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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-free 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 systems,
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) 94VO0 or 94V1
flammability tests, for most standard resins. For example, Japanese abstract
- JP6240214 provides a copper-clad laminate having a copper foil coated with a

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



WO 02/ 21886 PCT/ US01/ 25363 5 poly(vinyl acetal) resin, epoxy resin,

pol yi socyanate resin, and brom nated pol yester resin. U S. patent 6,071, 836
di scl osew@ot/ytsed adi ene and pol yi soprene thernosetting cPaposSIisesss havi ng
a brom ne-containing fire retardant. However, these additives are very
expensive and interfere wwth the physical and electrical properties of the
pol ymer. Al so, deconposition of 10 dielectric materials having hal ogen

addi tives produces carcinogenic materials such as furan and dioxins. In
order tosm nj,m [ t ' roni.g materials,
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flame ret al@ERIOPESRPBIMOSTHNS 6PRIPISEOnSs HAviap 8 pyominsicantainirgfigener and an
addi ti ve, ‘Q’Q&fﬁp{? ﬁé}wéx%?ﬁhes%%ﬁdfti%@a{rgQélgt&ﬂeﬁﬁreda%ﬁ%teﬁgwﬁhstﬁg a

pol ycondensate o phenol’s, "a ‘conpoun Ving a trirazine ring and

al dehydes, ghgsiedl andelegiivaLpraPertitd dfthe pslympr. adldb} de¢empbiiion offapanese
abstract JP10195178 di scl oses a_hal ogen- free flanme-retardant conposition
conpri sig ieledpnanirial hayaehalegen addifvessodicss capiargeniespistials phenol i c
resin curin .2 .accelerator and an inorganic filler. U S. :
pat ent 5, 08%,‘@8%@%@%@@%“ ‘anepr oof product wherein the flaneproofing
agents are a conbination of organic borates, salts of 25 phosphoric acids
and oxide hydrates of magnesium and/or of alum num However, these

al t er nat i vedn grdsr &) minigaze the ippacs piy thegnyiremnensof plgvieonjoButesials st rengt hs
to foil conductor | . f irable t rovi de an

af f or dabl e, 1o X-Cpﬁtétgﬁ%%{%gr?q&lggé ﬁ‘ae%ggsen%?egﬁéée%ﬁ icérl%g%f%f”?rgs Eoo]?ﬁ)osi tion for
printed Bi r dididgeRdiRe dFohéndniie, J@ese abstract JP11343398 provides a laminate

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.

It 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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properties and performance. The present invention offers a solution to this
probl em providing a nmethod by which copper foils are coated with non-

hal ogenatved or/hesséropl astic dielectric |ayers and ther noset PCTVS@Asyeser

| ayers. 2 WD 02/21886 PCT/US01/25363 5 In particular, a printed circuit
board is provided conprising a substrate having opposite surfaces, a

t hernosetting pol ynmer | ayer on each of the opposite substrate surfaces, a
thernoplastic dielectric |ayer on each of the thernosetting polyner

| ayers, and [ | Y. I r . ernopl astic
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di el ectric arbsratecysfaessy @ thgrmoplasticrielpedrie ieweon ¢ash of therfBermesettingss  brittle
thin core t i r r . | Ccient,
environnentgﬁﬁ§&%§?§&%%%i£}%ﬁgﬁgglfEPQ%%VFEW?%§$%kH§%?#b excel | ent
properties, tidmbpabtitddio@ctzic d8eEsL ahe thephodadid Injefs oy bbes vdrlvgs good

di el ectric breakdown voltage, a snooth surface and good el ectrical/therm

per f or mifAc e degreenaiidrmarbiiEbuiNeErerrapplastic taysrs ar¢ &heraily flesi des a circuit

board conprising_ in.order.: a _planan substrat Vi opposite surfaces;
b) a ther no&%ﬁ‘~.%%’r‘i6“%8’f%‘/ﬁ%‘rc_°l“§”§?ét%°“3% E%{éhﬁr%?seﬁtwg p%}}%geg%'ﬁgl ®substrat e
surfaces; Clh@mbpRENPHEREHcGIR RS Sthdngth toaNETanikt€acdulifg thdedsher noset ti ng

polymer layers; 25 and d) an electrically conductive layer on each of the
t her nopl ast ibeittds thineesre then the prior art. The result is a cost efficient,

environmentally safe and flame resistant laminate having excellent properties,
15  including a decreased probability of shorting, good dielectric breakdown

voltage, a smooth surface and good electrical/thermal performance.

