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DISCUSSION OF RELATED ART

Electronic components, such as integrated circuits, may be encapsulated by transfer
molding for environmental protection and to maintain structural and functional
integrity. The encapsulating material may be a polymeric composition. Such
encapsulating materials may be useful for encapsulation of semiconductors,
semiconductor integrated circuits, passives, passive networks, multichip modules,

opto-electronic devices and numerous other applications.

During molding, currently available encapsulating materials may stick to process
equipment, or may be otherwise problematic. At room temperature, the encapsulating

materials may be liquid or semi-solid putties.

U.S. Patent. Nos. 4,632,798; 4,632,798; 5,355,016; 5,998,876; and 5,272,377 address
one or more encapsulant issues and disclose materials related thereto. International
Publication No. WO 03/072628 A1 discloses a novolac type phenolic epoxy resin

composition for encapsulating electronic parts.
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In one embodiment, an electronic device may be provided. The electronic device may
include an encapsulated circuit or die. The encapsulating composition may include a
mixture of a functionalized polymer and a reactive monomer composition. At least
one reactive monomer in the reactive monomer composition may be a room
temperature solid and may be present in an amount in a range of greater than about 20
weight percent based on the total weight of reactive monomer composition. The

mixture may be solid and/or tack-free at low temperature.

In one embodiment, a method of making an encapsulant may be provided. The
method may include mixing a functionalized polymer with a reactive monomer
composition. The reactive monomer composition may include a reactive monomer
that is a low temperature solid and that is present in the reactive monomer
composition an amount in a range of greater than about 20 weight percent based on
the total weight of reactive monomer composition. The functionalized polymer and

the reactive monomer composition may be heated to a temperature sufficient to soften
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Fig. 2 is a cross-sectional view of the electronic assembly, taken through section 2 — 2

of Fig. 1.
DETAILED DESCRIPTION

The invention may include embodiments that relate to an encapsulant for
encapsulating electronic components. The invention may include embodiments that
relate to a method of making and/or using the encapsulant. The invention may

include embodiments that relate to an electronic device that includes the encapsulant.

Approximating language, as used herein throughout the specification and claims, may
be applied to modify any quantitative representation that could permissibly vary
without resulting in a change in the basic function to which it is related. Accordingly,
a value modified by a term or terms, such as “about”, is not to be limited to the

precise value specified, and may include values that differ insubstantially from the
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No. Number

1,6-HDD 1,6-hexanediol diacrylate

1,5-NP 1,5-dimethacryloyl naphthalene

ppm parts per million

PPE polyphenylene ether

RFI radio frequency interference

Rpm Rotations per minute

SEMI Semiconductor Equipment and Materials Institute
SMA styrene maleic anhydride

TBC t-butyl catechol

TBPB t-butyl peroxybenzoate

TMBPA tetramethyl bisphenol A dimethacrylate
TMBiPh tetramethyl biphenol dimethacrylate
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resorcin, catechol, bisphenol A, bisphenol F, phenylphenol, or dihydroxynaphthalene)

with an aldehyde (such as formaldehdye, benzaldehyde, or salicylaldehyde) in the
presence of an acid catalyst. Novolacs that may be made by condensation of phenols
and formalin (aqueous formaldehyde) may be sold under the trademark SHONOL®
by Showa Hipolymer Co., Ltd. (Tokyo, Japan). Suitable novolacs may be those that
may have two or more phenolic hydroxyl groups, and may include, but may be not
limited to, phenolic movolac, cresol novolac (such as methacrylated O-cresol
ﬁovolac), t-butyl phenolic novolac, nonyl phenolic novolac, aralkyl type of phenol
novolac {such as phenol aralkyl novolac or napthol aralkyl novolac synthesized from
phenols and/or napthols and for instance, dimethoxyparaxylene or bis
(methoxymethol) biphenyl}, dicyclopentadiene phenolic novolac, or combinations of

two or more thereof.

Suitable functionalized polycarbonate may include bisphenol A polycarbonate having

at least one methacryloyloxy group. In one embodiment, the functionalized
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percentage of capped hydroxyls may be in a range of from about 50 percent to about
75 percent, from about 75 percent to about 90 percent, from about 90 percent to about

95 percent, or from about 95 percent to about 99 percent.

A suitable capped poly(arylene ether) may include methacrylate-capped poly(2,6-
dimethyl phenylene ether) (abbreviated herein as MACPDMPE), or may be

represented by the structure

QU-K)y
wherein Q may be the residuum of a monohydric, dihydric, or polyhydric phenol,
preferably the residuum of a monohydric phenol or a dihydric phenol; y may be from

1 to about 100; J may include repeating structural units having the formula
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or the like, wherein R®> may be C;-Cy hydrocarbyl optionally substituted with one or
two carboxylic acid groups, or the like; R®-R® may be each independently hydrogen,
C]-C]g hydrocarbyl optionally substituted with one or two carboxylic acid groups, C»-
Cs hydrocarbyloxycarbonyl, nitrile, formyl, carboxylic acid, imidate, thiocarboxylic
acid, or the like; R°-R'® may be each independently hydrogen, halogen, C;-Ci2 alkyl,
hydroxy, amino, carboxylic acid, or the like; and wherein Y may be a divalent group

such as
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by EE DT b S A SOy A bl SOtk e RE 8P Hdhdcontain
h& G ¥bs Srithimet titkbonk of RN BRKLERBY! residue.

et her), poly(2, 6-di net hyl -1, 4- phenyl ene

ether-co-2,3,6-trinethyl -1, 4-phepyl ene ether), or .
Tmpnet emboditenind graxbe ée Frsidam offR Shepla g‘_@)ﬂ}g POI_Y%mC“"nal
oBRO RE Sf ShdiclIPYs e shaghal ed by prec pi tat] on

a concentration of organic inpurities in
a range of from about 400 parts per mllion to about

300 parts per nilliog%ﬂ@r Ies%ihha about 300 parts

wherein R'® through R'® may be each independently hydrogen, halogen, primary or
secondary C;-Cjz alkyl, Co-Ci2 alkenyl, C,-C;2 alkynyl, C1-Cy2 aminoalkyl, C;-Ci2
hydroxyalkyl, phenyl, C;-C;» haloalkyl, C;-Ci2  hydrocarbyloxy, C;-Ci2
halohydrocarbyloxy wherein at least two carbon atoms separate the halogen and
oxygen atoms, or the like; R? and R* may be each independently halogen, primary or

secondary C;-Ci2 alkyl, C-Cy2 alkenyl, C,-Cy2 alkynyl, Ci-Cy2 aminoalkyl, C;-Ci2



per mllion. Organic inpurities may include, for
exanpl e, 2, 3-di hydrobenzof uran,

wa 2dq6B68m28 net hyl ani sol e, 2, 6-di met hyl cycl ohexaROmaIS2005/041095
7-met hyl - 2, 3-di hydr obenzofuran, and the like. In one
enbodi ment, the capped poly(aryl ene ether) may include
at | east one capping group having the structure

hymgpﬁkpl RZﬂheﬁlbI oUQPCRR6 hatwalkyt eeiC:h ndl@plem:dmld»gy, Cz Ci2
m% rogen, - 8 hydrocar byl tlonal
ha deoéﬁéyw}’tvber@ﬁr ﬁol@ﬁf’tl E’*’%G?g r%?)B% % %1 Ogen and
r Y -O¥4C y | |
R A A G N Fl%"lfg%%%ﬁ% h‘f*%@@ﬂ‘” SerC
h &wcta@lyl &oﬁapﬁnm gubstipentmaych pe lcathoxaie ydcat ealqmyé@ealRohol

t h h
antie el e WA RAAP 5738 0 SR oL Aty P Sy & ot
su&ﬁ%ﬁ%%q ng ﬁr&gtlﬁvﬁ’% a%‘iéﬂc@b? 2Q% gfatdh & feshiR @ varidusdivoohaigher

apped pol y(aryl ene ether) may include
polfphesdlsit n ¢ne, teppintigr gf quhpnﬁam ethen wiitsshqundt tqr¥) may be 1 to

ab\éa&r@; lr;f a}élé(nﬁbtﬁgy |ap% "é{%‘i:’ Hye ?I%?j 2 b[Xs U c(ﬁ %é) %%ggesmuhﬁl ofa

w?né Bh¥sdl, ﬁﬁﬁtag@% gmRaEN1 bl ih Rehictappech may be 1. Q may
ary ene’ ether) may include at |east one. cappi
alsgpr beiphen msnm;glm hé asﬂilplamohr%lcmﬁé %3’ Gotstrametiyly s 4R'§23h%’é‘§} in

be each in ndent |y hydrogen, hal ogen, Cl1-G 2 al kyl
F%§§”n5ﬁggg carboxylic acid, or the like. Cappixg
groups of this type may include salicylate (where R
Intdhe@uddifnéit ehB Mﬂ&a@@@pol&(ﬁﬂy]ﬂm sthey)dnex ¢ defimeddrygeference to

enbodi ment, the ca oI a h
et e St LS NEET 08 T VW
vvher uy, at
IEL 4, TSR gt 5 PR o i K. 1 e
embodiment, the uncapped poly(arylene ether) consists essentially of the

polymerization product of at least one monohydric phenol having the structure

RQU R21
\_/
CH

- \3__
\

wherein R* through R? may be each independently hydrogen, halogen, primary or
secondary Cl-Clz alkyl, Co-Cy, alkenyl, C>-Cy2 alkynyl, Ci-Ci2 aminoalkyl, C;-Ci2
hydroxyalkyl, phenyl, C;-Ci2 haloalkyl, C;i-Ci2 hydrocarbyloxy, C2-Ci2
halohydrocarbyloxy wherein at least two carbon atoms separate the halogen and
oxygen atoms, or the like. In one embodiment, the monohydric phenol may include,

for example, 2,6-dimethylphenol, 2,3,6-trimethylphenol, and the like.

The poly(arylene ether) may be a copolymer of at least two monohydric phenols. The
uncapped poly(arylene ether) may include poly(2,6-dimethyl-1,4-phenylene ether),
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as, for exanple, ethylene; 1,2-propylene;
1, 3-propyl ene; 2-nethyl- 1, 3-propyl ene; 2,2-dinethyl-
wa 280668yl ene; 1, 2-butyl ene; 1, 3-butyl ene; PCT/US2005/041095
1, 4-butyl ene; 2-nethyl-I| ,4-butylene; 2,2-dinethyl-
, 4-butyl ene; 2,3-dinethyl- 1,4-butylene; vinylene
(-CHCH); 1,2-phenylene; and the |ike. These capped
pobab y(dmythehe, detteaylene etienso-2ey6-tempiyhdsiephenylgpe ether), or a
exanmpl.e, by reagtin n uncapped I r r
LS bR, B SRR LSRR po Sl by
prgréai&pi/a‘#ifohda%d GRRPhAG ASSMchARY: dMabarde imboritiexarptaage of from

el ¢ anhydride, succinic anhydride, glutaric

abani0drpatis peamilpion taalrapd pOQpartsaier mallion, anleydinagabout 30 parts

the like Oher.suitable capping i
et SRRSO S b ik e AR S8 S Dl acifenzofuran,
2.4 BTRRKANSnTRYe, N6 dis@haofdohEraemRl 3-mettlylphByiterdsobenzofuran,

contal ning, for exanple, anhydride, acid chloride,
andplexlike.car bonat e, ester, isocyanate, cyanate ester, or

al kyl halide radicals. Phosphorus and sul fur based

cappi agent s al Vet hf Dnblcappin
g FRHARHER: e daptd iy aE e aF ph e AR on@leapping
cratipiaih@ehe seuewteni ¢ anhydride, naleic anhydride,

salicylic anhydride, polyesters conprising salicylate

units, honopol yesters of salicylic acid, acrylic

anhydri de, methacrylic anhydrig , glycidyl acrylate,

gl yci dyl nethacryl ate,/ gcetyl REhl oride, benzoyl

chl ori de, diphenyl cafbgnateg such as

di (4-ni trophenyl ) carc esters,
met hacryl oyl esters, henyl i socyanat e,
3-isopropenyl -a, a-di anat e,

cyanat obenzene, 2, 2-bi\s(4-cyanhat oph¢nyl) propane,

3- (a-chl oromet hyl ) styrene, g% a- chl oronet hyl)styrene,
allyl brom de, and the '1ike, and sUbstituted
derivatives thereof, and m xtures thereof. In various

w%gx%?ndkm[i%&grha@%éﬁ%eeaéﬁiﬁfa%bé}{a%hh; @9 dR2bY,EF-CrElydaecarbyl
prepared by Teacting a single poly(arylene ether) with

optishatly rmbsititedctwitinalonzi oy a‘gentcgrhqxahc acid groups, Cy-Cig
hydrocarbyloxycarbonyl, nitrile, formyl, carboxylic acid, imidate, thiocarboxylic acid,
or the like. Other suitable capping groups may include acrylate (where R** through
R?® are hydrogen) and methacrylate (where R* is methyl, and R% and R* are

hydrogen). Acrylate may refer to one or both of acrylate or methacrylate.

