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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 enéapsulation
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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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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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.



may be at | east about 30C or at |east about 35C. Also
within this range, the nelting point nay be up to

about 100C or up to about 50C. Softening points may be
determ ned according to ASTM E28-99 (2004). Wile it

WO WU HPe to use epoxy resins with soft eniPhEUSHOp666
bel ow 25C, the anounts of such resins should be | ow
enough so as not to interfere with the desired.

frhd abhdlé wmpctsutdaeco%@@ LpARARRHE kihef) rétn. an MUnbodinient,

one enbodi nent, the epoxy resin conprises a nononeric
15 gy (prykeng, e{l@r)g resin comprises a plurality of repeating units having the
@rusture O - tetranethyl 4, 4" -di gl yci dyl oxybi phenyl ,
avai | abl e as RSS1407LC from Yuka Shell), and an
ollgonerlc epoxy resin (e.g., an epoxidized creso
novdPac resif' or a nulti aromatic resin such as

u's NC3000). Mononeric epoxy resins are
typi cgf/—=rystalline solids, whereas oligoneric epoxy

resi pically glasses. The curable conposition
may e0gpoxy resin in an amount of about 70
to parts by weight per 100 parts by wei ght

t ot al e epoxy resin and the poly(arylene ether)

resi WthiNg, this range, the epoxy resin anount may
be at | east “about 80 parts by weight, or at | east
about 85 parts by melght Also within this range, the
whagrip eachi ercamengetofn@Yy ibhdndepertdentlyb bydro@s, paloggl, tprimary or
| ok U O0~a 9Bl .4
YBo9 0SSt ety RS G0tk ad o AR PG il G
aibmyia’l]g'égj @Cpdiygfoayalkdngheaylh €i-C11 kdoatkyl,| G- Gﬂehydrocarbyloxy,
r he IS
}zdl}aﬁ@ghro]pargglg e)g nghglfe%u%tl 1?%? h\g%/ cehrwr{ F]tgﬁ‘ns SF? r‘[F the ha% en
@ oRygérOitomEPor(Qhe \hke;rmd rwheagin embomtmnmncee oH )’ @ZmdSpendently

hAIGEREPEERY Y Sy i 29 e.c NakfoeNc, PIkdBE -, ¥., alkenylalkyl, C,-
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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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wherein each occurrence of R! and R? is independently selected from hydrogen and
Ci-Ci2 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,
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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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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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‘%E’IFHEF%@ 3@‘%&@%?@@ é%qtgeb ‘?‘rposﬂl gg E:grr;l??gteslgn

anmount of a latent cationic cure catalyst effective
aanothee embalimpax the rigsntreatighit atre chtalyat dodipirisescaidiaryliodonium

catal .yst i compound capabl e of thermally
s@@h’@?‘ﬁ%hﬁ’g“%ﬁ&grgﬂ onic cure catalyst, which in turnis

ca abI e of catalyzing epoxy honopol yneri zati on.
[SR1)(RM]'sSHEat ent cationic cure catal ysts include, for
exanpl e, diaryliodoniumsalts, phosphonic acid esters,

w r&ﬁ@i‘j %n@ﬁ” 9re(ef§£hell}1ge eﬁcﬁ{nhgh(n:g aﬁl@ﬁ&%lenf:argx‘ﬁbt% h%%o%&%bn

phosphonic vy i'tm sal
lbémlybmgmalw swbetituted a:hthg?onb & e ¢ insmoreading mdzdakatsslpcted from C;-

S i C
COOTE e PR i BT AT B GRRE o Wppangat
ioerd gnkienmmapsulat@nlcammnsca«n mmplacxﬂatbnt:cmmiuy stire catalyst is 4-
ikl 4R H&% Itt ntw ng the structure
{t%}}?&%ﬁﬁh 5’3 V\%erel n% 2Fe each

i ndependently a C6-Cl4 rmnoval ent aromati c hydrocarbon
Thedpurahle comppsitien Fompsisps thet lgteatd cationis dure mta.lystonmn amount

éfﬁ@@yea!oeé?ﬁe ﬁ'@qép‘af} ?esﬁlel t@@ai ng&ﬁ} WII%%)&E Lhe e and

al koxy, "nitro, ke r
%W(éms ebsncamrﬁsatll |the tynepf latent dationenaap sathlasti od the prescnce of

&SR3 Yokip888en éé}g%dggﬁ:tg %UI fay balcéelégﬂe AP kRt afrﬁ%e r(%%%llg the

weakl y ba5|c I on |aryI|o oni u
letentcqatiprig curk gatakystarif) be present ih & anRameef abhgd). 1 t04gb612t303585

44 I 4,88

Vel 7o ecf 187 arb et M ol Rl i
mayibe atleashaboph@.2 giants by iwsight, neatdbasoabqueo Alphuts bly weigbth 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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occurrence of Qis independently hal ogen or

per hal ogenated phenyl, and d is an integer of 4 to 6.

Sui t abl e rret als or netalloids, M include nmetals such
Bi, A, G, In, Ti, Zr, Sc, V, C

ﬁg)rzg(%/og eI ements such as the | anthanides, FU}I\{EZOQ(%““

exanpl e, Cd .Pr, Nd, and the |ike, actini des such as

Th, Pa, U, Np, and t he like; and netalloids such as

nﬁcrofﬁeteﬁ‘f’o abfht 30Nickdhfetdrd, kfid dbButoN & S5HRPAs FRMMht p Mcéxﬁ dB.a
7 WD 2007/ 005346 PCT/ US2006/ 024666 Ga

sce@pd A et REVINGHR AYECeRePIRRIS HABO! TRoR! GQRpFrEmEIpp less
d@%@?@i‘c@rﬁfﬁg Bﬁghﬁtﬁég&)ve I Eg 6(P|ee ?(Eg%%f ﬂlgrfgtﬁused §ﬁ’1€§- ﬁller

I'n arot odi nent
nhagt@mt least 80 rwaigly me@e@tapahy@pstcﬁémgmglga@r@nt Also W1thm the
r 0 Al g
g‘%)‘%é%vé] gﬁg ng‘d fﬂﬁtaég%éggsggg;hlﬁf H%Bélﬁ to[dsﬁ?bléhgéérhén‘f
omnpcm/al mtghapcammt i &Vlﬁmdﬁm@homangen g apralunt prlm gpaend fused

1&1 zilfert Iﬁgf e ?ﬁ“ l%l%t I‘b@%g g\ie ?1 per%@ 8 ﬁFs& aﬁcﬂﬁj '8%95'@& Perg%né.

Alkd within t}ambolvda fapge, ale amadumt vithe kbcancbﬁlsukmlu@rftlleamlaybe up to
nert under sul at.ion tions. An exenplary
}E’%‘ﬁ@h P%rfﬁng Ry N2y %bgf‘ ‘g?lghté)erfe oct yl oxyphenyi

phenyl i odoni um hexafl uoroanti nonate. The curable
The repreblet Goompositiop niag.eeptiohaly, ftrthat capprisean effective amount of a

C%éal}l CX%%Iﬁng} aguf?ﬁ?eugﬁn %J &k l#'s\fse u{cﬂldg,ufo‘? e'kgrﬁ 1€ pﬂ-éé’ rad1 al

recli se ano ne t y
gmramtg mﬁmeqzm gympasin (e.g. hbenzy]peaoofe) | eoppert (113 salksoefi dlphatlc

f
SRRl 0l L B35 0008 o B SRRSO
aCeln €¢. gl, boppet 19 behataemcopmt (Ibmaphtbcrraec end adppst (Misklicytnte),
(%épefg zﬁlf:tylacao %Qrtox? I:or@@o%&s @ﬁt ?tyf]ﬁe?&%bét&oﬁ@rf Pbis-t-

par poxy resin.
aﬂt)ﬂpbnrqmytm shmcmgé hexjre, andotier pemyy lsempounide as tdesgpbed, for

xama artZ(]Jey IyX?é ?hl ). ?,:;?2?17041 %@5{’&% L'Olé aQbSa.rRiartﬁe 1|R¥ and

'S range, e anolnt may be 'up
dombatators Bhejoaof t s Ihyomeiegibbdiment, uthe t curimigooe-calyss agangprisys

bvt\a're&o%tl]rga'cole. 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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The curabl e conposition conprises about 70 to about 95
wei ght percent of an inorganic filler, based on the
total weight of the curable conpositi oln. I ndope

the inorganic filler is selecte rom
ﬁggﬁﬁ}OX|ées met al gltrldes metal  car bonatf & USHAY666
hydr oxi des, and combi nations thereof. In one
enbodi ment, the inorganic filler may be al um na,
ﬁq’r lekaraplé, lrydtazd%tergnrﬁaﬂslqn:blﬂiutaid(eaesa natbexyysinghitedpolybutadienes,

IR N T i
malgnmiilfmps gdpoRy-temminaie hgdrbgenart @oltyhﬁadlédé@,,caﬂﬁﬁy terminated
I n qne ment ,