SUMMARY OF THE INVENTION

20

The invention provides a circuit board comprising 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;
25 and

d) an electrically conductive layer on each of the thermoplastic dielectric

layers. -

The invention also provides a process for manufacturing a printed circuit board
30  comprising:
a) depositing a thermosetting polymer layer onto opposite surfaces of a

substrate;



| ayers. The invention also provides a process for manufacturing a printed
circuit board 30 conprising: a) depositing a thernosetting pol yner | ayer
onto oppowd0E21886 f aces of a substrate; 3 WO 02/21886 PCTPUB0$12536G3 5 b)
depositing a thernoplastic dielectric |ayer onto each of the thernosetting
pol ynmer |ayers; and c) depositing an electrically conductive |ayer onto
each of the thernoplastic dielectric |layers. 10 DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS The invention provides a hal ogen-free, fire
retardant. pnl e i it LLS el t ess of the
inventiog igb?%&%ﬂ%géfﬂwgn&ﬁ%%%6%% ﬁ%%b%gﬁﬁégﬁﬁéﬁ%Fggépﬁ%%%ggopposite
surfaces of mlyphanaferguhgtrate. Typical substrates are those suitable to
be processed into an integrated circuit or other mcroel ectronic device.
Sui t abl e sutssdeRasEing areledidcally conductivelayer oo carbrotl thedbpimonlastiy i ncl ude
non- hal ogenat. jals such as fiberglass, aramd (Kevlar), aramd
paper (TgerﬁgﬁgﬁgghgéSybenzoxolate paper or conbi nations 20 thereof. O
these, fiberglass is the nost preferred substrate. Al so suitable are

sem conductor materials such as gallium arsenide (GAs), silicon and
conposi tilons contai ning silicon such as crystalline silicon, polysilicon,

anor phous Si|iﬁl’.} ”L“ Siks g*ILE. B i é.'QZ) and

m xtures thereof: f of from about
10 to about The invention provides a halogen-free, fire retardant printed circuit board.

The first step in the process of the invention is to deposit a thermosetting

15  polymer layer onto opposite surfaces of a planar substrate. Typical substrates
are those suitable to be processed into an integrated circuit or other
microelectronic device. Suitable substrates for the present invention non-
exclusively include non-halogenated materials such as fiberglass, aramid
(Kevlar), aramid paper (Thermount), polybenzoxolate paper or combinations

20 thereof. Ofthese, 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 (SiO,) and mixtures
thereof. The preferred thickness of the substrate is of from about 10 to about

25 200 microns, more preferably from about 10 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

30 thermosetting polymer layer.



25 200 microns, nore preferably fromabout 10 to about 100 microns. Ina
preferred enbodi nent of this invention, the substrate of the printed
circuit vhoarehssmy conprise a plurality of adjacent stratBCT/H6oEEBG3g t he
strata of the above substrate materials, formng a conplex nultilayered
article. In this enbodinent, each stratumis attached to an adjacent
stratum by a 30 thernosetting polyner |ayer. 4 WD 02/21886 PCT/ USO1/ 25363
5 The thernosetting polynmer |ayers are preferably deposited onto the
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subsequent | yas hiquide ¥ cbaidgy ewdpofatioh ¥r eapoe deutitidheo aUbwifsiedodtrol dds fornming a
prepreg. For the . purt%gses of this invention, an A-staged prepreg conprises
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use in this pufppeed dfthisiiBventiBnsdnag8theed papich@bhiprieds LAbRFROhBGag CUring i s
conducted by placing the prepreg into an oven to evaporate any sol vent
f r om t heOpoivpawied Hegmepettieg poJzmes thetegn.rB-siaged prepreguncorpdiates ayer s. Such may

