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relates to printed circuit boards having inproved fire resistance is and

i mpr oved eH@PPﬂHﬁ@%tal stability. Mre particularly, theP$HUEMP6h rel ates
to hal ogen-flee fire retardant printed circuit boards incorporating
potentially flanmabl e pol yners. DESCRI PTI ON OF THE RELATED ART 20 Printed
circuit boards are enployed in a wide variety of applications. For

exanpl e, they can be found inside radio and television sets, telephone

syst ens, aut onobi | e dashboards and conputers. They a?%‘éozﬁl(&%ﬁ%n i npor t ant
role in the operation of airborne electronic equi pment and gui ded

mssiles. In formn insulating dielectric materials for printed circuit
boards. it i's MVEPACSURENG FRHJEBABRANT GIBCHIE BOARREWIREOURny be
fl ammabl e under cert aiy Ugﬁmﬁﬂ%%r}m ?ﬁ@ ' roblem fire
retardant hal ogen additives are comonly eﬁn% oyélabﬁl[ﬁg%urpose of the
hal ogens is to attain an acceptable flammability 30 rating as determ ned by

Underwritefs Laboratory (UL) 94V0 or 94V | flammbility tests, for nost
standard resins. For exanple, Japanese abstract JP6240214 provides a

copper-cl ad | am nat e havi BAGKGROUND GOHTHE ANUENTIONt h a
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




flanme-retardant adhesive. The flame-retardant adhesive conprises a 7 March
2005 WD 02121886 PCT/ US01/ 25363 5 pol y(vinyl acetal) resin, ép¥%ghsin,

pol yi socyanate resin, and brom nated polyester resin. U S. patent

6,071, 836 dj scl oses pol ybut adi ene and pol yi soprene ther ti.n
conpositioﬁ?oﬁggpﬁb a brom ne-containing fire retardant? ﬁﬁéﬂéﬁg? t hese
additives are very expensive and interfere wwth the physical and

el ectrical properties of the polymer. Al so, deconposition of 10 dielectric
mat eri al s havi ng hal ogen additives produces carcinogenic nmaterials such as

furan and dj ox}%)?s(.. n Oirl,lger' to mni.m z&ithe i npact or]:ﬁt he egvi ronnment of
el ect roni c rat RR{CERE acetyl) proin QXY TeRin.POliSQoYARRG S n gt MU t r at es used i n
circuit boar dspdiRsteeredib. 0N, pei 6j07€836 diloseysiufadiedd@@anese abstract
JP11343398 provides a |amnate and netal foil utilizing a_flane retardant

epoxy resin colfpBWPImE Rermeseiiing pumrositipashaying A brosyapeiatRsite onpr i ses an
ePOXY I esi N, aeARRHERKy<008R uadliids ntery ABEERL Bnick BASHiTQRE | NCO por at ed

har dener conprises a pol ycondensate o a conpoun ing a
triazine ring L&ﬁﬂcﬁlamgﬁww prapaitiesof the pelgeai. AlR® dp¢dmipesitiesofan additi ve.

Al so, Japanese;: . : &Q&% |45 =
flame-ret apgan?ag%yn%%ggle?%gn C ?r%%’g%l}ddﬁi gﬁggﬁg%%%%&%ge p%%(n%vtglr%élssi n, a

novol ac epoxy suesasfiran aphdinghs.c resin curing agent, a cure accel erator and
an inorganic filler. U S patent 5,082,727 teaches a fl anmeproof product
wherein the flanmeproofing agents are a conbinati on of organic borates,

sal ts of 25 pHasplkeototinktizsite anshcon theeriitokinddn® 6f @fctronig AR%rER) and/ or of
“alum num However, these al t,ern&g%{\ges ar eerdg‘l so very expensive and do not

have good peelMAY{CPUHREISHES EIFRY AERiEsUsFcIn cireut boards to be
15  halogen-free. For example, Japanese abstract JP11343398 provides a laminate

and metal foil utilizing a flame retardant epoxy resin composition. This ﬂaﬁe
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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It has therefore been desirable to provide an affordable, non-flanmable,

