CURABLE COWPQSI TI ON AND METHOD BACKGROUND OF THE

I NVENTI ON Solid state el ectronic devices are typically
wee@apsish@t ed in plastic via transfer nol di ng. PCT/US2006/024666

Encapsul ati on protects the device from environnental

and nmechani cal damage and el ectrically isolates the

device. There are many desired technical features of

encapsul ant GAERHBEEIGCOMPOSERE A ANDMERHOD wi r e- bonded

devi ces requires |ow viscosity encapsul ant injection,

BA&&@S@W@E@E@%M@EUES%%%? iyo\r/]\/i t EQSand t he
rigor of solder assenbly onto a circuit card. The

Sole Geps Wledtionflgbvibes a8 frymediiyngndaphilgd i in phetiewentr@kfer
a_heat produci ng mal function of the circuit. And the
mokdipg p SEAaptUE KBy PEptstse ey deige Bone shvireanetitlafnd, mechanical

dmg%ggeaglﬁte?eﬁ%ryfﬁg%oﬁdagésgﬁg g%é% Z’f‘gég% ?%ergw. %h &a Rehhil8Seatures
of emmapdaitatdngpostonposkidapngdatidnad! sire-tondeddeviges requires low
. conmer ci al favor.ed ri.se an epoxy resin, a .
visiREN oD RSO, FRIRMEEhY TRRdAEHE Wb agh fgtion. The
endApRITREE dSHiEPMuSEUBK QUERIY #ahit@il thanhoR oFkaERdsséhibly®nto a
ese conpositions nust ‘be refrigerated before use,

cirquifagitAg Toe ieneapselssidmvsisbe sasatingtigdngiin the event of a heat-
protgf\@gg gﬁ@p@%&@? bof%é’ F & aﬂﬂdvﬁgte%c%?-gpﬁgf gfg@g@'@%@%@ly be

m water absorption |
envitvdinedelly deitsdly rofinsle seteEnp hyeh aalar@natpehdlides .and antimony
Furth re, the conpositions often exhibit
OXIQ?éli‘ﬂ”E‘i{ggﬁ‘fo“%ﬁﬁlri nkage during curing, which creates
stresses that decrease the durability of the

The encapsulation compositions that are currently commercially favored comprise an
epoxy resin, a phenolic hardener, a nucleophilic accelerator to promote stepwise
polymerization, and a mineral filler. These compositions must be refrigerated before
use, leading to increased costs associated with transportation, storage, and waste. The
compositions also suffer from water absorption in the cured state that detracts from
desired physical properties. Furthermore, the compositions often exhibit significant
shrinkage during curing, which creates stresses that decrease the durability of the
cured encapsulation material and can adversely affect the reliability of the
encapsulated electronic device. There is therefore a need for encapsulation
compositions that exhibit improved storage properties, reduced water absorption, and

reduced shrinkage on curing.
BRIEF DESCRIPTION OF THE INVENTION

The above-described and other drawbacks are alleviated by a curable composition
comprising an epoxy resin, a poly(arylene ether) resin, an amount of a latent cationic
cure catalyst effective to cure the epoxy resin; and about 70 to about 95 weight percent

of an inorganic filler, based on the total weight of the curable composition.
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inventors have discovered that these curable compositions, when compared to current
epoxy-based encapsulation compositions, exhibit improved storage properties,
reduced shrinkage during curing, and reduced water absorption in the cured state. In
one embodiment, the curable compositions incorporate a flame retardant that provides
excellent flame retardance while avoiding the environmental disadvantages of
halogenated: aromatic compounds and antimony oxide and not interfering with the

curing reaction.

While not wishing to be bound by any particular theory of operation, the present
inventors believe that the present compositions cure by cationic, ring-opening, chain-
reaction polymerization. The latent cationic cure catalyst decomposes on heating
during the curing step to produce a strong Bronsted acid, which initiates ring-opening
polymerization. The curing reaction thus forms ether linkages, rather than beta-
hydroxy ether linkages, resulting in reduced hydrophilicity (and therefore reduced

water absorption) in the cured state.

The curable composition comprises an epoxy resin. Suitable classes of epoxy resins
include, for example, aliphatic epoxy resins, cycloaliphatic epoxy resins, bisphenol-A

epoxy resins, bisphenol-F epoxy resins, phenol novolac epoxy resins, cresol-novolac
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In one embodiment, the epoxy resin comprises a monomeric epoxy resin (e.g.,
3,3°,5,5’-tetramethyl-4,4’-diglycidyloxybiphenyl, available as RSS1407LC from Yuka
Shell), and an oligomeric epoxy resin (e.g., an epoxidized cresol novolac resin, or a
multi aromatic resin such as Nippon Kayaku’s NC3000). Monomeric epoxy resins are

typically crystalline solids, whereas oligomeric epoxy resins are typically glasses.

The curable composition may comprise the epoxy resin in an amount of about 70 to
about 98 parts by weight per 100 parts by weight total of the epoxy resin and the
poly(arylene ether) resin. Within this range, the epoxy resin amount may be at least
about 80 parts by weight, or at least about 85 parts by weight. Also within this range,
the epoxy resin amount may be up to about 95 parts by weight, or up to about 90 parts
by weight.
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halogen, primary or secondary C;-Cj; alkyl, C,-C, alkenyl, C3-C, alkenylalkyl, Co-
Cy, alkynyl, C3-Cy, alkynylalkyl, C,-C;, hydroxyalkyl, phenyl, C;-Ci; haloalkyl, C;-
C)2 hydrocarbyloxy, or C,-Cj, halohydrocarbyloxy wherein at least two carbon atoms

separate the halogen and oxygen atoms, or the like.

In one embodiment, the poly(arylene ether) resin may have an intrinsic viscosity of
about 0.03 to 1 deciliters per gram measured at 25°C in chloroform. Within this
range, the intrinsic viscosity may be at least about 0.1 deciliters per gram, of at least
about 0.2 deciliters per gram. Also within this range, the intrinsic viscosity may be up
to about 0.6 deciliters per gram, or up to about 0.4 deciliters per gram. Methods of
preparing poly(arylene ether) resins are known in the art and include, for example,

U.S. Patent Nos. 3,306,874 and 3,306,875 to Hay.

In another embodiment, the poly(arylene ether) resin may have an intrinsic viscosity
of about 0.03 to 0.15 deciliters per gram measured at 25°C in chloroform. Within this
range, the intrinsic viscosity may be at least about 0.05 deciliters per gram, or at least

about 0.07 deciliters per gram. Also within this range, the intrinsic viscosity may be
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C,-Cy2 halohydrocarbyloxy wherein at least two carbon atoms separate the halogen
and oxygen atoms, or the like; and wherein each occurrence of Q' is independently
hydrogen, halogen, primary or secondary C;-Ci, alkyl, Cp-Cj» alkenyl, C3-Cj,
alkenylalkyl, C»-Ci alkynyl, C3-Ci alkynylalkyl, C;-C, hydroxyalkyl, phenyl, C;-
Ci2 haloalkyl, C;-Cy, hydrocarbyloxy, C,-Cy, halohydrocarbyloxy wherein at least
two carbon atoms separate the halogen and oxygen atoms, or the like; each occurrence

of x is independently 1 to about 100; z is O or 1; and Y has a structure selected from
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wherein each occurrence of R! and R? is independently selected from hydrogen and
Ci-Ciz hydrocarbyl. (As used herein, the term “hydrocarbyl”, whether used by itself,
or as a prefix, suffix, or fragment of another term, refers to a residue that contains only

carbon and hydrogen. The residue may be aliphatic or aromatic, straight-chain, cyclic,
5
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and methods for their preparation are described, for example, in U.S. Patent Nos.
6,794,481 to Amagai et al. and 6,835,785 to Ishii et al., and U.S. Patent Application
Publication No. 2004/0265595 Al to Tokiwa. Vinyl ether-functionalized
poly(arylene ether) resins and methods for there preparation are described, for
example, in U.S. Statutory Invention Registration No. H521 to Fan. Anhydride-
functionalized poly(arylene ether) resins and methods for their preparation are
described, for example, in European Patent No. 261,574 B1 to Peters et al., and U.S.
Patent Application Publication No. 2004/0258852 A1 to Ohno et al.

