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. While a new process, no-flow underfill, has been developed to address these issues,
the use of resins ﬁﬂed with conventional fillers in these processes remains
problematic. In the case of the no-flow process, application of the underfill resin is
| performed before die placement, a process change that avoids the time delay
associated with wicking of the material under the die. In some cases, there is poor
adhesion of the underfill materials to the chip and substrate and cracking can occur

during thermocycling. In no-flow underfill applications, it is also desirable to avoid
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embodiments, a functionalized colloidal silica filler is included in the epoxy resin. It

has been found that the use of a difunctional siloxane anhydride epoxy hardener in an
epoxy resin, optionally with a functionalized colloidal silica filler and other optional
reagents, provides a curable epoxy formulation with a low viscosity before cure and
whose cured parts have a low coefficient of thermal expansion (CTE). The resulting
composition also has enhanced acdhesion and possesses enhanced resistance to

cracking during thermocycling.

“Low cocfficient of thermal expansion” as used herein refers to a cured total

composition with a coefficient of thermal expansion lower than that of the base resin
2



cracki ng during thernocycling. "Low coefficient of
t hermal expansi on" as used herein refers to a cured
WQ @0EP615%8onposi tion with a coefficient of thePEHIUS2004/038009
expansi on | ower than that of the base resin 2 WD
2005/ 061588 PCT/ US2004/ 038009 as neasured in parts
as petsuted |11'F ?ﬂﬁl’t@@fcl dﬁ?ﬁ@ﬁpﬂe&rgr@ﬁ aﬂﬂlgémn(p?m/;Gypimichﬂy, the
the coefficient of thermal expansion of the cyred
coeé”%@%rﬁ Forstad Peansign B&fwgs%d?faﬁeomB%W@ 15" pelpWcpboyk 50
pptB€d RENRHAN of QL& Rk 1%fet1§)¥@la thal RhAldRR ik Reactive groups
reactive groups erein between about 50% and about
whdre@l%eziwetxhebméa,’iﬁ%\aedgwbouipé;oﬂ?éwé theactctisle grov@saswe reacted.
w~trapsition te as.referre
Clots BT SRR dro RS PRUS SPe PR B Agadich an
am&HRAAmBREE dHanfesPt@s hihGrdloal Masticlsome. VITSER§1sbdsiglofiikEiotal
total conposition before cure” typically refers to a
composios haforsfeurdietypivaly fafens tomat\esdoalty phthg undgrigbmaterial in a
e t n
rang B%’ﬁ%gﬁ} %gc%a{n f&n?%%é %?d gt?ou? 1 80 @B(Z Eénetl]j:}%gsie vée)lg I%)refgrab%y, ina
randObéweenhbaai 1960 alﬂl;aimwndwom eENtdnpipbise aBL5Z5Betore the
._before the conposition is cured. Preferred epoxy
COMROSItR 1§ 6¥ese i n accordance with the present
di scl osure are aliphatic, cycloaliphatic, and
Pr eﬁs'in% gbﬁ v BRMYof B8 1ﬁ%cc&ﬁ£1c%%ﬁyth%%§és%ﬁt cﬁ‘i@éioimh‘é Ell%ec{l]ﬁhaﬁc
I ncl ude any organic systemor inorganic systemwt
cychmhp]fm»cy afid anms@nedppxg/xesme M heepbrg resitismodyutiivthgr include any
gh atic {1 %é/ oal i hat ctreshp ﬁ%ﬂ
°1g%f8§cﬂryﬁf68’d 01! HP RFIRSuIYSiRE VKb &R FCtat MO ERd Vel a resins,
mcl@tﬂnlgea[loinlaﬁc Sﬂﬁﬁllafld; Gadl lcyclbanmdtis @éshrh"s at d@éxﬁﬁ:’d' Bfoughout the
having a npiety of the naned resin are envisione
specisieftiin apbripipessifhsr thecsngadicpiionaned) sepin pb@aal@wles having a

o SLEF B P TG L L RO FE MR s v

des&tssdn$n CrEenstey aaddTa'cémhmgb/ ogﬁl e EpoxlvbRedng” Y3. Elhs (Ed )

Charpéﬁnﬁéaié '\{§9 iﬁ?’%‘%ﬁk Bk Nﬁ@ gﬁ“an% %5‘%1‘?8&’ sa@ﬁe&hn@aﬁy ;G

Map&nBengghi M!\réeﬁ" Odikds NevdivoRE(BI72N. FRQyGBAXY are curable

resins may | nclude an afomatic epoxy resin or an
momm@y ehd ohepmmy% wigel parhize/bingdedweitiothe fitbor elisppsion. ghlougoxy
res i tion

0X t he.co
resip mayanRpE St S pBRUIE M FSPLR iy’ fiskv P8 Py B o
moifeU8dhdyORf@dbipd ii€9ts @ORcUTOr ETIRS @ﬁcﬁcryaﬁlsﬂls ih WRe tc@ndpdbition of the
functionalities. Useful epoxy resins also include
presenb Jiscloaie preferablpave two or miore functionalities, and more preferably
iwo to four functionalities. Useful epoxy resins also include those that could be
produced by reaction of a hydroxyl, carboxyl or amine containing compound with
epichlorohydrin, preferably in the presence of a basic catalyst, such as a metal
hydroxide, for example sodium hydroxide. " Also included are epoxy resins produced
by reaction of a compound containing at least one and preferably two or more carbon-

carbon double bonds with a peroxide, such as a peroxyacid.

Aliphatic epoxy resins useful in the present disclosure include compounds that contain

at least one aliphatic group and at least one epoxy group. Exarﬁples of aliphatic
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diepoxide.

In some embodiments, where utilized, cycloaliphatic epoxy monomers can be

included in the resin composition in amounts ranging from about 1% to about 100%
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Examples of preferred difunctional aromatic epoxy resins include bisphenol A
epoxies, including those commercially available from Resolution Performance
‘Product as RSL-1462, and bisphenol F epoxies, including those commercially
available from Resolution Performance Product as RSL-1739. Example of suitable
trifunctional aromatic epoxy resins include triglycidyl isocyanurate epoxy, VG3101L
manufactured by Mitsui Chemical and the like, and examples of tetrafunctional
aromatic epoxy resins include Araldite MTO163 manufactured by Ciba Geigy and the

like.



The epoxy resins in the conposition of the present
di scl osure preferably have two or nore
WO WEea1d%al ities, and nore preferably two to fPEEAIS2004/038009
functionalities. Addition of these materials wll
provide resin conposition with higher glass transition
Extaerey of prefsredTgjcyclix appdyesesink ipslatie rifenctibnflumtdytonapoxies

sufhef QPR RARYE Eohiien Jﬁ&%éﬂ’(ﬂ)@?&h@wﬁﬁ@gémﬂ%wo
(DEREl VHBRGS), FERENGTal Qﬁlcﬁ:ﬂt e a?‘llﬂgl’l %%BFQOFTE?O (gDaice]

epoxi es, |nclud|ng those” co

Clrayenl it 41eh tReffrotiosn cdidpelod wpbxias sﬁﬂl -7 BRolitEx@tpdte (Dhicel
%U|tq le tifunctional aromatic epoxy resins include
ﬂP}g? cidyl isocyanurate epoxy, VG3101L manufact ured
by Mtsui Chem cal and the |Iike, and exanpl es of