be done by ject] [ o a rature of fr aboyt 100F to
about 6007, THARE bR hAFREBRE Boyh: Anh FEEShG fore gl 48TV BB et et
the prepreg pobynic@NTHheehdst pidfded ppopeer P ds<CidahBdnvehtion IshEBIRSEL,t i ng pol yner
| ayers may al so be deposited in the formof liquids 20 or sheets that are
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15 cure the layers. Such may be done by subjecting the prepreg to a temperature
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 onto 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 onto the conductive layers. The thermoplastic

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

5



mercury, and nmaintained at a pressure of about 150 psi. The thernpsetting
polymer layers preferably conprise non-hal ogenated materials such as 25
epoxi es, Wo e2/emBé m de triazine epoxies, thernpsetting pol pCTHUSELs36yanat e
esters, allylated pol yphenyl ene ethers, benzocycl obutenes, phenolics and
combi nations thereof. O these epoxies and polyimdes are preferred..
Preferably, the thernosetting polymer |ayers have a thickness of from about
5 to about 200 mcrons, nore preferably from about 2dto about %Oofnlﬁrons.
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15 electrical strengths, good insulating properties, a high softening point and are

inert to many chemicals. Preferred are polyimides having a glass transition
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 micfons, 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 liquids will each comprise

25  asolution including from about 10 to about 60% and preferably 15 to 30 wt %
polymer with the remaining portion of the solution comprising one or more
solvents. It is preferred that a single solvent be used in each polymer solution.
Useful solvents include acetone, methyl-ethyl 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

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

6



tenperature (Tg) of from about 160C to about 320C, with a glass transition
tenperature of from about 190C to about 270C being preferred. Preferably,
the ther vopbzassee di el ectric |ayers have a thickness of fPOMUSHIARFB635 t O
about 20 200 microns, nore preferably fromabout 2 to about 100 m crons.
The thernoplastic 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 |iquids

U ocaES, CBRRLS pR AL AT WG, AT ARt Byttt c0% and

sol ution conpontbimngitoate, qmarnngless teally @nicfo-sphtres) aﬁtﬁﬁﬁlﬁﬁroﬁﬁietﬁtﬁi a single
sol vent be used in each g solution. Useful solvents include acetone,
n

net hyl - et hylcelf@é%l%ﬁélermndré@rﬁ aWrtB‘FTP%rIEmCO@ﬁW?ﬁ Riillents, pr@fﬁ@bb/of A nost
preferred 5 Eﬁ‘t A %h dﬁglflpd ?asN {IEQ‘XIJIC pgcﬁyﬁ&f &%&%%Qeﬁtm bélgﬁx Ona °r both of

t he thernDs |ng an y conprise

a filler matgafduat ofﬂPcsrﬁfaBdsuteS% fol dboat @%@pv@)ﬁgﬂtusmé%bm polgmbtienor® WO 02/ 21886
PCT/ USO1/ 25363 5 ceranmics, boron nitride, silica, bariumtitanate,

stronti uf t iprefpeably freym eboih 8% tembPWind 4% bxweight otjiha each pakyraers Theads
h nmbi nat i
(7o spht gt ol 950 05 SR g a0

t her nopl ast istrofig effest bh iflemPeIbiE bf tie dileit BB&e! GengaPRlthéREs h8 an  anmount of
from about 5% to about 80% by wei ght of the each polyner, nore 10
preferably famwnh@ﬁh@mm%mgpalbmt PEoost iy theeitgwit berrdithelesach pol ymer. The

B et rong. of PaBttf ML B BT R, he i Tourt board. Ganeraily. the Iess
t he 15

The ratio of the thermoplastic dielectric material to the thermoplastic polymer

is important to obtain a fire resistant circuit 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 1:1to about 1:8.