In one embodiment, the poly(arylene ether) resin is substantially free of particles
having an equivalent spherical diameter greater than 100 micrometers. The
poly(arylene ether) resin may also be free of particles having an equivalent spherical
diameter greater than 80 micrometers, or greater than 60 micrometers. Methods of
preparing such a poly(arylene ether) are known in the art and include, for example,

sieving.
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In one embodiment, the latent cationic cure catalyst comprises a diaryliodonium salt

having the structure
[RHRHT* X

wherein R* and R* are each independently a Cs-Cj4 monovalent aromatic hydrocarbon
radical, optionally substituted with from 1 to 4 monovalent radicals selected from C;-
Cyo alkyl, C;-Cyp alkoxy, nitro, chloro, and like radicals which are substantially inert
under encapsulation conditions; and wherein X' is an anion, preferably a weakly basic
anion. Suitable diaryliodonium salts are described, for example, in U.S. Patent Nos.
4,623,558 to Lin, 4,882,201 to Crivello et al., and 5,064,882 to Walles et al. In one
embodiment, the anion X is an MQq anion, wherein M is a metal or metalloid, each
occurrence of Q is independently halogen or perhalogenated phenyl, and d is an
integer of 4 to 6. Suitable metals or metalloids, M, include metals such as Fe, Sn, Bi,
Al, Ga, In, Ti, Zr, Sc, V, Cr, Mn, Cs; rare earth elements such as the lanthanides, for
example, Cd, Pr, Nd, and the like, actinides, such as Th, Pa, U, Np, and the like; and
metalloids such as B, P, As, Sb, and the like. In one embodiment, M is B, P, As, Sb
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by weight per 100 parts by weight of the epoxy resin. Within this range, the amount
may be at least about 0.2 parts by weight, or at least about 0.5 parts by weight. Also
within this range, the amount may be up to about 5 parts by weight, or up to about 2

parts by weight.

The curable composition comprises about 70 to about 95 weight percent of an
inorganic filler, based on the total weight of the curable composition. In one
embodiment, the inorganic filler is selected from metal oxides, metal nitrides, metal
carbonates, metal hydroxides, and combinations thereof. In one embodiment, the
inorganic filler may be alumina, silica (including fused silica and crystalline silica),
boron nitride (including spherical boron nitride), aluminum nitride, silicon nitride,
magnesia, magnesium silicate, and the like, and combinations thereof. In one
embodiment, the inorganic filler comprises a fused silica. In one embodiment, the
inorganic filler comprises, based on the total weight of inorganic filler, about 75 to

about 98 weight percent of a first fused silica having an average particle size of 1
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Pat ent Application Publication No. 2004/0258852 Al to
Chno et al. In one enbodinent, the poly(arylene ether)

WO e@i7/003386 substantially free of particles havi PQI/a82006/024666
equi val ent spheri cal diameter greater than 100
m croneters.” The poly(arylene ether) resin may al so be
free of particles having an equival ent spheri cal
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abotvgi:%ge %taﬂm%uﬁ{)% Eﬁgsz glgsearg 1cta eP?J y%?ﬁlﬁ é@ 2? r\{\ge?%lﬁ Ihbreent,

or 1?}5%\1?11 g weRht b?gatt IW&Big thb abkbveErap@”,lﬂse :kmowmalo@ lthe; sespndafused
east about r Al

siliggfifher, may e %k@ﬁ(e gPﬁ&%e@ﬁhg?ﬁewsag éeW' : rﬁ“&}t g%’b%ht preent.

Als@"’wﬂﬁn e?f%'vg Ringe Othe Yihobft B EecbRd RREY §1lﬂ@¥ fivet ﬁﬁﬁr be up to

cura 03|t| on conprises an anmount of
abdua 2@ meeigha péroeritcoronprte abeutalSyseighfeeesnt-ve to cure the
epoxy resin. A latent cationic cure catalyst is a

Th% gllrfip 8%2(?)8&&5 1%5\?%8}{3 r(])tpagﬁatrfﬁr hﬁ}h%? gg glg d'%h ?ff& tvk%ﬂ{dﬁnt of a
curfHRO¥y-cRORBP OISy fvelle Zaik ing Nco-SGitil b Inﬁ:hluhi; ot elcanplen fme—radmal
s s e 2 B SRR e R SR B
cargg}[ li%' 2{3:1 a{)%ox&; g tﬁ? gegﬁttzeﬁjr%yrf%m &Eﬁ??glaydﬂlﬁﬁﬁcarboxyhc
acifie ft‘zg/l amppﬂn (nbesizasts, cappe dPotaphihesate.t andsenpperad]) salicylate),
copper 8\f¥aacetyfacgt%ra1g[e peroxydcompounds (e.g., t-butyl peroxybenzoate, 2,5-bis-t-
butylperoxy-2,5-dimethyl-3-hexyne, and other peroxy compounds as described, for
example, in U.S. Patent No. 6,627,704 to Yeager et al.), and the like, and
combinations thereof. In one embodiment, the curing co-catalyst comprises
benzopinacole. In another embodiment, the curing co-catalyst comprises copper (II)
acetylacetonate. A suitable amount of curing co-catalyst will depend on the type of
co-catalyst, the type and amount of epoxy resin, and the type and amount of latent

cationic cure catalyst, among other factors, but it is generally about 0.01 to about 20

parts by weight per 100 parts by weight of epoxy resin.

The curable composition may, optionally, further comprise a rubbery modifier
selected from polybutadienes, hydrogenated polybutadienes, polyisoprenes,
hydrogenated polyisoprenes, butadiene-styrene copolymers, hydrogenated butadiene-
styrene copolymers, butadiene-acrylonitrile copolymers, hydrogenated butadiene-
acrylonitrile  copolymers, polydimethylsiloxanes, poly (dimethysiloxane-co-
diphenylsiloxane)s, and combinations thereof; wherein the rubbery modifier
comprises at least one functional group selected from hydroxy, hydrocarbyloxy, vinyl

ether, carboxylic acid, anhydride, and glycidyl. Suitable rubbery modifiers include,
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Wodward' s reagent K, and conbi nations thereof. In one
enbodi nent, the |atent cationic cure catal yst

w@ompindses a di aryliodoni um salt having the stPCI/US2086/024666
[(RA)(R4)I]+ Xwherein R3 and R4 are each independently
a C C14 nonoval ent aromati c hydrocarbon radical,

aII substi.t ut thfromlto4rmnovalent
f°1' &y fé’ﬁééé?féﬁﬂ@?fﬁﬁ?l% utagionesa FRPPXy- @mn@z@daqqkwdlenes
r » d
1 A A G I o
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SO O -
poKbBRBdicRe:] eb@x;i:’(drmﬁiatda Eﬂidr@éenateé%lﬁau@ﬁ‘ﬂan%g ZhydRoMPlelBhated

et al. In one enbodinent, the anion X is an 'MXM "ani on,
styggnertatadionei conplymeral (studipg.ardndpr, Wedkh adc grafiesopolpmers),

car@ok Bﬂﬁ&%ﬂ gﬁ%ﬂe%u%#&gegog%krﬁig r@lécblgﬁg fa%flgrtﬁe rf)fodk and

IS an integer

graﬁletcalbdlwehs) Maleiin cahhljdmd&eflmlcﬁ'omallﬁtzéﬂ asyr&e-butidiedd cop¥lymers
rare earth el enents

ngfiinEatengar. Wt R s COPPIRISasa i gainated syigae Pafigiene
co#dl'ﬁn&ﬂs Kchglg, Bérﬁl%ﬁ) bfdéﬁharﬁf’gr-gﬁ’coB@l’XSrﬂérs%bNﬁlt%(ﬁ%-%}cﬁﬁomtrﬂe

and netal | oi ds such P,
copqlme1s,| hydiogeraidsb dutadiene-amylanitBle Ropalymesh dryd@axy-terminated

LR AhiEy a0 BRI S .
carBlnGl &rmu&mdi)t he |i kepolydimamglsiiexaregibodi ment carbd¥g/-terminated
o RhsISomGm < ANt RdoTagRie of PobdGRERsiloxanes,  cpoxy-
terminated polydimethylsiloxanes, hydroxy-terminated poly(dimethysiloxane-co-
diphenylsiloxane)s, carboxy-terminated poly(dimethysiloxane-co-diphenylsiloxane)s,
anhydride-terminated poly(dimethysiloxane-co-diphenylsiloxane)s, epoxy-terminated
poly(dimethysiloxane-co-diphenylsiloxane)s, the like, and combinations thereof.
These rubbery modifiers and methods for their preparation are known in the art, and
most are commercially available. A suitable amount of rubbery modifier will depend
on the type of flame retardant, the type and amount of epoxy resin, the type and
amount of polyphenylene ether, and the filler loading, among other factors, but it is
generally about 1 to about 30 parts by weight per 100 parts by weight of the epoxy
resin. Rubbery modifiers may be in the form of finely dispersed particles or reactive

liquids.