Sili@ine e trbima mayasosedel Gse@pﬂi()ﬂlé' %ﬁés@ﬁt 'dfé@ﬁob*tqg Such resins
Aral dite MIo163 manuf act ured é Gei gy and the
tynigadly haxe (o forasr061588 PEM B2 @Z/e'ﬁs@@og Exan'pl es of

preferred alicyclic epoxy resins include difunctional

e [
W]f?:!rf% gﬁ)é%lub&i%%oﬁ( b ?,D%,Seu g%é%%cﬁ% ?Lu% 4 ect[g%éi\% 1&%@51 syubject to the
linGhaion c diay , tlter isbunatfi dreal svbbdripyc] be epodi € 1§U£ﬁi& @8 preater;
te GI300 (Daicel em.cal), and tetiafunctional
th?%i%as ﬂ&eg’b‘&(a such gsl-‘ QCW’I te GT400 (Dai cel
Chemical). Silicone-epoxy resins may al so be used in

Mtihe (R ®880k: digm’gsore. Such resins typically have
the fornmula: MaM bDCD dTeT' f Qg where the subscripts

a, b, ¢, d, e, f and g are zero or a positive integer,
subject to the Ilimtation that the sumof the

D BHRES b is one or greater; where M has

l?zﬁe ?o.rr‘rmfda gié%% 12, M has the fornul a:

" (Z2)R22Si0ii2, D has the fornmula: R32Si O2n, D has
the formula: (Z)R4Si02/2, T has the fornula: ‘

D28 hq%m’luia' i(‘%.}{,; 200 f ormula: (2) Si 03i 2i

T has the formula: RSSiOm,
T" has the formula:  (Z)Si0;p,
and Q has the formula SiQyp,

where each R', R®, R R Ris independently at each occurrence a hydrogen atom,
Cy.p alkyl, Cyop alkoxy, Cypp alkenyl, Cq.14 aryl, Cop alkyl-substituted aryl, and Cg.p
arylalkyl, which groups may be halogenated, for example, fluorinated to contain
fluorocarbons such as C,, fluorcalkyl, or may contain amino groups to form

aminoalkyls, for example aminopropyl or aminoethylaminopropyl, or may contain
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he m xture of alic ic and aromatic epoxy resins is
be |@r sPabiitien dog 3- cyclohexenylmethyl 3-cyclohexenylcarboxylate diepoxide
(commercially available as UVR 6105 from Dow Chemical Co.), and bisphenol-F
epoxy resin {commercially available as RSL-1739 from Resolution Performance
Product). In another embodiment, 4 suitable epoxy resin includes a combination of 3-
cyclohexenylmethyl-3-cyclohexenylcarboxylate diepoxide and bisphenol-A  epoxy
resin (commercially available as RSL-1462 from Resolution Performance Product).
Where a bisphenol epoxy resin is utilized, the bisphenol resin preferably is present in

the epoxy resin in an amount ranging from about 1% by weight to 100% by weight of
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where X can be from 0 to 50 inclusive, preferably X can be from 0 to 10 inclusive,
and most preferably X can be from 1 to 6 inclusive; where each R’ and R” are
independently at each occurrence Cj.; alkyl, Cys alkoxy, Caap alkenyl, Cs.14 aryl, Cq.
22 alkyl-substituted aryl, and Cea2 arylalkyl; and where Y is represented by the

following formula:



where X can be fromO to 50 inclusive, preferably X

can be fromO to 10 inclusive, and nost preferably X
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The difunctional siloxane anhydride utilized in the present disclosure as an epoxy
hardener can be a single compound or & mixture of oligomers with different lengths of
siloxane chain which are terminated with the Y moiety. The difunctional silq;cane
anhydrides are included in the hardener component of the composition in amdunts
ranging from about 1% to about 100% by weight of the hardener component of the
composition, preferably in a range of from about 10% to about 90% by weight, most

preferably from about 10% to about 40% by weight.

- Preferably, the dianhydrides of the present disclosure are of the following formuia:
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S Si OFi2ORR" R/ R RR O X where X, R and R
W%Jr"gs"‘é@“ifefi ned above in formula (1), i.e., XPEAASBYW4/038009
fromO to 50 inclusive, preferably X can be fromO to
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U. S, Patent . 3,775,442, is preferable. An exanple
diffefent begtby of hleshze dfinhegke dfednhydrides is set forth

bel ow in Scheme 1. 10 WO 2005/ 061588 PCT/ US2004/ 038009

Preferably, the difunctional siloxane anhydrides utilized as the epoxy hardener are
produced by the hydrosilation reaction between S-norbornene-2,3-dicarboxylic

anhydride and silicon-hydride stopped siloxane oligomers of formula
H- SiR”;-[O- SiR’y]%-0-SiR”;-H (4)

where X can be from 0 to 50 inclusive, preferably X can be from 0 to 10 inclusive,
and most preferably X can be from 1 to 6 inclusive; and R’, R” = methyl, ethyl, or
phenyl, most preferably methyl. The hydrosilation process is performed in the
presence of catalytic amounts of precious metals such as platinum, rhodium or
jridium. The complex of Pt° with divinyltetramethyldisiloxane, referred to as
Karstedt’s catalyst and described in U.S. Patent No. 3,775,442, is preferable. An

example of the synthesis of these dianhydrides is set forth below in ‘Scheme I,
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WOR00FI6IRBR' X (Schene 1) In one enbodi nent, ®PR&/US2004/038009
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am ne epoxy hardeners tygi €8MY§{ i ncl ude aromatic
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(Scheme 1)

In one embodiment, the oligosiloxane dianhydride of the present disclosure is
synthesized by hydrosilation of 1 mol 1,1,3,3,5,5-hexamethyltrisiloxane with two
moles of 5-norbornene-2,3-dicarboxylic anhydride in the presence of Karstedt’s
platinum  catalyst. In one embodiment, 5,5-(1,1,3,3,5,5-hexamethyl-
1,5, trisiloxanediyl)bis[hexahydro-4,7-methanoisobenzofuran-1,3-dione] can be uséd

as the difunctional siloxane anhydride.

Optionally, the siloxane dianhydride may be combined with other known epoxy
hardeners, including amine epoxy hardeners, phenolic resins, or carboxylic acid-

anhydrides.

Exemplary amine epéxy hardeners typically include aromatic amines, aliphatic
amines, or combinations thereof. Aromatic amines include, for example, m-
phenylene diamine, 4, 4'-methylenedianiline, diaminodiphenylsuifone,
diaminodiphenyl ether, toluene diamine, dianisidene, and blends of amines. Aliphatic
amines include, fofexample, ethyleneamines, cyclohexyldiamines, alkyl substituted

diamines, menthane diamine, isophorone diamine, and hydrogenated versions of the
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and Technol ogy of the Epoxy Resins" B. Ellis (Ed.)
Chapman Hal |, New York, 1993. Exenplary phenolic
arorh@t$d dsamiys. ¢ aldnybiiatixing ot whenotpoﬂigrhmd@f@kw@@y also be used.
condensat i on roducts

[ugtragias exFaREH T Hﬁs@é’o%%?ﬁ?’%ﬁ I B EBHE L T ity and
Tecﬂﬁdié%sg&ﬁhet gif R@sﬁ@é"’tB @E@{ﬂ@ @hdphnaMaTAIR kv BbAL 1993,

rati of f r mal dehyde | ustrative exanpl es of
phenolic resin hardeners are al so described in
Exeh@epi shenpliantpsiFebipirellpgichiie t Reenphdsnaiadiyg copdensation

proﬁﬁt Sar Fé}lg}@?ﬂ,ye AREn 1}5@(&1&% hew %Sf é’gs@? ggl“hese\m Llﬁ‘s U085 €ve

FepresentatiVe I'ves
con@éREBSIEpeUndtH of iffetdneph@pbxyitl Ommljsahmlanﬁuios t)f fmrlhqh]dehyde

apparent to those skilled |n t he art tha&ﬁg %5 d
IHUWI@? iexagples ehrhexelip tasingrdeners #Fegisp gle in “Chemistry an