In another embodiment, the capped poly(arylene ether) may include at least one

capping group having the structure

I

s __R2?

wherein R?’ may be Ci-Ci2 hydrocarbyl substituted with one or two carboxylic acid

groups, such as C;-Cs alkyl.
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differ fromeach other. For exanple, a poly(aryl ene
ether) may be reacted with two cappi ng agents that
wdi2bdemes28 om each ot her, three cappi ng agents POatus2005/041095
differ fromeach other, or nore than three differing
cappi ng agents. In another exanple, a poly(aryl ene
ether) may be netallized and reacted with two
indief hegtherEmibngianettathedappddypaly(angeag ethe mdyninghde s deast one
enbodi nent, a mxture of at |east two poly(aryl ene
capping gjoup&eving thastr g 8i f f er ent nonomer conpositions
and/ or nol ecul ar weights nay be reacted with a single
functionalizing agent. The conpositi

optionally, conprige a ?Egnd of goaf ungtional i zed
poly(aryl ene ether) resin and ??ﬁinfun‘tionalized
' and A hese t conponents

may have differen lntrln rT vitscosities. In various
enbodi nents, the fu ctio‘alizediQon as Yyl ene et her)
may i nclude one ™© bo

pol y(2, 6-di nmet hyl 4l , 4- phe et her),/ or the

copol ymer of 2, 6-dj net hyl and
2,3,6-trinethyl pheRol . |5;,0ne enbedi nent, the
functional i zed pol y{aryFene ethéﬁ) may consi st

essentially of roly(2,6-dinethyl-I,4-phenyl ene ether).
I n one,enbodi

, t, the functionaljze ol yi( aryl epe
WheHENS RRiguRe, by he i namep g s REr R A Of-Ca ks
Al i G-t dppiBtdivR gk ¢ includ
R O A v e e
sdlieglapetierpdty tlaoysleRE axt hahpgw, ehd R’ i ApPony- agent .
Exanpl es of such capping catal ysts may include those

capabl.e of catal yzin ondensat.i / it ot D6
3o Shest b SRR SRR LN 5 AUHE e Sl o
gfofh dh¥ik tHEBYruBRr@ basi ¢ conpound, which may include

one or nore hydroxide salts such as sodi um hydroxi de,

pot assi um hydr oxi de, tetraal kyl ammoni um hydr oxi des,
and the like; tertiary al kylam nes such as tributyl
am ne, triethylam ne, dimethyl benzyl am ne,

di met hyl butyl am ne the like; teryiary m xed

al kyl aryl am nes and sq stituteq derivdgtives thereof
such as N, N-di neth rling——C—OH

wherein A may be a saturated or unsaturated C,-Cj, divalent hydrocarbon group such
as, for example, ethylene; 1,2-propylene; 1,3-propylene; 2-methyl-1,3-propylene;
2,2-dimethyl-1,3-propylene; 1,2-butylene; 1,3-butylene; 1,4-butylene;
2-methyl-1,4-butylene; 2,2-dimethyl-1,4-butylene; 2,3-dimethyl-1,4-butylene;
vinylene (-CH=CH-); 1,2-phenylene; and the like. These capped poly(arylene ether)
resins may be prepared, for example, by reacting an uncapped poly(arylene ether)
with a cyclic anhydride capping agent. Such cyclic anhydride capping agents may
include, for example, maleic anhydride, succinic anhydride, glutaric anhydride, adipic

anhydride, phthalic anhydride, and the like.
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heterocyclic am nes such as inmdazoles, pyridines, and

substituted derivatives thereof such as
wa-20mstoagi28 m dazol e, 2-vinylim dazol e, PCT/US2005/041095

4- di met hyl am nopyri di ne, 4-(lpyrrolino) pyridine,

4- (| - pi peridino)pyridine, 2-vinylpyridine,

3-vinyl pyridine, 4- vinylpyridine, and the like. Also
oth&ahithb e RYpHae Bfpananp ialidecosglonsdsigetiivasyith phenolic groups.

exanple, tin and zinpc salts ogségble to cata

Sugl aereReuds sRAORCIuE Potb,ApRATRSTS ALY RYIYSTSON %‘n%’%aﬁ%{a’?ample
m&c{nd&ear%t& cfmi%ﬂgécﬁ(y ‘éal%Hhétébés?err isBQ]th‘t@CE*éi‘ﬁtﬂ éstedor alkyl

ene et hay i ncl’ude a pol y(aryl ene et her)
hali@éTpadisilng Plepgadringndt swiltr Uraaed wepring GREmt el mmaY| be may

wherein each L1-L4
e st SRl BAYSRSDIET! Y UFLORED: v,
sug&l\?\ldl%!panh%ﬁﬁg' Matchte ahieie @nepR aeydbges pplyesent ﬁﬂnpnsmg
ere L5-L7 may be |ndependently hydr ogen or
sa]‘i@tlditylum'andlomap'alweherswf ;Eahcg/hcgacubraqu w@@%@we@ Haethacrylic

anﬁ%%/cgg g}y%qugitaﬂgf ¥e gfycgf)ﬁ gtgbé/ceyf %fll%gf?i Lbéﬁgé{yl%londe

dlggenél ceﬁ'ﬂ&la‘ﬁ&%@ﬁ Bs ﬁﬁ@-@ﬁtﬁﬁﬁ@hyl%a%nﬁ”ﬂél gcrploiyt enérstmethacryloyl
Eercent of the total L1-L4 substituents
esters, tdaetyl |estgrSE pheniliseryangted 3 pesipyersayirepeligetyinhe ﬂgvoﬁéﬁ‘nate

al ken d/ K
cyé%glat%/q;@%{, gﬁjg tsnhsgép g{ﬁ%}é o%th Pé)ﬂ?ﬂro ngug‘;(up%hfebgé%{éﬂﬁr?%yrene 4-(o-
clﬁé’fgﬂl@fhgﬂ)atyeeﬂeaﬂge besmidepanditieuikeDarisubstimtaedarvntives ghereof,

about 0.1 nole percent, fromabout 0.1 nole percent to
ardboixtures heygof.e percent, from about 0.5 nole percent to

about 10 nol e percent, from about 10 nole percent to

Intagé) I ou?mﬁ@&ﬁe{?t@ r GeitabR fircABhAREY okﬁné’fohﬁyp&! pepared by

percent of al kenyl "and/ or kynyl
re@¢tgPs sinple pbly(bgylknm @theohadlﬂhz@d) pbhwglfwcélﬁ)@alé@% pgents that

dléf@}y @gg} gqr grfg{lgt @%‘/)e;glgblgga ggly’i RS telthep)arlnhyzl %g reacted with two
{rﬁ%ﬁ?ﬁsﬁhﬁ%ﬁ{?ﬁl %énra ‘eég&gﬁ!tl‘%fs Eﬁlﬁe @ﬁﬂjﬁﬁ%ag@Mhat differ from each
otBetl) seqloefnlhla;x threm@fﬁcmng%appg@gj agcentsasln r'clnother exalrrh)tleh Ialf)n]y(arylene
ether) may be metallized and reacted with two differing unsaturated alkylating agents.
In another embodiment, a mixture of at least two poly(arylene ether) resins having
different monomer compositions and/or molecular weights may be reacted with a
single functionalizing agent. The composition may, optionally, comprise a blend of a
functionalized poly(arylene ether) resin and an unfunctionalized poly(arylene ether)
resin, and these two components may have different intrinsic viscosities. In various
embodiments, the functionalized poly(arylene ether) may include one or both of -
poly(2,6-dimethyl-1,4-phenylene ether), or the copolymer of 2,6-dimethyl phenol and
2,3,6-trimethylphenol. In one embodiment, the functionalized poly(arylene ether)
may consist essentially of poly(2,6-dimethyl-1,4-phenylene ether). In one
embodiment, the functionalized poly(arylene ether) may consist essentially of the

copolymer of 2,6-dimethyl phenol and 2,3,6-trimethylphenol.
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material may be reacted with an al kenyl halide such as
allyl brom de and/or an al kynyl halide such as

wonropacgR8 brom de. Suitable acid functional i zedT/US2005/041095
pol y(aryl ene ether) or anhydride functionalized
pol y(aryl ene ether) may include the product of the
nmelt reaction of a poly(arylene ether) and an

A aamnmmsaaalwt ataydfacilitate el readsiop ofi 4a ubeapRed PakytArPigye ether) with

car bonyl oun duce an
anéﬁxﬁglggla(ggntf gef,?ac?f §p1§ cwlw 8?@19%% énagr ]h e t}}ose capable of
ca 21%&&%@@6%%%013%&1&1&& cappib@tperasi th \axndus embodiments,
an r

ide functionality may be present. Exanples of
tha cbppung wﬁtab’at eardiycb¢ @oh%ﬁllc EOMPBINTe IV IHely MaycINGlyde g g more

T
hy@dHi@&0ahE t}ﬂﬁfiyéj IeftRiry Q&W\maesaSudleas trdiutydﬂmmf tridfleylamine,

f or egoi sim|ar conmpounds. es
ditmethy xﬁammeboqhweﬂéé% iy it o 0, tWYe%ﬁ?ﬂ alkeyl-
| L1 aC' a bikRn %@CINN dimeth 1an111ne
ar %0 %{Eﬁ%&g&%gé A tlggérj rtitﬂgﬁoout mel t mlr>r<1| ng

hdté%@cmb)aﬁﬂxﬁeﬁlsaale agirhigajoled, phridines, ded |sulw1tuiad derivatives thereof

conmpound at a tenperature_in._a ran e .of f om abo 15 i
sugegreges- aehgimidaedieat dfnymd%@[ﬁ digsihyjpEnapigidine, %a

p%r%rfﬁ‘l% {alﬂez e%éf—ﬁ ﬁﬁ{no lﬂﬁzv eZ-ﬂ/lI%‘l%ﬁ'ﬁhﬁé apshiylpyridine, 4-

eate han” about degr ees
w@@llpsndmc, amdthasalyke naﬁllsml eseffuhmaydmbrggn@ugiglhéasgﬁb|Séclb1as for

reacting th the rea e |n the |
cxmme? sbhibe, ho (5 eBble G P bl SpRRgFGRE' g ovamote
1sb%hh‘t‘é§01oéﬁn85 cSRf Byt fSﬁ‘éﬁ%}é'. group, allyl group, vi nyl
group, acrylate group, nethacrylate group, vinyl ether
group, vinyl ketone group, and cinnanyl

Avsiitablesringnfvoetionalizes peliearylgne ethem anabg}r{?l}}%’é %yda?ﬂéﬂf‘d‘éther)
Qomnpeﬁﬁogr {Jeﬂ%%%hln%gtruct C'«ﬁ% Xég Ilfh X éj acryl oyl oxy. The

nctionalized poly(aryl ene
et her) having a nunber

L2 (::[‘12"'1_41
— O —
L} CH,—L*
L —

wherein each L'-L* may be independently hydrogen, a C;-Cj» alkyl group, an alkenyl
group, or an alkynyl group; wherein the alkenyl group may be represented by

