’l"%@ﬁ BEf%éltPackaQ' n4 Handbook at page 37.
68 M croel ectr qtufesi ' PSRt 6P fheek of

Chem stry and %@f’é@f;ﬁ(‘a ggé?et:i’:_lﬂg%@%%regfdg 199ir%)énzt;1t BHA%‘E 637!6 30 August

2002 invention, the coating composition comprises one or more solid particles 24

NOOROX M

positioned between or adhered to the outer surfaces of the fibers 18. If



-33 Table E I norganic Solid Material Thermal conductivity (Wm K at
300K) El ectrical Resistance (mcro ohm centineters)MggpAugastizod2 (origi nal
scal e) copperabout 398about 1. 7about 2.5-3gol dabout 297about 2.2 "about

2. 5-3i ronabout 74.5about 9about 4-5silverabout 418about 1.8~about 2.5-4

Mol ybdenum di sul fi de and magnesi um oxi de are other inorganic solid 5
particles which are useful for secondary or tertiary coatings of the
present invention. One skilled in the art woul d understand that m xtures of
any-of the above inorganic solid partf&ﬁés can be used in the present

i nvention, The anount of inorganic particles in the secondary coating

conposition can range from about 1 tao about 28 o\é}ei%gt percent on a total 10
sol i ds baBpsitiopgd afipcapbalass fibess 280 dhesirghd 1S these solithe

t ' . , : g y
ranges |1 BRI £ +aRrEhaRliue MERTAFRARE M ieh CORcCBIEBRp Ry 6™ <! Y
enbodi nenthe avéridd padididsiie 34 ofttiesdlidapartionas 2ag Asameeshéren “seii"be
applied over at l'east a portion of the surface, and 15 preferably over the

entire suneans astbatarumtidddpesaydflow percepiibiyhuadermedeeate stresaohasl have
a primary | r of sizing, a secondary |ayer of ecaondary cpatin

coﬂpos' tiygﬁﬁéﬁ% CEPREitY if%'?%s'%ngefcﬁ)’f?%ﬁ/éh‘%%emetOt@?f{%mt' a@gé{r\d%é_ Tge
tertiary L LSl r e s 2l hed secondary
7 M er e e Bl B e S s oo oo
Packa4i ny Néw titematiin gl ddjetiGmary7f thiarkHgtisk lefngbiage sinabradgePeyid st at

page F-22. 73 croel ectroni cs Pack~gi n4 ndbook, at. . page 174. 74

M cr oel ecPP8Ri %@%agkaﬁ‘ﬁﬁ'&‘o%rﬁ%ﬁw g?"?ﬁg@‘% .rm7§°h%rfﬂgb{5ési?°ﬂ¢hem stry
and Physi ; -22. 4 r oni cs Packa4i ny Handbook at page
174. 77 %ﬁdﬁ%@ﬁgéﬁ'@éﬁn% ?t;? gﬁ%dﬂﬁte?@gcs CRC Press (1975) at -page D 171,

whi ch1ios her ebyerQ@ﬁnghaﬁcﬁds by ¢2f eaenan avébadi pahintksigt IhEyuialgniand
Physi cs at Eage F-22. 79 Mcroel ectronics Packaai n4 Handbook at page 174.
8~ M cr oelspberigai disneieRamngingHfiagbabout. 0 1dpgreatergnan-grmisseketsrs Cheni st ry

e O Aok i . o
the torti Bsrcalyirmanist I4 sRORLTQOERTamdel AndiBe e REaRYnent i ch
is chen C%Hdﬁtqitt)fﬁfcﬁ](}:zfz gg?@?drﬁ@teFé?”PPéféfﬁﬁy,%etr’ﬁmir%hﬁi Bleriyd erfeBdary

coat i ng conposi tion; contains at | east one conponent I n an .am)unt
whi ch is diifd 82afthé sofidtpeaticles B4t carfespondsagendaliy ipthecaveragatraimiod! i n t he

sizin r secondary. coating conposition. In this enbodi nent, the secondary
coat | %‘J’Ocm%?ﬁh@ B 8B€ Sne or more pol yneric materials discussed
above, such as ng YHhALOANRN SthddiPol el ddidp&ifRldsoh CATRAYRANF OMPY | Ses

powdered thermal Iy "conductive inorganic particle such as e Pol"ar Therm
bor on ni t rgpherigal (Suchess beadb, dficrabeads sc selic thollbeapheRe ), eubio| platy he
powdered coating is applied by passing the strand h ving_a | i qui.d secondary
coating cARIGYAL (alangaiad edfipiesisyias desimeyntar masednfornatien ofrSuitgbls, devi ce

A tr nat Vi oR e RHIRICS S8 okaRieldl (B 7.1 18RA80d GERNERSGETE0S! || o™
| ayer 2010 Plasti€s {1987) Mqeddedol 10, aHith atb héfemsingbayoratet by gefebencEie wei ght

percent of__powdered, thermally conductive inorganic solid particles adhered
to the coal®g selid padides prefegablydsnmelygumite 1deleragyidissalved Bt percent of

t he total iaht of the dried T i i C al so incl ude
one or rmr%ga%g.\ ?%PPE?QW&%%Pé}"@‘{%gfzss‘;}i‘?%seﬁf%%@@%%@giv, éargjuch as
acrylic pohysrerably REOKSShalr3 ARSI andP tiRcaeNadPMEer SloaBssihger s and
other nmodifiers Known in the art of such coatings, preferably in dry
powder ed foonditidihg sticheas expaadee toadenmperptuses of ¢ torabouh 2hokerarfdmore 14,
pref er gly bﬁ%/ knitting or weaving. The woven fabric 14 is used as a

r ei nf ofeenBieraRly HRitamhUtA99& yneric matrix materials 12 to form a

conposite or | ap 5 S,_d i I -y Aly.ff or use
in printed ci rc@%gstnﬁ%%%s??eﬁg&%g?% asérrﬁg%gg»%?* %Epﬁgachl@aﬁg'ﬁ%ﬂ%%tovf\ﬁ sted

or tw st edagijacent §rRaseEDErE Girklopdthet 8Blid bbjedtsor hvatetialsgvihiehthe gleessknown t o
those skilled in the art, for exanple by using twist frames to inpart tw st

to the strfbersgoniaeidunng fersniapand subspayens BFo¢aRsing, such as weaving or
roving. “Abrasive wear”, as used herein, means scraping or cutting off of bits



30 August 2002 - 35 The reinforcing fabric 14 can include about 5 to about
100 warp strands per centinmeter and preferably has abggiauuse 280Qut 25

pi cks per centinmeter (about 1 to about 15 picks per |’_ﬁ')|nc of the weft
strand. The weave construction can be a regul ar plain weave, although any
ot her weaving style 5 well known to those skilled in the art, such as a
twll weave or satin weave, can be used. The fabric 14 is preferably woven
in a style which is suitable for use in a lamnate for printed circuit
boards, such as are disclosed in "Fabfl8s Around the World", a technical
bull etin of d ark-Schwebel, Inc. of Anderson, South 10 Carolina (1995),
which is hereby incorporated by reference. A preferred fabric style using
E225 E-gl aMhé glass fibes stirfdce Gtreakabe offi ghass fided's byrficaral coatatt ®Mith wef t
yarns per ntineter square area (60 rp yarns and 58 weft yarns per
squar e |n9ﬁ ‘C e adgesoor entites ebmat qrrm%ﬁfp%aa(@woww PIPSYCe noni nal

fab th % é l % ht of
183r;3CgI F%Gtogtﬁ}r? %lgggé-g%% %reg%al?ﬁmg) e ! &br lugng'ét' : g us?ng
G75 E- gl ag$996)etrpnges 120y hichoidtheraby aitdrpordiéd wyireferents. Abfaghde weft yarns

per 5 centl neter square area (44 warp yar ns and 31 weft yarns per square
i nch) ; Susweay dglasafipearstrands canses sirandubreakagenduningsprpcesaingandf abri c

ol 2 (5. o8 aﬁsg«s%%mé@533%39aﬁu&f’he%ﬁyanﬁﬁlﬁa&aﬂd&%ﬁmw%ﬁ st ng D450 £

gl ass fi b@igehsesivdste %ggqpag{] cdd8 warp yarns and 93 weft yarns per
5 centineter square area vvarp arns and 47 weft yarns per square

inch); uses 5 Tb mlmﬁ'ut@é'b@aéwé)fvmrmeasmlld/\/péttlcmrhavefmhaadﬂmvaNe fabric
t hi ckness&a'g 053 mm ( 0.0021 |nches% and a fabric weight of 46.8 glne
(1.38 oun C%osémoémeedyh@d)s lepRdBan AP ARTANESS NBlueofdhy| :

voven 11 ot A g E)Y YIE nafhldss FRILEE B 1P SBI] PR PG B R T °
for | nter dendetetnir@divy angdorgentoRhlEtdrtdoeise ntdaswement meteod, Xuch,aswhi ch i's

her eby incqgrporated by reference. 30 August 2002 -36 A suitable woven
r ei nf or ci ﬁ@cls%rsmr&rmlbaard@@ssob%@ mefass ng%tﬁvntf@ﬁmmdmano thsom wel |

but " pr et e R MOt FarReb{ Relehwaith Raperds fie telatfre PR pSRBIrE oomm b o
conmmer ci a'df)thél!al'ﬂaé‘é"o? d ﬁfé@@rﬁﬁuqq{@mhaf hagitds dallderylass FiBers 03 and

Sul zer Ruti Model No. L-5000 or L-5100, which are commercially avail abl e
from 3§ z@gemratyhmangest lomadbalitr4. 6 1Y abait B, anadis peeferably Rinaut 65000 and

L O A el o A 20

of fabric i I whi ch
the fill Jogs '(:Im%f?@'quslﬂgﬂiib \Abolialel0BY ﬁ%@&éa'f%os 18 Me dﬂs@l Dhafdnes® |
conpr essedvaliie obthe $olaparticles preiemb&y ranges fromzalecsut D18 tq abovmsl mh&éi gs. 6

and 6a), a}g ﬂl scussed above. The fill '%/arn 510 is Fro el | ed across t he
wi dt h 524 ¥PheHardagss vabies ofspyarahned-imuing exaor RAHHCIEDr e

pref ergpl yg ressed air.
The alz;ﬁ)j etkﬂ@;ﬂ% |Ar%gt%;e i empé'egéﬁg\\ﬁgeﬁﬁoﬁ %?%'g%}enngl)ﬂr‘fﬁ%g’o 6, but
preferably also has a plurality of su.mlemant ary, relay nozzles 520 al ong
the warp shed 512 for providing blasts of supnlenentary air 522 to the fill
yarn 510 jo_nni nt Solid p3fticlejmaterisld air pr éssur eMaks' bﬂ@‘eﬁﬁﬁ%@@i@c@'?)avers s the
width 20 524 of the batoningrid®28. The air |pressure (gagki2'supplied to |he
main air jnozzle 516 preséehitabl v ranges fifom about 103powtd.Bbout 413
ki | oPasc (kPa) mMaosbdenum Biselideabout 60| pounds per saet® jnch (psi))| and
more prefierably is aboutal®10 kPa (about 145 psi). Thebogtet&rred style of
main air hozzle 516 is @icul zer Ruti_neédle air je@beub28:%2°uni t Mbdel | No.
044 455 001 _which has an 25 int er nal air jet chanber havi ng a diameter 517

of 2 m iRt GESOF G WRZZ Briitidn @é&?ﬁp %egﬂh@ﬁ(éhné}meﬂb%ﬁ o'r’bte%%}ga%fvengeo
cent i met er 3 R(WeRTEA.S; HaddbgokedY Ok RC Blessd76) Dpagepa! anburg, North
Car ol i na) . 3 RriefversaabHawieydeonadénsed (Ertemfcal Didtiorens (12th €un 18983 at bge 193 adhiznits 20

suppl ement g‘?fgﬁymerztthyEfsfe@Q@ whi ch suggl y auxiliary blasts of air in the

direction 0 icti (1847 §9.11§93) apagag 1113, which is hereby
mcorpora ed by reference.

5 Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at page 784, v ich . hereby incorporated
by reference.




30 Audust 2002 -37 propelling the yarn 510 across the | oom 526. The air
pressure (gauge) supplied to each supplenentary air mmﬂ!gﬁqogeeferabl y
ranges from about 3 to about 6 bars. The fill yarn 510 1s drawn fromthe
supply package 530 by a feeding 5 system 532 at a feed rate of about 180 to
about 550 neters per mnute, and preferably about 274 neters (about 300
yards) per mnute. The fill yarn 510 is fed into the nain nozzle 518
through a clanp. A blast of air propelz a predeterm ned | ength of yarn
{approximately equal to the desired w %5 of the fabric) through the
confusor guide. Wien the insertion is conpleted, the end 10 of the yarn

di stal te—+the—main-nozzle 518 s cut hya—e-u-t—t—e%%.—'l:he—g;e%.m_u_ty and
aer odynamc—pr npeum'!‘a‘?w“t%i fferent yarins-with-theé Qﬂ?zﬁ'&é weaving pradcess
can be dg¢ ] : _ ' Q Mhi-ch—w Jele efierred
to herei has fhEak'”EL(tca_bﬁmcﬂbﬁM?)ori Dr_alc - 10d. o Aj Jet

Tr anspor | lopgraflugride | sed t o pelasure = %QLJ—U.g—QL_.p-u.L_lI ng
force (" " e, arn—a he APHIY-R il ed intalthe
air jet pozzle by the®¥AWB of the air et |t thiS R NRd —each yarn

sanpl e i ed_at —a ra f:" abho 4 et ers (about 29829 ds per Nt e
through & Sul-zer Ruti d@d|e alr I et nd e __Lni ngi_mg’! ~044 455 001

whi ch hag ' 30l | i afRUEA-S17 of 2
millimeters_and a 20 nA%¥¥le exit tuhe 519 having a [PBAMOL 521 of 20

centi net ¢ i eRldiumg,y o bopf4.& lor t h
Carolinal.at_an ai r_prMQQWP of _ahout 310 kil oPasczAbou ‘1::319}” 45 _paundg per
square imch) gauge. A SBYeEi oneter i s polsi tioned | nabut £S5 with the yarn at

a position prior to the yarn entering the air jet nozzle. The tensioneter
provi des a measurenent of, 25 th forc drag,for rted upon the
yarn by the ai rA]? g}erggoqqqea%p(y,enﬁ}egﬁﬁﬁsl Baf r}ésg ﬁc%ée 5?'%?‘%%@)([%82.2I e. The drag
force per (dgista éfé%t@ﬁa%%r&%hﬁ\é}?a?hé if<tant iVahti¥e, hergBFd,Son of yarn
sanpl es. For relative conparison, t drag force nmeasurenents are

nor mal i zedomtemplates @articles thettdvaveenhatdnefssyatitheir Sheface3bathiadiffiste 2002 - 38

Gram Mass of a one centineter, length of yarn can b eterm ned gccording to
formul 2 (iffomdhaardrass-of the(ipies) )pqwngﬁéﬂ?ﬁe?ﬂ&e g@ﬂ?ﬁiﬂeﬁ%ﬁu 8R§t h of

yarn) (1) | i ingle ti t. die, N
/o The nudif¥ GpditicalblRol sAFRHEDY fie Pafishiodn bl ibafied iR anYihanRRES, U ¢
the gl ass \all RnbWANARBE l#r@iﬁ&ucﬁ@@ﬁht AbLlihitedud cdating elamldiey oc ubi ¢
centineter). Table F lists the dianeters and nunber of fibers in a yarn for

several tygilcapsulptingsthiel patticlearchenigalty shangingais| suirfaceeharagissistiser
D anet er using techniques known in the art, such that the surface hardness of the
10 particle is not greater than the hardness of the glass fibers while the hardness
of the particle beneath the surface is greater than the hardness of the glass
fibers. For example but not limiting the present invention, inorganic particles
such as silicon carbide and aluminum nitride can be provided with & silica,

carbonate or nanoclay coating. In addition, silane coupling agents with alkyl

6 Handbook of Chemistry and Physics at page F-22.
7 Handbook of Chemistry and Physics at page F-22.

8 Friction, Wear, Lubrication at page 27.

9 Friction, Wear, Lubrication at page 27.
10 Friction, Wear, Lubrication at page 27.

e e b e L
11 Friction, Wear, Lubrication at page 27.

12 Handbook of Chemistry and Physics at page F-22.
13 Handbook of Chemistry and Physics at page F-22.

14 Handbook of Chemistyy and Physics at page F-22.

15 Handbook of Chemistry and Physics at page F-22.

16 Handbook of Chemistry and Physics at page F-22.
17 Handbook of Chemistry and Physics at page F-22. e

18 Handbook of Chemistry and Physics at page F-22




(centinmeters)Nunber of Fibers in Bundl eGr59 x 10-400G 1509 x 10200E2257 X
10200D4505. 72 x 10~ 200 For exanple, the G am Mass of 39 Rlqus€EPdOZEt er

|l ength of G7/5 yarnis (n (9 x 10°12)2Z) (400) (2.6 gra per cubl C
centinmeter) (1 centimeter length of yarn) = 6.62 x 10'i gram mass. For D450
yarn, the GamMss is 1.34 x 10~' 15 gram nmass. The rel ative drag force
per unit mass ("Air Jet Transport Drag Force") is cal cul ated by dividing
the drag force neasurenent (gramforce) determ ned by-the tensioneter by
the Gram Mass for the type of yarn testled. For exanple, for a sanple of G75
yarn, if the tensioneter nmeasurenent of the drag force is 68.5, then the
Air Jet Transport Drag Force is equal to 68.5 20 divided by 6.62 x 10~ =
103, 474 denchainscae begeastathwith dhe pafface PhEnanyroxide partiglepta pravide) Force
of the yaemsotfferd L%forma woven fabric for a |l am nate according to the
present inve oﬁ, 8EPer mi ned accor di ng to the Air Jet Transport Drag Force
Test Method di ganessll, 3oMdHartided 2@RistullinaRe phessnt INLHIR @i f or ce per
gram mass of yarn, preferably ranges 25 from abot 1(1a000 to about 400, 000
gr am f or derped fgermnnarganiomatarials, arghnic Bwterals omixtiges Higreofr ef er abl y

f bouyt 120,000 tg abqut 300, 00 m f f
e BB R hP sk i B S T R B e B SR RRRSY O e
10 by Coaﬁbrﬂqh%@rog@pc;dn%ﬁﬁmw{éﬁaﬂﬂenparteﬁa%nh%efa%u@&a&%ué.abr' c 14 with

a 5 polyneric t ast1 c ~or ernosetting matri x nmater 12. The

| am nat e SGitalslesaaraaiit endterialsinclageanctal aittides)insetal prides, BRtalAs used
herein, "electronic sup&ort" nmeans a structure that mechanically supports

and/ or el @¥Pidasametal guliides nmetaldanidase Arefal siigates fyetalcamhanatesandd to

active el i onents, passive electronic conponents, printed
ci rcui ts,'%;ﬁﬁpgéggrg}eiggﬁo circuits, sem conductor devices and other hardware

associ@t ed W t p soinfliedronh suitAblelfietd nitvitie i®botarhitede, whieR @Rs or s,
sockets, retaining clips and heat sinks. Matrix materials useful in the

present i pRed@tredrnoiganicinatedalfrarstwhialy satd pertigles ysefl stherpsesentet t i ng
ol yesters, vi.nyl esters oxi des,. (cont ai_ni 1 | east .Qgne epoxy or
gxi ?/ane gﬁngﬁﬂ{'?ﬁ %fﬁZOG%?@-cg‘f'é?n-gﬁﬁ_ %gxwp{}g%p%ﬁﬁ g?qefgfgx@? 58| §h§dri c
al cohol s ghidel! Shibble REAPLfilles HEINAL ST Buerln? RRARIL |tBdtaRRhY ur et hanes,
derivatives and mxtures thereof. Preferred matrix nateritals tor formng

| am nat esdisaifide, itongstenidisulfitie badraiac suddERUsefplongtal edlicates ipolugieni des and
liquid_ crystalline polynmers, the conpgsitions of which are wel|ll 20 know to

t hose 13ki AlUBINUM pilisatesiand fnagmlﬁﬁ‘m siligpisSmaticld ASMEgaNGH IR Sylable
ot br nat | Soapip 10665 28y et orapRES BRIl oty EIRAAIH, 8Tl o

t her nopl aalinsinpet Yooppes, galdr irsn sitveriandamixtwesdeeneolfyol ef i ns, pol yani des,
t her nopl asti c pol yuret hanes and 25 thernppl astic pol yesters, vinyl $o| yners
and ni xtures t [Eetrablyrthe ingrganigmalidyasticls éf @realel ol bbricanteatRA%i al s

e ARG, RO e L ARE vt B YRR s [t 24 have

pol yaoet absharabfistiv |cryféleHhied%it6WHicﬁ@aM§é§ BesAteShear #loAtiayfat 2002 -40 A
useful matrix material Tornulation consists of EPON 1120- ABO epoxy resin,

di cyandi apiales whinkrégdilynslitiezovar enrlanohanend thws prodircecampotisistionwhi ch can
be included. with t | ymer i i x.material and reinforcgi terial i