ﬁ)ﬁi’rrob eg% OH}%} hﬁ%{hgge%pr jmaleic apﬁ)g%dle gn}cpeléahzq% brdogenated
mymbdﬁmas epbh;etermiﬂx@&@ &ﬂﬂl‘bgédatddeﬁiolﬁﬂmﬁfeh&ﬁ?ydr@ﬁyﬁ@ﬁnﬁﬁted
i nor gani c abo

%EHS’&& %LW% ‘?ﬂoti)ﬁ%ﬁf% dmelugngg randpwy biqeke and j araft sopelvmers),
@by e¢raG@atdiak gi'e@lla-%uﬁﬂléﬁ‘e @bpolym&s V(Qc?d&‘ih QARIBAS block, and
PCT/ US2006/ 024666 microneter to about 30 m croneters,
gAY copshymes). palkisy arhydridedinstipnabised: styrengbutadiene coprdymers
(flluﬁlﬁﬁ’ngs kdnld6, BIaM, Qﬂd Saft %ﬁd’lﬁ‘gﬁ's)p @ﬂotx& Qérﬁllrgakeﬁ%wp&}ﬁ%&
03 mcroneter to | ess m cf onet
opBvmers{insluding, gandem plpcks fnd Eraftfqopelymens) dutadiend-ecaylonitrile

édpbllyﬁlrers ff@ﬁro@@na@éd bﬁﬁ@itencsélr%@rhm cBpd l E}E h%roé‘ tehﬁﬁgtgd

35 wej g percent. Also within the ve rang

Gfo uﬁ{a“%lftelinﬁéat?‘?)r pelyfimsdyIsioranes ﬂlvqlrpeqwbmgy tomnipgied dfie.,
Abbingiteitindagy cent , QBIyHlﬁleﬁﬂls%gxé’x‘@é ght per ?%6)8, -WhilheBa

t he . above range, t he amount of the second
Ralydimefhylsilqxanesyp y anydride- termigated h o pelydmegiylsHoxapes; c e paxy-
tmiAdted eﬁ&&dlﬁk@l‘}’ftsﬂ@xaﬂ@ glﬂ&dr&ﬁy‘e &ﬁﬂfnatefcli Pﬁ@g&gfngtﬁ#'snloﬂ}s -CO-

above range amount o secon

‘?‘Pfiepélﬁllqw)becwxb’écmm polp(digestigpisiloxsae-cediphemylsilopane)s,
@Bﬁdﬂde—"&@tmﬁ@dt&f‘ bolﬁ@hﬁ&ﬂ}‘sﬂoﬁﬂ@ -G Px#ﬁmﬁ?ﬂ%?ss :T%J»ﬁn %Xated

|onaII further conprise an eff'ective
Qi‘ﬁ@%?%ré‘(’henﬂﬁil@’mﬁ)é ¢ ilikg, God cennaliiyativgs thereof.
THé&J Hl@gery fn%'dlf@f@m ethgés%f){h@ﬁ’ Qalaratlgrl? Qx%rl&uvn% the(alrtr )a.nd

aromati c conpoun S . enz p naco
TEQ8t pre commer¢igyaviadable aA Isuisaple ameunt ofsrubleerg modifieppt depend

dn! the tﬁ;eeéfr AlRd Tﬂ&@%ﬂe{he( ) alﬁﬁl:lﬁ'l?lfnl?)of %nggﬁ}ctsm the type and

car boX aci opper

agmopt a%!ﬂhé?ﬁé@l@ ethencand dhyp EHer(Ipading aimiony Iodtcefa,ctors but 1t is
generally about 1 to about 30 parts by weight per 100 parts by weight of the epoxy

e

cne
e

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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copper (l1) acetyl acetonate, peroxy conpounds (e.g.,

" t-butyl peroxybenzoate, 2,5-bis-t-

but yl per oxy- 2, 5-di net hyl - 3- hexyne, and ot her peroxy

ﬁgﬂRgﬁggg(as descri bed, for exanple, in U'S'cﬁﬁﬁegbmuam
.7, "704 to Yeager et al.), and the Iik&TERY

conbi nations thereof. In one enbodi nent, the curing

co-catal yst conprises benzopinacole. In another
tilpeihane oiring ARcKAisEN @ =g HomoySlymeRRbA S8RcEPPPMe cure
é%é_ acetyl acetonate. A suitable anpunt of curing

- 5talyst w Il depend on the type of co-catalyst,
the type and anmount of epoxy resin, and the type and

hnsignémiidith@itethe cofpbitst & subtentaY Fe¥ Tf  poliBRGe Poliers,
eneral | y about 0.01 to about 2

f ors, but it i
‘B@?‘{"gé hveg}pg{:ﬁpobéfy%%@ DUt ROLYSyTens| Rghtmess may B gefined, for

ExRBPIR, by Reer6ie aDUS. PRERAK. bi598)367006.CloRiI £R2! | Y,
further conprise a rubbery nodifier selected from

ol ybut adi enes dr ogenat ed pol ybut adi enes,
gxaﬁ %;PqéoélﬂPeéﬁ &2 éurﬂijaf: QPB’QCOB'@F &0 btf(%lh’é% to about 98 parts by
beitadifenceky medie coRpadiNgTe MBonoMeelE Rp&NAtesiH dndtAdbIRBReric
st rene.quo%¥nq%§ ﬁguta%lene-acrylonltrtle ]
PBRGTES e FROUL P IRoGLALRAH D) Seieh SRl Asflimpiiylr} 4-ghenylene
iR teyiieliavingPA Mkin¥RS ViydoSity O @16 0.08QbYabout 0.10 deciliters per

(di met hysi | oxane-co- di phenyl sil oxane)s, and
FYRSE AAG Brrblarefepacm amgyet eff andigyiodonisive pat effsgiive torcure the

&0 fe.bﬁ?\%h&&in|tﬁ@fﬁ5ry9&ﬁmfuﬁp§éitihlgpﬁtz SR sel ected from
hydr oxy, hydrocar byl oxy, viny et her, carboxylic

@@kq “§P§%1Lide, and gl ycidyl. Suitable rubbery
ol ?‘i fcl ude, 9 WD 2007/005346 PCT/ US2006/ 024666
for exanple, hydroxy-term nated pol ybut adi enes,
wlerdio xRt andri kAt &d pahy Mdbpatdanlsa cpal.Linfonovalent aromatic

hydri de-f.unct i i zed.("mal ei ni " .
ORI SrtBoth gnal, S FonfyeTor Bu Mopei sbut muperen i
salected frpai @-@ionikdyt €, 166l slkee aiefarddah)distt a8 aBSLE J0 to about 95
car.no

xy-term nated . hydrogenat pol ybut adi enes,

TP LSt WhH RPNt By OFPRERADRG 13 (o sbout 98
weght Ipeicaritiof a €isst @0 Xijicd RivitighatastadeyAredeial d micrometer to
zgo“%@utadlenes, hédro§¥-tern1nated styrene- but adi ene

Biot VRS ThAP A G 2 19 2httio Weekricedlid agpeend fused silica
lnoipglaneesye partidle RR2X bf Bsul 008 tritidrofdeltr €6 R ar di BRFometer;
ﬁ%gol ner s |ncL%9|n%i random bl ock, and
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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graft copolyners), maleic anhydride functionalized
styrene- but adi ene copol ymers (i ncluding, random
bl ock, and graft copol yners), epoxy-term nated

E‘II(%%)EP‘%’BW adi ene copol yners (including, rand q}lﬁf‘}"f/@*““

and graft copol ymers), butadi ene-acrylGii
copol ymers, hydrogenated butadi ene- acryl onitrile
copol ynmers, hydroxy-term nated (i.

lsleridmgahrr epix i red, edpolp@tyiahe reieR)ydesib) é}f(ﬁﬁ&ﬁn of a latent cationic
I, car bi nol -t er m nat ed)

%% ?Iﬁfiﬂﬁg%/ g%%g %}t)cgcgrlmﬁnci ahomt Thtioahout 95 weight percent

ﬁ&hyﬂbrgﬁhﬁchﬂlﬂéﬂ BaReBdiEhe tAIRYESH! Rkt 8hAbIR @Bﬁgosmon to form an
t hyl si | oxanes, epoxy- term nated
B b’?éelflh Pneihesmbpdiment ysp Befod af prepsingd curable composition,

Joapyifiep: ”ﬁiﬁMﬁﬂdu@ﬁﬂ@po‘i? tesH, RSRYAFEACARRS)Sin, an amount of a

carb oxy-term nated
ﬁﬁsvwa?%ﬂfs/ stplystsffective-tel rwh dheydpexy tssianaysbout 70 to about 95