The curable composition may, optionally, further comprise one or more additives
known in the art. Such additives include, for example, phenolic hardeners, anhydride
hardeners, silane coupling agents, flame retardants, mold release agents, pigments,
thermal stabilizers, adhesion promoters, and the like, and combinations thereof.
Those skilled in the art can select suitable additives and amounts. When phenolic

hardeners and/or anhydride hardeners are present, they are used in an amount such that
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[(R3)(R4)I]+ SbF6 wherein R3 and R4 are each

i ndependently a C6-Cl4 nonoval ent aromatic hydrocarbon
WO a@i7oed346 optional |y substituted with from 1 tBCHUS2006/024666
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aﬁPEﬂOﬁ%bt i QRO %ﬁm@gﬁﬁfl Z@aﬁy@g@@ﬁﬁﬁl s%?ﬁ, tgxtettf) cure the

percent of an i nofganic
eponyirgdinh; wihertinehc dinahiodomionzan hhd e stiictoree enbodi nent ,
the inorganic filler is selected fromnetal oxides,

(IR OBRStRat | ons her eof i one.embod; ment, the

wherein R'® and R!' are each independently a Cg¢Cj4 monovalent aromatic
hydrocarbon radical, optionally substituted with from 1 to 4 monovalent radicals
selected from C;-Cyg alkyl, C;-Cy alkoxy, nitro, and chloro; and about 70 to about 95
weight percent silica filler, wherein the silica filler comprises about 75 to about 98
weight percent of a first fused silica having an average particle size of 1 micrometer to
about 30 micrometers, and about 2 to about 25 weight percent of a second fused silica
having an average particle size of about 0.03 micrometer to less than 1 micrometer;
wherein the parts by weight of the epoxy resin and the poly(arylene ether) are based
on 100 parts by weight total of the epoxy resin and the poly(arylene ether); and

wherein the weight percent of the silica filler is based on the total weight of the

curable composition.

As the composition is defined as comprising multiple components, it will be
understood that each component is chemically distinct, particularly in the instance that

a single chemical compound may satisfy the definition of more than one component.

The invention includes methods of preparing the curable composition. One such

embodiment is a method of preparing a curable composition, the method comprising
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inorganic filler may be alumna, silica (including
fused silica and crystalline silica), boron nitride
W@ 2ovcloessieerg spherical boron nitride), alum nunP@i/Us200€024666
silicon nitride, magnesia, magnesiumsilicate, and the
l'i ke, and conbinations t hereof hi one enbodi nent, the
inorganic filler rises a fused silica. In one o
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lategyf patiomicf ¢ure eatalaystyefi@etlm tol celas;the&oomeregm amkatman 70 toabeat 95

welefE Hercltln PP o IR Ehver kil i Ml eql pERRL Ry B8 Gjpnie
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Wthin the above range, the amount of the second fused
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filler may be up to about 20 weight percent, or up to
ThavettidiSineedghthetodc efiéncafdutatingrasdolie seanPestd wiR titrable

opt i onal furthe o ri.se an_effective anpunt of a
Cof%lgwﬂr?& ciﬂ’&%{t %n*—ye&n ° m@gw é Bathrdpicencaniuhating: 3 solid state

deviddC |c6ﬁ‘19rlslf1%r e‘%fé@ﬂgﬁ ding o €fid ?cgﬂecnﬁlw&e\f}ﬁﬁ }é Qolé‘rcg%h%lﬁon

conpounds e.g., enzoplnacole copper
corgfITisggattl @pcg(grrgﬁu,w pelyaeylas e{therg rQsm:@pptmou(lt of) a latent cationic

cure Eﬁ%lé{@tte?%ebtl\g ure tﬁ]e (eia?yssyar:gtgﬁz out té)%\b% atlr 5%0 wglght percent
of amaphltgbmn dlier, t&mﬂ @Dﬂhﬁ edtal Weizhse the &lht@lﬁl@)composnion; and curing

the composition. Curing the composition may, optionally, include post-curing the
encapsulated devices (e.g., at about 150 to about 190°C for about 0.5 to about 8 hours
in a convection oven). Suitable methods for encapsulating solid state devices are
known in the art and described, for example, in U.S. Patent Nos. 5,064,882 to Walles,
6,632,892 B2 to Rubinsztajn et al., 6,800,373 B2 to Gorczyca, 6,878,783 to Yeager et
al.; U.S. Patent Application Publication No. 2004/0166241 Al to Gallo et al.; and
International Patent Application No. WO 03/072628 A1 to Ikezawa et al.

The invention includes encapsulated devices prepared from the curable composition.
Thus, one embodiment is an encapsulated solid state device, comprising: a solid state
device; and a curable composition encapsulating the solid state device, wherein the
curable composition comprises an epoxy resin, a poly(arylene ether) resin, an amount
of a latent cationic cure catalyst effective to cure the epoxy resin, and about 70 to
about 95 weight percent of an inorganic filler, based on the total weight of the curable
composition. Such encapsulated solid state devices include those in which the resin

composition is uncured, partially cured, and fully cured.
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copper (l1) acetyl acetonate, peroxy conpounds (e.g.,
t-butyl peroxybenzoate, 2,5-bis-tbutyl peroxy-
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descri bed, for exanple, in U S. Patent No. 6,627,704
to Yeager et al.), and the like, and conbi nations

thereof, In one enbodiment, the curing co-catalyst
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The B SRR ‘,ll)ﬁrﬁvEﬁl&gé@étbaah%ﬁﬂlsmwmtw xpmples.
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conprises at |east one functional group selected from
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(as B Boitiesc Vistn: @ P iHaole son R aeH ERbe 6 dimeinyl
1,4iphen e EREM BAIRAAY Hsea8AR! ® th, RRb0 WA AALEREH, respectively.

car boxy-term nat ed _ o
The polyphenylene ethers were passed through a 400 mesh sieve (opening size 37
micrometers) before formulation. “Denka FB570 silica” is a fused silica obtained
from Denka having a median particle size of 17.7 micrometers and a surface area of
3.1 meter “/gram. “Denka SFP silica” is a fused silica obtained from Denka having a
median particle size of 0.7 micrometers and a surface area of 6.2 meter’/gram.
“Epoxy Silane”, obtained from GE Advanced Materials, is 2-(3,4-epoxycyclohexyl)-
ethyl-trimethoxysilane. “Yuka RSS1407LC epoxy”, obtained from Yuka Shell, is
3,3°,5,5°-tetramethyl-4,4’-diglycidyloxybiphenyl. OPPI is 4-octyloxyphenyl phenyl
iodonium hexafluoroantimonate available from GE Advanced Materials-Silicones as
UVv9392c.

Curable compositions were prepared by mixing the ingredients first in a Henschel
mixer, and then passing them through a twin-screw extruder set at 60°C in the rear
section and 90°C in the front. After cooling and hardening, the materials were then

ground to a powder using a Retch mill.
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absouptiphdingesubsRINtD Negire Pespareg Hah {Frasieongklyg gs follows. A 15-ton
car boxy-term Mo N :

R P vt sy B gy mold v

to ﬁﬁtf&!?dirmdﬂ-at 39-giafradtadee of curable composition under an injection pressure

di hyus: > ;

of gro% _alt, gFE fq] 1%%13)'( lé]gp)é noef 5:84 %iﬁ?rggtgrlsﬁleé.qﬁen S?o?d was maintained at

1750, %h8h Wb BRI RRN G cfOy 55 BBEBe8inteds 48D Sost-biddlih K Borced-
and con‘o@?natli or?s t herceof . Thesriﬁer ubbery n%odsl fi ersl, anclrce

aireen¥eotien been fiohsixrhoprsegsd7atG.on are known in the art,
and nost are commercially available. A suitable anount

R L T ]
expanSenaCTER andithic gbdss pahyifibie(ly) efhe atdided EMAOH Thhendmédhenical
an:!tlggg I\{/]a%’ pg’rfg)rpn%do(grp ear Pgr%%r} %linslér R”MAL} Iliis%rument. Transfer-molded
specimens measuring at least 3 millimeters (mm) in each dimension were used. The
sample temperature was first ramped at 5°C/min from 25°C to 250°C then cooled at
5°C/min to 0°C. The second heat, used for analysis, ramped from 0°C at 5°C/min to
250°C. An initial vertical probe force of 0.05 Newton was used. Glass transition
temperature, Ty, was taken as the point of intersection of two tangents drawn to the
dimension-temperature curve, at 50°C and 190°C. The measurements are made under
a Nitrogen atmosphere at 100 milliliters/minute. CTE values are expressed in units of
parts per million per degree centigrade (ppm/°C); CTEL1 is the CTE value below Tj,

and CTE2 is the CTE value above Ty.

Moisture absorption was measured according to SEMI G66-96 standard test method
(saturated area), with the exception of the sample dimensions and drying schedule.
Four transfer-molded specimens (6.35 x 1.25 x 0.3 cm in size, standard "Izod"

dimensions) were used. The dry weight of each specimen was noted after oven drying
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mrﬂ% %Amdlﬁg Both&ided! R Adhediofl bf itk HBlOERESIuIY (RBofP WAL tested
di aryliodoniumsalt effective to cure the epoxy

by rpelﬁmg thevaeppet fitabh eutdefathy Inadd ceinpenrslalsinghars Instren tensile tester,
at te' 46 8 £ mm/min. The peak load was recorded and reported as the adhesive

strength. The peak load was measured in pounds and converted to Newtons (N) for

reporting.

