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underfill materials utilized in electronic. devices.
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viscosity of the encapsulant.

. While a new process, no-flow underfill, has been developed to address these issues,
the use of resins ﬁlled with conventlonal 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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resulting onposition also has enhanced adhesion and
difiast esd esloanta nokyiride s¢ekanwedenst and optional reagents. In some
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 adhesion and possesses enhanced resistance to

cracking during thermocycling.

“Low coefficient 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
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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.

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

at least one aliphatic group and at least one epoxy group. Exarhples of aliphatic
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the cycloaliphatic epoxy resin is 3-cyclohexenylmethyl —3-cyclohexenylcarboxylate

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
trifunctiona] 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.
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(Z2) RR2Si 012, D has the fornmula: R32Si 212, D has
the formula: (Z2)R4Si 2/ 2, T has the fornmnula:

R5Si 812, T' has the fornula: (2)Si03/2,
D’ has the formula: (Z) Si0y/, ‘

T has the formula: R® Si0s3s,
T’ has the formula:  (Z)Si0s5,
and Q has the formula SiOy,

where each R', R?, R, R*, R’ is independently at each occurrence a hydrogen atom,
Ci2 alkyl, Cyp alkoxy, Cs.o7 alkenyl, Ce.14 aryl, Cs.22 alkyl-substituted aryl, and Cg.;
arylalkyl, which groups may be halogenated, for example, fluorinated to contain
fluorocarbons such as C.p fluoroalkyl, or may contain amino groups to form

aminoalkyls, for example aminopropyl or aminoethylaminopropyl, or may contain
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3 53&nﬂpa@ppﬁpyﬂ.4 ring carbon atons. Sone illustrative
non-limting exarrpl es of these aryI radi cal s include

hen . bi phe and t
chrafiRton e SshaPe Br LR B AR s bl e g pegd in
the SomBesitionsdofthé prebdrd AisoRkORYE.g., 2 GoiRtIre18f aIDz[lB:yOIﬁc é}hﬁy and an
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bd %id@ﬁqbiiﬁatiphebé rﬂbjlcﬂeolﬂuenylmethyl -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, & 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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'R Rl R R

YRR. R R RR. X
llR
X

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.p; alkyl, Cy.2 alkoxy, Cy.p alkenyl, Ce.14 aryl, Ce.
2o alkyl-substituted aryl, and Cs.p2 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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al koxy, C2_22 al kenyl, C6.14 aryl, C6- 22
aIkyI-sHhstituted aryl, and C6_22 aryl al kyl; and where
oY is,sepyesented by the following fornula: 8 WO
' ‘ / US2004/ 038009 R12 0 R15 R10 R11 O
where R9-R15 are a nenbers
hydr ogen, hal ogen, C(1-13) nonoval ent

acarbon radicals, and Wis selected
diyval ent hydrocarbon radical -CR2--,

R has tH® same definition as RO-R15. In some
8 pents the R and R naxzpe hal ogenat ed, for
exanpl e fluorinated, to provide fluorocarbons such as
Cl1_22 fluoroal kyl. Preferably, R and R' are nethyl,
ethyl, 3,3,3-trifluoropropyl or phenyl, nobst
preferably R and R' are both nethyl. The difunctiona

s, SR bl Tt B S e
m xture of, oli W diff t t f .
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Sar%qghﬂﬁmgggﬁngpyt 1%t o about 1OQW§by wei ght of the
H&rgener coimmponent of the conposition, preferably in
a range of from about 10%to about 90% by wei ght, nost

Inmbﬂlfeelnﬁimﬁynémmhedb’omid H’O%ay@eébbugﬁnat@%fgyem . ¢ fluorinated, to
prg{zigg g’{u%%%r’@%? SB% ﬁg ag{ dcl?rggl%ll.t Breefgrag@,e Rt aga %J Ql%%gthyl,
ethyl, 3,3,3-trifluoropropyl or phenyl, most preferably R and R” are both methyl.

The difunctional siloxane anhydride utilized in the present disclosure as an epoxy
hardener can be a single compound or a mixture of oligomers with different lengths of
siloxane chain which are terminated with the Y moiety. The difunctional siloscane
anhydrides are included in the hardener component of the composition in amounts
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 formula:

€)
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PP 6505 HaERk e, 108 QORI BReass, Rona &
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diH?énH%’ﬁ%tﬁ%f Mxard dhbh Adg be ugedpr ef erable. An  exanpl e
of the Synthesis of these dianhydrides is set forth

bel ow i n Schene 1. :
Preferably, the difunctional siloxane anhydrides utilized as the epoxy hardener are

produced by the hydrosilation reaction between 5-norbornene-2,3-dicarboxylic

anhydride and silicon-hydride stopped siloxane oligomers of formula
H- SiR”,-[O- SiR’;]x-O-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
iridium. 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 1.
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woabusaaesssO T = 80 - 120C OO O 2C Si Si/ Si eEwus2104/038009

/" O ORR R R RR X (Schene 1) In one

enbodi nent, the oligosil oxane di anhydride of the

present disclosure is synthesized by hydrosilat®on of
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fi byl CHz

mbodi S 1. 343, 5, 5-hexane -
, 5, n d|yI bi s hexahydr o- 4, [{- mef ha 0|sovenzof
ur, ah- 1 e]| cgh\be used as the di et
siToxdne d&hhydr|i dé. Rptionally, the sil oxane
di anhydri de may*be conbi néd with other known epo
hardeners, including am n¢ epoxy hardeners, phenollc
resins, or carboxylic aci ¢-caglkstdri des. Exenplary
am ne epoxy hardeners typi céblugnd ncl ude aromatjc
am ks, aliphatic am nes| Tk &DNI0EtL I ons the'eof
it i ¢ am nes include, for exanple,
4, 4" -met hyl gnedi &ni i ne,
h-nylsulfore, dian1nodipheny|

dlarJ idene D
f ‘ , c chexy gi ni
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J
Ohydrogen. ed verS|ons tﬁ%_