\ﬁé’i%ﬁ(dﬁér&ﬁt oeraM RRtRMic filler, ﬁsed e total weight of the curable
di met hysi | oxane- co- di oxane‘y
C@ﬂ’@?i}“?‘brtﬁl meg first blend, melt mlxmg the first intimate blend at a

t [ c lsilo 5, the |ike,
ang&étgllﬁb@r? g%{'liodr(l)g%ta%wg glrltelgl GI(L“‘I?OI'E & Seﬁ%‘k@?qf/')“ﬁﬁa?lﬂg % Segfpd
biendhadserinding theeiooleg seqad alehd fam therraraBlel Bmpbsiticy. t ,
and nost are conmercially available. A suitable

Whtl&f mElﬂH&erBé{m{);@ddffeh&lb C}lnl ads%H? State d%ﬁlge w1tptél¥eo (f]il.l‘a%ﬁe

| ame ret ardant moun
CPWQOQIWB dihus, Wboduﬁetp db yapmethpdl exfi enedpselatingaa csolidh atate

delikd, &ond H@ﬁ%n%c%m&%égla IE?IE%EtQt%ta%wce Wl L:%blsepcgplpi%téon

generallyaout arts by
COBMPIENG 9N ORoXy esimfa ndbéarebwytherb &sinnan Eiubnltm foy a laetit fchtemse

CURy(IaQS’SE Jffet':p@e tL g[lllp#{l éIOB(E ?CS g{dsagglgt%q aﬁ %%lyglsght percent

reacti've |1iqui e conposi't
b B‘! lr’@rg&mCyﬁllet, asedeon thotop wsnghmfehmurmber a)mmdmbn AV cunng

A T R T
e@@@g}}mtft@d@g@m (fsg 4t|abomg lﬁetcazmbanl%)?c mﬂ aBouited fa&eout 8 hours
bili

ugrggé%ie&lgﬁ %US‘Qt t u1taf>1|g g[ﬁods Ottofzl SII}%IP :{tliné rfgfj %1 ﬁgl e erwces are
kTiprom i thé it IaECqusnrlttekiefoa eXamm;n s Bl PhtemtlN dsabe4, Mﬂogwmabs
ers an riae

e R TR
ab-hHtS. P&@ﬂ&/‘@pﬂ@@ﬁﬂﬂ@ﬁﬂtﬁumummm%ﬁﬁ to Gallo et al.; and

International Patent Application No. WO 03/072628 Al 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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the primary curing nechanismis epoxy
honmopol yneri zati on i nduced by the cure catalyst. In
one enbodi nent, the conposition is substantially free

rene polyners, including high inp ,
p(T§Q%¥%é%es Such pol ystyrene pol yners may %@%nsmmwmumm

defined, for exanple, by reference to U S. Patent No.
6,518,362 to Cough et al. One enbodinent is a curable
El§irdos iatsidencrosseseptidnal vigw flaauencapbulited sd1lsiatd dedd, 16, Mye

AR R R el o e g e o0 Vit et Aot

Qﬂldpsaltd: de\bge musghlbctﬂf:alky connected to the copper leadframe 30 via gold
et her)_resin having

BRe o U o by e PGS compenyOcsamsuigie ghe sold

gdge Idbvlteﬁﬁ@, e rexp@;'é@r&lg’és c;ﬁﬁé hdhe§itd ﬁt‘y&f&f %bldaﬁlréw g{ound
of aﬁgl ryliodoniumsalt effective fo cure th

hands 80 et BTHOR 0L the EoRpFY Isad Ham *0aleaving expied the pad 80,
Shrrespohding td o RufddRE)hd d’op§14@adm3{e%'0rbeﬁgagl ﬁx@%oﬁi s@eSevice

ach i ndependently a C6 nonoval ent ar omat
ydr ocar bon radi cal, optionally substituted MAth from
1 to 4 monoval ent radicals selected from Cl- C20

Eekiyventi€il is Gaithen ilieuited By he olloinsh flIRkiAng Sdhpalout 70
to about 95 wei ght percent silica flller wherein the

er conprises about 75 to about 98 wei ght
percenF of a first fused silica having an average
'ﬁgrtlcle size of 1 mcroneter to about 30

bler bpreseatssthe amduraofnnateridls) eajwesstd Rbpars iby Melgm rdb&ibtne@fto

f c a e part Si
ST 08, AN B0 YRR bhet s
expraples had paly@drdisiethyl- \t\ﬂ+p{lyh1hyl@1fc ctie®)s @P differdnt MiolecllRdl weelphit

I arts
ORI bR O S AR e 53 G Dl B
lsthphenylery ether)s bfantmxsghhscpanese(hn @620t b5 sindi @30, fredpb&ively.

'I"h§ $§§)ﬁguy%ete&;%r} gr'él% C%ass QFiouéha 458 dg&?sﬂ ﬁéegle egpemng size 37
t@lglmnetesq) rhgfare Imeplllamono rrmmbmFBsm silivd”| ik abRisedusiier sttmaeh

e el FPRODL o TEEFOH Sk A s o
3clompioutigtamay Deakd SIW sitita? isle fused bilicaobddindDf 6 Deaka RiVéhg a
n?e%mof;]a?péle 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-octyloxypheny! phenyl
iodonium hexafluoroantimonate available from GE Advanced Materials-Silicones as
Uvo392c. |

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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The invention includes nethods of preparing the
curabl e conposition. One such enbodinent is a nethod
of preparing a curable conposition, the nethod
ﬁ?ﬂmﬁhﬁkﬂg 11 WO 2007/ 005346 PCT/ US2006/ 02466

Ny an epoxy resin, a poly(arylene ethef§TPERP§I2ic66
an amount of a latent cationic cure catalyst
effective to cure the epoxy resin, and about 70 to

S0 Jendhsg Rk pleed Qﬁtcentﬁﬁetékﬁl (bxﬂP eER idetefrhinb® Eaecohﬂﬁceﬁb
on the total ht of the curable conposition,

Soohe Lol welghl of Lhe Sureble comost tion, 19, me

g@é.mdmafempr& l%rgém RargH bpmeqn&@mpeémgam,was transferred into
onmprising: dry blendi Rg an ep resin,
o Pt cYNLGIe (o et Aot rentn rawvlRdrty OF camppindebRfore flow

?03) écpﬁﬂecto leeq gﬁ&gggﬁﬁ%} @%sf ﬁgﬁs ¥8. e ﬁﬁffcﬁoﬁ el Qﬁi(%‘gectlon

out 5 wel ght percent o
Tireseurg amredccpt ¢dnstent dgepseell fommulationsat 584 weritigrieterssecornycand 6.9

AL QPTTORRN,. M il MR TR,

about 90 to about 115C to form a second bl end; cooling

&Pﬁ@mf}é‘b Endflcxprad srengiivdthgmiaeichapiah anadysiy EMAY cadmoisture
cgptgo ! DedsQf g ?x‘é e[ﬁ‘ afed® Qrﬁfetr'rf?&dlpﬂﬁg fHIWAN A 95-ton

es met ho apsu ating a so Fd state device
mm bransfrs peass @hliieva) wospiedi Aifowr-caviiydzods neecimesoaiblderas Used
t8 trqﬁstfé}qgolﬁ ﬁ%ﬁﬁ%ﬂ%rg& bf‘&nﬁ)lé& p%srﬁt)f?hﬁder q{?)ﬂ &fion ressure
conpri sing: ‘enctapsu fate devide W th
o -2 MRe, ebapeni peehof aér‘rpmllgnﬁgs/aw dpoxgold e rrnalatamed at

%Ld (aﬁa ¥ It\%] ﬁlu‘ﬁhg 85[): g&é{avgs S s?&%@ﬁs VQJre goslt-@{u‘éalﬁn a forced-
st eftective to cure the epoxy

i’'onic cure catal
mmnwctlamdvealfmﬁlxli@lrntldﬁ?ﬁlt 95 wei ght percent of an
inorganic filler, based on the total weight of the

THEARhEEAERORlalJsBNiwa@ N8 U] Mlerrrhed® 10 @Baﬁbmo f thermal
Curing the conpdsition may, op tlonalla/{E i ncl ude

%@@rtsw@lﬁﬂr By e gleﬁdewélupraﬁeuofdbwe@g MGy Thergromgghapical
51§ QVa'%lg;Zéx%ni'i Gnf PPeARP Himd- PMAO 72RGH M. hﬁ‘iﬁﬁer hbld&d

convectl . Sui tabl e nethods for encapsul ating
spetimanssmneasurigtedt leass 3 anidimaters WHm) in eaeh dipensipagvere used. The

ﬁﬁ%fértblkﬂggatufe%(sgl’é@g}g%gﬁ%% 'al?So @Ilqr%& fﬁchg t@g]fcniﬂgﬁo & ﬂ%%ogﬁa at

BCgo0, 18 P2 BThe secapd beaaxed r aratysrgRmped ﬁ@ﬁg‘éﬁc =ét5°C/amm to
Mo, Kﬁ‘tl.ﬁph hiRdat %%Ue%rc@%ld.ﬁaﬁé%nl\pas 1%9&4/@48§%Qﬂ10n
Al to Gallo et al.; and

temperature, T,, was taken as the point of intersection of two tangents drawn to the
dimension-temperature curve, at S0°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); CTE1 is the CTE value below T,
and CTE2 is the CTE value above Tj.

