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hi gh speed and hi gh frequency printed circuit boards.
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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 of the 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.

[0003] 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 to 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
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[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.

[0009] 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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eet s and copper clad |lam nates of this invention in
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for their manufacture and Figure 2A is a cross section
of a portion o roduct . DETAI LED
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prepare accor
rof| e hi bi t_ 1 ow ¢ onduct or | oss and good
[001 gn §J| g%rg ?egrscPema ctsryﬁnow?ng B- stage resin coated low profile cop%er

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

3



enhanced peel strength. In particular, the invention
i ncl udes B-staged resin coated |ow profil e copper
wehewts7@s wel | as copper clad | am nates prepaPed/us006/0463598
| am nating B-staged resin coated | ow profile copper
sheets to prepregs. The copper clad | am nates of
t hi si nventi on have i nproved peel strengths in
conmparison to | am nates made by bonding | ow profile
. copper foil directly to prepreg. The higher pee
inveriqndRy e Hnpover eeef siréngths it empnsisen tenlaminafes apadgiby ponding low
resi stance as the copper tooth profile is enbedded in
profilg coppersiol slirgetheoinrerips, Thechigher geq)strengtibisglup & a bi¢tien bendjand
b cgﬁtact the prepreg core material (usually a woven
ettef Fp BPiegisiancy %itth CQRRPTAC e TS iy gbpddechinithgBrstaged resin and,
lectric strength as conpared to the resin. This is

d
asay eﬁ‘%&&ﬁﬁ ntdiregily gatachihe REspEceseremaigrial (rsugy amirven fiberglass
rt . where the teeth 12 of a low profile copper film
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contrapt 1 te el Igure A @ng fhedsior ast st the frethal? ofiatlnwirsefile
hi@@f vogiages acrogs the |am nate z-direction and
COPPE [5‘8%’3 RHORRdate the wouen fibezelasscorrithof agpaper dlad laminate
0 r.clad |lamnate .dielectric properties are al so
55. B RR s he GonReRl HE |-Gulns Bl L rer B R dagan v eadpaher
0014 he di.el ectric. properties of the copper clad
voltag el e IRCIaR R oo a6 o Pamedhierer s Bl stssguein ow
afil e I n. coat ed copper .sheet can be used as a
OverdlL Rorreg o{pg Jarinpif ShqTory < HEPTE 4t lep Entappest Brfesingrlg loss and
lm”ﬁ%§$‘ %%&on factor of the resulting copper clad

nate."As an exanple, a 3.0 m| lamnate with a

o0 5SRO B e e P e
s A s B P BB e 8 2 & AR
o e B 1 G 250 D20
i AGGP SN 5 R PRS- B IBRA gl
dielegtﬁéil&sto? 0.20 can be upgraded to a 5.0 mil laminate with a DK of about 3.4 and a
dielectric loss of 0.013 by cladding 1 mil low profile copper foil with a resin having a DK
at 2.5 and a dielectric loss of 0.002.

[0015] In one embodiment, this invention further includes a method of making a
copper clad laminate. In the method, a low profile copper foil is coated with a resin to
form a resin coated low profile copper sheet. The.resin is the partia]ly cured to form a B-
staged resin coated low profile copper sheet. The B-staged sheet can be sold as is to
laminate and printed wiring board manufactures or the B-staged sheet can laminated to

prepreg to form a copper clad laminate.

[0016] A schematic of this method is show in Figure 2. In Figure 2, a low profile
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forma resin coated | ow profile copper sheet. The

resinis the partially cured to forma Bstaged resin
woaeai7ad7d4ow profil e copper sheet. The B-stagedPenasto06/046598

can be sold as is to lam nate and printed wiring board

manuf actures or the B-staged sheet can lamnated to

prepreg to forma copper clad |am nate. [0016] A

schemati c of this method is showin Figure 2. In

2, ow _pr.ofil ecopper foil 10 is provided. In -
°°P&%§’U‘n‘§%a€ PEqiged EPQ EREKT P P GYFROLESSIAAd 2pf Bierelty g law loss
andi m@% and res n systemis appliéd to a side

St éesrfbwstﬁ%'ﬁ |aP%"eé‘c§Bﬁé¥d°P the law profHe corpst foili ). (Thepesin is
|y . cured, exa e by heating the resin, to
then ‘F 1%“':%%9, flé@%’&a"?l’é%f;%hf@&}gg g ff%wb form 4 B-sgageeh Easingiested low
e t ste resin sheet 25, preferably
me%e °‘1P88' g etaf?)mée&w R Li5pia shest 25 gBierbbtingemegnEven
ated | ow profile copper sheet and in

g‘asst ‘i?ée F%e cl & %‘tf(‘:ﬂ'ﬁ@ “Fagsdfednerated low) nipfils copipr sheet ard in the
fnaiSicp ey e %?‘lts?t%a}? i B G g ue i Gpprt et
to oS Ris T RS ot eashe ke SRR Grusse 7 Befissra
Sh°“%8ha9 ¢ BRG BRI aer 358012 i b o o eme s e o
are lﬁs@e\ég Ig%é%apted B¥ tfrm alelﬂrr ) dees?rttfl@?xg che}nt?tbéc?sﬁarbegﬁtgrgg ﬁ}rt?ig la?rEmates
of thls eﬂﬂ&? tfn?lae sin s?xee gea?lgllgp ? tgn?:g{,egeoz g{f{gggﬁ: %&ul?)géu?ed C-staged

e rence prepr e
resmgoﬁ{aﬁx?r?ﬁqlaus%at? th%? %tug%lgé, gﬁt *\eoﬂésgrg;t)tg)%l 0017 rq-rrlgee @gg?;g?gs
oo Rt TRrab B o 8 g Bt Fiiraet nar DEZCJ a1 oast
s ﬁgﬁbp%ﬁ TR] G PR P8 BP bl ool peina.
The @}ﬁgr‘%g,g;;rgﬂfse c?gger:rfgg gsz ?sgg ﬁﬁ%{%fe gﬁnt})g.‘ggg% fglé%tzatggwfa ?.Fglejafst one
rouglﬁglféia@? ﬁa\q}fn% %rbgve?% {fgclc ﬁ{)/tp h?gs% r{ct: | ?}rqn gvtef (i%%?)ﬁ{ﬁ%@lsz
prefepafbl)f ﬁagmgaﬂ%ra%e gur@cg rou%ﬁness of from about 0.25 to about 3.5 microns
(as measured from valley to peak on the surface of the copper). In addition, the copper |
foils useful in the present invention will have a thickness of from about 2.0 microns to
about 400 microns and preferably thicknesses of from about 10 to about 70 microns. The
at least on rough surface is the surface to which the resin 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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about 400 mcrons and preferably thicknesses of from
about 10 to about 70 mcrons. The at |east on rough
weunf7ae®4Ps the surface to which the resin i s aOpiUSE®6/046598
to forma B-staged resin coated | ow profile copper
sheet. The outside surface of the copper foil may be
rough or snooth dependi ng upon the application
requi renents. Low profile copper foils are
uf gctured by, for exanple from Crcuit Foil,
man 3830 1, 191 o s s D e tspcbtasiont Ksvtiforkiop ssemmtile
invention is not limted to |ow profile copper foils
COPPS?%ﬁﬁﬁ%cfvg may Re ‘ES‘%\H’%? PFESHHVERERD t hat is capabl e of
ei ng. applied _to a resin ormanufactured in foil form
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resinl i QW gr q)fli l,e cog&% {:oi | s above rra)s be used in the
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rofile co r foil wth an _upcured or partially cured

induf o PRt Lo ot p8PRSS follySRERYedis ok s 8 copper o
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oppy il Sl ol e e G Ry Ty, ey coatng
Fol R ofik B sy pF o ea g e Al 45 ol hgper plnf Bmrgn
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In any event, e resin coating s
| Is to. fill 1the valleys in
ot istassolbth e k0 0
coverRR&EsHpaSsuMBEd peaks as well,

[0o1

[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 2 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 sheet.

