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brittle thin core than the prior an. The flanme resistant circuit board is
‘cost efficient, environmental |y safe and has excel | ent propef -MarphZ005

i ncluding a decreased probability of shorting, good dielectric breakdown
vol tage, a smooth surface and good el ectrical/thermal performance. 7 March
2005 WO 02/¥98%E'3#CT/ USD1/ 25363 5 30- 5024 (4950) MANUFACTRINE?BFRE
RETARDANT Cl RCU T BOARDS W THOUT THE USE OF FI RE RETARDANT RESI N ADDI Tl VES
10 BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON Thi s i nvention
relates to printed circuit boards having inproved fire resistance is and

i nproved environnental stability. Mre particularly, the invention rel ates
to halogen-%lee fire retardant printed circuit boards39ﬁ@3ﬂﬁngting
potentially flanmmabl e pol yners. DESCRI PTI ON OF THE RELATED ART 20 Printed
circuit boards_are enployed in a wde variety of applications. For

~exanpl e, they SHNNBBACTURING FRREREFARPANIAIRCHIEBOARINS WETHOUT el ephone
systens,  aut onobi | eﬁﬁ?mmﬁﬁrﬁﬂmﬁﬁﬁsﬁmmﬁbﬁg play an inportant

role in the operation of airborne electronic equipnent and gui ded

m-ssiles. In formng insulating dielectric materials for printed circuit
boards, it;js compn to 25 enploy organic polyner films that may be
fl ammabl e under certain circunstances. To conbat this proeblem fire
retardant hal ogen additi v@AGKEGROUNDOH VHEESYUENTEON The purpose of the
hal ogens is to attain an acceptable flamuability 30 rating as determ ned by
Underwiters Laboratory (UL) 94VO or 94V |

FIELD OF THE INVENTION

This invention relates to printed circuit boards having improved fire resistance

15 and improved environmental stability. More particularly, the invention relates
to halogen-fiee fire retardant printed circuit boards incorporating potentially
flammable polymers.

DESCRIPTION OF THE RELATED ART
20  Printed circuit boards are employed in a wide variety of applications. For
_example, they can be found inside radio and television sets, telephone systeins,
~automobile dashboards and computers. They also play an important role in the
operation of airborne electronic equipment and guided missiles. In forming
insulating dielectric materials for printed circuit boards, it is common to
25  employ organic polymer films that may be flammable under certain

circumstances.

To combat this problem, fire retardant halogen additives are commonly
employed. The purpose of the halogens is to attain an acceptable flammability
30  rating as determined by Underwriters Laboratory (UL) 94V0 or 94V1
flammability tests, for most standard resins. For example, Japanese abstract
- JP6240214 provides a 00pper-c1ad laminate having a copper foil coated with a

flame-retardant adhesive. The flame-retardant adhesive comprises a




flammability tests, for nost standard resins. For exanple, Japanese
abstract JP6240214 provides a copper-clad | am nate having a? M¥ppesf¥oi |
coated with a flane-retardant adhesive. The flane-retardant adhesive
conprises a_7 March 2005 WD 02121886 PCTI USO1/ 25363 5 polg vinyl. acetal)
resin, epofvopggpﬁf pol yi socyanate resin, and broninatedP'%B$§é§%gr resin.
U S. patent 6,071,836 discloses pol ybutadi ene and polyi soprene

t hernobsetting conpositions having a brom ne-containing fire retardant.
However, these additives are very expensive and interfere with the

physi cal and el ectri.cal properties of the polyner. so,. deconposi ti on of
20" i o ect ri o AAERYEPUAN P poRE RGO VO S5 P REHES 0| nogent o

materials sucki@sted EANUD) Garelt 6071836 distidResilybuRdiBhéndl z€ the inpact on
t he environnent of electronic materials, nan% countries are requiring the
I

substrates useRPIYIPPERF Eigrrospag ennositipns hving appgdpe-fdningdge exanpl e,
Japanese abst r@ﬁ}aﬁf%@é%@ﬁ&iﬁ%%&%ﬂ%@ SR ! | utilizing

a flanme retardant epoxy resin conposition. ane retardant

conposi ti on carysiral end elertigabrypariesiofithe polymer ehlee. dagnenpasitienefi ti ve, wherein
at least o i ﬂgg& C I - .8, 0of phenol s,
a corrpoundﬁﬁavq}%gghg@%l?tfe%gf ne %%%naga%%ﬁ%g??%n g%‘?ﬁ%‘%g%m c 20 filler
as an additi vesucitssforan depdingise abstract JP10195178 di scl oses a hal ogen-
free flane-retardant conposition conprising a bisphenol A epoxy resin, a
novol ac epoxy resin, a phenolic resin curing agent, a cure accelerator and

an inorgani c Thiotdefto. mibinSze hatmmtt dn thSehvit@imdng afdi&ronic tlatfivlpr oof product
~wherein the flanmeproqQfing agents are a conpi nati.on of aorganic borates,
salts of 25 pHB%WBW?“&eSéﬁ‘?Eﬁ%‘?%*iﬁ%b&éatﬁy’agpég%ﬁ‘b%% um and/ or of

ﬁ;w Sggnd bé;g}’}ﬁ}(%én-ﬂte@%% eRintphd, Taphhd@ShsRhc@ 101 1343308 @%vﬁlﬁ@ﬁﬁﬁﬁﬁé@e and do not
and metal foil utilizing a flame retardant epoxy resin composition. This flame
retardant composition comprises an epoxy resin, a hardener and an additive,
wherein at least one incorporated hardener comprises a polycondensate of
phenols, a compound having a triazine ring and aldehydes, and an inorganic
20 filler as an additive. Also, Japanese abstract JP10195178 discloses a halogen-
free flame-retardant composition comprising a bisphenol A epoxy resin, a
novolac epoxy resin, a phenolic resin curing agent, a cure accelerator and an
inorganic filler. U.S. patent 5,082,727 teaches a flameproof product wherein
the flameproofing agents are a combination of organic borates, salts of
25  phosphoric acids and oxide hydrates of magnesium and/or of aluminum.

However, these alternatives are also very expensive and do not have good peel

strengths to foil conductors.