~€CH2>—(::C<

a
L7

L5

L6
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average nol ecul ar weight in a range of from about

1,000 to about 25,000 atom c nass units (AMJ). In
woanicmds2enbodi ments, the functionalized pol y(2Cyluszms/041095

ether) may have a nunber average nol ecul ar wei ght of

in a range of from about 1,000 AMJ to about 2,000 AMJ,

from about 2,000 AMJ to about 4,000 AMJ, or from about

wibr€0 0 ° Al dyobalhdepention] YBGIrdgad orfinethiliaed & orel be@al, 2, 3, or

pol y(aryl ene et her) have an .ntrinsic viscosity of
4; asipn @?@&ya'éfl:gﬂOPP@?agﬁ%éFprﬁﬁgFﬁ%t@’ about 0.6 decili %/ers

per gram as neasured in chloroformat 25 degrees

Cel sius. In various enbogi ments, the_ functionalized
pol y(aryl ene et her)%g iT==v{seeslfty may be in a
range of from about O.05/p0 about 0.08 deciliters per

gram_.from about 0.08 deciliters per gramt t 0,1
Wi 4 i8R% bty MERSin QTLRSGYL 654 bJBEY PF (erle Zpar of 4 and
w58 G 3BBUL 0 B2 InfRekdchPicP aRSl: 2 Al frhe BQHE (SlaldL'-L*

I'Tters per gramto about 0.4 deciliters per gram
subkt@iead o tthd rthgdattidnabizesl pely(agylane tethegmay e Blkenyl groups

decilit v
ngranloBy LEo0RS. 18 aerT PreEmsaR. G st bl P frepet in an
a@%ng%?%%@eagf 35?1%8{1@@62 Q18 pbizent 1 MBE (1€ mole percent, from

. di m ~the tunctionalized poly(aryl ene ether)
abodt DilNsble pére@n b tapontal).5 beolierpescansnigem gbonteds mplgrpgeent to

equal to about 0.15 decilit '
R} b B T OB PRIy 0 o
B 2 BT A as Moasred

chloroformat 25 degrees Cel sius. A nixture of .
The nnmg—ﬁm_atwlzaéxze‘fbopyln‘éﬁnélelll%vﬁfth@f)dm%yerbienﬁr‘m%ﬁdi i daking an
vi scosities e e i @ hodi
unfuEaRnee T S P ¥t ad SO BRBTOEbAEHAche cther)
andn@tallR ah of feQEene bault asth-BtytiEthihmt Subsegeently; dm metallized

ot s st S5 Bl SN0 bERR eut o
al@%yl LA sufcfl%g]propargyl bromide.

Suitable acid functionalized poly(arylene ether) or anhydride functionalized
poly(arylene ether) may include the product of the melt reaction of a poly(arylene
ether) and an a,B-unsaturated carbonyl compound or a B-hydroxy carbonyl compound
to produce an acid- or anhydride-functionalized poly(arylene ether). In various
embodimentss, either or both acid and anhydride functionality may be present.
Examples of o,B-unsaturated carbonyl compounds may include one or more of
fumaric acid, maleic acid, maleic anhydride, itaconic acid, itaconic anhydride,
citraconic acid, citraconic anhydride, as well as derivatives of the foregoing, and
similar compounds. Examples of B-hydroxy carbonyl compounds may include, for
example, citric acid, malic acid, and the like. Such functionalization may be carried
out by melt mixing the poly(arylene ether) with the desired carbonyl compound at a
temperature in a range of from about 150 degrees Celsius to about 300 degrees

Celsius.
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about 0.25 deciliters per gramto about 0.3 deciliters
per gram or fromabout 0.3deciliters per gramto
wahoustosd@sdeci liters per gram In one enbodi meRCT/USkI0S/041095
m xture may include about 50 percent by wei ght of
MACPDVPE having an intrinsic viscosity of about 0.12
and about 50 percent by wei ght of MACPDMPE havi ng an
Thi i dtioahlezed basértyayoiiavalaoglessGrasitioSédnapdrpgre Ofg) greater than

LB eL] e VLRGSR LAcense gt
the ?%a@ﬁ{/é Ao hehatby@hvy HbaRRE tdMpdsRonC \Bugellsi fuyctional

nay | ncrease a tenperature threshold at which
gréups anpp sidudenomeayr mermaliencyt I«grcbupe allylcgrioupovinyhgroup, acrylate
amounts of materials, .and the sel lec

vy rRetPasTailatty STy iVHST CRATST0EP1 1 f'k?&)p% o@gup, and cinnamyl

gr%-(g)t efd hZous"BYbRinOis CRBtuRti oRE ErolipOWMapT iaplRGE ioas oabdth of
erature threshold of an encapsul ant conposi tion.

mdthacmyigybvrp_tadd aemytoylaxiye i ntrinsic viscosity of a
functionalized poly(arylene ether) nmay be w thin about

e B Y BRSO i b

avfafage &ﬂ&é@harw%meh ¥ (agelof fieneatvar | H06nky atert 05 SO0 htoniin gass
atively diffe

e e BRILESE
it va@pusi,éil%o s, Hofich ey SbPRHEsHFRG cheiey
|n |
a0 J,\(gg}dbua | ¥raB ?ﬁf Wkt 20k h S del47G+diRABbUZEN00 AMU to

ene e reactive nononers for
abe8E€2,000 WNEUT ﬁamtabvs&t 100 ARAU ¢oaipots #1006 A My ob§om about 4,000

stalline and may exhibit a nelting point at a | ow
wawb&% F@0,09GhA embodi nent, the nelt point nmay be

in a range of greater than about 24 degrees Celsius.

TR RVRE SRS & ORI RAL Sthed)NRay RARS anvlenmmmsmsﬁ@roﬂth 0.05
INn the react nononer COﬁpOSItIOﬂ may be crysta i ne

d]aggzrmqg; %’@1 kba:j abaut Hef cégqﬂgemqntgram ap megaged ap chioghfprm at 25
St e i ARt ARtio 0,48 r lene ether)
nféﬂ%;efégi%cgggﬁéébe i Qﬁgi&gz%w%g; ti:gbglgt%uho& g;cﬂlters per
about 50 dégrees Celsius, from
gram, from about 0.08 deciliters per gram to about 0.1 deciliters per gram, from about
0.1 deciliters per gram to about 0.3 deciliters per gram, from about 0.3 deciliters per
gram to about 0.4 deciliters per gram, from about 0.4 deciliters per gram to about 0.5
deciliters per gram, or from about 0.5 deciliters per gram to about 10 deciliters per
gram, as measured in chloroform at 25 degrees Celsius. In another embodiment, the
functionalized poly(arylene ether) intrinsic viscosity may be in a range of less than or
equal to about 0.15 deciliters per gram, in a range of from about 0.15 deciliters per
gram to about 0.25 deciliters per gram, or from about 0.25 deciliters per gram to about
10 deciliters per gram as measured in chloroform at 25 degrees Celsius. A mixture of
functionalized polymers. having differing intrinsic viscosities may be employed. In
various embodiments, MACPDMPE may have an intrinsic viscosity that may be in a
range of from about 0.12 deciliters per gram to about 0.2 deciliters per gram, in a

range of from about 0.2 deciliters per gram to about 0.25 deciliters per gram, from

about 0.25 deciliters per gram to about 0.3 deciliters per gram, or from about 0.3
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about 50 degrees Cel sius to about 60 degrees Cel sius,

or from about 60 degrees Celsius to about 100 degrees
w@eb®iggr28 | n one enmbodi ment, reactive nonomer PCT/US2005/041095

conposition nay include a plurality of differing
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wei ght percent of the reactive nononer in the reactive
dedilir@sper gamposbbutol) decilitetsoqwr gempefmone embedimgnt, fhis mixture

B

of BBkt 632 aaﬁnh Qanﬁteg@ SERLHY By SRl g'th@ of MATPOHNIBRGRvREaROtrinsic
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wei ght percent to about 40 weight percent, from about
Vlﬂigsﬂ% ingkdriap erayanereasg algoperagme %’pﬂmld 'gbpv@gﬁta’ cqgmpgsition may
about, 50 .wei el t 0 i :
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coPREsERing ft@iiabRussi& veihght mpetriats tmdyoalkdowbntdd over flow
wei ght percent, based on the total weight. of reactive
propeibaenddemperaiure Biieshald ofaniepeapsulapt S

conposition according to an enbodi nent of the

Inisogll\é %ﬁ‘fﬂg{aﬂ%eq{hﬁe FRARdGE VRORPITE Fuc@HRasLdd (ly(BBY¥enb @ther) may

ow tenperature” A low tenperature nay be
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difehal RobadiimRichts, ligMnkRMPRERHHE oebth.NCBuhebRnds may be
tenperature in a range of from about 25 degrees

prépirsd Gont indiinatly Bepdeagranddsotieds fumstionaligad aply(arylgme ethers).
degrees Cel sius to about 50 degrees Cel sius, or from

Sualpa%&]et re%gti\geeg{o?lgr%ercs:e %o%idéé ihQhe reactive monomer composition may be
crystalline and may exhibit a melting point at a low temperature. In one embodiment,
the melt point may be in a range of greater than about 24 degrees Celsius. In various
embodiments, the reactive monomer for use in the reactive monomer composition
may be crystalline and may exhibit a melting point in a range of from less than 24
degrees Celsius to about 30 degrees Celsius, from about 30 degrees Celsius to about
40 degrees Celsius, from about 40 degrees Celsius to about 50 degrees Celsius, from
about 50 degrees Celsius to about 60 degrees Celsius, or from about 60 degrees
Celsius to about 100 degrees Celsius.

In one embodiment, reactive monomer composition may include a plurality of
differing reactive monomers, provided that greater than about 20 weight percent of
the reactive monomer in the reactive monomer composition is a low temperature
solid. In other embodiments, the weight percentage of reactive monomer present in

the reactive monomer composition that is a low temperature solid is in a range of
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bis[[4-](vinylo nethyl ] cycl-ghe . et hyl
C?’@P&thﬁ%icg{%n%%efnb\ﬂﬁ}% rx?r)g)%é%s% 0g'ebyyl\/%)rfl ex Inc.
under the name VECTOMER(r) 4051, a tradenark
The desdtiot ebohemé borgsbsSlagnalayl e solid phenkiw temperature. A low
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one embodiment. In other embodiments, low temperature may include a temperature

an
“'h

in a range of from about 25 degrees Celsius to about 35 degrees Celsius, from about
35 degrees Celsius to about 50 degrees Celsius, or from about 50 degrees Celsius to
about 100 degrees Celsius. A reactive monomer that is solid at, for example, 35
degrees Celsius would also be a solid at the lower 25 degrees Celsius (about room
temperature). Thus, such higher melting point or softening point reactive monomer
compositions are included in the category of low temperature solids, but ingredient
proportions and ratios may be adjusted and determined based on application specific

criteria.

In one embodiment, the reactive monomer composition may include
triallyloxytriazine, which may be used alone or in combination with one or more other
reactive monomers in the reactive monomer composition. Other suitable reactive
monomers may include acrylates and/or methacrylates. In various embodiments,
reactive monomer composition may include one or more reactive monomer having a
moiety selected from allyl ester, allyl cyanurate, allyl isocyanurate, vinyl benzene,

vinyl ether, vinyl ester, acrylate, methacrylate, or a combination of two or more
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Technol ogy Conpany, Inc. (WI mngton, Delaware), under
the trademark SARTOMVER(r) CD 406; 1, 5-di nethacryl oyl
waapistoagi2ene (1, 5-NP); et hoxyl ated (2) bi sphenBCTAS2005/041095
di met hacryl ate (E2BPA); sul fonyl di phenol
di met hacryl ate; tetranethyl bisphenol A dinethacrylate
(TMBPA) ; tetranmethyl biphenol dinethacrylate (TMBi Ph);
theet. theatiblsesmimdimeusthaeatidresmoioneusogipogibios maydndyagde one
Each reactive nononer in the reactive nononer
Or B¥RHBSi ti on may have a nelting point or softening
poi nt tenperature associated therewith. A softening
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a
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re@étﬁf?gﬁgfﬁﬁgd%lgﬂ%ggc?or exanpl e, a comercially
avai | abl e cycl ohexane di net hanol di acrylate nmay have a

mel tBiﬂﬂanbEﬂiﬂﬁﬂ@btylzﬁe;i n a range of from about 77degrees
Cel sius to about 78 degrees Cel sius. 4-Biphenyl

nmet hacryl ate al so y b nown as 4-met hacryl oyl oxy

bi pHusRfienolyh dimghady 9@@1) iting tenperature of about
105 degrees Cel sius to 108 degrees Cel sius. Bi sphenol

A di acr ¥latigiemy have a nelting tenperature of
abou@S dlegre%,es eCel sius to 7 1 degrees Cel sius.