[0022] The resin coated low profile copper sheet consists essential ly 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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[0021] An alternative procedure for formng rssiﬂ

coated | ow profile copper is to prepare a partially
wounEier@si n sheet and then deposit copper ont BCThS2006/046598

partially cured resin sheet in a manner that causes a

| ow profile copper to formon the resin sheet. Useful

deposition techniques include, for instance, direct

tering of copper on the partially cured resin
Sho ) i m cron of

rosin g herly 2 o REBAR R M B Sfhet PP poted b Pl copper shct
and tgﬁ E%ﬁareg[tg (P%ﬁltatlhghers%& ﬂre‘%wtgfesﬂ%' ow profile copper

onsl st's essetnh r t?Jartlcglly crgsgrrgfln
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ot A LB o RS B g
coated | ow i l.e copper

or mfR *xtéég'ts%ﬁg% %’Q %lﬁe %%lgfgc?)g*n aF § R?E.I, usr{enataféce @Egsl'{rogglsgﬁni}gtével;h low
dleleét\é@vl%g o%slﬁe Pgeg%%e?rlogﬂgs&m%f{bal%?gﬁxgﬁ ﬂ]olseflg?spln?qgiem U.S. Patent
R e R TS e L Ve T T
dlsclcggiegﬁfg%%e&f E@E‘célaarr }ﬂ%ﬁ%'ghasfe% he¥<ﬁ ?g%%%rlerécfeet?s dqlrgetq:&egi
Partidu®stytefeRE L&t %@ ‘bgs\é’ d)l?rlscﬁo q}?%‘%g!é gl té’fln, n gn 3 Ie n 0s

described in

[0024] ubl Tﬁ@%@mpu§fulﬁ§rt :ﬁgﬁt*tgtggxlé#t%% p V'\eﬁregﬁ dg#;)lges?z gyg %ﬁ?éggrglly

, the disclosures o

the sa'?rﬁ:r Rkifls Mt i@%@&ﬁﬁdg(fﬁe foldy &1@[@& ic ‘l%cp% ma‘teer h@ﬁ%%ﬁ&%&iﬁé lﬁ%/to

preferred resins are those oun

whicH QWilwoﬂkecorbﬁéJ 1A%, %&Héd f@ﬂe 48, Ip zﬁ ¢ aut{sl @gglgﬁseoff%%r?sdg

prepregs di scussed ve IS gene

iBSns! ) EGstoRee a taer er; an
them?hm{étlngl ?s?g%gﬁﬂg% t'?ct?no c%fanrQW&%{ féh&%h? Ic tB?lsxf s 85?38? d

e ampl
* lcaitg)glle Eghlgsr&?‘ﬁ g¢tn§§v etq(E, Fcﬁlgér esl ‘ﬁesc%fr%%vc‘)'scﬁs it cgrﬁ%%é%‘f‘?‘gﬂ“ls%?tﬂ@s are
discusdtd beast one el astoner; at | east one ester; and a
lscuIeast one fl ane retardant. Two specific exanpl es of

[0025) oW WlitRd Bt EdaplD B8R IR er NS £TR: 5% composition provides the

desired basic mechanical and thermal properties of the cured resin and laminates made
there from. Suitable elastomers are any elastomers that are known to one of skill in the art
to be useable in electronic composites and laminates. Preferably, the elastomer has a
molecular weight in the range of about 2000 to about 20000. The elastomer can be used
alone or in combination with other elastomer(s). Examples of useful elastomers include,
but are not limited to, butadiene polymers, styrene butadiene polymers, acrylonitrile-
butadiene copolymers, isoprene 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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di scussed below. [0025] In the first exanple, the

el astonmer used in the resin conposition provides the
wdesi7reth4basi ¢ mechani cal and thernal properti esTAR2006046598

cured resin and | am nates nmade there from Suitable

el astoners are any el astoners that are known to one of

skill in the art to be useable in electronic

conposites and | am nates. Preferably, the el astomner
n the range of about 2000 to

many BaftrB 51T S et o bRC Sb atiar sie cefnppvnds

toner (s

: t th

durisH0 P Al g ?%%“WB&P%P@%M@@ %@dap@lybutadlene
t but adi |

Sty’egéélr’@?j"e{ﬁ’lef‘z Rt aoniet engﬂ?rfé?'u e Serruys G Tpestyrienss W

Extoly A 19045 ﬁ“&%‘%ﬁ%@‘ ool Gredieibied oy betiensrsures
copo iy AR e R oh B Bk s S SRS PRG R ety
e e R e T AR Lt AR R
comici8He Y B RON 38 Sy 0 bhdus 3P SRt g0 Soopgtersbiye
o SHOHOTS8 o303, TIOTRD B3, el LD g crsrssiin
SRR AR A s
instarRQihBRL M Rl B AR IR LS 0 LSRG Ll L0

her nbsett | ng resin Cco

produ%& rﬂ%"lﬂ&refﬁ%mﬁgg lﬁtngfv%gg?qt;;acgeg ! togx%:r (i/l%ng c{;Jger{B;arlq%Brlryg ht

from about
i osi tion. 0026] The esters are
produch et S%?C?%Pgﬁié%FQWX%Gégf*#ees% SFErgRetso, e Ao
t rna and el ect
o e O SR A L Fob e

el S0 0 SN DI s ST
acryli€ @§teidih & G8erot %M{ea @c?, d'i&n{ae%thrgtgﬁgegggcrylate-rhlgno%hgr preferred
ester is an unsaturated polyester. A preferred unsaturated polyester is the condensation
reaction product of an unsaturated acid or anhydride, such as maleic anhydride or fumaric
acid, or an aromatic acid, with a linear diol(s). The product of this condensation reaction
preferably has the following properties: about 0 % free styrene content; average molecular
weight of 4000-7000; and an acid value of 12-18. Esters may be present in the
thermosetting resin compositions of the invention in an amount of from about 1 % to about
15 %, preferably from about 2 to about 8 %, more preferably from about 2 % to about 6 %,
based on 100 % by weight resin solids of the composition.

[0027] The first thermosetting resin composition example may also include one or

more flame retardants. Any flame retardant that is known to be useful in resin
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can be nononers, oligonmers or polyners, such as
pol yesters. Preferably, the ester is an unsaturated
web@Ers7dAbso preferably the ester is styrenic Basag20080463598
preferred ester is an acrylic ester such as, but not
limted to, dipentaerythritol pentaacrylate. Another
preferred ester is an unsaturated pol yester. A
preferred unsaturated polyester is the condensation
reacti on product of an unsaturated acid or anhydri de,
compQfiipng dsqep MANUEGHYSIFEROSHES and dammingtea day be ypeda Examples of
aromatic acid, with a linear diol(s). The product of
useablgiflame Jpigedaatsingydes butars v ligtiter de.dwalijesnfelicistyl etherified
.. following properties: about 0 %free styrene content;
b‘ﬁ’%@@?ﬂgémﬁﬁlﬁé@&w%% of oV plR¢ resins surbcrs hiphencl A bisnherel B
val ue of 12-1 8. Esters may be present in the
polyyiggphenol ot phegol stepspl bippiehenel. srtecodl. and @oyolscissinesuch as
bispla] ﬁgnunt of fromabout 1%to about 15 % preferably
isplenght-dReygenio flage agiardpntg sugh asaptimenxtrioxiss) spd phespheamput
. Z,tho about 6 % based on 100 % by wei ght resin
zircopiym fydrgyide, haripgperaharateplumiggpydioyide prdmagnesium
hdth rnnéegtiﬂg?ﬁesin conposi tion exanple may al so )
YAPHET dae PE HeT Biardanissurbpsiedapheay! phegphineatricresyl-diphenyl
s known to be useful in

h ret ar dant Eha% [ / )