To determine flexural strength, the samples (6.35 cm X 1.27 cm X 0.3175 cm) were
tested at room temperature according to ASTM D790 for three-point bend flexural
test.
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Property results for Examples 1-5 are summarized in Table 2. The results show a
reduction in moisture absorption for all poly(arylene ether)-containing samples (Exs.
2-5) and an increase in copper adhesion for two of four poly(arylene ether)-containing

samples (Exs. 2 and 3), all relative to Ex. 1 without poly(arylene ether).
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The formulations in Table 3 were mixed, molded, and tested as described for
Examples 1-5. “Sumitomo ECN-195X1.-25”, obtained from Sumitomo Chemical, is
an epoxidized ortho-cresol novolac resin. Example 6 did not contain polyphenylene
ether. Examples 7 and 8 contained poly(2,6-dimethyl-1,4-phenylene ether) resins with

intrinsic viscosities of 0.12 and 0.30, respectively.
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Fhonds—60,—and
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|l o EXAMPLES 1 5 T
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Polyphenylene ether 0 46.03
Carnauba Wax 8.00 8.00
Carbon Black 4.00 4.00

Table 4 shows the results obtained for Examples 6-8. The results show that the

poly(arylene ether)-containing Examples 7 and 8 exhibit reduced moisture absorption

and increased copper adhesion relative to Example 6 without poly(arylene ether).
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W@y @536 di met hyl -1, 4- phenyl ene ether)s of di PEBUSI6/024666
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Tﬁ@BﬂO, 0.25, and 0.30, respectively. The pol yphenyl ene
et hers were passed through a 400 nesh si eve (openlng
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Spaalddowf(ciB) 1 net er| ¥0gtdam " DenKa#®33FP silica" [igg a fused
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1
reters—and—a-surface—area 0f 6.2
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CTeRR pmptbnethoxysumane. "Yuka [HgSI407LC epoxyg,

obtalned from Yuka Shell, is
3,3 5 5 -tetrangthyl -4 4' -diglycidyl oxybi phenyl . OPP
T (°€)4- oct yI oxyphery#37phenyl i oddARum 136

hexaf | uoroanti nonate avail able from GE Advanced

were prepared by mXing the in ients first
Henschel nixer, dnd then passiing t hem t hr oug

MdY&ﬁl%fAtﬁlgy S ToTgS; &S Uv'gsggczé)rz?é, abte w..ppsjoﬁ; ons
h a

Adhmﬁm&@breMIextruc&@ set at 60C11m the rear $egtion and
90C in the front.| After coolirg and hardening, the

n_Ar AN a4 nowder ||c| hl

I“ec$?&ﬁi[@4ﬁ3%fokiﬁ@ﬁé&ﬁé””eiErQQEéH“Th cent | hbl-ér s

(cm, were determ ned according to ASTM st apdard

D3123-98 (also SEM @& 1-88), using the standard
spiral flow nold

EXAMPLES 9 AND 10

The formulations in Table 5 were prepared and tested as described for Examples 1-5.
Both Examples 9 and 10 included a poly(2,6-dimethyl-1,4-phenylene ether) having an

intrinsic viscosity of 0.12 deciliters/gram at 25°C.
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5C mn to 00C. Th

t2B1.5d | i meters (nm
ed. The sanpl e tenpsd
from 25C to 2500C tHh
e second heat, used

188.38ach

rature was first
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transition

Benzopinacole 1.66 1.66

Polyphenylene ether 0 41.54

Carnauba Wax 8.00 8.00

Carbon Black 4.00 4.00

Property results for Examples 9 and 10 are presented in Table 6. The results show
that Example 10, containing poly(arylene ether), exhibited reduced moisture

absorption and increased copper adhesion relative to Example 9 without poly(arylene
ether).
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nmeasurenents are nmade under a N trogen atnosphere at

100 mlliliters/mnute. CTE values are expressed in

units of parts per mllion per degree centigrade
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CTEDipphy e ght's wer ereasured wi thin abdugz 10 m nutes of
refmovi ng the sanples fromthe conditiani ng chanber,
hol ding the specihens in a closed, _hunid container .in

CTEhe@pmdt@ i m Adhes#dn to copper substrlatd was neasured
according to SEM | (69- 0996, "Test Method for

T (OEfS U b‘]T!:‘ITt of —adieg, ve stTrengthbetweep ;I eadf rames
Tg(a_ng ol di ng conpo Jzas". The "pul | " met hfolg was used,
wth a 5-m| thick copper substrate trjansfer-nol ded

Moistr@ Ads.libck of npbd2Bg conpound, 2.8 Mh2%hi ck. (The
| eadf rane and tool recommended by the |SEM standard

wara not_ uncad hf)ur\\vlnr + h t oot cnanh Ao
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Ad}éﬁSWinl(gﬁ to the reg¢ nded standard.) {Tne copper
substrate used wa$ EFTEC 64T V2 H grade from Furukawa

FleMV&ihsth (WM& adhesiygzarea (the triangul ar4.7

EXAMPLES 11-14

Four compositions varying in the type and amount of added poly(arylene ether) were
prepared. Example 11 contained no poly(arylene ether), Example 12 contained
“bifunctional” poly(2,6-dimethyl-1,4-phenylene ether) having an intrinsic viscosity of
0.12 deciliters per gram, Example 13 contained poly(2,6-dimethyl-1,4-phenylene
ether) having an intrinsic viscosity of 0.086 deciliters per gram, and Example 14
contained poly(2,6-dimethyl-1,4-phenylene ether) having an intrinsic viscosity of
0.064 deciliters per gram. The formulations were initially prepared in two parts. The
first part contained the following components: 229.50 grams FB570 spherical fused
silica from Denka, 25.50 grams of SFP30 spherical fused silica from Denka, 0.90
grams of MICHEM® Wax 411 from Michelman, and 0.60 grams of Cabot BLACK
PEARLS® 120. The poly(arylene ether)-containing compositions further contained
6.44 grams of the specified poly(arylene ether) in micronized form (i.e., passed

through a 400 mesh sieve).
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Exanpl e 6 di

| gﬁfen

Exanpl es 7 and 8
cont ai ned pol y(2, 6-di met hyl -1, 4-phenyl ene et her)
Tablr sins with intrinsic viscosities of 0.12 and 0. 30,

Component Example 11 | Examples 12-14
FB570 spherical fused silica from Denka 229.50 229.50
SFP30 spherical fused silica from Denka 25.50 25.50
MICHEM® Wax 411 from Michelman 0.90 0.90
Cabot BLACK PEARLS® 120 0.60 0.60
Poly(arylene ether) 0 6.44
RSS1407 LC Epoxy Resin (Yuka Shell) 12.00 10.22
CNE195X1 4 Epoxidized Cresol Novolac (Chang | 48.00 40.89
Chung)

OPPI 0.60 0.51
Copper Acetylacetonate (Aldrich) 0.30 0.26
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Table 4 shows the results obtained for Exanples 6-8.
The results show that the poly(aryl ene
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250C. Table 5. Property results for Exanples 9 and

of girablp cemppsitan iwas plmbde o a 1¢tel plats uittich hhbbﬁdnﬂaated to 165°C
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e TR finkd f BLBARUAP gfF ot Helriten By0EtPing S & Sostdta or
Woadkhﬁ&br{gﬁe rdpadsbore 0ah E%'%S?Eﬁe@ wérk hasdsural X @Eééh%@@ above.
et her). Table 6. EXAMPL 1- 14 Four conpositions

Prapsrty irehylts Are vEngied n d ahleo®in The resulis sbiow dhag Exapiptasel 2-14,
t.
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et her
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using a curing catalyst of iodonium salt plus benzopinacole showed substantial

inhibition of curing when poly(arylene ether) was added.

Table 8

Property Ex. 11 Ex. 12 Ex. 13 Ex. 14
Gel Time at 165°C (sec) 11 12 10 9
Spiral Flow at 165°C (cm) 90.2 50.8 47.8 45.7
Cu Pull Tab Adhesion (N) 35 69 197 170
Flexural Strength (MPa) 142 116 133 134
Moisture Absorbance (%) 0.214 0.222 0.247 0.226
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The results also show that the nol y(aryl ene
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curing catal yst of i odoni um salt plus benzopi nacol e
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0.30 IV PPE (GE Advanced Materials) |0 0 50.86
0.058 IV PPE 0 0 0
0.078 IV PPE 0 0 0
0.092 IV PPE 0 0 0
Carnauba Wax (Michelman) 6.00 6.00 6.00
Black Pearls 120 (Cabot) 4.00 4.00 4.00
Antimony Oxide 16.04 16.04 16.04
Tetrabromo Bisphenol A (Great Lakes) | 20.97 20.97 20.97
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viscosities of 0.058, 0.078, and 0.092 deciliters/gram
used in Exanples 19-21 were prepared by oxidative
W@ opaloyises i zat i on of 2, 6-xyl enol and PCT/US2006/024666
t et ramet hyl bi sphenol A and as descri bed, for exanple,
in US. Patent No. 4,521,584 to Heitz et al. The epoxy
resi n gamma- gl yci doxypropyl tri met hoxysi |l ane was
Tagleoatsgd as Z6040 from Dow. The conpositions were
prepared by m xing the ingredients first in a Henschel

chng them through-a-twinh-screv

—m xer,—and-thenpa
Coppppeer set at 600C in th=E?‘ela?’r s?@‘ulgn aﬁ?ﬁl % |E’?" 21
the front section. After cpoling dand hardening, tjhe

