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with fire retardation being optionally contributed by one

thFRRRIT SpoRkoRE RR¥E i@l M nat ed pol ybut adi ene or
styrene copol yner containing either a urethane or an ester

c) a chemcally nodified polyphenyl ene ether resin, prefer
Not Agaligablecheni cal |y nodi fi ed _

BACKGROUND OF THE INVENTION

The invention disclosed herein describes thermosetting resin
compositions useful as a matrix resin for electrical substrate applications, The
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
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

25

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

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_

ably



pol yphenyl ene ether resin. It has been discovered that an unexpected .
conbi nati on of thermal, electrical, and nechanical properties tj are
obtai ned fromthe conposition recited herein. Therefore, th8Maehdd%ion is
ideally suited as a matrix polyner for electrical |~ substrate
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
appl i catlednical auibstrattapplicetions. oLow fBel Poad sa0 RehdAniiliseatiby No.
- 60/ 201, fi,l ed May 5, 2000,.which js jncorporated herein by reference.
5 FEDE&%@%@%%&%@E% wwprﬂﬁiﬁ@%lbw&m@@m& dRriNBE | NVENTI ON
The i niggh t@Rpeias6# ' | : j ng resin conpositions
usef ul a% a mgt rix ér)%gig%ﬂggsﬁngl%??ﬁ%gﬁ%%g?@géﬁaéppli cations. The 10
t hernosetting polyners are characterized by exceptional adhesion to copper *

foi | conbi neHneRG ¢prdimuss torexistfor athemmdsattingtresicadomeotitiomanega] Thi s

C I nat.l ties is.net achievabl e, W th conposifions_of the prior
aﬁ@ - %‘%ﬁce}ﬂfl ﬁiexr%%ggﬁriaﬁlgg]reggri](f??égﬁ%%gﬁeﬁagﬁglecﬁ# igg daanpfaciusedpmy ent  No.

5, 223, S6Bunérdallydivafitbhl highosmiedssrorenohy bub B &R RN ROUMCABRAGHS resin i s
whi ch '@ﬁa}li u'b{g at roomtenperature and has a nol ecul ar weight | ess than
5, 000 HEH! NP +-582301 @nsiA. 8832 of Barwel ebrad., porferablyray quoe y ner
capabl grabeAR8S Jf 1LY | ofrO |.ene _or | yi soprene
resin. Sfligh qonpd(gg%itg%gvggdeﬁtgggcgi %@gé 8@%%#3&2‘?@%&&%% or maki ng

el ect r 18@tC. Buibsspemiadlyndesiralde $o hhosveleetrical wubstretaeanalefesmi N excess of

195e O BB Ry Pineebifle s ianioh Temmeserves.cugi grester TS Pat ent. No.
5, 571, gegut B0°El and BiRAfghleRl]s of SELELOE fe.gl p%le?ﬁ&fljig ber 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 :

-



substrate material simlar to Landi et al. but wth incorporation of woven
glass fabric and partigal ate filler. The electric substrates. forned
fromthese 25 conposit s afford copper foil adh ns (ped&Mapendd t hat
range frowoodmsisdoo 5 pounds per inch width via test nethedTVIRS1/TM63 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 can render subsequently fabricated electrical circuits with
poor reliability and cause failureg2during high tenperature soldering and
refl ow sol dering operations. A need Cwtiti nues to exist for a thernosetting
resin conposition useful s as a matrijx resin for an electrical substrate
- capabl e of being manufactured on cospa ially avail abl e hi gh-speed
processi ng equi pnent such as descrima:' n U S. Patent Nos. 4,587,161 and
4,803,022 of Barrell et. aL, preferagtheu cure tenperatures of |ess than
about 250C, nore preferably I ess thanTaghut i80C It is especially
desirable to have electrical substrates nmade from 10 conpositions having
*hi gh glass transition tenperatures, e.g., greater than about 150C, and

havi ng hi giwhbeyelRS rgireselite silonlrogerg.an dikete pranghs ooulyl gl arrd npoynds per
inch width for one_ounce per .square foot copper, foil) 0 netal foil, '
pr ef er abl eO%Y %’é?r‘n#%?fFPreﬁ@HﬁthagQ%’F]l%ﬁPmé "-Wg]e‘g%lxﬁﬂs'i’ém EREHSE fons havi ng

r heol ogi c PS5 LB Orsil 1%I oh@r continuous |am nation wthout the

addi tion ??dgjpgsol vents. éo d{ri t?’ons that require solvents for |am nation
can have deficiencies associated with the inconplete renoval of the

sol veht dub) ng abmit 1itemadgmrefarablyrfvemsbounalh toiaheat 5p2% byaveightiofennent al
ggnszgogf a@ggk%%@gg%p@eoﬁﬁggmﬁ h?{\%ﬁ%tﬁé S hgupst commonly used sol vents

R3

SR

k

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.



20 A .need continues to exist for thernosetting resin conpositions with
excel lent electrical properties suitable for use in high‘frequency
applications. For a polyner dielectric to be suitable for Gdareht 200adband
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 dity and tenperature. 25 SUMVARY OF THE | NVENTI ON The needs di scussed

above can be gener alfuytlgicnsodichdnt t he di SCOVeﬁ)ﬁrﬁéulﬁﬂg«Q{B@?ﬁb %epint
conprising: (a) about 1t % %ref erably at | east abou 0% gﬁ‘g of
one or nore &HRY ROATGE DAY eﬁﬁ‘fﬂ’i‘ F%?P’é‘ﬂosét?‘lﬁ‘r?ﬂmpﬁs%ﬁéﬁﬁ@ﬁgmémt maw ng the

rapresents a hyar Bognonci compRiingh oK el RS Inghi Ot 1 Sugh a

wherein R, re@wemyﬂehaﬁbgmsmiﬁmcmdnn = 1to 3, and R2 represents a
hydrogen atom or an al kyl group, (b) about 1 to 99% preferably from about

1% to abput 50% by ht . of l,-term nate ymer (VTP) having the
forml a: g)Q wher ei n® %’ e‘fﬁsgnéﬁé heS?mHnaﬁ elusseaﬁodﬂﬁ-‘trﬁﬁﬁéze(ﬁbf@slﬁer
residue, Q rx%@zﬁies@]hémada@wm&@ﬂp% {OPHPAP L IRY ,3’1‘: P%{S Joone

copolynmer, 10 and Is on average |less than 3, an 9%
preferably f r%i?ﬁﬁ%ﬂlemltl@)aad@h@rm@b@meme@mldﬂccaleratm}matﬁ bﬁ/ m)dl fied

7o "ol phat o EaeraEah B On SPhE HoRpoRiRias MERSUER, Sigt T nar o
viscosity | esontjesitiahocdn be tnatld Damer Rh&FRBILYThe Sterrhédiaitdtle &idPthe
10 compositions and electrical composite substrates as described herein can
exhibit dielectric constants as low as 2.7 and the dissipation factors as low as
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, meastired 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



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 conponents (a), (b), and (c). Such conp8dartipAe05
optionally also may contain a polynerization catalyst and/or initiator, a
fl ane-retardant conmpound, and/or one or nore 20 fillers, reinforcing

agents, or fiHepsi | ] e : furth nbodi nent
particularly usefETR?%P%%$?Eﬁ£@%§?¥%Ei?ﬁ%gg?%géﬂﬁeﬂgéﬁ%ﬂﬁﬁgpﬁn@%

conposi tion @6ﬁbKH§Whg£HeBt&mamepMQﬂuk@&nqﬁoﬁﬁel=a&@@§gﬁaq¢@ned conposi tion
that may fur .hclude ot her, additiv such as,_ for exanple, a fibrous
rei nforcenen]{e?’?éseléggrﬁgyﬁf?%%tag’sﬂﬁﬁ &evp 3 be used to inpregnate
fibrous reinforcenment clad with copper to forman electrical circuit board
of fering exbdfioant tdiseive by vietpang A IRy IR rnBRARET héifer BAiAche! or at ed
rates of polxneriqatfon in formation of the conpositions. edver, such
conpositioné'PEH‘be made flame-retardant. The thernosets nmade using the 10
conpositions and el ectrical conposite substrates as descri bed herein can
exhibit dielectric constants as low as 2.7 and the dissipation factors as
low as 0.002 at to GHz. In a prefe Fed enpodi nent, conposites nade the
conposi tion exhi bit consistency of ectrig¢al properties over tenperature
and frequency. For exanple, dielecfric copstants can be obtained that vary
only 15 15 parts-per-mllion per dg us and by 0.05 from1l MHz to
10 GHz. In a preferred enbodi regt’, the el pctrical properties generally do
not vary significantly in humd environments since the typical noisture
absorption of the invented conposition i ngs t han 0. 05% by wei ght,
measured as the weight gain after 24 hours at roomtenperature in water.