Tecm(glpgm%fwed% b8 RASnERY @%hélgﬁcﬂnven}%}ﬁﬁﬁ% mm%ﬂhu@%

scope of t Exenpl ary
Whﬂﬂ hlb{eie imteda e ntesreptusetiativay ofbalditings uted toiprémotseusibgwé the

epOﬁaé &%&ggyawggﬂ{mg&? g)egﬁ{ﬁs,%ﬁtﬂ c%l!elc ?JM_”{#,H LY onr materials such

as Hﬁﬁl@ﬂﬂrﬁfﬁﬂ@@%ﬁﬁ@@ IRl deby RNRYRIE I8k be used as hardeners and thus -
2-cyc|ohexanedlcarboxyrlc anhydri de,

fall bmhymtha[szom: qf]t}m@pwestleme 2, 3-di car boxyl i ¢ anhydri de,
nmet hyl bi cycl o[ 2. 2. 1] hept - 5-ene- 2, 3-di car boxylic

Exe%?p dri}{ﬁﬁgngglt h& t§ %}g@g%ga{_s)h 'mcm(& 1’!11' {He above dianhydride

Réxah iC an
epoﬁﬁ dﬁ@@méfss teedatly Cmallnli@’ dmtﬂﬁhemhgzﬂﬂophthahdz Eﬂnbydﬂdey VIHEPA),

| orendi c, anhydri de, tetrah t dride
metﬁﬂ(ﬂetf@'ﬁédllopk‘@ah%\ndali’ﬁyﬁf iff-es 1> ﬁ@? E]Eﬁx %%ﬁ%ﬁ%)%f ngnhydride,
b1oygcl?£fg.r h88.-52nel ??‘%‘icaw& ﬂ@@bﬂ%”drﬂ@ AUy RUGD DS 1HBY-5-ene-

use ustra I ve exanpl es are descrlb in
2,3 dChenixytic y aﬂddﬂféﬂahnphtd)glyc ofanhpdsidep oxpyroRelitiss" dRinhydride,

S SRR e, PP

cl}l&en&‘@)’anhlyaﬂ&@' te@@&lﬂ&%?hth&l@dv afavdeide2nghd @6l tliken and HBBkiures
I n-sone enbodlnents he difiulctional siloxane

thexanﬁy Bombinadpng pempises at least $wP FehY F14esCuTRgsgenls dnay 3lsp be
useg.i ﬂusg'ﬁf:\?er gi%%g%)lés Igﬁésgu P{ldrdhggﬁ%w-rﬁﬁhﬁécﬁl%ﬁ%% xy !ec]:ipoxy

blen a car
Res&&isl”dBarEmﬁr(Ede @Iﬂapﬁmihn’ilallj Npwi & ah) APPdHnndl m (Bpse Resins

ChaFEAGET AP e By dr 18 VBB R S o 200
ahﬁ&ﬂqbggorganlc anhydri de such as hexahydrophthalic

In some embodiments, the difunctional siloxane anhydride of the present disclosure is
miscible with liquid carboxylic acid-anhydrides. The difunctional siloxane anhydride
may be blended with a carboxylic acid-anhydride to form a liquid solution. In these
embodiments, the epoxy hardener preferably includes a difunctional siloxane

anhydride in combination with a liquid organic anhydride such as hexahydrophthalic

anhydride, MHHPA, or tetrahydrophthalic anhydride, most preferably MEHHPA.
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groups and bisphenols. The alkyl alcohols may be straight cham branched or
cycloaliphatic and may contain from 2 to 24 carbon atoms. Examples of such
alcohols include, but are not limited to, ethylene glycol; propylene glycol, i.e., 1,2-
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dimethanol and particularly its cis- and trans-isomers; triethylene glycol; 1,10-decane
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d ont ai ni ng hydroxyl noiety can also be used in the
‘S% %nt disclosure. Exanples of suitable underfill

materials in accordance with the present disclosure

Exdnfi§lbdI 4 sGiedpd Raddr@NSm@terials in accordance with the present disclosure
mc]g!d;égiq%ggﬁggg loP%‘tcg%/llo}-lgxe%/d%lae%?yel)gegy)éllo%%;g%)l(galzI?chylate diepoxide
(commercially available as UVR 6105 from Dow Chemical Co.), bisphenol-F epoxy
resin (including RSL-1739 which is commercially available from Resolution
Performance Product), 5,5'-(1,1,3,3,5,5-hexamethyl-1,5,trisiloxanediyl)bis[hexahydro-
4,7-methanoisobenzofuran-1,3-dione] (TriSDA), catalysts including salts of nitrdgem
containing compounds such as Polycat SA-1 (from Air Products), and organic
compounds having a hydroxyl-containing moiety such as 3-ethyl-3-hydroxy methyl

oxetane, (commercially available as UVR 6000 from Dow Chemical Co.). In some
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(comrercially avail able as UVR 6105 from Dow Chemi cal
Co.), bisphenol-F epoxy resin (including RSL-1739
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typiGally i o PR R SR L ness PR AL S0 B BEREbLY in

a 1a§%‘ Y& tabBBN h&ﬁ‘to TB&utosb! 3 dakn a %ﬂgb &R ﬁ%ﬁ{‘&ﬂiuf‘ §O Hh Qbout
ut 85 wei ght % of silicon dioxid (S102)

150t1yrp| bangymuﬁi pretersgsout Tig0 qmﬂo@hlt s%cef iss funcuomahzr:@wnﬂe an
art. ze of the co
orsp BRI § S S Ghasbelne S Reilio Bk ot er s (run)
and about 500 nm preferably in a range from about 5
Orgnmwatkox gdilanés 200 tofimctiohiliveahe asigddsifsiioaci akouled 24 (Hithe
? about 150 nm bei ng nost preferred. The coll oi dal
formgilg’i ca is functionalized with an or ganoal koxysi | ane
to form an organofR cdir R4, 1 zed col |l oi dal silica.
Organoal | coxysi | ane? g S%t 8 functionalize the
wheooR| Biioddpesidritlyat anch daeutranted: G ishhonavhient hyiroaattan radical

o RS A T oL o

gmu@@tdl @ga}L ] fod iR @ radibC RE Q@ ﬂideé@ﬂieﬁ\ﬂ)‘f Bt é‘sidﬁyéccﬁﬁéﬁdeaat S

nmet hacryl at e, epoxi de groups or C6-14 aryl or

monawdymt ysecashon Rgicek of adegerse nedigalaand se'h isoe siiotenergber
equeﬁl to 4— tg 3 1%%9‘(/9' %Péfeﬁaﬁﬂ;“ﬁ]%% Eﬁ%ﬂ_{){%?%?ﬁ% Elcl?ldg'(y 91 FE50 present

d1sclosure are 2-(3,4-epoxy cyclohexylethylirimethoxysilane, 3-
glycidoxypropyltrimethoxysilane, phenyltrimethoxysilane, and

methacryloxypropyltrimethoxysilane. A combination of functionality is also possible,

Typically, the organoalkoxysilane is present in a range between about 1 weight % and
about 60 weight % based on the weight of silicon dioxide contained in the colloidal

silica with a range of from about 5 weight % to about 30 weight % being preferred.

