WD 2007/ 067649PCT/ US2006/ 046598 TI TLE: LAM NATES FOR HI GH SPEED AND

H CGH FREQJE%:\G EEJHI\I'I;ED Cl RCUI T BOARDS BACKGROUND OF THE | NVENTI ON_
Field of the fRV/&H on [ 0001] The invention relates to r S&TTSWEP 88

| ow profile copper sheets and to | am nates made fromthem and net hods
for their manufacture. The sheets and | am nates are useful in high
speed and hi gh frequency printed circuit boards. State of the Art

[ 0002] For hi gh speed and hi gh frequency signal propagation in printed
circuit boards it is advantageous to have | ow attenuation for better
signal integrity. Signal attenuation is conprised of dielectric

attenuat i orrERd CoNCUMTOA TR ' { is a
function of the tymmﬁm@ulgggm%#@i%}rﬁ%gﬁﬁggéjﬂéﬁé%

frequency of operation. As frequencies or data rates rise, the
current flows in the skin of the conductor. At very high frequencies

t he condu S e becomes a mmjor factor in increasing
the resi stﬁ%&\% y oﬁﬁﬁ%ﬁg@%@ﬁﬁﬁl“ﬁﬁa" causing increasing dielectric

| osses dUﬁefdoofttﬂeIn@glgt%i&j onal traverse caused by surface undul ations.
[ 0003] Whil e | ow pro e copper or other conductors would deliver

| ower | os it 1 nCoR INedine art to ke | ow profile copper
OO0 PRk 4G ek Bt Sl G i Bl

adhere with sufficient stren

prepreg iMady R bR B Slel RS ength requirenents. Lower
peel strength or lack ofetadheés]?o(ﬁ”ﬁ%gllfscﬁ%% ggensrs]\e?tilgﬂé mingfs preseiuf ne

wi dths, ehtigh spted ahél hithFReqacheo bapkY cidff@plgs t he finttionality of the
boards. Mbst of the current |ow dielectric loss |am nates exhibit
undesi r ab¥tetelodvhepirdl strength due to the nature of the nmaterials
used; and al though these products exhibit good dielectric |oss

propert i 8002 heyFos higlv shégihen hipheffedlidney signal propagation in printed circuit boards
it is advantageous to have low attenuation for better signal integrity, Signal attenuation is
comprised of dielectric attenuation and conductor attenuation or loss, Conductor loss is a
function of the type of conductor, its surface roughness and frequency of operation. As
frequencies or data rates rise, the current flows in the skin ofthe conductor. At very high
frequencies the conductor surface roughness becomes a major factor in increasing the
resistivity of the conductor and causing increasing dielectric losses due to the additional
tréverse caused by surface undulations.
10003] While low profile copper or other conductors would deliver lower loss, itis a
challenge in the art to make low profile copper adhere with sufficient strength 1o the base
material such as a prepreg in order to meet laminate peel strength réquirements. Lower
peel strength or lack of adhesion leads to constraints, such as line widths, etc., and it also
adversely affects the functionality of the boards. Most of the current low dielectric loss
laminates exhibit undesirable low peel strength due to the nature of the materials used; and

although these products exhibit good dielectric loss properties, they show higher overall



W0O2007/ 067649PCT/ U32006/ 046598 attenuati on | oss due to the use of
rougher conductor to enhance adhesion to the substrate surface
SUMVARY OF MHEOTRIERTI ON [ 0004] The i nvention provi des a PRE(USa o598
preparing lam nates for use in the nmanufacture of printed circuit
boards, the method conprising: providing a |ow profile copper foil;
coating and B staging the low profile copper foil with a resinto
forma resin coated |l ow profile copper sheet; and | am nating the
resin coai‘t?&“?tti‘wl?fﬁéﬁ Yoghg ww@rougher@pndt@tqntce@hag:eta@hetsmﬁ% heGORRSE

clad | am na [ 0005] The invention also provides a | am nate
conpri si ng" ﬁ‘é or nore prepregs |lam nated together with one or nore
| ayers of low profile copper foil. The invention al so provides

| ami nates prepared by the nmethods described herein. [0006] The

invention further provides _printed circuit boards conprising one or
nore | am nates as descri bm OF SHEATHNTINNt i on furt her
provi des fggdn coal: 0 and resin coated | ow
profile c%ppér f oI [ggernglﬁré 4 IJ&E%HF ﬁ%‘“tpéeﬂaﬁ%g lrpiniérg donnss én thped

herein. 19008Lon |nve |on is a nethod for preparing
a lamnate for uggﬁ?gﬁ cérgrr?ﬁ% aCEChtf cﬁmpﬁf‘ﬁ%f PEQYiding ¢ loyomicdile. The

et hod | ki, Ba Yl Bl ARl Ploh RUGBLS ggél'“% Coﬁpgw&a‘;cg;n'@c@;}; N9

a first side and a second side; app

| 0SS residvated |ONErofiedBpstdr skl ah@‘ﬁ(nﬂﬁzﬁ{ glll% rgﬁpP ed 19! rofi ?8034)8 sheed

partially curing the layer of |ow di el 8ctric [0ss Fesi

resin coab eckplegwo pir@fa doppiepReEmSRGEt having a partially cured resin
surface and a copper surface; and lam nating the resin surface of the

resin codf@f]| owtprinfentien SepPeridsf£Rinitd AnlppEhd of06ShokGrifl 2
| am nat e lgnaxlgtggma copper surface. _ '
gether with one or more layers of low profile copper foil. The invention also

provides laminates prepared by the methods described herein.
[0006] The invention further provides printed circuit boards comprising one or more
laminates as described herein.
[0007] The invention further provides resin coated low profile copper, and resin coated
low profile copper foil prepared according to the methods described herein.
[0008] One aspect of this invention is a method for preparing a laminate for use in the
manufacture of printed circuit boards. The method includes; providing a sheet of low
profile copper foil having a first side and a second side; applying a layer of low dielectric
loss resin to one side of the low profile copper foil sheet; partially curing the layer of low
dielectric loss resin to form a resin coated low profile copper sheet having a partially cured
resin surface and a copper surface; and laminating the resin surface of the resin coated low
profile copper sheet to a resin sheet to form a laminate having a copper surface.

[6009] Yet another aspect of this invention is a resin coated low profile copper sheet

comprising:  a layer of low profile copper; and a layer of low dielectric loss resin.
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[ 0009] Yet anot her aspect of this invention is a resin coated | ow
profile copper sheet conprising: a layer of low profile copper; and a
| ayer of | &R WPEMEEric |oss resin. WO 2007/ 067649PCT/ BEHHSHLOHREESS
Still another aspect of this invention are |am nates conprising one
or nore resin sheets; and at | east one resin coated |ow profile
copper sheet |am nated together with the one or nore resin sheets
wherein the resin coated | ow profile copper sheet further conprises a

layer of |ow mhifdnbecapie st Mavingtion arb GRShat B mpkisBe Yhd & Aok oitghness
of fromabout 0.5 to about 3.5 mcrons and a | ayer o% | ow dielectric

| 0ss resishectpphd edeisootdresiatodi@bisty ppdre Shpgher BtetlidifinkiOntoRE@El W8 mePPer
sheet having a roughness of from about 0.5 to about 3.5 m crons.
DESCRI PT| @ oORofHBsiR siBgRES icf O 18 résirgetated low profilcCdopps shR€ firhar Vi ew of
a portion of a copper clad |am nate prepared with a |ow profile
copper WEREripesat layes aflowsspfile gbprehbaviresdt keagtfont kide virivapoghibse of opper
foil surface abut a woven glass fiber |amnate core; and [0011] Fi gure
2 is a scvewdts to Bphd-hgimensead e deypessilew disteck i 1bssvespr apblibdtocbpgedeast
sheets and copper. clad | am nates of this invention in a general
process f16{9% 8‘%3%0‘?’ B EssRoRpErsleeh bardrgorpugliess dfdiom ahanud. a6t atost Bifid
Figure 2Ais a cross section of a portion of the |am nate product.
DETAI LED '‘BESER PTI ON OF THE | NVENTI ON [ 0012] The i nvention provides a
met hod for preparing | am nates for use in the manufacture of printed
circuit boards that are well suited for high speed and high frequency

printed cireuit board apphircdbhifol Bk TG Gk di e ectric oss.

[0010] Figure 1 is a cross section view of a portion of a copper clad laminate
prepared with a low profile copper wherein at least some of the teeth of the low profile
copper foil surface abut a woven glass fiber laminate core; and
[0011] Figure 2 is a schematic showing B-staged resin coated low profile copper
sheets and copper clad laminates of this invention in a general process flow scheme
representing a method for their manufacture and Figure 2A is a cross section of a portion
of the laminate product.

DETAILED DESCRIPTION OF THE INVENTION
[0012] The invention provides a method for preparing laminates for use in the
manufacture of printed circuit boards that are well suited for high speed and high
frequency printed circuit board applications that require low dielectric loss.
[0013] The laminates and printed circuit boards prepared according to the invention
utilize low profile copper and exhibit low conductor loss and good signal integrity with
enhanced peel strength. In particular. the invention includes B-staged resin coated low
profile copper sheets as well as copper clad laminates prepared by laminating B-staged

resin coated low profile copper sheets to prepregs. The copper clad laminates of this
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[ 0013] The | ami nates and printed circuit boards prepared according to
the invention utilize |low profile copper and exhibit | ow conductor
| oss and g8GHETY’ integrity with enhanced peel stren§EHUSjHe/046598
particular. the invention includes B-staged resin coated | ow profile
copper sheets as well as copper clad | am nates prepared by | am nating
B-staged resin coated |ow profile copper sheets to prepregs. The
copper clad lamnates of this WD 2007/ 067649PCT/ US2096/ 046598
i nvent i oninvemvien haprigpetePpel sisdnpmB g b phison WRAih R iR th3BRIEE B
made by bonding |low profile copper foil directly to prepreg. e
hi gher peaebfils tommgfdil discdiie prepreg. bidt hehedy@aittangh etk es a bittePBénd and
resi stance as- the copper tooth profile is enbedded in the B-staged
resi n andiettersHigpot essigtance asdkscapptr tohth pofilejis cohédded irtthe Bpiepd £gincad,e
material (usually a woven fiberglass cloth) which typically has a
| ower di elSéceitcdast pelrlicrthagpntagithapispret oort matarieb{usual [F kiveovies fiberglass
contrast to the lamnate of Figure | and the prior art where the
teeth 12 “fD¥ighirpicaly has adeppeticleqianticrgt ps danpsrasite thtaesimt This lsan
woven fiberglass, core 30 of a copper clad |am nate 35. In contrast,
t he coppéi n%séﬁ’ tP%\%FH%“'e%PFd@‘FHé“ the &ept art whyan the deptle bhofs e prefitel
hi gher val taeg%.?chmfos t{]edl.an‘i Fat e z-direction_and they possess

&L FeNGiRSe PP arPY R et PR3 ain ¢oRpE daddreinate; ¢

hi gher diereetr ¢8

properties af o -using.low | gss and | ow, resi
systens. [00 1%’@%%’ torlllg EF%E'? (I’?llg% B}é'r' %a;%)eesr(’? ffig Presprtimention s rw‘eljﬁgtﬁﬂ‘fﬁ‘éﬁ‘? nat e
are a fungihRR 9f: MR LA 4 - profile resin coated
copper sheet@cgn Sbse used as aﬁé\}gﬁﬁéﬁtﬁ%&% S%%%%fﬁrﬁibd?cﬁlec S?i"lerégﬂg'ctri c
const ant a@ashiitiodsdrRAdi 18Rinh @G MR prififids G2 Widol dAffarke i

| am nate. As an exanple, a 3.0 cnri Iprlgali'm'l nate w tﬁa aQ&d)lpbg'lﬁséc%lrg\lgéoss and
const ant 16WKk redin 4yskrand a dielectric | oss of 0.20 can be upgraded to
a50ml lamnate with a DK of about 3.4 and a dielectric |oss of