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




A first aspect of-the present invention provides a thernosetting resin
conposition conprising: a) 20 to 90% by wei ght of one or nore

ethyl enical |y unsaturated aromatic nonomers having the for#&Masch 285var ch
2005 wherein R, represents a hydrogen, an al kene group, or al kyl group, and
n =1, or wherein R, represents hal ogen atons_n, = | %% 3, and R2

represent s ahbyRrrdgenesearitoringirozsm agpucyqle%’?w,“%%?ul’( ) from1 to 50% by

wei ght of a vinyl-term nated pol yner having the formyla: wherejn R3
represents CH31, ogwligre R4 repregents !Qﬂ&ﬁ@tamsé‘sférmr%éga&greBﬁecfenE represents

a pol ybut adi ene_jho | .epje-styrene copolyner, and; (c)
fromi to 50%%&8%%%??991%@@%@%“?& yphenyl ene ether resin
conprising aliphatic unsaturation; wherein all weight percentages are
based on t he (spfirbimneth yeddhtweight chapoyttesnipajed p&ym%rﬁtﬂ‘l(@th% second
aspect of th$ present invention provides a reaction product of a
conposi tion Qfé‘i’rﬂaisi ng: a) 20 to 90% by wei ght of one or nore
ethylenically unsaturated aromatic nononers having the fornmula : 4a -
wherein R represents a hydrogen, an al kene group or al kyl group, and n'1,
or where R represents hal ogen atongzn = 1jto 3, and R2 represents a
hydr ogen atom or an al kyl group| andj (b) f[romi to 50% by wei ght of a
vi nyl -term nated pol yner havi ngjthe forﬂyl a. Q '

y

1<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;

~ (¢) 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



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

copol ymer, and; (c) fr‘l to 50% of a chenmically i fied pélMetied§0ene
ether resyiy 1348’ i Si ng al i phatic unsaturation; wherein alpctTyesoghioss
percentages are based on the conbi ned wei ghts of conponents (a), (b), and
(c). . The description that follows provides further details regarding this
i nvention. DESCRI PTI ON OF THE DRAW NGS. Not applicabl e. DETAI LED

DESCRI PTI
(oA at Traked i Eb Gl tioRR G dphel R AfAHE B TR or SZ.”SEF;
affords a ldv&gﬂmgem‘tlclmglstae?; whﬂmh@sirtqmcwmlémﬂmmhimnelmm rical
properties t.he AM t
Bnd: di ssi whcanongéqriqvo%pg?ﬂ@ i hodigesan st Joust ek GeRatb s
feduced. HgRAREH ﬁgﬂxéﬂac@&p'm@& 'b@é&%uﬁ@ﬁpé&?&ﬂ? Fowndehaidsate uev@par ds

I ovver | el ect

favor c constant, while high frequency wreless
commufi cat obhalommlted:atyrmmfomuomﬂ;‘ppelreae%am totalcpgmerﬁ@m astheaiidAMbot h .| ower

.di el ectric constant ower...di ati.on f t . has pectedly
found 1 has cgbonath thifles SH5iPhIERBELRE: HfHedmed beif SnfEiR IR PoCl o1
per cent agepfeobijfoshidiMs 1eadRRiEfite retsmarﬁl FoF eb:éﬁipse tf Bie EEAMr at ure of the
cured resin |ncreases and _ the co 05| ion is rendered fire resi stant. For

exanpl e, i¢ompenaEbAnrhargpdohem substanimysdyrengie subseatialldl |y styrene to
substanti atl.hibl‘omostyrene, the glass transition temperature of the resin will i 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 A
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.



di bronostyrene, the glass transition tenperature of the resin will increase
10 from about | o00C to abo I 80C. Higher glass transi jgmon tenperatures are
general ly favored for copM®-clad circuit board appl i.)i ong& Marthe2G6Sset ti ng
resins ba¥e¥OUHEH substantially i 00% of the EUAM conponenPCaEISGo0683 f or d
favorabl e conpositions for copper-clad circuit board applications. Wile
the electrical properties of such a conposition may be 15 acceptable, the
mechani cal propgrties, especially adhesion to copper foil, are extrenely
deficient. For Q‘SW%?}]%}%E R Baseshenn subsianidaly 100 %@f the

Sonatant | o P coamdica RoGR e NG ke HRKBNGR INARE FkToBEEE | 1.

constant of about 2.4 and dissipation
adhesi on t@rcubpeand gpplications.hTheseanirad cesips sypicaily vaffér foend wgy lowan 2

pounds per _4i.nc .dth .20 for, 1 oungce per uare foat caopper foll and the
nechani cal glgﬁoﬁl@ﬁ%lﬁgg tGiper ‘E)télress"m‘f}lﬁfaé’ﬁf @S@eleg)%tflﬁaolcﬁﬁ’?@%st anti al
cracls ng_paditiomallgutietiob alitleiakingihased epURRALY MR e oPHid | eness of

the resin. lncorporation of about 0% of ~a urethane Contalning

pol ybut adi €M’ Fedp not makediopapnsitsong faverahle fprenppeiryclad oicceitbedrd he
adhesion t pqﬁgﬁgﬁsfoil to over to pounds per inch width of 3 25 ounce per
square foot “copper foil with a negligible inpact to electrical -properties.
Additionally, incorporation of CMPPE.resin unexpectedly maintained the

favorabl e coppdt issthiaportanb fdatuiegfithid ingehtionehected Wayl-terhfngtdd es- Thus,

in one enbodi ment of ,the present invention an inproved ~thernoset has been
devel oped R’PiWBF}' sPginsaldengpngaf quethanean gsier gonps. ¥mylfunctionsd or CVPPE.

Suchygt h ' ' Litys : ' Is - 01/ 85840
8U|(\3/a 1 OE: her2' R Sﬂﬁlg%%é%g%@?i% gg%’é db fibf Edﬂt%npﬂ?ersg infRR i 36LiA08s donot©

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:



Li kew se, thernosetting resins based upon substantially loo % of the VTP
conponent do not gener y make conpositions favorghl e for copper-clad
circuit board applicat s. These cured resins ty |1y su®Merctf 200, very

| ow gl asgyd 1@t | on tenperatures and unfavorabl e el ectriraliujnomssti es. 5
Addi tionally, thernosetting resins based upon substantially 100% of the
CMPPE do not make conpositions favorable for copper-clad circuit board
applications. It is an inportant feature of this invention that the
vinyl-termnated polyner contains at |east one of uretshane or_ester

groups. Vinyl functional 10 pol ybutiadi ene resins that Bdo not cdntain these
i npor t ant residuesygo not provide |the desirable adhesjon to cqpper foil.

For exanple, io¥OD -Gt of Ha Ppandamt=QrayN-fu pol yhut adi ene
resin (e.g., Ricon 152navail able friom Ri con Resins, i
of di bronostyrene resulted in a curled conposition with n to copper
of only 2.3 Is per inch width (on.gne 15 ounce copper foil). Ajconparable
cured conposition made with a vinyl= term nated pol ybut adi ene -€ontai ni ng a
ur et hane group unexpectedly yielded over sO Is per inch width adhesion to

0% by wei ght

one ounce per square foot copper foil. | Thus, in one enbodi nent of the
present inventiongd nethod foroenhanm the aghesjpon to mgthl foils,
preferably copper|foil, ha n devel oped. 20 jAn e anple of a uret hane
cont ai ni ng vi nyl l gat e poI but adi ﬁ{;l esi g ) th reaction
product of a paq but di en.*é pof onO I nyY - fedy, socyanat e:
- WD 01/ 85840 HO(R~O—|+2 /In HO
'\\ /I
URETHANE GROUPS

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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10 wherein Ri
cont ai ni ng at

Is amltip
| east one o

of one of the following s
he foll ow ng structures: #

ctures or a m xture
2 - EMaGp2005

- CH2- CH- -woamekssdeer ei n R2 represents the resi due fromthe pgesishi/oses nyl

term nat ed
I S on average
The RI
pol yner i zatHednoiebti
wel | - known_chem st [f\l/ util
skilled i nlnthe? gpacificpen
i ncl ude O:f—;—
commer ci al

| socyanat e,

and Rs represents a hydrogen or al kyl
bet ween about 5 to 150, preferably between about 25 and 75.
subtituents nay be any conbi nati on of one or nore residues fromthe

Bstiohirts FOly RI®r&iRa oo eff ARRRECNORMOGEEHSa ! hr ough

\ I 1 eratures known to those
sinpatde vistyl seriminbied socydnateds peocmty ol s

i zing catal

ysis and tenp
pleo

APz st THLel Rt MBiiErAcdinbe Respnaite it

group, and n

PGT/US01110663. the

especially preferred urethane containing vinyl-terminated polybutadiene resin

5 has the formula:

o [ ]

PR

r—Z

50

: 1% |
_O_IKN
I

H

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 R3 ]
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

-8
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Inc. A specific exanple of a suitable vinyl term nated i socyanate is a
product from Cytec In tries, Inc., TM(r) neta- aturated aliphatic

i socyanate. An especi ‘ preferred urethane cont ni ng vé Malcht 20061 nat ed
pol ybut adiveme1/38#in 5 has the fornula: This material is d it ee3 y

avail able fromEIf Atochem North Anerica as Poly bd(r) RA45VT.