FBEW(? ﬁﬁicgéﬁ 1}(1&5 e Then “ground| {fy2y PaWdey oUS| Tth20 Retiab7.0

e’ conpositions are detgiled in|Table g,
W th conponent anmounts given in parts by ight. Table

SFRIR:Biliea @Dédmht . ) The f or mul al2bhs ve28.0mol Hé2B.Bn 4 123.0
transfer press at 175C. After dem:l di ng, the part|s

‘A noac

269%%%1 Iib@%’o%%rpi@’\jglﬁ[es,“ nggur ed ga dest sizged AL,

are given in Table 10. The|resultg show that in the

RSSONYATE EfR8 RasiC Y @@ FRUXY | 4PAROSI 1400085, capper | 40.19
adhesion is nearly indepengdent of |the type or angunt

of nolv(arviene ether) nrn*nnf THis further

—V—— 1ot

CNE [$5¢T-4tHGN (GhangiFhun) gh hdbie8i or| $t3lengl A&2bbs ar&erd

for cationically cured conpositions 13 and 14 with | ow

TMSHER Vi Ty € gid re ar|ggn.
Ta{l?ﬁgé(lpecyggd aﬁﬁlgéél)}r pr INgJIV%%@ ¥Bag e 106%C;<AI?)NPL 56%'2§The%2 12

(Amkawp) e descri bes the preparation |of an
aci d-di functionalized poly aryl ene ether)| A

Tr@h@i%ﬁ?i%q%k(%?qrﬁc@éé: Icm:er ?/%r am ([d O%IOAESJOEI Plrg N

chl orof orm was synt hesi zed|by the |oxi dative

0. [QANVOPBEEGE 2alvhded Matdsidls) | 0 0 0 0
0.30 IV PPE (GE Advanced Materials) 0 0 0 0
0.058 IV PPE 0 38.14 0 0
0.078 IV PPE 0 0 38.14 0
0.092 IV PPE 0 0 0 38.14
Carnauba Wax (Michelman) 4.50 4.50 4.50 4.50
Black Pearls 120 (Cabot) 3.00 3.00 3.00 3.00
Antimony Oxide 12.03 10.22 10.22 10.22

Tetrabromo Bisphenol A (Great Lakes) | 15.73 13.37 13.37 13.37
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xyl enol and
2, 2- bi s(4- hydr oxy- 2, 6-di et hyl phenyl ) pr opane
w@ 2a0eoBaet hyl bi sphenol A" or "TMBPA") usi ng BCT/US2006/024666
procedure simlar to those described in U S. Patent
Nos. 4, 665,137 to Percec (at colum 5, l|ines 39-43)
and 4,677,185 to Heitz et al. The bifunctional
Thp gbinfuditydng neeretrhsltddd 6bQ @amafeE)prewsat di7$30] eftkri demolding, the
toluene (150 mlliliters) and reacted with succinic
Parkh Kk thed Rast-haksdadted 75’ ford Brws éwgé'e gestigg. Property values,
. L. L " 0 g ; _
meTeL U (BTDOBYRN AR PP Tabft f0 QARG shp@ oy in the
copehti¢allyl @l epdxgrdompesitiohgwiopperi adhSgibe nendarlybieHepend¢m of

chene 1 n ave values sugh.t t.ne .sum of .
et i rgongfef PoymiCioe ity B L B ey e B e igh
adIRBloY( RN EBH @b&I AT for RBtidritAllyNGir&d YorEF@RidnY 18fard. with low

deciliters per gram The solvent was then renoved on a

intyintie Vipcesitspolvirrglena adren Hesinseare HBeXpseied pid SUrBIRHDRIr | de
and nost of the DVAP were renpoved by washing with
tiganol . After drying, about 45.1 g of product was
obtained. As a final purification (to make sure all
the DVAP was gone) the product was dissolved in 150

Propettyi | i ters of [ BkukngEanid tFenl7prkxcilSi tkt.d@ |ikx. @0100021
mlliliters methanol pontaiping 0.3 gram of tlol uene

el farmt ~ an: A f+ o all aoaplk + ~An KWW, o At A £ . o "

U . UL, A Cl1 LAY LIL} U_y UL il Tl altl
Gerhglrﬂf’od‘bc;wm shel28 wo | #tes W h andl?and | 2
(sekhen dried agaiph in a vacuum oven. The [final |yield was
41.4 g. Schene (LEXAMPLE 23 [The exjnpl e [descrilbes the

preparation andltestinhg of a_gupa_,b_]_e_gg‘mﬂgsiti on
SpEantiowi #g LTHE hé2%U5 d| $8ifict | BhAl i ZE-Dol Mdat yil Bhk | 991
(crﬁ} her) prepared|in Expnple R2. The

CTE1 (ppm/°C) 12 11 12 - - _ .
CTE2 (ppm/°C) 44 39 44 - - _ _
Tg (°C) 139 146 144 - _ - __

Cu Pull Tab Adhesion | 85 96 88 76 84 88 92
N)

Flex. Strength (MPa) 126 115 120 132 118 126 136

Moisture ~ Absorbance | 0.245 | 0.239 |0.260 | 0.230 |0.211 |0.201 |0.199
(%)
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formulation was initially prepared in two parts. The
first part contained the follow ng conponents: 229.50
w@e@m®oBB570 spherical fused silica from DenkaPCRESH06/024666
grans of SFP30 spherical fused silica from Denka, 0.90
grans of MCHEMr) Wax 411 from M chel man, 0.60 gram
of carbon bl ack obtained as Cabot BLACK PEARLS(r)
ExkAerEapd 6.42 grans of mcronized (passed through a
325 nesh sieve) aciddifunctionalized poly(aryl ene
ether) as prepared above. In separate containers, the
The exsinplp describessthe prapaeatips ofan acifshsngignalizadpely@gyleng ether).

e e e T
at EFQXiglicEREfoi Seds Navekred (Hyhde PHxiduivg ) copOlymbrigation of 2,6-
OPPI (UV9392c Di aryliodonium Salt, GE Silicones

, d
xylend 1215t 2P ietAvidheracd o dlipaihuiphempropsng (\‘/\Iétd,‘a@é‘il?)éd @?thenol
”C L2 O . j . i
& GRTNIB PR T AUV GIGRL IRy SRR B 9, g o
4,661?/,3% ab tRercec qal tolgmhos, dibest3914M) Gd A6, BRfdinletthet al. The
. C

) nd benzopi nacol e. Once ho neous, S
bifi 0B BB GEP D BB et FSP T A e ek U Bsprfiliters)
anc Ofeabtelll XyifheSGIctRRI AN Ede Tio ' BBHlsY | RO M X iksEndd@of 4-

then processed 6 tinmes'through a 2-roll mll with one
dimeshylarsopatidige (OMAP "t Ad game) foatogdmars FHS- KWl tetyéeld an

. osition js ovi ded in Tabl I T
o B! R PRl B el Aty SR E LR 1gqcgeme
1, desmd 8i Rgre Vdigess auddl et Wes Quinhen apask bbskadfiient torgive the
_hours at 175C before testing.. Propert% val ues are
blfblp(g\ppaléa)ly(ﬁrﬁ%|eglei)z@rq-lélgplgwl‘gscosuy of 012 deciliters per gram. The

solvent was then removed on a rotary evaporator and then excess succinic anhydride
and most of the DMAP were removed by washing with methanol. After drying, about
45.1 g of product was obtained. As a final purification (to make sure all the DMAP
was gone) the product was dissolved in 150 milliliters of toluene and then precipitated
into 1000 milliliters methanol containing 0.3 gram of toluene sulfonic acid. After
collection by suction filtration the product was washed two times with methanol and

then dried again in a vacuum oven. The final yield was 41.4 g.

