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5  FEDERALLY SPONSORED RESEARCH
Not Applicable
BACKGROUND OF THE INVENTION

The invention disclosed herein describes thermosetting resin
compositions useful as a matrix resin for electrical substrate applications, The
10 thermosetting polymers are characterized by exceptional adhesion to copper
foil combined with excellent thermal and electrical performance. This

combination of properties is not achievable with compositions of the prior art.

- The thermosetting resin compositions disclosed in U.S. Patent No.
5,223,568 of Landi et al. comprise a polybutadiene or polyisoprene resin
15 which is a liquid at room temperature and has a molecular weight less than
5,000 combined with a solid butadiene or isoprene containing polymer
capable of cross-linking with the former polybutadiene or polyisoprene resin.
Such compositions are described as generally useful for making electrical
'substrate materials; however, cure temperatures in excess of 250°C are
20 employed. These cure temperatures exceed the limitations of most

commercially available and cost-effective equipment.

U.S. Patent No. 5,571,609 of St. Lawrence et al. describes an electrical
substrate material similar to Landi et al. but with incorporation of woven glass
_ fabric and particulate filler. The electrical substrates formed from these
25 compositions afford copper foil adhesions (peel bonds) that range from-2.1t0
5 iJounds per inch width via test method IPC-TM-650 2.4.8 on one ounce per

square foot copper foil. Peel bonds in this range are marginal for many
-1- '
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10 compositions having high glass transition temperatures, e.g., greater than
about 150°C, and having high levels of adhesion (e.g., peel bonds over about 7
pounds per inch width for one ounce per square foot copper foil) to metal foil,
preferable copper foil. Additionally, a need exists for compositions having
rheological properties suitable for continuous lamination without the addition
15 of solvents. Compositions that require solvents for lamination can have
deficiencies associated with the incomplete removal of the solvent during the
impregnation process. Additionally, the environmental emission and
personal exposure of some of the most commonly used solvents can be of

considerable concern.

20 A need continues to exist for thermosetting resin compositions with
excellent electrical properties suitable for use in high frequency applications.
For a polymer dielectric to be suitable for use at broadband high frequencies,
itis highly desired for the dielectric constant to be stable over decades ‘of

frequency and over the environmental extremes of humidity and temperature.
25 SUMMARY OF THE INVENTION

The needs discussed above can be generally satisfied by the .

discovery of a composition comprising:

@  about1to 99%, preferably at least about 50% by weight of one or more
ethylenically unsaturated aromatic monomers (EUAM) having the formula :

-



pol yphenyl ene ether resin. It has been discovered that an unexpected

eonbi nation of thernal | ectrical, and nechani cal ggroperties tj are
obt ai ned fromthe conp®gPtion recited herein. Ther‘ore‘, t hé Mageipd¥dIS i on i s
ideal |y swigt@@gsswd a matrix polyner for electrical |~ sSub$TAIS®1/10663

applications. 8 March 2005 . WD 01185840 PCT/US01/10663 THERMOSETTI NG
RESI NS AND LAM NATES CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
application clainms the benefit of U S. Provisional Application No.

60/ 201, 805, filed May 5, 2000, whig!? ncor porated herein by reference.

5 FEDERALLY SPONSORED RESEARCH Not Apmt1 cabl e BACKGROUND OF THE | NVENTI ON
The invention disclosed herein describes thernpbsetting resin conpositions
~useful as a matrix resin for electrigal~substrate applications. The 10

t hernosetting polyners are characte.‘aa by exceptional adhesion to copper
«fo0il conbined with excellent thernma «A el ectrical performance. This
conmbi nation of properties is not achi&vghl e w th conpositions of the prior
art. - The thernosetting resin conpositions disclosed in U S. Patent No.
-5, 223,568 of Landi et al. conprise a pol ybutadi ene or polyisoprene resin is
whi ch is awheggih R 2épriesaits adipirdgéniran dhendigoup, UDhE@hgﬁfup\mﬁ@]ht— i ess t han
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wherein R3 represents CH; or H, R4 is an urethane or ester residue, Q
represents a polybutadiene homopolymer or a butadiene-styrene copolymer,

10 and k is on average less than 3, and

© about1to 9§%, preferably from about 1% to about 50% by weight of a
chemically modified polyphenylene ether resin {(CMPPE) having aliphatic
unsaturation moieties, i.e. aliphatic carbon-carbon double bonds, and having,
an intrinsic viécosity less than about 0.6 dl/g, preferably less than about 0.30
15 dl/g, more preferably between about 0.07 and 0.15 dl/g, as measured in
chloroform at 30°C; wherein all weight percentages are based on the

combined weights of components (a), (b), and (c).

Such compositions optionally also may contain a polymerization
catalyst and/or initiator, a flame-retardant compound, and/or one or more

20 fillers, reinforcing agents, or fillers and reinforcing agents.



substrate material simlar to Landi et al. but wth incorporation of woven
glass fabric and particulate filler. The electrical substrates. forned
fromthese 25 conpositions afford copper foil adhesions (pe&Mardna@}s t hat
range from 2.1 to 5 pounds per inch wdth via test nethod I PCTM 650
2.4.8 on one ounce per square foot copper foil. Peel bonds in this range
are marginal for many -1 8 March 2005 V el ectrical substrate applications.

Low peel bonds canArfander esathsdiguent |y fabri cat edrgbgat] '&%kulct"o{rgi"ﬁftédv"i th
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processi ng eqglurgpmentplecfibemusdesdiortadenns U. S. Patent Nos. 4,587,161 and
4,803,022 of Barrell et. alL, preferably at cure tenperatures of |ess than

about 250C, nore preferahly less th about 180C It is especially

desi rablg to have _?@&Oﬁﬁb(é?s @55@?&?’&5‘3%@3’Pﬁd%ﬁe@ctoémﬁfsgn@te(ﬁiyonavi ng
hi gh gl ass t nafslortanehedRanAHEeSpertoornd? alcfritd] MroudiobdrdlGifinand
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0.002 at 10 GHz. In a preferred embodiment, composites made the
composition exhibit consistency of electrical properties over temperature and |
frequency. For example, dielectric constants can be obtained that vary only 15
15 parts-per-million per degree Celsius and by 0.05 from 1 MHz to 10 GHz. Ina
preferred embodiment, the electrical properties generally do not vary
significantly in humid environments since the typical moisture absorption of
the invented composition is less than 0.05% by weight, meastred as the

weight gain after 24 hours at room temperature in water.

A first aspect of the present invention provides a thermosetting resin composition

comprising:

a) 20 to 90% by weight of one or more ethylenically unsaturated

aromatic monomers haviong the formula :

RZ



20 A .need continues to exist for thernosetting resin conpositions with
excell ent electrical properties suitable for use in high fre uenc¥
applications. For a polymer dielectric to be suitable for @ddareh 28%adband
hi gh frequencies, it is highly desired for the dielectric constant to be
stabl e over decades of frequency and over the environnental extremes of

hum di ty andwiheEeyr I NTT ON T needs di scussed
above can be gene?jalﬁlltlg{/ébgasteiﬁgfl gﬂ b?%g%ﬂag@gﬁgw, %rfalgywsgfﬂﬂﬂs?? on

conpri sing: &) Lafouherein 8! 8pveseptehelogenyatatnslieastioadang 0% by wei ght of
one or nore ni.gally unsaturated.,aromati c npnoners (EUAM having the
formula : rf%gg%%anréﬁ%ﬂygﬁég 97 a8 & geeyRisnd;/ 10663 wherein R
represents a(bgydrogen, an al kene group, or alkyl group and n = 1, or
wherein R, r(b)fiesrntte fob by eriditQTs dRMH-Fermi y R : resents a
hydr ogen atqm or an al kyl gr oug’i|ci)i,t (b) agoutmil%tagéafaé%lq p?g%rl{ flz f rom about
1%t o about ‘BOYH wei ght of a vinyl-term nated pol ymer (VTP) having the
formula: Q wherein R3 represents CH3 or H, R4 is an urethane or ester
residue, Q represents a pol ybutadi ene honopol yner or a butadi ene-styrene
copolynmer, 10 and k is on average ss than 3, and (c) about :L to 99%
preferably from about 1%to about 5y% by ight of a chemcally nodified
pol yphenyl ene ether resin (CMPPE) having aliphatic "unsaturation noieties,

i.e. aliphatic carbon-carbon dpubl g ; d having. an intrinsic
viscosity |less than about 0.6 fdl /g, prefergbly less than about 0.30

<3

wherein R3 represents CHj or H, R4 is an urethane or ester residue, and

Q represents a polybutadiene homopolymer or a butadiene-styrene
copolymer, and;

(¢) from 1 to 50% of a chemically modified polyphenylene ether resin
comprising aliphatic unsaturation; wherein all weight percentages are

based on the combined weights of components (a), (b), and (c).

A second aspect of the present invention provides a reaction product of a composition

comprising;
a) 20t 90% by weight of one or more ethylenically unsaturated

aromatic monomers having the formula :

R2

4a




15 dl /g, nore preferably between about 0.07 and o.15 dl/g, as neasured in
chloroform at 30C, wherein all weight percentages are based on the

conbi ned wei ghts of components (a), (b), and (c). Such conpd¥ar¢ho#Ps
optionally also may contain a polynerization catalyst and/or initiator, a
fl ame-retardant conpound, and/or one or nore 01 fill el rei nforcing
agent's, or fuhblcmre raneenei hidorech,3g 2kgrsrareur or 88K ¥R AT enbodi nent.
particularly useful for printed circuit boards may be t her nos

~conposition conprivdieng R scpresets halnggatalons it iid 1o épékrﬁe?f)eﬁ@ﬂ&corrposi tion
that may further,.incl r [y uch as, for exanple, a fibrous
‘rei nforcenenlal.]]yér%errp%%???’%ggagg}gg?‘?%?ﬁrei n may be used to inpregnate

fibrous reinforcement clad with copper to forman electrical circuit board
offering exgs)front: wi sd%dyrweighhdf 4 Weyiderminaped polymerdiyingde er at ed
rates of pol¥nerization in formation of the conpositions. Mreover, such
conposi tions @FPUBe made flane-retardant. The thernosets made using the 10
conpositions and el ectrical conposite substrates as descri bed herein can
exhibit dielectric constants as |ow as 2.7 and the dissipation factors as
low as 0.002 at to GHz. In a pfeferged enfodi nent, conposites made the
conposition exhibit consistency|of e] ectridal properties over tenperature
and frequency. For exanple, di¢lectfic pnséﬁnts can be obtained that vary
only 15 15 parts-per-mllion pe ree ‘Celfstus and by 0.05 from1l M1z to
10 GHz. In a preferred enbodi ngny; the el dctrical properties generally do
not vary significantly in hum{ environnments3 since the typical noisture
absorption of the invented conposition is |ess than 0.05% by wei ght,
nmeasured as the weight gain after 24 hours at roomtenperature in water.
wherein R represents CH; or H, R? is an urethane or ester residue, and

Q represents a polybutadiene homopolymer or a butadiene-styrene

12

copolymer, and;

~ (¢) from 1 to 50% of a chemically modified polyphenylene ether resin
comprising aliphatic unsaturation; wherein all weight percentages are

hased on the combined weights of components (a), (b), and (c).