0. 013 by [e0iagldi niheldigtedirid propgtiaf drltie GERP efad iMhihatwhich AndiRRbBvdla¥ENg a
DK at 2.5 and a dielectric loss of 0.002. [0015]1n one enbodi nent,

t hi s i nvend iheB-ftagadHew profit wdiasoaedradppached: camlkd 1ed & a Gdefor ¢l ad

| am nate. In the nethod, a |low profile copper foil is coated with a
resin to 2fiyptinedhe disleptriccansant huldigtofiod acooprbe rhiees copbResldaesin i s
the partially cured to forma B-staged resin coated low profile
copper shE@paeThe apesamied Shadtareiaste bithsclidectsc ¢amstn (DEYofidDendand
printed w. ring board 7manuf actures or the B-staged sheet can | am nated
to prepr EFEH T 335ATE-0s3p 8F vegradsd tawd A atiblamfraglsitine DEhefinioutd.4ndtehi s
method is.show.in Figure 2 |In Figure 2, a low profile WO

2007/ 0676 /'M@g"fiég’%@éd%bﬁﬁ‘°Y"(ﬂf‘Pﬁ‘ie°RP§r Ivithaegsin havipha Difext
step, a la?‘é/.%?é)%a{e e%@rn 15 gegpfreferabl y a low loss and |low Dk resin

systemis appli o} 1a"l’%slS ‘the low profile copper foil 10. The

resinis p i ed, . for eXt e.b eat | the resin, to
forma B-[és({lggedq{lg}s]?%\&%%ag#ég’ oW Pro %L%drb ‘éresgﬁ%?g&’d?gm Refhe next
step a resgiji: SheBinitne. B i ' en_gl.ass core, is
2ssoct at ooy TR e PELALANLE bDGH a8 AR LE0RE: 338 sEF Eireer
and in tgnfd Rah cgat@fpgo“ts}eﬁk%b&rﬁﬁ;@@tTm sk;ﬁm&a;faﬁ%lk% L0¢ B ed
resin coated |low profile copper sheet to forma Tamhate. 35 A own

up Vi ew efagdll 164i0 85atGEIo RBI8 LopAFIHAL BhdB-ddke AL &ndA sSRAQUG L hat the
| ow profile copper teeth 12 do not abut the woven glass fiber core 30

but are iasiheadndsapachyrhghbyad MdabRchrY 6f heB-dt8sh RhdtPeanl IAnik@d i@t hods
above, and in the lamnates of this invention, the resin sheet can be
ei t her apppegrefprara doppgairdienmateul |y cured, C-staged resin
containing lamnate that is unclad. In the description bel ow,
ref er encéU6l pr epsebgmatid Sohis efetiod igdneriakFigird0 ICFsdupgBt 160 $idTile
contai ning | am nates.
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0017] The copper foil for use in the invention is a | ow profile copper
foil material. The term"low profile copper foil as used herein
refers to YUpPEI61% s that have at | east one rough sur P&E&SERGP1§5an
aver age surface roughness | ess than about 4.0 microns and preferably
havi ng an average surface roughness of from about 0.25 to about 3.5
m crons (as neasured fromvalley to peak on the surface of the
copper). In addition, the copper foils useful in the present _

i nvent i oncoppbd fotha@ & @o¥ibed: KR eifsneRf stdp O By @RAWsin2 Candiptdr9S, b @R

400 m crons and preferably thicknesses of from about 10 t0 about 70
m crons. &ldowtDK resis bystam iscipgiiedsol b kide 6f the 10 & ofildichpse® 401 MehediNg
resinis applied to forma B-staged resin coated |ow profile copper
sheet . Thiepprrisityecusmdr faaeranafle bhicatopibe resinpid formy BoRaged weth @ated 1830t h
dependi ng upon the application requirenents. Low profile copper foils
are manuf @EEHPEEP%?@EW Yt lexzansicestdpronsiChlreet2 s, pefirbhly lndk@ MUl @en
1001811t shoul d be noted that the present inventionis not limted to
| ow pr of | ¥&5SCFeisseAted wish thed atrged ravinycogtsd dare piofiee copb@Tshet addiathe S

capabl e o}r@gei n%ggpg,l ied to aresin or WO

2007/ 067645PETH: USI60B F b6 Sdam inafad io4bt Brsteged mesih gpated opmrefilstcopreetiset he
physi cal 3 ecifjcatio i qﬁnti fied for | ow profile copper foils above
may be use i {a érfaf)er’ gg‘eﬁ‘t ?‘?ﬁ’\l/%i”f‘%ﬁfafrﬁﬁflﬁﬁftﬂﬁ'é’fé@a‘ﬁ?tﬁéSéﬁFi_Ehfé?How
br of er abl 1 one: EVing Ml APadt e Bltedier BB pieryo-be el dreomrAba i n

t he i NdustE dsteddls e ile copper foil is provided in
aroll and the cgggp}gtr @%P%Féﬂ’éﬁ%ﬁ{ ﬂ;s':[nntg'e d6¢ Og atFOBF’Iaéldbrfg’ﬁﬁaé‘Emﬁ?Ses

and the faithis sR@RIoni Se tOGT SRELLS bé’éi&@% &g%rhglﬁt gz{]nhb%vaeﬂl%ké%érg &ISFQ??P&Q/ be

applied resin is cured to a B-stage se er pr

used to &B@rhyqrﬁaiﬂiiﬁ§idﬂ'xihﬁe@1a§§érui1@iﬁc§ Ithhetc;égcripgg\ﬁ 9&]8&,‘ lje?er&lgg F errep];rg is!
such as, for instance, spray coating. Follow ng coating, He &S n
I

| ay of t soresisrzenoatyed ¢-oMpaarredi &cﬂtd&ﬁﬁ%)ﬁﬁ]irﬁﬂ%.et is partially cured.
Alternatively, the resin may be partially cured before coating on the

copper arn@0l’he sFeebppesdoil fi8 ubesinGie iHRALIGES iaNow LA HYESE; Tikd-DET
before the sheet is used. [0020] The thickness of the partially cured
resi n on fRé&racipe profids ¢opper il ef eedbdryin betrueefopabioBtls BalMaSh aNSasAfd
about 400 microns. Mre preferably, the resin coated copper has a

t hi ci cneseuehsurpcshrypaan averegs satfeatroubbessesy thasabound amyiclewesid, t he
resin coating should have a thickness that is sufficient to fill the
val | eys ipﬁef?r%l@yé%‘ﬂb%i‘“ LFFaes S g epugbnesovidrom HeucOPper atour 3.aescrpeak s
as wel | . lOOZlJA fraI tei native procedure for formng resin coated | ow
profile CBEPEPSTPY Biapiomsanonthe pyries of thepapenebi mdikoethe amgbet hen

deposi t nto the partially cured resin sheet in a manner that
causes a Tou e DR EPTESAEEeIEn il i hinlgicr ol TP Messt 2.0 uRierons t

deposi ti [ Lnel f.or instance, direct sputtering of
copper oﬁgﬁﬁgﬁgﬁﬁﬁﬁngr}gﬁ%&thécs'nﬁss%sﬁéc m gbqut 1 t abaidlintenns: s to

about 2 116406 Q;ugﬁ QRBRE id fie gﬁﬁgéiotvﬁﬁlchotne %ersllen is applied to form a B-staged

resin coated low profile copper sheet. The outside surface of the copper foil may be rough

or smooth depending upon the application requirements. Low profile copper foils are

manufactured by, for example from Circuit Foil, Luxembourg.
{0018] It should be noted that the present invention is not limited to low profile copper

foils or layers. Any conductive material that is capable of being applied to a resin or
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partially cured resin sheet. [0022] The resin coated |low profile
copper she%conm sts essentially of a partially cured resin | ayer
associ at ed "W tH7&PBw profile copper layer or foils sheé’fnélﬁ?:q‘fﬁ%;ﬁafs
one face of the sheet is copper and one face of the sheet is resin.
An optional partially cured neat WD 2007/ 067649PCT/ 1JS2006/ 046598
resin filmlayer may be | ocated between the B-staged resin coated | ow
profile copper sheet and the prepreg to facilitate adhesion of the
two sheetwanfgoes] Mifeil fasi thatuset thaphykienl spsiMatQR @AM prbfle
copper sheet and optionally in the prepregs to which the sheets are
| am nat ed“°®P¥ pisebeyambiybd wad frohs pdiet metmtios. resin materials or
mat eri al s t hat are chem call atible (e.g., forns acceptable bond
strengt h) (M0 h | B aréncerithe Wlnsé%e thmil\@frhethemmedd biopitrtizdiy Sured
material s i.nclude those described in U S. Patent No. 7,090,924 and in
publ i shed ¥ &, Pfﬁ%&ﬁ%‘ﬁtdoaf‘pwma:%@%wsm 60a1edSOPDABeONBBRS Rty intthie
di scl osureéuf ga ach of fh are mcorPorat ed herein by reference in
their entite Sty AT frieglﬂ\ga? C?”HPE’F‘é?PE’@H 9ilds piexidgd & 4 ted Sad fheisapber it he
manuf acturi ng the prepregs

' 92 f
di séuggteggk%é%g’gﬁ‘éldgeﬂ%‘r" ?IPQS ?‘rf@ess"‘gﬁﬁ‘e%@%ffﬁgt if fhateafter dirsatedintqan avee

| ow di el gg | |lied to or to which a | ow
profile co%eggrﬁe% y?j P%@éﬁgﬁ% fEEe gé{? & 8(2 THpTsE Og'ler %roﬁf's“é?sdlfayléqealg?l t9f
resins i s L ERSetd dufged I at | east one
el astomer: at |east one e(gxt:‘dé:&lrk0 2 g §Egplpggt§ S‘(’:)cneas"f aig P&t S HaHE "eTwo

specific Emwmgaﬁ)a@rfg, biRWeslh ?Ay%@?ﬂe'r&lr{ RIRd 165 x%ﬁwc%égémsh&:rte %{'tls yssed

bel ow. [0025]in the first exanple, the e ast Ha re in

conposi t icoredphicarhdioslyl e ra@fiaLsk RARIG ieE BaBletRhAN
properties of the cured resin andlﬂ amgrclat es maede tt1 her ewg%%majagﬂlﬂ% “abl e

el ast onerskecingdanis cellestomessbd dugdd fakiRr KEroMInd SeNgufl Skill in the
art to be useable in electronic conposites and | am nates. Preferably,
the el ast®i@t hddeshidolcsrfiths pantiliyhetirell Feston@ thaBgReobhilabgter3H00 to
about 20000. The el astoner can be used alone or in conbination wth
ot her el &%Wﬁ‘b?t(%ﬁ 2 mirarRind sboft 408 efiabnse Mxst preBIrsbly, igd re6le coddit copp®
not |i mb1 o but adi ene pol yners, styrene butadi ene pol yners,

acryl oni t'*i} rispesE PEfiem B Syirebayt 15%@{%6@% Ipebyevents fheuesii fransg

el ast oner nd thernoplastic polyners in general, or

m xt ur es ﬁcﬁ‘é‘f ¥a%eﬁ§gﬁdf syffigien t‘bf‘” &Ba@F élcamaﬁessqxﬁ@ma\d to

but adi en%mqel ¥h ben ene con ounds (SBDVB). SBDVD conpounds i ncl ude
e c pper sur ace peaks

[0021] An alternative procedure for forming resin coated low profile copper is to
prepare a partially cured resin sheet and then deposit copper onto the partially cured resin
sheet in a manner that causes a low profile copper to form on the resin sheet. Useful
deposition techniques include, for instance, direct sputtering of copper on the partially

cured resin sheet, In this embodiment, up to about 2 micron of copper is deposited on the

partially cured resin shest.