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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International Patent Application No. WO 03/072628 Al
to I kezawa et al. The invention includes encapsul at ed
devices prepared fromthe curable conposition. Thus,
Qe gﬂmo iment is an encapsul ated solid state
conpr|3|ng a solid state device; and a cura
conposi tion encapsul ating the solid state device,
wherein the curable conposition conprises an epoxy

foRSli Rour &t RO Al ARPIc8tVARE khenChnbitiod i@MPHthidity coftrolled
| atent cationic cure catal¥gt effective to cure the
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FhuP 0 RO bbbl 280100 1 Bl 545, R
the spesirgray inedosed chumeid confainer inghevipted. t he resin
conposition is uncured, partially cured, and fully
Aame@ﬁm tb 2cop P &Q&yt@%%ﬁeaﬁmé WSPiiRd Q@é@@ﬁ Ggé §9961 "*rést
a side crosSs-sectional view of an encapsul ated solid
Metiod fgeypcagienent ofhadhesiye |sere1mt1atbetv@emleeéf@mes gnd molding
élinﬁﬁ%ﬁﬂ(ﬁd TRe Gﬁlﬂp'ehehl%ad$v5§3ﬂ?ed38¥lﬁl' g 531%‘1'19 R Xre Eu égate

e
solid state device 10 Is ectrical y c% ecte
F@S%@O@Eé prtp a blogh of meldigDcompeueb 2@ mmithicks (Bige lagframe and
B601B5RARES P the @M?% rdj{vgl% %P{?Jéﬁugng\%r the test specimen
encapsul ates the sol tate device any expo£ &m
EE9HEYY &F similar t@dhesq:ovelmeawr starglardglo| Thevdopper sBBstrater wradh tvas
B} [ t e
PO g 28 B R K5 glye MEWE PRREAINEAN ) U cthnlc
Ragtigrmefethe fcoppse ﬂtﬂbwér!nqldfaidmmthe n&@m&cmmoiundheassahoudw 2
L |
i il sl THR PR bbbl shprdEadtegila
hsamﬂbnglﬂlp rcmhttsb"twe ofi thsumald compqmﬂ arsinglas Jnsemp temsibeewster,
{00 8 Bt g ime SRS SoollB f1a pERIRARS the adbesive
sirchgh. Thqqgeabtltpp@lrwasemawpteésn Ipquinds and converted to Newtons N) for
R #Mﬁ , 6-di met hyl -1, 4- phenyl ene ether)s of different
'Iar melght (as neasured by intrinsic viscosity
iIV)) npl es 2-5 contai ned pol y(2, 6-di net hyl -
0 4etpmeng/ﬂ@weal strerepth), shey fanipiesr (6138 am wilsdosi ixi ®B3176.chD, were

Qsted at 1%031 mﬁ&gtuge §A9:brdrlr?gSR)eXE'II‘Me b¥90 for three-point bend flexural

test.

devi ce
ST/éJ52006/024666
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The pol yphenyl ene ethers were passed through a 400
mesh sieve (opening size 37 mcroneters) before

fornul ati on.
t ai ned
§

2/ gram "Denka SFP

from Denka having a

"Denka FB570 silica"
from Denka having a nedian particle s

is

Vet ers and a surface area of
is a fused silica obtained

silica"
nmedi an particle

a fused silica

3.1 IIFEiI‘/éI,SZOO()O/I)24666

size of 0.7

Tikl¢ Oneters and a surface area of 6.2 neter?2/gram

"Epoxy Sllane"

obtai ned from GE Advanced Materi al s,

hu —4 EPOXY-EY-E ahayvl) ethvl -tri hn\(\lcl | ane
mﬁﬁﬁg kss 1407LC epgyymﬂeobtalned fr rivamles 8rel |, i s
3,3 ,5,5 -tetranethyl -4, 4' -di gl yci dylloxybi phenyl . OPP
Denkd-RBSTQ Bidicy pheny 7@h§myl I odoni um| 756.54
hexafluoroantinnnate avai |l abl e from GE Advanced
et SHHconeppss—UVYI9392e—Cduradble_conposi-ti-ons-
%I}ké%?eﬂéraed by n %Aﬁg the ingredient4%irst in a
Henschel mi xer, and then passing themthrough a
Epuxy-Sslemeew ext ruder4.9’bt at 60C in theg4agyar section _
and 90C in the front. Adter cooling dand hardening, the
] Y BT 11 otre—t-o—a—powge Hg—a—Reteh

T RS R ER%Y) 0OBSHS PCT/ US2006/ 0348580 Spi ral f 1 ow

engths, expressed in centineters (cm, were

@BPEer ni ned accord|ﬁ§98o ASTM st andar|¢.983123- 98 (al so
SEM Gl11-88), using the standard spiral flow nold
BREGHihdBRL Thererm: 0= gram cthiar ge gi3she—oiding
compound was transferred into the spifal cavity of
 the tool —and the length traveled bylthe conpound
Ralypbeylenesther st oppldd due to cure / pldé4lre drop, was
nmeasured. The injection speed and injection pressure
Qehabk§pdx const ant| ;agg 0SS al I T or nul dgiggns at 5. 84
centineters/second and 6.9 negapascals (MPa),

L.vc., Mod—tenperature—was intained-at 175C, |

g%%%f%@ for erxU#%i strength, therﬁopechanica
analysis (TMA), and noisture absorpfion neasurenents

were prepared by transfer nolding as follows. A 15-ton
resin transfer press (Fujiwa) was used. A four-cavity

I;r!)ﬁe‘?f}"resctﬂt@ %J‘E{hnﬁi}?ésdl-‘ﬁ’aﬁe lélérﬁl%arized 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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andar d

"1 zod"
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W51, 25

WEre

USed. The dry weight

ol ea

N Speci

mern was

rnocted

af ter

oven drying 14 WO 2007/005346 PCT/ US2006/ 024666 for 1

€§§$ﬁi¥§%} C. The sanples were then conditioned in a
C

ntrolled chanber at 85C and 85% RH for 168
hours. Mist weights were neasured within about 10

Tﬁen fmmslaobnsr armTublagl twige Saifpd, edolded rraﬁdheste@radi des&iteld Ofor

am ples nle§ hQ% dr{nﬂcgnq ﬁ&&fﬁﬁ%& g&ng'btameda fro %?nexﬁjtomo Crpnemlcal is

an epox1dlzed 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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Adhesi on to copper substrate was neasured according to
SEM (G69- 0996, "Test Method for neasurenent of
adhesi ve strength between | eadfranes and nDIding
ﬁQﬂ% dsc- The "pull™ nethod was used, with a

RiCK Copper substrate transfer- ol ded |ntoPSTWF@@wn“”6
of nol di ng conpound, 2.8 mmthick. (The | eadfrane and
tool recomended by the SEM standard were not used -
Pables3,er, the test specinmen geonetry is simlar to the
reconmended standard ) The copper substrate used was

ThRe 04T 2ot t-o-Fu-tkawa s— The
]gﬁﬁe5|ve ar ea (theﬁ? h: | ar portlcﬁkémpkhé&ﬂppper
hat was nolded into the nol di ng conpound) was about

Dk EBATPSilicanc| udi[ngohooh si des. The [adhegg on of the
nol d conpound to copper mas tested By pulling the

und 11el N an—lnstron

ott—o FOTa—€ 01 Pp-oUHd
]jgﬁg?Fe81ggter 816F@§'rate of 5 m ﬂﬁﬁboThe peak

1 oad was recor ded land reported as the adhesive
Epogefidale. The peak 9Had was measur ed[pri4pounds and
converted to Newtgns (N) for reporting To deternine

deﬁ)ﬂsrsqul ﬂ .lll bdllpl o \U O . Ll (5218 By
175 éﬁ?kQ§?§9 gg?gé roonrtenpr?g%ﬁﬁe accor di ng

tn AQTM D790 far rhree pornt bend fl éxural test. 15

Supitome B3 3WE--PETPRE6006/ 024666 Tabl®21 | ngr edi ent
Exanple 1 Exanples 2-5 Denka FB570 bilica 760. 32

Oof¥g. 54 Denka SFP[Sig7i ca 84. 48 8408 Eggxy—srraﬂe—ﬁ79¥—
4.97 Yuka RSS 1407LC Epoxy 139.49 123.09 OPPI 2.98

L _EQ Donvnnrnnnnlo 1.79 3 35

Benzopinacole 4.60 4.60
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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Pol yphenyl ene ether 0 16.40 Carnauba Wax 3.98 3.98
Carbon Black 1.99 2.00 Property results for
1-5 are sumarized in Table 2. The results show a

QEHM (%Qﬂcin noi sture absorption for all po
et'her)-contai ni ng sanpl es (Exs.
i n copper adhesion for two of four
et her) - cont ai ni ng
1 without poly(arylene ether).