1t has therefore been desirable to provide an affordable, non-flammable,

30 . halogen-free dielectric composition for printed circuit boards having good
properties and performance. The present invention offers a solution to this
problem, providing a method by which copper foils are coated with non-

halogenated thermoplastic dielectric layers and thermosetting polymer layers.
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strengths to foil conductors. It has therefore been desirable to provide an
af fordabl e, non-flammable, 30 hal ogen-free dielectric conpo$iMiren2006r
printed circuit boards havi ng good properties and performnce. The present

i nvention offers a solution to this problem providing a nmethod by which
copper foils are coated with non- hal ogenated thernoplastic dielectric

| ayer S!n%ﬂlchlﬂﬁré@rﬁﬁé& bl&%lt%bﬂdﬂ‘? brdvﬁié@rc%mp%s:ﬁg Wuﬁ&ra%@ﬂgwhg opgdditecul ar, a

printed circuit board rovid mprising a substrate having opp05|te

sur f acB4taces. @beimesetting rﬁ’@R’H@F W@? orn a%ﬂ ofdhe erRasite pubsiiatepptases.@ substrat e

sur f ac@gmdbladtib AleEtAaydrondagh %Fih'é'tﬁeﬁrﬁ‘ié@ftm@ Bo ReP1aQbrst By érﬁ‘@l@&i‘ﬁéé&t I ng
pol ynmer |ayers, and an electrically cond uctlve éer on each of the

t her moOfANGYEtive lawes pa eeeh ef thamglopl?ﬁ@ dinlertip avets: hge thepppsetinglaverama@yvar i ous
degr e%v@“vaﬁb@é@@%éd diflamiphibiliy But ﬂﬁ%rtﬁ@ﬁ{o%%%h&labé\'ﬁ%ﬁ'émﬁét%n!ﬂ]'ﬁ&ﬁ@”t | y flane

resi stant_ and (grevent conmbustion of the thernosefti ng pol ymers.
t her noFFERNf @nPreV@RcPMPUSHaNY thetiheraeselingtnewmers.Hd B?ﬁnﬂﬂeét'c F’j@!ﬁ(ﬂrlcl ng in

a | essy by hddd RrenBinto Gy I%nﬁﬂh?é‘ réél@tlr%rlh Qe BrittleTAR cor& Hahlthé Brict aﬁp?r“ﬁe
ef ficient envi r onnent al safe an | ane resistant | am nate havin

excel | ERult is 5 gskefficigat, e“W@PG‘&T‘W&y gafgepd dagedesisiapdaminats hayinserseletg, good

di el eclrbpértids, Yk 2GR proFabRikP el shobiHgl 666 ABECHO BFbaREGEH Vbifgb!/ t her mal
performance, SUMVARY OF THE | NVENTION In accordance with a first aspect of

the i i/ ¥RPPBFUTRGRANI gooqsiRRlicadthermel ReEigmanssar d conprising in order. a) a
pl anar substrate having opposite surfaces; b) a thernosetting pol yner

| ayer -on each of the opposite substrate surfaces c) a thernoplastic

dielectric layer on each Ogumhﬁ\RYlgFrmm\VWQN ymer |ayers; and d) an
electrically conductive | ayer on each of the thernoplastic dielectric

| ayer Sin\dBesrahice Jith a fiReaspaRL GFhé ﬁwglhlﬁineﬁ{ei'é B préW@idSa SRR boaREcnpiRIngr | al

sel ected fromthe group consisting of
in order.

a) a planar substrate having opposite surfaces; .

' b) a thermosetting polymer layer on each of the opposite substrate surfaces;
¢) a thermoplastic dielectric layer on each of the thermosetting polymer layers; and
d) an electrically conductive layer on each of the thermoplastic dielectric layers Wherein the
thermoplastic dielectric layers comprises a material selected from the group consisting of
polyesters, polyester containing copolymers, polyarylene ethers, ployimide, liguid crystal
polymers, amines, and combination thereof.

in accordance with a second aspect of the invention, there is provided a process for
manufacturing a printed circuit board comprising.

a) depositing a thermosetting polymer layer onto opposite surfaces of a substrate;




pol yesters, polyester containing copolyners, polyarylene ethers, ployimde,
liquid crystal polymers, amnes, and conbi nation thereof. | h Masdho?d8ance
with a second aspect of the invention, there is provided a process for
manufacturing a printed circuit board conprising. a) depositing a
thernosetting polynmer |ayer onto opposite surfaces of a substrate; 3 7

Mar ch of the
ther moaat P S RECILBBHERGIOR Sy Sath Bl tﬁﬁ;”éf’*‘°5?“ﬁé P B S auct  ve
| ayer ®Wi® C@R@ﬁm@ﬁ an ﬂ'@cftﬂﬁ@&yrﬁ@pﬁ%we J,ayer @mt@@sarsh ef the dyesmeplaris dtkrclrine

t her mogl&as tterdhh meqaéyrnadwdsﬁyare?ecwér@ e&nenéé%ta%a@hauss%ie%ﬁ%rﬁ frRm t he
group consisting of polyesters, polyester contalning copolyner, polyarylene
et her sQrOUBGP'Wﬁﬁ“G% POIWQﬁ%ﬁSdPQ!Y%ﬁéQreﬂO“W'WW”m rebvardene ebatsi nat i on

L her efolibReE! fh GERGTRIRFhER] SFindEnPESRERERR (RYBGD! NENTS The | nventi on
prOV|des a hal oge fire retardant printed circuit board. The first
step in the process of the invention is to deposit a thernosetting polyner

| ayer onto opposite surfaces of a planar substrate. Typical substrates are
those suitable to be processed into an integrated circuit or other

m croel ectroni c device. Suitable substrates for the present invention
nonexcl usi vel y |nclude non- hal ogenat ed naterlals such as: fi bergl ass,

aram d (Kevl ar PETALER DESCRIPTION, OF JtHE PREFERRED-EMBODIMENTS, her or

conbi nati ons thereof O these, flberglass is the nobst preferred substrate.
Al'so sliie iayention providesiachalegraciese, firretardant sristed isireuit bpard.i um ar seni de ( GaAs)
silicon and conpositions containing silicon such as crystalline silicon,
pol ysi |l i con, anorphous silicon, epitaxial silicon, and silicon dioxide

(Si O2) Trerstaiegd Wtﬁé PH&@é@&fthe WSntFangﬁMéiﬁsft Q'tﬁé?ﬁ'%%éttrﬁ‘é pBl?ﬁeﬁl‘é stdge i s of
fromabout to about 200 mcrons,_nore preferab i/hpéroma bout t o about

100 i PGRLS sygeppd elaparpubstiaig T YRiGH SQﬁStrﬁFﬁssar@ fshigaple EOI‘R? substrate of
t he .prirBtedes int€ Hh Intdpated cifBit SOIMErinSi€roBlectronic device. Suitable substrates for