Scheme 1

HaG o]
CH,
DMAP
H O O O (o] H + o) —
toluene
CHa \
b
1 pd bl

CHy

HiC CHg
o) CHy 0
CHy
a b
Ho HsC CHj OH
0 o]
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Wil e the invention has been described with reference
to a preferred enbodinent, it will be understood by
wo bagmoské | 1 ed in the art that vari ous changesPOBEYS166/024666
made and equi val ents may be substituted for el enents
thereof w thout departing fromthe scope of the
i nvention, hi addition, many nodificati ons may be nmade
ExAipid@pt a particular situation or material to the
teachi ngs of the invention wthout departing fromthe
essential scope thereof. Therefore, it is intended |
The ¢reampltdescribesrihe prepatstionand fepiingeef a Gurathe crPeSIER ontaning
e I . di.scl o h t caon t fo
the AREHE R floBledo SRS R BRTERIBDE P2, Ohe
formifulaltirc])h el Ggleialdy prepaded dih tvemparts dlte fingt pdrt duntaihdieths olfmeving
of the appended clains. All cited. patent at
corapRAcHEa P oals o Nesptpriral esed Sl Eom HepR o aeggams of
SFiS?fU; g;}ﬁ%a@% ﬂﬁ?écdes_riﬁ&cﬁofn!b&ﬁ&', 0.90Yrhth® bY MIAHEM@NWaS 411 from

_ ose erein are inclusive of the endpoints, and
Mithetmen dped ptasn af earbomblankiob@ingdtdy Caboh BbAE: PEARLS® d20s,

f e terns "a". and "an" and the; an imlar . .
an‘fe@'é?e_ﬁf@si n(?ft ﬁlélcﬁog}ﬁegxgpa&fedg SLEgUEh; &g %tz ﬁeﬂeﬁ@eﬁlteiv%}n acid-
diftespasliRl pylyiylehe cter) e yicpafedtabevd. ol | owi ng cl ai ms)

are to be construed to cover both the singular and the
plural, unless otherw se i d'c?ted herein or clggglzr.
repare Yy IXimg

In SepAaFeaeANEIRAS-the EXSHY RETHORS ANRS TormuRtions FsTeP
and AIROGIEL AL 10GR BahR | SFIRSSTUTPLRYESHRS! Resin (Yuka Shell), 40.72

grams of CNE195X14 Epoxidized Cresol Novolac (Chang Chung), 0.51 gram of
OPPI (UV9392¢ Diaryliodonium Salt, GE Silicones), and 0.51 gram benzopinacole
(Aldrich). This was done by combining the epoxy resins in a beaker, heating them
with stirring in a 150°C oil bath until they melted, then after cooling to about 100°C,
and adding the UV9392c and benzopinacole. Once homogeneous, the molten resin
blend was poured into the silica resin solid mix described above. The resulting
mixture was then processed 6 times through a 2-roll mill with one roll set at 60°C and

the other at 90°C. The complete composition is provided in Table 11.
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a poly(arylene ether) resin; an anount

cationic cure catalyst effective to cure the epoxy

of a | atent

wo esy7nps3and about 70 to about 95 wei ght per cenPCDUSENNG/024666

based on the total
2. The curable co

inorganic filler,
curabl e conposition.

wei ght of the

nposi ti on of

claim1l, wherein the epoxy resin conprises an epoxy
TaBle$i N having a softening point of about 25C to about
150C. 3. The curable conposition of claim1l, wherein

the epoxy resin is selected fromaliph

atic epoxy

Compenass, cycl oal i phatic epoxy resins, QH§QMQﬂ©E3A gpoxy
resins, bisphenol-F epoxy resins, phenol novolac gpoxy
: t=e ot- oXy—Testns; Hphenyt—epoxy
FB?@E%%%?“%%ﬁ%?S%%F%%ﬁ% e OXy resins, néﬁﬁﬁﬁ%lene gpoxy
resins, divinyl benzene di oxide,
SFR30pphenichy Fisbé siyicg Frpai Dydkaet her, di cycl|oygesy adi ene-|t ype
epoxy resins, nulti aromatic resin type epoxy resilns,
] RHAatoh hereof—4- he curab iLtiton
ot L pepdylichelmanc noxy resin carp?d ses a
nononeri c epoxy resin and an oligoneriic epoxy resi/n.
Cabot BIMCK PEARIS @ @PROST Ui on of clai m 1T gagrpr 1 sTng
about 70 to about 98 parts by weight af the epoxy
resin per 100 parts by weight total off the epoxy resin
aciddifundationplizieq patyarsivee ethhdr ) resin. 6. |2 curabl e
conposition of claim1, wherein the pgly(arylene
e~ FES] TR S pHurat-ty—of jrepeating—tRi t s
Rsﬁggﬁ%é:Fﬁ%ﬁg§§ﬁéﬁﬁ#§§%§péin each occurrgﬁgg of @QJis
i ndependently sel ected from hydrogen, |hal ogen,
CNE195X14 Epoxidized Cresol Novolac (Chang Chung) | 40.72
OPPI 0.51
Benzopincole (Aldrich) 0.51

The compound was molded on a transfer press at 175°C. After demolding, the

samples were then post-baked for two hours at 175°C before testing. Property values

are provided in Table 12.
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primary or secondary
C3-C12 al kenyl al kyl ,
wa@bdoyoyizas kyl , Cl-Cl2
hal oal kyl ,

C1- C12 hydrocar byl oxy,
hal ohydr ocar byl oxy wherei n at
separate the hal ogen and oxygen atons;

Cl-C12 al kyl,
hydr oxyal kyl ,

| east

C2-C1 al kenyl,
C2-C12 al kynyl,

phenyl ,
and C2-C12

c-c
C1PCI/RS2006/024666

two carbon atons
and wherein

Tag@t¢h occurrence of QL is independently selected from

hal ogen,
alkenyl C3-C12 al ke

primry or secondary Cl-C 2 al kyl,
C2-C12 al kynyl,

nyl al kyl |

c2-C1
C3-C12

Progetkynyl al kyl , Cl- Cl
hal oal kyl, C-C 1 hy

haeorlg Byl , p
grocarbyloxy, a

henyl, Cl1-Ci 2
nd C2-C

Gel BTy ;f'ﬁeﬁcgg&g}‘ OXy v

separa al ogen
conposition of claim

] -—at—teast
g%ggoxygen at o
1, wherein the

two carbon atons
5. 7. The curabl e
pol y(aryl ene

Spiedl Ferw athiy$Se@ricrant ri n
about 1.0 deciliters

per gram measu

568.1vi scosity of

about 0.03 to
fed at 25C in
on of claim]1,

Cu R Tab Achs

vi scosity of about O

—8—Fhe-—¢
HomANY (ary| &

H-able—corposHt
fe ether) res
03 to 0.15 dec

n has an intrinsic
liters per gram

FleXRapstt ﬂ?(tw?a?' Cin<c
conposi ti on of claim
resin has the

Niggoform 9.
1, wherein the
struct urewhere

=]

e curabl e
pol y(aryl ene
n each occurrence

et her)
Motgstureypbiserbppegdfiandent
hal ogen, primary or

0.282| ected fro
secondary Cl1-Cl

hydr ogen,

\ A

al kyl, C2-C12

atkenyt—€—=C2alke
al kynyl al kyl, Ci1-C12
hal oal kyl , Cl1-C12

[ I I D o ~—1
dar Kyr, C=C1

hydr oxyal kyl ,

phenyl ,

al kynyl, C -C12
Cl-C12

While the invention has been described with reference to a preferred embodiment, it

will be understood by those skilled in the art that various changes may be made and

equivalents may be substituted for elements thereof without departing from the scope

of the invention. In addition, many modifications may be made to adapt a particular

situation or material to the teachings of the invention without departing from the

essential scope thereof. Therefore, it is intended that the invention not be limited to

the particular embodiment disclosed as the best mode contemplated for carrying out

this invention, but that the invention will include all embodiments falling within the

scope of the appended claims.

All cited patents, patent applications, and other references are incorporated herein by

reference in their entirety.

All ranges disclosed herein are inclusive of the endpoints, and the endpoints are

combinable with each other.

The use of the terms

"a" and "an" and "the" and similar referents in the context of

describing the invention (especially in the context of the following claims) are to be

construed to cover both the singular and the plural, unless otherwise indicated herein

or clearly contradicted by context.
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hydr ocar byl oxy, and C2-Cl2 hal ohydrocar byl oxy wherein
at least two carbon atons separate the hal ogen and
wo@z200gens3aé ons; and wherein each occurrence of PBIT/US2006/024666
i ndependently sel ected from hydrogen, hal ogen, primary
or secondary ¢ -C 2 alkyl, C2-Cl12 al kenyl, C3-C12
al kenyl al kyl, C2-Cl12 al kynyl, C3-Cl12 al kynyl al kyl ,
cr@&mfst2 hydroxyal kyl, phenyl, C1-Cl2 hal oal kyl, C-CJ 2
hydr ocar byl oxy, and C2-C 2 hal ohydrocar byl oxy wherein
at | east two carbon atons separate the hal ogen and
1. oxy deqvrailopempesiéin, oowprisiagice of x is i ndependently 1
to about 100; z is O or 1; and Y has a structure

anf'i,@x@%ggfromoS OORL-O -G -c 1l | - -Isl - -

, and -CO R2 wherein each occurrence of Rl and R2

is independently selected from hydrogen and G -C 2

a phiychrplenss &thibr) résfh; The curabl e conposition of claim1,
wherein the poly(arylene ether) resin conprgsss at
| east qne term.nal function roup sel ecte rom

on Wt o) e PO Py Gl E U i Urawary reai and
anhydri de.

about 70 to about 95 weight percent of an inorganic filler, based on the total weight of

the curable composition.

2. The curable composition of claim 1, wherein the epoxy resin comprises an

epoxy resin having a softening point of about 25°C to about 150°C.

3. The curable composition of claim 1, wherein the epoxy resin is selected from
aliphatic epoxy resins, cycloaliphatic epoxy resins, bisphenol-A epoxy resins,
bisphenol-F epoxy resins, phenol novolac epoxy resins, cresol-novolac epoxy resins,
biphenyl epoxy resins, polyfunctional epoxy resins, naphthalene epoxy resins,
divinylbenzene dioxide, 2-glycidylphenylglycidyl ether, dicyclopentadiene-type epoxy

resins, multi aromatic resin type epoxy resins, and combinations thereof.