30 hal ogen-free dielectric conposition for printed circuit béadaeh34%i ng
good properties and performance. The present invention offers a solution to
this problem providing a nmethod by which copper foils are coated with
non- hal ogenated thernoplastic dielectric layers and thernosetting polymer
layer s p%rt?cu%ré:ﬁlr%)@érduﬂ bBard'is prhvifed c%nfﬁ'rlhtﬂé %@uﬁéﬂ”éié‘hhwﬁé’%ﬁoélté provided

conprising a substrate having opposite surfaces, a thernbsetti ng pol yrer
| ayer WHaEaD IR hermasetting pelymet layaben pagheofdig perasie SﬁbStﬁaF?e?'Urﬁ@ﬁﬁ%\ﬁ ic

di el echbinforlRNie ickttRABTer&h dabf of {?I%rtﬁ@rﬁﬁfsfeitlﬂﬁl PQM}%F‘% | §n clRBFHcAR
electrically conductive | ayer on each hér moplastic |electr|c

| ayer sconfiHgliveri@ans eaeh ALthe firsmerkaalc d'ﬁ'&%'c \'Pé{PTSO hge aealting layers maybi 1 i ty,

but theavteh@ﬁme@sééscoflf@ma%w Sut ma%érmdplésﬁé l%z&s a&@ﬁlhéﬁeaﬂy fignd prevent
combustion of the thernpsetti n%ﬁ@errrers ernopl astic dielectric

al so JG§aista8t prchprenentsombeston Rt meseiing; q@@(mqﬁs 2] heéﬁ%m'lﬂpﬁsf'F diefestris core

than tA1& Bddsdredbih to IRElandiR8d! Irésulthgdn @08ds 19tid Hirfddre tHRRAhS gmr%mt qthéy saf e
and flame resistant | am nate having excellent properties, including a

decr e84t istsbeificient savigReeniaty saigsed flame registRnidamingiademing Yorlate, a
S m)ot r%glérﬁéé? %mdgg@ggcréé%tdrb%l!{t? Bﬁé’H&&lngP@éJM@[@&ﬁ@ bré%H%@?fRVoEQﬁeTHE

| n accordance with first aspect of the invention, there is
pr OVI o%ﬁ“ﬁOtBlSPHE?qa clentrisal/tergal REOBRARSE: a) a pl anar substrate having
opposite surfaces; b) a thernosetting polyner |ayer on each of the
opposite substrate surfaces; c) a thernoplastic dielectric |ayer on each of

t he thernosetting pol ynmer $BMMA§RY OrFNrHE INVENTION ri cal | y conductive | ayer
on each of the thernoplastic dieleciric Iayérs Werein the thernoplastic

d:c el eqhEcBorday@y Wit et b%@t of tﬁ@ﬁﬁéhtﬁ:‘n, ﬂ%@%tp?&zléédoé%ﬁ'd“uﬁ bﬁé%n‘iﬁ?@ﬁbﬂ ing
o)
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 from about to about

100 i YRRGsite syrfagesPia plapaisubstrate. Typical substrates are hose suitable to be
processed into an integrated circuit or other microelectronic 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.




enbodi nent of this invention, the substrate of the printed circuit board
may conprise a plurality of adjacent strata including the sfMaregh 05t he
above substrate nmaterials, formng a conplex nultilayered article. In this
enbodi nment , h.stratumis attached to an adjacent str

therrmsetti‘ﬂ‘g%%%}f’ mer layer. 4 7 March 2005 WO 02/ 21886 %%%%?%25363 5
The thernosetting polyner |ayers are preferably deposited onto the
substrate as liquids by coating, evaporation or vapor deposition to allow
for control and wuniformty of the polyner thickness. The liquid | ayers may
subsequent |y artiall r fully cured.on . the substrate thus formng a
" prepreg. For ?lﬁngt&w?%@%io@pe{lﬁyegsya}r%Wgﬁe{qbﬁn@p%‘w%@?Qﬁggbsggcgpr eg conpri ses
a substrate hayliggdsl® ¢oatny, @(_fhpltn:a@(ﬁrmisiﬁ%drHﬁ@sﬂi@h]fdﬁlfowﬁbﬂ@lﬁ@d}l,aﬁ@ B- Zt aged
prepreg incorporates a _partially cured thernosetting po r, and a
C st aged prepr"éﬁoﬁ_&‘é"‘éﬁ%‘)ﬂm&éﬁ? ess'pﬁ%ﬂlayﬂ%‘“ﬁb%‘gseﬂ\‘@ﬁgg‘? ed prepreg for
use in this i nyaally Gally c@ePorsthafftate, RRE Frdfidgs fr:6H HEARr€g. Curing is
conducted by placing the prepreg into an oven to evaporate any sol vent
from the pol yragrpogas@f &g nsentipnen Aastsgpd prepyeg cpmprisss ¢ spbstraihkavingyer s.  Such may
be done by,,subj ' : 4898 : fei:0g about 100F to
about 600F305f ?P&g %@Mﬁ?gﬁ%ﬁ%{ﬁ&}% cr(1:'1ﬂ’nut es.gé %ié:gg m‘g{rjﬁrng{gl s conpl et ed,
the prepreg i varteiipued fhemmstttiag mhomernd a Eosshged prepreg hadrefulipewsed | ng pol yner
| ayers may al so, be osited:in.the formof Jl.iquids .20,0r sheets that are
| nat e’ ont SoNRES PRI R bfes BrikCh it Mt kb Shefl ot of er abl v
conducted in gafliaitpsuréd prépieg. NCuringiodonalxtadtby pldfog thereppdpdnto aB0  m nut es.
Preferably, the press is undey a vacuumof at |east 28 inches of nercury,
and mai nt & nedVel EvEREs SO BF B S RfEgand SR g ng