After the thermoplastic dielectric layers have been deposited onto the
thermosetting polymer layers and/or the electrically conductive layers the
materials are laminated together to form a metallic clad substrate. Each
25  conductive layer may comprise either the same metal or may comprise
different metals. The conductive layers preferably comprise foils and
preferably comprise a material such as copper, zinc, 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  Atleast one of the electrically conductive foils may also comprise a part of an

electrical circuit.



anount of thernosetting polynmer present in the circuit board, the |ess
flammabl e the circuit board wll be. 15 The ratio of the thernoplastic

di el ectrivonm2®sé al to the thernoplastic polyner is inpoPCEUBIYA33@Dt ain a
fire resistant circuit board having good properties. Preferably, the

wei ght ratio of the thernoplastic dielectric to the thernosetting
dielectric is fromabout 1:0.5 to about 1:15, and nore preferably from
about 20 1:1 to about 1:8. After the thernoplastic dielectric |ayers have
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form a net al200enictoad, rAoeSiréfatably fluag Ab&s ocoABot70\EIictoay EThemay conpri se
either the same netal or may conprise different netals. The conductive
| ayers pref SPABUNIVE siistiadusedin de sleyiblgeampastien of thisapientien Baydeeri al such
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preferably, coh€uctioneiitdriaVeart disClosedCiarPSi Bae N BBID,2B0i whicBds At | east one
of the electrically conductive foils may al so conprise a part of an

el ectri dal dneperated heim toyefergns. Aty cosbirtivelags 18y thappletising ve | ayers
preferably ggg&vegbﬁoll%%éﬂ?%gé% g{) nlﬁt%%@p%%ﬁ sgthaf%gecggglﬁé of edBiglons, more

preferably m Crons. c cti've materials used

in the fl exidehesit@iIRosiespudterihd)icvapdisiedt ordy 1aMInatién ofBAKE act ured with a
shiny side surface and a matte surface. Exanples of such conductive
material s arfkergioplasbslayern U.S. Patent No. 5,679,230, which is

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-sulfonyl-diazides
disclosed in U. S. 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 neutron beam or X-ray radiation. Actinic



10 incorporated herein by reference. The conductive | ayers may be applied
using any well known nethod of netal deposition such as electrolytic or
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onto the thernoplastic layer. 15 After the circuit board is formed, it may
then be selectively etched using well known photolithographic techniques
using a photoresist conposition. First, a photoresist is deposited
directly onto the conductive |ayer. The photoresist conposition may be

posi tive workKkhk: ' i il n I Iy

Vet 1 abl o diy eyl SR ol bidoRthe e i SRORLE K IBTBRERIE 20 11 the
art and may lighrfoinselasdt. Ohapliotassisids dxhd@agadiaddveldps@isihg zer . The o-

qui none di azi de sensitizers include the o-quinone-4-or-5-sul fonyl -di azi des
di scl osed i rfutipblssolpente Subsegpantlyp thegpnductive Biyeois eipbsd bg welldknoss: 3, 130, 047;
3,201, 329; ’ : i non i.azi re used,
preferred bi%;té%?%t%rg%gﬂ%gqlr%c‘ﬁgcégaoggr\ﬁ}a%ﬁ?’?ﬁ153%%ﬁ%q%eaﬁdg&ﬁé'o%ﬁéﬁ?al i ne

sol ubl e or 25rcaittinesddesphissdia@cicdishibughttieahethiSayer ehé fdondactivevol ac.
Suitabl e positive photodielectric resins may be obtained conmercially, for
exanpl e, 10undayersthe renpainiae pheleeesist may bpagpovet!fipm theanstaldeyarsipeneat i on of

Sonerville, N L oas.wel boas Shipley |-l.in hpt oresi st.. Negati ve
phot or esi st sel}%rg\feb]}g{@ggl% de ya Su%:% S@(‘:’F%I%@ﬁ%’ilg gﬁbﬁ'gﬁﬁ(ﬁﬁw?ﬁgn%ot oresist is
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by an el ectron beam ion or neutron beamor X-ray radiation. Actinic 8 WO