Trinmethacrylate of tris (4-hydroxyphenyl) ethane, also
knowhbibetdimamsryigte (hiBiBhknol A di net hacryl ate may
have a nelting tenperature of about 126 degrees

Cel si us .t o abeut i [
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TdhBoldeYr eBsinfaalSi i, t (Walbtingtod 48Ddeyneds Gulesi the. trademark
Tet ranet hyl bi phenol di nethacrylate may have a nelting

SARFOPMERE€Pd0about 160 degrees

1,5-dimethacryloyl naphthalene (1,5-NP);

ethoxylated (2) bisphenol A dimethacrylate (E2BPA);
sulfonyldiphenol dimethacrylate;

tetramethyl bisphenol A dimethacrylate (TMBPA);
tetramethyl biphenol dimethacrylate (TMBiPh);

and the like; and combinations of two or more thereof.

Each reactive monomer in the reactive monomer composition may have a melting
point or softening point temperature associated therewith. A softening point indicates
a temperature range limit for compositions have a melting “point” that spans a
temperature range, thus the softening point may refer to the lowest temperature in a
melting point temperature range. For example, a commercially available cyclohexane

dimethanol diacrylate may have a melting temperature in a range of from about 77
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Cel sius to about 170 degrees Celsius. Sulfonyldi pheno
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amount of functionalized polymer may be greater than
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percent to about 90 weight percent, or greater than
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o HRAFHTE MrSiniidi6r, arabatikel Theaehdtive momanercomposition may be
conposi tion may be greater ) . o .
supplied with an inhibitor, such as hydroquinone, to provide stability to the reactive
monomer composition until it may be subjected to heating in the presence of an

initiator.

In various embodiments, based on the combined weight of the functionalized polymer
and the reactive monomer composition, a composition according to an embodiment of
the invention may include an amount of a functionalized polymer in a range of from
about 5 weight percent to about 10 weight percent, from about 10 weight percent to
about 30 weight percent, from about 30 to about 45 weight percent, from about 45
weight percent to about 55 weight percent, from about 55 weight percent to about 70
weight percent, or from about 70 weight percent to about 80 weight percent. In
various embodiments, the amount of functionalized polymer may be greater than 80
weight percent, in a range of from about 80 weight percent to about 90 weight
percent, or greater than about 90 weight percent, relative to the total amount of resin

that includes the reactive monomer composition and the functionalized polymer. In
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than about 10 weight percent, in a range of from about

10 wei ght percent to about 20 wei ght percent, from
wahostoc@2s wei ght percent to about 30 wei ght pePCe&mIS2005/041095

from about 30 wei ght percent to about 40 wei ght

percent, from about 40 wei ght percent to about 50
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10 weight percent to about 20 weight percent, or from about 20 weight percent to
about 80 weight percent, relative to the entire composition based on all the

components.

In one embodiment, a tack-free composition may include functionalized poly(arylene
ether) in an amount greater than about 5 parts by weight per 100 parts by weight total
of the functionalized poly(arylene ether) and the reactive monomer composition.
Particularly, the amount of the functionalized poly(arylene ether) resin may be less
than about 5 parts, in a range of from about 5 parts to about 10 parts, from about 10
parts to about 20 parts, from about 20 parts to about 50 parts, from about 50 parts to
about 60 parts, from about 60 parts to about 80 parts, or from about 80 parts to about
90 parts, based on the total weight of the functionalized poly(arylene ether) and the

reactive monomer composition,

The tack-free composition may include one or more polymerization inhibitors. In

various embodiments, the tack-free composition may include about 0.01 weight
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than about 5 parts, in a range of fromabout 5 parts

to about 10 parts, from about 10 parts to about 20
weoantesss om about 20 parts to about 50 parts, PET@ISR005/041095
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t
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0. 04 wei ght percent, fron1about 0. g4 wei ercent, to
framoapout 0.15 weight percent to about 5 weight percent, relatlve ?o the entire

composition based on all components. The composition may include an amount of
polymerization inhibitor in a range of from about 0.01 weight percent to about 0.05
weight percent, from about 0.05 weight percent to about 0.2 weight percent to about
weight percent, from about 0.2 weight percent to about 0.3 weight percent, or from
about 0.3 weight percent to about 5 weight percent, relative to the amount of reactive

monomer composition.

The curing agent may be present in an amount in a range of greater than about 0.2
weight percent based on total weight. In various embodiments, the curing agent may
be present in an amount in a range of from about 0.2 to about 0.3 weight percent, from
about 0.3 weight percent to about 0.4 weight percent, from about 0.4 weight percent
to about 1 weight percent, or from about 1 weight percent to about 5 weight percent,

relative to the entire composition based on all components.
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Suitable mold release agents may include, but may be not limited to, stearic acids,
metal salts of stearic acids, montanic acids, esters of fatty acids, such as carnauba
wax, or combinations of two or more thereof. A suitable metal salt of a stearic acid
may be zinc stearate. A suitable montanic acid mold release agent may be a partly
saponified esterified montanic acid that may be a wax sold by Clariant under the

trademark LICOWAX® OP.

The colorant is optional, but may be present in an amount in a range of greater than
about 0.1 weight percent based on total weight. In various embodiments, the colorant
may be present in an amount in a range of from about 0.1 to about 0.2 weight percent,
from about 0.2 to about 0.4 weight percent, from about 0.4 to about 1 weight percent,
or from about 1 weight percent to about 5 weight percent, relative to the entire

composition based on all components.
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from Printex under the trade name XE2.

Additional suitable flame retardants may include melamine pyrophosphate, antimony

trioxide, antimony pentoxide, alumina trihydrate, magnesium hydroxide, and the like.

Additionally suitable organic flame retardants may include halogenated aromatic

compounds (e.g. dibromostyrene and polymers thereof, tetrabromobisphenol A and

polymers thereof), and the like.

If present, the optional adhesion promoter present in an amount in a range of greater
than about 0.7 weight percent, or less than about 1.5 weight percent based on total
weight. In various embodiments, the adhesion promoter present in an amount in a
range of from about 0.7 to about 1.3 weight percent, or from about 1.3 to about 1.5

weight percent, relative to the entire composition based on all components.

Suitable adhesion promoters may include, but may not be limited to, styrene maleic
anhydride, zinc acrylate (sold by Sartomer), partially acrylated bisphenol A epoxy
(sold by Surface Specialties under the trademark EBECRYL® 3605), mixture of
bisphenol A epoxy and diaminodiphenylmethane, or combinations of two or more

thereof. In one embodiment, the encapsulant may be essentially free of a tackifier.
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The flame retardant is optional, but may be present in

an anount in a range of greater than about 0.5 weight
woenm@ag72based on total weight. In various enmbedrmsmios/p41095
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that may have at least one dimension (length, width or breadth) that is longer than

another dimension. The filler may have a mean or average dimension distribution that
is less than or equal to about 75 micrometers, less than or equal to about 50
micrometers, less than or equal to about 35 micrometers, less than or equal to about
25 micrometers, or the dimension may be sub-micrometer. The reinforcing filler may
include particles having a bimodal particle size distribution, or a trimodal particle size
distribution, or a higher modality particle size distribution. In various embodiments,
the reinforcing filler may include particles having a bimodal particle size distribution

and essentially all of the particles present are spherical

Suitable silica may include fused silica. The fused silica may be treated, for example,
with a silane-coupling agent. Suitable coupling agents may include an alcohol
solution of gamma-methacryloxypropyl trimethoxy silane coupling agent (Zz-6030
from Dow Corning). The treatment may include have the coupling agent catalyzed

with a small amount of water and acetic acid, and being sprayed onto silica (FB 570
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anhydride, zinc acrylate (sold by Sartoner), partially

acryl ated bi sphenol A epoxy (sold by Surface
wepewitas28es under the tradenmark EBECRYL(r) 36@6Y/US2005/041095

m xture of bisphenol A epoxy and

di am nodi phenyl net hane, or conbi nations of two or nore
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an insubstantial or no active termination sites available on the silica that may reduce

stability or shelf life, or undesirably increase viscosity or initiate crosslinking over

time.

Other optional additives may be included in the composition. Suitable other additives
may include one or more functionalized liquid rubber, micronized rubber, metal
adhesion promoter, soldermask adhesion promoter, ion exchange additive,

antioxidant, polymerization accelerator, or resin hardener, and the like.

The composition may include a functionalized polymer and a reactive monomer
composition, where more than about 20 weight percent of the reactive filler is a room
temperature solid relative to the total weight of reactive filler. Additionally, the
composition may include an initiator or curing agent, and filler. The composition

may include further one or more of a polymerization inhibitor, a mold release agent, a
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silane material or the like. In on
the plunger presses the pellet through an opening at the bottom of the pot 1nto the hot

runner system of the molding tool. Cycle time may be in a range of from about 1

minute to about 4 minutes.

The pot and the molding tool may be independently held at temperatures that are
greater than about 50 degrees Celsius, in a range of from about 50 degrees Celsius to
about 100 degrees Celsius, from about 100 degrees Celsius to about 130 degrees
Celsius, from about 130 degrees Celsius to about 140 degrees Celsius, or from about
140 degrees Celsius to about 175 degrees Celsius, or greater than about 175 degrees
Celsius. Temperatures higher than about 150 degrees Celsius may be useful with, for

example, lead-free solder applications.

Pellets under about 7 grams may be softened within a few seconds by inserting the

pellet into the transfer pot. Large pellets (over about 7 grams) may be pre-heated, for
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whi ch may be added optional ingredients. In one
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tyég Ff't?rglg E‘ilbggfay a/?)l@elrgjﬁfwltegd ofl I’lﬁdlt;flzlly, the rrsli)rnrlalz af{olv? r1eng'ch may be
increased by the presence of the polymerization inhibitor, and may be decreased by
the presence of filler, colorant, and/or flame retardant. The spiral flow length may be
decreased by using more of the CPAE, particularly MACPDMPE. Also, when using
a mixture of 0.12 intrinsic viscosity MACPDMPE and 0.30 intrinsic viscosity
MACPDMPE, increasing the relative amount of 0.12 intrinsic viscosity MACPDMPE
in the mix may increase the spiral flow length. In one embodiment, an encapsulant
may exhibit a high flow rate (measured as a relatively long spiral flow length) and

low viscosity in a temperature range of from about 125 degrees Celsius to about 175

degrees Celsius.

A cured encapsulant may exhibit a hardness in a range of from about 20 Shore D to
about 30 Shore D, from about 30 Shore D to about 50 Shore D, from about 50 Shore
D to about 60 Shore D, or greater than about 60 Shore D. A suitable molding
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adm xed to forma nolten liquid. The liquid may be
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An electronic assembly 10 is shown in Fig. 1, and a cross-sectional view of the
electronic assembly 10 that may be taken through section 2 — 2 of Fig. 1 is shown in
Fig. 2. The electronic assembly 10 may include a substrate 12. The substrate 12 may
be any of a number of materials commonly used in the electronics industry, including,
but not limited to, polymer, glass, metal, and/or ceramic, and may be flexible or rigid.

The substrate 12 may be a printed circuit board, an epoxy circuit card, or a copper

lead frame.

The substrate 12 may be a carrier for a metallization pattern which may include an
interconnection pad 14 and a mounting area 16 (Fig. 2), on which an electronic
component 18 may be mounted, for instance, by an adhesive 20 (Fig. 2). The

electronic component 18 may be soldered to the mounting area 16.