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 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



pol ynmer |ayers preferably conprise non-hal ogenated materials such as 25
‘epoxi es, bis-rnalimde triazine epoxies, thernmpsetting polyi fiM#eh2@Fanat e
esters, allylated pol yphenyl ene ethers, benzocycl obutenes, phenolics and
conbi nations _thereof. O these epoxies and pol yi m des ar ferred. .
Pr ef er abl y,w?l‘?%("lﬁfer nosetting polyner |ayers have a thi cg%@ésgmg#%from about
5 to about 200 mcrons, nore preferably fromabout 2 to about 100 m crons.
30 Next, thernoplastic dielectric |ayers are deposited onto each of the

t hernosetting polynmer |ayers or onto the conductive |ayers. The

t hernopl astjc . dielectric. |ayers may be deposited in.the formof |iquids or
sheets that’ all%m%’at‘fSRHP(‘??Fh OW%%PQT@%SEW@%E IMGP@TOam nated onto
each t her nosetthds Gorahinaish of & SermotRARE 1650R0 Plckdbly, Rlethdnbplh@ic those for

| am nation of ernosetting |layers. Preferably, the thernoplastic

t he t ) “the
di el ectric | ay¥f&uLavegppisrodnd eppdha themopstingdawtyds iguelier s as | i qui ds by
coating, , evapamal]&BpdhtiondPpor@mestidd, Ql'ibvﬁﬁ% fo%e}rf&gl in%aﬁf&}ﬁtgol and
e the nop lele

uniformty of the polynmer thickness. The 1 _ astic tric |layers
preferably to oE8epelyser BickntsstTathesnonastio diefecintrbrs prefaably i al as det er ni ned
et o s ColBike o OSSP AR EL S AR drd DN BPARO VI 1 S, L

pol yesters, polyester contdl ning co-polyners, po yary’fene ethers, liquid
crystal pol ymdH94VOopest yHieermhteneds mefably indudepelyimidesipatgestaisnat i ons t her eof .

O these, polyiymdes are the st preferred. Polyimdes are preferred
because t hey %3Fég iGA ggp@gﬂ?@?gﬁm@p@aﬁ §:mﬁﬁ%ﬁyﬁ EB@ET?ﬂg properties,
a hi gh sof t enipolypiiylehe éhds, afnénes, and combinations thereof. Of these, polyimides °

are the most preferred. Polyimides are preferred 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



inert to many chemcals. Preferred are polyimdes having a glass transition

‘tenperature (Tg) of from about 160C to about 320C, with a gl AMdarchdWsiti on

tenperature of from about 190C to about 270C being preferred. Preferably,

t he thernDpI ielectric layers have a thickness of 5to
about 20 2dﬁ'ﬁ$ Vgﬂ nore preferably fromabout 2 to ab%&ﬁ%%gg9n§crons

The thernopl astic dlelectric liquids wll 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 pol yner |iquids
w |l each conprlse 2 ut i.on |ncl q?ﬁ fro out 0.to about 60% and
pr ef er abl y "15 FHHH %HS EFB BB P Bn of t he

sol uti on conprsushtign ﬁtaﬁat@rqumr gasssaeidsqmcso-sﬂhereg)§a1mﬁmﬁﬁrdkﬁﬁ idmat a single
sol vent be used in each pol yner solutiaon,  Useful solvents include acetone,

met hyl - et hyl KEtBHR Ml Wt"ﬁ?‘Pmﬁ‘W’F dheregbnk mw@ﬁﬁwﬁa adillsr sprefiablor . A nost
preferred singlgesgh ﬂﬁ@ﬁerﬁl&lﬂh@ﬁfeﬁ}fﬂnc%glyﬁﬁéf 6:QhdrlORBing BblyhRf inome or both of

the thernosetting and thernoplastic polynmers may also  Optionally conprise
a filler mat ermuﬂtqflf@ﬂéﬂblﬂ % 1ol abept $0brory- wotgtt a5the eqch pplmken 8916 7 Mar ch 2005