02/21886 PC'lil[ }gsp?e cRET E’I%t each of the 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 are 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



5 radiation may be in the formof incoherent |light or coherent light, for
exanple, light froma laser. The photoresist is then i magew se devel oped
usi ng a wabyatsBe sol vent. Subsequently, the conductive |pgEUSIIR25843ched by
wel | known etching techniques. The circuit board may then be rinsed and
dried. After the <circuit lines and spaces are etched through the netal

| ayer and the conductive 10 | ayer, the renaini ng photoresist may be renoved
fromthe nmetal |ayer surface either by stripping with a suitable sol vent

Che Subaty arg MpbEr DEDRIARS Dhfthue hEFLLRUEE juhads? abiBuGHRERN o cciric

| ayers and eloafiictins ahll pagsenthe i WV(ba:)éteﬂosﬂatmlaehﬁfnt, i.e. free of hal ogen
containing fire retardant additives. Mre particularly, it is preferred
that each of these constituents are absent, i.e. free of brom ne

containing fire retardant additiv%{A@ilgzresult, the fire resistant

printed circuits formed by this i are nore environnentally safe
than those of 20 the prior art. The following non-limting exanples serve
toillustrate the invention. 25 EXAMPLE 1 An el ectrodeposited copper foil
of about1012 Exgmplsolits repeatidcaxerr a nondwhagetatod epoxyabplaces® i crons of a

crosslinked ther | astic polyimde. .Afiberglass clot i,S onMpr,egnat ed
W th a non- Har SpeRare a0l el b rfisifs < A iS renealo 465 <A 4 601
form ng a prePhiLeg is relcdaab BOBRAINLSs.t ’['Ré’re@@lfih% RlnliMat6 Bh&es thEhg, 94\ ckness of
this prepreg is about 68 mcrons. A copper foil is then lamnated to the
prepreg w t Hestifer fporpahdlitycoat i ng facing the prepreg. The lamination is
done under a vacuum (28 inches of Hg) at 275 C, with 200 psi of pressure
for 9

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 UL94V1.

20

EXAMPLE 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 UL94VO0.
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



WO 02/ 21886 PCT/ US01/ 25363 5 90 m nutes. The resulting | am nate has a
dielectric thickness of approxinmately 90 m crons and passes the UL 94\V0
test for woanwemké | ity. EXAMPLE 2 10 Exanple 1 is repeat eBCEYSEMS3ES

non- hal ogenat ed epoxy replaces the thernosetting polyimde. The |am nation
tenperature is reduced to 185 Cand the tinme is reduced to 60 m nutes. The
resulting | am nate passes the UL 94V0 test for flamability. 15 EXAMPLE 3
Exanple 1 is repeated except the substrate is another fiberglass and the
prepreg thi i : 1 . ti [ L. has a

di el ectr isc G‘?ﬁﬁ%ﬁlﬁgg&gﬁﬁgﬁ%‘ﬁ% %gée?lhr}cﬁ%c-r@ﬁ %%%gvlnragp i%ﬁ%ng)g étl%Il_tlﬂmv 1. 20
EXAMPLE 4 Exafepdnee & preforedenttedingonts twilleasadilytapbeteiatedl byrtaeder@r at ed into
the 25 thernosetting resin to the |level of 30% by volune. The resulting
product has Oédmﬁlé(tsikabmdhe et Sy marique Alymees sn%mogéﬁﬁw may ke magseat ed except

an epoxy resj:n i ' . h setting (pal.yi m nd

| am nati on 3@@5’#@9 %#é?ﬁ%frﬁ%ﬁ g%gpglét %ngscgeao%ﬁgmiemofﬁelp}ségtﬁﬁq%ﬁsgtpr oduct has
a rating of thiclibe thOnidPredd ZoléSer METiIDEdd 2aB6Emeht, Wost e the present

i nvention has been particularly shown and described with reference to

preferred erfbgdiafueh whichhayg baengiscpsediphoye apd el enuivalgntsyharttose of