. the present invention nonexclusively include non-halogenated materials such as fiberglass,

aramid (Kevlar), aramid paper {Thermount), polybenzoxolate paper or combinations thereof
Of these, fiberglass is the most preferred substrate. Also suitable are semiconductor
materials such as gallium arsenide (GaAs), silicon and compositions containing silicon such
‘as crystalline silicon, polysilicon, amorphous silicon, epitaxial silicon, and silicon dioxide

- (8i02) and mixtures thereof. The preferred thickness of the substrate is of from about to
about 200 microns, more preferably from about O to about 100 microns. Ina preferred
embodiment of this invention, the substrate of the printed circuit board may comprise a
plurality of adjacent strata including the strata of the above substrate materials, forming a
complex multilayered article. In this embodiment, each stratum is attached to an adjacent -
stratum by a thermosetting polymer layer.




plurality of adjacent strata including the strata of the above substrate
‘materials, formng a conplex nultilayered article. In this éRfseh38nt
each stratumis attached to an adjacent stratum by a thernosetting polyner
| ayer. 4 7 rch 2005 WO 02/21886 PCT/ USOL/ 25363 5 The t | ng

pol ymer Iay‘g gﬁg@éﬁ preferably deposited onto the substra?@r/% Eﬁtslgiquids by
coating, evaporation or vapor deposition to allow for control and
uniformty of the polynmer thickness. The liquid |ayers may subsequently be
partially or fully cured on the substrate, thus formng a prepreg. For the

pur poses of_this Jnvention, an A-staged.pr eqg.c ri,se substrate
" having 10 ncﬁlfhsahetﬁﬁ%ﬁﬁh%é’f’{yiﬂﬁ a0 %5%@?&%]?5}2%8&5}&‘2%9 &eéé%sgatﬁr epreg

i ncor por ﬁt es &fs liﬁtlaﬂst Eyaédagng; Wa?daﬁ&%rTIWﬁ@h tiép’»ut:«mioﬁ@{c allﬂiﬁzrfgr difoland- fst aged
prepreg has a fully cured _polyner. e most. preferred prepreg for use in
this i nventi ofnHrHtyms dheng ,erﬁlbcéfﬁ%ﬁ-aﬁ%h%lmlé&%%w%ﬁﬂu@tmg i s conduct ed

by placi ng t he pfagPseRilly Bired Mihe QbSit, Al YRRHA! fe@ly FRPtent fromthe
pol ymer and either partially or fully 15 cure the Tayers. Such may be done

by subj ect i ng PuResqsof frvigveniion ap dnjieged PISPEES conPHiSed aflpisiR baY8F t o about

600F, for o] . ' 1 ' .S | eted, the
prepreg is@e%ﬁ%ﬁ@?%%%%hg Ig?}{grl]&a%r? gbﬁtgfé'éed';ﬁgfr% e(r;CI s'rgttg{gl)ng pol ymer

| ayers nmay al gertially depbthetmedetiing pdiend.cmdr 6F-sthged piegsg ha(r olly ekt s t hat are
| am nat ed onto OSit e Sitdeﬁr“% t he iubst.r gﬁ)ie. %%m nathon i.s preferably
conducted i n FORFEE s HG™OSt BCHRTEL RRCRFe K &t 0 SUE BVueP 154535%8%0 i nut es.
Preferably, thertiallpased preprogleCurthg\iseutucicdbyplacingalsd préliteg inhes of nercury,
and nmi ntai ned at a pressure '

f about 150 psi. The thernosetting polyner
| ayers pref er &8P0CH ‘F‘%@yﬁSg{PW%OEgtéﬁﬁ‘ﬁﬁﬂ"prﬁB@Eﬁﬂfe_épighé{lf&’i%g]é’ 25 epoxi es,
bi s-malim ge tohiead Bfer®P VR hay bd\@MEBS Qlbldehs 1B bisbidh dPStempiaaRL ©

of from about 100°F to about 600°F, for about 1 to about 10 minutes. After

curing is completed, the prepreg is removed from the oven and cooled.

The thermosetting polymer layers may also be deposited in the form of liquids

20 - or sheets that are laminated onfo opposite sides of the substrate. Lamination is
preferably conducted in a press at a minimum of about 275°C, for about 30
minutes. Preferably, the press is under a vacuum of at least 28 inches of
mercury, and maintained at a pressure of about 150 psi. The thermosetting
polymer layers preferably comprise non-halogenated materials such as

25 epoxies, bis-malimide triazine epoxies, thermosetting polyimides, cyanate

esters, allylated polyphenylene ethers, benzocyclobutenes, phenolics and
combinations thereof. Of these epoxies and polyimides are preferred. .
Preferably, the thermosetting polymer layers have a thickness of from about 5
to about 200 microns, more preferably from about 2 to about 100 microns.

30 '
Next, thermoplastic dielectric layers are deposited onto each of the
thermosetting polymer layers or ontfo the conductive layers. The thermoplastic

dieleciric layers may be deposited in the form of liquids or sheets that are

5




esters, allylated pol yphenyl ene ethers, benzocycl obutenes, phenolics and
‘combi nations thereof. Of these epoxies and polyim des are pré&fgeipf0s
Preferably, the thernosetting polyner |ayers have a thickness of from about
5 to about_200 njcrons, nore preferably fromabout 2 to m crons.
30 Next, tﬁg?ﬁﬁﬂﬁg%tic dielectric |layers are deposited oﬂ?@ﬁﬁd%%gof t he

t hernosetting polynmer layers or onto the conductive |ayers. The
thernoplastic dielectric |layers may be deposited in the formof |iquids or
sheets that are 5 7 March 2005 WD 02/ 21886 PCT/ USO1125363 5 | am nated onto

each t hernpsettin olymer J ayer,, under conditions simlar_to those for
ani nat 1 on of ‘Fﬁ@gﬁeﬁ8?%%%1%%@%#%83‘@@%&?%%}10951 ions SEHF Wopl asti ¢
di el ectric | aybsss f@llanid@pasr iiRtheanbseiting GybRe PrRsMY, HeGhdra¥sasicas | i quids by
coating, , evgﬁgratlon or vapaqr _deposition, allowing for control and