2007/ 005346 PCT/ US2006/ 024666 Table 2 Test Ex.
Flow lcnr) 80 Q9 73 2 73 A

Tabled.i ve t o EX.

V.| |
LAY

sanmpl es ( Ex

[y i r .l

2-5) and a
pol y(ary

s. 2 and 3),

Exanpl es

aryl ene
H R G aces
| ene
al |
16 WO
1 EX.

P W
o X

E . rJI T CAT
7 732 CreL (0B ®) 13 11 1212 12 CTHEX fpri O
3 38 36 36 35 Tqg(Q) 127 120 |118 126 119 |MWbisture

Str

ength (MPa) 1

, .
Fatt+ens—n—T

cribed for

izl Flo9g(cil) 285 0. 26405.8. 268 0. 2488.9. 267 Adhgsi on (N
110 113 130 110 102 Fl ex.

EN/AA N O A O Thao fAron
1 m/dﬁﬁ\/-\IVI‘LED U'IZ T 0111y
nlxegi nol'ded, and tested as d

18 100 99

Byanpl es

101.5

-5 "Sumtonp ECN 195XL- 25", |[obtai ned from Sum t ono
Héhfopal°C)i s an epdxi di zed or|t3do- cr esol ndwal ac
resin. Exanple 6 ¢id not contdin pol yphenyllene ether.

es 7 and—8 ¢ g*ai rmed
%’éf‘?ﬁ’z, 6-di met hyl 11 4- pheny! end >3t her) resi|d20wi t h
intrinsic viscosifies of Q,12[and 0.30, regpectively.
Messtasgah sty 0053460887/ US2006/ 0249666 0.306
Adhesion (N) 69 111 92
Flex. Strength (MPa) 123.5 117.1

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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Tabl e 3. Ingredient Exanple 6 Exanples 7 & 8 Denka
FB570 Silica 1494.00 1494. 00 Denka SFP Silica 166.00
166. 00 Epoxy Silane 9.74 9.74 Yuka RSS1407LC Epoxy
‘2),104. §%}018g 59 Sunmitonmp ECN 195XL-25 92.06 78. OPPI
96" 1"8#° Benzopi nacol e 4.60 4.60 Pol yphean@Wézmmm“
ether 0 46.03 Carnauba Wax 8.00 8.00 Carbon Bl ack
4.00 4.00 Table 4 shows the results obtained for

Bbdel es 6-8. The results show that the poly(arylene

et her) cont ai ni ng Exanples 7 and 8 exhibit reduced

FB-StUF qu B0 and—-increased _capper adhesi on

rel ati e T Exanp | EE% i t hout pol y(ar|yi*eA@ ether). 18

WD 2007/ 005346 PCT US2006/ 024666 Tahle 4. Test Ex. 6

IBonka FBERO S#ica Spi r a| 131@y (cnm) 105.4 9355168 CIEL

(ppm C) 14 13 13 CTE2 (ppm C) 42 34|36 Tg (O 137

432 4306 Mnaicturo 609 /gA 03320296 0. 306 _Adhesio
| ?ﬁ?aésﬁf% 92 Fl ek ength (MPa) 1269801015 117. 1

Epoxy Silane 10.00 10.00

RSS1407LC Epoxy Resin | 55.38 47.08

(Yuka Shell)

ECN-195X1.-25 221.54 188.31

(Sumitomo)

OPPI 3.32 3.32

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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EXAMPLES 9 AND 10 The fornulations in Table 5 were
prepared and tested as described for Exanples 1-5.

Bot h Exanples 9 and 10 included a

i met hyl - 1, 4-phenyl ene ether) having an

ﬁ@t%ﬁ’m cgw scosity of 0.12 deciliters/gram %FTﬁjé@.“"fQ“‘s
WO 2007/ 00. 5346 PCT/ US2006/ 024666 Tabl e 5. | ngredient
Ex. 9 Ex. 10 Denka FB570 Silica 1521.00 1521.00
Teeleka SFP Silica 169.00 169.00 Epoxy Silane 10.00

10 00 RSS 1407LC Epoxy Resin 55.38 47.08 (Yuka

haol 1L CON1-0O.0 VI 2 ’7’7LE/1 100 21 L o + ~

\Jltl 1 } O L IJ7\L = LOU0. L \\JL IU} wrl
§E32 3.32 Benzopi ki e 1.66 1,66 pﬁ*}pﬁﬁ enyl ene
ether 0 41.54 Carphauba Wax 8.00 8.00] Carbon Bl ack

SAirQlFlev @th) R BffeCt y) 728ul ts for Exanpl ¢$98 and 10 are
present ed in Table 6. The results shoyw that Exanple

10 ket A e sl +- ] A bhalo—%k | PR | (]
L UTTE Al yr <iic CTIIUI), T AT, teEeUu 1T ecuultcu
Sﬁﬁyg?ﬂﬂgmﬂ sorg &%ﬁgnd i ncreased cobé§$ adhesi on
relative to Exanplie 9 without poly(arylene ether). 20

CmB1 2pH7/PO0V5346 PCTY 1US2006/ 024666 13
CTE2 (pém/°C) 41 35

Tg (°C) 142 141
Moisture Abs. (%) 0.323 0.298
Adhesion (N) 56 76
Flex. Strength (MPa) 137.7 114.7

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(arylehe 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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Table 6. Test Ex. 9 Ex. 10 Spiral Flow (cm at 175C
72.9 69.6 Spiral Flow (cnm) at 165C 94.7 85.3 CTEl
(ppm C) 11 13 CTE2 (ppm C) 41 35 Tg (O 142 141
% 0.323 0.298 Adhesion (N) ,

&@e@gy@%ﬁgngth (MPa) 137.7 114.7 EXAMPLES 1%%14’@986’?“6“
conpositions varying in the type and anount of added
poly(aryl ene ether) were prepared. Exanple 11

In GEntad coathineos, e rggiapyitioneofcthé farinulatiommyrre pieBared by wiixves)

ang 0r B e 00 Rl Gt RESLIT D obey RS RYARY B "Ll

grghaof CB?E&QEXB} Bﬁoﬁdﬁbdil(]ﬁﬁdl Novolac (Chang Chung), 0.60 grams of

UPBiobh OGRS (SPTCE OB i cpaop Bl ) copese

ac&yaeaed)@tel(éu(&@d) ;186¢h) PThiy (2s Gortki byebisinin, the givanydsine én

et her) having an intrinsic _yi
a Gl haabi U gk StHeingia 2113b i P DR HuS e R, g s
coBﬁ@%Oﬁi gsbut no@qw #aingSthe UFPI (UVosH2cpand cﬁﬂfbfr alcrgldcetdinte.

oW ng nponents: 229. 50 grans, FB5 g herJ c

Of<gIOMOELRPISe Hlefm@mﬂmalen%awug?dalﬁ@ g si
de3d{bRa Ias&\le FHRedm$ithies detd GER P%B&@ed @nﬁ{és ﬂﬁbl?gmﬁa Dioll mill

MCHEM r) Wax 411 from M che q rans of,
Wighh pRst 10 L%@Kmm‘éﬁ P§“°€L%(?0°Qh$h$)fﬂ"§1( df )f/?rg‘H tions are given
in@hieH) - cont ai ni ng conpositions further contained 6.44

grans of the specified poly(arylene ether) in

m croni zed form(i.e., passed through a 400 nesh
Tablealie) . 21 WD 2007/ 005346 PCT/ US2006/ 024666

solid mix

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
CNE195X14 Epoxidized Cresol Novolac (Chang | 48.00 40.89
Chung)

OPPI 0.60 0.51
Copper Acetylacetonate (Aldrich) 0.30 0.26

22



In separate containers, the resin portions of the
formul ations were prepared by mxing and nelt
bl endi ng 12. 00 grans of RSS 1407 LC Epoxy Resin (Yuka

I .00 granms of CNE195XL4 Epoxi di zed ol
)\I@e“} mm? ang Chung), 0.60 grans of UV9392882?/%%20%/024666

Diaryliodoniurn Salt (GE Silicones), and 0.30 grams of
copper acetylacetonate (Cu(acac)2; Aldrich). This was

TRN@niPpu@nPés inkddddén 8 RAXYel fisdsNE 165-@ b%? 'demolding the
heating themw th stirring in a 150C oil bath until