11



ordinary skill in the art that various changes and nodifications may be
made W thout departing fromthe spirit and scope of the invention. It is

i nt ended war21886e clains be to interpreted to cover the BCBUR@IEE663

enbodi nent, those 10 alternatives which have been di scussed above and al
equi val ents thereto. 11 WO 02/21886 PCT/US01/25363 5 What is clained is:
1. Acircuit board conprising in order: a) a planar substrate having
opposite surfaces; b) a thernosetting polymer |ayer on each of the opposite
substrateg SWVB&%?%&mﬁQ g.thernnplastic dielectric layer on each of the

t her nosetting po yner‘%ayers; 10 and d) an electrically conductive | ayer

on each of tiheA theuinbgrastmpridheinestient ¢ | ayers. 2. The circuit board of
claim1l wherein the thernosetting polyner layer is 15 attached to each of
t he opposit &) apldey sibstratghpviae sppaste sefasewopl astic diel ectric layer is

conduct ve 155 fHostilfe PRSROP RS PO K Shpe S Pt e

layers. 20 3)aThemoplasti¢ diclomicdayef o6 bauhrofihauneieosatiind@obutes tdyatse,
t hernosetting polynmer |ayers, thernoplastic dielectric |ayers and

electridﬁllym@onductive | ayers are absent of hal ogenated fire retardant

ddi ti . 4 Th | ' f clai ' he,. :
her moset t 1 bors speY bndgRiciel of AT BRE AU Pt MRS Aer s anc

el ectrical |l yayenductive |ayers are absent of bromi ne containing fire
retardant additives.
2. The circuit board of claim 1 wherein the thermosetting polymer layer is
15  attached to each of the opposite substrate surfaces; the thermoplastic dielectric
layer is attached to each of the thermosetting polymer layers; and the
electrically conductive layer is attached to each of the thermoplastic dielectric

layers.

20 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
25  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 foils
comprise a material selected from the group consisting of copper, zinc, brass,
30  chrome, nickel, aluminum, stainless steel, iron, gold, silver, titanium and

combinations thereof,

12



5. The circuit board of claim1l wherein the electrically conductive foils
conprise a material selected fromthe group consisting of copper, zinc,
brass, 300ohewse, nickel, alum num stainless steel, iroRCT@SIIRSIS | ver,
titanium and conbinations thereof. 12 WO 02/21886 PCT/US01/25363 5 6. The
circuit board of claim1l wherein the thernoplastic dielectric |ayers
conprise a material selected fromthe group consisting of, polyesters,

pol yester containing copolynmers, polyarylene ethers, polyimdes, liquid

crystal gol ymg,s i Oarc%?c??ﬂl?i %@1\%}] the%ﬁér{ﬁ%étaf &%el%&n? H ons thereof .

10 7. The circurt erein er noserti’ng pol yner | ayers

conprise a nehriseh ngedrit beebtdd Bom tiegroup Upnsi®ins oS tjon@stefs, pelpedial ogenat ed
epoxi es, bis-maleimde triazine epoxies, thernosetting poI yi m des, cyanate

esters, all fpataéﬁng)@rwbn@qx§s|pel¥éwé%n¢&ﬂsers pehzoidpe) liswis aneal pobyeers! i cs and
conbi nat i on 5}5)%‘?%%%6 &@er? am‘{lpe% &drc%%gmg%%rgj gf tﬁCl a! m 1 wherein the

t her nopl asti ric rayer ’ conprises Stantially non-flamuabl e
material as determ ned by the UL94VO test. 20 9. The circuit board of
claim1l wherein the conposition of at |east one of the thernoplastic or

t her moséft i g Theydicyit beardwiplein davhstein th thewposeitiag eolymentaypisl | er  is
el erted {7 QLD 25 RUR.FBI 1 8 L ESh NS Rue AR AREL ©, Poron
titanate, @pakies, bifPARMHARIGaAd dpdkies MNEmERBRnE dblyanRed Resmef . 25
esters, allylated polyphenylene ethers, benzocyclobutenes, phenolics and
combinations thereof.
15
8. The circuit board of claim 1 wherein the thermoplastic dielectric layer

comprises a substantially non-flammable material as determined by the

UL94V0 test.