WO 02/21886, Pg[% rr%{ f-hz §ut5109%§ﬁ61ﬁ§0%1% r“%fgh{‘éfttﬁéé%@h &&ﬂm&rc‘i‘he bari um

titanate, str nate, barfum  stront Um 1] tana “quartz, glass
beads (m cro- sg@tnemaﬁ)qtalablymemrme(mbmm maerial enliafillers tnalv hev& and

conmbi nations there |nc iller i er ny present in
the t her mopl ast? I&g%gf B‘%ﬂ/ﬁé? Crgu bﬂ%ﬁhﬁ%’é"f@?’ {?fﬁ in an amount
of from about a&?@hmfaEmuBSeﬂﬂg’paymwrgdeht ifthetclieuicnefd, tollegger, nore 10

0, 0,
preferably from ab%&]tthelgu?mt oa? Ot 50% by wei ght of the each polynmer. The

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 1:1to 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.




percent of total polyner to the substrate material and to fillers may have
‘a strong effect on flammability of the circuit board. GeneralMachiWe | ess
the anount of thernosetting polynmer present in the circuit board, the |ess
fl ammabl e t{g oehfsgi t board will be. 15 The ratio of thepthgsipRLastic
dielectric material to the thernoplastic polyner is inportant to obtain 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 11 ol t | ' I;c | ayers have
been deposijst e hgﬁ?%ﬁ%‘g%aﬁsﬁ rrf%rggly ?’Fﬁ.’ga t%g yn%é@%%ﬁ) gﬂ (g%%% ?lerﬂtt he

el ectrically cGffdhiconsymoleqyefemblytiom abatic) b absut #0 midransi Tist ed t oget her to
forma netallic ¢l ad substrate. Fach.25 conducti.ve .| ayer may. conprise

ei ther the sar?ﬁn(ﬁ’@ﬁ‘éﬁm%mh% e&B‘rPg‘Fﬁ?{éﬁe8‘?"?30§$e§r?f¥hﬂféf“éq%§?’nl?ﬁ%beconductive

| ayers pref er aldnyfeeradriiten hidylskle ainthce piced @stRbfade0 BREmSIEs of siidt eri al such
as copper, zinc, brass, chrome, nickel, _alumnu stai nl ess steel, iron,
Gol d, " Si1 ver , SORUSATTRHEHHS 6 ABSIPEE TOHS: Bient Nat §.6020ehigeR. Nost

preferabl yip t hgeogRRAMCHdR LY RYRERe. COIRGLhER R IGRRPEy BeQbblied3Ringlt | east one
of the electrically conductive foils aay al so conprise a-part of an

el ectrical ci ragnwell known wethedofagtd degosition sucB gselpepitison ¢losinbss 5 The
conductive | a -nr ef er J: $, gg ut 0.5 to about
200 microns, )rég %lt%%’e‘;og F‘%"ﬁ?‘?‘%‘g“%’ﬁ?ﬁé&?@ a o%t{()ﬁ%ﬂoﬁpegrons. The

thermoplastic layer.

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




conductive materials used in the flexible conposites of this invention may
'be manufactured with a shiny side surface and a matte surfat@arghd@fPpl es of
such conductive materials are disclosed in U S. Patent No. 5,679, 230,

whi ch i s 1GQyhoeakfor ated herein by reference. The conduchdqvgsol/3465 S may be
applied using any well known nethod of netal deposition such as
electrolytic or electroless deposition, coating, sputtering, evaporation
or by lami nation onto the thernoplastic |layer. 15 After the circuit board
is formed, it may then be sel ectively etched using well known

photolltho a First, a

Phot or esi St | o janafey e HES (AR SRR Lo AL R ilole,

phot or esi st dlﬁhb@@hﬂllasw ey phiotorgss istthondmegemitic ngvedopehegag 2 ve vvorkl ng and is
generally conugl Sui 0si ti,v hot or esi sts
are well known {_};’% eas\a{tlrg eq@é%h? e &bg%%ﬁé]g i “’f‘é‘eﬁbwsﬁ?“%"gz. de

radi ation senﬁtdin@eechnfﬁhﬁ Ohe mmaumbcmd thptheiibe Sieabaid dijled.s Afaaheide t he