P °SP‘é"§‘F’ﬁE%‘Fﬁ68 PPNIfCreviiphepyinkasabate iy dinhenyd phasphate acid

h I qin tes .m Fe used. ExanPLes,of useabl e fl ame

phospt, ST PRl KPETPOpis SRRt MIHPRATS kil PlepsPels FS6S of
tgl%c%d é egperif'%% bi functional al cohols, halides_ of

contatnth halldes. Fagne refgidaniz nay; e pReTBl in Ae BiskiomismRFpting resin

henol

Lyvinyl ph I h l, |, al kyl
oo B8 A PSR B0 TS LB o v
| ic fl t t. h ti trioxide,
e SRR 07 AP S SR,

t abgr at al ym num hydr oxi de, and, magnesi um
00 28 HFers MR TR fo depbrormb b (st hes the

t raphenyl phosphine, tricresyl-di phenyl phosphate,
ﬁmo%?ﬁéﬁ%ﬁuﬁ'osphate, cresyl di phenyl phosphat e,
xyl enyl -di phenyl phosphgte, agjd pposphate esters,
phosphat e conpounds\ copt ai ni ng\ ni {yrogen, and phosphat e

esters containigg al'ryes.  Fl etardants may be
fer e Fesin

present in the rs
Br Br Br Br

Decabromodiphenylethane is commercially available, for example, from Albemarle
Corporation (451 Florida St., Baton Rouge, LA 70801). The Albemarle product is sold as
Saytex™ 8010. Decabromodiphenylethar;e is easily dispersed in the resin composition.
Decabromodiphenylethane also significantly improves dielectric properties of the cured
resin. As a result, the flame retardant i; 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
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conpositions in an anmobunt of from about 5 to about 50
% preferably fromabout 10 to about 40 % based on
waQo7¥sts9 wei ght resin solids of the conpositi 8BaT/US2006/046598
[0028] One preferred flame retardant is
decabr onodi phenyl et hane, which has the foll ow ng
structure: Decabronodi phenyl ethane is commercially
avai |l abl e, for exanple, from Al bemarl e Corporation
( I Bat on Rouge,. LA 70&%%). The
fromhde 10 Rb Bbuisa 0, RO AEY oyt wpt 2§ Yo Bbout 45 %, based on
;ﬁﬁap- I+ | ethane is.easily dispersed in the
100 %
resiHégggg%gggp%ﬁ&hfgggWP%Hﬂbiphenylethane al so
00287 9Nid |y _l.nproves dielectric properties of the
100251 372l S8 ok e DA U bty gt Btabramsctioe rein
I ' e resi.n conposjtions_in anpounts far
comcBRIGHE R rtch b BEhdnEE He oS P RSl 4R | i chasen may be any
tal 4 hance the djelectrjc properties of the
catal G QAT Rrt UE reilf bRy e Bvps Pt dgstabsts

inclu%iﬂ Eerfﬂciﬁg@atﬁﬁgtg Eﬁ@g%ﬂeraittct: ﬁiees ﬁaﬁ{cgl% glrnf ballséigurél%g ngtoxitslgf ql;rggﬁt-

ernbsetting res conmpos
o3 o o Sl o 53 b N e
che PR PN, SOTPERLI 9%, Rl =
e A e B BT B0 B B Rl Bion
P hoset oot el b PR Pl B P o
to sbBRSOH! el Rl LAk SEPGIAL ShEEC EAGGRl s such as

di cunyl peroxide, “or pero

02T 6 blomBeL 1l Bl o BB fsaties ok

com TR g IR BTl SRR St b
o B SR TR 8 o
thermAhnsiord o SR e ModWFlsOBha Gl SObS%cl 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
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[0030] One or nore fillers can optionally be added to
the first thernosetting resin conpositions to inprove
woheimosad49 and el ectrical properties of the curedTrssi06/046598

Exanpl es of properties that can be nodified with

fillers include, but are not imted to, coefficient

of thermal expansion, |owering CTE, increasing

nndulus and reduci ng prepreg tack. Nonlimting
es of useful fillers include particulate formns

’es"bgf‘“ gg?r Brenirol resip viseggityand in prdepieipaintainghe reém iggredients in a

oxi des such as silica, titaniumdioxid

S“SPSP‘QH%I dispersiqny jAnY spIvEpt knswyndy enerof skill in thelartde 1b6 Hrafal inand

urea¥%hereof Preferred fillers include cal ci ned

°°"JBP%{§P“6Y‘ SEPSFNE E5in NEAGMRSRN P wieds Pagicylptly wsefylgolvents

a. Yet other preferred filler is silane
mclﬁ%ﬁ?@ﬁ%ﬂ?#&&ﬁ (RS hinencs Rasbmpituse thetsof. ol oo dolvent is
s fused silica treated wth epoxy silane. Wen
°ﬁeﬁ§l§l€f“edfﬁy| tf‘%fe§‘“rf€§/‘"% @%}0@ SHiken the rorid it RFSBabor #igy then
resin, co itions of the jnvention in an ampunt of
k"“’f‘? oHF BbGd y eqrHgTethttyenko Waien Wéﬁ%&l%ﬁ%ﬁvr@%tammlwe of
Kot ?ﬁ t 40 % . based on 1Q0 % by weig resin solids
€ 08?3 é Ei‘ﬂﬁ}w‘r’tﬂa %Pferﬁ?féﬂder‘%{mfyussﬁéoaawﬁ RS REesspiig ﬂéﬁ
[ler is about é& nmto about 80 mm [0031]

therfgSipiiareSh Py BRRL oy Hist eREPR i mm%x»%ﬁr@a 2boitigOChe

S ther settin i.ns in order to control resin
ab°‘%}.5?c}os nﬁtdpef%“&% ?“F&O WAERS ¢ deromhosgitin.
R R L
cm”nu§¥eé¥lo Wit h thernnseté sin ystens can be

SIS Eﬂf%[mag)cﬁﬁ’éiflﬁ?v' gctrllc‘ﬁ pr@agtles Cyanate esters
can ﬁ{lplé& in l kglt orélelzéévE@ tol uene. ur es

i ﬁ@ CRSTEEIg dfomtrate é“t%f éﬁs“bl wgeR pious

t h d th
cyarpiSes i pE WS e TR Byt 51&"8% %Sf%%‘*:ofe? orred
h d t

v Bt PE TP 3P S F aime e
SNy R Pl BT B T

0
BIO?EQ&anné\gliesg/ ‘R}CP teen gxgﬁ;gr{ ;Scty? es er{s) Erg rp(r:eesgrgtag ?heof 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 al;out 20 to about 45 wt % of at least one flame retardant;

from 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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[0032] The first exenplary resin systemcan optionally

i ncl ude cyanate esters, which can inprove thernal
woeodimenamce and provi de good el ectrical propePCTAS2006/046598

Cyanate esters can participate in the polynerization

and incorporate into the resin backbone. Various

cyanate esters can be used, including, but not limted

to 2,2-Bis(4- cyanat ophenyl )i sopropyli dene (avai I abI e

d t P t(
o S
. and t th f.
o s ASCATHE AT b5 Sk, S A b v
he t t about 2
R N e

resi-n-solids-of the

Udbeu UT1 J.UU /U Uy Wedt uIIL

rIRSEEREN Ry ARG ERE Rtk Pk B IR

In 41 100 % by weight resin solids of the conposition.
BréPEMS about * 25 to about 35 wRavgeEwtsh) | eaRrefmeed
Styrenéﬁs‘% from about 2 to about 8 wt % gimauntseetst)

feé'F'DlY'I“ES Bﬁt 20 to abod?—48 wt % of at 2P&dst
terpoc}'mer afﬂéh?%'f‘%f meF)rom about 5 to about 40 wt % of

ea flller and from about 3 to about 5 wt %
Anu&famr?teﬂj é’?s ¥ne catal yst. The i ngtddients are suspénded

Ly in aratio ranging fromabout 50-80 wt %
D
ecag%frﬁjgsp%terc'ﬁ%anfo wt % sol vent and ¥t erably abouB0#0
CalcinédeCrOlkds t o about 30 wt % sol Ve t_.4 [ 0034] Qhﬁﬁ&?}_&s