20 9. 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 ceramics, barium titanate, boron
nitride, aluminum oxide, silica, strontium titanate, barium strontium titanate,

quartz, nonceramic fillers and combinations thereof.
25

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 10% to about 80% by weight of the layer.

30 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



10. The circuit board of claiml wherein the conposition of at |east one of
the thernoplastic or thernosetting layers is conprised of a filler wherein
the fill avoovorspéi ses from about 10%to about 80% by wei gh€T/@R01/43863l ayer .
30 11. The circuit board of claim1l wherein each of the thernoplastic and
thernosetting | ayers have a thickness of fromabout 5 to about 200 m crons.
13 WD 02/ 21886 PCT/US01/25363 5 12. The circuit board of claim1l wherein
t he wei ght rati o of the therm)pl astic di eI ectri c layer to the thernosetting

polyner i fron1 t.0 ab he CI cuit board of
P m 1 nar bt At o lath J R 8 weight Bl 8Ee Bigrgplefiom anour 0. 5
to about ZOQ:hﬂle&ﬁ@[h%/er t%4he %@ﬁn@ée&ﬁi@ﬁolﬁﬂé}rlgyeﬂs f?érﬁ'al%d‘tl 05es sdut t he
substrate conprises berglass, paper, polybenzoxol ate paper, an etched

circuit or clobbinati ons thereof. 15 15. The circuit board of claim 1
wherein the substrate conprises a plurality of adjacent strata, wherein
each stratumis attached to an adjacent stratumby a thernosetting polyner

layer. 16. The Welcikhit bBRaGLHcBfm & vheRit M &MBEGR ol ﬁ’%ﬁﬁe a ﬁl%kt?écsst he
electrically 20 conductive foils conprises a part of an electrical

circuit.1017.of Arqur almes 6.5ftombom 200 agictonkng a printed circuit board
conprising: a) depositing a thernosetting polyner |ayer onto opposite
surfaces of a substrate; 25 b) depositing a thernoplastic dielectric |ayer

onto each ofy4 hﬁlg&?ﬁﬁl@éﬁﬁ%!f@ﬁlm @%ﬁ'e'i’&h HheA¥ t?ate ﬁdg?%rgskf gg&%ﬂsg Ing an

el ectrically con Ive [ayer onto each of t tic
paper, polybenzoxolate paper, an etched circuit or combmatlons thereof.

15 15. The circuit board of claim 1 wherein the substrate comprises a plurality of
adjacent strata, wherein each stratum is attached to an adjacent stratum by a

thermosetting polymer layer.

16. The circuit board of claim 1 wherein at least one of the electrically

20  conductive foils comprises a part of an electrical circuit.

17. A process for manufacturing a printed circuit board comprising:
a) depositing a thermosetting polymer layer onto opposite surfaces of a
substrate;

25  b) depositing a thermoplastic dielectric layer onto each of the thermosetting
polymer layers; and
¢) depositing an electrically conductive layer onto each of the thermoplastic

dielectric layers.
30  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



dielectric layers. 30 18. The process of claim17 wherein the substrate,

t hernosetting polynmer |ayers, thernoplastic dielectric |ayers and

el ectricavoy2eeeucti ve | ayers are absent of hal ogenat edP€T/U80WESB&r dant
additives. 14 WO 02/21886 PCT/US01/25363 5 19. The process of claim 17
wherein the substrate, thernosetting polyner |ayers, thernoplastic
dielectric layers and electrically conductive |ayers are absent of brom ne
containing fire retardant additives. 20. The process of claim 17 wherein
the electricglly conductive foils conprise, 10 .a material selected fromthe
group consi glt@l r%‘eé’lmct‘?é?) ?mkf‘}ng’gerﬁ’rnan'gg ,S‘ﬁ?ﬁ'f‘tSn@?m}oseWin&PQWmeél umi num

stainl ess st i 1 It Pk i i t her eof .