4. The curable composition of claim 1, wherein the epoxy resin comprises a

monomeric epoxy resin and an oligomeric epoxy resin.

5. The curable composition of claim 1, comprising about 70 to about 98 parts by
weight of the epoxy resin per 100 parts by weight total of the epoxy resin and the

poly(arylene ether) resin.

6. The curable composition of claim 1, wherein the poly(arylene ether) resin

comprises a plurality of repeating units having the structure
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11. The curable conposition of claim1l, wherein the
poly(arylene ether) resin is substantially free of
w@aoorioedzeae havi ng an equi val ent spherical di anRPCEUS2006/024666
greater than 100 microneters.12. The curable
conposition of claim11, conprising about 2 to about 30
parts by wei ght of the poly(arylene ether) resin per
10@zparts kyr weight total of the epoxy resin and the
pol X(aryl efe ether) resin. 13. The curable conposition
) wherein the latent cationic cure catalyst
ad fromdiaryliodoniumsalts, phosphonic acid
i&_acid esters, carboxylic acid esters,
es, benzyl sul fonium salts,
d|n|un1salts, benzyl anmoni um sal ts,
I soxazol i yn salts, and conbi nations thereof. 14. The
curabl e colfosition of claim1, wherein the |atent
cationic cufe catalyst conprises a diaryliodoniumsalt
having the structure [(R3)(R4)I]+ Xwherein R3 and R4
wharetn eabhodcogepeneeQl liy iadeépendehdy nlereicdl oth [RidesiRhi Balogen,
hydr ocar bon radjcal, optionally substituted wt from

Pm?[lalfyo on sEpMseE nCre kel @ -Gel dkewnt Grdre @km@l‘é}ﬂkﬂz-cu
ol L SRR, (B QO TR B, pRaM P %léawhzlf i

hydrpearhdossntand £33 Gni Italmiwdmcaﬂxywxyswmreﬂrrmti lesss t@o carbon atoms
diaryli nium salt having the s ructur 4)I
seplisfi i, AR el “Svac ity HEL RHEHSR Far S
indéffendd-tiyTeslontad F¥m alfalsgah! prifaelf @8 aebMlary Ci-Cy, alkyl, cz-c12
alkenyl, C3-Cj» alkenylalkyl, C,-Cj alkynyl, C3-Ci alkynylalkyl, Ci-Ci2
hydroxyalkyl, phenyl, C;-Cj; haloalkyl, C;-Ci, hydrocarbyloxy, and Cy-Cpz

halohydrocarbyloxy wherein at least two carbon atoms separate the halogen and

oxygen atoms.

7. The curable composition of claim 1, wherein the poly(arylene ether) has an
intrinsic viscosity of about 0.03 to about 1.0 deciliters per gram measured at 25°C in

chloroform.

8. The curable composition of claim 1, wherein the poly(arylene ether) resin has
an intrinsic viscosity of about 0.03 to 0.15 deciliters per gram measured at 25°C in

chloroform.

9. The curable composition of claim 1, wherein the poly(arylene ether) resin has

the structure
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radi cal, optionally substituted with from1l to 4
nmonoval ent radicals selected fromCl- C O al kyl,
W@100ZR33a6 koxy, nitro, and chloro. 16. The curp@l/@S2006/024666
conposition of claiml1l, wherein the |atent cationic

cure catalyst conprises 4-octyl oxyphenyl phenyl
i odoni um hexaf | uoroanti nonate. 17. The curable
osition of clg9im1, ¢enprising about-0.1 to about
par by weight| of the¢d?atent cafiioni ¢ cure
taly§§ per 19% darts by(i-ight n?pthe poxy resin.
nposi t i : ' erein the

— RO RO

ils sel e¢ xi des, net al
H r hopat ¢ i , and

of @?g osition of

he i no sel ected from

oron n j , akum numjni tride,

fagnesi m silijcate, and

qf. 20 osition of

claim1l, wherein the inorganic filler conprises a
fused silica. 21. The curabl e conposition of claim1,

whebier @ich ddaerrédier ¢faQt 6s indebeidea@YREICERS frdiR 356rd2Pn,! RBogen,
.total weight of |n023$n|c filler, about 75 fo about 9
primary oot serofdat CofCian ks Coflug ettkeivli €aChavalliegylatkyl, C2-Cra
r PAA S(z&.0 ' te _ab i
LA 12 08 o s Bl Ot Moty
hydsoceehyboxy, fiud €4-Gii Ihathytiaeabgloan veheesinge 1gar twe lcerbsh 2€oms

of . ahQout .0.03 mcroneter to less. than 1 _m croneter. .
sepygte ?Pﬁefl%‘ag%{b ppd COHETs oy B whegem gachy gequRiepce of Q' is

ind§RAMENIS Reectd REhaGrdRn AR, Primary or secondary C-Cy, alkyl,
Cy-Cy; alkenyl, Cs3-Cj, alkenylalkyl, C,-Cj; alkynyl, C3-Cyo alkynylalkyl, C;-Cyo
hydroxyalkyl, phenyl, C;-C{; haloalkyl, C;-Ci» hydrocarbyloxy, and Cy-Cj»
halohydrocarbyloxy wherein at least two carbon atoms separate the halogen and
oxygen atoms; each occurrence of x is independently 1 to about 100; z is O or 1; and Y

has a structure selected from

ﬁ sl 0 0 R!

0 , C , !c ! ) Is! ;and ——C—
| |
0 R

wherein each occurrence of R' and R? is independently selected from hydrogen and
C-C3 hydrocarbyl.

10.  The curable composition of claim 1, wherein the poly(arylene ether) resin
comprises at least one terminal functional group selected from carboxylic acid,

glycidyl ether, vinyl ether, and anhydride.

11.  The curable composition of claim 1, wherein the poly(arylene ether) resin is
substantially free of particles having an equivalent spherical diameter greater than 100
micrometers.
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a curing co-catalyst selected fromfree-radica

generating aromati c conpounds, peroxy conpounds,
wa@oppens3gé 1) salts of aliphatic carboxylic aciBET/US2006/024666

copper (I1) salts of aromatic carboxylic acids, copper

(I'l) acetyl acetonate, and conbi nations thereof. 23.

The curabl e conposition of claim?22, wherein the

12. Curﬂhg Qu&%Ieﬁ%%@&éﬁfonC&Wiﬁlsﬁ%oggﬂﬁﬁvﬁ AHREOD €0 aBdhit 30RRts by

cura l'e co 1tron of claim erein the curing .
Welgﬁz of ﬂieqiojols{hrytma'pthes)assin oppI0 parts)byaeeight tatabeloha €BOXysSIn
e curaple conposition of claiml, further conprisin
and ghe ROKRaRYIFD, egﬁg?nselected f r om pol ybut adi enes, )
hydr ogenat ed pol ybut adi enes, pol yi soprenes,

13. hy e @andiasbnikitios AP cRMAY, whsieadihe iaestcptienie cure catalyst is

copol yner s, hydrogenat ed_ but adj enestyrene
seletiod deordaabpynm: Fise PEOBBPMToRS] SHFaT GURaRedoT St
Carb&ég{'@% ?cﬁgtee%;r‘ﬁrr%/ : ;ﬁ%’)s(}%l%délgc? yﬁ&’é%? |b¥ﬁ99y'ls%lfonium salts, benzylpyridinium
salt DbiyAyttinmbodiyisi dabx dsvexarailin batsydrsi dopxtamasions thezaed.
combi nati ons fhereof; wherei n the rubbery nodifier
conpriseg.at | east one functional gr eqd fr
14. by RIS SRR Dt ing R g B JBar GOl g
con%?i@é’sdd' did8liodctHuml sy heihg drGtrudinge cur abl e conposi tion
f claiml, further conprising an additive sel ected
from phenolic hardeners, anhydride hardeners, silane
KRdﬁhhmlxg agents, flaneretardants, nold rel ease agents,
pi gnents, thermal stabilizers, adhesion pronoters, and

whSQIRINALITONSe LR EMpendehtly TE-CH A R ale @ @6mbtié BYdroéarbon
c%aln?@; wher el n thg conpgsitﬁoﬁ'is subs,tantial}a!g'd
radical, optionally substituted with from 1 to 4 monovalent radicals selected from

C;-Cyo alkyl, C-Cyp alkoxy, nitro, and chloro; and wherein X' is an anion.

15.  The curable composition of claim 1, wherein the latent cationic cure catalyst

comprises a diaryliodonium salt having the structure
[RHRHL" SbFs

wherein R? and R” are each independently a Cs-C14 monovalent aromatic hydrocarbon
radical, optionally substituted with from 1 to 4 monovalent radicals selected from Ci-

Cap alkyl, C1-Cyp alkoxy, nitro, and chloro.