The description that follows provides further details regarding this

invention.
- DESCRIPTION OF THE DRAWINGS.
'Not applicable.
- DETAILED DESCRIPTION OF THE INVENTION

The ethylenically unsaturated aromatic monomer (EUAM) at high
weight percentages (e.g., greater than about 50% by weight) affords a
thermosetting resin composition with favorable electrical properties. As the

level of EUAM is increased, the dielectric constant and dissipation factor is

4b



A first aspect of the present invention provides a thernosetting resin
conposition conprisingy, a) 20 to 90% by wei ght of _,one or nore

et hylenically unsatura* aronmati ¢ nmononers havi he f or fiMasch 2@8Var ch
2005 whergigviRssqpepPr esents a hydrogen, an al kene group, orpcalshngeoup, and
n =1, or wherein R, represents halogen atons n =1 to 3, and R2

represents a hydrogen atom or an al kyl group, and; (b) from1l to 50% by

wei ght of a vinyl-term nated pol yner having the formul a: wherein R3

[ enresent Sradiffed Ol figh Oﬁ%”ed&igﬂﬁléﬁaﬁt&% s R @f-cIa?FélpétﬁtPéék‘ﬁsz.rdlepr(es)e”tS

a polybuta ené 'ho uta I ene-styrene copolyner, and
fromi to Eﬁ@érdielectcia&!mneaatrﬂtywhﬂdhig}eﬂeqmcyphmiyd;smmnnnhncatms| n

co i | hat t | | ht
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.aspect of é&?lo%%%ﬁgglgémmcw RhHa¥ b@éﬁ?uﬁem@ém Powi Pehitasthe fevel

corrp05|t|on conpri si a) 20 to 90% by weight one or nore
et hyl &ni cabf lyalogr—.smlted atyeehe mwmmarcnnma&&'semsiotﬁ\pen@mw obtha FYAM 44

wherein R re dr o an _al kene u al.k nd.n 1,
o wher e FEOTBHETOE A Ggeoan sRE e the Bl Rk r BN Ra&fnd "
hydr ogen afirpos{ dpd’s’ih@:h Menﬂéﬁé@ﬁre&%@mtzﬁﬁ) FdTQ’thin;ﬂ@ B B AME ght of a
vinyl -term nated pol yner having the rmul a:
component is changed from substantxa ly styrene to substantlally
dibromostyrene, the glass transition temperature of the resin will increase
10 from about 100°C to about 180°C. Higher glass transition temperatures are

generally favored for copper-clad circuit board applications.

Thermbsetting resins based upon substantially 100% of the EUAM
component do not afford favorable compositions for copper-clad circuit board
_ applications. While the electrical properties of such a composition may be
15 acceptable, the mechanical properties, especially adhesion to copper foil, are
extremely deficient. For example, a thermosetting composition comprising
substantially 100% dibromostyrene will have a favorable dielectric constant of
about 2.4 and ,dissipatioh factor of about 0.002. However, the adhesion to
~ copper foil to this resin composition will be less than 2 poundé per inch width
20 for 1 ounce per square foot copper foil and the mechanical properties will be
sufficiently low to cause substantial cracking problems during fabrication
presumably due to the brittleness of the resin. Incorporation of about 10% of
a urethane containing polybutadiene resin into dibromostyrene unexpectedly
increased the adhesion to copper foil to over 10 pounds per inch width of 1
25 ounce per square foot copper foil with a negligible impact to electrical
' ‘properties. Additionally, incorporation of CMPPE resin unexpeciedly
maintained the favorable copper adhesion while improving the electrical
properties. Thus, in one embodiment of the present invention an improved
thermoset has been developed comprising reaction products between EUAM,
30 VTP, and/or CMPPE. Such thermoseis can be used in circuit board

“applications.



<3 wherein R3 represents CH3 or H R4 is an urethane or ester residue, and
Q represents a pol ybut adi h onopol yner or a but adi -styrene

copol ymer, _and; (c) from 50% of a chemcally m)di‘d p®Mathe?idSene

et her reswp“l{%‘ﬁé)"ri sing aliphatic unsaturation; wherein al PCRAIS§K10663
percentages are based on the conbi ned weights of conponents (a), (b), and
(c). . The description that follows provides further details regarding this
i nvention. DESCRLPTI.ON OF THE DRAW N Not appl.icabl e. DETAI LED
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affords a thernosetting resin cofposition™w avora
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favors | owedditionlaBig] themeoasirgtesindHased ipgh s 0 |
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per cent age UAM conponent, the glass transition tenperature of the
cured resin increases and the conposition is rendered fire resistant. For

exanpl e, i f t hdt EusMmportaas éntuiesofthimigedntivathetiie dayi-tringted ene to

substanti aﬂoll%ner contains at least one of urethane or ester groups. Vinylrfunctional

10 _polybutadiene resins that do not contain these important residues do not
provide the desirable adhesion to copper foil. For example, 10% by weight of a
pendant vinyl-functional polybutadiene resin (e.g., Ricon 152 available from
Ricon Resing, Inc.) in 90% by weight of dibromostyrene resulted in a cured
composition with adhesion to copper of only 2.3 Ibs per inch width (on one

15 ounce copper foil). A comparable cured composition made with a vinyl-
terminated polybutadiene containing a urethane group unexpectedly yielded
over 10 Ibs per inch width adhesion to one ounce per square foot copper foil.
Thus, in one embodiment of the present invention a method for enhancing the

adhesion to metal foils, preferably copper foil, has been devéloped.

20 An examplg of a urethane containing vinyl-terminated polybutadiene
resin would be the reaction product of a polybutadiene polyol with a vinyl-
terminated isocyanate:



di bronostyrene, the glass transition tenperature of the resin will increase
10 from about [ ooC to ut i80oC. Higher glass tragaition tenperatures are
general ly favored for ﬁper-cl ad circuit board a% cat i on8 MaT¢ie2(f5set t i ng
resins bagefpiupeem substantially i 00% of the EUAM conponemCTagsonetssaf f or d
favorabl e conpositions for copper-clad circuit board applications. Wile
tthe el ectrical properties of such a conposition nmay be 15 acceptable, the
mechani cal properties, especially adhesion to copper foil, are extrenely
deficient. For exanple, a thernpsetting conposition compri sin
substantially | oo % di bronostyrene will have a favorale dieledgtric
const ant of aboutf{-%fand di ssi patji on factor of alout{ 0.002. However, the
2

adhesion to com@rRe+-DH 0 t ks 2dsiO=ecefpesiti-oR be |l esg than 2
pounds per inch widih/20 for 1 ounge per square foot copper foill and the
fmmechani cal properties will be suffliciently low to cause nti al
cracking problens during fabricatign presumably due to the brijttleness of
the resin. Incorporation of about i'6% qf a urethane contiai ni

pol ybut adi ene resin into di bronostyreng unexpectedly increased the
adhesion to copper foil to over to pounds per inch width of 3 25 ounce per
squar e foot coppeR foil wgh aonegligi e | npacg toHeIectrti properties.
Additionally, inc rporati;&/n CNPPE S|n unex ect dly naiBtained t he

favorabl e copper adhespon "E:{/O t he e ectpical_2 prpperties. Thus,
in one enbodi nme of the eseht 1 n |‘rrpro 6d X Rerhyset has been
devel oped co sing reaction product be vveen EUAM 30 VTP, and/ CVPPE.
Such thernpbsetf can be used in CI rcuit' boatd ;ppl ications. -5 01/ 85840
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wherein Rt is a multiple of one of the following structures or a mixture

containing at least one of the following structures:

. CHo—
—cH—
—CH CH,—

- —CH—CH—

/

5 and wherein R? represents the residue from the specific vinyl terminated
isocyanate, and R2 represents a hydrogen or alkyl group, and n is on average
between about 5 to 150, preferably between about 25 and 75. The Rt
subtituents may be any combination of one or more residues from the
polymerization of butadiene. The aforementioned reaction proceeds through

10 well-known chemistry utilizing catalysis and temperatures known to those

skilled in the art. Specific examples of suitable polybutadiene polyols include
-7-
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eflAaiohafie isdy

onbutadlene

GYANAISYHY wei ght

of di br omogdpeeRNG prrefeyfé@erétﬂaﬁe eaﬁeﬂnng%ﬁgﬁ%}fn%e@ﬁtd@ ﬁgﬁai&% rb@pncoPper

of only 2.371s per |nc
cur ed$ conpas thedarmute

ur et hane group unexpected
one ounce per square foo
present invention a geth

cont ai ni ng
product of

(on.one 1 nce copper

conpar abl e

mnth a vinyl - term nated pol ybutadi ene containing a

ly yiel ded

over sO Is per

i nch width adhesion to

copper foil.
d for enhancin

Thus,
q t he

in one enbodi nent of the
foils,

adheulon o netal '
wxgnpﬁe Qf 7 a urethane

This material is commercially available from EIf Atochem North America as

Poly bd® R45VT.

Alternately, a urethane containing vinyl-terminated polybutadiene

10

diisocyanate resin with a vinyl-terminated alcohol:

resin may be formed from the reaction product of a polybutadiene

i B R? ]
O:C=N~<R%»N-—~*—-—C=O + 2 | so—R-
n
_33' 0 lH l H O R
RZ—0 li IL(RI) 1~|J ﬂ 0—R2
n
* A
\\\ ///.
URETHANE GROUPS
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R2 -N- C--OR 8 March 2005 PCTI USO1110663 R3 N R2 __k URETHANE GROUPS 5

0 wherein R is a nmul tgml e of one of the foll ow tructures or a mxture
containing at |east on the foll ow ng structur - CH2 - &MafH22005

- CH2- CH- - W@pdssgker ei n R2 represents the residue from the Bpéeioaiieeoy ny|
term nated isocyanate, and Rs represents a hydrogen or al kyl group, and n
i's on average between about 5 to 150, preferably between about 25 and 75.

The Rl subtituents may be any conpinatjon of one or nore.residues fromthe
pol ymer i zawhereinR1is e sankinde ofrpre olfthe dohoWing SEACHEELS AT G Y eds t hr ough

\é\ﬁ: : _l-IégomCgﬁ@@ﬁ%%&g&:Obéio?ﬁlec%?{é,ﬁﬁr@&grésenperat ures known to those

I'C” exa surtabl e pol ybut adi ene pol yol s
i nclude 0===C ==--N -7 WD 01/85840 Is 8 March 2005 . PCT/US01110663. the
comer ci al product s%@l&HQd—(r) resins fromElf Atochem North Anerica,
‘ —CHp— |
=
—CHz CHy—
—CHy—CH—

7

(i.e. Rt represents the residues from the polymerization of butadiene), R?

5 represents a hydrogen or alkyl group, and Re represents the residue from the
specific vinyl-terminated alcohol, and n is on average between about 5 to 150,
preferably between about 25 and 75. The aforementioned reaction proceeds
through well-known chemistry utilizing catalysis and temperatures known to

those skilled in the art.

10 An exainple of a urethane containing vinyl terminated butadiene-
styrene copolymer would be the reaction product via one of the reaction
pathways describéd, with the exception that R! is a multiple of one of the
following repeating structures or a mixture containing at least one of the

following repeating structures:



Inc. A specific exanple of a suitable vinyl terminated isocyanate is a
product from Cytec Industgles, Inc., TM(r) neta-uns rated aliphatic

i socyanate. An especiall referred urethane conta i g V& MarcH 2008 nat ed
pol ybut adwae/ssesi n 5 has the forrmula: This material 1's ceowrssoi/fdeky.

avail able fromEIf Atochem North Anerica as Poly bd(r) R45VT.

Alternately, a urethane containing vinyl-term nated pol ybutadi ene 10 resin
maybe forned fromthe reaction product of a pol ybutadi ene diisocyanate
resin with a vinyl-t ted al cohol : O=C=N R N CEO 'n -HO URETHANE
GROUPS -8 Wi H3 40 8 March 2005 PCT/ US01110663 wherein R, is a
multiple of one of the following structures or a mxture containing at

| east one of the following structures: -CH2 ~CH2 -CH2 CH2 -CH2---CH
(i.e. R repr ese}rFs:*t\he residues fromthe polynerization of butadiene), R3

—CHy CHy— -

/

—CHy—CH—

wherein the R! substituents may be one or more residues from the

polymeﬁzatio‘n of butadiene and styrene.