D e Okt et Bt RGh Sa BA  SEeEb e BLH ROy roer ot i
ai ds, ultsgnaekeht IdagPbné'drwhish APid metbs. (988 ROLedAs! Sy, RhRy'di |l ers and

extenders. The fabric 14 can be coated ana(l npr egnat ed by di pping the

fabric 14QaondensedChémtidal Diotiomary| ¢12thid. 1988} at pagie Y42, whicteisanpl e, as
in R Tumal a ectroni cs Packaai Jandbook, (1989)

di d ] d. M ~ ,
4 o aBE  nlaly insrharates By kTerBnany Pl e i B iseneera ARG O

polymer ¢ sBRY ‘dver Tiofid! F 1eia8d, $8h4 tﬁb&é‘a@é%neesémtggﬂcéﬁﬁ?gsau&@rﬁposi te
or lamnate by a variety o ch
factors aq1972) aypagef, Moy heretmtincorpordted bglreferedceFor exanple, for a

thernosetting matrix material, the |lamnate can be formed by conpression or
i nj ection nol dilA@ PIefepertembedimeniatie sQlig-lubricant particlgsdaved @mgflatol | owed

by compretufd. Particles having a lamellar or hexagonal crystal structure are




i njection nolding. Thernosetting polynmeric matrix materials can be cured by
the inclusion of crosslinkers in the matrix materi al QﬁﬂAagﬂggzgﬁf
application of heat, for exanple. Suitable crosslinke crosslink
the polyneric matrix nmaterial are di scussed above. The tenperature and
curing time for the 20 thernosetting polyneric matrix material depends upon
such factors as the type of polyneric matrix material used, other additives
in the matrix system and thickness of the conposite, to nane a few For a
thermopl astic nmatrix material, suitabl®2nethods for forming the conposite

i ncl ude direct nolding or extrusion conpounding followed by 25 injection

nol di ng. Met hods and apparatus for formng the conposite by the above
met hods ac@MResadsefsheets or plaigs A aleme BbBrxagonal astaye with 8trpag s and

ner oy | nesPai i fERTReT dRdredk vift e Vi BahatitBebidon shgefsy, .

par ti cul aprevidfd RShedr s&@ﬁ%iﬁ%éﬂké@rﬂsﬁ@@wnﬁrmtﬁh Wear, CUBRELSS aP'
| ami nate 10 includes fabric I4 inpregnated with a conpafible matriXx

materi al PAJETHD,i mauga 8 otz laytb ua: 'o-ﬂ'ﬁ @ @@e@d?v%r#fgé,_et dof
et o189 7ALL2. 4k ORI B5 T g Y e AR, oG O o
Prepreg. Mubficafls"! Balddar QUBHELLYE: AR¥HDARaPaMRHANGRL EhGRCASHENY &
portion of a side € cussed DElow in

t he speci Resgdroln Conmaitidecorpt apriegtiors (1369 c&t pageerd02:203wiidtearkd) whi ch
functions as an_ el ectronic support 50 with an el ectrically conductive

| ayer. | nhefgeyincosmaratadionreference.t Morganiesolid pariigles heving gamellary in t he

ol et i cartetEHR bubRAER Sucti® a0% R GRUFRAEHETRTRINES 1y & Manner
vel | Kigown to thesanitiid é)@éin{ﬂés_tdi\‘%@trab)e inerd Afigsalibridanaiftlciesect roni c
support. For exanple, but not limting the present invention, the prepreg

stack can havingailamelar stiugturesisichugie beronmikidgc graphitg, nhetaleen pol i shed

teel plat t el.evated t t d. s .pr.edet.er m ned
Tength'of GOIHCPASUEFE e Byt MEC AR rrc i e, Tves
desired thfideand nixtePsd {HePeof Pﬂeffeﬁéd!i’f?c?]r@aﬁfc AR lQbﬁEéﬁQPaﬁié&lsbe provi ded

with an electrically conductive layer eithér prior to or after lam nation
and curi ngnsludh kdnan nithide rgraphite popetdlatichalcogenidepantd mixtarezOthieeofnat e

exposdd s PSR (HERLHIREA FRGoREPe RO BN alsb RN e e n Bl e i (5 can
then be forgBr(doBdfnFLREIIS ThhiarARaALAYE WAKRIS) aflubge Sindl e | aver

or nmultilayere roni ¢ suppo usi ng techniqu nowi in the art

t o constr uahgstenedisslenielei andsuniatards therédle form of a printed 25 circuit
board or printed wiring board (hereinafter col]ectively referred to as

"el ectroni c ci rBafan nitsiglecparjiclesthawing pdiexagpant ervetal strugbuiesareangst ref err ed

to as "vias,. be farned in t |. roni G.: . Il for

el ectri X;?ﬁ#ﬁi&@gﬁﬁg&'f‘gﬁe Slgf’\?@gﬁ Si%'&é%?&g} O%H%I“E%é@i?p%‘h@ﬂ?smgév opposi ng
surf acxs odulfitle aft 9RGAtAYrMoRle PRIrlicled BistproviRIzVgsd & Whitehararinknown in the
art, including 30 Audust 2002 - 42 but not I1Tmted to nechanical

drilling s#RMpasites with polymgeriavmadrix prdefials such asanylen &.8r mati on of the
apertures, a layer of..electrically conductjv rial .. s .deposited on the
Wi 1s of the apbphfuife Sxambidh.ptboien s etk o apiS BT e, ™"
conduct i vepraeent irvention e Pblérafhenh@emgs'éribe P¥l £20,/PTal4 P60 @PgNect i on

and/ or heat dissipation. The electrically conductive |ayer 40 can be forned

by any met Rdd18®)| B0G Sevies (BTt360)aarsk600 Serien (PR620,(PT BAO, ¢X6H0 @andut  not
For mecly PL 10 Gign ARG RowRies PAICIFD NI SSRtQTIRICHRMY e AIRDETOMa:
least a pOAHVQHcéq P@reﬁh@g @er%ﬁﬁi&ﬁg? It.all%v?ﬁdacbﬂh SR TNSRIGY O

a ive, "the el ec y

| am nate. As an erna rica
Thermally Conductive Fillers for Polymeric Materials”, a technical bulletin of

Advanced Ceramics Corporation of Lakewood, Ohio (1996), which is hereby

incorporated by reference. These particles have a thermal conductivity of



conductive |layer can be fornmed by depositing a |ayer of netallic material
onto at least a portion of a side of the sem -cured ofg Au%g%tgoggreg or

| am nat e using well known techni ques including but n e 0

el ectoylic plating, electroless plating or sputtering. Metallic materials
suitable for use as an 15 electrically conductive |ayer include but are not
limted to copper (which is preferred), silver, alumnum gold, tin,
tin-lead alloys, palladiumand conbinations thereof. |In another enbodi nent
of the present invention, the electrophc support can be in the formof a
mul tilayered electronic circuit board constructed by 20 | am nating together
one or nore electronic circuit boards (described above) with one or nore

clad | ani @st(digésgggﬁgpel)ﬂy&ér%%{ 950 “Eﬁleéﬁbeco‘?{s‘iﬁﬁte&%lfoqﬁ% | bed

above). It desire onal "él ectrically conductive Tayers can be

i ncor por agrd al vilemehesitigiey ppabsutstPehin-ckatimeterspl EThett 00Setiggor ti on of an
exposed side of the nultilayered electronic circuit board. 25 Furthernore,

i f requi reewdagbas aomverage particle size reaging fiem abayh g teaboulct4ical |y

ducti ve.| i i d above.. | t_shoul d. b i ated
Chat - depertifrayessrs; s 3D Marins hadert PURGER PEMEIS g8 aNgInG FRMAHAU ayer ed
el ectrni ¢ogité aBblit POGHMErdristehoand ﬁé‘éogaéé?ieQQ{é% aAMaSEPde ﬁaﬂic?é(t er nal

circuits. Additional apertures are Forma , as discussed earlier, partially
t hr ough osize r@fgiAgSramn tabdd 1 6-to4Beateo tipdreabbyt 200 onigrombtersoard to al | ow

| tri | int ti 1 he | t | ted | ti ot
Shodl 4 ba' appr ThE200d MibriHantparfaies ph cag 18 PLRset 1Y B ISRERST e aer { ur e
h ! . . d
that ext egg? o %PEM%RWM{W éfnreg%gwf%,% @yﬁhharaf%%ﬁtofaat exten

only parti roug structure, SOMe aperturés that are

conpl et el gicohbhipiefehablgtiescthancabdit e weight perddrg), tidaircks essludéd ihghel ami nat e
form ng the_ el ectronic support 50 is ﬁreater t han about 0.051 mm (0. 002

i nched§, aingerreppsitionr ihbpgirednferon-imitingexampleiof apreferegs i nches) to

bout 2.5 ;1. inch ._E [ . pl .am_nat f 7628 styl
ghont 2 SoBBehAAR L eBotn 285050k e BB e RRS) 020, 1
nunber of JRYACBORCNNITRIBE RELEASECOATAEONDwWhich 2EdmpBrz&dilyPon the
desired thickness of the lamnate. For clarity in the drawi ngs, only a

si ngl e | ageailaifle frabr ZY A €oatings Ine. offRak Ridgat Bnnsfsseieygs"ORPAL and 5. The
nb f 40. . Pr ef bl | am
nas of gnt By ENNBRIDE REL eA SEL DI E NG 3 s ehaigah BLBRRB A 20 e 1 am nat e

can ragge t ; i a rably
about 130 Co RS Vel & AR R R o g ot
can rangestpplieratielbordd titriddparticles inthig irogectdene anciverage parioty abl y
ranges from about 25 to about 60 wei ght_percent. 20 For a |am nate forned

f r om wovefiZe ¢f lass thaabeutahmicromejesn His digissipnrkas abpt # ipereritafi al

S e TR e G e s L L
(gener al | yoper pigride paHitied © theesubehaitd tedwhidh i dispérsidre i applier). i s greater

than 3 x 10' kg/nR, preferably greater than about 3.52 x 10' kgl nR 25
( abou050 Qiher yisefyhpradsicts whidhearemtomgescially availablafcun ZYR Cealipgskgl ne

(about 70; I l ; r SREGLS | ] B erials for
Ri gid and "Kﬁﬁ#% Pﬁ@@rﬁ?@gﬁ E@%é‘%@@%’é‘f P@&%@&J‘E@hﬂﬁ@%@@@ The
Institute RH[EABE%@EUE@?“ ng and Packagi ng Electronic Circuits (Decenber
1997). 1 PC4101 is 'hereby incorporated by reference in its entirety. In the
length 30 Audibile a6Dgrefertdd, thiercomtingrcontpesitiers car dartainnhydratadtepal
strength e I_en'%t h, direction (generally parallel to the | ogipt udi nal

axi s of th}g’d}%ﬁpi‘@ RaiGHlig Wwprieantmalssigls. aNenlgnitipg example qf Sbchr abl v

r eat t ; i 7 rgé;g,tn- i . cordin
tg o] AS?I\?I Dh@@(sé‘tgﬂ% %Bw géggjluebﬂ&%gf kﬁ%ﬂé %r?u I fg?é,ﬁ@ﬂ ?ﬁﬁ'ﬁ%}% for ’
| nt er conndntludimganitaBqslcly as it cxviten tales nidemonitionitd Jeglinitebarah ar e her eby
i ncorporated by reference) with nmetal c¢ladding conpletely renoved by

he

et chi ng acbhsMEaeO0si:Qn As psed heggin, hydrateple” masasthaidbesolid

| ect i . t he.. i tl i igh f t th
(tonsi o dnAEBREhBoBAoLPERRTBRS YRV BRICAMsh SotIRLLS Sl bR  Sscen
def or mat i candPEomtal Watdriof MyaFstid6er Weich @f Chpsthizatiei e A THyipAteoRd C supports
of the present invention in the formof copper clad



FR-4 epoxy | am nates preferably have a coefficient of t hermal expansi on at
288C in the z-direction of the lamnate ("Z-CTE"), e

t hi ckness of 15 the | am nate, of |ess than about 4. 5 30 AgGLSE200 nor e
preferably rangi ng fromabout 0.01 to about 4.5 wei ght percent accordi ng
to | PC Test Method 2.4.41 (which is hereby incorporated by reference). Each
such lam nate preferably contains eight |ayers of 7628 style fabric)

al though styles 1080 or 2116 style fabrics can alternatively be used.

Lam nates having | ow 20 coefficients of24her nal expansion are generally

| ess susceptible to expansion and contraction and can mnim ze board

distortion. The instant invention further cont e_rrgl ates the fabrication of
mul ti | ayersaduced hytiee reactian etmoleeiles of walet Wit & sidbstaned in wiichdee at

| cast one DR BRHes r ey CrCTRAIE. Ly '”%tmmmﬂpﬁéme

| ayer tauqﬁbn&% 'S12tﬁ K. gcsébbéiewenblarr@r Pea%s, Dheafistaonposi te

t echnol ogy. re specifica as Is well known to those s | 'l'ed in the
art, tradi(1B6npat gagém186#‘587emh|chmremarebwmmrg®mw biylreferenceahds thised i n
weavingqfacg}erc are treated vvrthaEtar [oil, sizin V\,hrchlncludes

parti al migal forapgias phhydrates. 4 ition @f) R NARMolGEY 954% anyl ose,
hydrogenat Rt agent and
wat er, mcfdil‘ | ﬁg&tt‘)gip cﬁé%téd%tycd%tbgwfr%ose déregcl osggj' élﬂﬂ at pages

237- 244 ( 3a1,6525i0982H, Olkadlinite)hadpinate Ncomtair @é@dlr’@tedﬁﬁaéﬁmﬁch War p
yarns produced fromthese strands are thereafter treated with a solution 5

prior to vmdlmgte&tmar oah;ms intheshydrated agienaltansbeannatbeaitamongd he weavi ng
| h | ) d | t ent 4,530, 876

Bt Cco umm wihodtihéoreakiaf o doe ihtulte; ARiET s Giraiivalet Slsh,

i ncor pgy at poﬁr nft&fsﬁpe ncfﬁ]e ﬁr@@ﬁrétt a8dits thO SBMIOLtARE ghéd vithod

sl ashi ng. The yvi ny as we as the starch/oil e are

gener al | y umsettimgrtiag bhlaﬂceidﬂcrtdrgelm rEﬁanserﬁrclnrhmdmct«ormo@wstbl used by
conposi te manufacturers and the fabric must be.cleaned to renove

essenti al | ghamistas ¢3848) akpage 3I76f whlieh Shergpy dReerapratad Ryl wiefeneders prior

to i npregnating ven fabr T riety
ways, for exanp?té}ggf\,@crwg Q%f"&h%o'?gé?ﬁgﬂeggs%&e 1d"égl%?dhy(lﬂ'g?abn\@
treating tiperdahE s6lid Nulsridant partives lorlabeagive BilicApaatitles As o@lchﬁnr esul t of
the cl eaning operation, there is no suitable interface between the

pol ymedbc eambenrterieercempisesilass thaprahmi 20 waight ssreantafbydrtablpeaned

P her sur: moTSaiR irt adrtols R a Al Bralit o PGB M iBthelid BF 8 o
the art asaftbai §Bhd§3baéﬁ@errfzr?éraréfyasgqa§§tﬁmséb@@rmwerghm@emnaﬁd ni shi ng

operations 20 are silanes, including but not linmited to those disclosed in
E. P. Pl uedmtrarefer&blymtﬂarm%DiOﬂgN@rgehperqm82) at pages 146-147, which

is hereby incor orat reference. 0 S Lowenstei n at _pages, 249- 256
(3d Ed. 1993). ?Bra é%‘f?eﬁmb\ﬂdﬂ'ﬂeﬂhéﬁéisf’ﬁﬁé’?"ﬂvﬁﬁs ?gquf'l:g?gmﬁ}?& egnat ed
wi th apgo Lal set of
neteri ng g@% P#snzénhxﬁ %%l%rgaglés\éet%agmnzg%ﬁgy%gsgéﬁgﬁbs%ssed above.
It shoul d uterarmseetmgamaienéiel thmnmmastg: materiais r&tam’nesoaind hextaiesi ng, the
cl eani ng ope ratlon andlor the matrix resin, u the co osrte t he

sl ashi ng afgreef.r Hitablefesnepattingmgterals i eeH\erwegtm Pée‘fbtPé?)regs

i ncor por at e G SBis/N then. be
conbi ned ‘vpﬂrl %%%ngéﬁmn %%\Jéﬁgﬁ&%owﬁb@gs%repr egs | n rporating the
instant i n‘p@l}IUerahesfa‘deh'ﬁb&uﬁé@mdrer Qushodre discussedliselow. Buitable and i n
partl cul ar multilayered | am nate or electronic circuit board. For nore

i nf or me&S odh er@mnlasurgmaeteﬂalaamludeorm\érngtxmerﬁ thermeplastippalyastersee 1

115115, RPORSTRAIT PRy eromalior i SRQBisiees ot pBhRRY $Pdoe0)

pages 858- %M@égtﬁ@r@b%%eﬂ@rre‘ﬁ(o@%’i‘llé golidPpartichst &id inthe Baargl Handbook
(1997) at pages 9.1-9.42, and C Coonbs, Jr. (Ed.)) Printed Grcuits

Handbook, (rBigrakzadsodshollgragpbem®st- 6. 7, whi ch are her eby incorporated by
reference. 10 The conposites and Ianinates formng the electronic supports
of the instant invention can be used to form packagi ng used in the

el ectronics industry, and nore particularly first, second and/or third

| evel packagi ng, such as that disclosed in Tummal a at pages 25-43, which is
hereby incorporated by reference. In addition, the present invention can

al so be used for other 15 packaging |evels. The present invention also
includes a nethod for assenbling a fabric 14 by interweaving a first yarn
{meft) mnth a second yarn (marp) to fornrthe fabrrc 14 for exanple by arr

o o S oy - "