Representative electronic components 18, may be encapsulated and may include one
or more tiransistors, capacitors, relays, diodes, resistors, networks of resistors,

integrated circuits, and the like. The electronic component 18 may be connected with
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Pel | ets under about 7 granms may be softened within a
few seconds by inserting the pellet into the transfer
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nd/or flanme retardant. The spiral
flow |l ength may be decreased by using nore of the
EXBANE’LIarticul arly MACPDVPE. Al so, when using a
mxture of 0.12 intrinsic viscosity MACPDMPE and 0. 30

%olior\}vsnllg e>\</a|n§p €s areylntended only to illustrate methods and embodiments in

accordance with the invention, and as such should not be construed as imposing
limitations upon the claims. Unless specified otherwise, all ingredients are
commercially available from such common chemical suppliers as Alpha Aesar, Inc.
(Ward Hill, Massachusetts), Spectrum Chemical Mfg. Corp. (Gardena, California),
and the like.

Examples 1-10 - Preparation of Unfilled Compositions

Examples 1-10 include a functionalized polymer (such as a capped polyarylene ether
(CPAE)), a room temperature solid reactive monomer composition (that is, having a
melting or softening point above room temperature), an initiator, and reinforcing

filler. Examples 1-10 are prepared and evaluated as described herein.

The capped polyarylene ether (CPAE) is a methacrylate-capped poly(2,6-dimethyl
phenylene ether) (MACPDMPE ) having an intrinsic viscosity of about 0.12 or about
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An el ectronic assenbly 10 is showm in Fig. 1, and a

cross-sectional view of the electronic assenbly 10
woheds/oegrs be taken through section 2 - 2 of Fi gCTAUS2®5/041095

shown in Fig. 2. The electronic assenbly 10 may
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capdci torl$, rel ays0.38i odes, $desi dtor@ n twrQ'kq of 0.1
resilstor 20 i nt egr a®.86 cilrcui8s, and Ohe |ikd) The 0.1
ejedtronig conppnepBl8 may e canneot ed) wi ttht he wi 9és
Wrg The yparious pgdg 14. Thp W res A may bey metial 0.1

W THS, ARy THy ”CbB@e goi Ty, @l gmi nggn or Rpth.| The
e-eGtottg \..unp ||c it 18 qand—the—wi 5 W rez 0.1
L efcapsul e with Lﬁu pelyrer-c—conposttton—22—The

thickness of the polyneric conposition 22 may be in a

CM&?&&HS iré g)ﬁr%ﬁg‘a%y Qlexlrdl'ﬁ'glthé H&hﬁ&r&n{snimddr ng”&?&iégstlﬁu@ in a

rom a 0.5 nmm to about fr om about
cdn@aimdydot aldub 1 Smnnu.‘oﬂ:s a rabamtelﬁOtdeagreeaGel@tus 3Inm hpfplatgentil a clear

10 YUEELE FRTROSLAPS: 2548 BE w208k B, BHBAERERE e
1n?d %C;I,Haﬂebvc RPN gRh 4B8rdthy thepahaeed Withéh hiiamss,edrystalline
mol di ng machi ne (not shown) haV|ng a nold (not shomn)

sphienlipes| fprme mid grow in the quenched composition.

The quenched composition in each of Examples 1-10 is a tack-free, friable hard solid.
Tack is determined by the finger touch test at room temperature, and at 35 degrees
Celsius. To be considered tack-free for this instance, the Examples 1-10 need only be
tack-free at room temperature.  Each of the Examples 1-10 was tack-free at both
room temperature and at about 35 degrees Celsius. Friability is determined by
striking a portion of the solid composition with a hammer and observing the
formation of a powder having discrete particles. Pellets formed from the material of
each of Examples 1-10 were relatively free flowing at least up to a temperature of
about 35 degrees Celsius. Further, the pellets each had a softening point or melt point

that is in a temperature range of from about 50 degrees Celsius to about 150 degrees

Celsius.

Example 11 - Preparation of Encapsulant
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conposition 22 may be preheated and inserted into a

pot, and then forced froma pot into the hot nold
woawvictogs728he pol yneri ¢ conposition 22 may fl owranaSambd41095

around the el ectronic conponent 18 and the associ at ed

wires W and around at |east portions of the pads 14,

the nmounting areas 16, and the substrate 12. Upon

Ehﬂ amIrasiion; of ixampée ﬁmh@éa lp&ﬁmbmgl Wiéh jsed sibion. f Tbmslhca is a

%i/rg}%lgglll Nr%aBtE? dhéléilsggﬂgf C}re%t ted d| gli%l aa-rnﬁethacry OXy propyl

tﬁﬁféﬂldi@zrsﬁ:l@nez\/l THe dikex fillsdectinifationns a@aixed GHittShQuHng dpeht, mold
be construed as inpagsing limtations upon the clains.

TefeREss ageiih ol rpdgarst Ramgire@rdaat.| The greng ageny igdicumyl peroxide.

' i f hem cal. .
SRRl R DISRE SR BRTRIG i  mixure o
dvbasachred eblosints: MDOBDM@R@&IG Mid) SABDQPLASA®dEren GSB
California), and the |ike. Exapples 1-10 - Preparation
GLATHAN e d Brsnblsmer r%wéa@xwl%n&mlélqtmém@a@naate (OP 930,
(f;]gﬁmmqggl i zed polyner (such as a capped pol yaryl ene
et her AE)), a roomtenperature solid reactive
nmononer conposition (that is, having a nelting or
"Bof adsmiking ippfenﬁmnwlddna BKABEN)ﬁdb nexmgdpw] dited miithi ratler mixing

r ei.nf or 110 are prepare nd
b@eﬁﬁwaéeoa ClyEhB 3L B S0 TREY o] IF DSHEERERET oty rehal about
eésCeRRus] SThe MBix hﬁieaifsealféﬁpge%mutes The ingredients and
poly 2, 6-di met hyl phenyl ene ether) (MACPDMPE ) havi ng
aswpunis of the fesulting fdled compesitieroure somaeriged B @3.30
dependi ng on the exanple. A 50/50 m xture of 0.12

i [ S Cr Vi 0.30 intrinsic
%@é@,&gﬁeﬁm;’%%%?é@ggwgﬁ anples 1 and 2. In

Exanpl es 1- 10, cycl ohexane di nethanol diacrylate

Tabtd 4. bingBalidntarend ancentst (e granad end vikei SARLDVERfat¢ridId used in
4x%?3p1<ia ?lenpl oyed, optionally together with one or nore

INGREDIENTS GRAMS | WEIGHT %
MACPDMPE 13.28 2.45
CDD 53.14 9.8

TBC 0.27 0.05
fused silica 462.24 85.3
dicumyl peroxide 1.62 0.3
mold release agent 2.16 0.4
red/green colorant blend 1.08 0.2
ADEP 8.1 1.5
TOTAL 541.89 100

The compositions of Comparative Examples 1-4 and Examples 12-24 are prepared as

described below.

Comparative Examples .1 and 2 do not have a room temperature solid reactive
monomer composition content. The reactive monomer composition used in
Comparative Examples 1 and 2 (E2BPA) is a liquid at about room temperature; has a
relatively high degree of tack, or tackiness, prior to cure; contributes to a relatively

low spiral flow length; and, when cured, contributes to a relatively low hardness
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ot her reactive nmonomer conpositions. For exanple,

m xtures of cycl ohexane di nmet hanol diacryl ate (CDD)
wanwebsmsyl ated (2) bi sphenol A di et hacryl at ectaskas/041095

by EBAM under the trade name SR-348, abbreviated

herein as E2BPA) or 1, 6- hexanediol diacrylate (sold

by EBAM under the trade nanme SR-248, abbrevi ated here
(SBSrelDf- IR paaste CERABYEd3 AdpplyeBiled aystans itmidol harinclude

t-butyl catechol (abbreviated herein as TBC), is. .
fungidgdnabicad ipelyrhes comgRisi t T 18RCtiyec BIRERET omgmpstiion used in

approxi nat el y. 1900 .p : [ r
CHBPYRAIERFMYs? o LT BobGAHAE tibHendcrd oy REFAAY e file
loadmy ¥ greqtbr thie 76 Pereesttyi vasightof Exanpl es 1-10 are

summari zed in Table 2. Anobunts are reported in parts

by wei ght percent_of the total conposition. |ntrinsi

Em@@zﬁm R0 et s inBER el PO e 25 dnfeReBy © Tynomer
en &S LGS hethBeryla@srbaspet | -

Cdﬁgsgrépaﬁégaﬁgcﬁ%ﬁg% nré8 h?con‘ponentegag%r%der Vi ggrlgjllji(z’6
di&idtliyéll pignilene) etiet AMEEPDMIPEIbo(Tthe 1 Baetiieumesomier gogwposition
. 170 degrees Celsius on a hot pl.at til I .
incfudgn & 1945t SRRITCATHE TGO GEROT LOR (Rebisidadm, ol BErmrurg solid.

the contents of the container into a shallow al um num
CBﬁ]ﬁaﬁﬁvé_ QXA eLabid ExaMiblddi T2-14 nusides7-24 rijisludé lannadhesion
spherulites formand grow in the quenched conposition.
pm;qgéwb@e@ldc@ﬂﬁm retirdpnti hlbHerCanParsagsagPies pod Examples

-free, friable har I . ' T .

1433 oS mict e R el SR AR SLpd T HEkaRicR A -buty
cHlBHoBesol6RhE g a dRinkeigen(sbust perokabkndontey e fuiitonalized
i nstance, the Exanples. 1-10 need. onl 5; tack-free .at .
polooie (MSHANITED DeBiehirg ot o R o@ 0 O s aftated in

S
Ttglcélﬁ?free at both roomtenperature and at about 35

edgrees Celsius. Friability is determned by striking

a portion of the solid conposition with a hamer and
Tabsekctivagohd@er composition includes reactive monomers selected from among

ethoxylated (2) bisphenol A dimethacrylate (E2BPA); bisphenol A dimethacrylate
(BPA); 1,5-dimethacryloyl naphthalene (1,5-NP); bis[[4-[(vinyloxy)methy]]
cyclohexyl] methyl] terephthalate (BVM); tetramethyl bisphenol A dimethacrylate
(TMBPA); tetramethyl biphenol dimethacrylate (TMBiPh); and 4-biphenyl
methacrylate (4-BiPh) and mixtures thereof.  Each of the compositions of
Comparative Examples 1-2 and Examples 12-24 comprise t-butyl catechol as a
polymerization inhibitor. With the exception of the compositions of Examples 15 and
16, an adhesion promoter that includes styrene maleic anhydride (SMA) is employed.

The SMA enhances adhesion of the final composition to a substrate.

The functionalized polymer and reactive monomer composition are mixed in a 200-
milliliter beaker that is immersed in a stirred, 4-liter oil bath at about 170 degrees
Celsius. An overhead stirrer is used to agitate the contents of the beaker for about 15
minutes. Subsequently, the contents of the beaker are a transparent liquid. The

beaker is removed from the oil bath, and allowed to cool on the bench, while being
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formati on of a powder having discrete particles.