FusedIS#iks (filfdy St resin conpositions have the follo
formul ations: FIRST EXEMPLARYH GHPERFORMANCE RESI N

Dicuti@dpebAdd @alysgr edi ent s Range (W % Preferred 4
Amount STWE9) btyrenFBmm—ene—g—m—nyl—beﬁi—em—ze——ég*

25- 30
The ingredients are preferably suspended in a solvent such as toluene, MEK or toluene/

MEK in a ratio ranging from about 50-80 wt % solids to 50-20 wt % solvent and
preferably about 70 wt % solids 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 dicumyl 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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terpol ynmer from Sartoner (Elastoner) An unsaturated

Pol yester 2-15 5-7 Decabronodi phenyl et hane 10-50 30-40
waabwinedy Cl ay or 20 -40 23-28 Fused Silica (fPCTAIS}006/046598

Di cunyl peroxide (catalyst) 2 - 5 4 The ingredients

are preferably suspended in a solvent such as tol uene,

MEK or toluene/ MEK in a ratio ranging from about

50-80 wt % solids to 50-20 wt % sol vent and preferably
.abqut 70 wt, % solids to about 30 wt % sol vent. [0035]

res‘“vgﬁ‘e&f’ﬁ‘é’f’s'ﬂg’éf’eﬁc’"ﬁl'}‘ cludesone aramqye of the dpltovingd4) ailller; (5) a

| ajlon, based on 100 % by wei ght resin
touglher ) B ceertingod fame et onra @ asalienseder Gboter 35
% of Rl r) 250 resin; fromabout 2 to about 4 w
addigyese Q‘ﬁﬁ “lﬁ’i%?\l'&? éﬁt@aalﬁ&F‘;?é@(‘é}S? of thg ¥reond gremplany gesib xstem.
25 wt % of decabr onodi phenyl et hane; from about 32 to

abOQfTha Epuky Redh f used silica; and from about 5 to
about 6 wt % of di cunyl peroxide. [0036] A second

003 A *(‘*%?“2'?5‘?"2él??ﬁ%ﬁgt%%é%ﬁf@ﬁ%ﬁ%bﬁ% Smresition g€
o R AL L84 2804, b oy R ana Feon
(Nev@f %}Wgﬁsgnﬁda%el B?Tél?er?rtc.)t P&S ollowng: (4) a filler;

(5) ; anaccer

a toughener eferator; (7) a flame
retardant; (8) a solvent; and/or (9) qther addi tives.
- [0038he Thgcaemeistis ivpidedahe smih aniresitios in atlet heresdoned
exenplary resin system (1) The Epoxy Resin [0037] The
desirpq pasic mpehepicplandithermgl prapertieefithx turedfesinsintl tansinatey mbde
conposi tion of c
there from. Useful epoxy resins are those that are known to one of skill in the art to be

useful in resin compositions useful for electronic composites and laminates.

[0039] Examples of epoxy resins include phenol types such as those based on the
diglycidyl ether of bisphenol A ("Bis-A epoxy resin"), on polyglycidyl ethers of phenol-
formaldehyde novolac or cresol-formaldehyde novolac, on the triglycidyl ether of
tris(p-hydroxyphenol)methane, or on the tetraglycidyl ether of tetraphenylethane, or types
such as those based on tetraglycidylmethylenedianiline or on the triglycidy! ether of
p-aminoglycol; cycloaliphatic types such as those based on 3,4-epoxycyclohexylmethyl-.
3.,4-epoxycyclohexane carboxylate. The term "epoxy resin" also includes within its scope
reaction products of compounds containing an excess of epoxy (for instance, of the
aforementioned types) and aromatic dihydroxy compounds. These compounds may be

halogen substituted.

[0040] Preference is given to epoxy resins which are derivatives of bisphenol A ("Bis-
A epoxy resin"), particularly FR4. FR4 is made by an advancing reaction of an excess of
bisphenol A diglydicyl ether with tetrabromobisphenol A. Mixtures of epoxy resins with
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oxi rane ring-containing conmpounds as described in CA
May, Epoxy Resins, 2nd Edition, (New York & Basl e:
woRow@e7ddekker Inc.), 1988. [0038] The epoxy r eeTmS2®6/046598
added to the resin conposition in order to provide the
desired basic nmechani cal and thermal properties of the
cured resin and | am nates made there from Useful
epoxy resins are those that are known to one of skil
..in.the art to be usef ‘i.n resin conpositions useful
bislbih 38 £ sharIsHD gt L G R S GO be wsed
Exanpl es of epoxy resins include phenol types such as
[0048 hos dt shaslcbeamvtachibatctipgkyebidy hregef@allylepRsSRRERA sifble,
("Bi s-A epoxy resin"), on polyglycidyl ethers of
uneqpivera(sfroctnmll Grtmitte Theskillad pasorcwiblow SaiMisd@BvE®e taken to
~novolac, on the triglycidyl ether of
include deyipfirpymtoducypivsithg frembatkacactionOftchitgtdabin @ OhokSiredh
et her of tetraphenyl ethane, or types such as those
prepayatiend Amthesst sideghrpduaty¢amedthielaanedlasdidjoRent @F c@8d Ly resins,
triglycidyl ether of p-am noglycol; cycloaliphatic
they {ijgyeise ennstitugsa hbrosd crasedntQit the resins according to this invention.
3, 4- epoxycycl ohexyl net hyl - 3, 4- epoxycycl ohexane
Epoxygedisare atesent Tinthetcompotigoofithisésventiom S dni@int 888 about 8 %
Wthin its scope reaction products of conpounds
to abpyi6ermndgpreferablciias abdut dpoxybouf D3 %, baded v 00 Of by BRight
_aforenmentioned types) and aromati c di hydr oxy
solidg pfhe geraposititiese” conpounds may be hal ogen substi t ut ed
[ 0040] Preference is given to epoxy resins which are
o04zier i Babphaet A0 | BigSs LAY
[ :gar ti gggl arly @5@%@%@9 P%plﬁélégﬁggc’gl)édﬁﬁﬂg\%ﬁéfﬁgbﬁg&% on
optioAlly2Be iRNGESBw | - i bl et her, with
P tegfg%ronnbisgﬁgﬁgﬁegfﬁ%*§$ﬁgggkggm§é5%§n?e§9ﬁgheBRAa"d
the BMADTY SR beiisH ' Ly0.:gnd/ or -
Dl BB Bt B Gy ROk R B e mepsypyne

atoms.t Ré‘shDé#sQnQQnéB?b&gt_iﬂ@@ﬁtioﬁﬁ o&ﬁmsakeﬁsoi%rhgncg %?engila clplti%nal ly

represented by a single, unequivocal struct

et S e AT R
describiedéh USSR Chiei180.05; 505, 4 14NBh AL iRda RRBPWHI S Bhcorporated herein
by reference in its entirety. In the present invention, the aromatic moieties of BPA and
BPADGE are preferably substituted with two bromine atoms, to give tetrabromobisphenol
A (TBBA) and tetrabromobisphenol A diglycidyl ether (TBBADGE), respectively.

Optionally brominated novolacs can also be used as co-cross-linking agent. Brominated

co-crosslinking agents are preferred because of their flame retarding properties.