[0022] The resin coated low profile copper sheet consists essentially of a partially

cured resin layer associated with a low profile copper layer or foils sheet such that one face

of the sheet is copper and one face of the sheet is resin. An optional partially cured neat
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WO2007/ 067649PCT/ US2006/ 046598 nany unsat urat ed groups which al |l ow
themto crosslink with other resin conmpounds during resin curing. An
exanmpl e of WAREESNAE?compound is Ricon(r) 250, a pol ybut BET/EEREHI%8ne
di vi nyl benzene graft terpolynmer available from Sartoner (502 Thomas
Jones Way, Exton, PA 19341). Another useful elastoner is a maleinized
pol ybut adi ene styrene copol yner. An exanple of a nal einized

pol ybut adi ene styrene copolyner is Ricon(r) 184MAG6, available from
Sar t oner resEl film burenmayehedoqated Setvteen rhettiaagel edsim@aiet 1A pfo@®d ddpper sheet
conpositions of the invention in an anmount from about 20%to about 60
% pref ePAbHH PFYRSPE taksilitate Bdiesion bthe 185 sietsbased on 100 % by wei ght
resin soljds of the conposition. [0026] The esters are used in the
first exé bry Thedssin esedirobe tastmrronted lgvnprfistcoppres tlesacal,optioiil9 Viethe
thermal and electrjcal properties of the resulting cured polyner and
pr oduct s PRRHE* {Chgﬁllgh ?}Wé Hyary Baeratsprapreferabiy lowdos disddcarst rosie aterials

i ngredients %ﬁg'] %ﬁagrod cts. The esters react wth and consune excess
styrene in the- el xsFErbFucalinfompatitl (g damacerpirbirdiond sttigomsthdower
pol ymer s ; ol ters. Preferably, the ester is an unsaturated
est er. ngegéégr(al %rrg nrs-‘yy?’?eﬁ rr%é?‘é‘tlosis?%"t’?t;é?ﬁ"@ewéé@%?\b%iéflbﬁi-rP@ctneSt er

is an acgyl 4 t not limted to, dipentaerythritol
pent aacryl a?’g?@%nﬁ{ dz}r{lg %rhg 6”'élrr'lr?'g" aé‘c’snit @pllfit"’&ﬁwuﬂg39%9%5@83%6[1#@@ er. A

pr ef er r edistios b RS0 FidR; i ondensati on reaction product
of an unsaturated acid orléﬁ:d?%%?ljp%éeggﬁ%ﬁ% sretsﬁﬁp‘éei '8 HSIEF™e or

fumari c Batidyla®y pRfered ARRL b 18%k ounid i diol (s). The product
of this condensation reaction prefugr ébfﬁic/a%ﬂgspg%ﬁ{é fol |l owi ng

propert i B924laboUthe Gsifs ife@d ot isRRELERBY : | ar i ght
of 4000-7000; and an aci d val ue of 12%@%5%??%;@3%%@3% in
the t her fosene resips tesisnscoing ol bivaiSedic bRGnite Hai qu%zﬁkcﬁ offgount of
fromabout 1 %to about 15 % preferably fromabout 2 to about 8 %
nore pr eVBichBligw brofite eppertiay2e/éstappliddo ine Gx&hapl D asLske i Q0% by ;wei ght
resin solids of the conposition. [0027] The first thernosetting resin
conposi t MEFEKERS FesinayPasidensicnmbtsies aresoime RE®et: AR aé ShabfR N

Any flanme retardant that is known to be useful in resin WO

2007/ 06 78 A5E e ey 5osrYaE5 dgrocermpbssrmpies ofilbediitiecthalvgé REMUYRems are
conposi t 2s_an bI @m’ nates may be used. Exanples of useable flane
retardants ThclGd&: but are not limited to, halides of glycidyl

b1 sphendf R bi SHERGY S oo Ry aTAsaIn B rpenoposbpaoselds e
ot gant e i e e SR BErai diimpsrnions ehs measmmphor us,
rgnesi um iy ot o e SR Y AP B G < o &1 i e ar

L1 ethyl phospha o or oyl o eeas i) ARSI PRSRIZSR: dhsmsgps o

phos phatregleadirdvepihd shat8c €5t B65: 2005 RS ounds_cont aj ni n
nitrogen, and phosphate esters contai n%bﬁgltﬁgw%f&ﬁoﬁ%c?ré{’ea‘r‘sa‘gnts

nmay be plesenin ¢omitieeion iith btHePERABEOYH | BGhrk B I uSOTPISL L] ufle, 2N
anmount . of from about 5 to about 50%@{% ef erlgbl y u?r olm %Eogﬁw%&lu?%
Qaposi tion.

about 4@’U%reba@édit@noﬂlﬂﬁhd%lbréomie@hityré%mamkiPQ%mQPs,5 off
[0028] One preferred flanme retardant i s decabronodi pheny et]hane, whi ch
has t he bﬂ@ﬂlﬁo%mlmter 4 Gsopieae polymers, urethane elastomers, polyamides, and

thermoplastic polymers in general, or mixtures thereof, One useful class of elastomers are

styrene butadiene divinyl benzene compounds (SBDVB). SBDVD compounds include
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Decabr onodi phenyl et hane is comercially avail able, for exanple, from
Al bemar | e Copgﬁor ation (451 Florida St., Baton Rouge, LA 70801). The
Al bemar | e Y744 sol d as Sayt exTM 8010. Decabr onodi PRENYIE/ #4798
is easily dispersed in the resin conposition. Decabronodi phenyl et hane
al so significantly inproves dielectric properties of the cured resin.
As a result, the flame retardant is included in the resin
conpositions in anounts far greater than is necessary for a flane

r et ar dantmany uosatiested groapssehieintimncien becrdbsBhR Glith bfhePFoiRebbesaef t he
cured resin. Wen decabronodi phenyl ethane is used as the tlane

r et ar dantduring repig cpried. ehménaywpprfse SBDIVB tduepoiheIsRIGHEt 2900a P&t Radiene
conpositions in an anount of WO 2007/ 067649PCT/ US2006/ 046598 from
about 109T%C dbbutbsesy srdtterrplyekerabilje froorBaaboert (SEOTROH AR Jaka Wayd5

% based_on ]jr%g % by wei ght resin solids of the conposition.

[ 0029] On&*EF Fdr 3‘&% éw'gfrsvsa%ciwwm ingletnikgd dolybutbdienefstyrste
therm)settir]] re?&l{] corrpo§i tions in order to enhance the rate of
resin cuf&@C S OLAPYRE ST ¢ Aksrredwylybeadiane Syensl apselsmetiaRian® know
to speedgR ke vgngqc?f t @er nosetting resin cure. Preferred catalysts

i ncl ude per oxd8 “C A al §Lra RN Eﬁféﬁ’ 5t W° pregsat indbiy tameosettinpieais

di cunyl p i t.yl peroxybenzoate (conmercially available
from for&g@aghn%ﬁsé?f)% Ezrgl%&l\ﬁg%e‘%{a’b% JHere ﬁ’i’tc?teétclib@}“ BhteckigrabL as
Tr i ganoX 6. abbut Hay B4 t, 1s.dicunmyl peroxide. Catalysts
are present in t{‘zﬁégta E%u??r%s{retg ?Isieérilg'ti ?&éésl?’nbyc“éeﬁ%gﬁsw S(S’Hgs Hrthe $pERORRML | on
pref er abjop2én amhaBRMRLQked ; 9 out . 8 % .nore
preferablty fP:om about 3 &S%%lﬁg{t?o%%%%]glgéps}ggng%m‘iﬁﬁlo%t%ﬁn WeFight resin
sol i ds ofustahesciaipposi thdr@bl anll QRIS : i) s ionally
be added to the first ther rmsetti%%pggieggf:%ﬁfﬁéosgﬂlnﬁég‘ﬁggp%%%ﬁ)apgve
cher cal padubiehedd e dlonD0petihk /5 Shichlig) WSl Sl ey EXATHI e Of
properties that can be nodified with fillers i1nclude, but are not
limted productvelifciegicsntacovith het comburexPRBSisBRene liOMR biaBBmeEEThe esters

i ncreasi ng nodul us, and reducing prepreg tack. Non-limting exanples
of usef ufanfiemesiemerspeligpterypamtivowtsatueh hopoipesaks. TettaB! he obtd! i§ an
gquartz, ceram cs, particul ate nmetal oxides such as silica, titanium
di oxi de, “BrYMIGYLSteEefilsa prefirelyy th estonis siytenicthesedwal pragtomidia,is and

m xtures_thereof. Preferred fillers include calcined clay or fused
silica. KROFITEF' PicB R MRERPiimitedio. fiperftasnahiritl béntameryVet. Amotidhefeferred

preferreetegiller iis silane treated silica. Mdre preferably, the

|
silane tTeated TriTEFIPEYFied RFFrehunspaetesroliesthr is fmopnddnsation \When

used, fi b resent jn the thernosetting resin conpositions
of the i ‘Jﬁ%’fgﬁ’tﬁ phmhet OF 2f “ﬁ%ﬁ?{?ﬂl 519 Freahydaids v clpasmeleio aprydride or fgnaric

pref erabley bf Jf . & out 409 ased on 100 % by wei ght resin
solids of the%é?f’ggﬂﬁ ?%déwth%ﬁ‘é’i?aérdé‘g@ PRI pTdis candeasagien feaetion; | | er

i s aboutpd@raBR Ha® RN [ 0031 or nore solvents are

opt i onalplry i nrgﬂor pf)r at ed [?%F%H%rﬂées |°ru]§€9/feﬁ F OSSR NS 2reegedeeleqhiasy der
to cont radightes k0T ROOSIdtY 280l 1 IL0pain the resin
ingredients in a suspended di gp%?@?%%%'A%&?ﬂ%a %%FreﬁWSWfL%y one of

ski |l i nhéresaiig fesin Remp&aidab of Me GRBIIIAGL LY Fr\x;lg\ﬂlr& B kOS rag%zelt‘% itongooua sin

systens can be used. Particularly useful solvents 1ncl

met hy| etifiyhkeeforbly((Mokhhout DIdBEL s BEOF pritia86 ﬂdﬁ?&%‘&i 2 oJJA%bﬁn%iz%e of

solvent is often dictated by the resin curing nmethod. Men the resin

i s cur ecrasgidtan 18814 by weightresin ketidoBethe ab@pdsppincal |y the preferred

solvent. \Wen the resins are JR cured, then a m xture of ketones and

t ol uene D7 ypi i firgt therebertiredesiVienpasiiod cxSOHY 8AY SIs@ERIIESSEHL | N

the thernosetting resin conpositions of the invention in an anount of

f r om abdtfre Semesaiasdaiyn utnyStrnbre@rdanitbitghitnoper s 6aLage ifesizne t ot al

wei ght of the conposition. [0032] The first exenplary resin system can
8



[ 0033] One useful first resin sys(t)elr:? has_ t Ete f ol I oW nlg_ Lor g}JI ?th:aon,
rein ampunts_are based on 100% by wei g resin solids i
\ggﬁpgsitioWo?OPB?W%OUt 25 to about 35 wt %of at |east PEHES2006/046598
el astoner; fromabout 2 to about 8 wt % of at | east one ester; from
about 20 to about 45 wt % of at | east one flane retardant; from about
5 to about 40 vt % of at |least one filler; and from about 3 to about
5w %of at |east one catalyst. WD 2007/067649PCT/ US2006/ 046598 The

i ngr edi enfompasigorBUSRERHRthutditufe SR P6aRE ahdlad ifafls in%gfb%@xgédf‘%x%gl@ gout
50-80 wt % solids to 50-20 w % sol vent and preferably about 70 wt %

sol i ds t oussedbbuflandretat EmBahalede] but bBOBAiIRINED, MIRELUE diyiBA eth&Sien
conpositions have the follow ng fornul ations: FI RST EXEMPLARY HI GH