0]

uniformty o JayeyTrss deprsited Aate dhe trermopsidgeripysrsas tinwde®e| ectric | ayers

preferably to ceaim! | svBncRarddds {40f dedbiidton) iy -gmrwiu%l itliydS determ ned
by the UL94VO ?Ieﬂsgt. jiI.:‘:Flese mat%ri ae?s lpor efer% y 1 ncl u%’gt“g{)fi’@ﬂ I des,

pol yesters, [9btheesbarer tinkness.niba ghetrooniastiy distestric taybp arefdrddie et hers, |iquid
crystal pojyy : . ‘Egﬁ% M an opbi nati ons thereof.
O these, %OF??%P%%%%§$%%1. eﬁdr%gls p(rﬁgae?gart?rggé.gse%(t) Iilm(r%%i g’ééigar e preferred
because they REPEVRiigh Tssehgedals preferablyimrhgiepslyimideipityestatsat i ng properti es,
a high softening point and ar inert to many chenjcals. Preferred are
oy des. habPHEe aralils P Rfme oo e sl Gt ™ BPFFBm about 160C
to about 320Cpolyphdnyen@itthas aiirREahd teibindt@APRERSM 0T tidke, bplomiadaout 190C to

- about 270C bein referred., Preferably,
. areq:hg most preferred. olyingdes areypreferred because they have high

15 electrical sirengths, good insulating properties, a high softening point and are
inert to many chemicals. Preferred are polyimides having a glass ﬁansiﬁon
temperature (Tg) of from about 160°C to about 320°C, with a glass transition
temperature of from about 190°C to about 270°C being preferred. Preferably,
the thermoplastic dielectric layers have a thickness of from about 5 to about

20 200 mic-rons, more preferably from about 2 to about 100 microns.

' The thermoplastic dielectric liquids will typically have a viscosity ranging

from about 5,000 to about 35,000 centipoise with a preferred viscosity in the
range of 15,000 to 27,000 centipoise. The polymer lignids will each comprise

25  asolution including from about 10 to about 60% and preferably 15 to 30 wt %
polymer with the remaining portibn of the solution comprising one or more
solvents. Itis preferred that a single solvent be used in each polymer solution.
Useful solvents include acetone, methyl-éthyl ketone, N-methyl pyrrolidone,
and mixtures thereof. A most preferred single solvent is N-methyl

30  pyrrolidone.

Either one or both of the thermosetting and thermoplastic polymers may also

coptionally comprise a filler material. Preferred fillers non-exclusively include

6



the thernoplastic dielectric | ayers have a thickness of fromabout 5 to

‘about 20 200 microns, nore preferably fromabout 2 to about 7T0damhdi0dns.

The thernoplastic dielectric liquids will typically have a viscosity
ranging from 5,000 to about 35,000 centipoise wt red
viscosity iﬁot‘}?((gl%g‘{ ange of 15,000 to 27,000 centi poi se. %@U%{&ﬁ%ﬁ%r | i qui ds
w Il each conprise 25 a solution including fromabout 10 to about 60% and
preferably 15 to 30 wt % polynmer with the remaining portion of the
solution conprising one or nore. solvents. It is preferred that a single

sol vent be used in each | { sol.utign. ef.ul .solvent.s include acetone,
met hyl - et hy} If@fagﬁ‘ég,’gﬁp 151@%%@@@@, %’H'W&Fﬂ?’&?“ﬂrﬂereof. A nost
preferred si ngdrontieh uLRite, iqBard; Sads Mirdds3Rideyspheles)(anainum kiRl nddpre or bot h of

the thernosetting and ther m)BJ astic polyners ma?/ also .optiopally conprise
a filler materseEfmic pllas adcepbinayons fhereofnlt incorpprateger fller frqrefgiedbly 7 var ch 2005

VIO 02/ 21886 PGHALAAL HRIRAR0flssiE ERIBER polRicPst tRirkblcfifig pdlyhiob . anbar i UM
titanate, strontiumtitanate, barium "strontiumtitanat e, quartz, gI ass

beads (m cr o- sAueRteef)tomedbani SeinadRWBEY hyoweicht ef therpash pplymer, sroznd _
combi nati ops t Qf@ﬁglsr'ﬂiou abbﬁ%%“/ﬂp%&ﬁ%%%g%ﬁé#g&fd&a% gﬁélﬁ[@?ﬁe _present in
e pol ymer ~or pol yrer

the thernoplastic ectric herthosetti n in an anount
of from about mE¥entofaddpblyBebioliie swbstagbe moéridl el te fidlers pal hawra nore 10

preferably fromabout 10%to0 0 50% ight of the each polyner. The
per cent of totsgfm%%%ﬂ(atugnatbﬂ%’ éf%%?ch?éo%@t g’?*?eﬁaiﬁy‘ath%lﬁﬁso%?i |l ers may have
a strong eff egioudiofftheifivgting pblymed prédast if iHe@itbdit hoeal the Iéseneral |y, the |ess

the anount of_ therposetting pol r present in the circuit board, the |ess
fI anmabl e t he ampeablet %‘H@P’cﬁgwg}’vﬁg&

15

The ratio of the thermoplastic dielectric material to the thermoplastic polymer
is important to obtain a fire resistant cireuit board having good properties.
Preferably, the weight ratio of the thermoplastic dielectric to the thermosetting
dielectric is from about 1:0.5 to about 1:15, and more preferably from about

20  1:1 to about 1:8.

After the thermoplastic dielectric layers have been deposited onto the
thermosetting polymer layers and/or the electrically conducti\}e layers the
materials are laminated together to form a metallic élad substrate. Each
25 conductive layer may comprise either the same metal or may comprise
different mefals. The conductive layers preferably comprise foils and
preferably comprise a material such as copper, zine, brass, chrome, nickel,
aluminum, stainless steel, iron, gold, silver, titanium and combinations and
. alloys thereof. Most preferably, the conductive layers comprise a copper foil.
30 At least one of the electrically conductive foils may also comprise a part of an

electrical circuit.