Al ternately, a urethane containing vinyl-term nated pol ybutadi ene 10 resin

maybe formed from the reaction product of a pol ybutadi ene. diisocyanate
resin w t hwhevgimBRuis ampuliinle af epeohibe followingsiickungs @2 @ MRXIUEy URETHANE

GROUPS -8 . \W0.01 r - HSRL110663 wherein R is a
mul tiple op%énlégéﬁﬁ%sfgwg\?ﬁ}%gg Pt sl(JErliéas of a mxture containing at
| east one of the following structures: -CH2 ~CH2 -CH2 CH2 -CH2---CH

(i.e. R repr esent}/vt-t@Hﬁ%i dues fromthe polynerization of butadiene), R3

—CHo——
—CHg 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:



5 represents a hydrogen or al kyl group, and R2 represents the.residue from
the specific vinyl-term ed al cohol, and n is on a age between about 5
to 150, preferably betwe&@about 25 and 75. The af ori nt i  Maech 2605t | on
proceeds wdadweiessgdo wel | - known chemistry utilizing catalysi spendisognges at ures
known to those skilled in the art. 10 An exanple of a urethane containing
vinyl term nated but adi ene- styrene copol yner woul d be the reaction product
via one of the reaction pathways described, with the exception that R is
a multiple of one of/-t~h€H2f—e+I OW ng repeating structures or -a mxture

cont ai ni ng —a*cCHQas{—/one of the follow ng repeating structures: 8 March

2005 WD 01/85840 PCT/USO01 /10663 . CH2-... -CH2 CH -- -CH2-CH --CH2-CH
wherein the Rl substituents may be one or nore residues fromthe
pol ynmeri zati on of di ene and styrene. An exanple of an ester containing

vi nyl -t er m raCddy pol yt@HQ.dj_ene 5 resin would be the reaction product of a
vinyl-term nated epoxide™wth a carboxyl-term nated pol ybut adi ene resin:
.WD 01/8-5840 1 R3 RL 8 March 2005 '

/

—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~

-



PCTI US01/10663 0 H2C - CHOHO i [H I--CHz-0J R--OH2CG- --CHR$ n
ESTER GROUPS ~j -- - CH2 and/or CH and/or -CH wherein R is a

mul ti pl e of one of the || owi ng repeating struct or a 8 Maxthu2@RD5

cont ai ni nQVAP18EH5t one of the foll owing repeating struct JHESUSOHAP6E3 - CH
-CH2 CH2 -CH2-CH - 5. (i.e. Ri represents the residues fromthe

pol ymeri zation of butadiene), R3 represents a hydrogen or al kyl group, and
R5 represents the residue fromthe specific vinyl term nated epoxi de, and
n is on average between abgut 5 to 150,~-11 8 March 3005 01/ 85840

PCT/ US01/ 10663. prgf grab bet ween abqut and 758 An exanmpl e of the
ted!! - :
_ R
n

car boxyl -term
y M3 —oO0H + 2 g¢——CcH—]

|
|
1
|
- |
|
|
|
|

R3 OH 0 J 0 ~ oH R
R—Hi -—-CHQ—OM]J%RI%——-O—HZCJH—RS
‘ n
\\ 14
ESTER GROUPS

— CH—CH
R = cH— i dor CH/M\CHJf - T 2)
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~- '



pol ybut adi ene resin would be Hycar(r) from BFGoodrich Conpany. A suitable
exanpl e of a vinyl-term nated epoxi de would be glycidyl nethacrylate.
Alternately, an ester con ni ng vinyl-term nated polj t ads ®taectr 285N 5
coul d be ed fromth eaction product of an epoX¥-tepn] '

pol ybut adi ene resin with a vi nyl term nated carboxylic aci %&&?@%ﬁﬁw-
~CH RHCH2 +2 nO-R H--CREI| HOHOR3 RS--O-CHH Il R
H-CHZ-O-GR5 F F ESTER GROUPS R3 represents a hydrogen or al kyl group,

and RS reppesieitily BenAldhVANAINYS arlPed, INE eREmBILS R/ LABOR terfindted | Y|
residue directed Tinked to the carboxyl 10 group. An exdnple of a suitable.
epoxy- t er npnhbathdiohy besimcené be dlycar@dodm. BFGeodridly Candpanyt essuitdblem
BFGoodri ch Co n An exanple of a syita jle vjinyl -term pated carboxylic
aci d mul,deﬁ%‘ggét%fa?cm}yﬁkerﬁpét CRAX W@“&b%giycﬁﬁ&%g%lﬂ&t@onpany ‘al so
manuf actures an ester containing vinyl-termnated 15 pol ybutadi ene resin
avai l'abl e as Hy aderhateROQR%LES coftdifing inFKaFRliRaRid pAlyBitatietcRbf N N9

vi nyl term nated butadi"ene-styrene
5 could be prepared from the reaction product of an epoxy-terminated

polybutadiene resin with a vinyl-terminated carboxylic acid:

o o 0 R
| C{TACH R%—JH——\—CHZ + 2 HO-——-JI—RS
n
K 0 OH l oH o R}
l RS—JL ‘ 0 CHTLH—{R%H—CHrO———(l! —g5
_( )
N -

-
~ -
~ -

~
ESTER GROUPS

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~



copolyner is the reaction product via one of the reaction pathways

descri bed above, with e exception that R=is a tiple of one of the
following -12 . WD 01/8 8 March 2005 PCT/ USO 663 r epdlrchn2p05

st ruct ur eV@p1/8884i xt ure contai ning at |east one of the folR@WN10663
repeating structures: --CH2~jCHZ -CH2 CH2 -CH2-CH ----- CH2-CH --- wherein

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,

pr ef er abl y réypdatingrstateoutes 25 aantktite cmaidénsat least ometofithé faléiwing can be

enpl oyed to prepare ester ‘containing polybutadiene resins and

but adi ene- &% s&’ﬂ%‘FVﬁers fromthe esterification of hydroxyl

functi onal pol ybutadi ene resins or butadiene 10 styrene copolyners with a
vi nyl -t er mi nat ed_ca%)m@,a C acid. Suitable exanples of the pol ybutadi ene
pol yol inclu he ol yBd(r) resins fromEf Atochem North Anerica Inc.,
and .t he vi nyI -t rm nated carboxylic acid includes nethacrylic acid or
acrylic acid and the like. As especially preferred VTP cont ai ni ng pol yest er

T esidues-has 15 t ormula: 0 0 -, o a H2C=

C G O CH2- Cl:l—_@ﬁ% o H2CI__-|_:CI-I- CH2~CO- CH2- - CH- - CH2- O- G- C=CH2
——CHQ—)CH——*
—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 25 and 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- '



CH3 OH x OH CH3 .-13 .8 March 2005 WO 01/ 85840 PCTTUSOL/ 10663, wherein x
Is fromabout 50 to 250. A useful VTP of this type is commercially
avai |l abl e under the trade Hycar 2000X166 pol yner m B& Maocd20@h

Conpany, | s Group. ef ul CVPPE i ncl ude conpou g/g
reacting %@%?a&‘fie s known PPE conpounds cont ai ni ng phen%Fsz‘?ﬁ %&yl
residues at a concentration of greater than about 5 ppmwth a reactive
cappi ng agent. Such uncapped PPE conpounds are descri bed in a variety of

Eagggt ?4?%&%%&%0%%@&%’4%@ O‘%‘ﬁlge%%ogt t58:f ’\%%%%gﬁc@ @xpr essly

i ncor por at exvaligbleiundey thd radefreirk Hyrear Bo dX16be5dlpd ef fasth BreGyodadped PPE
conmpounds Id?Cl ude those, containing recurring unlts of structure: wherein