PERFORVANGENRESRINIFEORIS halidliéON nbng acrdsiendusiRadtg epheid1%), Bisph&bl ©d

Amount s(wt %9 St yrene- But adi ene- Di vi nyl benzene20 - 6025- 30
polyvinylpheno! or phenol, creosol, alkylphenol, catecchl, and novolac resins such as
bisphenol F, inorganic flame retardants such as antimony trioxide, red phosphorus,
zirconium hydroxide, barium metaborate, aluminum hydroxide, and magnesium
hydroxide, and phosphor flame retardants such as tetraphenyl phosphine, tricresyl-diphenyl
phosphate, triethylphosphate, cresyldiphenylphosphate, xylenyl-diphenyl phosphate, acid
phosphate esters, phosphate compounds containing nitrogen, and phosphaie esters
containing halides. Flame retardants may be present in the first thermosetting resin
compositions in an amount-of from about 5 to about 50 %, preferably from about 10 to
about 40 %, based on 100 % by weight resin solids of the composition.
[0028] One preferred flame retardant is decabromodiphenylethane, which has the

following structure:

Br Br Br Br

8r Br BEr Br

Decabromodiphenylethane is commercially available, for example, from Albemarlc
Corporation (451 Florida St., Baton Rouge, LA 70801). The Albemarie product is sold as
Saytex™ 8010. Decabromodipheny]ethaﬁe is easily dispersed in the resin composition.
Decabromodiphenylethane also significantly improves dielectric properties of the cured
resin. Asa result, the flame retardant i_s included in the resin compositions in amounts far
greater than is necessary for a flame retardant in order to also enhance the dielectric
properties of the cured resin. When decabromodiphenylethane is used as the flame
retardant, it is preferably present in the thermosetting resin compositions in an amount of

9



2-155-7
erpol ymer from Sartoner (Elastoner) An unsaturated Polyester
}I)ecgbr)c/)rmdi henyl et hanel0- 5030-40 Cal ci ned d ay or20 - ?gziéz%ﬁ@&%esd
Silica (fil“r%zr"? ¢yl peroxide (catalyst)2 - 54 The PRY

are preferably suspended in a solvent such as tol uenoe, MEK or 50. 20
toluene/ MEK in a ratio ranging fromabout 50-80 wt %solids to >
w % solvent and preferably about 70 wt % solids to about 30 wth 0
sol vent. [0035] Yet other useful first resin conpositions have the
fol | owi ngé%ﬁl?ﬁw & Yeon abdpre §8 &6, amord Qe fedabbyrone btk 20 %tb@lb&ﬁltlb@% v@fealbh®
conposi tion.: from about 30 to about 35 wt %of Rl CO\I(r)'25 re3|bn,t
f r om about??2° PpwaiBbUEsia selids of b campasitizat ur at ed pol yester; from abou
20 to ab 5 wt % of decabronodi phenyl et hane; from abou't 32. '([)O f
about 38%\%29@ of OTeLRE Pre Fath s arg mpticie dnadalbd tet thS fitsothamaisb iy Win% O

di cunyl %%12182)%9061{3 in order to enhance the rate of resin cure. The catalysts chosen may be any
catalysts that are know to speed up the rate of thermosetting resin cure. Preferred catalysts
include peroxide catalysts that generate free radicals such as dicumyl peroxide, or tert-
butyl peroxybenzoate (commercially available from, for example, Akzo-Nobel Polymer
Chemicals LLC, Chicago, IL as Triganoi—C). A more preferred catalyst is dicumyl
peroxide. Catalysts are present in the thermosetting resin compositions of the invention
preferably in an amount of from about 2 % to about 8 %6, more preferably from about 3 %
to about 5 %, based on 100 % by weight resin solids of the composition.

[0030] One or more fillers can optionally be added to the first thermosetting resin
compositions to improve chemical and electrical preperties of the cured resin, Exa_mples
of properties that can be modified with fillers include, but are not limited to, coefficient of
thermal expansion, lowering CTE, increasing modulus, and reducing prepreg tack. Non-
limiting examples of useful fillers include particulate forms of Teflon®, talc, quartz,
ceramics, particulate metal oxides such as silica, titanium dioxide, alumina, ceria, clay,
boron nitride, wollastonite, and mixtures thereof. Preferred fillers include calcined clay or
fused silica. Anofher preferred filler is fused silica. Yet another preferred filler is silane
treated silica. More preferably, the silane treated filler is fused silica treated with epoxy
silane. When used, fillers may be present in the thermosetting resin compositions of the
invention in an amount of from about 0 % to about 40 %, preferably from about 5 to about
40 %, based on 100 % by weight resin solids of the composition. Preferably the particle
size of the filler is about 20 um to about 80 pm,

[0031] One or more solvents are optionally incorporated into the first thermosetting

10



[ 0036] A second exenpl ary high performance resin conposition

conpri ses: 1% at | east one epoxy resin; (2) at |east one styrene.

mal ei ¢ anhy'dt 1%88%748d (3) a bis-maleimdetriazine W PCT/USZ006/046598
2007/ 067649PCT/ US2006/ 046598 resin. The conposition optionally

i ncl udes one or nore of the following: (4) a filler; (5) a toughener;
(6) an accelerator; (7) a flane retardant; (8) a solvent; and/or (9)
ot her additives. The ingredients optional and ot herw se of the second
exenpl ar yresigs inmoréyr s¢ emro( fejin Viseodiyany inResdr fo hORRT] B eesinahfedigRO s
resin” in this context refers to a curable conposition of oxirane

ri ng- cont &ispinder diepepiam dstyas!vilaisiawivio édl ohd1ofGKIN in Miyart thpexyefiiasi ns, 2nd
Edition, (New York & Basle: Marcel Dekker Inc.), 1988. [0038] The
epoxy restanynstiorovighithpmnaspieing essinsygempositeiuenl. iPartionkddy uteulpoowitde t he
desired basic nechanical and thermal properties of the cured resin
and | ani n#fee paguletyikeient AGRIO, trlagngl andpoixipras dieress. Bhecholesé sdliat isar e
known to one of ggill in the art to be useful in resin conpositions
useful f of R REFPLRY the EsiRfyEne methedd Whanthsaesisis cpeo 3GhBebwpltes of

A L A R
pol ygl yci Eﬂﬁr of. phenal -f armal dehyde novol ac or i
cresol-fogﬁgrge ya%mﬁH§§P§?BYBW%?%§'g@FéP?@iﬁ?ﬁnﬁﬁﬁ%wﬁﬁmtm‘he
tris(p-hy. : : on the tetraglycidyl ether of
tetraphen@%gﬁﬁgﬁgggg%q?@g%@%gﬁgﬁﬂﬁgnFﬁgﬁé"Sﬁggﬂxﬁﬁgxmnahmnzo’6m

tetragl ycivdwl 8% Ry b eRgH! l?é?éc!nla@@ oPthe %al%{%?gaf‘lgglttﬁé Ysh q%!tioet her of

p- am nogl ycol ; cycl oali phatic types suc 0Se based on

3, 4- epoxyysa|ohexm fired dk¥rhplad, fsif BRXAE Yl DGR SRRk ggez%e% s lh‘i%? term

"epoxy resin” also includes within its scope feacti products o

conpoundscandnpidi&lihBgnA PerfXERAS Db pERRIEL Obcthif? bARESies. Oy L€ esters
af orenenti oned types) and aromati c di hydroxy conpounds. fﬁese

conpoundscamagrtibipata dd thg @oiysighigdtioh Whe theorpOAAQL BT 18418 BERbLS:. OF ¥Rl t O
epoxy resins which are derivatives of bisphenol A ("Bis-
cyanate esters can be used, including, but not limited to 2,2-Bis(4-
cyanatophenyl)isopropylidene (available from Lonza Group under the name Primaset®
BADCYy), bisphenol A cyanate ester (available from Ciba Geigy under the name AroCy™
B10), and mixtures thereof. When used, the cyanate ester(s) are present in the
thermosetting resin compositions in an amount about 2 % to about 15 %, preferably from
about 4 to about 8 %, based on 100 % by weight resin solids of the composition.
[0033) One useful first resin system has the following formulation, wherein amounts
are based on 100 % by weight resin solids of the composition.
from about 25 to about 35 wt % of at least one elastomer;
from about 2 to about 8 wt % of at least one ester;
from ah;out 20 to about 45 wt % of at least one flame retardant;

trom about 5 to about 40 wt % of at least one filler; and

from about 3 to about 5 wt % of at least one catalyst.
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A epoxy resin"), particularly FR4. FR4 is made by an advanci ng
reaction of an excess of bisphenol A diglydicyl ether with

t et r abr omroBIGPRENHGEOA. M xtures of epoxy resins with 13PCPEGS2006/046598
2007/ 067649PCT/ US2006/ 046598 bi srmal ei m de resin, cyanate resin and/or
bi smal ei mde triazine resin can al so be used. [0041I It should be
noted that epoxy resins are generally represented by a single,

unequi vocal structural forrmula. The skilled person wll know that
this shoullhd ipzediatesre tuspénded icesotemi iata Bgh RAAMIES ab&s gbigbr‘l,g‘yjsroggg
side reactions occurring during epoxy resin preparation. As these

si de produé?-30 eatsolvenitapd prefioatiphbanoNPeIEBIlide fo ALETH WROXIVESI NS,
they |ikew se constitute a normal conponent of the resins according
to this ilfRAht i dithemseil finserssinsompasitime sawntthd Pliswing EaiSiohd: On Of
this inveption.dn an _amunt from about 8 %to about 26 % and
preferab Iéffm 0 to about 23 9% based on 100 % by wei ght
solids o LEHIGHDNER BORIANSTE RESENOBMIbA THOAphenol |A
diglycidyl ether (BPADGE) can optionally be included with the epoxy
resin as E@EEFBESSI i nking agents. Both RieeBPRand thesdRADGE nay

opti onal I nat ed, i.e. substituted with oneAmbum®tasdy om ne
at ons. FRe-DiNioytberzent ng opti onad-y6%rom nated Bssphenol A
and optl rb BWISﬁ‘g‘P'EEf( fasismenol A di gl yci dyl ether that are

usef ul |gm t.ﬁ’ra{%ﬁ?ﬁb invention are described in U S. Patent No.