16.  The curable composition of claim 1, wherein the latent cationic cure catalyst

comprises 4-octyloxyphenyl phenyl iodonium hexafluoroantimonate.

17.  The curable composition of claim 1, comprising about 0.1 to about 10 parts by
weight of the latent cationic cure catalyst per 100 parts by weight of the epoxy resin.

18. The curable composition of claim 1, wherein the inorganic filler is selected
from metal oxides, metal nitrides, metal carbonates, metal hydroxides, and

combinations thereof.
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free of polystyrene. 28. A curable conposition,
conprising: about 70 to about 98 parts by weight of an
WE@P@YW033@6i N conpri sing a nononeri c epoxy resi PCENS2086/024666
ol i goneric epoxy resin; about 2 to about 30 parts by
wei ght of a poly(2, 6-dinethyl-I|,4-phenyl ene ether)
resin having an intrinsic viscosity of about 0.05 to
19.2bopte Qurdble %ﬁiﬂogltu%ﬁ%fr&amgi BifhEkin’ ihBrofik AIRE 9 Rlected
an anount of diaryliodoni umsalt e fecglve to cure
fromhalumyba ysﬂn@s i hmommurlden ahmsnumamyﬂldeo dolcomnmiade, magnesia,
the.str ure %{) OXR11 + SbF6- wherein R and RL 1 are
ma%’fé'ﬁlm[sﬁ g ’iﬁémﬁ 128 tPﬁr& noval ent aromatic
hydrocarbon radical, optionally substituted with from
20.1 tnlacme\cah@emuma@f CRIE 1S &VRE® thed morPakik-fIRY cdhipyikes a
Cl- C20 al koxy, nitro, and chloro; and about 70 to
fusedhiliga. 95 wei ght percent silica filler, wherein the
silica filler conprises about 75 to about 98 wei ght
21. per’ﬁ%‘&ur%le Q:oﬁigb&hoﬁ Wedhifi 1] GheBRYing Qn&gaxﬂl‘ $RY %om rises,
particle size 1 mcroneter to abou m cronet ers,
basethdn disdatal Feight ab norgadic fildery hltoqo &6 denbowP8ave gqrectent of a

frsy 50 i 0 0 BB REAIS SR e PO RHE: o AbRHe30
mldﬁ@ﬁétérsbblnd/\@d(ﬂlmz t6fabbie2 L Rewht b@‘ééﬁl oftebdif fused silica having

poly(aryl ene ether) are based
an averdage particle size of about 0.03 micrometer to less than 1 micrometer.

22. The curable composition of claim 1, further comprising an effective amount of
a curing co-catalyst selected from free-radical generating aromatic compounds, peroxy

compounds, copper (II) salts of aliphatic carboxylic acids, copper (II) salts of aromatic

carboxylic acids, copper (II) acetylacetonate, and combinations thereof.

23.  The curable composition of claim 22, wherein the curing co-catalyst comprises
benzopinacole.
24.  The curable composition of claim 22, wherein the curing co-catalyst comprises

copper (II) acetylacetonate.

25.  The curable composition of claim 1, further comprising a rubbery modifier
selected from polybutadienes, hydrogenated polybutadienes, polyisoprenes,
hydrogenated polyisoprenes, butadiene-styrene copolymers, hydrogenated butadiene-
styrene copolymers, butadiene-acrylonitrile copolymers, hydrogenated butadiene-
acrylonitrile ~ copolymers,  polydimethylsiloxanes,  poly(dimethysiloxane-co-
diphenylsiloxane)s, and combinations thereof; wherein the rubbery modifier
comprises at least one functional group selected from hydroxy, hydrocarbyloxy, vinyl

ether, carboxylic acid, anhydride, and glycidyl.

26.  The curable composition of claim 1, further comprising an additive selected

from phenolic hardeners, anhydride hardeners, silane coupling agents, flame
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on 100 parts by weight total of the epoxy resin and

the poly(arylene ether); and wherein the weight
w@eocemid4e©f the silica filler is based on the POLI/&ER2006/024666

wei ght of the curable conposition.29. A nethod of

preparing a curabl e conposition, conprising blending

an epoxy resin, a poly(arylene ether) resin, an anount

reta@dan% hﬂ@fé‘lea‘é@&ée%&' 1g%@il€s ﬁﬁirﬁﬁ%ﬁbﬂﬁfe{se %&ﬁe\éﬁ)n dﬂ(t)lﬁHﬂ'e?s, and

he epoxy resin, and abouf 70 to about wei
Cmﬁm@%emtﬂhﬁﬂﬁn inorganic filler, based on the tota
wei ght of the curable corrp03|t|on to forman intimte

27. Eloen%%éllﬁ‘gnle ’g‘oﬁggﬂﬁgn 8f cl@z{ng Fehraﬂﬁgcﬂ)g}?%lﬁ%%}s F%bgtaﬁnally

freecofpolyplyaenel ene ether) re3|n an anount of a | atent
cationic cure catal yst effective to cure the epoxy

resjn, d about., 70 to about 95 wei ght percent of an
8'ino‘%‘ EWS@‘PPFP%WOHﬁ5§§HBHW the total weight of the

curabl e conposition, to forma first blend; nelt

abotil 70 RGLLIEH pahiG byt &8 Rlan 8pd:§TREGR %Bﬁhbﬁsﬁé A BRHHn0 cpOxy

about 115C to form a second bl'end; cooling the second
resip it gn OBgAINETHd ap@KEEsithe cool ed second blend to form
the curabl e conposition.

about 2 to about 30 parts by weight of a poly(2,6-dimethyl-1,4-phenylene ether) resin
having an intrinsic viscosity of about 0.05 to about 0.10 deciliters per gram at 25°C in

chloroform;

an amount of a diaryliodonium salt effective to cure the epoxy resin; wherein the

diaryliodonium salt has the structure
[R)R')I* SbFs

wherein R and R'' are each independently a Cs-Cj4 monovalent aromatic
hydrocarbon radical, optionally substituted with from 1 to 4 monovalent radicals

selected from C;-Cy alkyl, C;-Cyg alkoxy, nitro, and chloro; and

about 70 to about 95 weight percent silica filler, wherein the silica filler comprises
about 75 to about 98 weight percent of a first fused silica having an average particle
size of 1 micrometer to about 30 micrometers, and about 2 to about 25 weight percent
of a second fused silica having an average particle size of about 0.03 micrometer to

less than 1 micrometer;

wherein the parts by weight of the epoxy resin and the poly(arylene ether) are based
on 100 parts by weight total of the epoxy resin and the poly(arylene ether); and
wherein the weight percent of the silica filler is based on the total weight of the

curable composition.
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31. A nethod of encapsulating a solid state devi ce,
conprising: encapsulating a solid state device with a

W@ oodiobsB4€onposi ti on conpri sing an epoxy resi NPCEHUS2006/024666
pol y(aryl ene ether) resin; an amount of a | atent
cationic cure catalyst effective to cure the epoxy
resin; andabout 70 to about 95 wei ght percent of an

I NOAGA&H ' ; g%ﬁ ; i:ght of the

29'cur)ébl e %%{)T{J%ngﬁ%r imon; a%éé)g%ﬂr@%éﬁﬁg&%ﬁ?ggg e
conposition. 32. An encapsul ated solid state device,

bleadinpri sing: a solid state device; and a cured
conmposition encapsulating the solid state device,

an%l%&g%s%the cured conposition conprises the products
tained on curing a curable conposition conprising an

epoxy resin; a poly(arylene ether) resin; an anount of
a pely(aaylemt etbe) resin,c cure catal yst effective to cure the
epoxy resin; and about 70 to about 95 wei ght percent

an Fhoaf o ARHER Lafogtis porE paB RO oo b Bl Bpor§ iedltt o

about 70 to about 95 weight percent of an inorganic filler, based on the total weight of

the curable composition,
to form an intimate blend.
30. A method of preparing a curable composition, comprising:

dry blending an epoxy resin, a poly(arylene ether) resin, an amount of a latent cationic
cure catalyst effective to cure the epoxy resin, and about 70 to about 95 weight percent
of an inorganic filler, based on the total weight of the curable composition, to form a
first blend;

melt mixing the first blend at a temperature of about 90 to about 115°C to form a

second blend;

cooling the second blend; and

grinding the cooled second blend to form the curable composition.

31. A method of encapsulating a solid state device, comprising:
encapsulating a solid state device with a curable composition comprising
an epoxy resin;

a poly(arylene ether) resin;

an amount of a latent cationic cure catalyst effective to cure the epoxy resin; and
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about 70 to about 95 weight percent of an inorganic filler, based on the total weight of

the curable composition; and

curing the curable composition.

32.  Anencapsulated solid state device, comprising:
a solid state device; and

a cured composition encapsulating the solid state device, wherein the cured
composition comprises the products obtained on curing a curable composition

comprising

an epoxy resin;

a poly(arylene ether) resin;

an amount of a latent cationic cure catalyst effective to cure the epoxy resin; and

about 70 to about 95 weight percent of an inorganic filler, based on the total weight of

the curable composition.
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