15 The ratio of the thernoplastic dielectric material to the thernoplastic
‘polymer is inmportant to obtain a fire resistant circuit boaf M#erd¥§ good
properties. Preferably, the weight ratio of the thernoplastic dielectric
to the ther g dielectric is fromabout 1:0.5 to 21D, and
nmor e preferﬁ@%g&%%£n1about 20 1:1 to about 1:8. After the t‘%%ﬁ%%lastic
dielectric |layers have been deposited onto the thernosetting polyner

| ayers and/or the-electrically conductive |ayers the materials are
.Ianinated together to forma netallic clad substrate. Each 25 conductive

| ayer Y QOB b Iy S AR MR A Rlesl T SO PE10 ! o7 ot et al s

The conductlve ayers pr onprise pre erably conprise a
mat eri al such 2@9 micxplpnamorezprefer,ablbrﬁassabontrmoﬂmmtmmlmdms Tl um num st ai nl ess

steel, iron, ver, titaniu coanna ons and _al oys t her eof .
Nbst pref er abl yi,l e e%%tﬁré%%‘fsfié/@%%@%?a@ © ORI Q g’“c%‘ﬁﬁ?ﬁ?n P P° " 30 At |east
one of the el eﬁetmufaeﬁfddymﬂﬁuﬂu@tsid%emf@éhﬁddmweashﬁ&ecgﬁﬁﬁpléﬁaf@u@ﬁrt of an

el ectrical circu h . 2005 W0 02121886 PCTI US01/ 25363 5 The

conduct i ve | ay&p GBYEB‘P@P%?&VFH'&?}%%Q“%%SC%%§%$ 6?%%3’91‘%‘6]&115 0.5 to about

200 ni crong, rmdoggowt&iﬂ&bwrefe&aﬁe apRtondhctift [BRANbe a?bl?erd%ﬁ The
conductive materials used in the flextble conposi tes this rnvention may

be nanufactu@éﬁ“@klmv&l@?@wf@%dWﬁ’&éé‘méﬁélelacW@f@mﬁoéﬁéé Exanpl es of
such conduct%%{mﬁﬁ&q&;g&% e ﬂ%éﬁ%&%ﬁﬂ“ﬁ%gﬂmﬁﬁtfﬁg tpdVo. 5, 679, 230,

whi ch is 10 incorporate erenc e con uctlve | ayers may be
appl i ed usi ng theamyplegic laykinown nethod of netal deposition such as
- electrolytic or electrol ess

15 After the circuit board is formed, it may then be selectively etched using well
known photolithographic techniques using a photoresist composition. First, a
photoresist is deposited directly onto the conductive layer. The photoresist

‘ composition may be positive working or negative working and is generally
commercially available. Suitable positive working photoresists are well known

20 in the art and may comprise an o-quinone diazide radiation sensitizer. The o-
quinone diazide sensitizers include the o-quinone-4-or-5-sulfonyi-diazides
disclosed in U. 8. Patents Nos. 2,797,213: 3,106,465; 3,148,983: 3,130,047;
3,201,329; 3,785,825; and 3,802,885, When o-quinone diazides are used,
preferred binding resins include a water insoluble, aqueous alkaline soluble or

.25 swellable binding resin, which is preferably a novolac. Suitable positive
photodielectric resins may be obtained commercially, for example, under the
trade name of AZ-P4620 from Clariant Corporation of Somerville, New Jersey
as well as Shipley I-line photoresist. Negative photoresists are also widely
commercially available.

30

 The photoresist is then imagewise exposed to actinic radiation such as light in
the visible, ultraviolet or infrared regions of the spectrum through a mask, or

scanned by an electron beam, ion or neuiron beam or X-ray radiation. Actinic




deposition, coating, sputtering, evaporation or by lamnation onto the
‘thernopl astic layer. 15 After the circuit board is formed, it Magh20Aen be
sel ectively etched using well known photolithographic technlques using a
phot or esi stywegsesi tion. First, a photoresist is depositgeygoiggkd y onto

t he conductive | ayer. The photore5|st conposition may be positive working
or negative working and is generally comercially available. Suitable
positive working photoresists are well known 20 in the art and may conpri se
an o-qui none di azide radiation sensitizer. The o- quinone di azide
sensitizers i I el Lsclosed in U
2 P ot & oo 4R Iﬁa@g’fg’l 9 %I"%gb% fg&gﬂ&eﬁlgﬁ{ gg‘g‘)&enmlgg‘é f%%?amﬂ%’, 201, 329;

3, 785, 825; andlgbtma%& TW&dlﬁO@ﬂS@ﬂlSrﬁhﬂlelnaﬂmede’@ltmﬁéumgd preferred

bi ndi ng resin ueou all soluble or 25
swel | abl e bin r%b%r%g%nﬁ %&eg{l]enhg pr e?‘%‘r? i yeélse E ?Warbl e positive
phot odi el ectr |emhrrgstedhmq[rmy'l‘lbm:mmt bmanéﬂapmammtsalwd:ife@rAﬁ&ahml e, under the
trade nane of AZ-. 14620 romCIa 0 n of g]ﬂ il.le, New Jersey
as wel | as Shi‘Braymespp %“a&fﬁafe& ougklﬁﬁ Eeare al so

wi dely  cofonengyed liheremyiaing phbtGresistinabie r@ﬁkﬁk@&@&ltﬁé mét8l 1§ﬁe§\ufa6@gew se
exposed to actinic radiation such as light in the visible ultraviolet or

infrared regi GHeerdy siripping yatkespiabdlarelysaior by aing by 5rell keewmabingby an el ectron
beam ion or ngeyhi,a&k beam or X-ray radiation. Actinic 8 7 March 2005 WO

02/ 21886 PCT/[TSOl/ 25363 5 radiation may be in the formof incoherent |ight
or coherent light, for exanple, light froma |aser. The photoresist is

then imagew sg d S%%n%ﬁ ke Rt B8 & substrate, thermosetting polymer layers,

15  thermoplastic dielectric layers and electrically conductive layers are absent, i.e.

free of halogen containing fire retardant additives. More particularly, it is
preferred that each of these constituents.arc absent, i.e. free of bromine
containing fire retardant additives. As a result, the fire resistant printed
circuits formed by this invention are more environmentally safe than those of

20  the prior art.

The following non-limiting examples serve to illustrate the invention.