An example of an ester containing vinyl-terminated polybutadiene
5 resin would be the reaction product of a vinyl-terminated epoxide with a

carboxyl-terminated polybutadiene resin:

=10~



5 represents a hydrogen or al kyl group, and R2 represents the residue from
the specific vinyl-tergmnated al cohol, and n is verage between about 5
to 150, preferably bet@en about 25 and 75. The wenenti&ivbdchw&i on
proceeds -WOPLEEH wel | - known chemistry utilizing catal ysi PEAESHRAWSEr at ur es
known to those skilled in the art. 10 An exanple of a urethane containing
vinyl termnated butadi ene- styrene copol ynmer would be the reaction product
via one of the reaction pathways described, with the exception.that R is

a multiple of one 06 t he bollowi ng repeating structures orja mxture

containing at |eastgorfe of jthe followjng ﬁipeati ngStructures: 8 March
2005 WO 01/8584}118 Pgl/ SO 1 /’106 _l_C?ﬁ Aoy, LHE- -CH2rCH: --CH2-CH
wherein the R ““Subst{iRiepts Fgg be éndPefr—bPe Resivyes fr '
pol ynmeri zati on of butadi ene and styrend. An exanple o ter containing
Vinyl -term nated pol ybutadiene 5 resin would be the reactijn product of a
vinyl -termnated epoxide with a carboxyl-term nated paol ybut adi ene resin:
.WD 01/8-5840 1 R3 RL 8 March 2005 :

m t he

3

R OH OH R

[\
R*—HC—CHz—0 ---4 RI%—J-—-O—HZ(}-——CH—RS
n

\\ I‘
~ " /,
ESTER GROUPS

2

— CH—CH
R = cH— i dor CH/M\CHJf - T 2)
2 2 /

wherein R! is a multiple of one of the following repeating structures or a-

mixture containing at least one of the following repeating structures:

—CH,—
_CHQ——-/ ' 2 .

—CHg" CH,—

—CHy—CH—

.7

(i.e. Rt represents the residues from the polymerizaﬁon of butadiene), R3
represents a hydrogen or alkyl group, and RS represents the residue from the

specific vinyl-terminated epoxide, and n is on average between about 5 to 150,
-11~- '



PCTI US01/ 10663 0 . H2G - CHOH O i [H I--CHz-0J R --OH2G - --CHR$ n
ESTER GROUPS ~j-- -CHz CH2 and/or CH and/or CHZ-CH wherein R is a

mul ti pl e of one of the fojgew ng repeating structureg a 8 Maxdh2095
contai nin £ast one o he follow ng repeating st™ictu , ' - CH2
-CH2 CH2 gv@—{égl’%ﬁs 5. (i.e. Ri represents the residues ???)/rl%s Ie663'

pol yneri zati on of butadiene), R3 represents a hydrogen or al kyl group, and
R5 represents the residue fromthe specific vinyl term nated epoxi de, and

nis o0 avoremeHip bURRRTAG: o difl 720An chdmBI0GNER A0S IMEANABRI0

PCT/ US01/ 10663. (gr eferably bet'ween about 25"and /5. An éxanple o
car boxyl -t polybutadidne resin would be Hycar® from BFGoodrich Company. A suitable

- example of a vinyl-terminated epoxide would be glycidyl methacrylate.

Alternately, an ester containing vinyl-terminated polybutadiene resin -
5 could be prepared from the reaction product of an epoxy-terminated

polybutadiene resin with a vinyl-terminated carboxylic acid:

0
| CK;ACH R%—JH?—\—CHZ + 2 HO-——-JI—RS
n
K 0 OH l oH o R}
l RS—JL‘ 0 CHTLH—{R%H—CHZ—O———('!—RS
_( )
N R4

-
~ -
~ -

~
ESTER GROUPS

B

R3 represents a hydrogen or alkyl group, and R5 represents an alkylidene
residue or a carbon bond, i.e. a vinyl residue directed linked to the carboxyl
10 group.

An example of a suitable epoxy-terminated polybutadiene resin would
‘be a Hycar® resin from BFGoodrich Company. An example of a suitable
vinyl-terminated carboxylic acid would be methacrylic acid or acrylic acid.
BFGoodrich Company also manufactures an ester containing vinyl-terminated

15 polybutadiene resin available as Hycar® 2000X168 resin.

An example of an ester containing vinyl terminated butadiene-styrene
copolymer is the reaction product via one of the reaction pathways described
above, with the exception that R* is a multiple of one of the following

=19~



pol ybut adi ene resin woul d be Hycar(r) from BFGoodrich Conpany. A suitable
exanpl e of a vinyl-terrgmat ed epoxi de woul d be gl ygmdyl nethacryl ate.
Alternately, an ester [‘t ai ning vinyl-term nat ed ybut ad8 &faechr 2XI5n 5
coul d be .we@puss8d from the reaction product of an epoxy-t GHERALALH63

pol ybut adi ene resin with a vinyl term nated carboxylic acid: //0 0 CHZ-
~CH RHCH2+2 nO-R H--CRSI| HOHOR3 RS--O-CHH Il R
"H-CHZ-O -G R5 F F ESTER GROUPS R3 represents a hydrogen or al kyl group,
and R5 represating stnciielordanturesimiaingy atdeastonervfthadollowiag a vi nyl
residue directed |inked to the car boxyl 10 group. An exanple of a suitable
epoxy- t er nFFRAMEMESHTUANRESHi ene resin would. be a Hycar(r) resin from
BFGoodri ch Conpany. An exanple of a suitaile vi nyl -term nat ed carboxylic
acid woul d be nethacpylep,acid or acrylic acid. BFGoodrich Conpany al so
manuf act ures_ t contai ni ng vinyl-term nated 15 pol ybut adi ene resin
avai.l abl e as %%ar(r) 2000X168 resin. An exanple of an ester containing
vinyl term nated butadi ene-styrene ,

-——CH2‘ CHo—

—CH;—CH—

7

—CH;—CH-—

wherein the R1 substituents may be one or more residues from the
5 polymerization of butadiene and styrene, and n is on average between about 5
to 150, preferably between about 25and 75.

Condensation esterification can be employed to prepare ester
containing polybutadiene resins and butadiene-styrene copolymers from the
esterification of hydroxyl functional polybutadiene resins or butadiene-

10 styrene copolymers with a vinyl-terminated carboxylic acid. Suitable
examples of the polybutadiene polyol include the PolyBd® resins from EIf
Atochem North America Inc., and the vinyl-terminated carboxylic acid

includes methacrylic acid or acrylic acid and the like.

As especially preferred VTP containing polyester residues has

15 the forrnula:

o &)
: o i & : Il
Hzcz('i:-—C-—O—CHp_—-CI:H—C Hz-—O—C{C Hz—CH=CH—CH2}‘C-—O—CHz-'(IIH—-CHg—O—C—-(;J:-CHz
X

LCHa OH CH CHa
-13- '



copolyner is the reaction product via one of the reaction pathways
descri bed above, with the exception that R=is a nultiple of one of the
following -12 . WD 01/ 8584 March 2005 PCT/ US01110 r epdrengo05s
structure Xxture comMaining at |east one of th ol |
repeatlngﬁgﬁpllgﬁsger'es --CH2~jCHZ -CH2 CH2 -CH2-CH ----- %\!}deﬂ?%ym“aherein
the R substituents nay be one or nore residues fromthe polynerization of
but adi ene and styrene, ‘and n is on average between about 5 to 150,

Gl oyed 1 oV e i BBHLpEo 0 B  ISFRR AP LRE Pl kEBgeraithy ”°

but adi ene- samﬂeble weReteehdehiaHer cesloelichi @f fitdm RGeS Hich
functi onal ybuta i ene reS| ns or butadi ene 10 styrene copolyners with a

vinyl -term BB A TeagRISGEOMPY.  Suitabl e exanpl es of the pol ybut adi ene
pol yol include the P olyBd(r) resins fromE f Atochem North Anerica Inc.,

and the vinyl-taqy g%:ma(]t: cid or '
acrylic acid and t ﬁ%@{lg esép(l:edélll Igdspzr:‘léeﬁ{ré@& %&&alﬁpﬁg pol yest er
resi dues hdwmovs: PHE cbmpmjmi‘s c@n@ammg)pheﬁdﬂﬁ:hydroxyl residues at a

C G O CH2- CH- ZtC% % CH2- - CH-.- CH2- O G- C=CH2
Concentration of greater than about 5 ppm Wwith a reactive cappling agent.

Such uncapped PPE compounds are described in a vanety of patents and

publications such as, for example, in U.S. Patents Nos. 5,352,745, 5213,886,

and 5,834,565, the disclosures of which are expressly incorporated herein by
10 reference. .

The preferred reactively capped PPE compounds include those

containing recurring units of structure:

wherein R58 may be independently hydrogen, alkyl, alkenyl, aryl, mixed
15 alkyl-aryl hydrocarbons, or such groups also containing a substituent selected
from the group consisting of carboxylic acid, aldehyde, alcohol, and amino

functionality (e.g., amide or imide group), and m ranges from 1-200.

Most preferable poly(phenylene ether) compounds are of general
structure:

20 Q-(J-K)y
wherein Q is the residuum of a phenol, including polyfunctional phenols, and

includes radicals of the following structure:

_14._



CH3 OHx OHCH3 -13 .8 March 2005 WD 01/85840 PCTTUSOL/ 10663, wherein x

i=s from about 50 to 25 A useful VTP of this typegas commercially

avai | abl e under the tr mar k Hycar 2000X166 poly f r om BE Mzp&ipooh
Conpany, .Geowasades G oup. Useful CMPPE include conpounds R€V/uSSa/10663
reacting any of the s known PPE conpounds containing phenolic hydroxyl

esi dues at a concentration of greater than about 5 ppmw th a reactive
cappi ng agent. Such uncapped PPE conpounds are described in a variety of
patents and publications such agglfor gxanplie, in U S Patents Nos.
5,352,745, 5213,886, and 5,834, pbS, the discjosures of which are expressly
i ncorporated herein by 10 referg \
conpounds i nclude those cont agn
R5-8 maybe i ndependent|y hydroge
al kyl -aryl hydrocarbons, or suchlg ¢} Q ontaining a substituent
selected fromthe group consi sthng of &arboxylic acid, al dehyde, alcohol,
and amno functionality (e.g., amde or im élgroup) and mranges from
-1-200. Most preferabl e pol y(phenyl ene et her) corrpounds are of general
structure: m | I g

pol yfunct i o%ﬂ(einﬁn&%%ién Cgl ﬁél}gglséﬁgd%:wailﬂs&%% Qlt eﬁ?yg hy%@%g%!gﬁ‘uct ure:
-14 8 Marcér Qﬂi&&ydrocarbon groups containing a substituent selected from the group

Ohgluni ts of structure wherein
, al kenyl, aryl, mxed 15

consisting of carboxylic acid, aldehyde, aleohol, and amino radicals. X also

5 may be sulfur, sulfonyl, sulfuryl, oxygen, or other such bridging group having

a valency of 2 to result in various bis- or higher polyphenols. R4
independently may be hydrogen, C1-100 alkyl, aryl, mixed alkyl-aryl
hydrocarbons, and the like; y and n independently range from about 1-100,
préferably about 1—3,‘ and most preferably about 1-2; ahd in one embodiment,

10 y and n are the same; and

J comprises recurring units of the following structure:

m

wherein R58 independently may be hydrogen, alkyl, alkenyl, alkynoyl, ‘aryl,
mixed alkyl-aryl hydrocarbons, or such groups also containing a substituent
15 selected from the group consisting of carboxylic acid, aldehyde, alcohol, and
‘amino functionality (e.g., amide or imide group), and m ranges from 1-200,

and

K has the following structure:

..'15_



. WO 01/ 85840 PCT/US01/ 10663 wherein X is hydrogen, C1-100 al kyl, aryl, and

m xed al kyl -aryl hydrocar s, or such hydrocarbon ggups containing a
substituent selected fro e group consisting of c%xyld&ﬁda&cﬁﬁ)%

al dehyde, wal &id3840 and amino radicals. X also s may be sul parwssuidseny! ,
sul furyl, oxygen, or other such bridging group having a valency of 2 to
result in various bis- or higher pol yphenols. Rl1-4 independently may be
hydr ogen, Cl1-100 al kyl, aryl, mxed a | kyl-aryl hydrocarbons, and the

| i ke; y and n independently range frﬁn1a t 1-100, preferably about 1-3,
and nost preferably about 1-2; and i one} enbodi nent, 10 y and n are the
sane; and J conprises recurring uni he follow ng structure: wherein
R5- 8 i ndependent|y may be hydrogen; al¥yl, Rdfkenyl, alkynoyl, aryl, mixed
al kyl -aryl hydrocarbons, or such groupgllal so containing a substituent zs
sel ected fromthe group consisting of carboxylic acid, aldehyde, alcohol,.
and amno functionality (e.g., amde or imde group), and mranges from