R5- 8 maybe GHTHERRH igalgawodPen, al kyl, al kenyl, aryl, mixed 15
al kyl -aryl hydrocarbons or such groups al so containing a substi tuent

selected fromt al cohol ;
and am no functlllj%e na |tyr‘(i:9ﬂﬁ:'h,§(i &glaggmﬁ(%Q%Q{édﬁ%%%cqmﬁdﬁfnéﬁggges from
1- 200.5 Mos tkrpmaf BPElmbmHuniIﬂspimﬂlheyihHr@pMﬁtdrc)hydmpyimedﬂm%tQf gener al

he re5|duu henol , i ncl uding

structure: &8% %‘ﬁ ?I‘EI n
pol yf unct i &iY& EIHH O OF BEERLET BI @é‘é&ﬁfﬁpé"fﬂ 36?393 & GEPPIRERERRLSt r uct ur e:
-14 8 Mar clzuwéf@mcapped PPE compounds are described in a variety 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._



. WD 01/ 85840 PCT/US01/10663 wherein X is hydrogen, C1-100 al kyl, aryl, and
m xed al kyl -aryl hydro bons, or such hydrocarb groups containing a
substituent selected f the group consisting o ar boxy!l § eiaaeh 2005
al dehyde,. wal @edsedo, and amino radicals. X also s may be sulAQVysesadGednyl |
sul furyl, oxygen, or other such bridging group having a valency of 2 to
rfesult in various bis- or higher pol yphenols. Rl1-4 independently may be
hydr ogen, Cl-100 al kyl, aryl, mxed a | kyl-aryl hydrocarbons, and the
like; y and n independently rangepfrom gbout \1-100, preferably about 1-3,
and nost preferably about 1-2; apd\in ghe enbpdinent, 10 y and n are the
i ol l owi ng structure: wherein
\ enyl, al kynoyl, aryl, mxed
al kyl -aryl hydrocarbons, or such| gng al so gontaining a substituent zs
‘sel ected fromthe group consisti sagboxy ic acid, aldehyde, alcohol
and amno functionality (e.g., @M de oRimde group), and mranges from
1-200, and K has the follow ng structure: -13 8 March 2005 WO 01/ 85840
*PCT/ USO /10663 X 9 R' R10 wherein Xis 0, S, or two hydrogens, preferably
Sor O a Eﬂﬁ% K e | i o al kyl
or aryl 'op‘glr% xe %zflglﬁ;%%e%é%ﬁogrﬁgu i gﬂg’%}%de%hé%?d]y%-g% %%aggéggen and
Rl , is a geédvhhydvotdrboa gaoupsguorthhiing heabstimenha¢letied fromahy pheny| ene

t h H b . -
ether resi cnons?sting 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_



chemcally nodified so to contain a reactive noiety, preferably a carbon-
carbon double bond. In th bsence of such a reactiveggoiety, e.g., where
the chemical nodified P ontains a residual isobut te Mgk 2006 t he
conposi ti wp eigsssabst antially plasticized, as evident by a pedwsbi/massi n the
gl ass transition tenperature, reducing the flexural nodul us above the gl ass
transition tenperature, and reducing the adhesion to copper foil. CMPPE

i ncl ude those having an intrinsic viscosity (I.V.) of less than 15 about
0.6 dl /g as neasured in chloroforn1qk 30@% It is highly desirable to

provi de a thernosetting resin conposjtionj that does not require viscosity
reduction via solvent incorporation der it suitable for inpregnation.
Therefore, in preferred enbodi nents th RYof the CMPPE is within a range
that the viscosity of the thernosettingliconposition closely approxi nmates
the -16 A 8 March 2005 WD 01185810 PCTIUSO 110663 viscosity of the sane
conposition not containing the CVWPPE. Accordingly, in preferred

oo Ten et s ofd ARt g PP ot G PN ™ el

about o. 08incwg%nﬂeﬂlﬂy dhydlragenoneyl @@ hikytot ardbenmixad aB8Lor avdlrdup.

preferred CVP mJﬁaeneral-ly have a nunber average nol ecul ar wei ght rangi ng
f r om bet weBrefatrhly, B0 are hydoogesvand R#lis apnethyl.abl y | ess t han about 3800
g/nmol , relative to polystyrene standards. Desirably, the PPE contains | ow

| evel s of. am neyc al.nin rhvad fromwel | -kno cat al yst
si de ?eacti ons. Itli?%lﬁlsm}ﬂoé?%&ar%ngr([%gﬁﬁtewg&eowﬁj%k{lea%@ﬁ’ér%%ﬂ\#gi ni ng end
groups pri elierhicallpansdifiedysocerpintgintdeabif mdie, preaferibipheafsn-be prepar ed
by processin thde %ncgppgd PPE t enperatures .

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~



about 150C to about 350C followed by capping. Prior to capping, the

pol yphenyl ene ethers prgkerred herein nmay be prep d fromPPE typically
havi ng a nunber averag | ecul ar weights in the ge of abMarcHlBZ)0B00 15
25, 000. - Pvepargmsion of a | ow nol ecul ar PPE conposition ca®i@tiaeadl i shed
by reacting the PPE with an oxidizing agent such as, for exanple, a
_peroxide or a quinone with or wthout a phenol (i ncI ud| ng bi sphenol s).

Anot her progedure to obtain a.l ow nol ecul ar pxi.dati ve
coupl i ng L Sioghret diigut CauRs i a%enméim%ﬂwscﬁﬂ’ﬂ S Ebgt nuber

average "%"g?%ig'&ﬂ'rerﬁ‘%&rﬁmen‘fﬁh%ﬁ B & the VP PR is JE‘?Z&?’EB@E F]}%tfh%bcgiﬁr ect

I sol ation rect 1Solation I's a pfo Eresinis

i sol ated f oope thg, swire preferabbeliss tharoalyowt 0. wadli g antymbsigiiefeyablyder reduced
pressure. wever, even h | ow nmol ecul ar wei ght resins ca ionally be
£ uncti ona:gi%%%?%tiqmé’ Q%aﬁé g8 naealggpqgl)@pdgal rénﬁ‘iti@ﬁoa 85 Bichi eve

even lsower I ﬂ,{% 0 npl oyed
int he gengr?glieﬁgﬁ %%?{P?ﬁﬁ rﬁg%ag{quidﬁésa m@‘égé‘g@}%ﬁé ik Wé%P?Hﬂg gonpounds
i ncl ude t hfisen katweentabahesarto 10101:‘&1 g Anel, pagfatibdy bfss tlaamhbamr@m)ndensat i on

of phenol s ents 30 described bel ow. Useful materials are
basi c corrpgm]f'ﬂg TF@E&"E%‘?E?Q%% es"f?% Efijslvarch 2005 WD 01/ 85840
PCTI USOI /10663 . exanpl e, basic conpound hydroxi de salts such as sodi um

potassium or D@bir@@lkrkbﬂequE)&MHef%Wl@%élé}'@ﬁam@ﬁe eqthidny ealdkgrbupgn nes
such ‘as tributy amne, triet hyI am ne, di nmet hﬁ benzyl am ne,

di met hyl buﬂ?ﬂ‘é‘?ﬁ frenmwellthmown sesalyseside aeartionselt ismrgierableitasemeve and i
o Rt ot S APh R R SRR L ARk tote i lVely Yappifif the PR, k" 00vel ! ©

ani néd such as i'm azo
; materials may be prepared by processmg 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-.