0- qui none-4-or-5 f on I-d|a2| dIS ose ents Nos.

o T o1s: = Rt es S5 spates G5 5TRR i B By Ing B coRBBS g and

3, 802, 885. lo\/\hﬂﬁyeﬁg-ﬂ@m{aﬂii@ﬂﬁxg%hﬁéieﬁ&&n@ﬂ:@ réiﬁ(ﬁféd froﬁrt&f lﬁétﬁlQdebk!ﬂfibé\g resins
|nclude a water insoluble aqueous alkaline soluble or 25-swellable binding

resin, which % ﬁ@@ﬁ’é’ﬁ’ﬁ’é‘g?’“@aﬁb%l%?@”e@lﬂbhﬁﬁh@gﬁ&ﬂepﬂ‘v‘ém phBEodi el ectric

resins may be th&ed commercially, for exanple,. under the trade name of
AZ-P4620 from O ariant Corporation of Sonerville, New Jersey as well as
Shipley I-line photoresist. Negative photoresists are also w dely

actini o rad at, RRief tet el BRePRARLE T dholeliok BOOBRURY OF O PP Rerar e
regi ons of 15t hehsmeplbstiodiddetrivlglrsandrelsitrically 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



scanned by an el ectron beam ion or neutron beamor X-ray radiation.
‘Actinic 8 7 March 2005 WO 02/21886 PCT/ US01/25363 5 radi ati oh MaighH85i n t he
formof incoherent light or coherent light, for exanple, [light froma

| aser. The Lesi st is then imagew se devel oped usi ngp@pm&ihizad! e
solvent. Su Qg%%e%tsl y, the conductive layer is etched by ’ﬁ% 'Enown
etching techniques. The circuit board may then be ri nsed and dried. After
the circuit lines and spaces are etched through the netal |ayer and the
conductive 10 | ayer, the remai ni ng phot or esi st may be rermved fromthe
met al Iayer S fa.c t her Lth.a swt sol vent or by

aski ng by viel ILgknol\?Asﬁ g@ﬁf ﬁ‘blhn f’%“;@ﬁ‘e gle %mcg“%?‘gﬁserré)doxtnﬁat?lyeach of the
substrate, themisehs mammmqwméssforﬂ&nmhmwopl astic dielectric layers

and electrically conductive |ayers are absent, i.e. free of hal ogen
containing fire retardant additives. Mre partlcularly, it is preferred
t hat each of these constituents. aggagfssmt, i.e. free of brom ne

containing fire retardant additives. As a result, the fire resistant
printed circuits fornmed by this invention are nore environmental |y safe
than those;pf g he Rhq Alokot a RDERIISlL AWM rakdsthd | Ng exanpl es serve
to illustrate t)ﬁgl %env% !:on. c%% EXAI\/%E 1 %%ngégct rsodep@si ted copper foil
of about 12 t chabosttigPolyimiderithelanissansdvnsiatiie isabdged 018hTCPwhs of a
crosslinked ther 1.de regnat ed
wi th a non- halrlggglﬁg]t&%{ntc dtg%b)ﬁh t‘% Thersalﬁ%%}“ﬂ%%&)%#%ﬁe grlﬁgm d 601),
formng a prene&@arﬂ?ﬁlﬂmmmtyyrrer |s then partially cured. The

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




t hi ckness of this prepreg is about 68 mcrons. A copper foil is then
laminated to the prepreg with the polyner coating facing thé M#ebtl8§. The
| am nation is done under a vacuum (28 inches of Hg) at 275 C, with 200 psi
of pressureyhQ@sdss’ March 2005 WO 02/ 21886 PCT/ US01/ 25363-pusfintshut €s. The
resulting lamnate has a dielectric thickness of approximately 90 m crons
and passes the UL 94V0 test for flammbility. EXAMPLE 2 10 Exanple 1 is
repeat ed except a non-hal ogenat ed epoxy replaces the 15 20 t hernosetting
pol yi m de. The lamnation tenperature is reduced to 185 C and the tine is

reduced to 60 wafle regejgﬁx ﬁﬁ)ﬂlh% bepeat ghmgﬁsd g‘%% th 94V0  test for

flammabi lity. EXAMPL except t Strate is
anot her fi bergb&wcfaﬂodmfheedembe{llmgtsnhwdﬂ{we%hiyapmmwdmomﬁrons The

resul ting prod rlc t.hi ckne crons and a
rating of UL9 Mp@ﬂﬂbﬁ'ﬁ Xarﬂfi)lu%(:hfngeg a?‘i’ﬂ%@%‘é%bﬂsk@@bl? “B¥Fon nitride is
i ncor por at ed |th@utdh@aﬁ5gﬁhmrth®@ﬁittanmgzop@ﬁiﬂie ih@enhbﬁ ltﬁ\iﬁdendbﬁt&@% by vol une.