1-200, an L o) ' t ture: 8 r 005 101/ 85840
PCT/ USQ / 1%55%5)9;@ éé%%@%xfogeﬁ&,ipﬁ e%:ra@}f%o v P&%ﬂﬁ&&fﬁ&%@n@@ D %Eﬁ erabl y
S or O anthdépendeniliRa hiydtogéreor Cadgpe alkghér ¥ ob yaiked alkydlor Gyl §3=@@p.a| kyl
or aryl or m xed al kyl -or aryl group. Preferably, R9-10 are hydrogen and
Rl , i-s a Reefardbly R9 airsha{drtbgq:bamgﬂflis-aamﬂwl.t hat- the pol yphenyl ene

et her resin be

5 It is an important feature that the polyphenylene ether resin be
chemically modified so to contain a reactive moiety, preferably a carbon-
carbon double bond. In the absence of such a reactive moiety, e.g., where the

chemical modified PPE contains a residual isobutryate group:

10
the composition is substantially plasticized, as evident by a reduction in the
glass transition temperature, reducing the flexural modulus above the glass
transition temperature, and reducing the adhesion to copper foil. .
CMPPE include those having an intrinsic viscosity {1.V.) of less than
15 -about 0.6 dl/g as measured in chloroform at 30°C. It is highly desirable to

provide a thermosetting resin composition that does not require viscosity
reduction via solvent incorporation to render it suitable for impregnation.
Therefore, in preferred embodiments the 1.V. of the CMPPE is within a range _
that the viscosity of the thermosetting composition closely approximates the

-16~
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chemcally nodified so to contain a reactive noiety, preferably a carbon-
car bon doubl e bond. In e absence of such a reactgme noiety, e.g., where
the chem cal nodified E contains a residual i S(‘t ryat e §hMangh 2003 t he
conposi ti.ov0dE8BUbst antially plasticized, as evident by aRd®MIAEA3INn t he
glass transition tenperature, reducing the flexural nodulus above the glass

‘transition tenperature, and reducing the adhesi on to copper f0|I CVPPE
i ncl ude t hose hawg& an intrinsi¢ viscosity, (I of I e s t 15 about
0.6 dl /g a¥istesibipldeisamenomensition get g@@ammgﬂse

provide a LRefefRAbAHnIAN theXOPRAThE CMPEEN M&%bpgfgﬁ ﬁ?dﬂr df' SCOS' ty

reduction via solvent 1ncorporation to ren el | npr egnat i on.
Ther ef or e, 0|30d}/gfmeprda:bﬂndbrimaﬂmﬂﬁmﬂtchdsc&if/guhdmaﬁ"effs‘ah]yt hin a range

e 16" e b A eSS T R 1
conpositio | R L0 ,
enbodlgment? %}%}IG?Q@MPPP#%SIZWF?%@Q erag{g% ?ﬁe%és(:ﬁ (E)EP%BgSo dl /g,
~nmor e pr ef efiairh betvessen ahwvar 2gb dotio,@o §/md] preferablyiess tlmreabowm&)o bet ween
about 0.08 ,an rreasur n chloroformat 30C. Such 5

pref erred @(}W@grﬁ@%‘gﬁgﬁ) P@IYHE’%@%SWH ~average nol ecul ar wei ght ranging
from between about 250 to 1 0,000 g/nol, preferably |ess than about 3800

g/ mol , rel ativpetiRahl9! ﬁ&tmﬂﬁlﬁﬁﬁﬂ@af ldﬁels @?@I&lﬁl@@bdﬂt&ilﬂﬁ%%ﬂ 8 s?“ ns | ow
| evel's of am ne containing end groups derjved_fromwell-known catal yst

si de react Aered from welrapsmentalysoside reagsions. Kusmpraferalledosemoneng end
groupg pri Qﬁcht%)rﬁfrf‘é“&tdté(% %g%%@@f{l&{ oﬁ'é"%eac?}b%iy cApYifig AL PPERGHRE Prepared

by processing the uncappe mper at ur es
; materials may be prepared by processing the uncapped PPE at temperatures

about 150°C to about 350°C followed by capping. Prior to capping, the
“polyphenylene ethers preferred herein may be prepared from PPE typically
‘having a number average molecular weights in the range of about 15,000-

15 25,000.

Preparation of a low molecular PPE composition can be accomplished
by reacting the PPE with an oxidizing agent such as, for example, a peroxide
or a quinone with or without a phenol (including biéphenols). ,Andther |
procedure is to obtain a low molecular weight PPE by oxidative coupling as

20 described above to produce resins of less than 3,000 number average
molecular weight which are isolated, preferably, by a direct isolation method.
Direct isolation is a process in which the PPE resin is isolated from the solvent
‘used in polymerization by heating under reduced pressure. However, even
such low molecular weight resins can optionally be functionalized with a
25 peroxidé or a peroxide and a phenol to achieve even lower molecular weight

‘Tesins.

A capping catalyst, is often employed in the generation of the reactively
capped PPE. Examples of such compounds include those known to the art
_ that are capable of catalyzing condensation of phenols with the capping agents

30 described below. Useful materials are basic compounds including, for

- 17-.



about 150C to about 350C fol |l owed by capping. Prior to capping, the

pol yphenyl ene et hers pref ed herein may be prepared om PPE typically
havi ng a nunber average n’icul ar weights in the ran f aBMarcHB0@00 15
25, 000. Pwapewsgsgion of a | ow nol ecular PPE conposition canpbe/ugenmspd i shed
by reacting the PPE with an oxidi zing agent such as, for exanple, a
peroxide or a quinone with or without a phenol (including bisphenols).
Anot her procedure is to obtain a | ow nol ecul ar wei ght PPE by oxidative-
coupl i ng asxaRpledmsid dedpabnd hydwxidesdiiceutk sk RedRIm] F@&s@ihﬁﬂ obo nunber
average mol ecgk&f wei ght ich ,are isol ated referably, b%/_a dji rect -
i sol ati on heRrAYEYlampBoniun hydspgides;pritertiary SENINES GHER AS WhE resin is
i solated fr ; ' ' oAl ] a-r.educed
preseure. ey B Iehe, dEHhY bR R LR B Rl e
f uncti onaltéxtidy wiikkd alldd-apglamindsand subgidnted derieatives thbssudkbutlasichi eve

even | ower ol ecyl ar,. wejght resins. Ac i.ng ,catal yst, is oft enpl oyed
in the gené’#@@ﬁa’ﬂawnﬁh{agﬁ%%fcfwwnew@% 113%@?2@%95[{)@%63@@% conpounds
i ncl ude t hggBsHR@YA dbAvAtiesthereds Bath @é@-rﬁ@ﬂ@ggﬁgg?%%?ﬁﬁisi% :ijxagja%eradensat I on

of phenols with the capping agents 30 described . materials are
basi ¢ conpdadimethdaminajpyridine, 2-13-, 08 4Manylpyzisise \alanvsseldre

PCTI USOI / 1 . basi ompound hydroxide sal ts such as ,sodi um
pot assi um opmarpEt i ielts R S o SRR S bt SRS e
such as tr theitoderration off for ekBinphe]listRyafihted b vy Deste\Wsets Mith phenols.
di mret hyl butyl am ne and _the like; tertiary m xed al kyl -aryl am nes and

substi0t ut e é}r_g%@m@bﬂli@ salivesefalianthisregardiaredkngivn taithe pHdN het er ocycl i c
am nes such;dgerbits PaBRLASorY ald pARLESS IR *lown to those skilled in this art.

Capping agents include compounds known in the literature to react
with phenolic groups, and which contain carbon-carbon unsaturation for _
curing into the thermoset matrix via polymerization of its unsaturation

15.  following the capping reaction. Such compounds include both monomers and
polymers containing, for example, anhydride, acid chloride, epoxy, carbonate,
ester, isocyanate, cyanate ester, or alkyl halide radicals. Capping agents are
not limited to organic compounds as, for example, phosphorus and sulfur
based capping agents also are included. Examples of such compounds

20 include, for examp}é, acrylic anhydride, methacrylic anhydride,
glycidylacrylate or glycidylmethacrylate, acetyl chlbride, benzoyl chloride, .
diphenyl such as di(4-nitrophenyl)carbonate, acryloyl, methacryloyl or acetyl
esters, phenylisocyanate, 3~i80propenyl-a,a—dimethylphenylisocjranate, |
cyanatobenzene, 2,2-bis(4-cyanatophenyl)propane), 3- or 4-(c-

25 chloromethyl)styrene, allyl bromide, and the like, carbonate and substituted
derivatives thereof and mixtures thereof.

In one embodiment, preferred capped poly(phenylene ether)s of the

present invention include those of the general structure:

Q-(J-K)m



substituted derivatives thereof such as 2-nethylim dazol e,

2-vinylimdazole, 4-(darethylam no)pyridine, 2-, , or 4-vinyl pyridine.

Al so useful are organ§gtallic salts such as, for‘xanpl e, 8Manciapobszi nc
sal ts knowp digssgft al yze the condensation of, for exanpl ePdrdigssyan@sées or
cyanate esters with phenols. 10 The organonetallic salts useful in this
Fegard are known to the art in nunmerous publications and patents well
known to those skilled in this art. Capping agents include conpounds known
in the |itghatdih€) istheeasitiuui éffa piaiddf i ¢ groups, and which contain

car bon-carbon unsaturation for curing into-the thernoset matrix via

pol yneri zation of its unsatunatiqg %? f.,ol l ow ng the capping reaction. Such
conpounds ¢ seMpESEsHRMIFHE s theifolloaringaSHYCRBRL ai ni ng, for exanpl e,
anhydride, acid chloride, epoxy, carbonate, ester, isocyanate, cyanate
ester, or alkyl halide radical$._{£apping agents are not limted to organic
conpounds as, for exanple, pho.dﬁ\ 8 ul fur based cappi ng agents al so
are included. Exanples of suchf compesids 2Q i nclude, for exanple, acrylic
-anhydri de, nethacrylic anhydri|de, w Lhqyl acryl ate or, o

gl yci dyl net hacryl ate, acetyl behZoyl chloride, diphenyl such as
di (4-nitrophenyl)carbonat e, nmet Hacryl oyl or acetyl esters,
phenyl i socyanat e, 3-isopropenyl|-g8 a-di gét hyl phenyl i socyanat e,

cyanat obenzene, 2,2- bis(4-eyamnatophenyl)prapane), 3- or 4-(a-

chl oronet hyl )styrene, allyl brom de, and the |like, carbonate and
substituted derivatives thereof and m xtures thereof. In one enbodi nent,
preferred ghered RBOP wddipmdentlp ivtdlenyé fiofn hipdrogene atigl, diketeyf i on i ncl ude

t hose of the general structure: %( l-Kkm -18 .\WD 01785840 :
,_ 5 alkynoyl, aryl, mixed alkyl-aryl hydrocarbons, wherem such groups may

contain a substituent selected from carboxylic acid,' aldehyde, rélcohol, and

amino functionality;

K has the following structure:

10 wherein R9 1 is a hydrogen or Ci-100 alkyl or aryl or mixed alkyl or aryl

group; X is an oxygen, and m ranges from 1-200.