Pellets formed fromthe material of each of Exanples
wa20@/06ene rel atively free flowi ng at | east upPCOD/US2005/041095

tenperature of about 35 degrees Celsius. Further, the

pell ets each had a softening point or nmelt point that

is in a tenperature range of from about 50 degrees
mé&elosédiwith @ @i ulieribMette gntibthe Gahpiratsre dxthepbrtents is about 100

L LR R P, SOFERD LD ARl
a @nt%%é&éi‘%%% Q’tlnlél’% okl drB8g FR wEA AndhyShitioteMidgredtms such as

it _ acryl oxy propyl trinméthoxy silane. The
adidiore prdndtbe d Wimntthe sapamaties kathtooded i attous 80 deigregs Celsius,

agent, nold rel ease agent,..colorant, and flane
the gyritERgPt 1S?ﬁ§e‘§W}tﬁﬁ'ﬁgﬁa€mnl?% di cunyl peroxide. The
nol d rel ease agent is CERIDUST(r) (CLARIANT). The

T&Oﬁ&fla}ﬁd i qfer®héd %y Sofing HiReforadk froph el ket @to a shallow
SAN AST(r) Red and SANDOPLAST(r) G .een

algiGinARl BIITHL. rodimeempenaire. e W thim Ainytes, g{ﬁ;ﬁllﬁmﬁp%gr%lites form and
di et hyl phosphj nate (OP 93 . L s
ErBB D O R BPASERBER T R B 7T B T bloh ar

pib@ide8T B} Xieidh bbRdesSmpadtiapeEatinplgs atl-Abaend Samples 12-24.
The bowl tenperature Is maintained at about 80 ? [ ees
Apwbsimasely THe rargnh 9f el PEIPABHAR 15 Cihed dato %*H% bictes and

i ngr edi ent. t [ fi

cBRRBGHET DRI Bogl HARAERLSI0R, bl 15 and 16
reEX R Gamtrétandadt. Exanpl es 12-24 Table 3. Ingredients

and anounts (in granms and weight % of materials used

in Exanple 11. The conpositj f ti .
T GH) g8 sad i g aipPasot B8 3 03nd SPeRi e with gamma-
mIRSEN13§DrBEY1Wnethoxy silane, as described above). The filler is mixed with

the flame retardant OP 1311 (a mixture of melamine polyphosphate and aluminum

diethylphosphinate, CLARIANT) in a Henschel mixer at room temperature. Next, the

filler mixture is split into two approximately equal portions.

The first potion of the filler mixture is poured into a Brabender mixing bowl fitted
with roller mixing blades operated at 80 rpm. The bowl temperature is about 80
degrees Celsius. Next, approximately 71.2 grams of the crushed mixture of the
methacrylate-capped poly (2,6-dimethyl phenylene ether, reactive monomer
composition, optional adhesion promoter (SMA), and t-butyl catechol ingredients is
charged into the Brabender mixer, followed immediately by the second portion of the
filler mixture. The total mixing time is about 5 minutes. The resulting filled

composition has a mass of about 540 grams.

The ingredients used in Comparative Examples 1-2 and Examples 12-24 are

summarized in Table 4.
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Conparative Exanples 1 and 2 do not have a room

tenperature solid reactive nononmer conposition
woamicas728 The reacti ve nononer conmposition use#CTMS2005/041095

Conparative Exanples 1 and 2 (E2BPA) is a liquid at

about roomtenperature; has a relatively high degree

of tack, or tackiness, prior to cure; contributes to a
Tdb@é &tlh %%Hién{s%‘lﬂ apiouals df Campaesige Examptbs Iwhemd Exengles 12-24

ntri tes to a relatively lowhar Hneoo/ (=

Chrparat i ve ENGREBENT:nG 4 are 1111 SEIGHIcHs (hat
pFuotionaldaligheerf(MEPBMRE)Zed pol vMZénLJhe
ERE4dtVE nR0ARE Cornpoidsi t i on used in ConPd7ati ve
X@g@ es 3 and 4 is a nononeric bi phenol oggoxy resin,
e ,u Ter toadi ng 1s greater than T9.9%er cent| by
Exanpltes—12-241Tnctude bothh a TuRCld onali|zed

ant ;
P and—a—reacti-ve—fronomet conpositi %o The

i zedpol-ymer—i-necludes—methacryl gt e—eapped
TPPB, 8** di met hyl ~ phenyl ene) ethen ( VACHE $oE) — The
- firsedl viéicaononer  conmposi tion incl udes at 8dast oane
> Bhin esetandamomixtusdiiiposi ti on that ijs a rdedd

enpargat ure solid. Conparative Exanpl es 1109 and
:E@ 1e1136 1A @PBMPE #4th! dAGhtHESic dikcasihesi TR Rr onpt er

P M=o
-
vl
Z

%
O

[0

<
i
=%

@mg{nggearégt@r dant. Al the Conparative

A0 A

,mn x,amp <:i§ ,angi' ﬂiﬁ%reli§n6SMA !15&119 ﬂgmg%t d,aﬁﬂ.ease

(1 bt Comrestige FSFTPIedo W%%HHF%EEB% B SifEnt

O3¢tperceger oxy henzoate) . The funct] Q_'qa,l__l_z_e_d_p_g_l_k/rmr

( MACPDI\/PE) has an intrinsic viscosity of 0.30 or 0.12,

T %F??Iﬁlgg}l/{ ﬁ%}ﬁgl?]ﬁrg?o-r OS%:}Oenal ﬁ\ﬂ/eésr t%%%&%&éag\gﬁgﬁ{ oef dal]f trhg r%eactive

mBABRersSiraery | idhaste (Bin bhe phetid mdndinte i arsyritatnecach sample.
(E2BPA); bi sphenol A di et hacryl ate (BPA);

The sf.ea_ghﬁ@pwg@tr%npq}y][ts %ﬁﬁ@bwj ]gngar{olls 5eqqp)ve monomers, based on the

S h
tokgael a[ng%utn ()f ff@éﬁ%ﬁﬁ@%%ﬁ%m ff b ﬁff?ﬂg&pcgﬁ%&\/’c dns of Comparative
Eﬁiuﬁpleh aer atlddixamples 12-24 are summarlzed in Table 5 below.
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(TMBPA) ; tetranethyl biphenol dinethacrylate (TMBi Ph);

and 4-bi phenyl nethacrylate (4-Bi Ph) and m xtures
woOhere@e$728 Each of the conpositions of Conparat PC&/US2005/041095

Exanpl es 1-2 and Exanpl es 12-24 conprise t-butyl

catechol as a polynerization inhibitor. Wth the

exception of the conpositions of Exanples 15 and 16,

Tadle SidRefki08 nfohemet esntéhad themedaticde mcsbyree mmnwitézcim
anhydri de (QMA) LS nnml n\/ar{ The—SMA—en adhestoen

of the flnal ReOAHYETMPRQRETCAMpPOs Srget amount

f unctNonEE2BRA* pBRAerL5AP 1 B¥M VeTW =erBlPh 4-BiPh
conmp@H-tf onoare [m&ed i 0 a 2000 ni|l 1iOiter beaker| t Hat
is Jmerised in a stirnred, 44liter |oil bath at abaut
170 q’@r Ees| el §1 Ug. |[An @verthegd stirper |s uged to 0

agi [ abe t he contents of the|beaker| for about 15

m nptEs—-Suhseatgentty,—tie tontent|s ofy the begker| arg
a tr:gg Spar lilq ?d Thde beaker i|s removed fromihe
oi | th

and nllmmg t.ocool—on—the—heneh g\fﬁ”&

bei n&ﬁm tok0d with 3 gl%\s t h& momet & until t he 0
temperat ure of tlhe cdntents!is ahaut 100 degrees
Cel 5i ug. | Afger 1000degr e®s Cel $i us| i s Oachieve®d, the20
col prant| andonol|d oelleas® agent0 arle added|wi t® manuai0
sti rrijpg] agowel|l @s [anyp opt/i omal | ngredi ¢nt sosuch 39
adh-bllsll prijUU[ g OV\n_en ghe [tenqperat ue had ceol ed Yo

)

a_boJ'trlE ees—Cgtsius, tie Gpring ggent 1 Spadded 49
W th ..uma! HrH-Rg—The—hgt—eurd i ayrenc red Y30
poutidgd the*lant QOZ f r om-t HeBeaker—iptora—shat-tpw

al um HS paﬁoat ron t edfer 4t ur Nt n mputes 30
cryst a9l { ne 88pher uli tles ®orm ar® grow% n the Qupnf‘hpgl

conposiot | on80Appr dd nat ey 80 dr ang_of0 each 0 0
conposijt i ongar e |producedof or) earh pf @nparatOve 0
Examprgs1-ggand Eganplegs 12-24 Approgimgtelyg 7112 0

gra STEToR 19 Crgished igto|smadgd plecegs
and pourded—wth—a—Hder—ang—ar erapdant ag
fol Lo | B2l os D bnd ts SRR L

r et amg@px is a room emperatureﬁlqulg
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The filler is a fused silica (a mxture of FB 570 and
SFP 30M treated w th gammanet hacryl oxy propyl
wonrbmsesmasy sil ane, as descri bed above). The f PCITAIS2008/041095
mxed with the flane retardant OP 1311 (a m xture of
mel am ne pol yphosphate and al um num
di et hyl phosphi nate, CLARI ANT) in a Henschel m xer at
VEOAR prepeReésasUihe colpasitionshel Combermtind Kxamples -4 phd Examples
into two approxi mately equal {)tlons The first
134 iir@ﬁn%ﬁfsu&eﬁ@nflﬁlﬂm@ﬁ“?ﬁ@(@ﬂa@lqg H8lired into a
Brabender m xing bow fitted with roller m xing bl ades
a 3 i s about 80
T ey B L A B e G ams of ¢ he
crushed mi xture of the net h&copertzease- capped pal y
(2, 6-di net Hyl Nphéenylseial Ebler , | r eadardreessrononer
conposition, optiona 1@@3@& on| pr osHoeé DY SMA)[, and
t-butyl catgshgl |ngrec3|1ents s chargggd 1 nto|the
Br abender niXer—fottowedTmedratety. 1 hesecond
portion of *@g?“‘ H-er g,fut tH-e- ...égﬂlr}é?zﬁﬁreﬁi xting time
iS about 5 I’QEI-I?’f @S, ThQ GQCIH fl nn ‘FI d COWEOSi t| on
has a mass |[d¢E#bout 5463@ram: The indPedientls used in
Conpar ati vel Exanpl es 1-36 and Exanpl es2112-24 dre
sunmari zed i 18 Table 4. THbl e 4. || ngredi®ents and anounts
of Conparatfive BEXanpl est71-4 and Exanp@d®es 12- 24 The

reactive monpyTeT conmposigf 1 on 1 Ncl ygagedshrdconbi ned
wei ght of anee reactdye onomel s RLERRAL, || f nore

than one re v ||Ui"|02’&5 —S—pt cacm,z meach sanpl e.
The wei ght |petrcent—anptpts—ef—e¢ach—oef—he—var( ous
reactive non r4 _bhaseld on the tot 3 of

reactive nontrer |conposition, fior t heltanposilti ons of
Conpar at i ve| Bxanpl esotindasared EXanppemedspred ar e

summari zed |z Tabl endi thedsawedTall e nbt mPesaoddi ve| nononer
content in e reachivBedsordne!] Copp@sisutedn. * E2BPA

i s a room t egperauup g Liauld Vart QupmBiORRY t1les of the
conposition f—Compar dég ve EXgnptes Z—and [Exanpl es

12- 24 are neasSured—and—sunmmarized—in—tabte—6bel ow.

f\

=+
b

Table 6. Properties of Comparative Examples and Examples.

In comparing the results shown in Table 6, a pellet at room temperature with a Shore
D hardness of greater than about 20 Shore D is considered solid. As shown,
Examples 13-14, 18, and 24 all have Shore D hardness values greater than 30.
Accordingly, Examples 13-14, 18, and 24 are considered to be solid at about room

temperature.

Thus, even though all of the samples have at least some material that is a room
temperature liquid, at least some of the samples may be room temperature solids.

Further, at least some of the Examples may be tack-free at room temperature.