[0043] The desired resin properties determine the amount of optionally brominated
BPA and optionally brominated BPADGE to be incorporated into the resin. For instance,
it has been found that the Tg of €poXy resins cross-linked with SMA can be increased

substantially by the use of at least 5% by weight of BPA. It is now possible, as indicated
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preparation. As these side products constitute a

nor mal conponent of cured epoxy resins, they |ikew se
woanstoctadb e a normal conponent of the resins aecomsmg0463598

to this invention. Epoxy resins are present in the

conposition of this invention in an anmount from about

8 %to about 26 % and preferably fromabout 10 to

about 23 % based on 100 % by wei ght solids of the

o R 3 AR I e oS00
simell “‘ﬁ'“éﬁ&a?gpoﬁéﬁ%%kn Mo %Lﬂ%.s%%%r %ngeg%?gﬁséﬁca?@éh
genefailg predisi | %%#%@r a"“laou'l 533?? %q?g?% L e éé‘é@{{gﬁﬁg?&oﬂt 55
AR L L ot L S
resmg geg%‘ﬁ@gﬁnga rllgo%)ﬂ\}\hl c rédl\kaﬁ g 21‘%%? aﬁéglsrpg?fgqrw fybodiment,
the MAG{S?E%E?: IE ahrr%fng Gk es o @19)33 %%toggg%ién‘%ﬁ%négg%’%gﬁpv
o e SRR Ay TR P Piﬁg’qﬁeema?%fmr% P

o A5, BB JORSF  RAh  e BLLTE b

weighQoRdsAstIhel ddMi) dggloggent Brom nat ed co-crosslinking
agents are preferred because of their flanme retarding

prgsgertl es. [0043] The desired resin properties
PrgeeMelgle Atdride 6ppddpmeronal |y bromi nat ed BPA and
optionally brom nated BPADGE to be incorporated into

[0044] he TsSieBond@EmdASHRAR&in ddm ypd that the Tg
of epoxy resi nrs cr osg Ilmnke glﬁM)Eseém{dcan R (o3 %{?ed

maleis ahigidainé b@hbc}hnﬁ}z’ (SMQ\) Ugﬁlﬁpfmﬁ'gvésqm d@v@l EXd @E&t%cal properties

BPA. It is now possible, as indicate ove
of theoksudtiing duesi iyhéntng r&iuaésnatd%%?é Feb by L EARAE Qlitd!

1300C and hi gher evg)n W th sinple dt?frbur{gtl o%%{ﬁ%umef‘y gred
elastoommpr@esilikhts INIHY-Fodeetsr 0SSl i nking agent is used, it is

[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 "copolymer" 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 particularly 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
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generally present in amount of about 5 %to about 60
% preferably about 15 %to about 55 % based on 100 %
woypoomictiad sol i ds of the conposition. In a prePermsenos/0463598
enbodi ment, 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 about 21 wt
% preferably fromabout 6 %to about 19 % and the
TBBADGE is present in amount of fromabout 9 wt %to
mor%\waatw Spbyveight. greasaecitlnsuitedfor 4gsointcomposigions af ghig inygntion.
W % each based on 100 % by wei ght solids of the
Pref%rsmfdg plsp glyen 10 SMA gapalymgas kavingmmolgeylarevagifdn thaiange of
4004 The second thernpsetting resinj,conpositions
140§ toc} @ﬁféme’res rbtuch sepelymersipglededhepamenciidly aysisblatidA
i mproves the thermal and el ectrical
100(@ :S%% PPP%§W 3P0 apd Sif4 ARYP- chessicorsinmas hays @ sbrerfptlsic
made there from by reacting with unreacted el ast oner
anhydgige gfioit gl 2k %i// 2pd B aftsgectl[vel@@}i aapplerylrayeighyfanging
styrene and mal ei ¢ anhydri de have been descri bed,
from aftout 1400;tg abquy 2800, | MivgRrea phthese ARy may alsoibemsed. sHIA
eering Vol. 9 (1987), page 225. Wthin the
P°IYf“Fgﬁﬁ§weRe fn thg; '%e"i"ﬁ*%ﬁ‘é‘i‘ﬂ% rsﬁntcw@p?%ﬁlqﬁs of a‘ﬁ%wﬁ%tron in an
kewi se refers to m xtures of SMA. Copol yners
am°6?t feqmy oyt 18r(at°r?éi’r>e‘i %6 %nﬂ%erriﬁa)é’éwmmt I3rte about 23'%, based on
0 | able in two types., Type 2 conprises
100 Qréb@f%ghﬁ sghxmv & BPAPOSHATY P ORBEBPSAiBRA. AmGUALRLAPPYY
han 100,000, . for instance, 1,000,000). These
resin o0t e ogpgr %%%} ingrfigrdo pmrdewngr‘%esa At GretiinebBrasne
facture of reover, because
epo’%f"vteﬁ‘éﬁegﬂi%\?vﬂb‘ﬁ 906‘8“% % F' ails%y CROF¥yesi I TR

art|cul ssl i nki ng agent
- CoPFgPed 'EJBS?y Fl?loué?qht&ag h‘essf X}fsg\‘?&'copol yners, on
t he ot her hand, which have a nDIecuIar wei ght in the
r afjBismabdboidetrib4® réesinsabout 50, 000 and an anhydri de
content ofnore than 15 % by wei ght, are especially

[004%}” t efjnefsggonld§§erin%sé"t8£@%§flntciog'n%%siggnstflaxi'tl?er inc ucpes aoﬁls-
maleimidetriazine resin (BT). BT resins are commercially available from Mitsubishi.
Bis-maleimidetriazine resins are present in the thermosetting resin compositions of this
invention in an amount from about 15 % to about 50 %, preferably from about 25 to about

40 %, based on 100 % by weight solids of the composition.
(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®, talc, quartz, ceramics,
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Preference is also given to SMA copol yners having a
nol ecul ar wei ght in the range of 1400 to 10, 000.
waxenTpesa9 of such copol yners i ncl ude the conmePCTaiSkop6/046598
avai | abl e SMA 1000, SMA 2000, SMA 3000, and SMA 4000.
These copol yners have a styrene naleic anhydride ratio
of 1:1. 2:1, 3.1, and 4:1, respectively, and a
nol ecul ar wei ght ranging from about 1480 to gbog}vA
.2000. M xtures of SMAs may al so be use
Pa"“’“g?te s °§f‘{§ S prads ﬁ'll‘c?’ﬁ'“t"d‘é“ @r@‘e%s}'@ww §eride layy boron nitride,
osi tions of th| i nvention in_an anmount from about
W°”T83r$o Sr Pgpiire ‘éef%) grefeardBligrs incdidesalsined sByop fuspdsilica.
ﬁ % by_wei ght solids of the
Anot %’rP;S%fSFF? gﬂer IF ﬁ“%g & 8%}5% apther prefrered Bdgnis stanedysateg silica.
& a f SMA in order to provide an
Mord SRR ot el TUG ofised eoseledone roms sm, Wi
enbodi nmen he wei.ght ratio of epoxy resin to
used sfql\/k’s %‘Eﬂifﬁ%t ‘“'t”ée b‘?’@f’é“r@%& Vs'gt?amposzt@"smf thip gyentiorsingn
3 etriazine resins [0046]
amols ESISETHD ¥4, 5 gD oy o oAb Ghew TP ared on
j Ielnldetr|a2|ne resin (BT). BT resins
100 %rbgvye'%ig%ﬁ?am QPRFEBMe from M tsubishi. Bi s- mal ei m
detriazine resins are present in the thernosetting

r dSi) n cbmptidnabReugbénerhi s i nvention in an amount from
about 15 @6to about 50 % preferably fromabout 25 to

ht solids of the
[004%2%22?1:9 Ton. %ﬁﬁ&?ﬁﬁgat i g@]‘ﬁ'%[osﬁ%n y[% ONBREMSFe
tougHiRls® i (e ?‘%@E%‘*o%?% ISR tOéwarOéfFE‘aqu@svw of
the re@ﬁﬁﬂg ebinpSsifek altl(p%mgrgirt sgﬁl ﬁugﬁ%(erml tide 1 tlfB'EOper ties .

t hat can be nodi i t are not

e P

partic%@é[‘ar{d m&&:@gthereof. A preferred toughener is methacrylate butadiene styrene
core shell particles, which is available from Rohm & Haas (100 Independence Mall 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
1 % 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 resin 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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exanpl es of useful fillers include particulate forns
of Teflon(r), talc, quartz, ceramcs, particul ate netal
woxidas7aach as silica, titani um dioxide, al unPa@US2006/046598

ceria, clay, boron nitride, wollastonite, and m xtures

thereof. Preferred fillers include calcined clay or

fused silica. Another preferred filler is fused

silica. Yet another preferred filler is silane treated
the silane treated filler is