30 Aus~ust 2002 - 47 yarn having an Air Jet Transport Drag Force of
greater than about 100,000 gram force per gram nmass ofqyﬁg’au%hag%a needl e
air jet nozzle unit as described in detail above at a about
274 meters (about 300 yards) per mnute and an air pressure of about 310

ki | oPascal s (about 45 5 pounds per square inch) gauge, and the |am nate
having a flexural strength in the fill direction of the fabric greater than
about 3 x 10" kil ograns per square neter (about 42.7 kpsi). Another aspect
of the present invention is a nethod fge formng a | am nate of a woven
fabric and a polyneric matrix material by coating the 10 woven fabric with
the polyneric matrix material to forma coated fabric and applying heat to
the coated fabnh@n AifdnWave préfbfddCemdBEIMENNNE sBid PafiRigy 246akg E- gl ass
fibers. The inprovenment conprises the E-glass fibers having a coating which
i s conpat theraaliyt doradystiventei, haveta therma! @onductivibhegrestarithgn @bept B8i ng: (1
) polyester;:,.and (2) at, | east one polyner selected from 15 t roup

consi st i ngv‘?ﬁts Peh &ﬁglkr 3F96cﬁ§e%bgﬁ9ﬂé’%I,bo\';?'ﬁyﬁng?b%rﬁgmtﬁ'o?@:ﬂ&eg and
starches. nThgIiRiRSRMHNiI¢ BYRAILIEaNLS HigkOWsE8 dblovls T ®idrid| aidcavltpw ng
specific, non-limting exanples. 20 EXAMPLE 1 The conpatibility of Ssanples

of sevér abf diddlier materiad roan bvé dletertréned byjany medhdch gnowo te onevakilleddet er mi ned
using the "Air Jet Transport Drag Force"

"hod di d il
above. Yathe ggnsHel asdhsratiargeddiat tﬁrrﬁggﬂ% Pﬁw% g\gotﬁléé'rédsétgtf;@ \?\; ? Ih 25

matrix resj s GO o] f ] ' Jokd ding to
Tabl ¢ 1 BUST) BHErelaREE R ErEnel oy SHERRRRRERr RBUPRIKC. ")t
Met hod. Less t hamnbiMer aférmReive phéfetfedPéfibotiment] theindrganiddatldi n each
conposition. Each of the form ng size conpositions had about 2.5 weight

percent s@larticles 2dcarecelactitalyansulativeeer bavahighelectigas resistivityf oem a yarn
and 0 August 2002.- 48 . nd_ont o, .hobbj i imJlar_ panner _using
converftl ofverdn elefipaldgisHEY Eraglap ravebbt oG pledhnl o Slife e

form ng Siféﬁe%’ﬁ‘%@béid?ﬂnﬁvid@}“ vacuumdried at a tenperature of 190F for
about 46 hours. Sanmples A-F each had loss on ignition values of less than 1

vveijght percenL.TmspIiéthﬂ'ioﬁﬂt pentit IcE)fL;if pmbefrﬂs@amnomrise about/ 8100dstoof 1. 59
1. 66 i i T A W, P . ENT ON
TOTAL” SoL IS A EPORERAS R oA DBIC TP oS fian B LTRSS AR ng

Dol ymer 45 BEterafiy, 3hats A8 BN ER pePCenah Indie/dibidabidhqutt | 1

of meOE016.abthid 40AWeightipayrtent.
gsrﬂf@é en

yrrolidone09. 715. 7915. 21 15. 18epoxy-functional or ano 8il ane couplin
agent 2. 32. 38. 428he coating zompesiljen can fwEheORAMPHFY NG AiMAROWSMNS | ng

2gent 006 AI8MGaRGANGH 2T iuicanE AR O SR HRIBEE mats e Roxyl at ed
octyl henogigetssstPabdde. 7 ¥Ghife thbsdatitpedmpdsiiion. ¢eh &S}ﬁ?gwhpquwbwl at ed

veget abl e 0i I 00001. 636. 44pol yet hyl ene gl ycol nonol aura o
est er 0000060 9&@ightspertant ergaic hitsicanis Befarablythei eoating compasitian §1 00

401. 56,82 RD- 847 ol yester resin whjch is_ cqmerciall vailabl e. ftom
Bor den2_ el ga'ﬁg?re@gcpﬁ ad ”89"%3%"5!257\919%?@!% Isﬁg%oﬁﬁthﬁbggﬁhgdi pat e
di ol whi chpbgen® BFBFgE ML Ixbriditts 2N Eridr8 PrBast8blydorthiht 2BeLEA to about
Pennsyl vani a. 84 EPI™-REZ 3522-W66 which is comrercially avail able from

Shel | Chen® seiglibpereentofi stganic Tubrimant8 5 ERRAN 82 6f shti hrganic bibmeapdtsal | y
available fr Shel | .Chem c¢al, of Houst? .Te>§as. BGBFVP - 30 gol i nyl
pyr 1ol | donlCAIS RAANIE GRRRTRIS o RRIRAIE fUlicANts ahd TatERs el SHENA ne.
New Jer sey P =~V Gl dOxy: i ATRAYS] f S
comer ci al Fﬂ%§?ﬁ§bzr gﬁ%ﬁ@%ﬂ@g@‘?g?@ﬁ% Hbﬁ% .l ofﬁ#gférge;/?m,emde(w Yor k.
88 A-128 guhich ietdrameytiafly pivailsbierfroratRivorys Foahenowi Rindetonoiewr ci al |y

avai lable from OSi _ Specialties, Inc. of Tarrytown, New York. 89 A-1100
am no- f unctEEHeY. %Pdg%ﬁiﬁbﬂﬁzﬁﬂrféh)‘,@@ﬁ amflesy aondghsaies; of a-laityadd andy

avai | abl e {6pmyHknSRRfE hhb&imnide Kubstiutdd gty AAPtendiMingY, 'such as
EMERY® 6717, a partially amidated polyethylene imine commercially

available from Henkel Corporation of Kankakee, lllinois.



90 PLURONI CTM F- 108 pol yoxypr opyl ene- pol yoxyet hyl ene copol ynmer which is
comercially avail abl e from BASF Corporation of Parsiggmersey. 91
| GEPAL CA- 630 et hoxyl ated octyl phenoxyet hanol which .i ly

avai |l abl e from GAF Corporation of Wayne, New Jersey. 92 VERSAM D 140

pol yam de which is commercially available from General MIIls Chem cals,

Inc. 93 ALKAMULS EL-719 pol yoxyet hyl ated vegetable oil which is

comerci ally avail abl e from RhonePoul enc. 94 KESSCO PEG 600 pol yet hyl ene

gl ycol nonol aurate ester which is come@aially avail able from Stepan
Conmpany of Chicago, Illinois. 95 MACOL NP-6 nonyl phenol surfactant which is
commercially avail abl e from BASF of Parsi ppany, New Jersey 96 EMERY 6717
partially am daThe dpatiyet duthpositibircas indiudd one aranorg emadsifyingagéntabl e from
Henkel Corporation of Kankakee, Illinois 30 Aus~ust 2002 -49 Organic

| ubr i cant stop@mulsifyiogoupdispersing tomporens| of tae 6oatiog opwrasitian, suct@spowder

icles1,01.00074.781..00b ni trid icles.,i ,
D bers  orBOAOESH i AT ESRbe b 5 clobt S5 BoufeBHER g sty on. o
coated yar G@é\f%aﬁf@'\n@%fdé#)@lgsli%é}gleﬁé’%ic%k d@ﬁd}f‘né@(s&%@iémt@ whi ch
abl e from PP nc.

are comrercially avai I ndustries, were al so eval uat ed
usi ng 55t het FAIG8 pelyoXypropyterte-polggxyethylengesipolmnéanehichhisemn@oemalbt | ve
Sanmpl es X1, X2 and X3, each coated wi.th the sane aqueous formn

conposi t i oAvailable from BASH Cripetionf Farsippany, Mew 'E‘%fs?@steélapxyéﬁﬂar ative

Sanmpl e X1 [ | i [ d 4.9

vl oht per A PRERIEEURN BEIEERAC EA 850 cHPRRMEH S RRERO St 25
Conpar at i Vghih igébmhmeﬁ@iagﬁdvéﬂéi)lmﬂht;ﬁﬂ% raﬁ@hidiiWa%ﬁ@,' Rew B VEI GHT
PERCENT OF COVPONENT ON TOTAL SCLI DS BASI S ONENTSAMPLE NO.

XTher nopl adefseypdalgexyathyienmdotylpheny! ghtcoketiess oatiwlenspexideiderivativest er
filmf ' l 10244 1 - ti il [ tl
032, 3adPy| PLeGTEiIE] PRiREp. BPYAR Gl v easipbie o odaunt BooaacabBloxyal ky! ene
bl ock COPOEMDﬂQEQN&cHZs%ME{?Ke&?aQQ AveRBbRAMEMVIRhGRe FOUIHEBYRIHS 2l | y avail able
from Henkel Corporation of Kankakee, Illinois. 98 pOLYOX "W5R- 301

pol yoxyet hpbeylphpablserfastantsh(sush @asivACE laNR-6 avhich ibcemimengiallpi on Car bi de
of Danbury, ecti cuyt 9 pol ar Therm PT 160 horon nitride powder

o tr o o6 aNAPIG Hors HASE &f HarsipRo Sy Mo s o Adanlalt B8 byt of
Corporatio : i g?% @,%ﬁ?g@éﬁ = CONC
borgn nitrP@lﬁﬁg\gg%gtf%hégﬁ%%ﬁgnﬁagﬁgrﬁ on V\E{:%— IsC mmrc%ﬁ?

avai | alibe toatimg ¥Bripuiintgen o tatal sefidépksisl dge) Tennessee. 101 RD-847A
pol yester resin which is commercially avail able from Borden Chem cal s of

Col umbus, Ohi o. T cEGRENDPSEROSIIOD cob|ieltid ¢l Ao oA REUEPYS SRlibie i s

iall il able f . f : I L4 - 187
o ol yoetu iy rBR P oisRE DR P BRiSTalh SEh &SRR E. HNE atvelafe o
OS5 Speci alsyh@ieticl dtpetfdiedr WikeyWNPréfgited Waxeslare petdoldum waxes such as
gamma- et hacr yl oxypropyl tri met hoxysi |l ane which is comrercially avail abl e

f rom Csi leaHaEM@bUBEQSﬁmFicmrys}tauim ,WM\E%}:M:E&@B‘Q)SM |C|TM F- 1Q|8 N
From B YFERTURUROY S AU TROR R TRl bpelansf Yo A s, 50 5ol ©

anp 4. 8SUffcéﬁ%vﬁeFéa|§ a@aiﬁmé{@mmasemaﬂ ine! ¥NeirkirthaiaShiy dnd thanpl e was

fed at a rate of 274 neters (300 yards) per mnute through a Sulzer Ruti
needl e ai r Redtolite Cdrporatidan ofbbidsa NOklabdrmay 56speExtively. Generally, the

amount of wax can be about 1 to about 10 weight percent of the coating on a

total solids basis.

25 Crosslinking materials, such as melamine formaldehyde, and
plasticizers, such as phthalates, trimellitates and adipates, can also be
included in the coating composition. The amount of crosslinker or plasticizer
can range from about 1 to about 5 weight percent of the coating composition

on a total solids basis.



5 which had an internal air jet chanber having a dianeter of 2 mllineters
and a nozzle exit tube having a length of 20 centinet gy o2 ally
avai l abl e from Sul zer Ruti of Spartanburg, North Car o#ﬂ%‘%‘ai r
pressure of 310 kil oPascal s (45 pounds per square inch) gauge. A

tensi oneter was positioned in contact wwth the yarn at a position prior to
the yarn entering the 10 air jet nozzle. The tensioneter provided
measurenents of the gramforce (drag force) exerted upon each yarn sanple
by the air jet as the respective yarn_?a),nple was pulled into the air jet
nozzl e. These values are set forth in Table 1 C below. 15 Table 1 C Sanpl e

NoYarn Typel oss on ignition (%9 Drag Force ( ranf ce)Air Jet Transport Drag
Force (granf a

ramass) AG 750, 3088 addjtives Ganbs dnclyded inythe.coating compasitieg.sushas 5o, o 450
0. 5237. 33XiRcdritdDRuriditidle4 084 cteAbilled IHdanth-foaming materials, generally in an
0. 3579. 3119, 789FG 750. 3583. 2125, 680Conpar ati ve

Sanpl es631amoysbaf igss than ebool & awsgnt prroent 3@raaria apdéydootganic acides. 23163,

VERSAM b iy BRI OEa Y pfode e coatel oA B 1 <
Chem cad s, ofl dfout BOt6 MPSEH10\EaR alttyé thided. SAmMoaciritingVédhplesofg@@mmer ci al |y
avai |l abl e from BASF of Parsippany) New Jersey. 10S pOLYOX WSR- 301

pol yoxyet hsuitalde piliconeremulsion is 4. 28300 egakidjizes silicaitg entulsion WiiiehisCar bi de
of Danbury, Connect,icut. SUBSTI E.SHEET. (RULE 30 Auuust, 2002 -51
X3D- 4501. 3%’5?'1?4{%'9?'%@Y@{?'ieﬁm%g"?@%?ﬁ;fgﬁﬂﬁ; ?12‘3%6?9@’69“%5‘.3& cut77 g36 *
Coated wit s el Shigd 0 i b b above,
each of th'gn%r%h@jec?;tae ﬁbﬁb%o%ﬁlé@épﬁB%ﬁﬁ]Fgﬁég@p@% € sizing
conposi t i owhichds @oghmerdialiyt eailabis from § &Mvehemioald efiRahwaleNely anspor t
Drag Val ues greater than 100,000. Only the starch-oil sized cormerci al

st rand$0 V\ﬂlﬁréﬁYalséli*@@ﬂ%ﬁaﬁ1f93mHt9)m'¥%$ are fhe FAh@aiRiigisevhichmaier i x

100, 000, - SRSy SR Ebie A0S S5eoaiBEHE or Rfitull CHpedlEBLEy 1 o
coatings, &aad MAZUIBF-1BERRANEH Is d¥zlabMairoesBASFCompany &f FalsiBpanpecause of

hi gh coating | evels on the yarns, i.e., loss on ignition greater than about

1.5% whi cNemwndgrsey e Ammoninmtydsexide can henadded o the eoating ¢ompesitiqn

eval uate | am nat. trength, 76 tyle fahrics. (style par ters di scussed
above) mré’rfsé?aqu@stm&? é%deg\ﬁlg?e%]gggfeg%%ﬁglcél% '%%ﬁ%lf%ggtllg BYa~ G 75
Yar ns ism&ga- So%‘?ﬁﬁ i £ i ifi ic sanple
were | g?n nated w '?ﬁﬁé%ﬁrﬂﬁr esl néés@ésql'enmgg% m@F%hb?ngnAggqggg%?é resin,

di cyandi anapplicaionedfry beneddly ainffoandoatimMgNponRhe tstrainal; wenenliydhest Each

| am nate was eval yated for flexural strength ximum failure 20 stress
oot ng acaBIMGY BBOHLARIDhost BaMeIEk B THR WoRISRRICEREREAT of the

Institute Egfidd f &h SRURBGE cBEtiAG LoRfIsRRINGerkerafy FaYdsSrom about 1 to
about 75 weight percent.

20 The coating composition is preferably essentially free of glass
materials. As used herein, “essentially free of glass materials” means that the
coating composition comprises less than 20 volume percent of glass matrix
materials for forming glass composites, preferably less than about 5 volume
percent, and more preferably' is free of glass materials. Examples of such

25 glass matrix materials include black glass ceramic matrix materials or
aluminosilicate matrix materials such as are well known to those skilled in the
art.

In one embodiment for weaving fabric for printed circuit boards, the

glass fibers of the coated fiber strands of the present invention have applied



(Decenber 1994) (which are hereby incorporated by reference) wth netal

cl addi ng conpl etely renmoved by etching according to segtAghust 80¢24 of |1 PC
4101 and for interlam nar shear strength (short beam s“rTea'r'ﬂ'STr'E'n'gTh) usi ng
a 25 15.9 millinmeter (5/8th inch) span and crosshead speed of 1.27
mllimeters (0.05 inches) per mnute according to ASTM D- 2344, which are
her eby SUBSTI TUTE SHEET ( RULE 26) 30 August 2002 -52 incorporated by
reference. The results of these evaluations are shown in Table 1 D bel ow.
Table 1 D Sanpl eFl exural StrengthFl exud&t Mdul esShort Beam Shear

St rengt hPascal spsi Pascal spsi Pascal spsi g4.9 x 10715342.4 x 1034650002. 6 x

103742Bvac5. 0 x 10722152. 4 x 1034506002. 5 x 1036476954.3 x 10629592. 3 x
103360800theseto a pEpEarysayer ofleodried nesidue ©f BMORqUeRih aZingSamppesitiBnand B' a~

Bna modul S9TpERReP ol TP L heran Bline BRager AR IRIBE ed to

| ami nat ) - Qi | £ . 10
EXAPLE 2 Aaep e dapertioff EPONT sk by MR filnd rhaBrial, FYR VS ™ e

| am nat e K-30 Bl V)nyl ipyerolideree, oSl 87hepdxy-Tinatisnabbrgame dimmencduplingas

eval uated for |am nate sanples, each containi ng eight Lg%ers of 7628 style

f abri c9pragarkALAMULG Ehnpl LrolpXyethylated vegeiakln ol SHasPALAFALRRD 695

or opared SUEHS R R HRaE, REREUOUEER AO0 ponF eRENHT nd el ac
Wi th coppgior@fa@riats BEtdrvHiEiCisI 6atmdreRAg staflaBle frof Sfepan OSHMPRNY of

i ncorporated by reference. The coefficient of thermal expansion in the
z- di r ect i Ghicag, dlindisareE MEZR¥&cH7 PO padidllyarsidaies pelyethylese&iminmor di ng to

| PC Test Method 2.4.41. The results_of the evaluatjons are shown in Table 2
bel ow - 30 AvluiPrateied SabpdmEnbioasA S SR GPSa bR abihe baaiRgl o Aq
(retesf 4 ng{.r? . t ; . 3