Examples 25-30 — Room temperature solid reactive monomer compositions.
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Tabl e 6. Properties of Conparative Exanpl es and

Exanpl es. Table 6. Properties of Conparative Exanples
wanaelsgrrpl es. I n conparing the results shown PaT/Tali06/041095

6, a pellet at roomtenperature with a Shore D

hardness of greater than about 20 Shore D is

consi dered solid. As shown, Exanples 13-14, 18, and 24
E)@leébalﬁ-ﬁmhﬁ)n@crﬁtamhinmnmb UESN]gcleaiﬂleof thfarea@@ve monomer

Accordi ngly, Exanples 13-14, 1@ and cons i der ed
compoBsionp st dre EPR30 t CPHGTANMIE 9 FaliﬂaYeé‘ STh e GOnpgsitions are
pré *5‘%?@[}1 el saib rﬁe{}ﬁels Qs”maﬁﬁe& V& Ex%ﬁ?p‘lessm Meh& frigpédients

that 1's room erature |qU| d, | east some o
anﬁmalcﬁmmﬁrehstmhm mrespxmdlmgmbbs dlteluwa soI ids. Further,

at | east sonme of the Exanples may be tack-free at room

tenperature. Exanples 25-30 - Roomtenperature solid
E’ifaélgg??@e nonomner corrp05|t| ons. Exanpl es 25-30

denonstrate conpositions in which all of the reactive
TR MRl or EABNO S ARGt ERExamPlg THOM t enperat ure sol i d

m:’tterla%T The conpositions are prepared in-the sane

mafnerCampoinait descri bed renisadnpl es 12 24Weight ()

I Nngr-edi-ents—anrd—arpunrt-s—are—t+sted—n—conrespggdEny

t adFidler bel ow. E)@ﬁﬁpésﬂgﬁTable 7. Ingreclenﬁgbgﬁ
armﬂ'mfrﬁn—Exa 26 Table §. 1 I ent|s
and"™ 5D xanpzq?m%a%!fg sy

unts for anple 27 Table 9.
| ngreghents and apRpuBhy rh@hadmiaRwBend)7. Exanpl 15.28

Tabl e 10. Ingredilents and amunts for Exs _
ExaRpsie 29 Tabl e [030 it Nyk@RPMPFEs and anmoynts S8

Ex rml e 20 l:vnrrpl a 2N

Tnhibitor 4- t-T)ﬁtyl catechol 0.33
Initiator tert-Butyl perbenzoate (TBPB) 1.99
Adhesion Promoter [SMA 4.51
Dye Keystone Green 0.52
Mold Release Stearic acid 2.10
Flame Retardant  |[OP1311 6.56




Exanpl e 30 denonstrates the use of a glassy solid

nmet hacrylate in conbination with a roomtenperature
wonywtias28 ne material. This formulation is preparas2y/041095

m xing the following ingredients in the sane manner as

that described for Exanples 12-24. Table 12.

I ngredi ents and ampunts for Exanple 30. Exanples 25-30
Exanpldressed into pellets and their hardness is

measur ed. They are al so transf nol ded at 150 degrees
Tapld &i lﬁlﬁreér?@tstqi@lafm%ﬁfsr Qr B i‘?rﬁweééi ues are neasured. The

resu re recorded in IaD rable 13“7@@}'@ 9S
and Fl o VAPUEL f or Exanpl es féﬁ% A pellet at rg%n
tenpgrgh,ure wth a ApeSsEedf greater thap abpet 20

Shore_D may be consjdered solid As shown, Fynrm!%_gr
25- 3@Reainl have Shor Bidphhaul dnieissethasryletsgr eat er3%3fan (30

or greaterthan-501-Accordi

(oY m
AC-C-oeHH¢ |y, LIIC T3 = Oy

] afp
are $obind at about Bé@“rﬁ“t’ agylste(B )e f pr edoi-hg

exanples all:lll:‘ll:‘ly |u aIIV 0

i 11 udtSBt e only som? %H{én?t ?U?llzxseé%j?ﬁ?ﬁ, i Avent ilon.
The appeRded clai %4&[&@1%@@1&@ to clai mtheo.a42
invention as broadly as 1t has been conceiVed and tlhe
exanfih#gigtoner ei n pr egsatBaty] perbenidates(liBRB)ve| of 286l ect ed
enbodinent s _from-a—panifold—oef—aH—pessibte

errbod‘?sdi‘@ﬁlpg Prme@rd Sﬁélﬁy it is Applicants'|infédtian

t hat the appcnucu C g ot to be t1 € y tlhe
choi cﬁéng?n exanpl es Hip fﬁPPze&l toillustrate | ea?i}?'es of

the FMS@%{‘E}JeASQVem' MlearfiSicidsed 1 n the claims, jt7ae word
"comprises” and itstgrammatical variants logically
al so [t Rethréid | NEORIGE 1 phrases of varying afid7

di ffd nt—such-asfor—exarpte; but .ot H-rted

ther eto, "consisting essentially of and "consisting
1\é\lelere necessary, ranges have been supplied, those

énn%es are inclusive of all sub-ranges there between

Tille DS Iigediente xpeameahts fatExampieali.ons in these ranges

w || suggest thenselves—to—a SR S
Hggest

D

ompon'ell;t' o Che'n(;ll\éillI tronet Weight (g)
Filler Treated Silica 496.46
Resin Benzophenone dimethacrylate 39.29
Resin Benzophenone methacrylate 16.84
Resin 0.12 iv bifunctional MACPDMPE|  9.91
Inhibitor 4-t-butyl catechol 0.63
Initiator tert-Butyl perbenzoate (TBPB) 1.16
Adhesion Promoter |SMA 4.97
Pigment Black Pearls 1.74
Mold Release Licowax S 1.74
Flame Retardant OP1311 7.27
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having ordinary skill in the art and where not already

dedicated to the public, those variations should where
weaswileses be construed to be covered by the appenasgnos/041095

claims. It is also anticipated that advances in

science and technol ogy will make equival ents and

substitutions possible that are not now contenpl ated
Edtpleezsson of the inprecision of |anguage and these

var| ations should al so be const rgéed where possible to

Tdb@ ]é)o\lég@@%&s %nldém’e%‘B@ dercExamplete: What is claimed is:
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aetht—hR—a -aige of g eqt er
t hanResiout 20 wei ghB p@p@é?ﬂnebﬁ%t%crﬂﬁtet he 1 otllaﬁ' ‘Lvei ght
of reactiverononmet tTon XT diod, at
aboufREBw t enper at up;l y?@%‘fto ’alﬁ‘l\ ree, B'OQ? bgt h
sol i }n@ggv\#ack free -t%utﬁrbﬁte%%lpos' tion as|depigzed (i n
claiml, ereinth,

D

unctionalized paolynmet conprisles
poly terB8Bufhih perbenpasi (TBPR)as

nnl \/( ar \l| nnn\ ethe

cl ai

[aitigtozne) et her

M2 wherein th

deflilied |i n

or mﬁ@esla)prl’édmp@rysé’wl ene et her)
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ppFi-Ses—one
coﬁr%si tli on

as d

2 Fret—n—ctain

conptii§®€ne or no

et hei conp defined in ¢
wher (M %ldﬁ}%lé%gl y(ar tthduBQV@a%(
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e €t her
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Example 29
Table 11. Ingredients and amounts for Example 29.
Component Chemical Weight (g)

Filler Treated Silica 495.67
Resin 3,3'-(Ethylenedioxy)diphenol Dimethacrylate| ~ 39.27
Resin Biphenyl methacrylate (BPM) 16.83
Resin 0.12 iv bifunctional MACPDMPE 9.90
Inhibitor 4-t-butyl catechol 0.41
Initiator tert-Butyl perbenzoate (TBPB) 2.21
Adhesion Promoter [SMA 4.97
Pigment Black Pearls 1.74
Mold Release Carnauba Wax 1.74
Flame Retardant OP1311 7.27
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6. The conposition as defined in claim1, wherein the
functionalized polynmer is present in an anpunt in a
woangees28f rom about 10 wei ght percent to abouPC8WS2005/041095
wei ght percent based on the total weight of the
combi nation of the functionalized polyner and the
reactive nononer conposition. 7. The conposition as
Exg@ ijgsd in claim®6, wherein the functionalized pol ynmer
resent in an anount in a rgﬁ ‘BOf froma

Examp - 0 gramensiretes theawss of 2 SEsneiYAMRITIALe b2aaingch i o
total in

ol S o PR FRR. R AL f ¥ o e

folmﬂg $mgred1 Bntasn thekame daamnen}isaha’ndescrnhhé fai Exanmpdes 12- 24
functionalized polyner is present in an anmount in a

range of from ahQout 15 cent to about 25
Tah}@ulghtln&@flaeeﬁtanga@@&n@rf%’ga ?g wei ght of the

co és}n%'éngﬁt The Tuncti ongilegfdypol ymer anayéibet (g)

reactive conposition. 9. The conposiltion as
defipined i n cl ai m Gremb@&BRica t he reacti ve norjords5.38

conmmasition comprises one or nore alkemd—greup—atHyl
T L% bll 1

gr QResin vi nyl  gr ou;i’aﬂaﬂibyMaﬂﬁécr&wOYﬁiwﬁéﬁwragg
gr gupr—vi-Ryt—ethet SAT T AR grou

c: rﬂﬁ%l gr oup. 1(P .1gwgﬁhﬁé’ﬁqt?m defi ned‘flg‘é3
cl g 1, wherein | MSETPOS)i T
corpfi'ses one or d']ﬁz{ﬂ?ﬁ%lrclﬁgq oxvtr| azi ne; bgiggo[[

[ (VinBWiR¥Y) et hyl ey sh@heatydhbl rret hyl] terephthad4i e;
bi enol di et ha(‘rvl at e hi thnnnl A _di et haer \Il ate:

1 %3 ]

bi dpfténad di acr yI teﬁ-Bmylmepbmﬂﬁ%te (RBHAL r ylatfe; 7221

Cc L ehexane—di hanal
Yy exahe—direthanot—a+act _yl at €, J. 5—dimet IldLA §7 0)

gapﬁ@h%ﬂl@r@m&t%m%}w&t ed (2) bisphenol A
i gt yiate; Sy Jnenor drmethacryTjate
tetflg ! yl bi spheno %\E%? net hacrylate; or tlet rja'met h

bi ppﬁ,ql(gpkepgggget hacnghdbga Wax The conposition| as3.48
deflined in claimi1 wherein the reactive nonerer

Flame Retardant OP1311 5.80

Examples 25-30 are pressed into pellets and their hardness is measured. They are also
transfer molded at 150 degrees Celsius and their spiral flow values are measured. The

results are recorded in Table 13.

Table 13. Hardness and Flow Values for Examples 25-30

Example Pellet Hardness Spiral Flow

No. (Shore D) (inches)
25 52.7 45.2

26 68.1 37.0

27 66.2 45.2

28 70.9 41.3

29 62.9 48.8

30 74.8 24.0

A pellet at room temperature with a hardness of greater than about 20 Shore D may be

considered solid. As shown, Examples 25-30 all have Shore D hardness values
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conposi tion has one or both of a nelting point or a
softening point that is in a range of from about 24
wdegresr2€el si us to about 175 degrees Cel sius. PARUSTI06/041095
conposition as defined in claim11, further conprising
a polynerization inhibitor. 13. The conposition as
defined in claiml1, further conprising an_initiator.
grehﬂer tiiive 36,0mp@shter dirnago.d éickerdingly tbrsﬁ S 4hd9 @rgsolid at
the initiator conprises a free radical initiator. 15.
abqf{doNP AFBRI T ER as defined in claim1, wherein the

Th@f&fe%&%giéiaﬁaﬁfelé afd @erelp Mlukativel sd10in tb dltkstiateenlpsdme of the
solid at a tenperature in a range of from about 25 .
featenys eBthedevestion. TThe apprdedgampyiredateniqdsip imihe favgation as
c osition as def.in ' ' i S
oS ET L e 5L R s B pe b gRp T e o
selcbieB @mbbllinfeats athlaghatafoldof dlcpossibleermbadimbnts.o Antandingy it is
titania, titanium di oxi de, Litaniun1dib0fide talc,, .
Anfplipanis Hinteotaor harheanasprsdelaima o RObIcab imiiph &Y Bhy Heice of
or _graphit . i t.] : i ' - .
o ol SRR Bl S0, it s,
th& o Bcon@Priseot dmg&}ssgrhmmﬁeal amdamts $ogically. alsgsubtnd and include
conposition as defined in claiml16, wh int fill
Phé@ﬁ?) of §@_§m§p%@y‘il §1ing SFtﬂlt_csiuQ as for e)ﬁqﬁxgﬁém ggF flpé‘[:%d élgerreto,
"cgr?sfiétfﬁgdeskgﬁtiﬁu@o@“ ind "ORERINE bhe BHeADh&8ARAREMIR Have been
conpoSition has a spiral flow path length that is
sugplgat ghostehxangesbmt in¢nsBrei afcle subtrangss there basgem@asHals to be
an out 15Q degrees Cel sius.. 20. Th Pt .
crpuie BTG SR 555 S e Rt PoRGPPEEY By
haviHg! SERSrRsiEl Uk dhd b¥ 288 vRRFd hendrdally fdedichte@ natliezsblic, those

pol“ymer s "having differing nol ecul ar
variations should where possible be construed to be covered by the appended claims.