The functionalization of colloidal silica may be performed by adding the
organoalkoxysilane functionalization agent to a commercially available aqueous

dispersion of colloidal silica in the weight ratio described above to which an aliphatic
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equal to 1 to 3 inclusive. Preferably, the
or ganoal koxysi | anes included in the present
WO08TPd8k%r e are 2- (3, 4- epoxy PCT/US2004/038009
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col | oi dal S|I|ca pre- dispersion. The resulting
dispgisipain ot e y! HREPrdaaHPR b (aicaly heated Enm rasge theteeacibout
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hou@f silanol and al koxysi I ane groups may al so be used

to aid the functionalization process. Such catal ysts

i nc] ude or ano-titanate and organo-tin conpounds such
The ggo att}aggm GAHt OTEAHG RE@ISPYFIPR AT then further treated to form a final

dispb SRR ‘BP%}ébfu%(:ﬁ&%‘h%@CC%ﬁgf@%F &licad 'bguﬁé’dlﬁélp 4 !:@HB@ Epoxy

or conbi nations thereof. In sone Cases, stabilizers
mongwets arsolgzomedr axlyoriodally, Gaort elipizietsbiMepi whmhdnawlba)seyected

TEMPO added to thi
fronfyiouf ol BHICEHE il sre GRS Tarmany | SrBYBre ey
acetd1AbREné,Mnd coMBARIBES WBRDE, aDRY tfinaP@GperfiBA 0B RRULINARPGzed
for a period in a range between about 1 hour and about
collojgal sHisgmaay be treated with acid or base or with ion exchange resins to remove

acidic or basic impurities.

This final dispersion of the functionalized colloidal silica is then concentrated under a
vacuum in a range between about 0.5 Torr and about 250 Torr and at a temperature in
a range between about 20°C. and about 140°C. to substantially remove any low
boiling components such as solvent, residual water, and combinations thereof to give
a transparent dispersion of functionalized colloidal silica in a curable epoxy monomer,

herein referred to as a final concentrated dispersion. Substantial removal of low
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An effective amount of capping agent caps the functionalized colloidal silica and
capped functionalized colloidal silica is defined herein as a functionalized colloidal
silica in which at least 10%, preferably at least 20%, more preferably at least 35%, of
the free hydroxyl groups present in the corresponding uncapped functionalized

colloidal silica have been functionalized by reaction with a capping agent.

In some cases capping the functionalized colloidal silica effectively improves the cure
of the total curable epoxy formulation by improving room temperature stability of the

epoxy formulation. Formulations which include the capped functionalized colloidal
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silica may be further functionalized. Low boiling

conponents are at |least partially renpoved and
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the élgﬁ%rrgmﬁt@t% g}ﬁ(fg %fm s e]ngxglﬁee gcgiv%g:]%}é (?cgsc‘é éafi\nc% a%erformed

by apslyiegnidanahd oasuirherBeferablyietht rsahepa mrdmcdneépgr Eeatbmg the
is then heated in a range hetween about
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the pre rsion was
to abeaMSaﬁom.t Wt hesuttappireg flag qrowdeatan %s&bsmndu raeioheasl with
deionized water and dry. The dry nano-particles can be subsequently re-dispersed in

" the curable epoxy resin.

In another embodiment, the filler may include the functionalized colloidal silica
described above blended with fused silica having particle sizes ranging from about

200nm to 20 microns.

A reactive organic diluent may also be added to the total curable epoxy formulation to
decrease the viscosity of the composition. Examples of reactive diluents include, but
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epoxy nononer is added to formthe final dispersion.
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reldHv¥Gh A%e aBIRBE 8f tiRUG] @Sirable epoxy formulation. Examples of flame
3-(2-nonyl phenyl oxy) - 1, 2- epoxypr opane or )
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ich_ na . N L dyl hemel o roani
G B e S O S R e
phobphmt hdeghamelenald epoxy resin (tetrabromobisphenol A) , metal oxide,

metal hydroxides, and combinations thereof.

Defoaming agents, dyes, pigments, and the like can also be incorporated into the total

curable epoxy formulation.

The composition of the present disclosure may by hand mixed but also can be mixed
by standard mixing equipment such as dough mixers, chain can mixers, planetary
mixers, and the like. The blending of the components of the present disclosure can be
performed in batch, continuous, or semi-continuous mode by any means known to

those skilled in the art.

19
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erature in
device where underfill, overmold or combinations thereof is needed. The underfill

material can be used as an encapsulant fo reinforce physical, mechanical, and

clectrical properties of solder bumps that typically connect a chip and a substrate.

While imderfi]ling may be achieved by any method known in the art, preferably the
underfill materials of the present disclosure are used as no-flow underfill.  The
process of no-flow underfilling generally includes first dispensing the underﬁil
encapsulant material onto a substrate or semiconductor device, placing a flip chip on
top of -the encapsulant, and then performing the solder bump reflow operation to

simultaneously form solder joints and cure the underfiil encapsulant.
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about 100C and about 200C, nore typically in range

bet ween about 140C and about 180C over a period of
Wwotdopeoosasgi ng from about 30 minutes to about ICHMSE®H/038009
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The underfill materials of the present disclosure permit the formation of solder joints
before the underfill materials reach a gel point, yet the underfill materials are capable
of forming a solid encapsulant at the end of the heat cycle. The underfill materials of
the present disclosure have the ability to fill gaps in a range between about 10 microns

and about 600 microns.

In accordance with one aspect of the present disclosure, a packaged solid state device
is provided which includes a package, a chip, and an encapsulant comprising the

underfill compositions of the present disclosure. In such a case, the encapsulant may
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footprint area. The anmpunt of no-flow underfill is
carefully controlled to achieve an ideal fillet size,
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The cooled reaction mixture was then mixed with 300 ml of hexane. A precipitation
of white powder was observed. The solid material was separated by filiration and
dried in vacuum oven at 50°C. to afford 180 grams of the desired difunctional
siloxane anhydride. ]ﬂ, 281 NMR was conducted using a 400 MHz Bruker Avance

NMR which confirmed both the structure and purity of the anhydride.

EXAMPLE 2
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WO 2005/ 061588 PCT/ US2004/ 038009 be introduced to the
chip by processes including capillary underfill,

Whyodpd@sunderfill; and the |ike, preferably PEJI/US2004/038009
no-flow underfill. Chips which may be produced using
the wunderfill conpositi.on of the present disclosure
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Eanmgip aci @ﬂ g£raes ¢h 1 -raethowmy- @@1@1@@@%@1%@1}@5 §@y@1§@nd-ﬁr§eg1ams of

o L T B R SR, D 3 0 218
susgg Sidnedadi bRGdd nal 4 jg,'drﬁ%al‘kﬁlt@wﬁﬂ@rx@%mzﬁbrcﬁﬁﬁl aviilYible

s conducted using a 400 MHz Bruker Avarice
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resgltm)g%lspersmn of funcnonahzed colloidal silica was blended with 40 grams of
3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxylate (UVR6105 from Dow
“Chemical Company) and vacuum stripped at 75°C. at 1 Torr to constant weight‘ to

yield 87.9 grams of a viscous liquid resin (Resin 1).
EXAMPLE 4

Preparation of resin 2 containing stabilized functionalized colloidal silica. A 1000-
milliliter (ml) flask was charged with 300 grams of the colloidal silica pre-dispersion

1 from Example 2, 150 grams of I-methoxy-2-propanol (Aldrich) as solvent-and 0.5
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EXAMPLE 2 22 WD 2005/ 061588 PCT/ US2004/ 038009
Preparation of fincttionalized colloidal silica
wopoes/diEger si ons. A functionalized colloidal PEIIUSZ4/035009
pre-di spersion (pre-dispersion 1) was prepared using
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PHPE Rours to give a clear suspension. The resulting
pre-di spersion 2 was cooled to roomtenperature and
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yield 88.0 grams of a viscous liquid resin (Resin 3).