substituted derivatives thereof such as 2-nethylim dazol e,
2-vinylimdazole, 4-(di yl am no) pyri di ne, 2-, 3-, 4-vinyl pyri di ne.
Al so useful are organone lic salts such as, for e | e, 8Manctapabszi nc
salts knowo ¢usssat al yze the condensation of, for exanpl e, pCsUSyRIBEES OF
cyanate esters with phenols. 10 The organonetallic salts useful in this
regard are known to the art in nunerous publications and patents well
known to those skilled in this art. Capping agents include conpounds known

in the |itexatple Hasio@aepound hidpkédedalie saehupsodhaiid, phiagsiuvagairai n

carbon-carbonulslaturatlc')nf r ,urin%i_nto he thernoset matrix_via -
pol yner i zat$®¥a2 gy ail?@oﬁﬁgﬁth}’%ﬁ?mgﬁ&ﬁ lextiry GRIRES suph AR TPt i on.  Such
conpounds 'aﬁﬁhgﬁg}ﬁhgﬂag{ergeO&ﬁaahﬁm@n@ggﬂﬂﬂ@,@gfeg@@hma&ymé Bhd EHETRE

anhydri de, aci epoxy, ” car bonat'e, S I“'socyanat e, cyafate
ester, or abitidry meaixed allyddirghnsineCanp smsstigted derdvativesdhetdafistedas o or gani c

conpounds . [,on exa e, phosphor.us and sul fur .based cappin gents al so
ar rem i el udggr.neh}ﬂ?ﬂ)f_ @%gtegﬁgﬁﬁgagﬂg%ﬁgc A5 1T AZQIES OF Bﬂ@grgq?ﬁ%éla acrylic
anhydri de, siBéthaged Hbﬁvﬂ%@h\eﬁ@lﬁf s@ch 8 ﬂ%éﬁ.‘ﬂyﬂﬁ‘iiﬁ:a%l%, vainjéllim}]dazo

gl yci dyl met hacryl ate, acetyl chloride, benzoyl chloride, p eny}e’SUCh as
di ~ (4- ni t r dpidimethylaminekyeidine s gylor 4menplyriding) Adso wsefuldre esters,

phenyl i soc kS openyl -a, a-di met hyl phenyl i socyanate,

cyanat obe ng’@ﬁ@"%ﬁ?@ﬁﬁa@{sﬁggfﬁa@SH%W%" 6%0%5@5%‘0 s oynyto catalyze

chl or omet hyhg séndentatioaldf yor xamiplts isoxpgnites ok cienated6AH Hith Fikhols,
substituted. derivati Vﬂg]si t hereof "and m xtures thereof. |In one enbodi ment,

pref e ed dBgsEgpRINgiathesalienclelindhisyegard e knpwm dathe asidnt i on i ncl ude
those of tBEAGRRE Pubfbitiitd ¥t piehtd will MiownGo thEsd H4BRE4R 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



wherein Qis the residuumof a phenol; J conprises recurring units of the
f:ol l ow ng structure: 8 rch 2005 P CT/US01/ 1066 erein R5-8

i ndependently is selec from hydrogen, al kyl, al yl, 5 alMeyctogdgs aryl ,
m xed al kwio @fagksohydr ocar bons, wherein such groups nay C@EUTAIS#LA0663
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 m xed al kyl or aryl group; X is an

oxygen, angherdialpRht reditidur.a pliciody abl e capped pol y(phenyl ene ethers of
the present invention include nethacrylate .capped pol yphenyl ene ethers

produced by reacting a  poly ether) with, for exanple,

net hacryl |¥C§m%ﬁ$ B%quﬁﬁgﬂiéllt%@?gﬁ%ggﬁ%@ngﬁtr&cﬁgﬁp| ng catalyst. Even

relatively low |l evels of residual phenolic hydroxyl groups may severely

inhibit the free-radical cure eaction_and| depress the glass transition

tenperature of the fully cured|r&s fnpogition. It is preferred that the
withimore than 98% or nore

ally Yoo% 20 conversion of the

is readily -19 8 March 2005 WO

substantially i 00% conversion{ giere r% sybstantially no residual phenolic
hydroxyl s remaining after the ichem cal nodnfication. In an especially
preferred enbodi nent, the present invention includes a nethacrylate capped
pol yphenyl ene ether _resin having an

wherein R5™8 independently is selected from hydrogen, alkyl alkenyl,
5 alkynoyl, aryl, mixed alkyl-aryl hydrocarbons, wherein such groups may
contain a substituent selected from carboxylic acid, aldehyde, alechol, and

amino functionality;

K has the following structure:

10 wherein R9™M is a hydrogen or Cy- -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

_19.—




5 intrinsic viscosity between about 0.08 and 0.14 dl/g as neasured in

chl orof orm at 30C wherei ngubstantially i00% of the fgee hydroxyl groups on
t he pol yphenyl ene et her i n have been capped. In t i 08 Mapch @05

af or ement w@@dksg@rponent s, curing catalysts for the unsatpepiggeyfedgponents
al so may be included. The curing agent for the 10 unsaturated portion of
the thernosetting conposition includes any conpound capable of producing
radi cals at el evated tenperatures. Such curing catalysts include both

per oxy andundérspsdobsytoas eRilleddnGhb arinibat 8t SiiSstaki@P 166 % HonRer9oy
initiators _useful .in the present inventjon include, for exanple, 2,5-

di met hy| hethshe1ssubstamialyoperesidund phenglighydrawyls irsaining afier theper oxy) 15

hex- 3-yne, .a10i.= 1.z i de,. .t er oxtda, t- | ..perpctoate,
aca - b o( EERa oS, d5 ar SRR VMo P! BbERumtob thY brdifhe

but yl per oxinvbr¥iendnclddesaaibaceyiae caphdd p@}gbhhﬂﬁéﬁé)éth&qm iedvaheant -
but yl per oxybenzoate, 2, % bi s(t-butyl geroxy) utane, 2,2-bis(t-

but yI per oxiPYBBEIgYESCOSILE batwranghout .68 andisb i4 dY/igmsrmrgsureddne, 20

di(trinmeth ' [0 ' : I loy! phenyl t i phenyl sil yi

pe§ oxi de aénﬁaéﬁdtf%l}ar}lﬁ l?g) C%ﬁr@fs%%gﬁéﬁwx@é%o?h§ %FS }\Yﬁﬁ”@é@ %‘E#Fp%hnds
such as, fibe podypinglytencetBetenih hyle Beér elippiea)y| but ane, ,
2,3-trinethylsilyloxy-2,3- diphenyl butane, and the |ike. The aforenentioned

formul ati ons al.so %/,be cgﬁed usi ng J rrgdi ation 25 techniques and woul d
contain the af JAARMHPBAE g afareyenioged cagmonesis, suEingsasalysisiontem

curing. Tﬁﬁis‘éﬁﬁra?éi?ﬂ&hgﬁnéﬁ% ﬁé@ﬂa&ﬁ%&?_@%@gﬁ?%@é@%&%&ﬂfom eferred

enbodi ment of this rnventron Is a er rein copper -cl ad
el ect® i calursahinatedportion of thesthemnoéeitingmempadition dhclades anposinpenadcan be

| f Ltable forns. 1 Sae. of f i nclude, 30 e.g . chopped
roone o I AL B e L L, 8070 e Chopoes

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

-20~
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8 March 2005 . WO 01/85840 PCT/ USO1 /10663' continuous fibers, woven

faabrics, air-laid mats d the like. A preferred fgam of reinforcenent is
a woven gl ass fabric o‘ess than 6 oz per sq. ya or nor 8 Maperep@sabl y

| ess t hanwb &/83840per sq. yard, or nost preferably | ess t haiCTAUD1IBWGEes per
square yard. In a preferred enbodinent, a plurality of such woven 5 fabric
i's utilized to provide the target |aninate thickness. The conposition of
the glass fiber can vary according to those well known in the art.

Speci fi c exanjihesus filsdredeoeeyfabsics, aielgjd assts anddheliket A preered form

conpositions. .Ip a preferred e nt esqglass i.s preferre Al ternately,
organic fi sir%n@aﬁerﬁenwédwmse"bl@ e of I B e B 0% oy FAC: 26 TN 0oL
in wei ghtspr&efdﬁﬂ’ﬂaes% tl§.:—i §ﬂl’i SfHﬁ‘ﬁtgréfe glés@%h'ﬁ’g e.dg.,

aramd ahi gh- nol ecu ar ght et hyl e propyl ene and the
{ike. Theounegsiprisijhare y@dnflnmmnﬁm ershediment, mpéumlﬁyito Budhr wavdbuPont

are avall | e n s fila nonwoven. In a preferred
enbodi’nent ?%qcﬁsg gfﬁ 550 PF%‘@@E%I taigﬁ awrbagpgﬁ]é:ﬁ(g ilized. 15 Al pat ents
cited are incorporated herein by reference. The invention will be further

i |lustrated by ThecdeipoeiMdigofthe s@ﬁberEﬁﬁPEan\dﬂ%Ma tbth@ﬁ@@élltlons
recited in_ the exanp I(IIa)ngere pre%ed béxthe ol | ow ng hod: 20 1) The

~ EUAM conpoKBfvdy tb@alé Speedic examplesdngRrdges glassing-g 85 %‘@'tz glass
roportion af @Qﬂ any ot her
Pnglroedl :ant g?m@)s@gir% C rpq-é%? Into %ﬁ%‘ﬁg esselﬁégﬁ%e i%gredi ents were -

mxed with a Cowels bl ade on an air notor at 25 noderate (about 1,000
rpn) speed for Altemnatelyyuorganic fibers can be used to provide reinforcement in form

10 analogous in weights to those listed above. Such organic fibers include, e.g.,
aramid, ultrahigh-molecular weight polyethylene, polypropylene and the like.
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.