(ret e?tb) 4.ﬁ§%Con 'lr]d‘(;? éﬁé’%@%gﬁ gﬁ@é?'éﬁﬁﬁ%hﬁ I'n ia%ﬁ%eféﬁn‘%})f iaE[p(:slgr%%rfl:'%te
Sanpl es Adriéd rasidaedfigh dguéd\es PizRgetdmpositiohi compiising Caghfliheirei® 960f
thermal expansion in the z-direction of 5 the lamnates are | ess than those

of Cont r obORdWpitede powder andiarn BARWYN NIpRIB&E BELIEATEGOA s dispersion] coat ed
e EXAMD-B43 5S8R TRV B R 05 ARSI oES FESMSBSERSSS50 ' 1 Tab! e
polyester, A-174 acrylic-functional organo silane coupling agent and A-187
16 epoxy-functional organo silane coupling agent.
The coating compositions of the present invention can be prepared by
any suitable method such as conventional mixing well known to those skilled
in the art. Preferably, the components discussed above are diluted with water
to have the desired weight percent solids and mixed together. Powdered
20 thermally conductive inorganic solid particles can be premixed with water or
added to the polymeric material prior to mixing with the other components of
the coating.
The layer of coating can be applied to the fibers in many ways, for
example by contacting the filaments with a roller or belt applicator, spraying or
25 other means. The coated fibers are preferably dried at room temperature or
at elevated temperatures. The dryer removes excess moisture from the fibers
and, if present, cures any curable coating composition components. The
temperature and time for drying the glass fibers will depend upon such

variables as the percentage of solids in the coating composition, components



10 Exanpl e 1 above) and Conparative Sanple No. 1 were coated onto E-gl ass
fiber strands. The formulation for Conparative Sanpl 930|‘Au%!§t92mt forth in
Tabl e 3 bel ow. Each of the form ng size conpositions fad abou wei ght
percent solids. Each coated glass fiber strand was twisted to forma yarn
and wound onto bobbins in a simlar manner using conventional tw sting 15
equi prent . 30 Audust 2002 -54 Table 3 WEI GHT PERCENT OF COMPONENT ON
TOTAL SCLI DS BASI SSAMPLE NO. COMPONENTCom . Sanpl e No. 1Thernopl astic

pol yester filmform ng pot ner28.9Therdgopl asti c pol yester filmformng
pol ymer 11044. lepoxy-functional organo silane coupling a

ent 1112. 3acrylic-functional organo silane coupling a

ent 1124. 8of thexyedting eorapositiok ahapiyby of glassAfioEry aitiededa sy cOapositiod. iS pot
oxyet hyl ene pol ynmer0.6 The yarns, of Sanples A-D Conparative Sanple No. 1
and a ConpyRicalivrresaniaea dsiedsizingdesidue-n theibersin an,amaung hetyean

ooy v Rt FierBant A3 aBBuLAB e atht HvadeinnE aftet Alyifi6 e ks o ¢ Ton,
(wei ght pla;]rﬁt‘i’dﬁ on]heesigcliérQ% ggaé@yﬂ@mm Sk CeWIght pereetitvi ded by the

total weight of t ass fed formng size conposition) of three
tri al s5of pexferatdatedscthan abetut 006 weight peEatért, and TooEaptefgeably vangesval uat ed

f Al F t i f eedi t n at a, t | ed feed t
of 274" molrof apagto S taapost D48 W e T ReBiar IKENEMG! Bn neter)
whi e . . y :
esi n wht SRTPLS of €B&1eBTeR (b BEfhmet By Hiéaling o HSr Fe 3 ARt ore
Chi 0. 110irDaSMifidENreat zotemp dndtenecofadd®ig®iCe di ol which is commercially

avai | abl e from Bayer of Pittsburgh, Pennsylvania. 111 A-187 )
gama- gl yci dOxypBeesndary laven of pssecandannh cealing cempesitionsany baappliadl e from

CSi  Spgci Les, . lnc. .of ‘Tarrytown.,. r =174 .

garmad et RUeF T ey ol ghatiitnEdmBisuoh e ke ettt pmannt £fi26ty avi o
from OSi  gpeshpbE ln‘i’éregh@feth@fpdrr‘ﬁbhﬂf%stréﬁ@é,_\féflé_xar?nHe By\tshihgthe F- 108
pol yoxypr opyl ene- pol yoxyet hyl'ene copol yner which is comrérciall'y avail abl e
f r om BASFstangdnat bath contaairg theacompostivdapsayingthe cobBRSasition Lponpol yeni de
which is co rci.ally available from General M|lls Chemicals, ,Inc 115 MACOL
NP- 6 nony (R EHBNIRI iRt Mg NS TN LRI IGHer 2 Pisblissed SROMRSE of
Par si ppanypnd\ey4atdar: r I r which is
conmmer ci alyrlhy avatlépa%%df%ib%%gwg}@g%o e%ﬁ%ﬁ%@%ﬁ%ﬁ? 117 ppG
| ndustisi esompusition friéfithestraridanad /oy degdidsahiteudsedeaboNeafor gy time pr oduct

30 August 2002 -55 mllinmeter dianmeter air nozzle at an air pressure of 310
kPa (45 p&uiitcieniio alderstoartially drymrcusa the secandaysaaiing: ¢apssiliphnes wer e

o each ya e thetfod Shi SR8 e oMy RBIK BloRebl Eothd podiiaided” 35,
yards) perh&isitdng it tlegaifiinéd Rfpartdy tervepfguaitin sfehel strante ariegaent

devices having a stationary chrone post of about 5 centineters (2 inches)
di anet er nidighskand uﬂep@ﬁmhgedned)a&esppm@hpn@f;ﬁaeﬁ-e@adaryscwmg meters from

trajght_ljine.path bet i i t devices. Th
Gi 11 e edtPeeahh f R g AU e BR™  *Tabl e 4. bol ow The Friction
Force test is igyrasledetondamiecttRgldnpddiidnsrban ifchide dricorbedfifiie yarn

i's subjected during weaving operations. Each sanple and conparative sanple
was al so deoaning ewtérials dubiicants iandnethesadditivgs suchiasaveatiscessast . Two
hundred grgns of __tension were 15 applled to each test sanple.as .each test
Sanpl o wa Y. NG SeRoRUATY GRtDa 48 ST ER Y TANE SUHRY SOOI br 1 ve
m nut es t 19WghR ' tc%ﬁ? ARAERIsUsShermitall ch sanple
and conpat(;?i veta;‘gsr’rglpree%%\)vteggeeva %d;fberg an(ﬁit he eavera%gﬁ)%rbmzromﬁr of

br oken2% i | corapoaents ofdpe sizing conmpasitientob)wentdine abeast eme tesipenent
consisted of two parallel rows of stee

I
in an amount which is ditferent from the amount of the same component
contained in the sizing composition. Non-limiting examples of suitable

secondary coating compositions including polyurethane are disclosed in U.S.



20 reeds, each row being positioned about 1 inch apart. Each test yarn
sanpl e was threaded between two adj acent reeds of the idp‘;ﬁqgkq\ﬂogg r eeds,
then threaded between fwo adjacent reeds of the second s, but
di spl aced a di stance of one-half inch between the rows of reeds. The reeds
wer e di spl aced back and forth over a four inch length in a direction
parallel to 25 the direction of yarn travel at a rate of 240 cycl es per

m nute. The results of Air Drag Force, Friction Force and Broken Filanents
Under Abrasion for Sanples A-D and t he3@onparative sanples are set forth in
Tabl e 4 bel ow. -56 Table 4 30 August 2002 Sanpl eABCDConpar ati ve Sanpl e
No. 1Conparative Sanple No. 2LA (weight

per cent ) 0.Paent300s.50062(503&0d 45462, 7Briagvhich are hereby incorporated by

(grams) 68. 584. 937. 347. 136. 419. OFriction force

(grams) 24 9PEENCE. 23 938, 1Nunber of broken filaments per yard of

yarn2.01.0--3. §1 .9 A5 SHEWD t&gﬂl%lal gm‘%odﬁ‘ﬂ%ﬂ??cggd@@gg&&e%\jeggnfr e coat ed

with sizing compositions coR arnimg - boron r1de he present
i nventi oninveiion, frvgREsifipRrd bf B fiber stramd fcanqiawn@hpgméa@ha@@b fi gher air
drag val ues when conpared to the Conparative Sanples. Sanples C and D al so
had hi §hemprimarydayer ofa deied residueraf acoapventianad seigresIpoRiioradradr ag t est

i | at | i ded i mul 1] i f
e il RSinoshioP ARG oy i Bpk bt 18 Sleind REMRSRARS REFRS, o
propul si ommy@its YiskissBdabRdVED ERARPIERES $litdUié 3y céAthdbitidicamiset | et

provide greater surtace area for air jet propulsion, which can facilitate
yar n travdorthdénr beswehstdimatpages i235+-28% €3¢ sd d&93) iand. UThePatent Noag val ues

for Sanple - sanpl P ared accordi.ng to the present .invention) are
hi gher th£3$¢rgéé ﬁ{,ﬁ%Bé}%g@?} 9€WBQ%F3§3%frtq‘??i’ﬂ'fﬂeiggtbé’sregifﬁﬁ?f?-or air
jet c atd bpLd w CIMRAR NS b St unf s set
forthqirql) agkééd\)dla\/%?’g W%ﬁrormgg{%@@formﬂﬂg siggggé%(gg%s E, F,
G and H adeahépresdr invVehtiohds elpplieavieniti leastean gottioh, Goxippredbiably Sagrpl e in a
simlar manner to that 20 discussed above. Less than about 1 wei ght percent

of acetic theientighodter susfaceepfiie pasiasy Jayeri ddiausrepndan¥aaatisgnposi ti on.

S vere CosRPaid 658 Soprisnnd B B0 LR L dpld RELFARRENASRAT %% o ©
%gg})ce)siSt | cdsovizaghdist R wiRieHtarE sttdorAaN TaBles€l DNAndP €T BeRIw. SOl i ds. 5
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WEI GHT PERCENT OF COVPONENT ON TOTAL SOLI DSBASI SSanpl e No. COVPONENTEFG
~HConp. __Sanpl eEpoxy filmform ng pol ynmer 16. 1263. 541636@&%&8P0I yvi nyl
pyrrolidonel. 315.181. 315. 184. 97Pol yoxyet hyl at ed . -

veget abl el. 636. 441. 636. 446. 180 h20Et hoxyl at ed1. 636. 441. 636. 446. 18oct yl pheno
xyet hanol ' 2' pol yet hyl ene gl ycol 0. 793. 110. 793. 112. 98nonot aur at e

ester' 2zEpoxy-functional organo3.1712.513.1712.5112. 00si | ane coupling

agent' Za~Organi ¢ | ubricant 0. 401. 560, 401. 561. 50pol yet hyl ene

enul si on00004. 61Boron nitride powder741781. 00000particl es' ZsBoron nitride
particles in0074.781. 000aqueous suspension'1" 118 EPON 826 which is
comercially avail able from Shell Chem cal of Houston, Texas. 1 ~ 9 PVP
K-30 polyvinyl pyrrolidone which isTablg€rcially available fromISP

Chemi cal v Jersey, 120 ATKAMI S EL-719 pal yvoxyet hyl at ed

veget oinergani¢ SelldiMaeriab | cnerraat conductivitiviai FlapTeal Regiiameson b poviehe itordness  |1GEPAL
CA-630_et hoxyl ated oct vl pW¥WNOkee30fhol | (NETE RhI<cep! 8% aL(Cgfﬁglﬂaléﬁi?‘@hl from
GAF Cofr por &vroomitide Wayme, IboutP@psSey. [122 KFEXAO PEG 600 poladbettidy] ene
gl ycol |_nobasbraphospiidest ér_whabokt 356 -conmier ci al Ly ~avai | abl & fr 8equE-8pan
Conpanjy_aimia@m obesphide | I | nojaboutli28”"A- 187 - -
gama- gl_y eluchoxgymitigey | t 1 i meldbouts@gz;'ne | careater toafibrci all | v aAPMISAbl e fir om
0S| Speci_agdlivesnitriiec.  ¢f  TabputoMB New York. 1-4 EMFRY 6717 partially
ani dat pd galilmehbsphisize il ni nebabti OB i s commercial-ly available from Henkel
Cor por fat i osilico cathidaked, | 19bowdA767°125 Pr it HIQiie’ iHOhi gh | degfaatenghan 9
pol yet hyl esticosmittigs on Wi chabasit 8&7mrer cf al | VI0a¥ai®ahl e fiom el Chenji cal s
of Birlin umieeideJ er dey. abpat 2481 ar Ther m PT 160 boron it rj#keutdwder |
particles which are commercially avail abl e from Advanced Ceram cs
Corporation of Lakewood, Chio. 1 - O ":,C BORON NI TRI DE RELEASECOAT- CONC
boron nitride particles in aqueous dispersion which is commercially

avai l abl e from ZYP Coatings, Inc. of Oak Ri dge, Tennessee 30 Audust 2002
-58 Each coated glass fiber strand was twi sted to formyarn and wound onto
bobbins in a simlar manner using conventional tw sting equi pnment. The
yarns of Sanples F and H exhibited m niml sizing shedding during tw sting
and the yarns of Sanples E and G exhibited severe sizing shedding during 5
tw sting. The yarns of Sanples E-H and Conparative Sanple were eval uated
for Alr Drag in a simlar manner to Exanple 3 above, except that the Ar
Drag val ' r two bobbin sanples at the pressures

i ndi cat ed!%G SHcktNonbetaliEc@rystajsanith High hernall Geadustivity. dr Piyg.ShamcSoidski989) Vel br oken
fi | ament s331 3gfewhiginie berphytineprgorgipd r@f?feafe;zlog meters, per m nute ysing a

Shirl ey I\ZQQ\E ef5r Edh Compidey Nigdepnditorde MaERl SRR A5 ORRTh T E8ifitercial 1 y
avai | abl etfgaigh Sar L MniRbipQGpd7. | NC. of England. These val ues represent
the aver mm%lm%tﬁdmﬁménwwi@@bbiyECt@fn. saGlioyavaL  The

br oken fi $4apraed, whiah is Gsretitzoipeated beakfdrencam sect i ons taken froma full bobbin,
136 gr ans2YR31L-4vds, 6. s gnsef ZRemjeal Bistongy ((Rtpled: A8H3) aragealt whisdund from

i bereb v e i i
Lhe Dobbi e N meale s it Hah e 8l Lol eHeANs g ldadR e set
forth in %JI ;‘Qh J:EEL i s%rp?g'j‘g o r;lj GKEN 1 1 1ament s measar ed accor di ng
to the Gaﬁﬂae.'gfe@l'é MAMMETOYstAISwithaig THeRRAC dMMudiii S Bhva OCHerS @s7afvoyarn from
a bobbi n a4, p.226) Wik 8 herlety ifddtpdratetilny Afdlénag t he yarn through a series of 8
paral | el 2A.¢¥eimeaniEs.) (Sarkddeanitidpamsicioride Maiesials Sypihasisead Gracessies. SR9 D PePPIsr oken
filament ect or dil_scus_sedt abo%/é to count the nunber of broken filanents.
30 August o7 e e R O PRQISEN G J_oANENES: BRR AFSRR. OF
a tivity, J. PhyS.Chern, \.

YARNSanp! g, ESARHI & ESaN ggﬁg%pl' . d i

29 G, Slack, “Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids (1973) Vol.

34, p. 321, which is hereby incorporated by reference.

30 Microelectronics Packaging Handbook at page 36, which is hereby incorporated by reference.

31 A. Weimer (Ed.), Carbide, Nitride and Boride Materials Synthesis and Processing, (1997) at page

653,'which is hereby incorporated by reference.

32 Friction, Wear, Lubrication at page 27.

33 Microelectronics Packaging Handbook at page 36, which is hereby incorporated by reference

34 A, Weimer (Ed.), Carbide, Nitride and Boride Materials Synthesis and Processing, (1897) at page

654.

35 Friction, Wear, Lubrication at page 27. _

36 Microelectronics Packaging Handbook at page 905, which is hereby incorporated by reference.

37 Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at page 141, which is hereby

incorporated by reference.
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Sanpl ef ul | bobbi n0. 8870. 241greater than 100. 0650. 192136 grans {3l 10
pound) 0. 8560. 017greater than 100.0130.320272 grans (6/30 f,qust 200 ‘
pound) 0. 6760. 030great er than 100. 1010. 192GATE TENSICN'gnUﬂ%ET—éLJ%airs per
meter) Gate 2-0.039-0.02350. 721Gate 3-0.025-0.028Q 571 ~CGate
4-0.0125-0. 0680. 4795Gat e 5-0. 015-0. 0930. 85CGate 6-0.0265-0.1180. 993CGat e
7-0.0695-0. 311. 0835Gate 8-0.117-0.5571. 81AI R DRAG (gramns) 25 psi Bobbin
1-10. 420-10. 86011. 610Bobbi n 2-10. 600- 7. 85011. 61030 psi Bobbi n

1-11. 690-12. 50013. 680Bobbi n 2-12. 200- 8..%4Q013. 85035 psi Bobbi n

1-13. 490- 14, 03015. 880Bobbi n 2-13. 530-9. 57015. 63040 psi Bobbin 1-14.740-14.1
~ 017. 560Bobbi n 2-14.860-11. 01017. 61045 psi Bobbin

1-16. 180- 16. 39019. 830Bobbi n 2-16. 680- }24[dH18. 95050 psi Bobbi n

1-17.510-19. 28022. 410Bobbi n 2-17. 730- IZ.°00020. 31055 pS|Bobb|n

1- 19. 57023—35020—-350Babbi1 - - SRS AR v soxs roe iy == L
present edﬁ'oF?a*i‘ﬁﬁ"ng@agﬁﬂ afngrma "‘r?('l? ag &“gé b igilgé tafel—k acc“?) aquéd’ t He
present jventien gerder- AV K ) ol e P hhee of'gﬁ;‘ig
Conpar at f-ve | i w B ESE—feSH--S— e -RottaheP usivg
Si gge i t}H-s w.u.lvfjg f :,we H @Pmﬁ?ﬁrﬁy
. q
Conpar at e HA—SarplessrE—H1-eertrbuted td
ab:'rg3| ve r nuct a\ﬁ%tﬁoo‘t&n Y Am fquuﬂ?,n anni ng
. < T I L l_\.l r-}} ] T \.I:Ir ||\10| \: 5P O
descri pt! seRt—puEnt b@-ﬂ—-p-l’—a-\:‘-kmu Lnatds
havi n 5o e —EB6 M—e#—%—he#—n@s——
expangi g ot hef2UbI08 ol o havaRIubd ilch
nc aqgl 1 > ﬁbq—uﬁ f
are usef SRS = %s% —Haf nt-s—for
print ed i at o808 0 lillad in the qrt
that cha ont s SRREEB nod oh
departin ati fhé%ﬂz:slf —si-und

t her ef or 1Jh;ﬂhrqmwm inueht i 0@PPut68 i bit ncL%QP\Uttlen part Llllﬁ?ouégjqndl ngnt s
di sclosed, but it is intended to cover 10 nodificati ons which are within
the spirit -ahd-scope—of—the invention, as defined by the appended cl ai ns.
30 August Z8Qictiob Weal, iEbicht ﬂRE,pay\EzELAI M 1. Areinforced lamnate for an

el ectronic emibtpyrs gsics GiGrAress (1 5)§Pg 1264p0| rrerlc mat ri x
material; aMg sice GRSrirest bt Fe 1 'rﬂa%? W'}fﬁr“"ﬁ‘eE?B‘hprl si ng

gl ass fi ber. °‘@n UeRhial {1 29935 Lol uich SRAEBRL 1 bl @

W th the pohdbRFidd by vErdra i rTal, the yarn having a toss on ignition
rangi ng fr off paiboeldctrb &Pa&l@g:@mﬁdb&ketw@ht percent and an Air Jet
Transport Dtanfimol.ef Chemisty apd Ehtsies. GRGeAesatio £4.1189) 60B9y12hH Wiishishepby gr am

barerf@eme gua i et nozzl e unit having an internal air jet

E‘?Z' and a nozzle exit tube having a
: G Fair ﬁF foRl\hicls ARy ek B, Rier@bOUL 300
yards) per 40 giiid W L@bricatidn abt Hre of about 31 | oPascal s (about 45
pounds per éﬂqraemaek I“mtagadgﬁals fth MireTHRInAl ddneuctnatpiynetive dhars. Salids (R g)val
strength i n34 he32f2|whlchdi|heeb1 lnmmocﬁtedtblneefefra\m I C pr eater than about 3 x 1 O7
ki | ogr ans pé%_% Histepp s-Ssisnee and Eninesring An Introduction, (2d ed. 1991) at page 637,

which is hereby mcorporate by reference.

50 Handbook of Chemistry and Physics at page F-22.

51 Microelectronics Packaqing Handbook at page 174.

52 Microelectronics Packaging Handbook at page 37.

3 Microelectronics Packaging Handbook at page 174.

54 Microelectronics Packaging Handbook at page 37.

55 Handbook of Chemistry and Physics at page F-22.
Mlcroelectromcs Packaqing Handbook at page 37.
Mlcroelectromcs Packaging Handbook at page 37.
Handbook of Chemistry and Physics at page F-22.
Mlcroelectron!cs Packaging Handbook at page 37.
0 Microelectronics Packaging Handbook at page 37.