E

- EXAMPLE 6

Preparation of resin 4 containing capped functionalized colloidal silica. A round
bottom flask was charged with 100 grams of the colloidal silica pre-dispersion 2 from
Example 2 and 100 grams of 1-methoxy-2-propanol. 100 grams of the total mixture
was distilled off at 60°C. at mild vacuum of 50 Torr. 2 grams of
hexamethyldisilazane (HMDZ) was added drop-wise to the concentrated dispersion of
functionalized colloidal silica. The mixture was stirred at reflux for 1 hour, After 1
hour, the mixture was cooled to room temperature, Celite® 545 was added to the flask,

and filtered. The clear dispersion of functionalized colloidal silica was blended with
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Preparation of resin 2 containing stabilized
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CTE of the cured underfill materials was determined with a TMA7 Thermal
Mechanical Analyzer from Perkin Elmer following the manufacturer’s directions.
The sample was heated in the TMA furnace from 0°C to 260°C at a rate of 10 °C/min
under nitrogen atmosphere. CTE was determined in a temperature range from 20‘_’(3 to
100°C. The onset temperature of the change in the rate of thermal expansion was used

to determine glass transition temperature.

Adhesion was determined by the following procedure. A drop (~ 0.07 grams) of the

degassed no-flow underfill material was dispensed on a FR4 board coated with solder
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was distilled off at 60C. at mld vacuum of 50 Torr. 2

grans of hexanethyl di silazane (HMDZ) was added
wodopeoassse to the concentrated di spersion of PCT/US2004/038009
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Table 1 below illustrates the effects of the addition of difunctional siloxane anhydride
(TriSDA) on the adhesion and crack resistance of no-flow underfill compositions

based on resins 2 and 3.

Table 1

Components LA 1B 1C 1D

20



Mechani cal
manuf acturer's dir

ections.

under nitrogen atnosphere.

tenperature range from20C to

tirepgpature of the
Xxpansi on was used

enper ature. Adhe

s5change |
to detd

l-on-was—g

Anal yzer from Perkin Elnmer follow ng the

The sanpl e was heated in

CTE was determned in a

n the rg
rmne gl

at arm ne
e+

tse of t he

ass trang
r~| h\l _Lha

100C. The onset

r mal
ition
f-ol-1-owi-Ay

Retieduge. A drop
o-fl ow underfill

00T —.M

(- 0.07 g
mat eri al

éans) of
was disp

the
ensed on

deq%\

ssed
a FR4

%ﬁ?ﬁEﬁg ted—wth

4/ 038009
was pl aced on the

-

Quruer 4
mask (Tc
t op of th

VWO 20
\l yo/ PSR |4
e drop.

?Iggblbtiti

The resy

gFass chi
[ting

ARBDA mas cured i
he tenperature

n an over

S ranped
hal r~| -Fr

using f

blsbow ng
n 30C. to

220C. at

s EkoYaYa

ate .of 30C/ m-npnute

Bolvedl $417€0C., h

t andard FR-4 and

hen cooled to 30 .

Eﬁgﬁgﬁqr_ré§rér“(ﬁoq VA
sse y gi/vas perfo

HBOd at 1
Adhesi

up fron

%@; for

on was d

%@Tm nut €

et er m ned

211

using a

Hem
rmed usin

hi gh_Tqg/

7Inc.)
| ow CTE

g the follow ng g

qgofhe Fli
FR-4_hoar

@Oﬁhlp'
rocedure.

ds were

sed for assenbly
aldtledidrashsdidey emask

gﬁ gpﬁgﬁga efin

of the solder ma

OQ S (N O QO = W0

e
S

havi ng el
urface fi
ﬁ7 The 4

by a re
k (Taiyol/

ectrol yt
ni sh (pr

d pads| o

P80 ni ckel
ocured fr

£}

angul

A cont

bot h
pSBredhcn o9
PSR 4000) .

>50M th a
om ToplLi 1

TRl o,

roll ed

hﬁbcédurn:

WO WeS/GaVE8sf ur nace from OC to 260C at a rate of PCO/US2HHH38009

174

e

It

@éﬂﬂng‘ﬁurﬂ% -AADY
usi ng a 22-gauge n

of the conponent
pileD8asVC baked al
re placed using
chi ne
of-T AEakd p
i111seconds. Refl

hbmport/N

grdaed i1
eedle in

f oot pri nt
15125C. f
an MRS|I 5
BRI

FAcement

Corp

5 0pdIey |
a dot p

05 auto

ﬁi W th

ad dwePt
ow of these test

b 500@sclgk

ternin

area to test boards
0#2 2 houd43 Flip
tic pick
placene
tinme o

S 3e0sades
the cent é

tHip die
and pl ac

500

11

e

ehi cl es

force
was

Vs GO chsds! ow oven

e Ifinf RIS
GL%ﬁﬁgngﬁgﬁyﬁﬂgﬁ% 2 8tan cﬁ%utectlc tin/lead profile
with a soak zone. A post cure step of 1 hour at 160C.
As ahhdr geef lioWahis l.nboesbtioys vothcbripDat kad pecedemnt aesion and

go%1Pgﬁt6n%etp%*s[%gpﬁéﬁﬂ§ﬁg&%é&gﬁ%‘f\l\ere subjected to
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Tal1® 2belbWeietats O Kefedramh & ffdre e RANSET i SolA S tesobserved

(Oxnard, CA). The sanples were
adhesion to solder mask for an underfill composition based on resin 1.

Table 2
Components 2A 2B 2C 2D 2E
Resinl/g S5 5 5 5 ;]
MHHPA / g 2.33 2.28 2?2 2.09 1.73
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noni tored for cracking and electrical continuity

t hrough thermal shock testing by probing with a
wodiogs/eabssmul t i met er from Fl uke Corporati on ( EWPETALS2904/038009
WA) and by visual inspection under magnification,
respectivel y. Table 1 belowillustrates the effects of

[Ffb ition of |gi funchiignal sjgmxanepaphydride i6

(l I SDA) on the |adhesi pn and ctrack registance |of
no-flow underfilll conppsitions! basedl on resins.2

Blyctadhel Ag Conpghéht s [0A1EB 1COHHBS. 26|MdS2005/ 1588
PCT/ US2004/ 038009 Resjn2/g 5 p Resin|3 /g 55 MHPA

56— 153 Tri 53 Pot yC SA=T
4551’31‘@1/* B o1 0B850 b GLYNDJO(%O D5 07 85 0. 07
>50 >50 Adhesian to sblder magk / Pounds to break 17 .
187 no break no Break [racking|during=A88TS 5 ciysbes 5
Lcekes >td0Qataegl es > p00 cycles Tg (DSC) /C (157 142
143 140 CTE ( TMAJ)Z ppm C 49 47 57 56 [@ELYMO -
asil/ PoradsdppreiyPt r i rre3ﬁ&xysi| e froprdesal| i poRwek

As can be seen iin Tablg 1, formlations with Tri SDA

a et on I resi nce 1043
]Lcﬂ@)c@fbdurl ng ?ﬁg %%gt est %gbl e igga ow
|IIustrates the [effect|of différent |pvels of [Tri SDA

5 ’h?lﬁ efyed sadhes|sgn to sqhder ngk for apo
und gtfﬁ’corrposml on pased onfresin L. Table R
Conponents 2A 2B 2C 2D 2E : _
AEAPTMS ~ Aminoethylaminopropyltrimethoxysilane from GE Silicones.