PRlFs were then pashibiked frdpo h@'éfé At W € befarsgesting 0 (ee! timgdvhigh
ik B%ox%%hly(u%ggsﬁke cﬁ RreS &ﬁe{;vasgﬁ@&sﬂ A GEFRBAL: eé smgﬁ] ggrtlon

hono eneous, the nolten esi n was poure
aftearablel compositeri wasspla¢ed am axmetdlegate mthaﬂi Iab been he‘a'tedse 165°C;

i Fi[‘nlé ra?%v%'%ﬁrtﬁe E(;}ﬁoﬁ {o%fgee Sedd%teérﬂge p%?)”&rhw%l 2@%3%'11% or
chndem amyuet@pfesamul Qthiep Ipsopaities grere mneaSlﬁledTag IéieschbedT abéxle.
nt Exa I 12-14 . FB S rica
o AR e S P B i TE3005 e SSubomapiby EopRBIRe A1
doulsafmhgs ipblyCarylBiico retHee)n ktﬁhib& Sﬁbs&ﬁnﬁ@/ ivp IGHEdV(cb ey\ﬂéﬁhééi&n
ACK PEARLS(r) 120

che

SH"'%@’@ SoBRTeR] 5(%{?1313 3& With AR P?IIY@%C%&&%S Ad Wﬂﬁ@engths
e pgmaﬁﬁly’laddmiﬁ)l’msﬁlgm 1:niprc3|v2gh @6t tﬂ@lj:ga%é 6%1%8 M—éoqmposmons
Epoxi di zed Creso ac ang un

R pYy@rrene %B%géﬂavvié e!{(*gﬂﬂéze eYitsasities imather rapgg O d’%s‘blo
dcilifers/@2m) Y&k 2800ty AP ﬁﬂé{ﬁﬁ%kﬂ@&ﬁ&@-ceﬁmﬁlﬂé samples
d%fn( quglg\mvg Iuﬁ@gl?%lg%% u? I;}xe?e ggx&p%%xftlgﬁs E)thgsescuraglg is catalyzed by
a combination of an iodonium salt and copper acetylacetonate. In contrast, samples
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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sanpl es were then post-baked for two hours at 175C
before testing. Gel tinme, which is a comonly used
nmeasure of cure speed, was neasured as follows: a
rtion of curable conposition was pl ,

aﬂ?@#”@?é%e whi ch had been heated to 165C, ?&gﬂ§gﬁ%%“%6
at which the conposition gels was determ ned by
probing with a spatula or wooden tongue depressor.
EKAMPLRSO5e21t | es wer e neasured as descri bed above.
Property results are sunnarlzed in Table 8. The
eev%xlil r?vestl?c?nvzylltrc]: ted\C rTE (2 nt ai ni.ng

yCaryTene %tHép)om@ Hitgps € §uB@PﬂﬁtﬂﬂFF?UWH%FwﬁéBmW“)
mppg lin &ghest amoust 66[3@5'(31 SiEpakRiweR frdd Shaldstwd.t rhe

ne, et Adhesi on strengths were
%‘§¥(? ‘ﬁig‘%‘wlyle%ﬁhefggﬂﬁ FHhenGTYs hatinedvaasie yiscesties X Aripiaed
d.30 aaﬂht&ré/gmrrpszﬁl ihiEXafples ABtaal N7 Ve Bbeiinad len%”@E %d%%clad
Q@ q? ,é¢ S&&ZVISCOSItIeS in the range O
Ert erkhie g P2 Criignethyd 4 rheaylens sthow rasius txmng intinsi
Asdoyiiey ¥l @0S3, BIT8! IndcCo! OQ@HQéxmrsfg?z{HP L& in 9 ah ?fes 19-21 were
Si |f|cantly inhibit curing inthese conpositions,

o RUMIYREVE SoRoArmgrizaden o2 @rx&]émiran@t i tofmanadthydbisphenol A
dnade QbseAb&Iafdr eRAAPIEARRES. f%‘t”e‘?nE Nba&% gsﬂeh{'a%? n*rﬁe;)‘efp‘oxy

sanpl es wusing a curing catalyst oni um sal t
T5HR 23R BHeO Xy promd i imeherysitane awas r»hrmm 8§ @004 fromy Doy.

m%@&ibl&rﬁ rWer Ex%p&‘r%ﬁ' %2 )ml)(‘lﬂé tl?cdlﬁgrgdler-xl@ Bl irg% g ?&ﬁéltﬁﬁieir

a.{lé they @SSI%?\% thrquebvaattvmtm extmdenget at arycslmme gear) Seclion

lll'l 1n 1 Were then
40 D R (0 0 b1, LG

groyndgo 2 pawderabing@ Beich wilk s¥anude o si03h006 at6iled in Table 9,
&ﬁg&g§%ﬁgﬁ@g@4§§gye gg§“%%hgl Seven conventional |y
ce., ou

cured conpositions ( | atent cationic cure
cat al yst)
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varying in type and anount of poly(arylene ether) were

prepared and tested. The
pol y(2, 6-di net hyl -

ey
obt ai ned from GE Advanced
pol y(2, 6-di net hyl
THIEo NS C

hy oxidative copolvnerizati

1, 4- phenyl ene et her)
ﬂﬁkﬁ6VISCOSItIeS of 0.12 and 0.30
iters/gramused in Exanples 16 and 17 were

Materi al s.

-1, 4- phenyl ene et her)
viscosities of 0.058, 0.078,
deciliters/gramused in Exanples 19-21 were
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5338, vo
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1476.0 SFP30 Silica (Denkc

1166.70 Denk
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B 161476. 0
164. 00 164
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144870
. 00

DoC

EEgoty |
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Z0
1407/
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83 82. 83
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SRt

P ancod Mior

T AdrT
terials)

Ry

86 0

477 4.

4706

i3

0.12 IV PPE (GE Advanced Materials)

0

50.86

0.30 IV PPE (GE Advanced Materials)

50.86

0.058 IV PPE

0.078 IV PPE

0.092 1V PPE

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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0.30 IV PPE (CGE Advanced Materials) 0 0 50.86 0.058
IVPPEO OO 0.078 IVPPEO OO 0.092 IVPPEO OO
Camauba Wax (M chel man) 6.00 6.00 6.00 Black Pearls

UL

A (G eat Lakes)

) 4.00 4.00 4.00 Antinmony Oxide 1
rabrono Bi sphenol

G PR

20. 97 20 97 25 WD 2007/ 005346 PCT/ US2006/ 024666 Tabl e

9 (cont.) Conponent Ex. 18 Ex. 19 Ex. 20 Ex. 21 FB570
’ﬁlbhé@@oﬁt&nka) 1107.0 1107.0 1107.0 1107.0 SFP30
['1ca (Denka) 123.0 123.0 123.0 123.0 ZzZ6040 Sil ane
(Dow Coming) 8 20 8 20 8 20 8 20 RSS14071L.C Epoxy
FEpoReRtyuka Shel |) 47.28 40Erol&o By K. {Ex e | Ex. 21
195XL-4 ECN (Chang Chung) 102.6 87.21 87./]21 87.21
PR ica (PEnkan€nol  Novol ac [ 4eoXy 841470 054. 11@57.92- I407.0
(Arakawa) Tri phenyl Phosphifne (Aldrich) 3.58 3.04 3.04
3.04 Q0 12 |\/ PPE ((:l: Advanced Matlerial Q\ 00 0lo
FFP30 SilipaBenkalse Advanced MtlésPal 4)12800 d 18300, g58310y
PPE 0 38.14 0 O OO78IVF’PE0038 14 Q 0.092 1V
24%58@21%6%%& ddtingpmauba VWax oM chiglamen) [8.20 4.[)20
RSS1407LC Epoxy Resin (Yuka Shell) | 47.28 40.19 40.19 40.19
CNE 195X1 -4 ECN (Chang Chung) 102.6 87.21 87.21 87.21
Tamanol 758  Phenol  Novolac j 73.09 62.12 62.12 62.12
(Arakawa)
Triphenyl Phosphine (Aldrich) 3.58 3.04 3.04 3.04
0.12 IV PPE (GE Advanced Materials) 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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Bl ack Pearls 120 (Cabot) 3.00 3.00 3.00 3.00 Antinony
Oxide 12.03 10.22 10.22 10.22 Tetrabrono Bi sphenol A
(Great Lakes) 15.73 13.37 13.37 13.37 26 WO
%%7/788%346 PCT/ US2006/ 024666 The fornul ati gns

JEQ"H%a transfer press at 175C. After deﬁﬁT’H??‘f&“’““““
the parts were then post-baked at 175C for 6 hours
before testing. Property values, neasured as
'ﬂﬁesﬁhhﬁlggorgw& molded CQ)I y %Qnéfgl' %@s@la? 1%‘9°C Tﬂﬁelr &éﬁgl&ﬁg, the

conventi onal

PO pUSE theorwst-b;rkqu at 1ageeiron hmsrs rbeﬁ;rd y:snurg;l eBmpde)ntvalcés

#Ea%u}e%{urt gcn%%q) #%tvFong%g)\lze%gg[%,a{bﬁ ﬁ% E e)g%lﬁ S S ownﬁlat in the

shvenighdily ailsiesporyl compositidnis Octipper ddjaemnr ememmdepehdcmn sf

3.and 14 with lLlow .intrinsic vi

B HBPPr it ol oy B¥yiend e BurSenty Y6 Htrec Pt e een
ddheyi@r it;enFKS oliserved forléatibically/cudd cohfpobixionsl B 4. 142@ith low
Ex. 21 .Cel. Ti t 175C 25 26 24 23 2 26 sec
ineig visepuy P tapfene efivg) SpGirg Snerpicidingdgupsing”og 1
99.1 (cnm) CTEL (ppm C) 12 11 12 -- -- -- -- CTE2
THEIC) 44 39 44 -- -- -- -- Tg (C) 139 146 144 -- --
-- -- Cu Pull Tab Adhesion 85 96 88 76 84 88 92 (N