Preferable capped poly(phenylene ether)s of the present invention

include methacrylate capped polyphenylene ethers produced by reacting a
poly(phenylene ether) with, for example, methacrylic anhydride in the

15 presence of a capping catalyst. Even relatively low levels of residual phenolic
hydroxyl groups may severely inhibit the free-radical cure reaction and
depress the glass transition temperature of the fully cured resin composition.
It is preferred that the PPE be converted to the CMPPE product with more
than 98%, or more preferably 99%, or most preferably substantially 100%

20 ‘conversion of the free hydroxyl groups to capped sp_ecies. Tt is readily
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wherein Qis the residuumof a phenol; J conprises recurring units of the
follow ng structure: 8 M 2005 P CT/US01/ 10663 wherein R5-8
i ndependently is selecte om hydrogen, al kyl, al ke 5 alMererogbos aryl ,

m xed al kwlo @vgsgsdnydr ocar bons, wherein such groups may CORERIRB10663
substituent sel ected from carboxylic acid, aldehyde, alcohol, and am no
functionality; K has the following structure: i o wherein RO-11 is a
hydrogen or Cl-1oo alkyl or aryl or mxed alkyl or aryl group; X is an

oxygen, andmﬂ@ﬁsmmﬂsy fiorEskiRAGn the atethabhesrRpeta PP h YO BNemyL A6y et her s of
I.ncl ude nethacrylate capped polyphenylene et hers

t he presen mventhq
produced birereictibsiandiallyng residunl phgroke hpdyomis temaising aéiemihe,

met hacryl i h

rel ativel y&? %evel gﬁdg?m%le?ln %P%Eﬁ@ﬁ’rg‘ierﬁ‘%}f%@ﬁ?ﬁﬁa {lgég%ﬁfeg verely
inhibit t mewén’aen induded a enethacghit cappahgolydhphyiee lefiferdeaithdvig@an t i on
tenperature qQf the fu l% cured resin conposition. It is preferred that the

PPE bé conWiTRgs vissosiebelvreem ahaid o8 andio. kb dl g asnagawged isr nor e
pref er abl YGidrofh ARk %ﬁérsg?&i%tmaﬁfﬁ;&d@ ot the AR ARSI B AR 2005 wo

free hydroxyl groups Species

01/ 85840 pdifﬁ}iel@methaﬁﬁ@iﬁhaﬁélbééh édipsl.skilled in the art that at
substantially i 00% conver5| on there is substantially no residual phenolic

hydr oxyl s rerraoqm n after chem cal .nodification._ In an espeC| ally
preferred embo itiop g ‘1%@@ﬁmenhﬁ@@ﬁﬂpmqwt%ﬁl%%ﬁlﬁé@r OF Hhee capped

pol yphenyl gigt@bbéd c68pbReARAISINEY be included. The curing agent for the

10 unsaturated portion of the thermosetting composition includes any éompound
capable of producing radicals at elevated temperatures. Such curing catalysts
include both peroxy and non-peroxy based radical initiators. Examples of
peroxy initiators useful in the present invention include, for example, 2,5—l
dimethylhexane-2,5-dihydroperoxide, 2,5-dimethyl-2,5-di(t-butylperoxy)- _

15 hex-3-yne, di-t-butylperoxide, t-butylcumyl peroxide, t-butyl peroétoate, o,0-
bis(t-butylperoxy-m-isopropyl)benzene, 2,5-dimethyl-2,5-di(t- |
butylperoxy)hexane, dicumylperoxide, di(t-butylperoxy isophthalate, t-
butylperoxybehzoate, 2,é—bis(t-butylperoxy)butane, 2,2-bis(t-
butylperoxy)octane, 2,5—dimethyl-2,5—di(benzoylperoxy)hexahe,

20 di(trimethylsilylperoxide, and trimethylsilylphenyltriphenylsilyl peroxide and
the like. Typical non-peroxy initiators include compounds such as, for
example, 2,3-dimethyl-2,3-diphenylbutane, 2,3-trimethylsilyloxy-2,3-
diphenylbutane, and the like.

The aforementioned formulations also may be cured using irradiation
25 techniques and would contain the aforementioned catalysts or those for such
electron beam curing. Typical examples are electron beam and UV radiation.

A preferred embodiment of this invention is a glass-fiber reinforced,
copper-clad electrical laminate. The glass reinforcement of such an
embodiment can be in one of many suitable forms. Some of the forms include,

30 e.g., chopped fibers, wet laid chopped fibers, continucus fibers, wet-laid
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5 intrinsic viscosity between about 0.08 and 0.14 dl/g as neasured in

chl orof orm at 30C wher gy substantially i 00% of t free hydroxyl groups on
t he pol yphenyl ene et h&gresi n have been capped. | ddi t i o8 Magci PE0S5

af or enent . manexsssmmponent s, curing catal ysts for the unsatROITAISSd/1e6Hponent s
al so may be included. The curing agent for the 10 unsaturated portion of
tthe t hernosetting conposition includes any conpound capable of producing
radicals at el evated tenperatures. Such curing catalysts include both

per oxy and conhmpm:stﬁberbaweden fabiriva) air-haitl mdtsrand thedikel e'spréfepred foryn

initiators usef in the present |n%/ nt i i ncl ude, for exanple, 2,5-
di met hyl hePhRED r@,elaﬁwéreowemslaés abrig of less Tham O 2SS YBISh §F Bbxy) 15
nex-3-yne, polefaiyiod BEsOX S §w$amosﬁgfazmlé$h jth per oct oate,

a,a' - bis(f-butylperoxy-nri so benzene di (t-
but y| per oxpphessqres ,Sqdamwﬂpdn@@mé:rretd ¢mbodinyénte a@hyralﬁﬁ ofstchl woeen t -

but yl per ox nzoa bi st -bu I OX ane, 2,2-bis(t-
but yl Berox%b%-&ctlﬁ}?iﬁzﬁggo& ﬁﬂ%‘ %a%g%% %%ﬁ%&ﬁ%ﬁ%xy) hexane, 20
di (trinmethylsilyl)peroxide, and trinethylsilylphenyltriphenylsilyl

peroxi de and tiRe bbif@osiﬁtm §ﬁﬂhelg¢ensslfﬁfe@§afn varryta@bﬁdlsagltaqhus@wé@rmounds
such as, for exanp di met hyl_- 2, 3- yl but

2,3-trinet kppwuwlm@rtz E‘@ecaicma@ﬁwm e%as swee-glnaﬁ@ anfh@uagtzglasient i oned
formul ati ORSm ?lﬁiﬁoﬂ?yﬂ?a Eﬁ‘ij oalrrﬁé}gl aéllaggfﬁorlﬁ.g dre&dni ques and woul d

contai n thé aforenention or tho eI ectron beam
curing. Typical exanples are eI ect ron beam and Wradl ation. A preferred
embodi ment of th]ternawlgnt)rgamq: fibersgiaadwe-tsed o prevideaeinddrcemanpe forph ad

| | f f h b
Cnool of mgeaR mareRreto oS BB PSS hetie Ak BEBRE FB chopped
fibers, wejrdnidduRfHigiednbleealas weigit polpliflenebsolsprowiieh@hrd thelke.

The aramid fiber reinforcements, such as Thermount® from DuPont are

available as a wet-laid continuous filament nonwoven. In a preferred -

‘embodiment with organic fibers, aramid fibers are utilized.
15 All patents cited are incorporated herein. by reference.
The invention will be further illustrated by the following examples.
EXPERIMENTAL

All compositions recited in the examples were prepared by the following
method: -

20 1) The EUAM component(s) were added to a mixing vessel in the desired
proportions.

2) The VTP resin and CMPPE component(s) and any other ingredients(s)

were charged into a mixing vessel.

3) The ingredients were mixed with a Cowels blade on an air motor at

25 moderate (about 1,000 rpm) speed for five minutes.
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8 Ivérch 2005 .WDO 01/85840 PCT/US01 /10663 continuous fibers, woven

fabrics, air-laid mats and_the like. A preferred form of reinforcenent is
a woven gl ass fabric of | than 6 oz per sq. yard, nor g Maiebeambl y

| ess than“g)oqrsggmper sq. d, or nost preferably les thaﬁcgngoﬂi{)‘%gfs per

square yard. In a preferred enbodinment, a plurality of such woven fabric
Is utilized to provide the target |am nate thickness. The conposition of
the glass fiber can vary according to those well known in the art.

Specific e sk - S ses : )
conposi t i oﬁ@%ﬁﬁéﬁﬂﬁggﬁﬁgé{%@g Pgrrlg)r)f%ikh %?aegg '821 ﬁdgﬂgpgﬁgg{)@@ﬁs%op ernately,
or gani ¢ fiubilethaairbsoteredat opgrating delavespdedr Gl 4 oonrpin) ard iixehfdrogous

in weights,to,those | ishﬁ% above..Such organjc.fibers include, e.g.,

aram d. ul 3790 SFREES e CORR oIS BAkY rHé’nfé’r USB1 ypr opyl ene and t he

|ike. The aram d fiber reinforcenents, such as Thernount (D from DuPont

are avai Iﬁbé@ae&ammindtﬁinqneﬂwdﬂayst»@afriﬂgaﬂmléaqméfmﬁ- atdtigapref erred

enbodi nent_with organic fibers, aramdfibers are utilized. 15 Al patents

cited3are pr@‘cYSbor ated herein by reference. The invention will be further
il lustrated by the foll ow ng exanpl es. EXPERI MENTAL Al |l conpositions

EOAM conpoHeRnres devE SR REE RUPET R 4% Ndee bR thotd nyFpmiffy a2 1) T
propor ti ongils ﬂiiclfh@as\@ﬁcé@éh'anG%QH%ﬁﬁkQ@I%@f’&l‘FI&%% )pmé o1t Ebo :
ingredients(s) were charged into a m xing vessel. 3) The ingrédients were

mi xed wi t Heet. Thsdinsensigne obthedilmweralarge emougizto pootande erquisbihie 1, 0oo
"PM  SPeeqpll of tEglAsE it

10 . 2) Aone foot square piece of one ounce per square foot copper foil was placed
treatment side up on the film.

3) Afilm of the inventive resin composition, prepared according to the to the
present invention, was metered onto the copper foil by .using 22 mil gauges
and a wire-wound rod designed to provide a coating of the target thickness of

15 the laminate. Wire-wound rods are well known throughout the coatings
industry.

4) Alayer of glass cloth, woven or non-woven, was laid onto the resin film

and allowed to saturate for approximately 2 minutes. If a plurality of layers

were used, the layers were placed onto the resin film approximately 2 minutes
20 apart to allow the resin mixture to saturate the glass.

5) An additional layer of copper foil, of the same size and weight as described
in step 2, was placed treatment side down on the laminate so as to align the
edges with the first sheet of copper foil. This foil must be rolled on with a

- precisely milled bar to avoid porosity. See step 6 below.

25 6) A four inch diameter 16 inch long hollow steel cylinder (machined to
provide uniform diameter and smooth finish) was placed at one edge of the _
laminate and gently rolled to the opposing edge while being forced by hand to

ride on the gauges. As the cylinder moved across the laminate, the excess
- -22-



-21 8 March 2005 WD 01/85840 PCT/US01/10663 4) The initiator(s) (e.g.,

organi c peroxi des) wer dded to the conposition ile the air notor was
operating at |ow speed bout 400 rpm and m xed about g MamtpeEs. The
conposi t i@ dissgaw ready for use. The general |am nation wetrhosdi/Awes
preparing the electrical laminates is as 5 follows: s) A layer of plastic
rel ease film(such as Mlar(r) filmfromDuPont) of 1.42 mls thick was
pl aced on an 1/4 inch thick tenpered glass plate of 1.00 by |I.o00 feet.
The di nensi&iscehpbéiéiohi drfl avarsinkednfehebhdesohetealjommd todtrain ouinof thee  edges
of the glass plate. 10 2) A one foot square piece of one ounce per square
f oot coppelemidaie.was placed treatment side up on the film 3) A film of
the inventive resin conposition, prepared according to the to the present
i nvention, y\@% hd oi \ ' astgfed and a
Wi re-wound7ro dggéf%ﬁg%%e?%%sggi} éggﬁgeo%ﬁénsg&%?ﬂﬁﬁgﬂ?gfﬁgfe{?la?ﬁi ckness of 15
t he | am nairestept veasvplaced omtisp of thewsipperfodlan t hr oughout the coat i ngs

i ndustry. 4) A layer of glass cloth, woven or non-woven, was laid onto the

o arafi ty B g 2 WA R B PR G PR Bkt B Rrs i 7 i1

appr oxi mat giykrsEweiié placel cadspostitg silkouf thedamésate on topuwiehe caividrur ate the
gl ass. 5) An additional |ayer of copper foil, of the same size and wei ght

as descri b, byt stillon the glass pladeed treatnent side down on the |aninate so
as to align the edges with the first sheet of copper foil. This foil nust

be rolled gn MidrReplaf! SEHIAE! ¥f dHuivALn AR HIsHdReFBEA Y stepaGwakep 6

bel ow.
placed on top of the laminate.
10 10)The glass-encased laminate was placed in a horizontal-opening press

preheated to about 220°F under about 10 psi for about 20 minutes.