25 EXAMPLE 1

~ An electrodeposited copper foil of about 12 to about 35 microns is coated with
about 12 microns of a crosslinked thermoplastic polyimide. A fiberglass cloth
is impregnated with a non-halogenated thermosetting polyimide (such as
30 Keramid 601), forming a prepreg. The polymer is then partially cured. The
thickness of this prepreg is about 68 microns. A copper foil is then laminated
to the prepreg with the polymer coating facing the prepreg. The lamination is
done under a vacuum (28 inches of Hg) at 275 °C, with 200 psi of pressure for




sui tabl e sol vent. Subsequently, the conductive |ayer is etched by well
‘known etching techniques. The circuit board may then be ri néddarenf0dri ed.
After the circuit lines and spaces are etched through the netal |ayer and
t he conduct‘gvg(ay?lgsél ayer, the remaining photoresist may bg.f, N&ds from the
nmetal |ayer surface either by stripping wwth a suitable solvent or by
asking by well known ashing techniques. It is preferred that each of the
substrate, thernosetting polynmer |ayers, 15 thernoplastic. dielectric |ayers
and electrically conductive |ayers are absent, i.e. free of hal ogen

cont ai nin irg r.etardant ditives. Mor arti.cul arl it ] referred
Chat “each ot (HduBE 1B eolERs binthpabfichRl Gt dotogplpardy, DY

cont ai ni ng fi ra® wieioas sialpassasitbe UIVEYD tésfoa flmamubility. t he fire resistant
printed circuits fornmed by this invention are nore environmental |y safe
than those of 20 the prior art. The follow ng non-limting exanples serve
toillustrate the invention. . 25 EXAMPLE?L An el ectrodeposited copper foil
of about 12 to about 35 microns is coated with about 12 microns of a
crosslinked thernoplastic polyimde. A fiberglass cloth is inpregnated

wi th a nonghalggenat I 1+ 30 Keram d 601),
formng a -E)d:epreg?ﬁ+ﬁgr%g#§@%ghtgﬁgﬁ%%?ﬁ%I%f({'/&gﬁpees . The thickness of
this prepreg itbermbspiting@Blyimide.orhs lantinasiop pesepefagire isireduceitin 1B et ed to the

prepreg with the.nol r i aghn ‘ agm,laationis
done under a vtg%tﬁlﬁ(?ﬁs%%‘c?‘ﬁgﬁgsnﬂ Ig*téngqJ)he %S&B%Bé?ﬁéﬁ%%ﬁseg@g d&m of pressure
for 9 7 March t206h iERINiIR1 886 PCTI USOL125363 5 90 ‘m nutes. The resulting
~lami nate has a dielectric thickness of approximtely

15 ' EXAMPLE 3

Example 1 is repeated except the substrate is another fiberglass and the
prepreg thickness is about 115 microns. The resulting product has a dielectric
thickness of about 135 microns and a rating of ULS4V1.

20

EXAMPIE 4
Example 3 is repeated except boron nitride is incorporated into the
25 thermosetting resin to the level of 30% by volume. The resulting product has a
" rating of UL94VO.
EXAMPLE 5
30 Example 4 is repeated except an epoxy resin is substituted for the

thermosetting polyimide and lamination parameters adjusted as per Example 2.
The resulting product has a rating of UL 94V0.

10




90 m crons and passes the UL 94V0 test for flammbility. EXAMPLE 2 10
‘Exanple 1 is repeated except a non-hal ogenated epoxy repl aced M#eh 209520
t hernosetting polyimde. The |lam nation tenperature is reduced to 185 C and
the tinme iswb%ﬂ?{%ﬁ‘ad to 60 mnutes. The resulting | am nat g-pa&aBssel he UL
94\V0 test for ammabi lity. EXAMPLE 3 Exanple 1 is repeated except the
substrate is another fiberglass and the prepreg thickness is about 115
m crons. The resulting product has a dielectric thickness of about 135
m crons and a rating of UL94V 1. EXAMPLE 4 Exanple 3 is repeated except
boron nitrigde sl : t4.00: tbn to the |evel
of 30% by vl it (ARl AR BhOnh PRI B RS, EXavpLE 5
30 Exanpl e 4 isferanpeatpeefermsdeapodiaeniegowill beesddily appreidist bytthosedf f or t he
t her nosetting | vim.de. and_ l.am natign parapet er.s adj usted per Exanple
2. The resul t‘?@‘é‘x‘&g%‘ d’&ﬁ‘eﬁ%@%"aﬁ%ﬁ“fﬁ‘&%’? Rgdierionts RepEk H005 W
02/ 21886 PCT/ Ugtbli2dedadinD fivhhi thespiritandscepestithd iaveiibn.ON isiamndddext parti cul arly
shown and desc iqe.d i th, refeéence tod?rffe({rebd enbo%ijmants, it will be
readi |y apprec SRS D 19 WfrLpretgd to cover the disclosed embodiment, those

' 10 alternatives which have been discussed above and all equivalents thereto.

Yo

11




ordinary skill in the art that various changes and nodifi catl ons rrao%
‘made wit hout departing fromthe spirit and scope of the inv EMaregn200f ¢ s
intended that the clains be to interpreted to cover the disclosed

enbodi nent, those to alternatives which have been di scussed above and all
equi val ents thereto. 11 7 March 2005 What is clained is: 1. Acircuit board
conprising in order: a planar substrate having opposite surfaces; b) a

‘t her mogRkLtis BRr& ¢er | ayer on each of the opposite substrate surfaces c)
a thernmoplastic dielectric |ayer on each of the thernosetting polyner

| ayer sf, sfifbuit BdardtoflpRsihg it 8idey conductive |ayer on each of the
thernnplastlc dielectric layers wherein the thernoplastic dielectric

| ayer <2 RlgRyrSubstrate haying PHPO%"@ISEBCF% fromthe group consisting of

pol yess)%rtﬁemmbmgtp@wn@@ laatyer a.h egcrp&nﬁé ¥pRste ses YlipRes;et hers;
polyimd mers. am nes and conbi nation thereof. 2-The

PP L) abamprisiil diefacin layes PBiSaoR ALhe A TEsELNg REIYHET GHere: adyer i s

at t achpGntdle @@y BdnduthR l@?é}Qﬁi daeh i thelthérhfphaslié aRRetriciARré her mopl astic
dielectric layer is attached to each of the therm)settln golyrrer | ayers;

and tw@eéﬂeéiﬂer1h@anwa%!'6r%ﬁ!%qtm@wrayempr'§e amaigrabaclected Hom Be ordve
t her moghastindoffoRle8eld, lp@lylegnéfee&qtémﬁa@omwrﬁwst p&pﬁ?@n@tetnéhalpmyﬂwmr ein the

substrate, thernosetting pol yner | ayers her mopl astic dielectric |ayers
and eIi@&'l"r‘i%‘%ﬁ"l%‘?ly&?ﬁ%t?é‘i'?%aﬂda%?@”aéﬁoé '%ﬂf%%fnt of hal ogenated fire
retardant additives. 4 The CI rcuit board of claim1l wherein the substrate,
t hernosetti ng pol yne t hernmopl astic dielectric |ayers and

- electrd b8 F'SPUESHEFG'&HCW“I%ﬂ}‘@'@'“é'?“eth&&%ﬁ?ﬁ‘”&fpofymﬁh FHeT ISHFCREhioRFoR of e

retar Glﬁé‘bf@é&iib slv@ate Surfdtesahé ﬂw"hoaaarc%@éctﬁé %lyéi i 2WBEHRI tB ebBi®of the
electrically conductive |layers conprise a mate
thermosetting polymer layers; and the electrically conductlve Iayer is attached to each of the

thermoplastic dielectric layers

3.The circuit board of claim 1 wherein the substrate, thermosetting polymer layers,
thermoplastic dielectric layers and electrically conductive layers are absent of halogenated

fire retardant additives.