LaVal 14 199N 129 110Q 194 120

R oL oot (MBS TR PR [ Fs e [

0.201 0.199 (%

Gel Time at 175°C|25 26 24 23 24 22 26

(sec)

Spiral Flow at 175°C | 129.5 | 68.6 71.1 1295 {1143 | 99.1 99.1

(cm)

CTEI1 (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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27 WD 2007/ 005346 PCT/ US2006/ 024666 EXAMPLE 22 The
exanpl e descri bes the preparation of an
aci d-di functionalized poly(arylene ether). A

f iLgpal poly(arylene ether) having an i ,
{3:032?63@?’1’390f 0.12 deciliters/gram at 25C in %HUQ% éiozasce

chl or of orm was synt hesi zed by the oxidative
copol yreri zati on of 2,6- xylenol and

E%@M?.Lﬁ(ﬁ' hydr oxy- 2, 6- di net hyl phenyl ) pr opane
tetramethyl bisphenol A" or "TMBPA") using a
procedure simlar to those described in U S. Patent
Nw@xammle gesribghe premptecsnof(aatac@cﬂrﬁsmwosahzxeﬂ pelg(agdeng Tiher).

A&g?g ggﬂgéarilgré }r_%?}\e%élba%snrga nBlSlt-ll-lgSC vxg{:c%g .gflaérclzlllters/gram

atdISE(é rie chibbdfom Iwak Isyhthesided @nthereddatiedl cupomnemetodnnbﬁ:z 6-

anhydr i (6. rans) jin the pr enceo

RIS AT S o P o iR e 5 Do etiappetph isphenol

Arour SrmslPQS) ulﬁ@gc‘/ah ipeocgiat diﬁﬂ[h_r t&@idde gtsf:ﬂmt ﬁllcmgl F:z:ad Nos.
Y. ene etne s..show ng |1 e elo

%&ﬁ@ ' Percee ot Je ligeg) 195 fﬁ?&g? enbeda o I

tﬂmlﬂct?mhlsﬁ)cﬁyﬁlfyletﬁﬁ efhbr) (S0 gta%tiﬁ) tvae disvled e icilﬁéﬁa:c(lsc? I:Iluzlhhters)
ylary e er,) an 1.n rinsic vi SCcasli 0 .

A9 Feariedy é”‘%ersugﬁ"‘&ﬁ] anydridg o ngrefg)s IR hdly PERERED %bn 4

cﬁm&tﬁylaﬁxmc@ﬁﬁ@é eDMAPND .4 BamsEros S hSuks Gt 95- @ocmhy Gidldign

and. nost the DVMAP were renpoved by washing wth

%@rﬂ%%‘vonamdéply&wkﬁ@eﬂl%éaﬁhowag i1 Ypheme hrisiye ¢ Inyagheme

10beI ath%dhavéSva%eEldﬂaﬁ tRAdrthé IsGAL 508 b f’@ikﬁﬁﬁx@ﬁtetoa 1|ve the
gone) the product was dissolved i

l?’rf“PFthnF"t Mss(arakn% sihErd d8 lww Yiegosisy -1 desilibers P‘?rnrﬁ“ﬁn The

bR Wi thid teRved BEh RéH evgﬁﬁ}ﬁt@f Bidntﬂerpe)&eﬁrsﬁé'@uﬂf: anhydride
toluene sulfonic acid. After collection suction

and mastefi the, DMAP Wersdemevetdy Wosking &lttlmﬂtap?ﬂes‘\fw flfying, about

4%t P3N plodadiGvas tobBihed! IR ﬁmwnﬁ&uang %Jalltgkﬂ‘é Ql-the/ DRMAP
final yield was 41.4 g. Schene 1 H CH, DNVAP
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

Hy CH, <]
CH,3
DMAP
0 o+-H + 6 —»
toluene
CH, \
a b
H,C CH,y 0
Hy CHay
o) CH, 0
CH,
b
KO, 3l \oHy OH
o o
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HN / \V/ \ /] OH+ Otoluene CH3 a b HCCH O H3
CH OCH O CH HOHI CCHE bOHOO 28 W
2007/ 005346 PCT/ US2006/ 024666 EXAMPLE 23 The exanpl e

jhes the preparation and testing of a curable
g@ﬁz‘p&%@t%ﬁ%n contai ning the acid-difuncti onaf F2&§F006/024666

pol y(aryl ene ether) prepared in Exanple 22. The
formulation was initially prepared in two parts. The

%I?}%’LE%? contained the following conponents: 229.50
70 spherical fused silica from Denka, 25.50

granms of SFP30 spherical fused silica from Denka, _
The@Bamgple describesvhepiEpargion\aast tedting éfragmrable cotmpbsitien codtaging

ram pk..carbg | a | N S t.B LS(
6 R FEERA B @A B Py GARY. 1 AN o Bhe
fedmlarmatwasiitid)y @epated iditfvo pertts. OFtel firgtepart gohtyified the éollowing

ether) a ar e ve. epar,at e cont ai t he
cBupinyn 2 ef ah BRGF TERa0 Fone AFE LR e R Rprlly mhs of
SHP30 Rpheriagicfused| silidal feomtl Degkal 0.90&rghasEMICHRA® WAR A1L Eom
Resi Yu hel.| 0.7 0 4
MR e G0 s Ak ot i RO BT ACK HERKT S 1265,
ag@gg.mugmb beDhﬁ&ryhihelzﬂqphsilmngfﬁgh (fh_ﬂsl irﬁ@hgsi):ve)glladd-
. gram_ benzopi nacol e ri . i's was done
iR BN R bk Fieses st B er - hoati mo ¢ homn
with stirring in a 150C oil bath until they nelted,
Ih heparad tantainog |thengsih poioosidf the Bdmulations were prepared by mixing

and melt blending 10.18 grams of RSS1407 LC Epoxy 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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and addi ng the UV9392c and benzopi nacol e. Once
honogeneous, the nolten resin blend was poured into
the silica resin solid mx described above. The

S i m xture was then processed 6 tines through
é$5¥¢%®$gﬂ1|| with one roll set at 60C and Fﬁ&“é@ﬁg 1666
at 90C. The conplete conposition is provided in Table
11. 29 WD 2007/ 005346 PCT/ US2006/ 024666 Table 11
,ﬁgﬂﬂgnent Exanpl e 23 FB570 spherical fused silica

rom Denka 229.50 SFP30 spherical fused silica from
Denka 25.50 M CHEMD Wax 411 from M chel man 0. 90 Cabot

BipCHerPEARLS(r) 120s 0. 60 aci d-di f ungiBxempleizzed
poly(aryl ene ether) 6.42 RSS1407 LC Epoxy Resin|(Yuka

o ad Cr acnl MNoyrol

f?%ﬁ%ﬁgméﬁﬂﬁ§?i§359§%ﬁ% 52P8fgiiZE;n;B)PZ%gqgv(;rgrich)

.51 The conpound was nolded on a transfer press |at

SFP3@sphaficad fusekbsiitadirorg Denkee  sanpl es weR8.50 hen
post - baked for two hours at 175C befone testing.