11) The laminate was removed from the press and placed in a forced-air

convection oven at about 350°F for about one hour to post-cure.

12) After post-cure, the laminate is removed from the oven and allowed t0 cool

15 to room temperature.

Examples 1 — 6 and Comparative Examples

The resin compositions of the weight percentages- listed in Table 1 were
prepared according to the aforementioned method. The resin composition
was applied to multiple plies of woven E- type glass fabric of various styles

20 chosen to achieve the target glass content, and 0.2 parts-per-hundred resin of
t-butyl peroctoate (initiator) was employed to prepare an electrical laminate

by the aforementioned lamination method.
In Table 1, the following abbreviations are used:

“PBDU” represents a vinyl-terminated polybutadiene resin containing a

25 urethane residue;
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25 6) A four inch dianeter 16 inch |long hollow steel cyli nder (machined to
provide uniformdianeter and snooth finish) was placed at one edge of the
I am' nate and gently rolle t he opposi ng edge whi l eai nggiveiretedodsy hand

ride uges. As™he cylinder noved across
excess -23935%89 2005 WO 01185840 PCTI USOL /10663 resin ?@#@“ﬁl %‘% and

entrained air bubbles were allowed to drain out of the |am nate.
Anot her | ayer of release film of the sanme size and di nensi ons as descrl bed

0 step 1 wEADPLaGRdedt o AfyRicrhiRaCARRAI Shlencheln 9 A RreaRfigy o bV

12 inches | ong shins of e appr oxli mat am nat e ced on
opposi ng sﬁ@@sR&OIIReSmaMQat e on top of the carrier film but still on the
glass plate. 9) Another plate of glass of eqU| val ent di nmensi ons as

descri bed & d _an P | ami nate. 10.0)T

gl ass-enc asﬁéﬁ?‘B ﬁ\eé%ts m%yggeggupﬁ%egl I’?fg}'}r)'i@ﬁfeé} ‘E?ﬁgh??%tab‘?lé‘g§n Ei§@'heat ed
to about 2zsidugynder about 1o psi for about 20 minutes. 11) The |am nate
was renoved fromthe press and placed in a forced-air convection oven at

about 350F_f or about one hour to post-cure. 12) After post-cure, the

| ani nat e | sEHhdERRESEREthe@agtien prednciof edey mele@alﬂr waight 0.120m .
1 1 t
of "he vei EnSREESin pOLAREa HRRR0RY S A Rl ARG D | oo e

af orenmenti oned nethod. The resin conposition was appl ied to nultiple plies
of woven E-PREgjerepresents aﬂ:mwandbcular m@ts(byimtﬂﬁsmh@mﬁw achi eve the

target gl as&yﬁﬁenﬁené eﬁ-xer resin \Prﬁfxout &%&ﬁwa %Jdﬁcra%sdnn of

“PPE3” represents the reaction product of a low molecular weight (0.12
10 intrinsic viscosity) polyphenylene ether resin with isobutyric anhydride;

“Silica” represents fused silica powder
The following notes also apply to the data in Table 1.

Peel Bond is measured on 1 0z/ft? copper foil by test method IPC-TM-650
(Units = lbs/ inch width) where AR = as-received and AS = after-solder

15 immersion at 550°F for 20 seconds

Tg represents glass transition temperature as measured by dynamic
mechanical analysis at a heating rate of 20°C/min under nitrogen (Perkin
Elmer DMA7E) (Units = degrees Celsius)

Dk = dielectric constant and Df = dissipation factor as measured by Model -
20 0501 Thin Sheet Tester from Damaskos, Inc. at 2.12 GHz frequency

Dielectric thickness is in mils

Solder stability is dwell time in seconds at 550°F before blistering or

delamination

“Cure” represeénts if matenal cured (as evident by not bemg a liquid) during

25 step 11 and 12 above
-.-24_.



t-butyl peroctoate (initiator) was enployed to prepare an el ectri cal

Lami nate by the aforengntioned | am nation nmethod.gln Table 1, the

foll owi ng abbreviati onﬁre used: "PBDU' represe a Vi nygpMpenpaad ed

pol ybut adiw@nggs&si N containing a 25 urethane residue; -2P8TNBODINGED05 WO
01/ 85840 PCT/USO /10663 "PBD' represents a vinyl-term nated pol ybut adi ene
resin such as RICON ioo fromRi con Resins Inc.; "PBDE" represents a :
vi nyl-term nat ed pol ybut adi ene restaBlegont ai ning an ester residue; 5 "PPE "
represents the reaction product of a |ow nolecular weight (0.12 intrinsic
vi scosity) pol yphenyl ene ether resin with nethacrylic anhydride; "PPE2"
represents a | ov nmol ec@omparatied gibplgs0. 12 i ntrinsic Fkgpbséfibwentiomol yphenyll ene
ether resin wthout ch&m calCnodiPi cat |lon 'PPE3"1 3 repndsent 85t he lrfeact ijon

product jof a | ow nol equl ar ' intrijnsic yi sg?os t%%
pol ypheny! BRY dt her resfh sobutyrqoc afflydri t®; | 98 1 & riegrdsent s
motgs—arspapphy tothe daga T tabteil.

fused sitt+ea—powder—Tthe—fot
2 68opper fpil byt test [method | PGTM 650

Peel Bomd P®8Dnegsured|on 1 ¢
(Units FTosr—mch Wdth) Where AR = as-received |and AS = affer-solrder. 15
i mer si on BYEIS5QF238Y |20 seconds| #%4 4pte¥ent®241 lasidt v afisPt | gh31t empefat{ur e
as neas(redg hy dynam ¢ 3@?& ani clal analysis{at atheating ratp of 20C/ m
under niftr n_(|Per ki nmer DMA7E) i(Units = degrees |CelsiUs) =
di el ect i cpg@nstiant apd Df =46l Sisi patijon factor as nmeagured py Model

Styrene 3217 | 300 30.0° | 29.06 | 29.06 | 25.06 30.5 25.69 | 25.69 | 27.25

Divinyl 203 | 2.03 50 | 424 | 424
Benzene

Dibromo-
_ styrene
Silica ‘ : 15.0 15.0
Boron
Nitride
% Glass 17.2 17.58 | 17.58 17.15 17.26 16.89 15.17 21.08 15.17 16.85

38.0 34.01 | 34.01 38.0 38.0 42.0 33.0 3271 § 3271 34.70 -

10.0

Properties:
. Cure Yes No Yes Yes Yes Yes Y.es Yes Yes Yes
PeelBond | 57 0 NA {33 | s0 | 75 | 57 | 65 | 73 | 73 | 64
PeclBond | 57 | na | 35 | 54 | 67 | 65 | 59 | 74 | 74 | 66
Dk 2031 | NA | 290 | 2961 | 2820 | 2787 | 2859 | 3.052 | 294 | 292

Df 00193 | N/A | 0026 } .00214 | .00243 | .00215 | .00216 | .00223 | .00208 | .00188

Tg (°C) 167 | NA 142 152 164 161 167 156 166 167

Dielectric ;
Thickness | 060 | NA | 060 | 060 | .060 | 060 | .060 | 060 | 060 | .060
Solder | 130 | NA | 54 | 55 | >120 | >120 | >120 | >120 | >120 | >60
Stability
5 Analysis of the controls demonstrates that unmodified PPE (PPE2) that

contains hydroxyl groups hinders the curing of the composition, e.g.,
Comparatlve Example B did not cure and Comparative Examples A and C,

each containing a CMPPE did cure. These results exemplify the importance of



20 0501 Thin Sheet Tester from Damaskos, Inc. at 2.12 Gz frequency |
Dielectric thickness is i ils Solder stability is dyall time in seconds -
reiiie |

at 550F before blisterin r -delam nation "Cure" sengM4dréh pwdser i al
cured (asweyvégdpio by not being a liquid) during 25 step licapdoddicgdove
-24 8 March 2005 PCTIUSO 1/10663 Table | 5 Conparati®e exanpl esExanpl es of
| nventi on ABCD123456 PBDU3. 973. 976. 02. 01. 00. 850. 854. 50 PBD6. 0 PPEl1l
29. 8326. 9426. 9426. 9430. 521. 3521. 3522. 65 PPE230.0 PPE3 30.0
St yr ene32. mbddi3the)PPEA6 2840629 3h3Ob& 25t 16ABDx PR bictesPh \brdet to
2.032. 035. 0%244. 4 Benzene Di brono- _
38. 034. 013%°H§%$62 6SHIEASUNE33. 032. 7132. 7134.70.s ene Silical5.015.0 Boron
Comparison of the property data for Comparative exémple Do the
property data of Example 1 highlights to unexpected increase in adhesion
5 obtained using vinyl terminated polymers having ester or urethane
functionality. For examples, Comparative example D using a vinyl terminated
polybutadiene resin without the additional functional residue had Peel Bonds
of 5.0 and 5.4 as received and after soldering respectively, whereas Example 1
having a vinyl terminated polybutadiene resin with additional urethane
10 functional residue had Peel Bonds of 7.5 and 6.7 as received and after
soldering, respectively. Moreover, the solder stability dramatically increased
- with the use of the viny! terminated polybutadiene resin with additional
functional residue. It is unexpected that this combination of desirable
properties would be obtained with the illustrative examples of the invention.
15 One of skill in this art recognizes the superior combination of properties

obtained with the present invention.
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10.0 Nitride % d ass17.217.5817.5817.1517. 2616. 8915. 1721. 0815. 1716. 85
Properties: CureYesNoYesYesYesYesYesYesYesYes Pee! Bond
5. 7N/ A3. 35. 07. 55. 76. 57. 37. 36. 4 AR Peel Bond 5. 7N A3. 55. 46. 78 Mect9Z00E/. 46. 6

AS Dk2. 931N A2.902. 9612. 8292. 7872. 8593. 0522. 942. 92

Df . 00193N A. 0026. 00214. 00243. 00215. 00216. 00223. 00208. 00188 Tg

(C) 167KLAINI3152164161167156166167 Diel ectric

. 060Nl A. 0600. 60. 060. 060. 060. 060. 060. 060 Thi ckness Sol der

>120N A5455>120>120>120>120>120>60 Stability Anal ysis of the controls

denonsty; at esgﬁhéﬁmgmqf 2 that cont ai ns hydroxyl groups
hi nders the curing of t 5b§gﬁpﬁétl ‘ﬁ"}:% rrparatlve Exanpl e B di d not

cure anag fﬁang%/g ve, Exanpl es A and C, each containing a CVPPE did cure.
These r R WFHEFSPfPﬂ"eOH%%?tbﬂﬁ@%allﬁﬂnﬂa%a@ March 2005 WO 01/ 85840

- PCTIUSQ1dd 2883 nonomers having the formula :

R2

: i
5 R

wherein Rirepresents a hydrogen, an alkene group, or élkyl group, and
n = 1, or wherein R!represents halogen atoms n = 1 to 3, and R2

represents a hydrogen atom or an alkyl group, and;

(b) from 1 to 50% by weight of a vinyl-terminated polymer having the
10 - formula:

J__R4__Q

L. ' 1 <3

wherein R3 represents CH; or H, R4is an urethane or ester residue, and

 Qrepresents a polybutadiene homopolymer or a butadiene-styrene
copolymer, and;

15 (c) from 1 to 50% of a chemically modified polyphenylene ether resin
- comprising aliphatic unsaturation; wherein all weight percentages are
based on the combmed weights of components (a), (b), and (¢).