4.The circuit board of claim 1 wherein the substrate, thermosetting polymer layers,
thermoplastic dielectric layers and electrically conductive layers are absent of bromine

containing fire retardant additives.
5.The circuit board of claim 1 wherein the electrically conductive layers comprise a material

selected from the group consisting of copper, zinc, brass, chrome, nickel, aluminum,

- stainless steel, iron, gold, silver, titanium and combinations thereof

12




selected fromthe group consisting of copper, zinc, brass, chrone, nickel,
‘alunminum stainless steel, iron, gold, silver, titanium and’ &#eh3488i ons
t hereof 12 7 March 2005 6. The circuit board of claim 1 wherein the

t hermopl astic dielectric |ayers conprise a polyimde 7. The circuit board
of claim1l wherein the thernosetting polyner |ayers conprise a materi al
sel eCt @¢nd LA AR UtimONR S IrRImSB e Aedolers oS
bi s-maleimde triazine epoxies, thernosetting polyimdes, cyanate esters,
al | yl aR@ddmistsl yphenyl ene et hers, benzocycl obut enes, phenolics and

combi nairhORRcitHRRRPEF clftm HNEh&rbin G theRAGSRIRY pdhnfdr R yJerdBiGhsida 4 hsterial

thernopl astic dielectric |layer conprises a~ substantially non-flamuable

mat er i $gledied Hem drergrieun coRsisting obnonraiogenated epoxies, igenaleipidd ¥iagard of claim
! Wﬂeréﬂd}aeghmeﬁ]%géamgtdo%nfates,%yahaqaéste%%n,ﬁétea RBIybRGTIENRIcARdrsC O
thernosetting |layers is conprised of a filler whérein the filler is

sel ectkanzoexsiabuigiegrriigpolice@ndicompigtiens Weresfi cs, bariumtitanate, boron
nitride, alum numoxide, silica, strontium titanate, barium strontium
titanate, quartz, nonceramc fillers and conbinations thereof. 10.The

ci r cui 8- ThoaFitbrard efidain fWwherainihe ermeemaisidislentrioipyecompsses ane of the

t her mp|paehtiflyHon-ilaRfHdBS RlatdrBfad AUEMIndPbF PRNIIGAGD Rt & filler wherein the
filler conprises fromabout 1 0% to about” 8 0% by weight of the l|ayer. 11.
The circuit board of claim 1l wherein each of the thernoplastic and

ther mogehd iRt BYRS & cldidViBwisrbin it isosition dr AiMeaf Ukt op tHehaRipiasad Br _
mcrons. 13 7 March 2005 12. The circuit board of claim1 wherein the weight

- rati o Bermasetling dvetpis gempasas diadilier weereinylbe filey is peiectetBpmdRREOURg pol ymer
layer dohsiblirydraRedthicd, HariGmitRarRiRo Worok' ritfide lauh@ntoxidd slicP Q@bAtiph claim 1
wherei n the conductive | ayers have a thickness of from about
titanate, barium strontium titanate, quartz, nonceramic fillers and combinations thereof.

- 10.The circuit board of claim 1 wherein the composition of at least one of the thermoplastic or
thermosetting layers is comprised of a filler wherein the filler comprises from about 1 0% to

about 8 0% by weight of the layer.

11. The circuit board of claim 1 wherein each of the thermoplastic and thermosetting layers

have a thickness of from about 5 to about 200 microns.

13




0.5 to about 200 mcrons. 14.The circuit board of claim1, wherein the
‘substrate conprises fiberglass, paper, pol ybenzoxol at e pape? Maé?h*’épéhed
circuit or combinations thereof. 15. The circuit board of claim 1 wher ei n
the substrate conprises a plurality of ad acent strata, wherein each
stratumis attached to an adjacent stratumby a thernpsetting polyner

| ayer . 12 Phel ircuitivbatd df cRMAr dvitdreif ltﬁié Weight¥aes ef the %ﬁerhﬁﬁ@%h@d@le@ﬁ‘m‘ld}@r to
el ect r| cal lél conducti ve | a%ers WB‘E hses a an electrical circuit.

1 7. A 1Bf SeE0eseiHRo piyeHRY r“’rfﬁ@mé"bﬁ Pédoépglétd’l ‘1o board conprising: a)
depositing a thernosetting polynmer |ayer onto opposi te surfaces of a

substr posj ti thermppl astic dielectric | ayer onto each of the
t her rm&eﬁﬂe? ﬂéfuﬂgp?rﬁié?f C%gr‘@em*aﬂge condyetyss |ay§rﬁdnaaﬁ adpi 8'81915? 85??’9 a8Hduct i ve
| ayer @mptdaeng200midrbes.t hermopl astic dielectric |ayers, wherein the

thernoplastic dielectric |layers conprise a material selected fromthe group
consi sting of polyesters, polyester containing copolyners, polyarylene

et her s14 gl dirdliit ®88ed of lclafth HIwRENLET tAE sDBEPESMprivdk MBErgRIRE, gupebi nat i on
t hereof. 18. The Brocess of?(fl aim 17 wherein the fsubstrate t her nosetting

pol ymeRolybgperxolate pergrra)pigled airgyitor EE'E‘Pi“Et"P”éJB?@O nd electrically

conductive Iayers are absent of halogenated fire retardant additives. 14 7
March 2005 19 cess . of claim1l erein the sub te, thernpsetting
ol y et 1y il boafkel GBR ASHoEoiit SoelrE PHPEPe Rl et acam o,
conduafheréinlcayl Bataimds akadiel to®hn BoRoeMetraftAnbph nth@ﬂnésdttmgr;ﬁmﬁaawer.
additives. 20.The process of claim 17 wherein the electrically conductive

| ayers conprise a material selected fromthe group consisting of copper,

zi nc, 15 B&ScircOltbeam,of clalh leﬁiereiﬁbtJI@iaétLUﬁe of HetdlodthSHy sbeRictivé N&ers gol d,

silver, titaniumand co nlati o_ps t her eof .
compnses a part of an electrical circuit. -

. 17.A process for manufacturing a printed circuit board comprising:
a) depositing a therrﬁosetting polymer layer onto opposite surfaces of a substrate;
b) depositing a thermoplastic dielectric layer onto each of the thermosetting polymer layers;
and
c) depositing an electrically conductive layer onto each of the thermoplastic dielectric layers,
wherein the thermoplastic dielectric layers comprise a material selected from the group
consisting of polyesters, polyester containing copolymers, polyarylene ethers, polyimides,

liquid crystal polymers, amines and combination thereof.
18. The process of claim 17 wherein the substrate, thermosetting polymer layers,

thermoplastic dielectric layers and electrically conductive layers are absent of halogenated
fire retardant additives.