21. The proggiéés’(g}%&%leglia%mld;el\;\ehéﬂgf \e{?}ﬁerst%ldg %ﬁ%g?g‘éﬁ?‘%% %ﬂg%ﬁi c layers 15
conpri se a mbsatiofbrosehecimainingdire t¢iardgmtadgitivensi sti ng of , pol yesters,

pol yester containing copolyners, polyarylene ethers, polyimdes, liquid
crystal polyners, polyphenylene ethers, am nes, and conbi nations thereof.

22. The procgssy If_éfglr(%e% O LG RER L e eﬂebﬁﬁﬁgﬁﬁﬂlﬁhagle%#@' %‘%ﬁnlgis%y ers 20

conprise a materi sel ected fromthe group consisting o al ogenat ed
epoxi es, 10bi sxmeteriatisdlected ifeon the gepugxdomsistingdel coppat tinadrpes| sliroindges, cyanate

esters, allyl ated pol yphenyl ene ethers, bepzocyclobutenes, phenolics and
conbi nati on smglﬁg ,ag,@gmﬁx%a Stﬁ%‘hes?ﬁ@elp ?’r%e%’éfg éﬁv%"i HppumzangRombiRatioRs

t her nopl ast itléefé&i?' ectric layer conprises a substantially non-flanmabl e
material as determ ned by the UL94VO test.

21. The process of claim 17 wherein the thermoplastic dielectric layers
15 comprise a material selected from the group consisting of, polyesters, polyester
containing copolymers, polyarylene ethers, polyimides, liquid crystal

polymers, polyphenylene ethers, amines, and combinations thereof.

22. The process of cla{im 17 wherein the thermosetting polymer layers

20  comprise a material selected from the group consisting of non-halogenated
epoxies, bis-malimide triazine epoxies, thermosetting polyimides, cyanate
esters, allylated polyphenylene ethers, benzocyclobutenes, phenolics and

combinations thereof.

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

UL94V0 test.

24. The process of claim 17 wherein the composition of at least one of the

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

quartz, nonceramic fillers and combinations thereof.

15



24. The process of claim 17 wherein the conposition of at |east one of the
30 thernoplastic or thernosetting layers is conprised of a filler wherein
the fill avoo2/3188€l ected fromthe group consisting of ceraPCTHSIIRABG3UM
titanate, boron nitride, alum numoxide, silica, strontiumtitanate,
barium strontiumtitanate, quartz, nonceramc fillers and conbi nations
thereof. 15 WD 02/21886 PCT/ US01/ 25363 5 25. The process of claim 17
wherein each of the thernoplastic and thernosetting |ayers have a

t hi ckness of ‘from about 5 to about 200 microns. 26. The process of claim
17 wherein the conductive foils have a thickness of 10 from about 0.5 to
about 200 m2sc die.précéss diheaipt DL ahsenfcach af tie Iermbplastidaridhe substrate
conpri ses fiberglass, paper, palybenzoxol ate paper, .an etched circuit or
conbi nat i onsherposeilpg laysrsigve FHucknescidtony pbeyt Jitenabqutigfe mipiens.he substrat e
conprises a plurality of adjacent strata, wherein each stratumis attached
to an adj acent stratumby a thernosetting polyner |ayer. 29. The process
of clai m 17 2shameipfodebs bBdsiin DN@habintthe caldactive fodk hivecOmitatdswe 20 foils
conprises a part_of an electrical circuit. 30. The process of claim17
wher ei n he frave pbayp Oaxstoj abodi 20gsicrans. | ayers or  thernosetting pol yner

| ayers, or both, are applied as liquids. 25 31. The process of claim 17
wherein the thernoplastic dielectric |ayers or thernosetting pol yner

| ayers, or 7t TheqiéceaPdt digich BB whergih tH8 sid3tate ReMpAkes fRRSIassPgdpkt, al | y dri ed.

16
polybenzoxolate paper, an etched circuit or combinations thereof,

15 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

20 foils 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.
25 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.
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