-21-



'-21.8 March 2005 WD 01/85840 PCT/ US01/ 10663 4) The initiator(s) (e.g.,

organi ¢ peroxides) were added to the conposition while the air notor was
operating at | ow speed (a t 400 rpn) and m xed for out smdrtmpd@s. The

conposi ti Row ready use. The general |am nat™on SN
prepari nga{%de]%é @ct rical lamnates is as 5 follows: s) A”F%@S“%ﬁfﬁﬁast I C

release 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 mensjpn$eqhitierfH(BuVek8arid s s .he edges
of the gl a?s?_ pl at }a.. 16( 3)(%’on?dloggﬁggﬁg&ﬁgg@egﬁbgﬁgcglt&} ggﬁp?tgr square
f oot coppewhilothe aixgnptacess operetingahlovespiedifabont 4o fom)andmixed form of

the inventive resin co sition, .prepared according to the to the present
i nvent i on, ARG &FB&%‘F&&%&WS&@%@P%F@@}I%&S% 22 nil gauges and a
wi re-wound rod designed to provide a coating of the target thickness of 15
the | ani naflge %éﬂdzﬁi wRpithtiednefiod 08 btege i tHd VleMeRtaV larh i@t &q8 b NS
i ndustry. 4} | ayer of glass cloth, woven or non-woven, was laid onto the

resi n5fi| nollaws: al | oned to saturate for approximately 2 mnutes. If a
plurality of layers were used, the |layers were placed onto the resin film

o hss. 5 nAduth PLRERE ApBRR i ufh S bRl Rt EhP el B S0 21 g

as descri hafls thiekWaPpRcedos apl lﬁ]ga;ﬁeh HiieRtemplered 8Risd Pidte o 1l0fhy ﬁg’gn ate so .
CcO

as to alignh the edges with the first sheet of pper ftoil. Thi's Il rmust
be rol | ed feet ikendimensioss o€the film were lazge enough el ppeirude ayourgidiest ep 6
bel ow. edges of the glass plate.
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-



gl ass-enca

25 6) A four inch dianeter 16 inch I ong hollow steel cylinder (machined to
provi de uni form di anet and snooth finish) was plgged at one edge of the
| am nate and gently ro d to the opposing edge bei ngg hareegodsy hand
to ride wodilags@auges. As the cylinder noved across the lpgmusai/ee6s he*
excess -22 8 March 2005 WO 01185840 PCTI USO1 /10663 resin conposition and
eéntrained air bubbles were allowed to drain out of the l|amnate. 7)
Anot her | ayer of release film of the sanme size and di nensi ons as descri bed
in step 1 yan phrapedtion drabertiainkd abdpishles wete allowid thvdraid 8ui ofithewi de by
12 inches Jong shinms of the approximate | am nate thickness were placed on
opposi ng sle@BBats the | aminate on top of the carrier film but still on the
glass plate. 9) Another plate of glass of equival ent dinmensions as '
descri bed Zj‘ éﬁ‘]fcﬁﬁelll’ayé‘ﬁéf rdP 26 $hn D) Bf {iRPsattle dil€ah@ dimehfond ds dedcHird

e am nate was placed’'in a horizontal -opening press preheated
to about 2@pstEp undmmplatmlon lap phihefcoppabfoik 20 mi nutes. 11) The | aninate
was reroved fromthe press and placed in a forced-air convection oven at

Tani ndce 18 ebyatho BelRel2 pEhEERreathBn.oh s b TR pithe | "

t enper at ur gyiclReaEWeds place odshposimasides vithelamph#te obheprafthe caoigrosi ti ons
of the 'Weigﬂé’d?erc_enta es |isted in Table 1 were prepared according to the

af orenent i . aﬁseB]iaﬁe-corrposi tion was applied to nultiple plies
of woven E- type glass fabric of various styles 20 chosen to achi eve the

target gl agp SRth&HlatBeIdsoRuivalBef ditteHIGHS ds8¥dsBriBéd in step 1, was

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;

_23-




t-butyl peroctoate (initiator) was enployed to prepare an el ectri cal
| am nate by the aforenentioned | am nation nethod. In Table 1, the

fol |l ow ng abbrevi ations ar’Jsed: "PBDU' represents I nyBMLemPou ed

pol ybut adi [n contaimng a 25 urethane residue; =2 (%/IE}B 2005 WO
01/ 85840 ﬁg@ﬁb@%ahoem "PBD' represents a vinyl-term na?Pe %ﬁgg%’?adi ene
resin such as RICON ioo fromRi con Resins Inc.; "PBDE" represents a

vi nyl -t erm nat ed pol ybut adi ene resin containing an ester residue; 5 "PPE"
repr esent s “pPp” r83fekboR AiAYHEmAhatkd 8 e gy rinsic
vi scosity) pol é\%\en I e.nea et ger rr es?n m%t agflr;‘/eﬁilﬂéé an ayéfjgll%(éN I@LEZ" _
repr esent sfrgm esins dmc.ywei ght (0.12 intrinsic viscosity) polyphenyl ene

ether resin without chem cal nodification; "PPE3" represents the reaction

product of « W cul ar wejght .(0, 1,2 .10 intrinsic viscosity

pol yphenyl elé:%b%elr E&eg?%‘rgi%vwl- I‘Félgﬁt?%’mlzg‘ﬂéﬁh%ﬁeaa} ?OméPPJPSé}* &3t esent s
fused sili eaidwwsder The foll ow ng notes also apply to the data in Table 1.
Peel Bond is neasured on 1 oz/ft2 copper foil by test nethod | PCGTM 650
(Units = Igﬁ i,nch width) where AR = as-received and AS = after-solder 15
i mer §i on AR PBSOEDFenis glaen proquss of adavdnglegulariweight (0.2 t enper ature

as neasure ' | Ls | of .20C/ m n

nder it r SSOASEAREY) R BRRLTRhe 8RR Pith GntF AL LR A Ririles, =

dielectric constant and Df = dissipation factor as neasured by Model
“PPE2” represents a low molecular weight (0.12 intrinsic viscosity)

polyphenylene ether resin without chemical modification;

“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” represents if material cured (as evident by not being a liquid) during

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



20 0501 Thin Sheet Tester from Damaskos, Inc. at 2.12 GHz frequency
Dielectric thickness iggln mls Solder stability igadwell tine in seconds
at 550F before blist eig or delamnation "Cure' pr eseng$adrén pader i al
cured (asweMii@esyp by not being a liquid) during 25 step PCTamsdi/i@énbove
-24 8 March 2005 PCTIUSO 1/10663 Table I 5 Conparative exanpl esExanpl es of
Fnvention ABCD123456 PBDU3.973.976.02. 01. 00. 850. 854. 50 PBD6. 0 PPEl

29. 8326. 9426. 9426. 9430. 521. 3521. 3588145 PPE230.0 PPE3 30.0

Styrene32. 17. 30. 030. 029. 0629. 0629. 0630. 525. 6925. 6927. 25 .Di vi nyl

2.032.035.04. 244. 24 Benzene Di br ono-
38.034. 0134. 0134. 038. 042maeR8ive38nplk32.17134, 70 s xan@les piduyeBion 15, 0 Bor on
4 5 6 ’

A B C D 1 2 3
PBDU 3.97 | 397 60 | 20 10 | 085 | 085 | 450
PBD | 6.0 |
PPEL . | 29.83 2694 | 2694 | 2694 | 305 | 2135 | 21.35 | 2265
PPEZ | 300
PPE3 30,0

Styrene 32,17 | 300 300 | 29.06 2906 | 29,06 30.5 25.69 25.69 | 27.25
Divinyl
Benzene

Dibromo- | 300 | 3401 | 3401 | 380 | 380 | 420 | 330 | 3271 | 3271 | 3470
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

203 | 2.03 50 | 424 | 424

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



10.0 Nitride 96(]assl7;217.5817.5817.1517.2616.8915.1721.0815.1716.85'
Properties: CureYesNoYesYegyesYesYesYesYesYes Pee! Bo .
5. 7N/ A3. 35. 07. 55. 76. 57. 37?. 4 ‘AR Peel Bond 5. 7N A3. 6. 78 MebeclPZod . 46.6

AS DK2. 93y fiZssBR2. 9612. 8282, 7872. 8593. 0522. 942. 92 = pCT/USO1/10663
Df . 00193N/ A. 0026. 00214. 00243. 00215. 00216. 00223. 00208550188 Tg |
(C) 167N A142152164161167156166167 Di el ectric |

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

>120N A545Ewitidfy i thel PPE 18 @edi2e-the nusimbir dfttyydioalhisotetitl ih bpdeaat r ol s
denonstr at eigt hat .unnodi fi ed PPE (PPE2) that contains hydroxyl groups ‘
hi nders t haCTHEYS #§edired GBre onposi tion, e.g., . Conparative Exanple B did not
cure and Conparative Exanples A and C, each containing a CMPPE did cure.