6, 509, 414. e dpecrtttion of which is i rchbY por at ed her eF7 by

ref er eng . In the present ipvention, the aromatic
noi eti e Q)g%ﬁédﬁf&éda&%hgég are preferably %‘Eﬁgtl tuted witRA%¥Ro
brom ne |@kbimed Ay @i ve tetrabronobi sphenolypA {oTBBA) and

t et r abr giredd SgeridlierA di gl yci dyl et her (TBBADCE), respecti ver
Optional|ly brom nated novol acs can al so be used as co-cross-Iinking
agent . dinyhpedtidotensy| i nki ng agents are preferred because of
their flame retarding properties. [0043] The desired Tesinm properties
determ ne the anpbunt of optionally brom nated BPA and optionally

br oni nat €tF BEwbEmstare trefeizhiyonypondddanl a isotient bl € @idie, WK drRftaRLe, it
has been found that the Tg of epoxy resins cross- linked with SMA can
be |ncr eME&insuiBYe BRinalfPYy dyputI0esdIseosblidtio 5eas vt 3eddyenngiaght  of
BPA. n ossible, as indicated WO

2007/ 067%2?@ ] 1988061 0465643 to about 30 wt % solvent.

[0035]

Yet other useful first resin compositions have the following formulation, based

on 100 % by weight resin solids of the composition.:
from about 30 to about 35 wt % of RICON® 250 resin;
from about 2 to about 4 wt % of an unsaturated polyester;
from about 20 to about 25 wt % of decabromodiphenylethane;
from about 32 to about 38 wt % of fused silica; and

from about 5 to about 6 wt % of dicumy! peroxide.

[0036] A second exemplary high performance resin composition comprises: (1) at least

one epoxy resin; (2) at least one styrene maleic anhydride; and (3) a bis-maleimidetriazine
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above, to obtain resins having glass transition tenperatures of 130C
and higher_even with sinple difunctional epoxy conpounds. Wen a _
co-crossli W%ﬁ%7’(§6}53t is used, it is generally present PRTHREHE 03P
about 5 %to about 60% preferably about 15 %to about 55 % based on
100 % by wei ght solids of the conposition. In a preferred enbodi nent,
the resin conposition contains both TBBA and TBBADGE. In this
preferred enbodi nent, the TBBA is present in an anount of from about
3 % to abetir Pl sumpisitipn eftemalbf iviclhidadmnaboribretor HetiolAhR (4) k%1% @
the TBBADGE is present in anmount of from about 9 wt % to about 30 wt
% pref ert@ighynary @hamiprseleratot; (i a Sorhoretdiznt; (D6 sotvedl; arAaiioased on 100%
by wei ght solids of the conposition. 2) Styrene Ml eic Anhydride
Copol ymer?dfiies | The dnssetioisiontioas! sod etheivisy of dsi sacand mpomspléry oat syseiude
one or nore styrene mal ei ¢ anhydri de conpounds (SMA). SMA i nproves
the thermal anD Bldpoky Radin properties of the resulting cured pol yner
and products nmade there fromby reacting with unreacted el astoner
i ngredie nd - .[,0045] Copol rs of rene gnd mal ei c
anhydri da ave. oo aE etk i L FRR WL b Seq SBRarBobP! ol yrrer
Sci ence aiga i i - Pa 225 Wthin.th mewor k
N HDRR oA conunc%(g%g%é)ihed RGN - E’g‘y’r}%’o@' geft“b% %\FL}E%PO“’

of this invention the term™co ro 11T Kew

m Xt ur es Mbw Sk &GoRp! ME%eSDQikeﬁM.?,Q@Qg.and mal ei ¢ anhydrides (S1IVIA) .
are comrercially available in two fypes. Type 2 conprises nostly

hi gh- nol r i_ght copol rs (MW generally higher than 100, 000,
for inst jﬁ@g? 1%%?%6?5”%5@@&@ TPH FORROsfiipaimPErs Pravide thhi ch are

unsui t abl g.f.q% i h nuf act ure. of _prepregs. Mreover, because
o the s galts ek alol el B A5 e B Sl Pep s ey

sui t abl e yfp¢ b8 e 1 RSFufe Lnki ) for'3 oxy.resin either. The
type 1 SMA C(;pol yners,p%gg%ngg%tt e?ﬁﬂga kn |§°"ﬁ§@ﬂ“@‘%7%fﬂ%’

wei ght i msdfii@n E@ﬂ%n%siﬁ@%ef%%?elg&oﬂﬁoéé&gggtegg% l?r@l‘ijna?esn anhydri de

content of nore than 15 % by wei ght, are especially suited for use

in corrpoiéotg"hgns Eof this.inventjon. Preference is al 50 %i ven to SVA
copol ymer's ~havi ng BP 1S PEEUIRFes\is inghide phenchiypesangieasshose hagd po 0, 000.

Ex I | incl yde the cc iall il abl e SMVA
r000" v iR et AR IECL A R ottt Reunp T e e habkenel

t i i i f.1:1. 2:1, 3.1, d 4:1

expoct | ol RN AL G CANL RnBliackids sl Bt hero6 1o about
2000. M s 85rOlyphdRPmetMhS oFBY ki Qel Bl Sk oﬁg’@ap@g.{lget rs are

present in the thernosetting resin conpositi ons WeUYRER i n

an anounkudhla®Moabedtd &Ote%%lgc;@}bﬂ%ﬁgrﬁed?/ Lef ?r'; ﬁ%g&(%%cg%ﬁnet%br%l 15 to

about 23 % based on 100 ¢ wei ght so fl S 0 osition. In
one enbogdiamimiglycth) eyAsaighiticAipes PN Ys (RS &s%&?ﬁg-%pa)ﬂfgycm. Nhaefils SMA
in order to provide an excess of functionality of the epoxy over the
SMA. | n BHiepoerhddiaxent arttdxglawe TgBiert abioky 0fsiPROX Yndhfel Rith® 9V pe
copolyner is preferably about 2:1 to about 1.5:1 (epoxy: SMA). (f)
Bi s- mal efattdatprodueisné corepiunss {D0AGTheexses@fdpdxheloBs@hdd BlLE €SI N
conpositions further includes a Bis- maleimdetriazine resin (BT). BT
resi ns apBregGntiecdinaicr)and eedniatib Hihydrosyredvhicitbe, Sitiese compounds may be
Bis-mal ejm detriazine resins are present in the thernosetting resin
conposi t BN §¥bstiRtted. i nvention in an amount from about 15 %to about
50 % preferably fromabout 25 to about 40% based on 100 % by wei ght
solids ofootie CoreresickiDEvor @hpdliSedMivinBlre E&[Jidaﬁpes[o‘%gfr%&e%@gﬁsi@r €
fillers can optionally be added to the second resin conpositions to
A epoxy resin"), particularly FR4. FR4 is made by an advancing reaction of an excess of

bispheno! A diglydicyl ether with tetrabromobisphenol A. Mixtures of epoxy resins with
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i nprove chem cal and electrical properties of the cured resin.

Exanpl es of ertr es that can be nodified with fillers include, but
are not Irrﬁ(f 8783549 coef fi ci ent of thermal expansion, | BAEUSHEEFS

i ncreasi ng nodul us, and reduci ng prepreg tack. Non-| imiti ng exanpl es
of useful fillers i ncl ude particulate forns of Tefl on(r), talc,
quartz, ceramcs, WO 2007/067649PCT/ US2006/ 046598 particul ate netal
oxi des such as silica, titaniumdioxide, alumna, ceria, clay, boron
nitride, denhdlecsidenetin.cyant ik bud/eDidhmenank vilnef ek ed Hid de%éi

i nclude calcined clay or fused silica. Another preferred filler is

fused siljpgfn; Yei | ane treated silica.
Nbr e preflgr at})l Y, ?}ﬁ)ggjts%rﬁ?tﬁ %tgg&g& {Jﬁs a]lreeéengr%ll eac'gfc{t?yceas’?gl%at ed

Wit h epoxynegiilabesruhen riseth, 1he |sﬂclﬁéos% Aot vl k& Ehalc s sgrﬂulg%%?n ®r om

t hernosetting resin conpositions of IS |nven ron In

about 0 Y%mtlodeatoiitin?B¥udty @fafiabiom EomaRavt ch-E 0 % based
on 100 % by wei ght solids of the con}posr tion. © r%l'cﬁ]m%p?& har

Toughenerpr§@0uis}. TAe thescideprbetsdos el Qﬁoﬁrﬁ%d?n&ﬂgﬁ%%b dJeQ ngg?gg-
i nclude one or nore toughners. The toughners are added to t resin
conposi t ittrrdikewisp pprsties 4 hentt tdnbp@bidt bt #e efsick H@coh%gllotthi@ GhveQsaRosi tes
and | am nates. Useful toughners include nethyl

net hacr yIERO8Y BHpaue ersertiy thersempositainyofeis inmettbact M ah@inbabAdhane %
styrene core sheII particles, and m xtures thereof. A preferred

t oughener® rRouf 26 Hapid arafemblhiom peave 1 & toybert@3 Coessihal 100 pabd WelkRS
which is V({’:’l f%bl e from Rohm & Haas (100 I ndependence. Mall Weést,

Phi | adel SRIE ° BR°OME8T i inder the trade name Paral oi de. Wen used,
tougheners are present in the thernpsetting resin conpositions of
this invéHdRbn iBisphendroBRA)fandior bilyoieiiol AldiBlytiayiadany (B HaEpecf er abl y
fromabout 2 to about 4 % based-on 100 % by wei ght solids of the
conposi t ioBiena{lphe ineludecerith treepp0049h @@-obsshiNiee 6| BoalHRE BPARRY
typically added to the second conposition to crosslink the resins and
to en hané}é’ RIPTE ey optionsdly e bronsnata ge. actoseiutrdat ity snech 082 b ynebe any
accel eratorsAi{hat are know to speed up the rate of thernosetting
resin cuf@MSASCERFYSERsdnc priEtEApE PR rhsonteaterbhispioneldh i qpaizedlgs,

nore par |cuI a{% Z”Ié(}/ éubstrtut ed i m dazol es such as

2- et hyl ’'m'd SPRREPI 2 Liehgidylethas thay e mpedeldo the prazemtimveptiomirdazol e,

2- phenyl v/ 6764 S 0 / 046598 4-net hylim dazole. O her

S u:ot ab?/edasg ce dér?a%tét)%gtefﬂhc é:oté ‘é e%friﬁaﬁ%"f‘éh‘éh Is incorporated herein

benzyl di nodi phenyl sul phone. One
pr efZ )er r Ieg? gé(%:fée&g?r{;tﬁso%@i?eﬁ f}l o ?@IIFSBEt Wﬁ?ﬁ%ﬁ? n]’ﬁ ?:Talli‘g‘i“emgfl’aé ‘g"rﬁ? drandof

accel eragp;\gggeg e of epoxy. resi the type of
cross-1inking agehlt%feq%ﬁ%a&%{g&%eggve{hg‘? T’e art%’f“grm g’éﬁﬁt ‘i’oﬁﬁ’bﬁplieéél

| ar ge anBUMBBRA) arCeehREALBE LI A gadidt 0. Y.oleactive resin
system The skilled person can eas%%l %etﬂgerr&n P%% anBun e f

accel er abDptiomabgt@thihc iV biadScah als8 Dk NscA%S b @o&@ﬂﬁm{x% %Htf T Gl
reactive to aflow ready processing into prepregs

anount wd-¢rofpiniieg ween dddirefndd D8t Blel Ham@ e ;ﬁs&hﬁg& :
cal cul ated on the overall weight of epoxy resin and ‘co-crosslinking

agent pr toi ir n cases this wll be the
0.01- 0. o@ﬁf/?by 3%%%% g‘f{éﬁ’%#ﬁ%‘" e ‘}é? amgurg of eRfHAERlY fgminated