The formulations containing even small amounts of TriSDA showed improved

adhesion compared with the formulation lacking TriSDA.

Table 3 below illustrates the effect of different levels of TriSDA on the observed

adhesion to solder mask of the no-flow underfill composition based on resin 4.

- Table 3
Com'_ponents 3A 3B 3C 3D 3E
Resin4/g 5 S 5 5 5
MHHPA / g 2.52 2.46 2.40. 2.26 1.87
TriSDA /g 0 0.13 0.27 0.56 1.25
Polycat SA-1/g 0.009  0.009 0.009 0.009 0.009
UVRG000/ g 0.17 0.17 0.17 0.17 0.17

4262 [3690 4397 6244

Adhesion to  Solder
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Resinl/ g 55555 WMHHPA /g 2.33 2.28 2.22 2.09
1.73 27 WD 2005/ 061588 PCT/ US2004/038009 TriSDA/ g O
WOo20e2005885 0.52 1.16 Polycat SA-1 / g 0.014 O.PCTBIS2004/038009
0.015. 0.015 0.016 AEAPTMs gg 0.05 0.05 0.05 0.05
0.05 >50 >50 Adhesion to solder mask / Pounds to
1\%%%@,1? 1 30.6 33 no brleak no bfeak Tg (DSC) /gns/7 .
70 159 163 | CTE (ITMA) ppn C 41 43 43 47 5t0
AEAPTNS - Aminoet hyl ami nopropyltri methoxysila
AsheSiohi tooklesiinufle f or nul ati ons| containi ng even snal |
nmount s .of _Tri SDA sho i nproyed adhesi on coppared .
%Of‘ﬂdscti?&l?%ﬁ' nul aﬁl on | ACKi 28 Tﬁ?‘SDA Tabl e 3 bl ow
illustrates the |effect| of different |¢dvels of [Tri SDA
Tﬁa ppserved jadheshign to sqglsder mask of thess
f1ow underfl IP conppsition based on resin 4, Table
3 Components 3A 3B 3C BD 3E Resin 4/ g 555pB 5
AVHEPBVIA)BpR/ 52 2496 2. 40 2. 26 5087 Tri58DA / gP® 0.13

0.27 0.56 1.25 |Polycaf SA-1/ 9000900090009
0..009._0.-009 WRe000 /lg 0 17047 0 17 0 17 0O ADECD

UVEb 8900 39 73-gihala3-hydrray eyl ooxstinige fin S e{aps zﬁb%wbm@gwlaﬂy
avi el 820908800 a1 Meshey PSI 6050

As can be seen from the above, formulations containing difunctional siloxane .

anhydride had improved adheston.

While the disclosure has been illustrated and described in fypical embodiments, it is
not intended to be limited to the details shown, since various modifications and
substitutions can be made without departing in any way from the spirit of the present
disclosure. As such, further modifications and equivalents of the disclosure herein
disclosed may occur to persons skilled in the art using no more than routine
experimentation, and all such modifications and equivalents are believed to be within

the spirit and scope of the disclosure as defined by the following claims.
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Adhesion to Alumi num/ Pounds to break 3 14 14 17 27
Tg (DSC) /C 166 160 166 161 156 CTE (TMA) ppm C 49 49
50 54 56 UVR 6000 is 3-ethyl-3-hydroxy nethyl oxetane,
an oxetane diluent comercially available from Dow
Chem cal Conpany As can be seen fromthe above,
formul ati ons containing di funetional siloxane
anhydri de had i nproved adhesi on. Wile the disclosure
Clheigibheen il lustrated and described in typical
enbodi nents, it is not intended to be |[imted to the
details shown, since, various nodifications and
subsgti t urthelﬁae_:rﬁ%oﬁ?om@lﬁcdmgrnmgs _departing in any way
fromthe spirit of the present Tdisclosure. As such,
f ur ehlest MRPOKE sasiroinsomnthadeuivith helsass ooé epdxe hardener, the at
o] B3] e e o e RS B L R PR e, and
ex pénrtheeatrairistng, a @tididal dilicuiier fodtibhaiabd otk aand

equi,val ents are helieved to be wthi the spirit and
orgfgg?%ong; l?atnﬁ @“é ﬁ%"d’i‘%@ Eﬁ'r@glﬁélza et ¥ edc Bgﬁ'?’ﬁé‘g?‘ﬁl 1! ngipagger to
ab&lt 300 RanomdRerClafl WRereinlthe S8V IINASHLA |d en@OUPBESHY 4 QN lating agent.

conprising; at |east one epoxy resin in conbinat’ion
with at | east one epoxy hardener, the at |east one
epoxy haf‘ﬁeetﬂw%r rfﬁp&}?ﬁﬂoﬁéﬁ%g r% cl 1%%%6 \«QWCIQM V,We'rémﬁ‘!e at least
si | oxane an ygrlde, and further conprrsing a

one difirotical sidddancatfyiltilehastnoimolaal i zed with an
or ganoal koxysi | ane and having a particle size in a
range of from about 1 nanoneter to about 500
nanoneters, and wherein the colloidal silicais
endcapped by a silylating agent. 2. The underfﬁll
conposition in accondanceyw4h claim 1, wherei 't he at
| east one di fuAgtiTOnatg st oxage-anhydri de has the
formula: (t) ,)Q/S\RQ I X \%, SRR R R x "RR
where X is fromo®té 50 Frel ive, each R and R' are
i ndependent|ly selected from '

where X is from 0 to 50 inclusive, each R and R" are independently selected from
the group consisting of Cy.; alkyl, C).22 alkoxy, Coa alkenyl, Cq. 15 aryl, Cs.pg alkyl-

substituted aryl, and Cq.5; arylalkyl, and where Y is represented by the following formula:

2)

where R*-R"° are each independently selected from the group consisting of
hydrogen, halogen, C;).;3ymonovalent hydrocarbon radicals and substituted C;.13)

monovalent hydrocarbon radicals, and W is selected from the group consisting of —O-—~

30



the group consisting of Cl.22 alkyl, C-22 al koxy,
C2-22 al kenyl, C6.14 aryl, C6.22 al kyl- substituted
aryl, and C6-22 arylal kyl, and where Y is represented
by the followng formula: Rl12 (2) ORs Ro R OW
R14 R O R13 where R9-R15 are each i ndependently

sel ected fromthe group consisting of hydrogen,

hal ogen, C(1 _13) nonoval ent hydrocarbon radicals and

an@USit -1 UvBdleitIR_k3glectBPiiOMaheoup ysHsREAE BOIY did@dh C@l&gen Cii.

and Wis selected fromthe group consisting of-0O
13) BRBOvatgRd by drogralan radipals answibitvied Cﬁlrl@mmﬁéalﬁ}t@m%mcarbon
radd@nsi sting of hydrogen, hal ogen, CO i 3) nmonoval ent
hydr ocarbon radicals and substituted C(i.i3)
nDnovaIent hydrocarbon radicals. 3. The underfil