These resul t s eqgfiarison'ditht BRodANatTor ConBaldiive xafibte Hiothe 85840
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 tlﬁs 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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modi fyi ng the PPE to reduce the nunber of hydroxyl noieties in order to

‘with the i

achieve a desired cure. Conparison of the property data for Conparative
exanple Dto the property data of Exanple i highlights to amacgezoed
i ncrease in adhesion 5 obtained using vinyl term nated pol yners havi ng
ester or urethane functionality. For exanples, Conparative exanple D using
a vi nylICLAdM&i nat ed pol ybut adi ene resin wi thout the additional functional
resi due. had Peel Bonds of 5.0 and 5.4 as received and after sol dering
respectively, whereas Exanple i having a vinyl terninated pol ybutadi ene
resin w th agehss ; functional residue had Peel Bonds of 7.5
and 6.7 as recei Vfggﬁggég%%lggﬁnio%sg&qﬁ NPeecti vel y. Moreover, the
sol der tgztai | i dramatically increased wth the use of the vinyl
term nd¥e ﬁ%P@%BYﬁ’aig@rfgoP‘é%ﬁWPrWtbﬂelaﬁﬁﬂb’W@ﬁmwd functional residue. 1t is
unexpe ] I nbinati pn of desirable properties would be obtained
2k a}lgg{l?gp#@éggﬁg%%%?%fn?lﬁé i nvention. 15 One of skill in this
art recogni zes the superior conbination of properties obtained with the
present invention. 8 March 2005 CLALMS ~. A thernobsetting resin .
conposition conprising: a) 20 to 9 y>hei ght of one or nore ethylenically
unsaturated aromatic nononers having jthe formula : 5 wherein R represents

a hydrogen, an al kene group, or alkyl-group, and n-=1i., or wherein Rl
represents hal ogen atonms n =1 to 3 @‘ R2 represents a hydrogen atom or
an al kyl group, and; (b) froml to §Q%Mb

wei ght of a vinyl-term nated
pé)l ymer having the 10 fornul a:- R}
n

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:

15

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;

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

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

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

monomer is selected from the group consisting of dibromostyrene styrene
_27_




C3 wherein R3 represents CH3 or H R4 is an urethane or ester residue, and
Q represents a pol ybut adi ege honopol yme r or a butadi ene-styrene :
copol yrmer, and; 15 (c) fra. 1 to 50% of a chem call di f & efhrch 2005

pol ypheny{gy@akfper resin —conprising aliphatic unsattratigerosihgési n al l
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 nonomer is selected fromthe group consisting of

di br omost y iRyl beitzZ4h8E-methdl’s rﬁ}éxﬁé%‘ﬂt&e%ﬁﬁl risfifoat lefiSt Ui 1he 0663.

di vinyl benzene, a-nethyl styrehe, and m xtures conprising at |east one of
the foregfiragoinBhe conposition of claimi1, which further conprises an
initiator. 4. The conposition of claim3, wherein said initiator is
selected.fromt 5. group consisting, of t-hutyl peroctoat t-butyl peroxy
benzoat e, @nd Ef‘&? 08&2%9&3@.‘“%’.‘%]?@ 15:‘5&1?5@ Pe;’ﬁe%fm&?ﬁiaﬁ?&, wher ei n
said vinyl-term nated pol ybutadi ene honopol yner containing a urethane
group is the redhkicompdaitisiiefcloim 3, Wdkydinisail Rigatepivtlected fran thay! =
term nated i socyanate. 10 6. The conposition of claim1, wherein said

vi nyl 3t er nBieatReePSiEIRgof tnizhpenostaniel iyhuty] perpaibhenaeatgnard dicumyloup i s
the reacti ‘;f}o?méjuct of a carboxyl-term nated pol ybut adi ene honopol yner
vvithaving- erm nated epoxide. ' : :

5. The composition of claim 1, wherein said vinyl-terininated
polybutadiene homopolymer 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-K)m
25 wherein Q is the residuum of a phenol;

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




7. The conposition of claimi, wherein said vinyl-term nated butadi ene- 15
styrene copol yner cont‘i ng an ester group is t\f:\ieacti on product of a
[

car boxyl -term nat ed bu i ene-styrene copoyl mer a Vi nyBM=emocs ed
epoxi de. 3§o olRk€ssgonposi tion of claim1l, wherein said chemPCRIUSPL/HSEH fi ed
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, wherein said chemically nodjfied polyphenylene ether resin conprises a
chem cally nodified pol yphenylegg - esin of the formula: 25 Q (J-K)m

wherein Qis the residuum of phe J conprises recurring units of the
follow ng structure: -28 .WD|01/ @ \ arch 2005 P CT/US01/ 10663
wherein R5 8 independently i m-hydr ogen, al kyl, al kenyl

al kynoyl, aryl, mxed alkyl - N pcar bgns, wherein such groups may

.contain a substituent selected f dm carpoxylic acid, al dehyde, alcohol, and
. 5 amno functionality; K haRhe foRIo ng structure: wherein R9-11 is a
hydr ogen or Cl- 100 al kyl or ar atkyl or aryl group; X is an
.oxygen, and 'mranges from 1-200. 10 10. The conpositi on of claim1,

wherein said chem.cally nodified oly n e eth i onpri ses
resi dual vEherest g?;t?lél eatlpridy is se ecteé) ITH’ r?rogen a ﬁ«enyf
alkynoyl, aryl, mixed alkyl-aryl 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:
Hs;C HsC

Rs\ s | o- @

H2C ‘Ol H3C ’ H3C
- Vi

15



11. The conposition of claim1, wherein said chenically nodified i
pol yphenyl ene ether resin conprises a chemcally nodified pol yphenyl ene

" ether resin havi ng the formula: H2C 15 -29 wherein Rs repres$didrsh @B or H,

R6 represents an al kylidene group, and i=0 to 6, and,<3o0. 12. The

conposition of claiml, wherein said chemcally nodified polyphenylene

ether resin, conprises substantially no residual phenolic 5 hydroxyls. 13.

The confB§TaINY tepreseaisH; onih Rt represeyits ae aliiylidead gPOlip 'Ed i-GPRPr | ses: to

15 14. a‘t}ﬂlc@%osi tion of claimi, wherein vinyl-term nated pol ymer

conpri sés: It if GGG OCHz- CH-CHz-0-c CHB HOO C

CHCHCHz C-OCHz- CHCH2... Oc--C=CHZ x OH CH3 wherein x is from about

50 to 250. TFhe ompasitionrofRlame! whbretn saRaRidieAly WAL "9: @) 20 to 90%

by wei %hotI oﬁ orlle or hrmre,et hyl eni cal |y unsaturate \
yphenylene ether resin comprises substantially no residual phenolic

5 hydroxyls.

13.  The composition of claim 1, wherein vinyl-terminated polymer
comprises:

O

I—-=Z

/ 0.2

14.  The composition of claim 1, wherein vinyl-terminated polymer

10~ comprises:

15

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

aromatic monomers having the formula :

R2

..30...