BPA and optionally brominated BPADGE to be incorporated into the resin. For instance,

h

it has been found that the Tg of £poxy resins cross-linked with SMA can be increased

substantially by the vse of at least 5% by weight of BPA. It is now possible, as indicated
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the type anal anount of accelerator, the type and anount of solvent,
and the tygp of %ﬁﬁreg to be manufactured. In the specific case of 2
nmet hylimd fﬁw$m¥ 1) being used as a accelerator, it i8CPPRAUYHEYS
not to use nore than about 0.05% by weight of 2M. By way of general
guideline it can be said that it is advisable not to have a varnish
gel tinme of |less than 120 seconds. (7) Optional Flame Retardants

[ 0050] The second thernpsetting resin conpositions may include one or
nore Tl afBoYeeabtiimtesins awng glasseransfartelapdratitea bf | °C RANAIghG Heh weeT Ul
in resin conpositions used to manufacture conposites and | am nates
may be usSEWPle Eilugionebensry gemaninds.f Waeea eetrasstiaking agencisudes, ithut ar e
not limted to, halides of chidxl etherified bifunctional alcohols,
hal i des GPIBVeIE iR amaent elietpuns Yioto Shews 96 6, Are iy p B lLS B to about 55
polyvinygp%en I 3@ D, enol, creosol, al kyl phenol, catecohl, and

novol ac” résina °8deh 4% wrighralidn ofthe comppsjeien. dn plpmferadeimodamns tisuch
as anti j.oxj.de, red 0 rus, zirconi um hydroxi de, barium
net abor 2? é;s?/n %Hﬂ) m 'h%nr’r? %W?So%gﬂigggﬁﬂd MeH e P B smsstears erzbodimsnbs phor
flame AR, 49PCT/ US2006/.046598 retardants such as tetraphenyl
Phosphi \r/l\@ tr |é%g)£gfngt i 6?15"&?/']’“9 Sh gg’ﬁﬁ‘ﬁ?‘@? P 9 2eHyA pkioéprrafeeably from
cresyl di phapyk e I =diphenyl phosphate, acid phosphate
esters, phospﬁg?gﬁggggdﬁﬁﬁétﬁgﬁ %#%?%dS%F?’Bﬂé OULL A TORLEFHER ¥t YdPer s
cont ai ni agbulhad WHES prefl: t of resent,.in the second

t her nosetting resi h coﬁg?ﬁiagﬁgq?%ééﬁ{ogar?gﬁ%t% “(5:])(f’6’ferf’t ol aﬁﬁ%ﬂi P@ ooy
about 9%wejghedotidadritye dongyBs@iBauUt 4 to about 8% based on 100% by

wei ght resin solids of the conposition. [0051] Anot her optional flane

retardant i j nyl. et han whi ch has the foll ow n
structure: ! ézﬁm%%g{e%gfcpﬁbn%ygn& gopo%ﬁ-ner 1 S W ng

[0044] The second thermosetting resin compositions include one or more styrene
maleic anhydride compounds (SMA). SMA improves the thermal and electrical properties

of the resulting cured polymer and products made there from by reacting with unreacted

elastomer ingredients and by-products.

[0045] Copolymers of styrene and maleic anhydride have been described, inter alia, in

Encyclopedia of Polymer Science and Engineering Vol. 9 (1987), page 225. Within the

framework of this invention the term "copolynzer” likewise refers to SMA or mixtures of
SMA. Copolymers of styrene and maleic anhydrides (SMA) are commercially available in
two types. Type 2 comprises mostly high-molecular weight copolymers (MW generally
higher than 100,000, for instance, 1,000,000). These are in fact thermoplastics, which are
unsuitable for use in the manufacture of prepregs. Moreover, because of their low
anhydride content (5-15%) they are not particuiarly suitable for use as a crosslinking agent
for epoxy resin either. The type 1 SMA copolymers, on the other hand, which have a

molecular weight in the range of about 1400 to about 50,000 and an anhydride content of

i35



Br Decabr onodi phenyl ethane is commercially available, for exarrpl e,
from Al benarl e Coré gration (451 Florida St., Baton Rouge 70801)2;
The Al bemaM%2 Bt i s sold as SaytexTM 8010. Ben/mShddivios
Decabr onodi phenyl et hane has been unexpectedly found to be easily

di spersed in the resin conposition. Decabronodi phenyl et hane al so has
t he unexpected and synergistic result of significantly inproving
dielectric properties of the cured resin. As a result, the flane

r et ar dantmemthapel 5i9% 61 wdrdt, kit bhRiabecoitd f6rast h GAIFPAGhEs il MvaiRHNt S
far greater than is necessary for a flame retardant in order to al so
enhance tHrefecined Batsd igtvep roOfidnt dopslymkrstibeing bl mettcii@SkEight\M €k range of
decabr onodi phenyl ethane is used as the flame retardant, it is

pr ef er abl M0p ke $&HA0. iBxatnhks bherhogatimerginciedd the cmmnemaﬂly enslable Sama
anount of from about 10 %to about 50 % nore preferably from about
20 %t o ali9ltS™M5 00,5364 30¢h and 8400 iThte comdimers hviedstofnetnrdeic
conposition. Wien a bromnated flane retardant is used, it is

pr ef er abl 4AbpirEsanio ofdlarp: hidguaed &1f ferrerdvety, sl aynelosuler weighsratigingr omi ne
content to the conposition of about 8 %to about 30% preferably
about 10 TY" 2Byt 4 %’O%QQ% Mt fAtey Pe? 6y PEr/HessabePd46598 100
% by wei gbhﬁ sol i ds _of % ﬁ}e osition Sol vents [ 0052] One or nore
sol vent's 38“??/%%@533?'? " e HB?SSFE‘&T?“W{%? PRETERS S S tWENEdRET i ng
resins in, or b resr esin.viscosity,
and in ort Oug'? rrrrra"i“rbnt%/j haé:'mr‘tem 1l Pnﬁ fragféﬁ%’m%"%fs o&he @ﬁ(ﬁéd’aﬂe‘j on

di sper si Ofbo AABY waRkYSks KRV BYSARE 9Jon%%rrb!3dlr1@n L 18.q rorjmtogeg&yusef ul

in COI’]] unction wit therm)settln

Par ti cul agdiy ex@8dsdthe SRbEDE §MlArr9 |0Hﬁ:?tcﬁ§5\h&l, &r&xésgarm@m(dxﬁﬁ)eafé%i ce

t ol uene, dinethyl formam de (D1VIF), m xtures thereof
of sol vergpokﬁowrwsmcmmcénwdmt rtreeswagrﬁ Htio'lﬁeﬁ@&h@sqin todi@R the
resin is cured with hot air, then ketones are typically the preferred

sol vent .. dbhemhepre@&amazaruezﬂl%oawwd.s t@suxysMaAXt ure of ketones and
toluene is typically pref erred When used, solvents are present in

the thernoset thNng; L8841 Qns of this invention in an amount
of from about (Zﬁg%%tola bout @gk/ése{g a wei ght percentage of the total

wei ght of the conposition. [0053] Optionally, the second thernpsetting
resin cortBb¥lti ohhaiggeribermaretinsesn romrnEionatidhen ivdudesucRisas

def oam ngﬂalgené . evel.i %;ant s, dyes, and pignments. For exanple, a
f I uor escelt CyEelappegesia TJef'H%arFé%rFﬁerEBHiﬁé‘é‘i“P‘iﬂSﬁ'o sybihée

anount toBcau am nat e pr ared there fromto fluoresce when

exposed t0 ‘“‘g“ﬁr 'apine LSS 1S %ﬁfra'pfnéhe& r'rneaqurgrrsﬁi%ewwtwaPmﬁnt

e STl g e e SLARLY o et e e, Gl el

benzoxazojoal, w@uRbl ARl ) LRCLIRS SPRELahSkher cal s Tarrytoun, New

York. [0054] One usef ul secono? conposition has the fol I ow ng

fornmul ati on:
{4) The Optional Filler

(0047} One or more fillers can optionally be added to the second resin compositions to
improve chemical and electrical properties of the cured resin. Examples of properties that
can be modified with fillers include, but are not limited to, coefficient of thermal
expansion, lowering CTE, increasing modulus, and reducing prepreg tack. Non-limiting

examples of useful fillers include particulate forms of Teflon®, tale, quartz, ceramics,
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SECOND EXEPAI LARY HI GH PERFORMANCE RESI N FO?\’A/() | DLATI g\l _ o

| NGREDI ENTSRange( wt % Preferred Amounts(wt % Epoxy Resin -
2007/ 06764900 V}%Z@@G/ 046598 - Bi s-A Epoxy Resin 10-26 !’LST’E@"DG/NGD%
Brom nated Bi s- A Epoxy (TBBADGE) 9-30 13-26 - Tetrabronobi sphenol A
(TBBA) 7-21 11-19

particulate metal oxides such as silica, titanium dioxide, alumina, ceria, clay, boron nitride,
waollastonite, and mixtures thereof. Preferred fillers include calcined clay or fused silica.
Another preferred filler is fused silica. Yet another preferred filler is silane treated silica.
More preferably, the silane treated filler is fused silica treated with epoxy silane. When
used, fillers are present in the thermosetting resin compositions of this invention in an
amount from about 0 % to about 20 %, preferably from about 0 to about 10 %, based on

100 % by weight solids of the composition,
{5 The Optional Toughener

[0048] The second thermosetting resin compositions may include one or more
toughners. The toughners are added to the resin compositions to improve the drillability of
the resulting composites and laminates. Useful toughners include methy}
methacrylate/butadiene/styrene copolymer, methacrylate butadiene styrene core shell
particles, and mixtures thereof. A preferred toughener is methacrylate butadiene styrene
core shell particles, which is available from Rohm & Haas (100 Independence Mail West,
Philadelphia, PA), sold under the trade name Paraloid®. When used, tougheners are
present in the thermosetting resin compositions of this invention in an amount from about

i % to about 5 %, preferably from about 2 to about 4 %, based on 100 % by weight solids

of the composition.
{6) Accelerators

[0049] One or more accelerators are typically added to the second composition to
crosslink the resins and to enhance the rate of résin cure. The accelerators chosen may be
any accelerators that are know to speed up the rate of thermosetting resin cure. As suitable
accelerators may be mentioned imidazoles, more particularly alkyl substituted imidazoles

such as 2-methylimidazole and 2-ethyl-4-methylimidazole, 2-phenylimidazole, 2-phenyl,
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SMA 10-26 15-23 Toughener 1-5 2-4 Methacryl ate butadi ene styrene core
shel | part‘iv%lzgosmmﬁ(wPar al oi d 2591) Accel erator 0.05-1. I(’)CTIUSZOOGIO%SQS