1 Microelectronics Packaging Handbook at page 174.
2 Microelectronics Packaging Handbook at page 37.

3 Handbook of Chemistry and Physics at page F-22.
64 Microelectronics Packaging Handbook at page 174.

65 Microelectronics Packagmg Handbook at page 37.
‘56 FnchonI Wear, Lubrication at page 27.
Mlcroelectromcs Packaging Handbook at page 37.

eroelectromcs Packaging Handbook at page 37. b
9 Handbook of Chemistry and Physics at page F-22.
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2. The reinforced |am nate according to claim 1, wherein the polyneric
matrix material conprises at |east one material sel ecgggu‘d@pm 20 group
consisting of thernosetting matrix materials and thermoprastic matrix
materials. 3. The reinforced | am nate according to claim2, wherein the
polymeric matrix material conprises at |east one therrmsetting matrix 25
material selected fromthe group consisting of thernosetting pol yesters,
vinyl esters, epoxides, phenolics, am noplasts, thernosetting pol yurethanes
and m xtures thereof. -62 30 August 33002 4. The reinforced | anm nate
according to claim3, wherein the thernosetting matrix material conprises
an epoxide. 5. The reinforced |am nate according to claim2, wherein the 5
polymeric matrix nmaterial conprisesTablédast one thernoplastic matrix
material selected fromthe gr oup consi sting of polyolefins, polyam des,

t her mojpty MWEE%‘E‘:“F AT BT ST | ElePFtd RediSthrce V1 NMOhDRATIAGESS ,
pol yi mjdes; po yether syl T gRask atmophenyl  sulid@oma- poliyetdiiinkescares,
pol yph¢gnyl ene oxi des, ppl yphenyl ene sul {i descenfidtyracet alls, pol ycar bonaf es
and m Jrures (_Ioagérem 106 hg& Feeni or ¢ed T apaunale accqr di agutDs5-8l=ai nj 1,
wher ei ifat— Tegyld One of [ The ZgLa3ey T DEr$ 1S asduegh€d Tram t dugr o8p
consi stWWT I DET S, aboutd@ assS T I|Der S\bold4F as s
fi bers | Eglaggepertvarjve rébggrﬁgwanu tonbDi Bedut 965 L NENEOT abolilR. §-481he
r ei nf orced—tammate—accordirmg—to TcHarm o, WwWherein tnhe at I east one ol the
glass fibers is an E-glass fiber. 8 The reinforced |amnate according to
claim6, wheremMplythtertimisdifids hnd@magieditm olide aré othwrinosganic Solild ass
derivative fibers. 9. The reinforced [am nate according to cl-aim 1, wherein

the cofti ngrt@iﬁmwhie@ afeassefol fioe secondani©rrigaian: ceatings @tc,@q P&sgahi c solid

wher oi n't B ENiBf G SEUPR in Fipf SllS LEFE R Mo RESRE Ry 0"

| anel | ar %beé‘ir\’drﬁ}anlc sjﬁdﬁ&hﬁf&%‘s 23d%e usé8 in frle prEzent @ivehebaed | ani nate

according to clal erein the
The amount of inorganic particles in the secondary coating

composition can range from about 1 to about 99 weight percent on a total

10 solids basis, and preferably about 20 to about 90 weight percent. The
percentage of solids of an aqueous secondary coating composition generally
ranges from about 5 to about 75 weight percent.

In an alternative embodiment, a tertiary layer of a tertiary coating

composition can be applied over at least a portion of the surface, and

15 preferably over the entire surface, of a secondary layer, i.e., such a fiber
strand would have a primary layer of sizing, a secondary layer of a secondary
coating composition and a tertiary, outer layer of the tertiary coating. The

tertiary coating is different from the sizing composition and the secondary

70 Microelectronics Packaging Handbook at page 174.

Mu:roelectromcs Packaging Handbook at page 37.
2 Handbook of Chemistry and Physics, at page F-22.
73 Microelectranics Packaging Handhook at page 174.
Mlcroelectromcs Packaging Handbook at page 37.
5 Handbook of Chemistry and Physics at page F-22.
75 Microelectronics Packaging Handbook at page 174.

77 Handbook of Chemistry and Physics, CRC Press (1975) at page D-171, which is hereby
mcorporated by reference.
Handbook of Chemistry and Physics at page F-22.
Mucroelectromcs Packaging Handbook at page 174.
0 Microelectronics Packagqing Handbo _ at* age 37.
1 Handbook of Chemistry and Physics at page F-22.




I norganic solid lubricant particles conprise at |east one particle selected

fromthe group consisting of non-hydratabl e i norgani prhgugy%‘j’zzant
ures

particles, hydratable inorganic solid |ubricant parti

thereof. 5 12. The reinforced | am nate according to claim1l, wherein the
non hydratable inorganic solid lubricant particles conprise at |east one
particle selected fromthe group consisting of graphite, boron nitride,
nmet al di chal cogeni des, cadm um i odi de, silver sulfide and m xtures thereof.
10 13. The reinforced laninate accordi®#§-to claim 12, wherein the non
hydrat abl e i norganic solid lubricant particles conprise hexagonal crystal
structure boron nitride particles. 15 14. The reinforced | am nate according
to cl ai m £oatipgepanesitien, ien thededianpceating cgampesition (H samainsaideastrti cl es

conui st s SRRt Wi ShERRA0 A S MR S S iRent of i o,

di sul fi de sizing At $acendaheedstthg Eompotiiondos () costairdsiadesstonk sel eni de and
m xtures thereof. 20 15. 'The reinforced | am nate according to claim 11, :
wher ei n t leompsneny in ansvheuntrwhighris diffarentifroobitiec amousdof the eameonpri se at

S e S I
oxi de and m xt yp egistdif h%Gsch?\%a?beBf?ﬁﬁﬁonH@éEiﬁ@ﬁ eo@ﬁgégbﬂg to
I ubri par

; 5
claim1l, wherein the ﬁ%'r aﬁrﬁbf € 1 norganic sol cant Icles

conpri se miryhdbrespdlymerieamateriafsidisudssd-above e @s pbhauretianepaaddhkan nat e
according to claim 16, wherein the phyllosili ccﬂ_,ges conppri se at |east one

phyl | osi | itERe8Y seatind eaMACSIHONTROTHPHYRS BBYWEPER renaliy canduchive, gypsum

(am nat o ARRGPAIAHERE, KR 3 AL RdRher Poton dile PRt bE WM o7 ani ¢

sol i d 10brdreaicugaetidiR@. IFrefrablyt, hige P@Wd@mewlcota@ing i@ébéﬁ@@@r\pﬁsﬁﬁlgﬁ the
E-glass fibers. 10 19. The reinforced |am nate according to claiml1,

wher ei n t Hbe strandhpvin@a liguid gecargary septingficonmrosition apptiedthérets a
filmform I r. 2 he rei nforced | am nate accordi ng.to ¢laim1,
Wlner ein attﬂﬂégg‘[ggﬁ@%ﬁdopﬁ‘loélsﬁéy ﬁd?‘ﬂﬁ?go iagwf"{ﬁ hté% Wﬁéﬁrlﬁ’aﬁ'ﬁﬁ f%ﬁ'lkﬁ e

Cerial ‘ b . .
oo« RS fnd Sl R A SO, RS O
t hereof . Zdssefiided intofepfated 1 vhbefre the tayedi1dg dbtartianyrochtingtieapphied he

| am na{g has a flexural strength in the fill dire t'bon of the fabric
gr eat et® t IBHSBRVRAHLEIY. £- 9The werolkinesgeahef F?J%deﬁifgrt ermally; conigtive70 kpsi).

22 o S HE BRI S8 9 BTt R cor gk B
0.1 to about 75 weight percent of the total weight of the dried strand. The
tertiary coating can also include one or more polymeric materials such as are
discussed above, such as acrylic polymers, epoxies, or polyolefins,

20 conventional stabilizers and other modifiers known in the art of such coatings,
preferably in dry powdered form.

The fiber strands can be processed into a woven fabric 14, preferably
by knitting or weaving. The woven fabric 14 is used as a reinforcement for
reinforcing polymeric matrix materials 12 to form a composite or laminate 10,

25 such as is shown in Fig. 1, preferably for use in printed circuit boards. The
warp strands of fabric 14 can be untwisted or twisted prior to weaving by any
conventional twisting technique known to those skilled in the art, for example
by using twist frames to impatrt twist to the strand at about 0.5 to about 3 turns
per inch.



25 (b) a woven reinforcenment fabric conprising a yarn conprising gl ass

fibers at least partially coated with a coating whiclgg Au?agpaoozl e wth

the polyneric matrix nmaterial) the coating conprising pol yester; and
(2) at |east one polyner selected fromthe group consisting of vinyl
pyrrolidone polyners, vinyl alcohol polyners and starches. 30 Aus-~ust

Z00Z -65 23. The reinforced | am nate according to claim 22, wherein the
polymeric matrix material conprises at |east one material selected fromthe
group consisting of thernosetting matr3x-materials and thernoplastic matrix
5 materials. 24. The reinforced | am nate according to claim 23, wherein the
polynmeric matrix material conprises at | east one thernosetting matrix

material sel ectie@ deifBtding falifd P4 cARShelLidedatsduttS ey abset t00Wago! yest er,
vinyl 10 esters, epoxides, phenolics, am noplasts, thernosetting

pol yur et h&trasdaper eentimeter ane peaferably hasabowihtcoakeyt 2apickaper accor di ng

to claim?24, . .wherein t t her tt.in i ' ri an

cpoxi de. FSMIBSHEBAU B ABER e et ROL KIS ST RS MR A SHE Brhe n e

pol ymer i ¢ JBREfri&tidRESH bala fe};tﬁart prRITWBL2S! hEhOBGH bity BEr Wahyiglseaged from
the group consisting of polyolefins, polyamdes, thernoplastic

pol yur ét havedisknavire tortisesskilte doiml thesargratichvas gl twilbweave or satin wedwees,

pol yet her sul fones, 20 pol yphenyl sul fones) pol yetherketones, pol yphenyl ene
oxi des, p(ﬂaj}‘rﬂ?eHW%ne sul fi des, polyacetals, polycarbonates and m xtures

her o 2T AP R gl e iy o

| east one of the glass ST1S the group consrs

E- gl ass fidlartinatéFoPpghtsbcitdietsards; glicts asfareafisclosed irm$abriceeXrdunf- gl ass
derivative fibers, and conbinations thereof. 28. The reinforced | am nate

accor di ng the Werd mazechoisat kulletinef Glark-Sehwehel, lc. phéngewon, Sovth s ~s ar
o cl atn Al 9D RS ey e Boraind ty te R A BRI T es
derivati veabii®sfyfe uSingUE2JHE-G1asS FiBRFLA SHe DAUE, WAk K918 Warpai M 22,
wherein the coating upon the glass fibers of the fabric further conprises
i nor gani ¢ yaohs$ dnduddi wefityapes pecbesntimeter square area (60 warp yarns and
58 weft yarns per square inch); uses 7 22 1x0 (E225 1/0) warp and weft yamn;
has a nominal fabric thickness of 0.094 mm ( 0.037 inches); and a fabric
15  weight of 103.8 g/m2 (3.06 ounces per square yard). A preferred fabric style
using G75 E-glass fibers is Style 7628, which has 87 warp yarns and 61 weft
yarns per 5 centimeter square area (44 warp yarns and 31 weft yarns per
square inch); uses 9 68 1x0 (G75 1/0) warp and weft yarn; has a nominal
fabric thickness of 0.173 mm ( 0.0068 inches); and a fabric weight of 203.4
20 g/m® (6.00 ounces per square yard). A preferred fabric style using D450 E-
glass fibers is Style 1080, which has 118 warp yarns and 93 weft yarns per §
centimeter square area (60 warp yarns and 47 weft yarns per square inch);
uses 5 11 1x0 (D450 1/0) warp and weft yarn; has a nominal fabric thickness
of 0.053 mm ( 0.0021 inches); and a fabric weight of 46.8 g/m? (1.38 ounces
25 persquare yard). These and other useful fabric style specifications are given
in IPC-EG-140 “Specification for Finished Fabric Woven from ‘E’ Glass for
Printed Boards", a publication of The Institute for Interconnecting and
Packaging Electronic Circuits (June 1997), which is hereby incorporated by

reference.



31. The reinforced | am nate according to claim30, wherein tl~e 10

I norganic solid lubricant particles of the coating havgog!!ﬁglng
structure. 32. The reinforced | am nate according to cl » in the

i norganic solid lubricant particles conprise at |east one particle selected
fromthe group consisting of non-hydratable inorganic solid |ubricant
particles, 15 hydratable inorganic solid lubricant particles and m xtures
thereof. 33. The reinforced | am nate according to claim 32, wherein the non
hydr at abl e i norganic solid lubricant pa%éicles conprises at |east one
particle selected fromthe group consisting of graphite, boron nitride,

metal 20 dichal cogeni des, cadm umiodide, silver sulfide and m xtures
thereof. 34. ThA suliahblemeyenireitforsing falrir 4% egnthe faraieshBaysing@mi n t he non

ot ot ur e SURGTARGF 1chEn el Kries 6 Bk d Ty BTG, S8 TS ARTURE actor di ng
to clai m 33omBef4 IQrHEﬁanS’HJrl dg}%@@@%%t ea@mgtaﬁgah el leHL PReYermarticles

conprises at | east one net gem e selected fromthe group
consi sti ngaiojetﬂnbvyisohanmnrdnmnb:fallyiavallatﬂé frarguitudaloma- & A apanyds Mode
di sel enide, tantal umdjsulfide, tantalum diselenide, tungsten disulfide,

tungst eh dNgellBAiand FutzerRutiMedel Ner bcﬁoo%er L1500, ayhighy Aeeceomanaraigliy

Fobri onn SaiEel Borf syt EotherSTa80Pr Zuie St SRR RPTRDR: o oup
consi sti ngamd LISHQOLPﬁodU&@UuMéﬁm bf Sulzep el l.tdll Switz&Mritl, wiitiafe cal ci um
carbonate, calciumfluoride, zinc oxide and m xtures t hereof. 37. The

rei nf orcedhﬁ@hynaﬁ@fp@cfatﬁdjb‘ﬁgefetﬁnﬂeil m 32, wherein tire 10 hydratabl e

[ [ |'id,l ubr hyl | o )
rainforced | am AP gt G ISt Wea oS FISGREAIYRE DhEtFR e adng i

conpri $¢ an am«gét |daaﬁ ﬁhBWn ih eefﬁ'@ﬁr&ﬂth%rfmggérnwﬁpgwow bRtk NI gg

mca, talc, sum k Ite, montnorillonite and m xtures 15 thereof. .
The rei nf ointethe warpzshedamcalhhstg)ftomnu;bresseacalr Shefromoree bambTessr jetl ue of

t he inorganic solid |J]ubricant particle ess t to a hardness
val ue of tReZgrssdS:ishemn indggadd a‘f‘ﬁ‘ee%e?ﬁf ?@&?egz?:hoﬁfﬁt @lbY%F" 1G o

clai m 22 WiGiopfled BErGOR IR SD 4 SYanE 1EbAS B! @B 7 1d Q@o&?@é' C

conpri ses a ormn e reln orce an1na e accordlng to
claim 22, idobies), rared nicﬁéqire@abweabw‘uttdm ghetess {abvert 36iisciien)mdher om a

fiberizable material selected fromthe
1 compressed air.

The air jet filling system can have a single, main nozzle 516, but
preferably also has a plurality of supplementary, relay nozzles 520 along the
warp shed 512 for providing blasts of supplementary air 522 to the fill yarn
510 to maintain the desired air pressure as the yarn 510 traverses the width

20 524 of the fabric 528. The air pressure (gauge) supplied to the main air
nozzle 516 preferably ranges from about 103 to about 413 kiloPascals (kPa)
(about 15 to about 60 pounds per square inch (psi)), and more preferably is
about 310 kPa (about 45 psi). The preferred style of main air nozzle 516 is a
Sulzer Ruti needle air jet nozzie unit Model No. 044 455 001 which has an

25 internal air jet chamber having a diameter 517 of 2 millimeters and a nozzle

~ exit tube 519 having a length 521 of 20 centimeters (commercially available
from Sulzer Ruti of Spartanburg, North Carolina). Preferably, the air jet filling
system has 15 to about 20 supplementary air nozzles 520 which supply

auxiliary blasts of air in the direction of travel of the fill yarn 510 to assist in



group consi sting of non-glass inorganic materials, natural materials,

organi c polyneric materials and conbi nati ons thereof. 39 ﬁihﬁt@m 2002 -68

42. The reinforced | am nate according to claim 22, wherern € yarn has a
| oss on ignition ranging fromabout 0.01 to about 0.6 weight percent and an
Air Jet Transport Drag Force of greater than about 100,000 gram force per
gram mass of yarn using a needle air jet nozzle unit having an 5 internal
air jet chanmber having a dianeter of illimeters and a nozzle exit tube
having a | ength of 20 centineters at &'yarn feed rate of about 274 neters
(about 300 yards) per mnute and an air pressure of about 310 kil oPascal s

Socor di ndrBREIRG i bafaRh s he R n2be Thikal WotslP@lBRungin  n the
fill dir Q:.‘Up'pﬁéd@cfv ehbg sfu?BiérﬁeEfa‘??taﬂ*néiE@ sPoptefetablylidngleis! fs abouper

square neter (about 4 rei nforced Iam nate for an electronic
support) 3 tecabaeutithbars. 15 conprising: (a) a polyneric matrix material; and

b L.nf f l fib

1 cast par (LI 1 GO B4 BFAiD O KAS HHPDIPACKA0E  PHITISRE the
I t d (2) 20

iyl Ty PSR eRE B el ?at%%? TR i e

44, wher gireferablyestsiut @Te mbté:’edabbassoolyraeds) per rmiriutet G‘dreffﬂlbmmhﬂow oup
consi st ng of E-glass fibers, ghass fibers, gl ass_fibers, Qglass

fibers, Hsépdino maininagzle 588 throsgh asl%ﬁbmlﬁsbﬁfsawwe@lﬁa -69 46.