4"“‘*?"&%‘88%%"% éth?@&?@%?e% cleFrters dngjudeitersiagy anvinesn e.gs ed,

e T P s A, o
accel%aéo %%Pra -%f%%h%@am‘é e guniiat 65 phtor toadis denenant on
the orR o RSP g B9F AT QOTROL8 KRS ABd e gteLd eccstrusion
L e e T NI,
The SR borloh GRTRARdefetrMiitos EPosic ahonirSsryedsd 16 provide a
resin SO IR s s %Fyrr%ftf?% Al BoREre S BrepaEEner
geneﬂaif?aﬁ‘@* % e%&@ﬁfar&f o0 St ks o paelamters catsgtated on

h|a 5 sol d under

d
the 0’“{%9““' FIEDE ol Blimi S chreror e esah s bR e, Tn
t [ t f
manyREES4Hs vl byeﬁe OB R L e R b Qe iens on

hIS |nvent|on N an a
the gn;]/’e[l \%Eﬁﬁg t$f§ag{:él%g? ?9% ti&/g na&g(g‘o %)g%)lv{a(né)ang ?h% t?;g]e olfoo
"”pf?%%?‘%a AR ST R SREGEIoRtee o Beoermge oo
a accél@%torr,ei? ls'}ﬁei@ﬂg% h& & U&%&% tllia@l ab %{5 & Ib&?%’ebé}nt gﬁ%]}e/ﬂagg %vay

accel erators chosen nmay be any

of ger%s?ﬁ\;ﬁalﬁdéllﬁp RQn HP sdildhal f'ﬁs adgfsalglg ?15 BISLL LD ge timé of Tess

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, alkylphenol, 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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accel erators may be nentioned im dazoles, nore
particularly al kyl substituted i m dazoles such as
wa-20t0ay49i m dazol e and 2- et hyl - 4- net hyl i m daz8CeUS2006/046598

2- phenyl i m dazol e, 2-phenyl, 4-nethylim dazole. O her
sui tabl e accelerators include tertiary am nes, e.g.
benzyl di et hyl am ne and 4,4' and 3, 3'
di am nodi phenyl sul phone. One preferred accelerator is

= -4- | i m dazol e.. The anount of accel erator

reardaft Sk o aegr%hf* I PSP PRe TipR -diPhemd pposbaierrictiphospete

used 1's
. - Li,nki 1t the typ f I tor.
oes iR D0 B AN e YR Ree e oLt O e
comh ol L S b e it arcrn

person can
Vide a resin systemthat is sufficiently
oo PR e B byl i eSS b SpoEprgiom st 3 t
r unt, Wil | etween Q0 0 1 and 5% by
ab°”gg?§ﬁ?éf%’fa§§§€°é’l? AN 312 ?“&‘5? 410813, Proi0,%h by xpisghs resin Solids of
thecmggﬁﬁ of epoxy resin and co-crosslinking agent
pr sent’in the conmposition. In nmany cases this will be
the 0.01-0.05 % by weight range. The resin gel is
[005He pedether eptianhbllanypetadmt isaleeabnom odipRa S RIema Which hdi8he
type and anount of solvent, and the type of prepreg to
followmgsirmefpeast ured. In the specific case of 2
nmet hyl i m dazole (2M) being used as a accelerator, it

. is preferred not tm usesnore ghan gbout 0.05% by
wei ght of 2M. By way Of generwl_guideline it can be

said that it isgady Bl e~not have a varni sh gel
. C .

time of less than N eco‘hds. O%fl onal Fl amre

Npsetting resin

Ret ardants [ 0050] ¥he second the
conposi tions nmay ifcl udE one B nofe flame retardants.

Any flame retardant that is known to be useful in
Decabramof inkgmyberhanei ip pemmswinlly avaitablef fortenaraple SRHAAIb@SarRNd

| am nates may be used. Exanpl es of useable flane
Corporatiog @éhf&‘)ﬂ‘%c&tu BetonReugald FAB01).i Thet Abeinarle PRULAESsIM as

ghyci dyl etherified bifunctional alcohols, halides of
Sayteq g\ 8 149c Desabragodipbpnydehasie siphieseoundxpeblealyBme] tofe casily

) lpol vi nyl phenol or
dispersed in the resin composition. Decabromodiphenylethane also has the unexpected

and synergistic result of significantly improving dielectric properties of the cured resin. As
aresult, 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 decabromodiphenylethane 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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phenol, creosol, alkyl phenol, catecohl, and novol ac
resins such as bi sphenol F, inorganic flanme retardants
weualt/@4ant i nony tri oxi de, red phosphorus, zi PCORIS2096/046598
hydr oxi de, barium netaborate, alum num hydroxi de, and
magnesi um hydr oxi de, and phosphor flanmeW 2 retardants
such as tetraphenyl phosphine, tricresyl-di phenyl
phosphat e, triethylphosphate cresyl di phenyl phosphat e,
A ate, acid phosphate esters,
1003%%’?‘8%‘5?‘2“@%“@&1&% ogsh{ % ni ng nitrogen, and phosphate
esters containing halldes Fl ane retardants are
pr & &atventy t he second thernosetting resin conpositions
in an anount of fron1about 3 to about 9 % preferably

[oosﬁf om@?}#}%ho‘}e E&vé‘@@éﬁ: k?r?c%ﬁporzt E)Cbgl% th % ¥0ﬂm?he%noseﬁlng

resin solids of the ¢

resm@ﬂ’ﬁ bbb pfr(l;\ﬁa@areglﬁtséfu@ﬂ% cbﬁtr(g ?gsalp 1scosqy an order to mamtam

whi ch has the follow ng’stru

the rb¥¢ %F&f@ﬂ@ il Q%Géﬂeﬁ&&%ﬂ% W so?venk Ja%)l arvﬁ? L)(l?r}aeglg'%glflg the

exanpl e, from Al'be rpor atioon

art tcggé %gﬂﬁgﬁ%;ﬁ%nktg%q %ﬁg él)eeérg %l:gt rﬁ ﬁﬁﬁ%ﬁn@? e %cg S%:été%ﬁlarly

usefil RENBRS trRAdY nfe@rWh}lﬁetgﬁe K} ¥0]ﬂéﬂ%p§1 i l opmt hfqgr(ﬁﬂr'} or

conposi tion. Decabronodi phe ane a

mixtidS HRABE CThAH iR TS Pbslid Gﬁé'necﬁ&glte? %? e Y rgﬂlb felar(x:n?%ye%od

i mproving dielectric properties o

Whedl the@84ih is cubdiBwitth RORu, Bl kERALs eﬁ“@ﬁ?%‘?‘i lﬂ/ pe! ?gfgl? sc{l“e

second resin COfT'pOSI tl on 1 n anou

Wheh $hee$i@SE8INY chird, ther 4 AHR ! 5
enhance the dielectric. p?%Sg??gg% oPQﬂﬁéggépéHmﬂ§?ﬁ$HEd

Whenhged, delvalkis arpRésehean Yﬂ@&meﬁlﬁg %%ﬁldcoﬂﬁ)o%iﬁgni LAHR i invention

retardant it is preferably present
in antah@uADEEdn ftbuk 26 BAtoCPBMOD %120 ASvelidht B ATDM Y 1R

about 10 %to about 50 % nore pré e?ag y% romaO{aﬁwgight
of th@fripdsitioabout 45 % based on 100 % by wei ght resin

sol i ds of the conposition. Wien a brom nated flanme

[005:{]et ab fa onally, the second thermosetting resin composition may further contain
other additives such as defoaming agents, levgling agents, dyes, and pigments. For
example, a fluorescent dye can be added to the resin composition in a trace amount to
cause a laminate 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(5-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(wt%)