The resulting duct has_ a t|n of UL94VO. E 5 30 Exanple 4 is
r epeat ed e‘xcep"g gﬁm’é 8)?‘3/“‘?‘3@%@?? fogco ?iﬁl%e[qlﬁ"%ﬁ ) 1“?% ose

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

Yo

11




t hernosetting polyimde and | am nation paraneters adjusted as per Exanple
‘2. The resulting product has a rating of UL 94V0. 10 7 March L)

02/ 21886 PCT/ US01/ 25363 5 While the present invention has been particularly
shown and described with reference to preferred enbodinents, it will be
readily appreciated by those of ordinary skill in the art that various
changes and nodifications may be nmade w thout departing fromthe spirit
-and so@psti9tialh& isnhvention. It is intended that the clains be to
interpreted to cover the disclosed enbodi nent, those to alternatives which

have bgen:ifufedsIednphomng imBdepl | equivalents thereto. 11 7 March 2005 Wat
Is claimed is: 1. Acircuit board conprising in order: a planar substrate

havi ncf Bppysiubetrale Yo pPepite SUFReSShpset ti ng pol yner | ayer on each of the

0pPOSiH)§ thelfdseing pdhier&fer off bach &IRS Bﬁfdsﬁé%hlﬁ‘stﬁit@élﬂfécéé;c l'ayer on each of
the thernosettin and ) an electrically conductive |ayer

ﬂ pol'ymer "| ayers; ,
on eacH agheimpplashe diglgstricdayes oniearia et the thermpasting pplkmer BYeHe@nther nopl asti ¢

di el ecdyldnCeld i p coitRiveSiByar JRdRNIcRtheIRERIIpRALE bR R9a@rouUP consi sting
of polyesters, polyester containing copol %rrer s, pol ﬁgﬁg{i}{rl ene et hers;

pol yi ihfsein the thgimeplastic dielectiiciayers COMPHSE A B[R Sel8 QP B9 9fWer eof . 2- The
ci r cui donBRMdlofolyeb@idNpdlyebier Sbritaihing cbpRymBEehdIyagicRE EIHSRS: pbRiREed, S

attached to each of the opposite substrate surfaces; the thernoplastic

di el edaMidCTysigleplyMers @M eoneieatiopthereg.

2.The circuit board of claim 1 wherein the thermosetting polymer layer is 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

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




t hernosetting polyner layers; and the electrically conductive |layer is
‘attached to each of the thernoplastic dielectric |ayers 3. Th&ashZydrt
board of claim1 wherein the substrate, thernosetting polyner |ayers,

t hernopl astic dielectric |layers and electrically conductive | ayers are
absent of hal ogenated fire retardant additives. 4.The circuit board of
clai m éTM‘Q%irr&ht'bofahﬁoﬁﬂla%tf\ﬁﬁé‘remttﬁ@{h'gﬁﬁﬁhééti&%|é?€étb{@%9er%%ﬁ{ seal N€rnopl astic
dielectric layers and electrically conductive [ayers are absent of brom ne
cont ai PAlYigide re retardant additives. 5.The circuit board of claim 1 wherein
the elPehé birall DoafPBUH Windiait theHERRBITE Sbibi e corfigjRcd Mdichigom ¢ he
group consisti n? opper, zinc, brass, chronme, ni‘ckel, "al um num

st ai nl ¥8lected sem the @f@HP cgesiging & F%F‘alogﬁ‘-ftaé?ﬂ @ﬂﬁxéﬁfidb'étf'hﬁﬂ?lm&ﬁq ®agne hereof 12 7
Mar.ch Q&QQSthﬁﬁos%'ttfn@Lﬂo‘iyirhfa% C1:y9rf|at€ 'e@feFQ %II%@H BbphdtIdnB&inme] asti c
dielectric |ayers conprise a  pol he cifcuit board of claim1l
\/\herelbﬁftzﬁ@/ci W§,&Wﬁ@3pﬁ@ﬂﬁﬁﬁ\b’ﬂaﬁ9@rt§e@9ﬁprl se a material selected from
the group consisting of non-hal ogenated epoxies, bis-naleimde triazine