An el ectroni.c, circu ar risi t am . nate for
an ol oot rORMGteEtiRH {endBR T ¥ B IHRR PR aatily gt g CesisR wt BEG3, -
conpri si rﬁbﬂbﬁﬁ%uqmﬁfécoﬁmOvaméﬂawm fhd iIRBErtIOM ik Bdnpleted, aRgEeRg from
about 0.01 to about 0.6 weight 5 percent and an Air Jet Transpert Drag

For cel®bf gftbatyarn distal tanbetmamm@me &i8nisfant by peuttesradn.mass of yarn using
a needle air jet zzl aV| ng an_interna chanber aV| ng a

i ameter of 2 The Fofbelpttaad Berbduramic bomind Rl oo d! VaRg D! 20
centi met t r ) per
m nut e aﬁ@éaazlt g?wé%&eg Efdg:egs? n%? agﬁéﬁnlééélqﬁhggg@g ;*?gﬁf&éiéﬁ%%ﬁnds per
squar e i nwil)gegmuglty behefeeied tosereiimandhe “Adrsled TrarsporaDrag forgehTést t he
fill direction of the fabric greater than about 3 é 10" kilo rams per

squar e meMeqhbbhe et legasportdag rerceal elye HSeE tg ”E)%"I’%Hf@ PE matrix
matery gl ARaklife oPbGling ol &P ekrdl REEY) Bketed (o #Y Y&m A8the yam is
pulled into the air jet nozzle by the force of the air jet. In this method, each
yarn sample is fed at a rate of about 274 meters (about 300 yards) per minute
through a Sulzer Ruti needle air jet nozzle unit Model No. 044 455 001 which
has an internal air jet chamber having a diameter 517 of 2 millimeters and a
20 nozzle exit tube 519 having a length 521 of 20 centimeters (commercially
available from Sulzer Ruti of Spartanburg, North Carolina) at an air pressure
of about 310 kiloPascals (about 45 pounds per square inch) gauge. A
tensiometer is positioned in contact with the yarn at a position prior to the
yarn entering the air jet nozzle. The tensiometer provides a measurement of
25 the gram force (drag force) exerted upon the yarn by the air jet as the yarn is
pulled into the air jet nozzle.
The drag force per unit mass can be used as a basis for relative
comparison of yarn samples. For relative comparison, the drag force

measurements are normalized over a one centimeter length of yarn. The



15 (b) an electrically conductive |ayer positioned adjacent to selected
portions of selected sides of the |am nate. 47. The ela@cC C cuit
board according to claim46, wherein at | east one of Mﬁéi} ers is
selected fromthe group consisting of E-glass 20 fibers, Dgl ass fibers,
S-glass fibers, Qglass fibers) E-glass derivative fi ber s, and conbi nati ons
thereof. 48. The electronic circuit board according to claim46 further
conprising at feast one aperture extending through at least a portion of
the 25 circuit board. 49. The el ectrom Circuit board according to claim
46 wherein the circuit board is a first, second or third | evel package.

30 August (3002 -70 50. An electronic circuit board éorrprl sing: (a) a

| ani nat e f@FAMMase el ARNecattipstar leaathr¢isyaig capibe aeikbined asrqrding

conpri si NG FoMalk a?rrpri sing glass fibers at |east partially coated with a
coating conprising'(l ) polyester; and (2) at 5 | east one polyner selected
fromthe group Geam Mas8s: Q:f(dlzﬁ)’kNP{/ ol I(ﬂ@é@twﬁ@té#ﬂ@uﬁgth of yath) al cofpol

pol ymers and starches; and (1i) a ayeg a polynmeric matrix materi al

appl i ed owhewdnem ddﬁrp@herlotﬁa smglewaaefraﬁrth@yamwuwow)e hhisdhe owmitzaridfy
conductd

I f I d
i des o1 TRETE dtRa e BURdleehd paee it e SeRy i MR dite aLR3PEPREE ol ai m

50, vvherel e%?@b f e group
consi sting o?atséh Lfe?rzs§ BEG—‘ jjs%scféfdlbtgg?gnﬂ %ﬂaggé%ber'a@t ¢

fibers, E—@hafétethaandatunﬂﬁerfafbﬁmi i@ yand forsdvienalt typical glwseﬂb%ryﬁan The
electronic circuit board according to claim50 further conprising at |east
one apert Pr@dEgt®Ndi ng through at least a portion of the circamit board. 20
53. The electronic circuit board according to claim50 wherein the circuit
board is a first) second or third I evel package. 54. An electronic circuit
board ¢@nprising: 25 (a) a lam nate fpspRrFel ectronic support conprising:
(1) a first conposite layer conprising. (1) a woven fabric conprising a
yarn conpri si ngYgtmpgef i ber s, t hEibgaDiarhaterng § NussberrofiRibersiimBundlegilng
from abo 0.01 to about 0.6 wei gbentimetesit andd an Air Jet Transport [rag

For ce of great er 65@5[1 ahout -/1 95Q16&A4ust 2002 100, UUU4Q®amTOI’C€ per
gram nmass UIJ,.XOU IGI‘JBGIIQ a neEdte dlgxh 14TIOZZI TUTT ¢ IIdVFQEOdH :IIEEELIcl alr

j et chanbe+—haw g eH-aret-ef—ef—2--H _41CL et-STaft—eaHozz X Ht—tHBe

havi ng a ﬁ&_cenf- neters %Zt_"-i—bgz-n—tefd—pa-k—e—al—g ers
(about 300 _yar ds)O#89 i nutel and Sn’%K/d ptessute of about 2880 5 kj| oPdscal s
(about 45 pounds per square inch) gauge, wherein the |am nate has a

fl exural streng |nthef| dir t|on of the fabric t an _about 3
X 30" ki1 oor am FOEExagiRl dhadBEm MpetB 4907 GERUTteLIAhoth of G75 Yam s

(n (9 x 10™/2)?) (400) (2.6 grams per cubic centimeter) (1 centimeter length of

yarn) = 6.62 x 10™ gram mass. For D450 yarn, the Gram Mass is 1.34 x 10™
15 gram mass. The relative drag force per unit mass (“Air Jet Transport Drag

Force") is calculated by dividing the drag force measurement (gram force)

determined bythe tensiometer by the Gram Mass for the type of yarn tested.

For example, for a sample of G75 yarn, if the tensiometer measurement of

the drag force is 68.5, then the Air Jet Transport Drag Force is equal to 68.5
20 divided by 6.62 x 10™ = 103,474 gram force per gram mass of yarn.

The Air Jet Transport Drag Force of the yarn used to form a woven
fabric for a laminate according to the present invention, determined according
to the Air Jet Transport Drag Force Test Method discussed above, is greater
than about 100,000 gram force per gram mass of yarn, preferably ranges

25 from about 100,000 to about 400,000 gram force per gram mass of yarn, and



(2) a layer of a polyneric matrix material applied over at |east a portion

of the fabric; and 10 (ii) a second conposite |ayer g Aagest2002m the

first conposite layer; and (b) an electrically conductrve layer positioned
adj acent to selected portions of selected sides of the |lam nate. 15 55. The
el ectronic circuit board according to claimb54, wherein at | east one of the
glass fibers is selected fromthe group consisting of E-glass fibers,
D-glass fibers, S-glass fibers, Qglass fibers, E-glass derivative fibers,
and conbi nations thereof. 20 56. The eigctronic circuit board according to
claimb54 further conprising at | east one aperture extendi ng through at

| east a portion of the circuit board. 57. The electronic circuit board
accordi ng ; [ hioRidi th dMRAd% 3ol ' nd or
Third | oun e B RsraBy HRELE iirk aBogh 120,000 o SRRA 0G0 LlertfarcB PR,

| am nat e framanasd efyamni ¢ support conprising: (i) a fiat conposite |ayer
conpri si ng: 72 30 August_ 2002 (1f) a woven fabric conprising a yarn
conpri si ng gl aSefeiring sowtto IFigst, tharfabag ¢ capelsed thfamaiamingteonpri si ng

Const st 1 nio 8 iihe BB imERnBRE ME & Ford et SO RBhyRFER AN
st ar chgs; paltherid thermdphystic &ftharrRBLetiRg irfatiRtmaterian 2l e iammMdted cover at
| east a portion of the fabric; and (ii) a second conposite |ayer different

fromthe ®isutabledpodsa aslamelectranie suppoan3®| Asuseddiarging teldciconice | ayer
positioned adjacent to selecte 0O porti.o of se|] ect sjdes gf the

| ani nat e. SYRP "af:hg‘eé”écq FBH?@r%ﬂT%JFECW?%?YaW%%"&gr ‘é‘e&ﬁfﬁagé, wher ei n
at | east f iher s i f q consi sting of
E- gl ass fﬁﬁ%’r"?”'ﬁgﬁ g‘?@%tééﬁ?a@b;‘?@?g ? f‘ﬁ%ﬁ’ stbgg%F;%s@ét | Cer s, E-glass
deri vati veofmpotiehis, Hassivk eleotroniet campondres eprinte@irciiits, iateggatedni ¢ circuit

board according to claim58 further conprising at |east one aperture
ext endP ngCtreiitt geraiconductor depisesiang ethef harawWare assosisied wWithsush. The

2 Tirst) SeRhtholRfdoREoa Mt AgeSRMR SHEEE, RaffdokiaL " '°

| am nat e heat 8ihkel ectroni ¢ support, the 25 lam nate conprising: (a) a
polymeric matrix naterial; and f'b) one or npre &I‘ril_es of woven rejnforcenent
fabric, each ofMatix matesialsuagiul i e pesaptinvanen intudamtheamesetting wei ght

percent Ofmé’t%?igls such as thermosetting polyesters, vinyl esters, epoxides (containing

15 at least one epoxy or oxirane group in the molecule, such as polyglycidy!
ethers of polyhydric alcohols or thiols), phenolics, aminoplasts, thermosetting
polyurethanes, derivatives and mixtures thereof. Preferred matrix materials
for forming laminates for printed circuit boards are FR-4 epoxy resins,
polyimides and liquid crystalline polymers, the compositions of which are well

20 know to those skilled in the art. If further information regarding such
compositions is needed, see 1 Electronic Materials Handbook™, ASM
International (1989) at pages 534-537.

Non-limiting examples of suitable thermoplastic polymeric matrix

materials include polyolefins, polyamides, thermoplastic polyurethanes and
25 thermoplastic polyesters, vinyl polymers and mixtures thereof. Further

examples of useful thermoplastic materials include polyimides, polyether

sulfones, polyphenyl sulfones, polyetherketones, polyphenylene oxides,

polyphenylene sulfides, polyacetals, polyvinyl chlorides and polycarbonates.



conprising glass fibers at least partially coated with a coating which is
-73 30 August 2002 conpatible with the polymeric matrix omgiéﬁoog\herei n
the | am nate has a coefficient of thernal expansion in i on of

| ess than about 4.5 percent at a tenperature of 288C. 5 63. The | ani nate
according to claim62, wherein the |am nate has a coefficient of thernal
expansion in the z-direction ranging fromabout 1 to about 4.5 percent at a
tenperature of 288C. 64. The |l am nate according to claim 62, wherein at

| east one of the 10 glass fibers is seffcted fromthe group consisting of
E-glass fibers, D-glass fibers, S-glass fi bers Q gl ass fibers, E-glass
derivative fi bers and conbi nations thereof. Q{ﬁp m nat e accordl ng to

claim62 furthef l@@ﬁ‘ﬁN%ﬁf'ﬁd“aferﬁé&ffmﬂ%t'%ﬁoﬁﬁéﬁ éﬂ&p nBQ BPeXYh  at
| t di t | ai
6ga\?\he?e:oﬁre§s rP%uWantdF‘fm@Sa??nE%mﬂinlg?zﬁg aggglgnﬁg}[@h '@Cfg\r/e: ngac(lzageal 210

67. The | am nat otissrcsimipéiterits wihish Bafbarneliried Witk tha pofaheris ik ses ei ght

plies of 7628 style woven fabric. 68. A nethod for assenbling a fabric by
i nter \Aeavumgt@nahandtreyﬁonmg ntaterigldo dnel cpmposite indudecaletants orwherei n t he

| mpr ov nt. co 5 the first ya S Lbers at | east
parti alf[t‘TE RIgH SHC%P E(S’éﬂ"ﬂ@ewn%% C{Ss ”@%ﬁ?fh&gt @J@h fbﬂ@le {freric matrix
mat eri al , %%ﬁg@@tbn&h%?méﬁsséﬁ@ex(e}ld&éml yester; and (2) at |east one

pol ynmer selecte romthe group consisting of vinyl pyrrolidone polyners,

vi nyl al cohol p@hgfabrc 14icandiesoated andkimpregnatext by dippindthaddrit 12002 -

74 69. The nethod according to claim68, wherein at |east one of the glass
fibers is ek bathegf mﬁcﬂﬁwfﬁ@”gmﬁﬁﬁ'xdﬁﬂtﬁ‘é‘{ 1Agfosexemplacas dissaissedin R ass

fibers, S f: | = e nd 5
conbi nat i oﬁgﬁ?ﬁ@%égﬁ) %89%&% P MM é%) éé)lgeé £\3/9e§F1 fabric
and a POl Y886 whithtdre harebeincdrpoatéd byeeéfetrem)@étrmélpolwﬂcnﬁatrﬁe woven
fabric with the polyneric matrix material to forma coated fabric and

appl yi ng hewtetial t2end fatrisat4 candisr formedtinto gemposieiar laoipatesithby a yar n

fi th
Fiber s ber Wb g1 soefops i Ay oasanetl dhorisdon FREBS.AF Bhe hdRdimat i bi o
with the pﬁbbpﬁ?éri&mﬁﬁw l’nétéFPe{ ‘i’fsbﬂ' ’Fdr@(a)‘r%lé for\d thermosestmdmat@ni tion
rangi ng from'about 0.01 to about 0.6 weight percent and an Air Jet

material, the Iammate can be formed by compression or injection molding,

15 pultrusion, hand lay-up, or by sheet molding followed by compression or
injection molding. Thermosetting polymeric matrix materials can be cured by
the inclusion of crosslinkers in the matrix material and/or by the application of
heat, for example. Suitable crosslinkers useful to crosslink the polymeric
matrix material are discussed above. The temperature and curing time for the

20 thermosetting polymeric matrix material depends upon such factors as the
type of polymeric matrix material used, other additives in the matrix system
and thickness of the composite, to name a few.

For a thermoplastic matrix material, suitable methods for forming the
composite include direct molding or extrusion compounding followed by

25 injection molding. Methods and apparatus for forming the composite by the
above methods are discussed in |. Rubin, Handbook of Plastic Materials and
Technology (1990) at pages 955-1062, 1179-1215 and 1225-1271, which are

hereby incorporated by reference.

PRI



15 Transport Drag Force of greater than about 100,000 gram force per gram

mass of yarn using a needle ait jet ‘Mozzle unit havi rgp Angust200al air jet
chanber having a dianeter of 2 mllinmeters and a nozzle exit tube having a

|l ength of 20 centineters at a yarn feed rate of about 274 neters (about 300
yards) per mnute and an air pressure of about 310 kil oPascal s (about 45 20
pounds per square inch) gauge, and the lam nate having a flexural strength
in the fill direction of the fabric grgater than about 3 x 107 kil ograns
per square neter (about 42.7 kpsi). 721 The net hod accor di ng to claim 70,
wherein at | east one of the 25 glass fibers is selected fromthe group
consisting of E-glass fibers, D-glass fibers, S-glass fibers) Qglass
fibers, E-glast agarticwanambpgisment efithedgkention s ‘I’i‘é’"t"ﬁgr‘%o‘{-.com%‘?ﬁ't@ugust

2002 - 75 Stapfind® 10l Qe (T Brp By £ cfiERRblhl g and, 2

polymeric matrix materi a rtially co woven fabric

with the peitymEric TiRd irmyreghbtsd fbriocamtierabe sauedzbdietweand satdfyi ng
heat to the coated fabric, the woven fabric conprising a yarn conprising
gl ass fi beefering iHisiteileavea measwedRmeusbanpbsmatadalgpad driedder s bei ng

Dol yrept Rt ¢ o1ap Bl Eibedr b {sSBR S SRbiclrkl SERALY Bdlied. g (o)
at | east ARIOSHIIRS coRl RSV JaferdD AR HE PestiGas afdrd 8 portion agé %de he

pyrrolidone polymers, vinyl alcohol polyners and starches. 1
| ani nat e d42@bthe pepregdh aimader tohiee eliscusiset dedowadn ¢hespebificatiers sarfd bers i s

| ect ed th | St .of E:gl I b , D-gl fib ,
S gl ase f Mspipres B Gitbartp dairs & iettyates G turidions s 4h Sarandib: nat i ons
th f. ; f. : . 1Af , . ANF Y. A
5 sy, Aappett 804t AhslthicHly CHAdRRARy A W arlther SilimeERer 1o Ay A
; @ A 0AQ@MHe imvention, and Wisre Aygically, inAe. decitdhic AupANFAnalistrd, 6. &S. A, 2

.AuS?. A; S?. Auf . AF@ Ay, . A f,. Af % AuS$. AFE . AS. AYy. A@ . A(y. ANS?. Ay. Aa
. AYSy. Af . mrﬁmreﬂegﬁ,%emmmw@ with an-etaglyicaly Soraiede’ Jerand >

U ona) onal PR, EBETRU LR ERURY FRIERLTRIIGUAIE SRIEin the
Wt . sYzUAGHYS firitid enditvbyedeeipdiedtronic support. For example, but not limiting
the present invention, the prepreg stack can be laminated by pressing the
15 stack, e.g. between polished steel plates, at elevated temperatures and
pressures for a predetermined length of time to cure the polymeric matrix and
form a laminate of a desired thickness. A portion of one or more of the
prepregs can be provided with an electrically conductive layer either prior to
or after lamination and curing such that the resulting electronic support is a
20 laminate having at least one electrically conductive layer along a portion of an
exposed surface (hereinafter referred to as a “clad laminate™).

Circuits can then be formed from the electrically conductive layer(s) of
the single layer or multitayered electronic support using techniques well
known in the art to construct an electronic support in the form of a printed

25 circuit board or printed wiring board (hereinafter coliectively referred to as
“electronic circuit boards"). If desired, apertures or holes (also referred to as
“vias”) can be formed in the electronic supports, to allow for electrical
interconnection between circuits and/or components on opposing surfaces of

the electronic support, by any convenient manner known in the art, including
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depending on the relative positions of the layers of the multilayered electronic
circuit board, the board can have both internal and external circuits.

Additional apertures are formed, as discussed earlier, partially through or
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For a laminate formed from woven E-glass fabric and using an FR-4

epoxy resin matrix material having a minimum glass transition temperature of
about 110°C, the desired minimum flexural strength in the cross machine or
width direction (generally perpendicular to the longitudinal axis of the fabric) is
greater than 3 x 107 kg/m?, preferably greater than about 3.52 x 107 kg/m®

25 (about 50 kpsi), and more preferably greater than about 4.9 x 107 kg/m?
(about 70 kpsi) according to IPC-4101 “Specification for Base Materials for
Rigid and Multilayer Printed Boards" at page 29, a publication of The Institute
for Interconnecting and Packaging Electronic Circuits (December 1997). IPC-

4101 is hereby incorporated by reference in its entirety. In the length
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2.4.41 (which is hereby incorporated by reference). Each such laminate

preferably contains eight layers of 7628 style fabric, although styles 1080 or
2116 style fabrics can alternatively be used. Laminates having low

20 coefficients of thermal expansion are generally less susceptible to expansion
and contraction and can minimize board distortion.

The instant invention further contemplates the fabrication of
multilayered laminates and electronic circuit boards which include at least one
composite layer made according to the teachings herein and at least one

25 composite layer made in a manner different from the composite layer taught
herein, e.g. made using conventional glass fiber composite technology. More
specifically and as is well known to those skilled in the art, traditionally the
filaments in continuous glass fiber strands used in weaving fabric are treated

with a starch/oil sizing which includes partially or fully dextrinized starch or
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Warp yarns produced from these strands are thereafter treated with a solution

5 prior to weaving to protect the strands against abrasion during the weaving
process, €.g. poly(vinyl alcohol) as disclosed in U.S. Patent No. 4,530,876 at
column 3, line 67 through column 4, line 11, which is hereby incorporated by
reference. This operation is commonly referred to as slashing. The poly(vinyl
alcohol) as well as the starch/oil size are generally not compatible with  the

10 polymeric matrix material used by composite manufacturers and the fabric
must be cleaned to remove essentially all organic material from the surface of
the glass fibers prior to impregnating the woven fabric. This can be
accomplished in a variety ways, for example by scrubbing the fabric or, more
commonly, by heat treating the fabric in a manner well known in the art. As a

15 result of the cleaning operation, there is no suitable interface between the
polymeric matrix material used to impregnate the fabric and the cleaned glass
fiber surface, so that a coupling agent must be applied to the glass fiber
surface. This operation is sometime referred to by those skilled in the art as
finishing. The coupling agents most commonly used in finishing operations

20 are silanes, including but not limited to those disclosed in E. P. Plueddemann,
Silane Coupling Agents (1982) at pages 146-147, which is hereby
incorporated by reference. Also see Lowenstein at pages 249-256 (3d Ed.