Epoxy Resin
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used, it is preferably present in an anount sufficient
to provide a total brom ne content to the conposition

wohoEmetm498 % to about 30 % preferably about PBOTHIS2006/046598
about 20 % based onl00 % by wei ght solids of the
conposition. (8) Solvents [0052] One or nore solvents
are typically incorporated into the second

thernosetting resins in order to provide resin
sef-tpiH-ty—control resin viscosity, and in order to

2 Ris A Epoxy RBesin . . . DY

T St o Gtk A edi eBf2e i n & suspelid

JH&wwmﬁQOamébmggg ven9 knows, by one of skﬁiﬂ in the

art to be useful in conjunction with thernosetting
SMAresin systens can be used. Particularly usefu

sol vents include nethyl et hy'k&& one ( MEK), 1528] uene,
Tougkbh&fet hyl f or mam de (DMF) or sxtures thereof. The
Meth@&R@itcRia@Ene S:QENREE shblSpancte?n I'ctated by th% resin
(Paralpidr2b91y net hod. When the resin is cured with hot air,
Am:}hgn ketones are typically the preferred solvent. Wen

“fHe resins are IR cured, th&5-&%ni xture of2-k&tones and
BTREG uene is typically preferpgd, Wen useqﬁqgolvents

are present in the thernosetting resin conpositions of
Fillert hi s j nvention in an anount o@d from abouto.g0 % to

about 50 % as a wei ght percentage of the total weight

of the conposition. [0053] Optionally, the second
Ther MoSerti g resrmconpostt+of—fay—urt-her—eontaln

The iggredientigen usprnged inchDNE, JEEIS anVERK/d0MRtsslvehtein @lritRgranging
agents, dyes, and pignents. For exanple, a fluorescent

ﬁOmag%utéé?rﬁ%‘@%ﬁfd@e tq gogﬁ atYossoiventcandposietablymbbut 70 wivasids to
anpunt to cause a |laminate prepared there fromto

about $Q Wi spl¥eRthen exposed to WV light in a board shop's
optical inspection equipnment. A useful fluorescent dye

[0055]s alhadiition t6 @Y redA | ; £ such
63 dye is U\/ItTEX( r) sl B fﬁ’eﬁ%o@gﬂ; é’gm&&erg that 1 Khow

to a dedsob skillle® RRH 8 v H{ élé_tf&me'tnéé}qa\‘é ﬁéeg.ﬁ “én he r;‘)%e%)a(\faex%igll %} a

avai l able from C ba Specialty emc

printeBy Irihig®okird, INBMatéQh i in {Jeggéﬂlr, 9%@ sFéegfaHh h%ilcﬁpelagency wiring
conposition has the follow ngfofnulatidh:

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 include 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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SECOND EXEPMLARYH GH PERFORMANCE RESI N FORMULATI ON
| NGREDI ENTS Rapge( wt% Preferred Anmounts(wt % Epoxy
weesi7méha9 i ngredi ents are suspended in a DMF, REKUS2006/046598
MEK/ DMF solvent in a ratio ranging from about 50-80
wt % solids to 50-20 wt % sol vent and preferably about
70 Wt % solids to about 30 wt % sol vent. [0055] In
addition to the resin systens identified above, any
esin systemthat is know to a person skilled in the
[oosér t 8GN step it His Arepest f theiventian ig dheflaminiation pithe resin
reparation of a printed wiring board |amnate and in
§al? iPEQfHIS FOPRST Yith @ pErsdiesa TR gihare eerpillyoyanmfaciured iring @
| am nates may be used in the nethods and products of
core pygicgial g At £ K off wryss lashweb adichds yawerndrintols series of drive
igventi on for making the prepreg or C-staged resin
mus's]ﬁ\?éi’ b tg?ﬂjp"fsé"fs IR 18 cRY ingEcq waere theoweteid phesed traifghlagank
h.go&gef sheet may include optional fillers. The use of
whicp Corftaing a thergggeting regip ORI, £ vertts aldethericpgonents. The
s erties of the resulting copper clad | am nate.
glass @&%‘P?S Prited with the BEn g cpatingased: db¢ resinsstucatechgidss
not the other and still be useful in controlling
web igithancnassed thropgha pair elmeferingrolls sdvigh remgve pispesTesn &gm the
. lamnate. [0057] The prepreg or C-staged resin sheets
resin ﬁ%ﬁfﬁi@ﬁ%ﬁa é"egﬁ“%s Prerafiar thegpean cogigd web Bayriy the leagth afgetiying
inlo ielectric |oss |ampates may be used. It is
‘°Wefp$’éf‘ é\?,YF‘%S‘? P offimeqingilthe sglvensis gy leas perially evenemted iong the
wd}ge&gyendglgss fiben.éOOS%% The next. steﬁ in the .
- BFORE 80 SYOSERUENT (RALARY YTeTin cake appliedtrthe e by fapsating these
resin coated |o rofile copper with a prepreg..
steps il e BrePatation B P Bivpireia b Blste s nen Hig Rierges & wound onto
roll material such as a roll of woven glass web which is
“unwound into a series of drive rolls. The web then

[005 asses ingo a coatin rea where the web js passed

T ough"a o R h ey RESEt HER s RPicRIbyeiaiky sack-up
ition, solyents and ot her conponents. The gl ass

of oni 3 B roalSe L3Pt PESEn G 1 epephine rstnosted doy Righile

rea.. .rhe resi urat ed ass
coppe@ oPthie inVentib> jl“nus? %Itwo sﬁeets c%l ressfn coated low profile copper are used,

coate

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 manufacturing 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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web is then passed through a pair of netering rolls
whi ch renove excess resin fromthe resin saturated
wqahkew®erah and thereafter, the resin coated weBCTUaY®bSH46598
the length of a drying tower for a selected period of
time until the solvent is at least partially
evaporated fromthe web. Second and subsequent
coatings of resin can be applied to the web by
repeating these steps until the preparation of the
aboty 68871860 Frs andrepn be adigied BUgssling draepowipg sgjvéns frnouthe resin. A
onto roll. [0059] Lam nation processes useful in the
fabrigsubsinate. pynheasth asst ippubied thyoughediin tank inchuding the pfenixeal resin,
or nore prepreg |ayers between one or two sheets of
thropglean, eugn fowgarheee ¢xopsspebyent is deegneff anst the heepragieralicd or
Thus, if two sheets of resin coated | ow profile copper
sheefgddo gigg gnd fayed pp befpveen tesip epatod high prafilp eenpsesheptaén vaxous
resin coated | ow profile copper sheets such that the
constiypiiRns depsding 9n glassiveamestiigt repin sortantié Sgknsss regeirements.
resulting | am nate sheet. [0060] In one exanple of a
[0062};; ¢ Tpypdprtheregample of R Prosespefphmanufeciuting lamjnatsssaresingpating
about 40 psi to about 900 psi and under a vacuum of
that igcompatiple to thagesimpeatisg shabighprefileopper it Erst apaiesorf # prapreg or
about 180 F to about 375 F to 450 F over a period of
C-staggd\pmivgtegnd pptionadly partiglly gurad i Thevesinieaatgd low profile copper is
tenperature of about 375 F-450F for 75-180 m nutes
thendarpipatedyithfhe Feated preRreg er Eiwsinzed lamipgte and preprssest asdescsibed
375 F-450 F to a tenperature of about 75 F over_ a 20
aboves (omnstible rps B8 eeerdy Tesinsihapfatiiiete tglapiaation efithe two
manuf act uring | am nates, suitable resins are prem xed
sheefs, Péefﬁv%f FRJNRASL IS e Preferablx A {askinateaials that adlapre well with
pressure. The viscosity of the pre-m x isabout
the rg¥jp o7 dsropper- DreHculnly peetemgd is fxvserile sems agn oR thesiopneragd
sol vent f{on1the resin. A fabric substrate, such as E
on tha RIERIeE PEIaMiRAISd ¢ hrough a di p tank including the

em xed resin, through an oven tower where excess =
10063}y s e %qusghe BrenugaplsoEodesaminates forgise iyprited circuit
b he Hed.to i.ze and |ayed up between resin coated high
oargs. o‘gi zrrgm&tgﬁg‘ él}e IPRELIOR COMPLISES: Qi§LOr more prepregs laminated together

with one or more layers of copper foil, wherein the coppér foil is a low profile copper foil.