It is also anticipated that advances in science and technology will make equivalents
and substitutions possible that are not now contemplated by reason of the imprecision
of language and these variations should also be construed where possible to be

covered by the appended claims.
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wei ghts, wherein each functionalized polymer portion

i s independently present in a sufficient anpunt and
woasocaas28t ri nsi c viscosity such that, relativecrwsa05/041095

conposi tion wi thout such functionalized polyner

portions, the intrinsic viscosity of the

functionalized polynmer is one or both of: sufficiently
Whaeiys tlaiméecisease fl owability during a transfer nol ding

of the conposition, or sufficiently high to increase a
tenperatyre threshold at.which a.conposition ma

Ly emeft ﬁu@g%fﬁ?@gfanﬁﬁmwsg{??e 80183%%1%;% ul ant conpr iys i ng
t he curabl e encapsul ant conposition as defined in

claim . nd2murd Nef GUrfekttRAGkRARUIpaNmas @l ianadadtivec mnomer

21, wherein the cured encapsul ant has a hardness that
conzpogitiencempribiag ahlsetiong reacHye BORPRHER diess per ASTM

D2240 at 1 second. 23. The cured encapsul ant as

define eirrgagt'%ggt mlogameme& %d}nttgl?p%rdfu‘?éjsﬁﬁpﬁﬁc?% Fiser1a the

a hardness I'n a range om about 25 Shore D
reh@h@nassorhe ahapdsitd Bhan enduhtinnessgpefl gagT hapsdout 20

at 1 d. 24. Pel | et i s
A e A e e i

claim 24 having a Shore D hardness that is greater

t han a%&)é%i)ggre%f AT MP2E A Perddurd i§ SSIRNGk tadk-fre@or both solid

el ectronic device, conprising: a conposition
areitedlpfed.ating a circuit or die, the conposition
conprising: a mxture of a functionalized polyner and

a reacti ] i L . . .
2. e Ic&%pggtqgnngsr dERIROR b0 1, wherein the functionalized polymer

comprises poly(arylene) ether.

3. The composition as defined in claim 2, wherein the poly(arylene) ether

comprises one or more capped poly(arylene ether).

4. The composition as defined in claim 2, wherein the poly(arylene) ether

comprises one or more ring-functionalized poly(arylene ether).

5. The composition as defined in claim 2, wherein the poly(arylene) ether

comprises one or more acid- or anhydride-functionalized poly(arylene ether).

6. The composition as defined in claim 1, wherein the functionalized polymer is
present in an amount in a range of from about 10 weight percent to about 90 weight
percent based on the total weight of the combination of the functionalized polymer

and the reactive monomer composition.

7. The composition as defined in claim 6, wherein the functionalized polymer is
present in an amount in a range of from about 10 weight percent to about 50 weight
percent based on the total weight of the combination of the functionalized polymer

and the reactive monomer composition.
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wherein the reactive nononmer conposition conprises a

reacti ve nononer that is both a roomtenperature solid
wanewegeent in the reactive mononmer conpositi BATAIS2005/041095

anount in a range of greater than about 20 wei ght

percent based on the total weight of reactive nonomer

conposition, and the mxture is solid or tack-free, or

8. bot T8 @bl %oﬁﬂﬁh hagdfeaas cdimah)aiterdiodna ﬁmn@ma:hlzwmlymer is
27. A nethod of naki 23% an encapsul ant, conpris 9
prasmmgm@mmmm DFRTISE ér%m?%rl S §18DPSTERE 19 \E}féou 25 weight

perézg thageq GAMROS LY \9& hPQ 1‘{ oh V6t (AR TA& onalized polymer

n-comnp r 88 one reactive nonomer
an&ﬂiéﬂ@i&l%rﬁdmtneb@drhpd)ﬁn@.l ow tenper ature solid and is
present in the reactive nmononmer conposition in an
anount in a range ater. th about wei ght
9. per ddft CUBRYHIOPN 2% if{é? alln ﬁl@?"@a{] Wfqeliﬁghgger \;Sac%gﬁo%?omer
coﬁ‘xg?%méﬂ tcbr‘ﬂpnseg ?E PG dre afkeh§IPRLALdlfye f 'vﬁiy@?ﬁo upQacrylate
ize

en or [i1que he nixtufe of thé funcfiona
grupl, yieetacaiate ghmprﬂaylt ¢ther growm veryl kenpogiovpodr; cnmalyl group.
cooling the softened or liquid mxture to form an

o TSR BT A B F Ml Bl oo
%?osﬁqbﬁ MebRpRseds @aki ned | more ai of 27tr1aﬁ1lyrdx|yﬁi‘azme blS[[4-
conprising one or both steps of . m xing _one o re

[(vﬁmYIbley)meﬂDﬂkmdph%éd]l ol’mleihﬁﬁl Uiete@hthaﬁal?ﬁat ibaphsmol ¢ H‘gﬁt}%ﬂcwme

bi %93? (gCtG%V r%’?tﬁ?g(frfy s fheﬂ‘&e ({]g&?faf@nh Blﬁﬁ&l}ﬁ h?nethacrylate

re prior ¢oo m Xi ng
cyElRBeine l&ﬁq@th@ﬁolfdliidr?lﬁte ﬂoﬁ—ﬁﬁmha:a}loﬁmaphﬁlaﬁnmoBthoxylated )

| nitiator, thermally_ conductive er
bismeaaldhimeiiegy iR THERPITAH ORaSH (s SEaneBy, tipghenol
A dlm&ﬁgcrﬂllggs, or tetramethyl biphenol dimethacrylate.

11.  The composition as defined in claim 1, wherein the reactive monomer
composition has one or both of a melting point or a softening point that is in a range

of from about 24 degrees Celsius to about 175 degrees Celsius.

12.  The composition as defined in claim 1, further comprising a polymerization
inhibitor.

13.  The composition as defined in claim 1, further comprising an initiator.

14.  The composition as defined in claim 13, wherein the initiator comprises a free

radical initiator.

15. The composition as defined in claim 1, wherein the mixture is tack-free, solid,
or both tack-free and solid at a temperature in a range of from about 25 degrees

Celsius to about 50 degrees Celsius.

16.  The composition as defined in claim 1, further comprising a filler that

comprises one or more of fused silica, fumed silica, colloidal silica, alumina, boron
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29. The method as defined in claim27, wherein the
functionalized polynmer is present in an anpunt in a
woangeesR28f rom about 15 wei ght percent to abouPC2A/S2005/041095
wei ght percent based on the total weight of the
combi nation of the functionalized polyner and the
reactive nononmer conposition. 30. The nmethod as
nitth@t ] AEfial Ataglvdh MAIde, whatieh niibdriicnedt, fiy agt, eplcium carbonate,
conprising adding thermal energy until the conposition
cafhes blackesipeesiderd gr#philer ange of from about 50 degrees
Cel sius to about 110 degrees Cel sius. 31. A nethod of

17ehe aﬁ%u([ogg loBGioftas! &@5kd 3n RRMH &) Werdlh (B @OEF RNirSat€d with a

opti cal vice, conprising: nelting at |east a portion
silefanpgd $ikhe, cobofiomsitazand el gokane.on conprising a mxture
of a functionalized polyner and a reactive nononer

conmposition,. the reactjve, nonamer COMRQSIL . .
155 ormpt SORGORH O 68 dE L G U o & RO BB ek S eSS speriee
pa?tiél@é{" tenperature solid and present in the reactive

monomer conposition in an anmount in a range of greater

than about 20 wei ght percent based on the total weight
1%f tHe renpoesiten msrisaed dangieist tlh orheraingihe Hargle | eedpsulant

or _powder hein | r r l A
Bl das TR o R L 575, Bk SR A ke
abiRaf 1 hitBaPaktA) a6@Bbaat] SeidefrethEelpiost i on of the

el ectronic or optical device. 32. The nethod as

2ol 1 Eve pROPIBIP & SHEHEE S TS Dectnehglig poymer
in@luabdg pﬁka‘fff’}; bPPbFioRE oPRInthMalil&d pS§mers having differing molecular
weights, wherein each functionalized polymer portion is independently present ina
sufficient amount and has an intrinsic viscosity such that, relative to a composition
without such functionalized polymer portions, the intrinsic viscosity of the

functionalized polymer is one or both of:

sufficiently low to increase flowability during a transfer molding of the

composition, or

sufficiently high to increase a temperature threshold at which a

composition may remain tack-free.

21. A cured encapsulant comprising the curable encapsulant composition as

defined in claim 1.

22.  The cured encapsulant as defined in claim 21, wherein the cured encapsulant
has a hardness that is greater than about 20 Shore D hardness per ASTM D2240 at 1

second.

23.  The cured encapsulant as defined in claim 22, wherein the cured encapsulant
has a hardness that is in a range of from about 25 Shore D hardness to about 43 Shore

D hardness per ASTM D2240 at 1 second.
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24.  Pellets comprising a cured encapsulant as defined in claim 22.

25.  The pellets as defined in claim 24 having a Shore D hardness that is greater

than about 50 per ASTM D2240 at 1 second.
26.  An electronic device, comprising:
a composition encapsulating a circuit or die, the composition comprising:

a mixture of a functionalized polymer and a reactive monomer

composition,

wherein the reactive monomer composition comprises a reactive monomer that is both
a room temperature solid and present in the reactive monomer composition an amount
in a range of greater than about 20 weight percent based on the total weight of

reactive monomer composition, and

the mixture is solid or tack-free, or both solid and tack-free at about room

temperature.
27. A method of making an encapsulant, comprising:

mixing a functionalized polymer with a reactive monomer composition,
and the reactive monomer composition comprises at least one reactive monomer
component that both is a low temperature solid and is present in the reactive monomer
composition in an amount in a range of greater than about 20 weight percent based on

the total weight of reactive monomer composition;

heating to a temperature sufficient to soften or liquefy the mixture of the

functionalized polymer and the reactive monomer composition; and

cooling the softened or liquid mixture to form an encapsulant composition

that is solid or tack-free, or both solid and tack-free at about room temperature.

28.  The method as defined in claim 27, further comprising one or both steps of:
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mixing one or more of filler, polymerization inhibitor, initiator, thermally
conductive material, or flame retardant into the softened or liquid mixture prior to

cooling; or

mixing one or more of filler, polymerization inhibitor, initiator, thermally
conductive material, or flame retardant into the encapsulant composition subsequent

to cooling.

29.  The method as defined in claim 27, wherein the functionalized polymer is
present in an amount in a range of from about 15 weight percent to about 25 weight
percent based on the total weight of the combination of the functionalized polymer

and the reactive monomer composition.

30. The method as defined in claim 27, wherein the heating step comprising
adding thermal energy until the composition has a temperature in a range of from

about 50 degrees Celsius to about 110 degrees Celsius.

31. A method of encapsulating at least a portion of an electronic or optical device,

comprising:

melting at least a portion of pellets or powder, the portion comprising a
mixture of a functionalized polymer and a reactive monomer composition, the
reactive monomer composition comprising at least one reactive monomer that is both
a low temperature solid and present in the reactive monomer composition in an
amount in a range of greater than about 20 weight percent based on the total weight of
the reactive monomer composition, and the pellets or powder being solid or tack-free,

or both solid and tack-free at low temperature; and

flowing the molten portion into contact with the portion of the electronic

or optical device.

32, The method as defined in claim 31, further comprising curing the molten

portion to encapsulate the at least a portion of the electronic or optical device.
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