1993). After treatment with the silane, the fabric is impregnated with a
compatible polymeric matrix material, squeezed between a set of metering

25 rolls and dried to form a semicured prepreg as discussed above. It should be
appreciated that depending on the nature of the sizing, the cleaning operation
and/or the matrix resin used in the composite, the slashing and/or finishing
steps can be eliminated. One or more prepregs incorporating conventional

glass fiber composite technology can then be combined with one or more
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prepregs incorporating the instant invention to form an electronic support as

discussed above, and in particular a multilayered laminate or electronic circuit

board. For more information regarding fabrication of electronic circuit boards,

see 1 Electronic Materials Handbook™, ASM International (1989) at pages

113-115, R. Tummala (Ed.), Microelectronics Packaging Handbook, (1989) at

pages 858-861 and 895-909, M. W. Jawitz, Printed Circuit Board Handbook
(1997) at pages 9.1-9.42, and C. F. Coombs, Jr. (Ed.), Printed Circuits

Handbook, (3d Ed. 1988), pages 6.1-6.7, which are hereby incorporated by
reference.

The composites and laminates forming the electronic supports of the
instant invention can be used to form packaging used in the electronics
industry, and more particularly first, second and/or third level packaging, such
as that disclosed in Tummala at pages 25-43, which is hereby incorporated
by reference. In addition, the present invention can also be used for other
packaging levels.

The present invention also includes a method for assembling a fabric
14 by interweaving a first yarn (weft) with a second yarn (warp) to form the
fabric 14, for example by air jet weaving as discussed above. The improve-
ment comprises the first yarn comprising E-glass fibers having a coating
which is compatible with a polymeric matrix material, the coating comprising
(1) one or more polyesters and (2) at least one polymer selected from the
group consisting of vinyl pyrrolidone polymers, vinyl alcohol polymers,
starches and mixtures thereof (which are discussed in detail above).

Another aspect of the present invention is a method for forming a
laminate of a woven fabric and a polymeric matrix material by coating the
woven fabric with the polymeric matrix material to form a coated fabric and
applying heat to the coated fabric. The woven fabric comprises a yarn
comprising E-glass fibers. The improvement comprises the E-glass fibers

having a coating which is compatible with the polymeric matrix material. the
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yarn having an Air Jet Transport Drag Force of greater than about 100,000

gram force per gram mass of yarn using a needle air jet nozzle unit as

described in detail above at a feed rate of about 274 meters (about 300

yards) per minute and an air pressure of about 310 kiloPascals (about 45

S pounds per square inch) gauge, and the laminate having a flexural strength in
the fill direction of the fabric greater than about 3 x 107 kilograms per square
meter (about 42.7 kpsi).
Another aspect of the present invention is a method for forming a
laminate of a woven fabric and a polymeric matrix material by coating the
10 woven fabric with the polymeric matrix material to form a coated fabric and

applying heat to the coated fabric. The woven fabric comprising a yarn

comprising E-glass fibers. The improvement comprises the E-glass fibers

having a coating which is compatible with a polymeric matrix material, the

coating comprising: (1) polyester; and (2) at least one polymer selected from

15 the group consisting of vinyl pyrrolidone polymers, vinyl alcohol polymers and
starches.

The present invention will now be illustrated by the following specific,
non-limiting examples.

20 EXAMPLE 1
The compatibility of samples of several different yarns with the air jet
weaving process were determined using the “Air Jet Transport Drag Force"
Test Method discussed in detail above.
Yarn samples according to the present invention were coated with
25 matrix resin-compatible aqueous forming size compositions A-F according to
Table 1A below and evaluated using the “Air Jet Transport Drag Force" Test
Method. Less than 1 weight percent of acetic acid was included in each
composition. Each of the forming size compositions had about 2.5 weight

percent solids. Each coated glass fiber strand was twisted to form a yarn and
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A-F each had loss on ignition values of less than 1 weight percent. Samples

5 C; and D,;had loss on ignition values of 1.59 and 1.66 weight percent,

respectively.
Table 1A
WT. PERCENT COMPONENT ON TOTAL SOLIDSBASIS
COMPONENT A B8 C D E F
Themoplastic polyester fim-forming polymer- | 28.6 | 29.1 31.58 | 50.71 0 0
Thermoplastic polyester film-forming polymer ® | 43.7 | 39.1 0 0 0 —0
Epoxy film-forming polymer > 0 0 21.05 0 0 0
Epoxy film-forming polymer 0 0 0 0 16.12 | 63.54
Polyvinyl pyrrolidone™ 0 97 | 15.79 | 15.21 1.31 5.18
epoxy-functional organo silane coupling agent™ | 2.3 2.3 8.42 8.11 317 | 1251
acrylic-functional organo silane couplirlg_igent“ 4.7 4.8 0 0 0 0
amino-functional organo silane coupling agent> 0 0 8.42 8.11 0 0
polyoxyalkylene block copolymerw 10.7 5.6 0 0 0 0
Ethoxylated octylphenoxyethanol®' 0 0 4.74 6.39 1.63 6.44
polyamide®™ 4.8 4.8 0 0 0 0
Polyoxyethylated vegetable oil*” 0 0 0 0 1.63 6.44
polyethylene glycol monolaurate ester’: _ 0 0 0 0 0.79 341
surfactant™ 36 | 36 | 474 | 6.39 0 0
Organic lubricant™ 0 0 0 0 0 40 1.56

82 RD-847A polyester resin which is commercially available from Borden Chemicals of Columbus,
Ohio.

83 DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer of
Pittsburgh, Pennsylvania.

84 EP-REZ® 3522-W-66 which is commercially available from Shell Chemical Co. of Houston, Texas.
85 EPON 826 which is commercially available from Shell Chemical of Houston, Texas.

86 PVP K-30 polyviny! pymolidone which is commercially available from ISP Chemicals of Wayne, New
Jersey.

87 A-187 gamma-glycidoxypropyitrimethoxysilane which is commercially available from OSi Specialties,
inc. of Tarrytown, New York.

88 A-174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from OSi
Specialties, Inc. of Tarrytown, New York.

89 A-1100 amino-functional organo silane coupling agent which is commercially available from OSi
Sgecialties. Inc. of Tarrytown, New York.

90 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially avaitable
from BASF Corporation of Parsippany, New Jersey.

911GEPAL CA-630 ethoxylated octylphenoxyethanol which is commercially available from GAF
Corporation of Wayne, New Jersey.

92 VERSAMID 140 polyamide which is commercially available from General Mills Chemicals, inc.

93 ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from Rhone-
Poulenc.

94 KESSCO PEG 600 polyethylene glycol monolaurate ester which is commercially available from
Stepan Company of Chicago, lllinois.

95 MACOL NP-6 nonylphenol surfactant which is commercially available from BASF of Parsippany,
New Jersey

96 EMERY® 6717 partially amidated polyethylene imine which s commc:cia' available from Henkel
Corporation of Kankakee, lllinots
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Qrganic lubricant™ 0 0 4.21 4.06 0 0
polyoxyethylene polymerw 0.6 0 0 0 0 0
boron nitride powder particies™ 1.0 1.0 0 0 74.78 1.00
boron nitride particles in aqueous suspension'° 0 0 1.05 1.01 0 0

Commercial samples of 631 and 633 D-450 starch-oil coated yarns;
690 and 695 starch-oil coated yarns and 1383 G-75 yarns which are
commercially available from PPG [ndustries, Inc. weré also evaluated using
the “Air Jet Transport Drag Force” Test Method. Three Comparative Samples
X1, X2 and X3, each coated with the same aqueous forming composition X
set forth in Table 1B below, were also tested. Comparative Sample X1_had
2.5 weight percent solids. Comparative Sample X2 had 4.9 weight percent
solids and was air dried for about 8 hours at about 25°C. Comparative
Sample X3 had 4.6 weight percent solids.

Table 1B
WEIGHT PERCENT OF COMPONENT
ON TOTAL SOLIDS BASIS
COMPONENT SAMPLE NO, X

Thermoplastic polyester film-forming polymeri1U1 28.9

Thermoplastic polyes;tgg film-forming polymer 44 1

epoxy-functional organo silane coupling 23
agent103

acrylic-functional organo silane coupling 4.8
agent104

polyoxyalkylene block copolymer1Uo 10.9

97 EMERY® 6760 lubricant which is commercially available from Henkel Corporation of Kankakee,
inois.

98 POLYOX WSR-301 polyoxyethylene polymer which is commercially available from Union Carbide of
Danbury, Connecticut.

98 PolarTherm® PT 160 baron nitride powder particles which are commercially available from
Advanced Ceramics Corporation of Lakewood, Ohio.

100 ORPAC BORON NITRIDE RELEASECOAT-CONC boron nitride particles in aqueous dispersion
which is commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

101 RD-847A polyester resin which is commercially available from Borden Chemicals of Columbus,
Ohio.

102 pESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer of
Pittsburgh, Pennsylvania.

103 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially avaitable from OS:
Specialties, Inc. of Tarrytown, New York.

104 A-174 gamma- -methacryloxypropyitrimethoxysilane which is commercially available from OSi
Specialties, Inc. of Tarmytown, New York.

105 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is  om- .rcially available
from BASF Corporation of Parsippany, New Jersey.
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surfactant19/ 3.6
polyoxyethylene polymer108 0.6

Each yarn sample was fed at a rate of 274 meters (300 yards) per
minute through a Sulzer Ruti needle air jet nozzle unit Model No. 044 455 001
5 which had an internal air jet chamber having a diameter of 2 millimeters and a
nozzle exit tube having a length of 20 centimeters (commercially available
from Sulzer Ruti of Spartanburg, North Carolina) at an air pressure of 310
kiloPascals (45 pounds per square inch) gauge. A tensiometer was

positioned in contact with the yarn at a position prior to the yarn entering the

10 air jet nozzle. The tensiometer provided measurements of the gram force
(drag force) exerted upon each yarn sample by the air jet as the respective
yarn sample was pulled into the air jet nozzle. These values are set forth in
Table 1C below.

15 Table 1C

Sampie No Yarn Type | loss on ignition (%) | Drag Force | Aur Jet Transport Drag Force
(gramforce) | (gramforce per grammass)
A G-75 0.35 68.5 103,474
B G-75 0.30 84.9 128,248
Byac G-75 0.35 95.0 143,587
c D-450 0.52 37.33 278,582
D D-450 0.40 47.1 351,493
E G-75 0.35 79.3 119,789
F G-75 0.35 83.2 125,680
Comparative
Samples
631" D-450 1.6 21.45 160,075
633" D-450 1.3 38.1 284,328
690* G-75 1.0 108.23 163,489
695* G-75 1.0 100.46 151,752
1383 G-75 0.76 14.47 21,858
X1 G-75 0.33 36.4 54,985

106 VERSAMID 140 polyamide which is commercially available from General Mills Chemicals, Inc.
107 MACOL NP-6 nonylphenol surfactant which is commercially available from BASF of Parsippany,

New Jersey.

108 POLYOX WSR-301 polyoxyethylene polymer which is commercially a.arlable from Union Carbide
of Danbury, Connecticut.
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X3 D-450 1.37 12.04 89,851
Chi D450 1.59 9.00 67,164
Dpj D-450 1.66 10.43 77,836

* Coated with starch-oil sizing formulations.
As shown in Table 1C above, each of the yarns coated with polymeric
matrix material compatible sizing compositions according to the present
5 invention had Air Jet Transport Drag Values greater than 100,000. Only the
starch-oil sized commercial strands, which are generally incompatible with the
polymeric matrix materials discussed above, had Air Jet Transport Drag
Values greater than 100,000. Sample yarns C,; and D,,, which had poly;neric
matrix compatible coatings, had Air Jet Transport Drag Values less than
10 100,000 because of high coating levels on the yarns, i.e., loss on ignition
greater than about 1.5%, which inhibited filamentization of the yarn by the air
jet.
To evaluate laminate strength, 7628 style fabrics (style parameters
discussed above) were formed from samples of 695, Sample B and Sample
15 B, G-75 yarns (discussed above), respectively. Eight plies of each fabric
sample were laminated with a FR-4 resin system of EPON 1120-A80 epoxy
resin, dicyandiamide, 2-methylimidazole and DOWANOL PM to form
laminates.
Each laminate was evaluated for flexural strength (maximum failure
20 stress) testing according to ASTM D-790 and IPC-TM-650 Test Methods
Manual of the Institute for Interconnecting and Packaging Electronics
(December 1994) (which are hereby incorporated by reference) with metal
cladding completely removed by etching according to section 3.8.2.4 of IPC-
4101 and for interlaminar shear strength (short beam shear strength) using a
25 15.9 millimeter (5/8th inch) span and crosshead speed of 1.27 millimeters
(0.05 inches) per minute according to ASTM D-2344, which are hereby

SUBSTITUTE SHEET (RULE 26)
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incorporated by reference. The results of these evaluations are shown in
Table 1D below.

Table 1D
Sample Flexural Strength | Flexural Modulus | Short Beam Shear
. Strength
Pascals psi Pascals psi Pascals psi
B 49x10° | 71534 | 2.4x10" | 3465000 | 2.6 x 10’ 3742
Buac 50x10° | 72215 | 24x10" | 3450600 | 2.5x 10" | _ 3647
695 43x10° | 62959 | 23x10™ | 3360800 | 2.3x 10’ 3264
5 —

As shown in Table 1D, Laminate Samples B and B, ,. prepared
according to the present invention had higher flexural strength and modulus
values and similar short beam shear strength when compared to laminate
samples prepared from 695 starch-oil coated glass fiber yarn.

10

EXAMPLE 2
The coefficient of thermal expansion in the z-direction of the laminate
(“Z-CTE"), i.e., across the thickness of the laminate, was evaluated for
laminate samples, each containing eight layers of 7628 style fabric prepared
15 from samples of B,,. coated yarn (Sample A) and 695 starch-oil coated yarns
(discussed above) (Control). The laminate was prepared using the FR-4
epoxy resin discussed in Example 1 above and clad with copper according to
IPC Test Method 2.4.41, which is hereby incorporated by reference. The
coefficient of thermal expansion in the z-direction was evaluated for each
20 laminate sample at 288°C according to IPC Test Method 2.4.41. The results

of the evaluations are shown in Table 2 below.
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Sample A2 (retest) 4.28
Sample A3 417
Sample A3 (retest) 4.26
Control 1 5.0
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As shown in Table 2, for laminate Samples A1-A3 according to the
present invention, the coefficients of thermal expansion in the z-direction of
5 the laminates are less than those of Control Samples 1 and 2, which were

prepared from 695 starch-oil coated yarn.

EXAMPLE 3
Aqueous forming size compositions A-D (discussed in Table 1A,

10 Example 1 above) and Comparative Sample No. 1 were coated onto E-glass
fiber strands. The formulation for Comparative Sample No. 1 is set forth in
Table 3 below. Each of the forming size compositions had about 2.5 weight
percent solids. Each coated glass fiber strand was twisted to form a yarn and
wound onto bobbins in a similar manner using conventional twisting

15  equipment.
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Table 3
WEIGHT PERCENT OF COMPONENT
ON TOTAL SOLIDS BASIS
SAMPLE NO.
COMPONENT Comp. Sample No. 1
Thermoplastic polyester film-forming polymer109 28.9
Thermoplastic polyesat1e6 film-forming polymer 44 1
epoxy-functional organo silane coupling 2.3
agenti11
acrylic-functional organo silane coupling 4.8
agent112
polyoxyalkylene block copolymer113 10.9 -
polyamide 114 4.8
surfactant119 3.6
polyoxyethylene polymer? 16 0.6 -

The yarns of Samples A-D, Comparative Sample No. 1 and a
Comparative Sample No. 2'"" were evaluated for several physical properties,
5 such as loss on ignition (LOI), air jet compatibility (Air Drag), Friction Force
and broken filaments.
The average loss on ignition (weight percent of solids of the forming
size composition divided by the total weight of the glass and dried forming
size composition) of three trials of each Sample is set forth in Table 4.
10 Each yarn was evaluated for Air Drag Force or tension by feeding the
yarn at a controlled feed rate of 274 meters (300 yards) per minute through a

checkline tension meter, which applied a tension to the yarn, and a Ruti two

109 RD-847A polyester resin which is commercially available from Borden Chemicals of Columbus,
Ohio.

110 DESMOPHEN 2000 polyethylene adipate diot which is commercially available from Bayer of
Pittsburgh, Pennsylvania.

111 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from OSi
Specialfies, Inc. of Tarrytown, New York.

112 A-174 gamma-methacryloxypropyltrimethoxysilane which 1s commercially available from OSi
Specialties, Inc. of Tarrytown, New York.

113 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially available
from BASF Corporation of Parsippany, New Jersey.

114 VERSAMID 140 polyamide which is commercially available from General Mills Chemicals, Inc
115 MACOL NP-6 nonylphenol surfactant which is commercially available from BASF of Parsippany,
New Jersey. .

116 POLYOX WSR-301 polyoxyethylene polvmer which is commercially available from Urwon Carbide
of Danbury, Connecticut.

117 ppG Industries, inc.'s 1383 commercially available fiber glass yarn product
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path between the tension measurement devices. The difference in force in

10 grams is set forth in Table 4 below. The Friction Force test is intended to
simulate the frictional forces to which the yarn is subjected during weaving
operations.

Each sample and comparative sample was also evaluated for broken
filaments using an abrasion tester. Two hundred grams of tension were

15 applied to each test sample as each test sample was pulled at a rate of 0.46
meters (18 inches) per minute for five minutes through an abrasion testing
apparatus. Two test runs of each sample and comparative sample were
evaluated and the average of the number of broken filaments is reported in
Table 4 below. The abrasion tester consisted of two parallel rows of steel

20 reeds, each row being positioned about 1 inch apart. Each test yarn sample
was threaded between two adjacent reeds of the first row of reeds, then
threaded between two adjacent reeds of the second row of reeds, but
displaced a distance of one-half inch between the rows of reeds. The reeds
were displaced back and forth over a four inch length in a direction parallel to

25 the direction of yarn travel at a rate of 240 cycles per minute. The results of
Air Drag Force, Friction Force and Broken Filaments Under Abrasion for

Samples A-D and the comparative samples are set forth in Table 4 below.
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$10%t& () - compared to the Comparative Samples. Samples C and D also had higher

air drag values than the Comparative Samples. The air drag test is a relative

test intended to simulate the weft insertion process of an air jet loom in which
the yarn is conveyed across the loom by air jet propulsion. Yarns which are
10 more readily filamentized by the air jet provide greater surface area for air jet
propulsion, which can facilitate yarn travel across the loom and increase
productivity. The air drag values for Samples A-D (samples prepared
according to the present invention) are higher than those of the Comparative
Samples, which indicates superior air jet compatibility.
15
EXAMPLE 4
Each of the components in the amounts set forth in Table 5 were
mixed to form aqueous forming size compositions E, F, G and H according to
the present invention and the Comparative Sample in a similar manner to that
20 discussed above. Less than about 1 weight percent of acetic acid on a total

weight basis was included in each composition.
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onto G-75 E-glass fiber strands. Each of the forming size compositions had

between about 6 and about 25 weight percent solids.