[6064] The invention further provides printed circuit boards comprising one or more

laminates as described in the preceding paragraph.
[0065] The invention further provides resin coated low profile copper sheets.

[0066]  The invention further provides laminates prepared according to the methods

described herein.

EXAMPLE

[0067] The following hypothetical example is illustrative 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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constructi ons dependi ng on gl ass weave style, resin
content & thickness requirenents. [0062] In a further
wexenTwes4of a process for manufacturing | am naPesUS2006/046598
resin coating that is conpatible to the resin coating
the high profile copper is first coated on a prepreg
or C-staged lamnate and optionally partially cured.
The resin coated | ow profile copper is then | am nated
with the coated prepreg or C-staged | am nate and
compgsiioasopyprigigg dhesisgichisntisgshove i m bt Tolpenerie ypadsasarselvent.
generally resins that facilitate to | am nation of the
two sheets Preferred codpbeilble resins are preferably
| ow |l oss mat Miatexial t hat adfiere wel | Ameuntt he resir on
t he |copper. -Particul arly prnef(percentagsoftld0féesolil® gane
r esi rng(g}@@ﬁ) @Qg@&{etﬁ%l&g The prepregogr amnatg.
[ 0063ivifvi veRtdd cBR@URr) the|i nvention al so provideg
Ianlqaqg§ﬁ&g&d$% oL@, Printed CITCUi U pgards—A
| am i i ONMpPT T SEST ;@IRE O 1oT e
MStchbrBmol ﬁe giﬂéftﬁ%g ggﬁgr 38'%

Pr eAregdRiah@M W th one or mor e Iayers of
Cop %lcﬁxﬂvl'per x'-nﬁ &{tdi d tre—TT ppel foi 9@ atow |JI ofiil e
1l [ |

e III CIIlIUII IUItIICI |JI UVIUCS
[0068} i ntTé'e r?,sm @&P@te% mreglde enpeknssnef abaet 290 migraas (following
| am nates as described in the precedi ng paragraph.
partiplyyEn] Avipartiof therRES godtinetrinegess thevesie on thegioppardapatiallyow
profil e copper sheets. [0066] The invention further
curedhyr ovi des | ami nat es prepared according to the nethods
descri bed herein. EXAMPLE [0067] The foll ow ng

[007D) POt Rivi g 1s€i9§é}ﬁpécﬁu§1rf% thé Fdimt doftpo¥ifioR ShdwiEin THERMY. | Rfluene
but is not intended t imt its scope. [0068] Low

is uspd &f doh@nCoRPEVidd §tNAbRE doRtedt St BBHRY9h,RCC process
Wi th a resinconposition conprising the ingredients
shown in Table 1. Tol uengabg2used as a sol vent. Table

1. Material Amount
(percentage of 100 % solids)

Ricon® 250 32 %
an unsaturated polyester 3%
Decabromodiphenylethane 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.

[0072] 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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[0069] The resin is coated to provide a thickness of
about 200 mcrons (follow ng partial cure). As part of
wOheo7ReB4g0at i ng process, the resin on the copper/uiSs006/046598
partially cured. [0070] A lamnate is prepared using
the resin conposition showm in Table 2. Tol uene is
used as solvent to provide a total solids content of
about 69 % Table 2. [0071] Thus, a prepreg is first
prepared using 0.03" woven gl ass fabric and the
mingesgfiss whiathe stackaisiceol2d toTHETF rogei 8120 mirukeepeplodpr eg i S
partially cured. [0072] Alamnate is then prepared by
[0078he sTlediwmpgefilp cafpeolyepechmreagthrof redgminaieanadeabbovwewill be
one or nore sheets of resin coated | ow profile copper.
abodtS tohabowtUr lbs/iny cThes canparestta@k exgectedipatiairaegth af atzout 2 Ibs/in
pressure of about 40 psi to about 900 psi and under a
when gleuom poéfila bopper 80! is ddntigateT dgesdedhiola freprpsr at ure i s
rai sed from about 1800F to about 375F over a period of
[007houtlt BEoniemplagsl thatharristaimkdifieating suaytbe anade hpthexbompesitions,
of about 375F for 75m nutes after which the stack is
prepeegs] lentirtates ABd- compesitas @lthepreaend ipeniiguwith@0 dgjartirgfromhe
profile copper |ayer peel strength of the |am nate
spiriranibscgbovithavnventien astefinedlinghe tollalving clgmisbs/ i n. Thi s
conpares to an expected peel strength of about 2
| bs/in when the | ow profile copper foil is |amnated
directed to a prepreg. [0074] It is contenpl ated that
various nodifications my be made to the conpositions,
prepregs, |am nates and conposites of the present
i nvention wthout departing fromthe spirit and scope
of the invention as defined in the foll ow ng
clainms. What is clainmed is: 1. A nethod for preparing a
| am nate for use in the manufacture of printed circuit
boards, the nmethod conprising: providing a sheet of
| ow profile copper foil having a first side and a
second si de;
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applying a layer of low dielectric loss resin to one

side of the low profile copper foil sheet; partially
wouni7gidshe | ayer of |ow dielectric |oss resi nPCO/USRI0GM046598

a resin coated |low profile copper sheet having a

partially cured resin surface and a copper surface;

and | am nating the resin surface of the resin coated

| ow profile copper sheet to a resin sheet to forma

] .having a copper surface. 2. The nmethod of
“”mt%g%%@%gﬁkerein the resin sheet is a prepreg including

tal . 3. Th hod_of claim2 wherein the
oo et QoL PiRaYAN HRRLE B usiia Heopmptoweet Bimed

FTal : ar
. rej e.resin sheet is a Cstaged resin containing
erey ?mﬁ%?@%ﬂggl e WETN®d of claim lwherein at |east one

[ . fi co t foil has surface .
- RSk Rindd Gt AR BT o PE R Hheerine e o0 sapigndsice
' thod.of claim1l wherein the |ayer o
e & Byer o B iclos o8 T Do of i ovcarolopper
foil f0§. side of the low profile copper foil that has a
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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 at least one side of the low profile copper
foil has surface roughness of from about 0.25 microns to about 3.5 microns.

6. The method of claim 1 wherein the layer of low dielectric loss resin is
applied to the at least one side of the low prbﬁle copper foil that has a surface roughness of
from about 0.25 microns to about 3.5 microns.

7. The method of claim 2 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.

8. The method of‘ claim 1 wherein a resin layer is located between the resin

sheet and the resin coated low profile copper sheet prior to the lamination step.
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profile copper layer has at least one side having a roughness of from about 0.5 to about 3.5
microns.

14. The resin coated low profile copper sheet of claim 13 wherein the layer of
low dielectric loss resin is on the at least one side of the low profile copper layer having a
roughness of from about 0.5 to about 3.5 microns.

15. The resin coated low profile copper sheet of claim 10 wherein the resin

layer has a thickness of from about 2 to about 500 microns.

16. A laminate comprising:

one or more resin sheets; 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.

16. The laminate of claim 15 wherein the resin sheet is a prepreg including a
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16. The lam nate of claim 15 wherein the resin sheet
is a prepreg including acore material. 17. The
woam7vata9 of claim 16 wherein the core nmateri aPCrAIS2006/046598
woven glass. 18. The lam nate of claim 1l wherein the
resin sheet is a C-staged resin containing |am nate.
19. The lam nate of claim 16 wherein a resin gap
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of .claim 15.
containing laminate.

19. The laminate of claim 16 wherein a resin gap divides the core material from

the low profile copper layer.

il

20. The laminate of claim 15 including a resin layer is located between the

resin sheet and the resin coated low profile copper sheet.

21. The laminate of claim 20 wherein the resin layer is selected from a liquid

resin layer, and a b-staged resin sheet.

22. A printed circuit board including at least one laminate of claim 15.
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