epoxi es, thernosetting polyimdes, cyanate esters, allylated pol yphenyl ene
et her s8. Th%@'fﬁi’ﬁ@éf‘b@f ﬁéfﬁésWh%ﬂ'érﬁhﬁ {heameplasticsinleqidg Pyercompssese . 8. The

ci 1 cul 4yp3Rafisly HonGlatiridie WARKEI &% ddiEmlinéd BPiPeaiidsvotes] ectric | ayer

conprises a Substantially non-flanmable naterial as determ ned by the
UL94VO test. ' ' 9.The circuit board of claim1 wherein the conposition of

at 'ea@#h@a%uﬂfbos}a%ftd%m@éwﬂ% &fmp&sh%hr@%?lbhét%e'o?ﬁ%rtﬁeﬂn%pﬁé%ﬁ@6?SEd of
a filler wherein the filler is selected fromth eﬁﬁ%‘g%ﬁfl consi sting of

- cer ani bermasghing lavers is samerisesef @fillay whergim tha filgriis @ tae gYO¥R, strontium

ti Lgmaéofmsﬁ?d égf‘&@ra’?‘rﬁu&@ Hakil thdriefd) Bbfon Miids [ AumMARCSERTSficd, IstrbRtiim and
conbi nat 1 ons t her eof
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




10.The circuit board of claim1l wherein the conposition of at | east one of
‘the thernoplastic or thernosetting layers is conprised of a 7 MatietO0%her ei n
the filler conprises fromabout 1 0% to about 8 0% by weight of the |ayer.
11. The circuit board of claim1l wherein each of the thernoplastic and

t hernosetting | ayers have a thickness of fromabout 5 to about 200

m cr onR. THScirkul bt ot @Rm 4 2vhERGIn Ghd \Fdé'llght rlaﬁabﬂthefthéﬂnepﬁsﬂc ABRERE ybhR wei ght

ratio of the therm)é)l astic dielectric |ayer he thernosetting pol ymer
| ayer 1€ thergpseifierpolymer 18ygrds gy aboyt 1lg5t@t§bq1ﬁé’ 15 rcuit board of claim1l
wherein the conductive Iayers have a thickness of fromabout 0.5 to about
200 mcr 14. The ci |t board of claim]1l, wherein the substrate

conpri ke ei‘?'ffé'F&Pﬁréjsﬂc érWhe"?JBI @?@Hﬁwea@erﬁaﬁé?at@ﬁkrﬁsﬁﬁéﬁo@ﬂt’%ﬁt or
conbi @k k®asout 200 adronsl 5. The circuit board of claim 1l wherein the substrate
conprises a plurality of ad acent strata, wherein each stratumis attached
to an adjacent stratum by a thernosetting polynmer |ayer. 16. The circuit

board pf Tied @iiolit borddest @iaim at whe@s the Bebsfatd b@natsaettbe@@sbypdp@nductl ve layers
conpr IrFtsoga’eEF art of an electrical circ rocess for manufacturing

a pri xolate PERRL D BiGHEH FlEGUR QY C‘aﬁ‘g’t‘j‘@%?ltt‘?rﬁapa t her nosetting pol ymer

| ayer onto opp05| te surfaces of a substrate b) depositing a thernopl asti C
di el ec c l.ayer ontq eac f th settin ol r | ayers and c)
Gonos 18T cRUEPeSiia oGty ) Whsrtindid SBETap Eompntes S ARy O SHACRHLS D aat i ¢
di el eatHdréinlcayl EBatumvib aiainadtdan hbj%f;@ﬁﬂ%ltraﬁim by 8 Bleffidddtiihg pol@her IHRAPri se a
material selected fromthe group consisting of polyesters, polyester

cont ai ni ng copol yners, polyarylene ethers, polyinmdes, [liquid crystal
pol y merssTheadTici Boardbf eI H ke dif at leastedike. of the electrically conductive layers

comprises a part of an electrical circuit.