2, The composition of claim 1, wherein said ethylenically unsaturated

monomer is selected from the group consisting of dibromostyrene styrene
_27_




rmdlfyl ng the PPE to reduce the nunber of hydroxyl noieties in order to
achieve a desired cure. Cogparison of the property data for Conparative B
exanple D to the propertﬁata of Exanple i highlig t o gnexgeztosd

i ncrease {yp @¥agsHl on 5 oblai ned using vinyl term nat poﬁé‘ﬁﬁé{ﬁ 19636 in

ester or urethane functionality. For exanpl es, Conparative exarrp u5| ng

a vinyl termnated polybutadiene resin wt hout the additional functional -
resi due had Peel Bonds of 5.0 and 5.4 as received and after sol dering '
respecti velips Exanat v ixhira¥! ' HYndsitipdi ene
resin wt hﬂié/énl ti ona?euret ha eét)fé% %ﬁ%t | onaljlagrcgs?g{t?eﬂ%ﬁg%egjl @g of 7.5
and 6.7 asfaregeinged and after soldering, respectively. I\/breover, t he

sol der stability dramatically increased wth the use of the vi nyl

t erm nat ed poly t adi ene. reS| vutha functional.residue. It is
unexpect ed3t hat -CHi QWF%? A ngﬁlhrtlg'ﬁﬁ@rcﬁ £f PRANIZEPY be obt ai ned

with the illustrative exanples of the invention. 15 One of skill in this
art recognjzes fthe c@ﬁ@ﬁfsﬁﬁﬁn@m&hﬂi {wheréih sRIPRERAtoR & seddital fiRnthé h the
present invention. 8 March 2005 IMS ~. A thernosetting resin .

conmpodi t i oar%mﬁﬁnssﬁtﬂgg ofybuiy! perogtmatesi-eivy perey henecaie, aad diawnyl eni cal |y
unsaturatﬁlsje @E}mtlc nononers having the formula : 5 wherein R represents
a hydroge an al kene group, or alkyl group, and n =1i., or wherein Rl
represents hal ogen atons n =1 to 3, and R2 represents a hydrogen atom or
an al kyl gs.oup, Thadpn(gwsitioroof dlainw 1 50heinn seidghinylefermivategd| - t er mi nat ed

pol ymer hay l?rgu%alheene ﬁomopg][Jymer containing a urethane group is the reaction

product of a polybutadiene polyol with a vinyl terminated isocyanate.

10 6.  The composition of claim 1, wherein said vinyl-terminated
polybutadiene homopolymer containing an ester group is the reaction product
of a carboxyl-terminated polybutadiene homopolymer with a vinyl-terminated

epoxide.

7. The composition of claim 1, wherein said vinyl-terminated butadiene-
15 styrene copolymer containing an ester group is the reaction product of a
carboxyl-terminated butadiene-styrene copoylmer with a vinyl-terminated

epoxide.

8. The composition of claim 1, wherein said chemically modified
polyphenylene ether resin has an intrinsic viscosity between about 0.08 and

20 0.14 dl/g as measured in chloroform at 30°C.

9. The composition of claim 1, wherein said chemically modified
polyphenylene ether resin comprises a chemically modified poljrphenylene
-ether resin of the formula:

Q-(J-Km , .
25 wherein Q is the residuum of a phenol; . )

J comprises recurring units of the following structure:
-08-




C3 wherein R3 represents CH3 or H R4 is an urethane or ester residue, and
Q represents a pol ybut gdi ene honopolyne r or a bu i ene-styrene

copol ymer, and; 15 (c) om.1 to 50% of a chem cwy nodi f 8 @4krch 2005

pol yphenwyengsegdoer resin conprising aliphatic unsaturat iPCH/USOMMSSEi n al |
wei ght percentages are based. on the conbi ned wei ghts of conponents (a),
(b), and (c). 2. The conposition of claim1l, wherein said ethylenically
unsaturated nononer is selected fromthe group consisting of

di bronostyrene, styrene, -27{ %) 01/85840\8 March 2005  PCTI USO / 10663.
di vi nyl benzene, a-nmethyl styrjene\ ang m xtures conprising at |east one of

the foregoing. The conpositiqgn oi m 13 which further conprises an

initiator. 4. The conpositi oR+te Owkerein said initiator is
selected fromthe 5 group corsist-ng/of t-{butyl peroctoate, t-butyl peroxy
.benzoate, and dicunyl peroxildeg/5. Yhe conposition of claim1, wherein
said vinyl-terninated polybutidtene th)p | ymer containing a urethane
group is the reaction product'of a polybu i ene polyol with a vinyl
.termnated isocyanate. 10 6. The conposition of claim1l1, wherein said

vi nyl -t erm nat ed | ybut adi ene, honopol yner. cont ai ni an ester group is
the react ivﬂmlprmaé(g? m@pead@latﬂwﬁy e-qt%‘!l[ &%@E&%@Pﬁ%&éﬁ@?@ishompol ymer
with a ving oA A REed SAQHaE6 hydrocarbons, wherein such groups may

contain a substituent selected from carboxylic acid, aldehyde, alcohol, and .

5 amino functionality;

K has the following structure:

wherein R9 s a hydrogen or C-100 alkyl or aryl or mixed alkyl or aryl

group; X is an'oxygen, and 'm ranges from 1-200.

10 10. The composition of claim 1, wherein said chemically modified

polyphenylene ether resin comprises residual methacrylate moieties.

11.  The composition of claim 1, wherein said chemically modified
polyphenylene ether resin comprises a chemically modified polyphenylene

ether resin having the formula:

HsC HsC

o "\ ol © @

ll) HaC HsC
: '

15



7.. The conposition of claimi, wherein said vinyl-termnated butadi ene- 15,
. styrene copol yner containing an ester group is the reaction product of a

" carboxyl -term'nat ed but adi ene-styrene copoyl ner with a vi nyB-Machioes ed
epoxi de. 8. The conposition of claim1, wherein said chemcally nodified
pol yphenyl ene ether resin has an intrinsic viscosity between about o.08 and
20 0.14 di/g as neasured in chloroformat 30C. 9. The conposition of claim
1, wher ¥Whgran ks repessents CH; oo #l,fRertpresenyphe nilkdytidene heup! &7 R-CQPr i ses a
chemi cag | dgo%nc;l ed pol yphenyl ene ether resin of theé fornmula: 25 Q (J-Km
wherein ’(5*} € resi duum of a phenol; J conprises recurring units of the
follow ng structure: -28 .WD 01/85840 8 March 2005 P CT/US0O1/ 10663

wher ei n2R5" Sriecempposiaoh! of cl#ins ¢ WhEReh gﬁg%gﬁgé\ﬂ hodihky! . al kenyl,
S, rern-such groups may ,

al kynoyl ryl ., mxed al kyl -aryl hydrocar bon

cont ai rypd&)'}g}ﬂ%%}'fl‘?‘?%@ﬁ?r B eorprisesisibaliabbirlly no rasidmal pheabliele, al cohol , and
.5 5 alyd@okygctionality, K has the follow ng structure: wherein R9-11 is a
hydrogen or "Cl- 100 al kyl or aryl or mxed alkyl or aryl group; X is an
oxygen, and 'mranges from 1-200. 10 10. The conposition of claim1,

wher ei A3sai dherompaesitign nbdiaiined wipatinpriaplteeRanatd@BpolyBfi CoNpri ses

r esi du%n{ﬁ{sgg_cryl ate noi eties. '

["‘ —

O
_o_‘lkw

/ 0.2 0.6 H
L _I 50

14.  The composition of claim 1, wherein vinyl-terminated polymer
10~ comprises:

i . : Q Q
C=C—~C~0—CH,—CH—CH,—0O— { y = ! —CH— —od
Ho (‘3 O—CH; (;}H CH;—0—C~—C" ~CH=CH—CH,J—C —0—CHjy ?H CHz~0—-C—C=CH,
CH; OH - ‘ X OH ClIHa

wherein x is from about 50 to 250.

15.  Areaction product of a composition comprising:
a) 20 to 90% by weight of one or more ethylenically unsaturated

15 aromatic monomers having the formula :

R2

..30...



" et her

© 11. The conposition of claim1, wherein said chemcally nodified
pol yphenyl ene ether resin conprises a chemcally nodified pol yphenyl ene
resin having the fornmula: H2C 15 -29 wherein Rs repregamirsh 665 or H,

R6 represents an al kylidene group, and i=0 to 6, and,<30. 12. The
conposition of claiml, wherein said chemcally nodified polyphenylene

et her resi n‘ﬁﬁfg}'{ks‘gﬁ% Hostentdal esi dual . phenolic 5 hydroxyls. 13.
The conposition of ¢ gﬁl%m ?,%éee?’e%nﬁm\%ﬁ%%ﬂq%rrm hé‘f)'é%a'b Ifymar conprises: to
15 14. The cemasiwhée Bfrestabmsi rein vinyl-termnated pol ymer
conprises: 0 It if HZC:%%- Sga%?‘ %Oflﬁs-rb:lzl-ii?-fi; ang}¥? epresents C

CH=CH CHz C # gereptoappRr an alkyd gréigidady OH CH3 wherein x is from about

50 to 250. 15. A reaction product of a conposition conprising: a) 20 to 90%

by wei ght of (9ol 1 fPES %Srh\k%igﬂf S Jd%yﬂ?gr?rtlilﬁg?édegolymer having the

5 formula:

Y R41+-Q

4 <3

. 3 - -
wherein R’ represents CH; or H R*is an urethane or ester residue, and

Q represents a polybutadiene homopolymer or a butadiene-styrene
copolymer, and;

10 (c) from1to 50% of a chemically modified polyphenylene ether resin
comprising aliphatic unsaturation; wherein all weight percentages are

based on the combined weights of componénts (a), (b, and (¢).

16. _The reaction product of Claim 15, Wherein said chemically
modified polyphenylene ether resin has an intrinsic viscosity between about

15 ©  0.08 and 0.14 dl/g as measured in chloroform at g3o°C.

17.  The reaction product of Claim 15, wherein said chemically modified
polyphenylene ether resin comprises residual methacrylate moieties,

18.  The reaction product of Claim 15, wherein said chemically modified
polyphenylene ether resin comprises substantially no residual phenolic
20 hydroxyls.