CoE e T ler il rebon BT E Sl igisie X MR Bnig i gm0

to 0f inchugiven 2, wherein X in fornula (1) is froml to 6
i nclusive. 5. The underfill conposition of claim 2,
wherein R and R' in fornula (1) are selected from

t heq gr ouphcanRit é(ﬂrg)oglftloﬁ:%f g% inf b, We?éﬂ}h WIn'fOIWlQMg %is from 1

ethyl, and phenyl The ‘underfill conposition
to ¢lnglumive, wherein the at |east one dlfunctlonm
si | oxane anhydri de conprises a m xture ofoligoners of
formula (1), and wherein X in fornmula (1) is fromO
to 30 i nCharsidedill cbmpbbigioh BH&kibi 2 |wf(é®é‘ﬂiJR$hﬁd RNiniformula (1) are
acco da ce wth claiml, wherein the at |east one
PURSqNSiAREO T rikey rorarik Hamethyb e%?ﬁm' phenyk)
O O
6. The underfill composition of claim 2, wherein the at least one difunctional
siloxane anhydride comprises a mixture of oligomers of formula (1), and wherein X in

formula (1) is from 0 to 10 inclusive.

7. The underfill composition in accordance with claim 1, wherein the at least

one difunctional siloxane anhydride has the formula:

where X is from 0 to 50 inclusive, and each R’ and R” are independently selected
from the group consisting of Cy.z; alkyl, Cy.2; alkoxy, Ca.oz alkenyl, Coqaryl, Cezz alkyl-
substituted aryl, and Cq.; arylalkyl.
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], O OHCO~"SIO-Si CHZ O "R\R" RR x "R R' where
Xis fromO to 50 inclusive, and each R and R' are
i ndependently selected fromthe group consisting of
Cl-22 alkyl, Cl-22 al koxy, C2_22 al kenyl, C6_14 aryl,
C6-22 al kyl - substituted aryl, and C6-22 arylal kyl. 31
8. The underfill conposition of claim7, wherein X in
formula (3) is fromO to 10 inclusive. 9. The
undgr f i | Theoorp@Bi doinosicibn 6f @aif 7,,whated &iiR fofmium GRsmMdnao
&9) is froml to 6 inclusive. 10. The underfil
to gRHBEYEi on of claim 7, wherein R and R' in formula
(3) are selected fromthe group consisting of C1-22
fluoroal kyl, methyl, ethyl, and phenyl. 11. The
und®rfil Theclbﬁplzféh dompasitien ef cldim 7 whetesr Xiin farhelee@) Isd |
unctional siloxane anhydride conprises a
unﬁﬁgmgké of oligonmers of fornmula (3) and wherein X in
formula (3) is fromO to 10 inclusive. 12. The

At Toast 5 ICR PP GO Loy it R CTBAP NG are

Idchl fEnP R oBbibi 7iC, iy @ xabudr eRbt R dreny!.
“:anhydgldegﬁﬂ%ﬁ%yl%@?ﬁah§d¥@%hthgﬁlc agﬁydp ﬁ n%

cycl ohexart edi carboxylic arthydri de, blcyclo(2 2.

) hﬁl{;lt bi&gﬁg@%}%‘@ﬁ%g@?éﬂ déﬁgl ’;Q&%%UC%E%B l)%aﬁt one difunctional
siloantchaptydritie, coplptibal a mixtiaa biydidoders @i omed {3)tanal:whelcm Xin
..dia dr de dr opht hal i ¢ anhydri de,
ﬁ“ﬁ%@@%%ﬁfpgu%g’ﬁ%EgY%W%ydrlde di chi or omal ei ¢

anhydri de, chlorendic anhydride, tetrachl orophthalic

anhydride, and m xtures thereof. 13. The underfil
n’éosu t ihsrngerfiglcamppsition efraiaiay |, Sesthsr Fanpripiee dtileqsi ere

he RO har, consi sting of

m12e %%3ﬁeiaﬂeﬂﬁﬁﬁﬂ&%&fﬁgggﬁﬁg i;%])%S[g’{llhzg(lézrahydrophthaI|(:

tnetamhyzdﬂrlwdh@phtamlmb andydrickey ohiethy hietheaily il o pathhiycarihgldride] 4,2- The
nde osjtion of ¢lai erejn th .

eyl BF Tt o8 Ry B e pror So L hbna gt 2 s e e

anhpdeddy hethiylRs RaxX Y. 311N RPES-ene-2,3-dicarboxylic arthydride, phthalic

anhydride, pyromellitic dianhydride, hexahydrophthalic anhydride, dodecenylsuccinic

anhydride, dichioromaleic anhydride, chlorendic anhydride, tetrachlorophthalic

anhydride, and mixtures thereof.
3. The underfill composition of claim 1, further comprising a liquid epoxy
hardener selected from the group consisting of methylhexahydrophthalic anhydride,

hexahydrophthalic anhydride, and tetrahydrophthalic anhydride.

14, The underfill composition of claim 1, wherein the colloidal silica filler is

functionalized with phenyltrimethoxysilane.
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32 15. The underfill conposition of claim1, wherein
the silylating agent is hexanethyldisilazane. 16. The
underfill conposition in accordance with claim1,
wherein the epoxy resin conprises a cycloaliphatic
epoxy nononer, an aliphatic epoxy nononer, an
aromati ¢ epoxy nononer, a silicone epoxy nonomer, or
combi nations thereof. 17. The underfill conposition in
accasdanq@e whddil b@hpaskionl dficldhar, Gaeeinithe f101atiag QLR is
catal yst. selected fromthe group consisting of am nes,
heppdbfisbaranget al salts, salts of nitrogen-containing
compounds, and conbi nations thereof. 18. The underfil
conmposition in accordance with claim1, further
comjél si hge uadenfyidi p«zmydsatomnn accnw dagcemmb nbrm $,etlvimtiedﬂw epoxy

romthe gr gg gﬂs stln% | q _
‘esé'i‘ RUEFS @ RYEPPRBHE D% Q“%{He‘uﬁ’b%mhi"" fig epé’é%ﬂl%’&f"?‘F‘bﬁ“
an&ﬁumrepsxmoﬁdméreaet1cmepeppmnérﬁ@| & dofhbir€ 6y thékdon
wth a colloidal silica filler functionalized with an

or ganoal koxysi | ane and having a particle size ranging

frogyaboyt, &n&@ﬁﬁ% IeﬁrO% 1999&&6&%9@\&1[{1@@@&“ %nh@%@n@hsmg

| east one epoxy wherein the at | east on
a cgproveial yssadentet fron thpr dregscansisding Qﬂ"mnnn@naﬂlosshm@xmnel salts, salts

anhyd d f the f | a: .0 Q.0 HZCSi CHZ 0 R
Ofﬁtm e'{)é% ﬁ?ln&;ggﬁgo&rdgg "?rCS%%baP%nS%erF?{g usi vle, and

each R and R' are independently selected fron1the

group consi sting, of Cl-22 alkyl 22 alko
al kégyl gﬁ“&d&r@ gampasgiopn amegﬂlanceswﬁ%ﬁ ity att%ﬁrypmpusmg

h?iﬁlﬁl)x@co%gauﬂﬁé/ Lahkybo se?e@fied‘ﬁb‘?r‘fwﬁl' %15@%09&&1&'0@ Acofdid, iaP@ne