Table §
WEIGHT PERCENT OF COMPONENT ON TOTAL SOLIDS
BASIS
Sample No.
COMPONENT E F G H . Comp.
Sample
Epoxy film-forming polymer' 16.12 63.54 16.12 63.54 60.98
Polyviny! pyrrolidone' "™ 1.31 5.18 1.31 518 4.97
Polyoxyethyl_allitzeod vegetable 1.63 6.44 1.63 6.44 6.18
oi
Ethoxylated 1.63 6.44 1.63 6.44 6.18
octylphenoxyethanol '
polyethylene glycol 0.79 3.1 0.79 3.1 2.98
monolaurate ester'?
Epoxy-functional organo 3.17 12.51 3.17 12.51 12.00
silane coupling agent'®
Organic lubricant'* 0.40 1.6 0.40 1.56 1.50
polyethylene emulsion'* 0 0 0 0 4.61
Boron nitrde powder 74.78 1.00 0 0 0
particles'®
Boron nitride particles in 0 0 74.78 1.00 0
aqueous suspension'?’

118 EPQN 826 which is commercially available from Shell Chemical of Houston, Texas.
119 pvP K-30 polyvinyl pyrrolidone which is commercially avaitable from ISP Chemicals of Wayne,
New Jersey.
120 ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from Rhone-
Poulenc.
121 |GEPAL CA-630 ethoxylated oclylphenoxyethanol which is commercially available from GAF
Corporation of Wayne, New Jersey.
122 KESSCO PEG 600 polyethylene glycol monolaurate ester which is commercially available from
Stepan Company of Chicago, lllinois.
123 A-187 gamma-glycidoxypropyltrimethoxysitane which is commercially available from OS
Speciatties, Inc. of Tarrytown, New York.
124 EMERY® 6717 partially amidated polyethylene imine which is commercially available from Henkel
Corporation of Kankakee, lllinois
125 Protolube HD high density polyethylene emulsion which 1s commercially available from Sybron
Chemicals of Birmingham, New Jersey.

26 PolarTherm® PT 160 boron nitride powder particles which are commercially available from
Advanced Ceramics Corporation of Lakewood, Ohio.
1. O' ‘AC BORON NITRIDE RELEASECOAT-CONC boron nitride particles in aqueaus dispersion
which is commercially available from ZYP Coatings, inc. of Oak Ridge, Tennessee
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and the yarns of Samples E and G exhibited severe sizing shedding during
5 twisting.

The yarns of Samples E-H and Comparative Sample were evaluated
for Air Drag in a similar manner to Example 3 above, except that the Air Drag
values were determined for two bobbin samples at the pressures indicated in
Table 6. Each yarn was evaluated for average number of broken filaments

10 per 1200 meters of yarn at 200 meters per minute using a Shirley Model No.
84 041L broken filament detector, which is commercially available from SDL
International Inc. of England. These values represent the average of
measurements conducted on four bobbins of each yarn. The broken filament
values are reported from sections taken from a full bobbin, 136 grams (3/10

15 pound) and 272 grams (6/10 pound) of yarn unwound from the bobbin.

Each yarn was also evaluated for Gate Tension testing are set forth in
Table 6 below. The number of broken filaments measured according to the
Gate Tension Method is determined by unwinding a sample of yarn from a
bobbin at 200 meters/minute, threading the yarn through a series of 8 parallel

20 ceramic pins and passing the yarn through the Shirley broken filament

detector discussed above to count the number of broken filaments.



#1096 & ()-[Y #10% & ()-_CHUAL0 , #[ Y #10% & ()-[Y #10% & ()-[Y #10% & ()-[Y
#1006 & () - #3#[ Y #10% & () -4\ 8bUAL0 #3#[ Y #10% & ()-[ Y #3004 & ()ad

#1096 & () -[Y #10% & () - #3# DbU410 #3[ Y #1096 & () - #3#[ V* .

#109% & ()-[Y #109% & ()-[Y #10% & ()-"+567b{ ?bU410 # [ @10% & ()-[Y
#1006 & () - #3#[ Y #10% & ()-[Y #109% & ()-[Y #10% & () - bixk| [: bUAL0 #

[&1 109! & ()-( [& 10%:& ()- [&110%!& ()- [& 10%& ()- [@10%& ()- [@
109 ()-k?N| [:bUA10 # [) @0%#& ()-F( [)@O%: ()-F ['y 10%& ()- ['y
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[| s*g10%€ ()- [) @0%! ()-F [)@0%e& ()-F [)@0% & ()-Fuz=">bUA10 [ #10%
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#10% % &IFE 1 %’F’g H189gPleFe| Gpr 5F qap%@wo
#1094 %A & Lf- RR) ' 9#3 Lwi# #1099 % & ()4 #10%
full bobbin 0.887 0.241 greater 0.065 0.192
than 10
136 grams (3/10 pound) 0.856 0.017 greater 0.013 0.320
than 10
272 grams (6/10 pound) 0.676 0.630 greater 0.101 0.192
than 10
GATE TENSION (number of
hairs per meter) -
Gate 2 - 0.039 - 0.0235 0.721
Gate 3 - 0.025 - 0.028 _. 0.571
Gate 4 - 0.0125 - 0.068 0.4795
Gate 5 - 0.015 - 0.093 0.85
Gate 6 - 0.0265 - 0.118 0.993
Gate 7 - 0.0695 - 0.31 1.0835
Gate 8 - 0.117 - 0.557 1.81
AIR DRAG (grams)
25 psi Bobbin 1 - 10.420 - 10.860 11.610
Bobbin 2 - 10.600 - 7.850 11.610
30 psi Bobbin 1 - 11.690 - 12.500 13.680
Bobbin 2 - 12.200 - 8.540 13.850
35 psi Bobbin 1 - 13.490 - 14.030 165.880
Bobbin 2 - 13.530 - 9.570 16.630
40 psi Bobbin 1 - 14.740 - 14.110 17.560
Bobbin 2 - 14.860 - 11.010 17.610
45 psi Bobbin 1 - 16.180 - 16.390 19.830
Bobbin 2 - 16.680 - 12.700 18.950
50 psi Bobbin 1 - 17.510 - 19.280 22.410
Bobbin 2 - 17.730 - 14.000 20.310
55 psi Bobbin 1 - 19.570 - 23.350 29.350
Bobbin 2 - 19.660 - 20.250 26.580

While the test results presented in Table 6 appear to indicate that
Samples E-H according to the present invention had generally higher
5 abrasion resistance than the Comparative Sample, it is believed that these
results are not conclusive since it is believed that a polyethylene emulsion
component of the Comparative Sample, which was not present in Samples

E-H, contributed to abrasive properties of the yarn.
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@al0% $& () - YEefbthe foregoing description, it can be seen that the present

invention provides laminates having good flexural strength and modulus and
coefficient of thermal expansion in the z-direction, as well as other desirable
advantages, which are useful in a wide variety of applications, such as

5 reinforcements for printed circuit boards.

It will be appreciated by those skilled in the art that changes could be
made to the embodiments described above without departing from the broad
inventive concept thereof. It is understood, therefore, that this invention is
not limited to the particular embodiments disclosed, but it is intended to cover

10 modifications which are within the spirit and scope of the invention, as
defined by the appended claims.
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1. A reinforced laminate for an electronic support, the laminate
comprising: (

(a) a polymeric matrix material; and

(b) awoven reinforcement fabric comprising a yarn comprising
glass fibers at least partially coated with a coating which is compatible with
the polymeric matrix material, the yarn having a loss on ignition ranging from
about 0.01 to about 0.6 weight percent and an Air Jet Transport Drag Force
of greater than about 100,000 gram force per gram mass of yarn using a
needle air jet nozzle unit having an internal air jet chamber having a diameter
of 2 millimeters and a nozzle exit tube having a length of 20 centimeters at a
yarn feed rate of about 274 meters (about 300 yards) per minute and an air
pressure of about 310 kiloPascals (about 45 pounds per square inch) gauge,
wherein the laminate has a flexural strength in the fill direction of the fabric

greater than about 3 x 107 kilograms per square meter (about 42.7 kpsi).

2. The reinforced laminate according to claim 1, wherein the
polymeric matrix material comprises at least one material selected from the

group consisting of thermosetting matrix materials and thermoplastic matrix
materials.

3. The reinforced laminate according to claim 2, wherein the
polymeric matrix material comprises at least one thermosetting matrix
material selected from the group consisting of thermosetting polyesters, viny!

esters, epoxides, phenolics, aminoplasts, thermosetting polyurethanes and
mixtures thereof.
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, YAL0% $° & dulfones pOkpheRyl sulfones, polyetherketones, polyphenylene oxides,
polyphenylene sulfides, polyacetals, polycarbonates and mixtures thereof.
10
6. The reinforced laminate according fo claim 1, wherein at least
one of the glass fibers is selected from the group consisting of E-glass fibers,
D-glass fibers, S-glass fibers, Q-glass fibers, E-glass derivative fibers, and
combinations thereof.
16
7. The reinforced laminate according to claim 6, wherein the at

least one of the glass fibers is an E-glass fiber.

8. The reinforced laminate according to claim 6, wherein the at

20 least one of the glass fibers is an E-glass derivative fibers.

Q. The reinforced laminate according to claim 1, wherein the
coating upon the glass fibers of the fabric comprises inorganic solid lubricant
particles.

25
10. The reinforced laminate according to claim 9, wherein the

inorganic solid lubricant particles of the coating have a lamellar structure.
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ratabie unorganlc solid fubricant partzcles comprise hexagonal crystal

structure boron nitride particles.

15 14. The reinforced laminate according to claim 12, wherein the non-
hydratable inorganic solid lubricant particles comprise at least one metal
dichalcogenide selected from the group consisting of molybdenum disulfide,
molybdenum diselenide, tantalum disulfide, tantalum diselenide, tungsten
disulfide, tungsten diselenide and mixtures thereof.

20

15. The reinforced laminate according to claim 11, wherein the non-
hydratable inorganic solid lubricant particles comprise at least one particle
selected from the group consisting of indium, thallium, tin, copper, zinc, gold,
silver, calcium carbonate, calcium fluoride, zinc oxide and mixtures thereof.

25

16.  The reinforced laminate according to claim 11, wherein the

hydratable inorganic solid lubricant particles comprise phyllosilicates.
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thereof.
5
18. The reinforced laminate according to claim 11, wherein a
hardness value of the inorganic solid lubricant particles is less than or equal
to a hardness value of the E-glass fibers.
10 19.  The reinforced laminate according to claim 1, wherein the

coating upon the glass fibers of the fabric comprises a film-forming polymer.

20. The reinforced laminate according to claim 1, wherein at least
one of the glass fibers is formed from a fiberizable material selected from the
15 group consisting of non-glass inorganic materials, natural materials, organic

polymeric materials and combinations thereof.

21.  The reinforced taminate according to claim 1, wherein the
laminate has a flexural strength in the fill direction of the fabric greater than

20 about 4.9 x 107 kilograms per square meter (about 70 kpsi).

22. A reinforced l[aminate for an electronic support, the faminate
comprising:
(a) a polymeric matrix material; and
25 (b) awoven reinforcement fabric comprising a yarn comprising
glass fibers at least partially coated with a coating which is compatible with
the polymeric matrix material, the coating comprising (1) polyester; and (2) at
least one polymer selected from the group consisting of vinyl pyrrolidone

polymers, vinyl alcohol polymers and starches.
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23.  The reinforced laminate according to claim 22, wherein the
polymeric matrix material comprises at least one material selected from the
group consisting of thermosetting matrix materials and thermoplastic matrix

5 materials.

24. The reinforced laminate according to claim 23, wherein the
polymeric matrix material comprises at least one thermosetting matrix
material selected from the group consisting of thermosetting polyesters, vinyl

10 esters, epoxides, phenolics, aminoplasts, thermosetting polyurethanes and
mixtures thereof.

25.  The reinforced laminate according to claim 24, wherein the
thermosetting matrix material comprises an epoxide.
15
26. The reinforced laminate according to claim 23, wherein the
polymeric matrix material is a thermoplastic matrix material selected from the
group consisting of polyolefins, polyamides, thermoplastic polyurethanes,
thermoplastic polyesters, vinyl polymers, polyimides, polyether suifones,
20 polypheny! sulfones, polyetherketones, polyphenylene oxides, polyphenylene
sulfides, polyacetals, polycarbonates and mixtures thereof.

27.  The reinforced laminate according to claim 22, wherein at least
one of the glass fibers is selected from the group consisting of E-glass fibers,
25 D-glass fibers, S-glass fibers, Q-glass fibers, E-glass derivative fibers, and
combinations thereof.

28. The reinforced taminate according to claim 27, wherein the at

least one of the glass fibers s ar E-glass fiber.
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29. The reinforced laminate according to claim 27, wherein the at

least one of the glass fibers is an E-glass derivative fibers.

5 30. The reinforced laminate according to claim 22, wherein the
coating upon the glass fibers of the fabric further comprises inorganic solid
lubricant particles.

31.  The reinforced laminate according to claim 30, wherein the

10 inorganic solid lubricant particles of the coating have a lamellar structure.

32. The reinforced laminate according to claim 30, wherein the
inorganic solid lubricant particles comprise at least one particle selected from
the group consisting of non-hydratable inorganic solid lubricant particles,

15 hydratable inorganic solid lubricant particles and mixtures thereof.

33. The reinforced laminate according to claim 32, wherein the non-
hydratable inorganic solid lubricant particies comprises at least one particle
selected from the group consisting of graphite, boron nitride, metal

20 dichalcogenides, cadmium iodide, silver sulfide and mixtures thereof.

34. The reinforced laminate according to claim 33, wherein the non-
hydratable inorganic solid lubricant particles comprise hexagonal crystal
structure boron nitride particles.

25

35.  The reinforced laminate according to claim 33, wherein the non-

hydratable inorganic solid lubricant particles comprises at least one metal

dichalcogenide selected from the group consisting of molybdenum disulfide,
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36. The reinforced laminate according to claim 32, wherein the non-
5 hydratable inorganic solid lubricant particles comprises at least one particle
selected from the group consisting of indium, thallium, tin, copper, zinc, gold,
silver, calcium carbonate, calcium fluoride, zinc oxide and mixtures thereof.
37. The reinforced laminate according to claim 32, wherein the

10 hydratable inorganic solid lubricant particles comprise phyllosilicates.

38.  The reinforced laminate according to claim 37, wherein the
phyllosilicates comprise at least one phyllosilicate selected from the group

consisting of mica, talc, gypsum, kaolinite, montmorillonite and mixtures
15 thereof.

39. The reinforced laminate according to claim 30, wherein a
hardness value of the inorganic solid lubricant particles is less than or equal
to a hardness value of the glass fibers.

20
40. The reinforced laminate according to claim 22, wherein the

coating upon the E-glass fibers of the fabric comprises a film-forming polymer.

41.  The reinforced laminate according to claim 22, wherein at least

25 one of the glass fibers is formed from a fiberizable material selected from the

group consisting of non-glass inorganic materials, natural materials, organic
polymeric materials and combinations thereof.
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(a) a laminate for an electronic support comprising:
(i a woven fabric comprising a yarn comprising glass fibers,
the yarn having a loss on ignition ranging from about 0.01 to about 0.6 weight
5 percent and an Air Jet Transport Drag Force of greater than about 100,000
gram force per gram mass of yarn using a needle air jet nozzle unit having an
internal air jet chamber having a diameter of 2 millimeters and a nozzle exit
tube having a length of 20 centimeters at a yarn feed rate of about 274
meters (about 300 yards) per minute and an air pressure of about 310 -
10 kiloPascals (about 45 pounds per square inch) gauge, wherein the laminate
has a flexural strength in the fill direction of the fabric greater than about 3 x
107 kilograms per square meter (about 42.7 kpsi); and
(i) a layer of a polymeric matrix material applied over at
least a portion of the fabric; and
15 (b) an electrically conductive layer positioned adjacent to selected

portions of selected sides of the laminate.

47.  The electronic circuit board according to claim 46, wherein at
least one of the glass fibers is selected from the group consisting of E-glass

20 fibers, D-glass fibers, S-glass fibers, Q-glass fibers, E-glass derivative fibers,
and combinations thereof.

48. The electronic circuit board according to claim 46 further

comprising at least one aperture extending through at least a portion of the
25 circuit board.

49. The electronic circuit board according to claim 46 wherein the

circuit board is a first, second or third level package.
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(ii) a second composite layer different from the first
composite layer; and
(b)  an electrically conductive layer positioned adjacent to selected

10 portions of selected sides of the laminate.

59. The electronic circuit board according to claim 58, wherein at
least one of the glass fibers is selected from the group consisting of E-glass
fibers, D-glass fibers, S-glass fibers, Q-glass fibers, E-glass derivative fibers,

15 and combinations thereof.

60. The electronic circuit board according to claim 58 further
comprising at least one aperture extending through at least a portion of the
circuit board.

20
61. The electronic circuit board according to claim 58 wherein the

circuit board is a first, second or third level package.

62. A copper-clad reinforced laminate for an electronic support, the
25 laminate comprising:
(a) a polymeric matrix material, and
(b) one or more plies of woven reinforcement fabric, each of the
plies comprising between about 30 and about 75 weight percent of yarn

comprising glass fibers at least partially coated with a coating which is
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64. The laminate according to claim 62, wherein at least one _of the
10 glass fibers is selected from the group consisting of E-glass fibers, D-glass
fibers, S-glass fibers, Q-glass fibers, E-glass derivative fibers, and

combinations thereof.

65. The laminate according to claim 62 further comprising at least

15 one aperture extending through at least a portion of the circuit board.

66. The laminate according to claim 62 wherein the circuit board is a

first, second or third level package.

20 67. The laminate according to claim 62 wherein the laminate
comprises eight plies of 7628 style woven fabric.

68. A method for assembling a fabric by interweaving a first yarn
with a second yarn to form a fabric, wherein the improvement comprises:
25 the first yarn comprising glass fibers at least partially coated with a coating
which is compatible with a polymeric matrix material, the coating comprising:
(1) polyester; and (2) at least one polymer selected from the group consisting

of viny!l pyrrolidone polymers, vinyl alcohol polymers, starches and mixtures
thereof.
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15 Transport Drag Force of greater than about 100,000 gram force per gram
mass of yarn using a needle air jet nozzle unit having an internal air jet
chamber having a diameter of 2 miliimeters and a nozzie exit tube having a
length of 20 centimeters at a yarn feed rate of about 274 meters (about 300
yards) per minute and an air pressure of about 310 kiloPascals (about 45
20 pounds per square inch) gauge, and the laminate having a flexural strength in
the fill direction of the fabric greater than about 3 x 107 kilograms per square

meter (about 42.7 kpsi).

71.  The method according to claim 70, wherein at least one of the
25 glass fibers is selected from the group consisting of E-glass fibers, D-glass
fibers, S-glass fibers, Q-glass fibers, E-glass derivative fibers, and
combinations thereof.
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coated fabric, the woven fabric comprising a yarn comprising glass fibers,
5 wherein the improvement comprises:
the glass fibers being at least partially coated with a coating which is
compatible with a polymeric matrix material, the coating comprising: (1)
polyester; and (2) at least one polymer selected from the group consisting of

vinyl pyrrolidone polymers, vinyl alcohol polymers and starches.
10

73.  The laminate according to claim 72, wherein at least one of the
glass fibers is selected from the group consisting of E-glass fibers, D-glass
fibers, S-glass fibers, Q-glass fibers, E-glass derivative fibers, and
combinations thereof.
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