4-methylimidazole. Other suitable accelerators include tertiary amines, e.g.
benzyldimethylamine and 4,4’ and 3,3’ diaminodiphenylsulphone. One preferred
accelerator is 2-ethyl-4-methylimidazole, The amount of accelerator used is dependent on
the type of epoxy resin, the type of cross-linking agent, and the type of accelerator.
Employing a too large amount of accelerator will lead to a too highly reactive resin system.
The skilled person can easily determine the amount of accelerator needed to provide a
resin system that is sufficiently reactive to allow ready processing into prepregs. In
general, such amount will be between 0 01 and 5% by weight of accelerators, calculated on
the overall weight of epoxy resin and co-crosslinking agent present in the composition. In
many cases this will be the 0.01-0.05 % by weight range. The resin gel is dependent on
the type anal amount of accelerator, the type and amount of solvent, and the type of
prepreg to be manufactured. In the specific case of 2 methylimidazole (2MI) being used as
a accelerator, it is preferred not to use more than about 0.05% by weight of 2MI. By way
of general guideline it can be said that it is advisable not to have a varnish gel time of [ess

than 120 seconds.
(7) Optional Flame Retardants

[0050] The second thermosetting resin compositions may include one or more flame
retardants. Any flame retardant that is known to be useful in resin compositions used to
manufacture composites and laminates may be used. Examples of useable flame
retardants include, but are not limited to, halides of glycidyl etherified bifunctional
alcohols, halides of novolac resins such as bisphenol A, bisphenol F, polyvinylphenol or
phenol, creosol, allylphenol, catecohl, and novolac resins such as bisphenol F, inorganic
flame retardants such as antimony trioxide, red phosphorus, zircon.ium hydroxide, barium

metaborate, aluminum hydroxide, and magnesium hydroxide, and phosphor flame
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02-0.5 BT Resin 15-50 25-40 Filler 0-20 0-10 The ingredients are
suspended in a DMF, MEK or MEK/ DMF solvent in a ratio ran%i ng{fr_om
about 50- 8WAAHEHP ds t o 50- 20 wt % sol vent and pr ef er aBFYUSAIBIR6PH
wt % sol ids to about 30 w % solvent. [0055]In addition to the resin
systens identified above, any resin systemthat is know to a person
skilled in the art nowor in the future that are useful in the
preparation of a printed wiring board |lam nate and in particul ar,
hi gh specétardgats hlilcghtstmeg@abwmiﬁdcmgickmﬁrcﬁbﬂeaﬁngnag Ste ¥t PSSR | N
the met hods and products of this invention. T[0056] The resins uséd in
this i nvefitsySipheaiphenidatrgx ey ginbprve ghasphaB, stia gReEsph@s bdlers MGIHa@Nd
for making the resin coated |ow profile copper sheet may include
opt i onal PIPPYIS contaping aitragen.fanyl peasehatd dsteviscohtiningiealidad. | Kb @tatfants
dielectrig ;Fro erties of E‘ge resul ting copper clad |am nate.
Mor eover ,“$ P88 thesqopd theragsstiingspdn pamositioysin@maamdnigifotihaboatier
and still usef pn.controlling dielectric properties of the
resul ti né‘b%:)l%gp%’rpr%ﬂ“ﬁh@ TR ARAUEA 1 BOEHA Shrasest aplI8 e by wEight mgiedolidesitn
sheet s incl an optional core. Any core materials used in |ow
di el ect ??%ec}og%gﬂﬁgnrﬁ nates may be used. It is preferred that, if a
core material is used, then it is a woven glass fiber.

[0051] Another optional flame retardant is decabromodiphenylethane, which has the

Br Br Br Br
BrQCZH4QBr
Br Br Br Br

Decabromodiphenylethane is commercially available, for example, from Albemarle

tollowing structure:

Corporation (451 Florida St., Baton Rouge, LA 70801). The Albemarle product is sold as
Saytex™ 8010. Decabromodiphenylethane has been unexpectedly found to be easily
dispersed in the resin composition. Decabromodiphenylethane also has the unexpected
and synergistic result of significantly improving dielectric properties of the cured resin. As
a result, the flame retardant can be included in the second resin composition in amounts far
greater than is necessary for a flame retardant in order to also enhance the dielectric
properties of the cured resin, When decabromaodiphenylethane is used as the flame
retardant, it is preferably present in the thermosetting resin compositions in an amount of
from about 10 % to about 50 %, more preferably from about 20 % to about 45 %, based on
100 % by weight resin solids of the composition. When a brominated flame retardant is
used, it is preferably present in an amount sufficient to provide a total bromine content to

the composition of about 8 % to about 30 %, preferably about 10 to about 20 %, based on
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W0O2007/ 067649PCT/ US2006/ 046598 [ 0058] The next step in the process of
the invention is the lamnation of the resin coated |low profile
copper wit NP7 ¥p¥8g. Prepregs are general 'y manuf act UFEHU%P?{@“’?;"{’S
core material such as a roll of woven glass web which is unwound into
a series of drive rolls. The web then passes into a coating area
where the web is passed through a tank which contains a thernosetting
resin conposition, solvents and ot her conponents. The gl ass web
becones sH¥0\p By weizhi woHds ¢féhe easipesitiont he coating area. The resin
saturated gl ass web is then passed through a pair of metering rolls
whi ch renove ex@R&&ntsesin fromthe resin saturated gl ass web and
thereafter, the resin coated web travels the length of a drying tower
for a sel %%zﬁ:d reioord of ti unti| the solvent is at |least partially
evapor at G0 om THe s SmE © HRASUBeuRRIasE indodeisergad gfermessiting can
be appli ; ting these steps yntil the preparation
of the p?gsé'ﬁsgag%hgrwm% %et‘%?‘ﬁ/%@?*é@%oﬁ°'ﬁﬂ§mblPé%F%s&yi and iy aislar emantpia) | .

[ 0059] Lamhdati : ful in. th resent invention typically
entail a st ail&?%ﬁ&%%%gﬁgggﬁpgﬁ%g Leé{l '56%1”518?1 'e%"?é%’e/ié% BarhReerest akipin thso
sheet's ofaritthee iR&i1 h &R ' f the invention .Thus,
if two sheets of resi nﬁ%:nggﬁdewg% gj\%vglé)dr% & %gglgs Bers 4re Elﬁlé%dgﬁ-}aftﬁéraﬂy

prepreg luagfersonichs ifoleic RREWRREY kel MERNES|uBnd AR Qquz?TQ{dg@g,@ .
copper sheets such that the copper layers Iie-on the outsi su%Paces
of the r esututdstigrdoinTadheicsbeativert QUBR) bR taRAeyRXARRL ulls Achill €
cycle, the stack is maintained at a pressure of about 40g psi to about
900 psi AMepnuifroissin ds apaciuwith oft aapdet kdeheks Brehigbicallp eheSiréeked SIREL At Ur €
is raised fromabout 180 F to about 375 F to 450 F over a period of
about 20-Y6EFnihargtiasare Theursd.dlodo o eivhiraef latonas sriplResd i pidfly sRerHEd.375
F- 450F for 75-180 m nutes after which the stack is cooled froma

t enper at uV8obYsed F8IvEnta B presers in thedhmorsttingeedf camsitionHofthie Waentaon20
-50 m nuterperi od.é{0061] | n anot her Brocess for manufacturing

| ami nat ed” *IEbT IR EME 2% o Bb@SQ &eias aweleltipricerjasecxtied tohueight
anbi ent ég%erat&rte and pressure. The viscosity of the pre-mx is
about 600- 6ﬂn%plsm§hd can be .adjusted by addi ng or renoving sol vent
fromthe resin. A fabric substrate, such as E glass, is pulled

t hrough #%8h t Srkonalic] thelbsvgnd thernprseming edinfce b bsitid v OUGRh& LoOMEN
tower where excess solvent is driven off and the prepreg is rolled or
sheet ed PHAYRIvanHch aydafoamng azentselevelivgiapereo dyed tarklipggm@nofiok € copper
sheets in varioys constructions depending on glass weave style, resin
content Ui R HELEsERiYE cahbnadded b2 tiNmompbsitidrtien texanpbet af a

process {or nuf acturin Iarg nates, a resin coating
ause a lamunate prepared-there from to fluoresce when exposed to UV light in a board

shop's optical inspection equipment. A useful fluorescent dye is a highly conjugated diene
dye. One example of such a dye is UVITEX® OB (2,5-thiophenediylbis(3-tert-butyl-1,3-

benzoxazole), available from Ciba Specialty Chemicals, Tarrytown, New York.

[0054) One useful second composition has the following formulation:

SECOND EXEPMLARY HIGH PERFORMANCE RESIN FORMULATION

INGREDIENTS Range{ wt%) Preferred Amounts(wit%)

Epoxy Resin
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t hat

first coated on a

partial |y QY3800

is conpatible to the resin coating the high profile copper is

repreg or C-staged | am nate and optiona
@ resin coated low profile copper isftH

| |
gﬁ%oa/omws

T

| am nated with the coated prepreg or C-staged | am nate and processed

as descri

facilitate to lam nation of the two sheets.

resins a

Conpati ble resins are generally resins that
Preferred conpatibl e
re preferably low loss materials that adhere well with the

bed above.

resin on
on the c
the inve
boar ds.

| am nat e

the coppg,

further

| am nat e
i nventio
[ 0066] Th
the neth
hypot het
i nt ended
st andard

t he BopperyR¥articul arly prefermged s TO Upesl e Same Tesit
3pp§§§§¥§f§ﬁiﬁﬁ§§%ﬂ Epr | ahinate. [0063j34s noted above,
ntion al 80 provi‘te€ Mam nates #dr use in prilf®ed circuit

A | am nate of the invention conprises: one or nore prepregs
$#™Mget her with one or nore | apess of coppers-250il, wherein

i.] is alowprofile copper foil. [0064] The invention

hrglc

A8 SouRi kBB he Cdrd Gl duruPi@ar dS° conpri si ng the or nore
RPageoidEsigr i bed in the precedi ng paragraph. [0065] The

&.fyrther provi des resin coated | ow profile copper sheets.
S°Tf8ht i on further provides |%Milfates prepwd@dl according t
pdRcgescri bed herein. EXAMPLE [[QQ67] The foh&g@ ng

cal exanple is illustrative of "t he invention, but is not
Fily 1imit its scope. [0068] Low-2orofile copperois coated in
RCC process with a resin WD 2007/ 067649PCT/ US2006/ 046598

r

q

conposi t

on conprising the ingredients showm in Table I. Toluene is

Tab

used as vent le T ..
8 ﬂlgre%zents are suspengled in a DMF, MEK or MEK/ DMF solvent in a ratio ranging

from about 50-80 wi% solids to 50-20 wt% solvent and preferably about 70 wi¥% solids to

about 30 wi% solvent,

[0055] In addition to the resin systems identified above, any resin system that is know

to a person skilled in the art now or in the future that are useful in the preparation of a

printed wiring board laminate and in particular, high speed and high frequency wiring

board laminates may be used in the methods and products of this invention.

[0056] The resins used in this invention for making the prepreg or C-staged resin

sheets and for making the resin coated low profile copper sheet may inciude optional

fillers, The use of fillers allows for the tailoring of dielectric properties of the resulting

copper clad laminate. Moreover, fillers can be used in one resin system and not the other

and still be useful in controlling dielectric properties of the resulting copper clad laminate,

[0057]

The prepreg or C-staged resin sheets may include an optional core. Any core

materials used in low dielectric loss laminates may be used. It is preferred that, if a core

material is used, then it is a woven glass fiber.
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Mat eri al Anmount (percentage of 100 % solids) Ricon(r) 230 (? stzreng
but adi ene di vinyl benzene el astoner) 50 % an unsaturated pol yester
%)Decabronﬂﬁ?ﬁﬂéﬂ??@thane flame retardant 36 % Di cunyl 5g$%§¥@gmmxm
catalyst 9 % [0069] The resin is coated to provide a thickness of
about 200 microns (follow ng partial cure). As part of the RCC
coating process, the resin on the copper is partially cured.