] I's 33 functionalized
digdh ghygerokiangphenelssi | ane and wherein the coll oi da
silica is endcapped by a silylating agent.
19.  An underfill composition comprising at least one epoxy resin in
combination with a colloidal silica filler functionalized with an organoalkoxysilane and
having a particle size ranging from about | nanometer to about 500 nanometer, and at

least one epoxy hardener, wherein the at least one epoxy hardener comprises a

difunctional siloxane anhydride of the formula:

Jos Teﬁi

where X is from 0 to 50 inclusive, and each R" and R” are independently selected
from the group consisting of Cy 2 alkyl, Ci» alkoxy, Csosalkenyl, Cs.i5 aryl, Ceap alkyl-

substituted aryl, and Cg.2; arylalkyl, and wherein the colloidal silica filler is
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20. The underfill conposition of claim19, wherein the
silylating agent is hexanethyldisi |lazane. 21. A
packaged solid state device conprising: a package; a
chi p; and an encapsul ant conprising at |east one epoxy
resin in conbination with a colloidal silica filler
functionalized with an organoal koxysi |l ane and having a
article si.z rangi ng from about | nanoneter,. to, about
bt Lge8 matcRPen TN la0e 2B Bhes S S IRl Aipe is endeapped
bywhahRitiRgthBgitat | east one epoxy hardener conprises a
difaﬁit?ogg1 sil oxane anhydride of the formula: (3)
OO0OQ 00o0x2c ys~~s ~s cxz R R x "R R' where X
is fynom ' bve, C and R are .
indé@énd§#%ﬁ9é%g$g@bé%hﬁgfgﬁpgﬂg®§?%§%“?@%%5%¥?ﬁ§g%¥w
heim&Ryldiskydane.Cl - 22 al koxy, C2_22 al kenyl, C6.14 aryl,
C6. 22 al kyl - substituted aryl, and C6-22 aryl al kyl,
and wherein the colloidal silica is endcapped by a
si | yliat i ngpRERHY solkPstard D6viBREHFHRehes0l I d state device
of claim 21, erein Xin formula (3) is fromO to 10
i nclapgrkage; 34 23. The packaged solid state device of
cl aiymy, erein Xin fornula (3) is froml to 6
incﬁUsﬁ%g?¥g4. The packaged solid state device of
cl aiameRdapsulive cemnpriftig @rnehsRind apokpragial ia coBinadsrewith a
jndependent |y sel ected fromthe group consjsting of = |
coi859 S‘f‘f%ﬁﬂ%&f’%%@mﬁ@ﬁﬁm an fgsﬂxﬂa&%@a hElyTavinge paifigle size
raRakRgadbs! i dnshatifo dBMitG80 Ahndthd@édMiilar 1M RIePothe

at | east one ) . . .
hardener, wherein the at least one epoxy hardener comprises a difunctional siloxane

anhydride of the formula:

3
o o}
Q 0
O O
o AT T o :
R RY R ® X 6 R”

where X is from 0 to 50 inclusive, and each R’ and R" are independently selected
from the group consisting of Cj.x alkyl, Cy.2 alkoxy, Caz; alkenyl, Co.14 aryl, Cs.22 alkyl-
substituted aryl, and Cg.p; arylalkyl, and

wherein the colloidal silica is endcapped by a silylating agent.

22. The packaged solid state device of claim 21, wherein X in formula (3) is

from 0 to 10 inclusive.
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di functional siloxane anhydride in the encapsul ant

conprises a mxture of oligoners of fornula (3) and

wherein X in formula (3) is fromO to 10 inclusive.

26. The packaged solid state device of claim?21,

wherein the encapsul ant further conprises at |east

one anhydri de epoxy hardener selected fromthe group

consi sting of nethyl hexahydrophthalic anhydri de,

mst Byl t et hapagtlagep holiditite daviby df dlde, 21, wherein X in formula (3) is
frok ? (yclohexanedlcarboxyllc anhydrlde bi cyclo(2.2. |

1% Eﬁ 8ﬁ§ 2, 3-di carboxylic anhydri de,

nethylblcyclo(z 2.1) hept-5-ene-2, 3-di carboxylic
anhydride, phthalic_ anhydride pyronellltlc )
di a¥‘{ ‘hy dFicrackagsd seldivep e tiss plcclammidriersin R’ and R” in formula
R G N e e L T LR
ethal hydiplied®l, and mi xtures thereof. 27. The packaged

solid state device of claim 21, wherein the

encapsul ant further conprises a liquid epoxy hardener

sel 2.t edTie @ukidae s@liddife devisd Sitdldigh 21 wherein the at least one

met hyl hexahydr opht hal i ¢ anhydri de, hexahydrophthalic
d'ﬁa’}‘eﬂ%ﬁl i aﬂ%%l*ydtlé@t dhy aﬂ?%aﬂt'%waplaﬁw ghixtye, of pHgoneys of
10:@@&*@}3&@ V\?‘!@ié]ﬁi )@1%%1%@@(’3)959&91(1 o&habMcAkivewherein the

l'oldal silica l'er “in the encapsulant is
functlonallzed mnth phenyltrlnethoxy5|lane 29. The

gf‘%\f‘gf?ﬁ%odacﬁaﬂ%& %1 qega( g%r\g o(f)f c(f 1m éﬁgm&cnlg@psuq@ﬁb
furthacdoagedesalidast cﬂl‘e&hh?ycﬁiﬁiwep@li}oﬁat@dnaﬂ m&ﬂcd fwhetheigfouphe
a nt c
corg il T hQ{ﬂ hé‘%ﬂBRﬁMﬁ%&**%we&Wﬁ@Wt@p@bas&ﬁnhydl ide,
1 2@&@%{aned1@alﬂbcﬁ{y%f&ﬁﬂ)@:1@@%’&3&0@1‘@ 'Tﬁ{e;l)t—ﬁer?d ) B%%%&Q%y

monomer, or cofbi nations thereof he “packaged

anhyyidey methyibicywiaf? 2d lespt-8tear m pdicanverigianhyduide, phthalic
anhgg(ﬁzag?glgﬁ-&hmc tr{] h@/gl[ld ﬂgpahﬁsn%ﬁpt%alc(‘c rn?uy%%}eﬁéésldseceny succinic

rom e"gro u
anhpthodp Hichmsgmateit ahh)&{alldb,Sc,h iwaldi Garmfydtmd!d; (chgetioopmhalini ng

ant§ SRR R 0 GRPI nat T ons - thereof . 36

27.  The packaged solid state device of claim 21, wherein the encapsulant
further comprises a liquid epoxy hardener selected from the group consisting of
methylhexahydrophthalic anhydride, hexahydrophthalic anhydride, and
tetrahydrophthalic anhydride.

28.  The packaged solid state device of claim 21, wherein the colloidal silica

filler in the encapsulant is functionalized with phenyltrimethoxysilane.

29.  The packaged solid state device of claim 21, wherein the silylating agent

is hexamethyldisilazane.
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30.  The packaged solid state device of claim 21, wherein the epoxy resin in
the encapsulant comprises a cycloaliphatic epoxy monomer, an aliphatic epoxy monomer,

an aromatic epoxy monoimer, a silicone epoxy monomer, or combinations thereof.

31.  The packaged solid state device of claim 21, wherein the encapsulant
further comprises a cure catalyst selected from the group consisting of amines,
phosphines, metal salts, salts of nitrogen-containing compounds, and combinations

thereof,
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