* aromatic nmonormers 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 halogen atonms n =1 to 3, and R2 represents & Nwdkegen at om
or an al kyl group, and; (b) froml to 50% by wei ght of a vinyl-term nated
pol ymer having the 5 fornula: wherein R3 represents CH3 or H R4 is an
urethane or a3t RYEHANE a1 ents_ a.pol ybut adi ene honopol yner or
a but adi ene-styrene copolay?r%}gg,egaa?llg?{eﬁ%gr?@Orfa%@wulf’gn D% of a cheni cal | y
nodi fi ed pol yphesmwigne RtrBsfesbis ri sing aliphatic unsaturation;
wherein all V\ﬁ{%l_t per centglggeess ar}gﬂo%g‘s 85 o orepegsghts  of
conponent s ( &)NYYBEER ateun Oc pn allgyl gitvep,rgrict i on product of C aim 15, wherein
said chemcally nodified polyphenylene ether resin.has an intrinsic

Vi scosity benyyq? Q. 08 0. 14 dl /gas neasured in chl orof orm at
30C. 17. The reaction %9 SZagc‘felglf‘ta%‘daaWWﬁe,fmméF@ polyniat Iivarg thel | y nodi fi ed
pof yphenyl enforstiler resin conprises residual nmethacrylate noieties. 18. The
reaction product of Caim 15, wherein said chemcally nodified
pol yphenyl en e ether resin conprises substantially no residual
hydroxyls. 19. The reaction product of Claim 15, wherein said
vinyl -term nat ed polymer conprjii SesR¥- 1/ 85840 8. March 2005

’/J“R‘1 +Q
4
<3

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

phenolic 20

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-



PCT/ US01110663, 20. The reaction product of C aim 15, wherein said
vinyl-termnated polynmer conprises: 0 0 11 11 H2CGCCOCH2 -CHC H2-OC \
CH3 OH0 0 f1 11 CH2- CHz C O CH2-CH CH2-O —CH2 gxvidech €bigs 5 -
wherei n Xyiofdsgly about 507to 250. 21. A lami nate comMprispAgycfd;
reaction pI‘Odll{ICat of a conmposition conprising: (a) from 20 kg@ggé}g 0;6/&\7\/ei ght i
of one or nore ethylenically wunsaturated aromatic nononers 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 hydro e/jf\atc or an, al kyl romDto 50% by wei ght
of a vinyl-term pate ol ' AL 1/ 40 R3 <3

y pol MN | Q
i
H

I—=

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

o] 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



8 March 2005 PCT/ USCL/ 10663 where R3 represents CH3 or H R4 is an
urethane or ester resjgllle, and Q represents a polgaut adi ene honopol yner or
a butadi ene-styrene cggplyner; and s (c) from1 50% by sai4rbh 2065 a
chemi cal lyyormdsg4oed pol yphenyl ene ether resin conpri si ng PATIUYSAEL4663 _
unsaturation; wherein the weight percentages of conponents (a), (b), and
(c) are based on the conbi ned weights of conponents (a), (b), and (c);
(ii) from5 to 60% by wei ght of a woven fabric based on the conbined 10
wei ghts of conponents (i) and (ii). 22. The lammnhate of claim 21, wherein
said chemically nodified polyphenylgne eRBer regin has an intrinsic
viscosity between about 0.08 and 0.14.dl/g as asured in chl orof orm at
30C. 23. The |l am nate of claim 21, er ei ;? qyposi tion further
conprises 15 an initiator. 24. The ljam#ate o | ai m 22, wherein said
sinitiator wherein said initiator is j(sefected frpmthe group consisting of

t-butyl peroctoate, t-butyl peroxy nzoat e, and <& cunyl peroxide. 25. The
| am nate of claim 21, wherein said et byl eni cal | y unsaturated 20 aromatic
-nmononer i s selected fromkeh rou nsi si_INB% styrene, di bronostyrene,
di vi nyl benzene, a- trf é%aEé‘r% h"%‘ieriﬁ'e SHY | east one of

the foregoing. -33 Brdddfd) a%%[rgﬁresaﬁ@d B ficHe JidRbfbkier iar e N sai d

laminate is clad with netal foi on one ‘or
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-



27. The laminate of claim26, wherein said netal foil is copper foil. 28. .
The | am nate of claim?21l, wherein said | am nate has a thickness 5 between

" about 0.002 to about 0.120 inches. 29. The |aminate of cl ai Mhzitch 2G5 ei n

said laminate has a dissipation factor of |ess than about 0.004 at lo GHz.
30. The lanminate of claim21, wherein said |am nate conprises a mcrowave
circuit substrate. 10 31. The lam nate of claim 21, wherein said

vi nyl - 26er niThe lethipeteyofclain anprhaein sid laiffiratedsicha ithfmetadfshl 21, wherein
sai d Vi polymer conprises: 150 0r 00 11 11 If
HZC—C-(S—(éTtS-ér%%-@%---O-C-}G-IZ-- CH=CH CH2~C-0-G i 2-C H-C
Hz-0--GCCH2 CH OH 3 -ax .4H CH3 wherein x is fromabout 50 to 250. 33.
The | aiznat é‘i@ﬂaﬁhﬂhiﬁ@dﬂﬁ@é@'Whél%‘lﬁséﬂrﬂl@éﬂ%ﬁi&ré erdgfIPri ses | to 25%

by weight of one or nore inor ganl c fillers, based the conbi ned weights
of co nen and Mar ch 2005 PCT/ USO / 10663., 34. The
| ami na éﬂ%l%@te Qé?i@lm a1, w@emdéanmatﬁm:sfa. thickness

5 between about 0.002 to about 0.120 inches.

29.  The laminate of claim 21, wherein said laminate has a dlssq;)atmn factor
of less than about o. 004 at 10 GHz.

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
NJ\ o -0 —IL
A )
02" /o2 H

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

: : 0 0 o
i i i
H2c=|c—c—o~—CH2~—<[:H—CH2--0—-C—E:H2——CH CH—Cng,‘é —0—CH—CH—CHy—O~C—C=CHy
: —C==CH
X

is CHs OH OH

wherein x is from about 50 to 250.

34~




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

E

and 0.14 dl/g as neasured in chloroformat 30C. 35. The lam nate of claim
33, wherein said chemcally nodified 5 pol yphenyl ene ether Bagaroh200¥pri ses
residual nethacrylate noieties. 36. The lam nate of claim 33, wherein said
chemcally nodified polyphenylene ether resin conprises substantially no
resi dual phenolic hydroxyls. 37. The lam nate of claim 33, wherein said
conposition further conprises 10 an initiator. 38. The |lam nate of claim
37, wherein said initiator wherein said initiator is selected fromthe
group consisting of t-butyl peroctoate, t-butyl peroxy benzoate, and

di cunyl peroxide. 39. The lam nate of claim 33, wherein said ethylenically
unsat ur @8erhe labinAé O Li)C ed framt roup consjsting of
styrene, dlbgﬁﬂp tyrene215?@|%E%dggﬁ%%%§m£31WEPHV¥I§? R, and i xtures
conpri si ng %@%ﬁ@ofﬁmﬁ)hﬁam@ﬁﬂgm nmsed ®n theecdmliinedt e of ¢l ai m 33,

wher ei n sawglg}ﬂgrb Ilﬁpgg?ﬁmra\gﬁ]{xynpt al foil on one or both sides. 20 41.

The | am nat e of c aid netal foil is copper foil. 25 42.
The lam nate of claim 33, wherein said |am nate has a thickness between
about 0.002 to about 0.120 inches. 43. The lam nate of claim 33, wherein
said lam nate has a dissipation factor of |ess than about 0.004 at io
GHz. 44. The lamnate of claim 33, wherein said | am nate conprises a

m crowave circuit substrate. --36

..35.-




8 March 2005 to IS 45. The lam nate of claim 33, wherein said inorganic

filler is selected form group consisting of siI.", quart z, \\ o
wol | ostonite, alumna, b nitride, nmagnesium al uNgum sigiNarak 200%kaol i.n -

cal ci ned 818510 and m xture containing at |east one of tAI/EKMAGEBN]. 46 A
The | am nate of claim 33, wherein said vinyl-term nated polymer conprises: “\.,

»s

47. The |am nate of claim 33, wherein said vinyl-term nated pol yner \
conprises: 0 11 11 0 0 0 H2C=C-C O CH2-CH CH2_ O C CH2- CH=CH CH2
C- O CH2- CR4er2- Ky edaminate ofiginuas xwhereirsaithdraanically nwodifieth about 50 to

il ers, Rne e st B emtpifg Hirel b Blp et éi&@ﬁﬁn% e

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

35.  The laminate of claim 33, wherein said chemically modified

5 polyphenylene ether resin comprises residual methacrylate moieties.

36. The laminate of claim 33, wherein said chemically modified
polyphenylene ether resin comprises substantially no residual phenolic

hydroxyls.

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

10 an initiator.

38. The laminate of claim 37, wherein said initiator wherein said 1n1t1ator 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, a-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

45. Thelaminate of claim 33, wherein said inorganic filler is selected form
the group consisting of silica, quartz, wollostonite, alumina, boron nitride,
magnesium aluminum silicate, kaolin, calcined kaolin, and mixture containing

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
i ' it 1l 1
HZC—‘-'-?—C—O—CHz-—(I'JH—CHz-—O“C{CHz——CH=CH-—CHz}—C—O-CHg—(I)H—CHg—O—C—(‘)=CH2
X

. CHy OH OH CH,
wherein x is from about 50 to 250.
4_8‘ * The composition of claim 1, which further comprises one or more
fillers, reinforcing agents, or fillers and reinforcing agents.
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