. 17.A process for manufacturing a printed circuit board comprising:
a) depositing a therrrtosetting 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



18. The process of claim 17 wherein the substrate, thernosetting pol

‘layers, thernoplastic dielectric layers and electrically conddwel3p8 Iayers
are absent of hal ogenated fire retardant additives. 14 7 March 2005 19. The
process of claim 17 wherein the substrate, thernosetting polyner |ayers,
thernoplastic dielectric layers and electrically conductive |ayers are
absent t1ad r t The process of

m P ol 2 e e SR R ol oK 802 Tt er

sel ect'féﬁfm‘m{ﬁﬂﬂﬁ Higlagirisupyare ABY slertigalfcopdppive laversware abseriof buimioere, |

ni ckel gon@ditiAy ﬂHﬂme%ﬁﬁbaﬁg@%_steel iron, gold, silver, titanium and

conbi nat1 ons™ t hereo 21. The process of claim 17 mherein the thernopl astic
dielectric layers cornprise polyimde. 22. The process of claim 17 wherein

- the NS TR FLbLALRRN TP WA R 48 a&amamoﬁdam@eerayé\ls coRPHECh ki L he
group consistin non- hal ogenat ed epoxies, bis-faliriride triazine

epoxi @feqt%ff%glﬁ QFPH@C%@IP%OHG@P%%P@S@S@@@& .aligkgl, atuadinyvl yphenyl ene

et her SgtainRBOZREY FhiO R SRRy, nﬂldne%oﬁmaﬁ BRb fons thereof. 23.The

process of claim 17 whérein the thermoplastic ectric layer conprises a

substantially non-flammabl e materi al as deternlned by the UL94VO test.

26 Thep OITaE Rstesd ofidtht™ AindtBRIAL el MEpIRAIRASLHORY B ot SohAiReC! L he

thernDpIastlc or thernosetting layers Is conprised of a { er erein the

filler is selected fromthe group consisting of ceramcs, bariumtitanate,

bor on ¥ fid Si8cesd! di Klafth Y WHefSn tHe) thél‘f'r?oseﬁhﬁ %nyhiémayéi'stc%'ﬁﬁir@e alRAtbAD

strontiumt] tanat e, quartz, noncerainic 'érs” and conbli nati ons t hereof .
15 7 Nslestedions t W%CWIEQ &f gon- b*FI@g?ﬁaieﬂ quRxiesi pis-aaaliniidst trippge

t her moplRRE] hefiekig PBRRREES, RYahY BERr@Nfated polyphenylene ethers,

benzocyclobutenes, phenolics and combinations thereof.

- 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.

15




a thickness of fromabout 5 to about 200 mi crons. 26. The process of claim
'17 wherein the conductive layers have a thickness of from abbdMargh2§05¢ o
about 200 m crons. 27.The process of claim 17 wherein the substrate
conprises fiberglass, paper, polybenzoxol ate paper, an etched circuit or
conbi nations thereof. 28. The process of claim 17 wherein the substrate

conpr i .@ﬁ?h@pﬂ%bé%@df'ciaqufT \mraﬁ @8Eh §1tthafnﬂarmowa§ﬁceada tﬁaﬁﬁbs%&.heﬁay@}é faval t ached
to an adjacent stratum by a thernosetting polynmer |ayer. 297 The process of

cl ai maYigpesepiion apek Sio gheutg00migroBsect ri cal |y conductive |ayers
conprises a part of an electrical circuit. 30. The process of cIa|n117
wherein the thernmopl astic dielectric |ayers or thernosetting pol¥

| ayer s26-Bie Bgeess o ictaing Jig| wWhewein dhe sapdeliys lavers e pindkesss ¢fiffop ahawt @

wher EItedeQt JdvahierpPkasti c dielectric |layers or thernosetting pol yrrer

| ayers, or both, are applied as liquids and then at |east partially dried.
32. The circuit board of claim1l wherein the conposition of at |east one of

t he t her PROprAsEdCOf ci&"mtﬂ?ﬁ%\m@éﬂﬁé UbstrAUbfptiSe LR bsLhagdr, @ fill er wherein
the filler Iis selected fromthe (_:lrou consi sting of bar i umtitanate, boron
LH

ni t ri cROIYRRNEMORIPPBAGT oA elshed siEcultor combinatiansithergat e, bari um strontium
titanate, quartz, glass beads and conbinations thereof. 83. The process of

cl ai 7_wher ei n t he conposition of at |east. one of the thernoplastic or
t her mé%ﬁq RgCesRyl cRim 47 vieprin Yispubpirafe compeses ekl qfipdiacentisiipta, s

sel ectpbréih @ath BRatdmAs Bitadhea b 5h ad@ceit skatuntBy & iHemai&indSdiheNbydri de,
alum numoxide, silica, strontiumtitanate, barium strontiumtitanate,

gquartz, gl ass beads and conbi nations thereof. 16
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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