[0058] The next step in the process of the invention is the lamination of the resin
coated low profile copper with a prepreg. Prepregs are generally manufactured using a
core material such as a roll of woven glass web which is unwound into a series of drive
rolls. The web then passes into a coating area where the web is passed through a tank
which contains a thermosetting resin composition, solvents and other components. The
glass web be‘.comes saturated with the resin in the coating area. The resin saturated glass
web is then passed through a pair of metering roils which remove excess resin from the
resin saturated glass web and thereafier, the resin coated web travels the length of a drying
tower for a selected period of time until the solvent is at least partially evaporated from the
web. Second and subsequent coatings of resin can be applied to the web by repeating these
steps until the preparation of the prepreg is complete whereupon the prepreg is wound onto
roll.

[0059] Lamination processes useful in the present invention typically entail a stack-up
of one or more prepreg layers between one or two sheets of the resin coated low profile
copper of the invention. Thus, if two sheets of resin coated low profile copper are used,
the prepreg layer will lie between the two resin coated low profile copper sheets such that
the copper layers lie on the outside surfaces of the resulting laminate sheet.

[0060] In one example of a cure cycle, the stack is maintained at a pressure of about 40
psi to about 900 psi and under a vacuum of about 30 in/Hg. The stack temperature is raised
from about 180° F to about 375° F to 450° F over a period of about 20-60 minutes. The
stack remains at a temperature of about 375° F-450°F for 75-180 minutes after which the
stack is cooled from a temperature of 375° F-450° F to a temperature of about 75° F over a
20 -50 minute period,

[0061] In another process for manunfacturing laminates, suitable resins are premixed in

a mixing vessel under ambient temperature and pressure. The viscosity of the pre-mix is
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[ 0070] A Iarri nate is prepared using the resin corrposit:on ishovvn in
Table 2. Tol uene I.s used as solvent to provide a total so ont ent
of about 6%¥NTHSIE 2. Mmaterial Amount (per cent age of fﬁ@’”ﬁ’/‘ﬁm“%
solids) Rican(r) 250 32% an unsaturated pol yester 3 % _

Decabr onodi phenyl et hane fl ame retardant 23 % Fused silica filler 36 %

about 600-1000 cps and can be adjusted by adding or removing solvent from the resin. A
fabric substrate, such as E glass, is pulled through a dip tank including the premixed resin,
through an oven tower where excess solvent is driven off and the prepreg is rolled or
sheeted to size and layed up between resin coated high profile copper sheets in various
constructions depending on glass weave style, resin content & thickness requirements.
[0062] In a further example of a process for manufacturing laminates, a resin coating
that is compatible to the resin coating the high profile copper is first coated on a prepreg or
C-staged laminate and optionally partially cured. The resin coated low profile copper is
then laminated with the coated prepreg or C-staged laminate and processed as described
above. Compatible resins are generally resins that facilitate to lamination of the two
sheets. Preferred compatible resins are preferably low loss materials that adhere well with
the resin on the copper. Particularly preferred is to use the same resin on the copper and
on the prepreg or laminate.
[0863] As noted above, the invention also provides laminates for use in printed circuit
boards. A laminate of the invention comprises: one or more prepregs laminated together
with one or more layers of copper foil, wherein the coppér foil is a low profile copper foil.
[0064] The invention further provides printed circuit boards comprising one or more
laminates as described in the preceding paragraph.
[06065] The invention further provides resin coated low profile copper sheets.
[0066]  The invention further provides laminates prepared according to the methods
described hercin.

EXAMPLE
[0067) The following hypothetical éxample is tllustrative of the invention, but is not
intended to limit its scope.

[0068] Low profile copper is coated in a standard RCC process with a resin
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Di cunyl peroxide catalyst 6 % [0071] Thus, a prepreg is first
prepared usi 03" woven glass fabric and the conposition in Table
2. The rest® ﬁW"‘Fﬁ(é”prepreg is partially cured. [0072] APEHHPHAGTW6578
t hen prepared by the stacking-up of one or nore prepreg |ayers

bet ween one or nore sheets of resin coated |low profile copper. For
the cure cycle, the stack is maintained at a pressure of about 40 psi
to about 900 psi and under a vacuum of about 30 in/Hg. The stack

t enper at woelpbﬁtl&pdo%@ﬁs&%% ingeubnd 8RR TANOY! T3i(oR QUgks a8aBALdpd Of
about 20 m nutes ack remains at a tenperature of about 375F
for 75 mnutes after which the statdds cooled to 75F over a 20 °

m nute period. [0073] Therdtenalpr of i1 e [copper Taggswpeel Strength of
the | am nate de above W II be about qp&cbﬂagbmool’% BRdHn,| This

conpares to an trehgt h—of—about—2—-tbstHHna—when the | ow
profile copper %ﬁin?h%ﬁe ‘rgnﬁ”ee taﬁlg'_?eect ed to a r/épreg [0074] It is

contenplated th

TRYLLTTC ,'
conposi tions, prg 31 ates cotrpostt of—~the—p
i nvention wt ho%taae'% bflfpﬁé }4 wne? e ispirit an?% }c’ope

invention as defpgHyITJLddie JalinlPW g Charms 55,

{0069] The resin is coated to provide a thickness of about 200 microns (following

esent
t he

partial cure). As part of the RCC coating process, the resin on the copper is partially

cured.

[0070) A laminate is prepared using the resin composition shown in Table 2. Toluene
is used as solvent to provide a total solids content of about 69 %.

Tabie 2.

Material Amount
(percentage of 100 % solids)

Ricon® 250 32 %
an unsaturated polyester 3%
Decabromaodiphenylethane flame 23 %
retardant

Fused silica filler 36%
Dicumyl peroxide catalyst 6%

[0071] Thus, a prepreg is first prepared using 0.03" woven glass fabric and the
composition in Table 2. The resin in the prepreg is partially cured.

[c072] A laminate is then prepared by the stacking-up of one or more prepreg layers
between one or more sheets of resin coated low profile copper. For the cure cycle, the
stack is maintained at a pressure of about 40 psi to about 900 psi and under a vacuum of
about 30 in/Hg. The stack temperature is raised from about 180°F to about 375°F over a

period of about 20 minutes. The stack remains at a temperature of about 375°F for 75
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CLAI M5 . A nethod for preparing a lamnate for use in the
manuf act ur e of inted circuit boards, the nethoq conprjsing: . _
providinglgogﬂgﬁkhgé | ow profile copper foil having a fféQPgEWﬁémgﬁd
a second side the Iow profile copper foil sheet including at |east
one rough side having a surface roughness of fromabout 0.25 to 3.5
m crons: applying a layer of low dielectric loss resin to the
at | east one rough side of the Iow profile copper foil sheet;

parti al | ymgiutel Afer bion tBY 85k cdd Fi784EGF b 60 hfsE: depisin to forma
resin coated |l ow profile copper sheet having a partially cured resin

surface qoor®a CopPRAbwPHIIaEpedashsr peel stredgf B lhfl fhatetfade @BV Witttk ace
of the resin coated |ow profile copper sheet to a resin sheet

i ncl udi nghbautfd, Herabemrsabi/m, fhisvompeREtd@l &pkdsd pag seetip pRAbositZ frame and
having a resin gap that divides the fiber core material fromthe | ow
profil e ceoppehe bivgetfile copper foilds laitimtedaditecdd af a memegn 1 wherein t he
resin sheet is a prepreg including a core materi al . 3. The

nmet hod of[08T4i m Riswhetemphtadibat veriensmuddéfidatibnsinsaywe wexde ¢ the spmpositions, 4.
The met hod of claim 1l wherein the resin sheet is a Cstaged resin
cont ai ni rRyelrags aaiigates and compagitesfghanressoidnedtion witheut dopseing frore He

| am nation_of the resin coated | ow profile copper sheet to the resin
sheet f orWHItaNG goph ofap inyertifaes defineddpths follavarg dimsnd the | ow profile
copper | ayer. 6. The nethod of claim 1l wherein the resin |ayer
is selected froma liquid resin |layer, and a b-staged resin sheet.

7. A lamnate conprising: one or nore resin sheets each resin sheet
including a resin inpregnated fiber core; and
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at | east one resin coated |low profile copper sheet |am nated together
with the one or nore resin sheets wherein the resin coated | ow
profile copper sheet further conprises a |layer of |ow profile copper
having at | east one side with a roughness of fromabout 0,5 to about
3.5 microns and a layer of low dielectric loss resin applied to the
at | east on ﬁh‘qg of the low profile copper sheet having a roughness
of from abotit*8M8 to about 3.5 microns wherein a resin gap divides
the fiber core material fromthe low profile copper sheet. _ 8.
The laninate &f “4masthads formenceing a Rainakr or st é ithe mpuRgive PIgiraded, circuit
9. The | ami brefds. be metheinwpmerisingrein the resin sheet is a C staged
resin contai ni ngrPadngatsheet of low profilp, coppes fpihhdvieg @ fivst side andre g@ond side the
i ncl udi ng alorexpiilelcagrer faiksheeidatledingeitlvrsbencaovgsiite bAvawta sinfdcearongwiess of
coat ed | ow freofabdud 0CGpPAIS slomas:. 11. The lam nate of claim 20
wher ei n the resiapplyinger laya fdbve dicdttricriosyrasih togthe dt keesiofe baugk kide afi thedow
b- st aged r epioflesbpet foil sheet; 12. A printed circuit board including at
| east one | am nafa@iaflfy dukiaj Mhel Gayer of low dRlectHaCobsardbinaboeionh LleginnaodRd low
wher ei n t hepl Rkl ddpseh SRfet haviry PpRRAIE Lkl GésupElc SantV@ppdrstEficeCalie
mat eri al . laminating the resin surface of the resin coated low profile copper sheet to a resin
sheet including a fiber core to form a laminate having a copper surface and having a resin
gap that divides the fiber core material from the low profile copper sheet.

2. The method of claim 1 wherein the resin sheet is a prepreg including a core
material.

3. The method of claim 2 wherein the core material is woven glass.

4. The method of claim 1 wherein the resin sheet is a C-staged resin containing
laminate.

5. The method of claim 1 wherein the lamination of the resin coated low profile
copper sheet to the resin sheet forms a resin gap between the core material and the low
profile copper layer.

6. The method of claim 1 wherein the resin layer is selected from a liquid resin layer,
and a b-staged resin sheet.

7. A laminate comprising:

one or more resin sheets each resin sheet including a resin impregnated fiber core;
and

at least one resin coated low profile copper sheet laminated together with the one or
more resin sheets wherein the resin coated low profile copper sheet further comprises a layer
of low profile copper having at least one side with a roughness of from about 0.5 to about
3.5 microns and a layer of low dielectric loss resin applied to the at least one side of the low
profile copper sheet having a roughness of from about 0.5 to about 3.5 microns wherein a
resin qap divides the fiber core material from the low profile copper sheet.

8. The laminate of claim 16 wherein the core material is woven glass.

9. The laminate of claim 16 wherein the resin sheet is a C-staged resin containing
laminate.
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10. The laminate of claim 16 including a resin layer is located between a resin sheet
and a resin coated [ow profile copper sheet.

11. The laminate of claim 20 wherein the resin layer is selected from a liquid resin
layer, and a b-staged resin sheet.

12, A printed circuit board including at least one laminate of claim 16.

13. The laminate of claim 16 wherein the resin sheet is a prepreg including a woven
fiber core material.
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