19.  The reaction product of Claim 15, wherein said vinyl-terminated
polymer comprises: |

..3 1-



aromati c nononers having the fornula : -30 8 March 2005 wherein R
represents a hydrogen, an al kene group or alkyl group, and n = 1, or where
R, represents hal ogen at n=11to 3 and R2 repre ts 8 Nk oge at om
or an al kyl and; froml to 50% by weight o at ed
pol yner haV| n Eghlﬁe 5 for mul a: wherein R3 represents CHB b@ﬁns{;ﬁfoﬂ%f -
ur et hane or ester resi due, and Q represents a pol ybut adi ene honnpolyner or !
.a but adi ene-styrene copolyner, and; 10 (c) froml to 50% of a chemcally _
nodi fi ed pol yphenyl ene ether resin conprising ali-phati c unsaturation; '
wherein all weight, pétcentages atre [ [
conponents (& 6. ’ S SArodu
sai d cheni de nﬁhifﬁ-n : ether rlesin. has “yaf~N#w nsi c

; dl / gas /measured pn cformat
45, wherePhisaid cHem o™ modi fi ed
+ conpri ses residual netha¢yl ate noieties. 18. The
reaction prooduet of C|a|n115 wherein said chemcally nodified '
pol yphenyl en e ether resin conprises substantially no residual phenolic 20
hydroxyls. 19. The reaction product of Caim 15, wherein said
vi nyl - t er meoat eThepehotioal protiet bf Chiim 85 wiferéiy/ s%iﬁéﬁl}&tei\fhmdtea()%

polymer comprises:

O O O
Il ] : il H
HZC=(|3—C—O—CH2—(I'2H—CHz--O—-C{CHg—CH=CH—CHz}C—O—CHz—-(i‘.H—CHz—O—C—Cl}-—-CHz
CHa OH X OH CHa

s wherein x is from about 50 to 250.
21.  Alaminate comprising:
(i) a reaction product of a composition comprising:

(a) from 20 to 90% by weight of one or more ethylenically

~ unsaturated aromatic monemers having the formula :

2

1
0 Rln
where R*represents a hydrogen, an alkene group or alkyl groups
"~ and n = 1, or where Rt represenfs halogen atoms n = 1to 3, and
Rz represents a hydrogen atom or an alkyl group;
(b) from 1 to 50% by weight of a vinyl-terminated polymer having |
15 o the formula: | | o

-3



PCT/ US01110663, 20. The reaction product of C aim 15, wherei n sai d
vinyl-termnated poly conprises: 00 11 11 HéeC- COCH2 -CHC H2-OC
CH3-OH0 0 f1 11 H=CH CHz C O CH2-CH CH2 C- C=CH2 gi4pch Ebiss 5
wher ei n XWio91 888 about 50 to 250. 21. A laninate conpri SCAFSOVIN66H
reaction product of a conposition conprising: (a) from20 to 90% by wei ght
of one or nore ethylenically. unsaturated aromatic nonomers having the
formula : 10 15 where R represents a hydrogen, an al kene group or al kyl
groups and n = 1, or where R, represents halogen atons n = 1 to 3, and R2
represents a hydrogen atomor an al kyl gr8dp; (b) from1l to 50% by wei ght
of a vinyl-term nated pol yner having | the|fornmul &: , W 01/85840 R3 Q <3

/ RA—1+Q

J <3

. where R3 represents CH; or H, R4 is an urethane or ester
residue, and Q represents a polybutadiene homopolymer or a
butadiene-styrene copolymer; and

5 (c) from 1 to 50% by weight of a chemically modified polyphenylene
ether resin comprising aliphatic unsaturation; wherein the
weight percentages of components {a), (b), and (c) are based on
the combined weights of components (a), (b), and (¢);

(ii) from 5 to 60% by weight of a woven fabric based on the combined
10 weights of components (i) and (ii). |

22,  The laminate of claim 21, wherein said chemically modified
polyphenylene ether resin has an intrinsic viscosity between about 0.08 and

0.14 dl/g as measured in chloroform at 30°C.

23.  The laminate of claim 21, wherein said composition further comprises

15 an initiator.

24.  The laminate of claim 22, wherein said initiator wherein said initiator is
selected from the group consisting of t-butyl peroctoate, t-butyl peroxy
‘benzoate, and dicumyl peroxide.

25. The laminate of claim 21, wherein said ethylenically unsaturated
20~ aromatic monomer is selected from the group consisting of styrene,
dibromostyrene, divinyl benzene, a-methyl styrene, and mixtures comprising

at least one of the foregoing,

-33-



8 March 2005 PCT/ USO1/ 10663 where R3 represents CH3 or H R4 is an .
urethane or ester residue, and Q represents a pol ybut adi ene honopol yner or

" a butadi ene-styrene copolynmer; and s (c) from1l to 50% by @edagth 2@05 a

chenically nodified pol yphenyl ene ether resin conprising aliphatic
unsaturation; wherein the weight percentages of conponents (a), (b), and
(c) are based on the conbined weights of conponents (a), (b), and (c);
(i1) fr2ém 5 The lausinbye okdlgim 20f whersh saidflabrinstelis skel withthetat fstbi ned 10
wei ghts_of . ¢ ent;s (i) and (ii). 22. The lam nate of claim21l, wherein
said CEEHH¥H$$€&@HHﬁ?%ed pol yphenyl ene ether resin has an intrinsic

vi scosity between about 0.08 and 0.14 dl/g as neasured in chl oroform at
30C. 223y. ThTHednaiinbe: 6ffclaindbe) Whereih 85/ MebAitd 681%%! bgn further
conprises 15 an initiator. 24. The lam nate o gfal fg?ﬁMherein sai d
initiatgr regin.said jnitiator is, selected fromthe group consisting of
t-buty?gperﬁgFgéF%Pakuﬂﬁﬂ¥ﬂl%bﬁﬂ%?eﬂb%ﬂd$§n§ﬁﬂahasaﬂhhdgkm@eroxide. 25. The
| am napgrdend P Edo2WBSb8LP 0380 dnEh&y! eni cal |y unsaturated 20 aromatic.
monomer i s sel ected Pron1the group consisting of styrene, dibronbstyrene,

di vinyl benzene, a-nethyl styrene, and m xtures conprising at |east one of

the fo?2goi hbe larain@efictimean svieseinTadd lanimae haoh dikdpMidd facther ei n sai d
| am naﬁﬁeéssthﬁhaa%o\ﬁtt&ogﬁta llof(%llz on one or both sides.

L)

30. The laminate of claim 21, wherein said laminate comprises a microwave

circuit substrate.
10 31.  The laminate of claim 21, wherein said vinyl-terminated polymer
comprises:
Q | 0
bil)j\ o -0 —ILN
H i
02" /o2 H

32.  The laminate of claim 21, wherein said vinyl-terminated polymer
comprises:

: - O . O Q
_ il Il it It
HC=C~C O*-CHz—-—?H—CH;;"-O—-C{CHz——CH=CH——CngL~C—O—Cl-lz—(!)H-—CHz—O“C—?=_CHz
X C

is CHs OH OH

wherein x is from about 50 to 250.

34~




E

27. The laminate of claim26, wherein said netal foil is copper foil. 28.

The lam nate of claim2l, wherein said |am nate has a thickness 5 between
about 0.002 to about 0.120 inches. 29. The | am nate of -cl ai fihN&rch 2D@5 ei n
said | am nate has a dissipation factor of |ess than about 0.004 at lo GHz.
30. The lam nate of claim 21, wherein said | am nate conprises a m crowave:
circuit substrate. 10 31. The lam nate of claim 21, wherein said
vinyl--term nated polymer conprises: 32. The |lam nate of claim 21, wherein
Said vinyl-term nated polymer conprises: 150 0 r 0 0 11 11 If

H2C=C GO CH2---CH CH2---O-C }CH2-- CH=CH CH2~C-0-C i2-CHZC
Hz-0--CCGCH2 CH OH 3 -ax .4H CH3 wherein x is fromabout 50 to 250. 33.
The | ani3aarie I9kingk 8f dB; in.sa.d lamnate further conprises, | to 25%
by wei ght_of ,qn or%%%ﬁ%&gsglﬁ?acmﬁt? & COBRERES L M2PRBY conbi ned  wei ght s
of co.rrponeWFﬁg}%i" PRgsd more inorgamia fitler(85ed oRFhelddmhlih@863. , 34. The

| am nat e ofveightté Wg&npﬁﬁ@ﬁ&i(ﬁ a%a(.i 8i)s:hen‘i cally nodified

..35.-




pol yphenyl ene ether resin has an intrinsic viscosity between about o0.08

and 0.14 dl/g as measur‘ n chl orof orm at 30C. 35..6e | am nate of cl ai m\\
33, wherein said chem cal nodi fi ed 5 pol yphenyl ene her Bedaroh 200Prises '\
resi dual WROHS®#Y| ate noieties. 36. The |lam nate of clai mR3/Ushap&sn said

chem cally nodified polyphenylene ether resin conprises substantially no 2_1

residual phenolic hydroxyls. 37. The |lam nate of claim 33, wherein said v
conposition further conprises, 10 an initiator. 38. The |lam nate of claim Y

37, wher eidf-sai'the laminateef ¢laim 8Bnwharainisaid ¢chamically madifiedt ed from t he
and

group consi St = ner, 1= A [ OX benzoate _
di cunyl piogi?}g%ﬁ%é e%%%%ﬁ@%%% éqﬁfrﬁlﬁléy%%é§1ty ﬁ?e]té\‘eé*ﬁ?bé’&*&’ @{3 ﬁ{/‘fieni cally
unsat ur at esl14 dF gasomesswreddn @ikirofdins &t §6¢@d from the group consisting of
styrene, di bronostyrene, .divinyl benzene, a-nethyl styrene, and m xtures

conpri si n% at least one of the foregoing. 40. The lam nate of claim 33, »
wherei n s&@bd | dfiiameinate of dainpagnwherein saisl chempicalymashifiedt h si des. 20 41.

the 15m naemiierti Al TR BB B0 eBh R iaectf BifElsre o betweer

about 0.002 to about 0.120 inches. 43. The lam nate of claim 33, wherein
sai d | am 3&t e M laminatd pidlaion 38 awherein ehid dmsnichynddified 0. 004 at io
GHz. 44. The_ lLam nate of claim33,. wherein .d | am nate co ises a

i or owave pgﬁfpg{?pﬂ%%tgpgf%s_m comgprises substan%ghy no resﬁuale-pheno %c

hydroxyls.

37. The laminate of claim 33, wher_ein sald composition further comprises

10 an initiator.

38. Thelaminate of claim 37, wherein said initiator wherein said initiator is
selected from the group consisting of t-butyl peroctoate, t-butyl peroxy
benzoate, and dicumyl peroxide.

39. The laminate of claim 33, wherein said ethylenically unsaturated
15 aromatic monomer is selected from the group consisting of styrene,
dibromostyrene, divinyl benzene, o-methyl styrene, and mixtures comprising

at least one of the foregoing.

40. The laminate of claim 33, wherein said laminate is clad with metal foil
on one or both sides.

20 41.  The laminate of claim 40, wherein said metal foil is copper foil.

42.  Thelaminate of claim 33, wherein said laminate has a thickness
between about 0.002 to about 0.120 inches.

43. Thelaminate of claim 33, wherein said laminate has a dissipation factor
of less than about 0.004 at 10 GHz.

25 44.  The laminate of claim 33, wherein said laminate comprises a
microwave circuit substrate.
-3 6-



8 March 2005 to IS 45. The |aminate of claim 33, wherein said inorganic
filler is selected form the group consisting of silica, quartz,

~ woll ostonite, alum na, boron nitride, nagnesium alum num s& Marett 2005 aol i n,

cal cined kaolin, and m xture containing at |east one of the foregoing. 46.

The | am nate of claim 33, wherein said vinyl-term nated polynmer conprises:

47. The laninate of claim 33, wherein said vinyl-terninated pol ymer

conpri sg: Ol‘hd]]alﬂlhaﬁeﬁfﬂahﬁ Gwﬁ%ﬂéﬁd@ﬁb%
CGOCH2: CHCH2- O G % §3 ¥ } ere?ﬁuglgg% rorr(?h%out 50 to

250. 4 heﬂﬁ%“‘&&ﬂ%ﬁ%@ S‘é‘F'@%‘%ﬁZ IVOIWISIQIH’C&E alurhina, bongn nniteiglepne or nor e
Filler magesme Sundgfdlicate Hadild, LSlch b did 2H3TS 5D reaccz'mr%amm

at least one of the foregoing.

5  46. Thelaminate of claim 33, wherein said vinyl-terminated polymer
comprises:

47.  The laminate of claim 33, wherein said vinyl-terminated polymer
comprises:

. _ 0 0
] i 1l
HzC—-=('3—C—O—CH2~—(I'JH—CH2-—0—~C4E:3HZ——CH=CH-—CH;}—C—O-CHz—(I.‘,H—CHg—O—g—C=CH2
| i
10 CHy OH x OH CHs

wherein x is from about 50 to 250.

48, - :
> The composition of claim 1, which further comprises one or more

fillers, reinforcing agents, or fillers and reinforcing agents.

15
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