14




21. The process of claim 17 wherein the thernoplastic dielectric |ayers
‘conprise polyinide. 22. The process of claim 17 wherein the théM#es¥E0fing
pol ymer |ayers conprise a material selected fromthe group consisting of
non- hal ogenat ed epoxies, bis-maliriiide triazine epoxies, thernosetting
pol yi m des, cyanate esters, allylated pol yphenyl ene ethers,

benzocyg I e process of
Denz ook pUOERRSY SN WIETCATE: SREPABTHEARSAE B Biei®

subst aheimaanigstip diglactrisayass endraleetrically cesdddive faverfearetppseniaf DIogaing t est .

24. Thqxpﬁgﬁ &ﬁmﬂ%&ﬁ%ﬂﬁﬁh&ﬁw%@ere'” the conposition of at |east one of the
t hernopl asti1C or ernosetting layers is conprised of a filler wherein the
filler is selected fromthe group consisting of ceramcs, bariumtitanate,

- boron i fihd BFSced! A Y RHAGN élé&ﬁcall?%ﬁﬁc?]}cp%y ﬁ@h@e aPHtbAYn

strontiumtitanate, quartz, noncerainic S an I nations thereof.

15 7 Melestediows tesorpHe cppsiing Sf e9pRer. g DESHIRVANY, kR, ghumiman.
t her mogliakts sted8Nforh g;‘%fd_l[%%?,ttlté}gurlfﬁ%?rcﬁinlﬁﬁ‘w‘éﬁonsathér%bFkness of fromabout 5 to

about 200 m crons. e process o alm 17 wherein the conductive |ayers
have a thickness of fromabout 0.5 to about 200 m crons. 27.The process of

cl ai m 47 TaB@FRieBs bMGai Whﬁ&bﬁ 1RO ¥ SHastlc d?éé nt@%?ers%ﬁﬁ:’ﬁse polyimide.

pol ybenzoxol at e paper, an etched circuit or I nations 't hereof. 28. The
process of claim 17 wherein the substrate corrprl ses a plurality of adjacent

strat 3o THSLESSR o%iéhn Si?r\ﬁe% i tﬁér‘nﬂﬁ@ﬁﬂg b8lyfHer Pa%%%’ﬂﬁpréé LIhMENAY 2

therrmsettlcbf'g poly | ayer. 29. The proceSs of claim 17 wherelin at | east

one ofselesée tthq QH'QPFP W'ﬁﬁﬂdﬂ@f n%hwawa;t,ed RAH|SS %'éé“%“"tﬁiﬁr friagipe an
el ect ré;foaies CthEfttiskting o-ﬂ?ﬁidé)é nge @I;tepai @u,natéa pYSR&HylEnk ¥hdriier mopl asti ¢

diel ectric |ayers or ér noset ayers, or both, are applied as
| i qui d¥enzeayclopyiengs, d&%@h%fanéwammn@vow%e@pﬁ the thernoplastic dielectric
| ayers or thernosetting

- 23.The process of clai_m 17 wherein the thermoplastic dielectric layer comprises a
substantially non-flammable material as determined by the UL94VO test.

24.The process of claim 17 wherein the composition of at least one of the thermoplastic or
thermosetting layers is comprised of a filier wherein the filler is selected from the group
consisting of ceramics, barium titanate, boron nitride, aluminum oxide, silica, strontium

~titanate, barium strontium titanate, quartz, noncerainic fillers and combinations thereof.
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poI ymer |layers, or both, are applied as liquids and then at |east partially
‘dried. 32. The circuit board of claim 1 wherein the composit7 &ef2088 | east
one of the thernoplastic or thernosetting |ayers is conprised of a filler
wherein the filler is selected fromthe group consisting of barium
titanate, boron nitride, alum numoxide, silica, strontiumtitanate, barium

st rontgainpd bﬁo@@@é&cla‘ﬂﬁqmﬂwer&h 2aén BARE tharnepRARAhE RS liRg r!é‘%‘/%?s ha?v% The

process of claim 17 wherein the conposition of at |east one” of

t her nopiMOEEs @from AUSIeAbPHFIP&)iET8Si s conprised of a filler wher ein the
filler is selected fromthe group consisting of bariumtitanate, boron
nitride,_alum num oxi de Ica, strontiumtitanate, barium strontium

ti t anadteTheyPIRFeSs °f§|aé[§s"7t¥\éh§tﬂ%m Hircong Hetive davesnBaverrthissnessigf from about 0.5

to about 200 microns.

27.The process of claim 17 wherein the substrate comprises fiberglass, paper,

polybenzoxolate paper, an etched circuit or combinations thereof.
-

28.The process of claim 17 wherein the substrate comprises a plurality of adjacent strata,
wherein each stratum is attached to an adjacent stratum by a thermosetting polymer layer.

29.The process of claim 17 wherein at least one of the electrically conductive layers

comprises a part of an electrical circuit.

30.The process of claim 17 wherein the thermoplastic dielectric layers or thermosetting

polymer layers, or both, are applied as liquids.

31. The process of claim 17 wherein the thermoplastic dielectric layers or thermosetting
polymer layers, or both, are applied as liquids and then at least partially dried.

32. The circuit board of claim 1 wherein the composition of at least one of the thermoplastic

or thermosetting layers is comprised of a filler wherein the filler is selected from the group
consisting of barium titanate, boron nitride, aluminum oxide, silica, strontium titanate, barium

‘strontium titanate, quartz, glass beads and combinations thereof.

33. The process of claim 17 wherein the composition of at least one of the thermoplastic or
thermosetting layers is comprised of a filler wherein the filler is selected from the group
consisting of barium titanate, boron nitride, aluminum oxide, silica, strontium titanate, barium

strontium titanate, quariz, glass beads and combinations thereof.
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