20 \AD

2007 d%é%%%ﬁggﬁftéﬁgﬁﬁf%ﬁaggg I*agrg]igbg;o;;r?§j

vample 23 Gel Tine at 175C (sec) 12113 Spiral |Fl ow

Cgbot BIYCK PRARES®]120s 0.60
acid-difunctionalized poly(arylene ether) 6.42
RSS1407 LC Epoxy Resin (Yuka Shell) 10.18

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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Cu Pull Tab Adhesion (N) 52 Flexural Strength (MPa)
129 Mbisture Absorbance (% 0.255 While the invention
has been descri bed with reference to a preferred

wi |l be understood by those skille
Wﬁ@(‘t@?ﬁ at varl ous changes may be nade andPCT/USM’G/024666
equi val ents may be substituted for el enents thereof
wi t hout departing fromthe scope of the invention. In
’laglde EI on, many nodifications may be made to adapt a

artlcul ar situation or material to the teachings of

the invention wthout departing fromthe essential

Bsgepe t hereof. Theref|@wampled23 s | nt gended that the
i nvention not be limijted to t he parti cul ar enbodi nent

L. 1 | | . -
1 the—best u e—contenptated for carrying
Gc??t?h“%%ﬁ?ﬁ@“ tion, that the i pvention wll

include all enbodinents falling within the scope of

Sphal HowentiS0C ¢dnai ns. [A8l1 cited patephts, patent
appl i cations, and other references are incorporated

ence iy therr—ent+rety. Al ranges
631 %%gé‘ﬂc/?hﬁereg\p are ijr%cl usi ve of the endpoints, and
he endpaints are cqnbinable with ach other. The use

FipugahStrengtin@Pa)" and |"IdR8" and "the"| and sinilar
referents in the contlext of descriping the invention

M&ﬁ&%q&lﬁbﬂbxnderq%?n@ <O gEr of the fpol | ovvt ng cl ai ns)
are to be construedi{to cover both fhe singular and

; ss ottherw se indicated herein or
clearly contradi cted by context. 31 WO 2007/ 005346
PCT/ US2006/ 024666 CLAIMS: 1. A curable conposition,

Véilephé sivegtion 1 be@OESCILRE iviith RREY (4 hepdied %HBS(Ht}nent it
w1l?%e uhderstood 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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an anmount of a latent cationic cure catalyst effective
to cure the epoxy resin; and about 70 to about 95
wei ght percent of an inorganic filler, based on the
total weight of the curable conposition. 2. The
Sﬁ}QBV%b%%nposition of claim1, wherein the &5§p2006/024666
resin conprises an epoxy resin having a softening
poi nt of about 25C to about 150C. 3. The curable
égnﬁggjtion of claim1l, wherein the epoxy resin is

AMPed from al i phatic epoxy resins, cycloaliphatic
epoxy resins, bisphenol-A epoxy resins, bisphenol-F
BPOXYA eeable Sompoaitdl, captBinge epoxy resins,
cresol -novol ac epoxy resins, biphenyl epoxy resins,
ﬁg%%funclional epoxy resins, naphthal ene epoxy resins,

| |ﬁ¥Fﬁ$nzene di oxi de, 2-gl yci dyl phenyl gl yci dyl
et her, dicycl opent adi ene-type epoxy resins, nulti
apdyatylane ethsiymesingpe epoxy resins, and conbi nations
t hereof. 4. The curable conposition of claiml,

- es . a NQNEri C .epoxy

OGRS TR L R L ENIREEAEE Cou R A R
conposition of claim1, conprising about 70 to about
apgutnX) to abept 95 wsight peregnt pfian mpreryyic fillei, haseé pn EEAotplaweight of
@Y ceb18 Bmp&RftRln, Of the epoxy resin and the
poly(aryl ene ether) resin. 6. The curabl e conposition

f claiml1, wherein the poly(arylene ether) resin

onpril€sarable,cqmpositiop o relaimplo Avherrin i $ROXH Agsit goraprises an
é&?kjﬂlﬁhiﬂﬂﬁviﬁg a VERteRSHE ot 3B AMRUPESPCUS 201 §p¢666 Q2 QL

QL wherein each occurrence of @ is Independently

el ected from hydraogen, hal ogen,  primary or secondary
1- C1r2° & e,COE%’P%E%ﬂ o %@H&l}’%"}és@“tﬁf RPREFFYP A fejgcted from

dlphatit? epédyk Yadills, cpdoilibBatdd leyoyy abdikl \biphedelA epoxy resins,
h gro§§@Ik¥l, Ep%&él’ Cl-C12 hal oal kyl , Cl1-C12 )

‘H{P PRSE AT BROTCH K67 IS apHENRnae e KRORYHHRD CEES DgHOBRMC GRREY dpSins,
taphehg@a spoxtyeest| HRIVf@cAMl 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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separate the hal ogen and oxygen atons; and wherein
each occurrence of QL is independently selected from
halogen prinary or secondary Cl-Cl12 al kyl, C2-C12
al Cl12 al kenyl al kyl, C2-C12 al kynyl, C3-C12
Wﬁ%%“%ﬂ‘%w Cl-Cl2 hydroxyal kyl, phenyl, ®§T/E§806/024666
hal oal kyl , Cl Cl12 hydrocarbyl oxy, and C2-Cl12
halohydrocarbyloxy wherein at | east two carbon atons
sep rate t he ,hal ogen and oxygen atons. 7. The curable

co ocSltlon f claim1l1, wherein the poly(aryl ene
ether \ has/an intrinsic viscosity of about 0.03 to

ghlo . 1e_curabl e conposition of claiml,
wher & n the arylene ether) resin has an

intriNn ¢i scosity of about 0.03 to 0.15 deciliters
per gyam ni®asured at 25C in chloroform 9. The

poly(aryleng ether) resin has the structure 33 WO
2007/ 005346 PCT/ US2006/ 024666 r QL Q2 Q2 Q1 HO\ /
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halohydrocarbyloxy wherein at least two carbon atoms separate the halogen and

oxygen atoms.

1. 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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C2-C12 al kenyl, C3-C12 al kenyl al kyl, C2-C12 al kynyl,
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wherein each occurrence of R' and R? is independently selected from hydrogen and
C-Ci; 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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14. The curabl e conposition of claim1l, wherein the

| atent cationic cure catalyst conprises a

di aryl i odonium salt having the structure [(R3)(R4)I]+
X wherein R3 and R4 are each independently a C6-Cl4
WOVAORME ar omati ¢ hydrocarbon radical, opffFolaipse2eees
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15. The curable composition of claim 1, wherein the latent cationic cure catalyst

comprises a diaryliodonium salt having the structure
[RHRHD" SbFs

wherein R? and R* are each independently a C¢-Cy4 monovalent aromatic hydrocarbon
radical, optionally substituted with from 1 to 4 monovalent radicals selected from C;-

Cyoalkyl, C;-Cyo 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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21. The curable conposition of claim1, wherein the

inorganic filler conprises, based on the total weight

of inorganic filler, about 75 to about 98 wei ght
%ggf of a first fused silica having an AL AQE 4666
ari &% ze of 1 micrometer to about 30

n1croneters, and about 2 to about 25 wei ght percent of

a second fused silica having an average particle size
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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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conbi nations thereof. 27. The curable conposition of
claim1l, wherein the conposition is substantially

free of polystyrene. 28. A curable conposition,

o] nﬁr;/si_:;n?: about 70 to about 98 parts by wei cF{ht of an
ég’o V9% n conprising a nononeric epoxy re&FRUSHEs666
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[R'YR'"HI)* SbFs

wherein R!® and R'!' are each independently a Cg¢-C;4 monovalent aromatic
hydrocarbon radical, optionally substituted with from 1 to 4 monovalent radicals

selected from Cy-Cyg 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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29. A nethod of preparing a curable conposition,
conprising blending an epoxy resin, a poly(aryl ene
ether) resin, an anount of a latent cationic cure
C talysj effective to cure the epoxy resin, and about
Y8 2646t 95 wei ght percent of an i nor gani BCF/P$20g8/024666
based on the total weight of the curable conposition,
to forman intimate blend. 30. A nethod of preparing a
2gura | e conpositi.on, coqﬁrising; dry bl endi ng an epoxy
esi % PESRAI P& EUTRIR EPBPQSEOP LOmPRSiAgUNt of a

| atent cationic cure catalyst effective to cure the
bepding resin, and about 70 to about 95 wei ght percent
of an inorganic filler, based on the total weight of

| e conposition, to forma first blend; nelt
aﬁ%%ﬁ%g% e first blend at a tenperature of about 90 to
about 115C to forma second blend; cooling the second
ajpplyfrdylenerethegrresioi ng t he cool ed second blend to form
the curable conmposition. 31. A nmethod of
aft RGSRR Bt @takeﬂgcﬁioﬁi‘alch% AlaR5EAENTS curk HERLLRY (8. and
encapsulating a soli1d state device Wt ROPUrED &
conposi tion conprising an_epoxy resin; a poly(arylene
a‘é%ﬂﬂi? fo gbeut 95 weight perrapiof gn ingrgaaicditier. baserd onitles totat weight of
teatiabksbm@bdigsi, i ve to cure the epoxy resin; and 38 WO
2007/ 005346 PCT/ US2006/ 024666 about 70 to about 95

i ght. percent of an inorganic filler, based on the
“ﬁ%ﬁﬂﬁnwﬁﬁgﬁﬁﬂgﬂ- the curabl e conposition; and

30. A method of preparing a curablé 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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curing the curable conposition. 32. An encapsul at ed
solid state device, conprising: a solid state device;
and a cured conposition encapsulating the solid st ﬁte
devi ce, wherein the cured conposition conprises the
WOSMTPPB4%bt ai ned on curing a curabl e conposPtT/B§r006024666
conprising an epoxy resin; a poly(arylene ether)
resin; an anount of a latent cationic cure catalyst
cure the tfzé%oxy resi and about 70 to

ff ' t : ]
B 10 ARy P W et oL g ez drani e ol Haigtpr
tigrcutdbi dopipaditigiagdit of the curabl e conposition. 39

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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