(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 used

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

diamines, menthane diamine, isophorone diamine, and hydrogenated versions of the
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epoyypfocmulagionsdl ‘Ndbap’ﬁéteﬁ}’t%téﬁ tesiphtheadit Eiahathgtimpigeals such
HPA)., . t h h [ .
os SO R g BN PR AL s 0 g o s
fall mtnﬁle@&q;e%fah@nmnﬁ@xyl iC anhydrl de,
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d
epg%for il %ﬁuéﬁhﬁgg RoYdrh R ylh&a@x%&?ﬁﬂﬁﬁh@'a%h%ﬁt&é (MEBIPA),
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Ellis (Ed. (s) New York, 1993 and in ngxg

heﬁemm@phtmi@mnby }deaﬁ@ﬂevwlﬁ%%gfyanhyg@ql% dighigyompaleig anhydride,
el k | 8 I

Chi/a Gh‘én%r&l éfd%eg)ﬁt J{s%%%}}%m%ﬁh glﬁmtl og&ﬂd i%oxg%e %{%hégcrllﬁlxwres
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usgéy hya}s rgtive s a5f g?ﬁggge%nt Rﬁjgne%{%@é/fﬁc nology of e %poxy
RE&G- BNMIAS 1(HE.)t @hzfp%di‘? falll Qv B UHOOR. anldnirf MBEExy Resins
Chemistry and Technology”, edited by C. A. May, Marcel Dekker, New York, 2nd
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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 MHHPA.
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Examples of organic compounds utilized as the hydroxyl-containing monomer include

alcohols, alkane diols and triols, and phenols. Preferred hydroxyl-containing
compounds include high boiling alkyl alcohols containing one or more hydroxyl
groups and bisphenols.} The alkyl alcohols may be straight chain,/ 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-
and 1,3-propylene glycol; 2,2-dimethyl-1,3-propane ,diol; 2-ethyl, 2-methyl, 1,3-
propane diol; 1,3- and 1,5-pentane diol; dipropylene glycol; 2-methyl-1,5-pentane
diol; 1,6-hexane diol; dimethanol decalin, dimethanol bicyclo octane; 1;4—cyclohexane

dimethanol and particularly its cis- and trans-isomers; triethylene glycol; 1,10-decane
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include combinations of 3-cyclohexenylmethyl-3-cyclohexenylcarboxylate 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 nitregen-
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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Exanpl es of suitable underfill materials in accordance

with the present disclosure include conbinations of
wG-200s0cisexenyl met hyl - 3- cycl ohexenyl car boxyl at 8CT/US2004/038009

di epoxide (conmmercially available as UVR 6105 from

Dow Chem cal Co.), bisphenol-F epoxy resin (including
emBolimiend? Ml%ﬂleh& -KOBFERKC kel Ysidhakb aREE- 146D Mrom Resolution

Resol uti on rf ormance Product)

Pegfosnance Brodudt) sna. hexspetinyilace f the bisbsagidtirssin. bila[ ether

enBUBNES = HafaTHOR0R, SRR ARG o BB can be included
withONi S Ao goreothpepodishadater.as Pol ycat SA-1 (from Air
Products) and organi c conpounds having a

drox | - cont ainin nnlety uch as | - 3- I aX
ﬁ%? bodiz ket dhe § 5%%%1%95}1@93%% 5’15 '8 ST Rgle’dé udes a

dlsg&@mnmo@gﬁm Gba 59 filled. NCSIRNBA) s;lfca\@@a@%{s@(ﬁﬂ-éﬁs%bmlc] on-
CT/ US2004/ 038009 enbodi nents, a bi sphenol - A epoxy

sizeé siliva ((Sien [eRstiGRSL in] &6 2qfa0nsmoRETI usplvent nedifor riha celloidal

Pr oduct din pla eof the
siich SRS PPt B5 Bstebh 2 BE S1igon ibidk CROBS hrically v to
ab@ith8t ettt SYCY aBcdHiBAIdeanThe phielalsied ofWwhé Rolléid8DAlica is
to formthe epoxy hardener. In sone embodi nents, the

tymwéls{yn AE81EY h@twqq@eabswelswnm‘t@& (wBL#ns ahoat #)Qmnypreferably in
a r,l?l i ecgﬁ %Egl]ltl fn@ﬂ? L8 lﬁr%@fm”r? %1 }95 ga%lge %!f Iﬁ'o?ﬁ?l ‘t?o%t %O nm tonabout

i'Ca I's a dispersion of
1561 @radba&hg i mast( ;SrdiféﬁedoarThac lceHoidal aiticagise ﬁlf&tl@ﬂalﬁbﬂl ewith an

sol vent d| u The col | oi dal ains up to
orgeRIk OB ﬁ’?ﬂn/%farggpp ueeﬁlpr@i%@é eﬁla & 91%')3 2.and
typically up to about 80 wei ght % of silicon dioxide.

Or %aﬁ&‘)&frél&h@s 8dedQo %nétﬂ&ﬁal%' th® b@l%ldﬁ' dili&2ark $nctuded within the
ypically in a range between about 1 nanoneters (nm

formda:about 500 nm preferably in a range from about 5
nmto about 250 runy,? '. range of from about 20 nm
to about 150 nm bgRr‘?\é\é Lols{%“ibr eferred. The coll oi dal

wietd RCR ih8eferbttiyanahilzeduitide 20, 18%W&hlkM5¢drMadlcal
to forman organofunctionalized colloidal silica.

optiprsdo rtsk yiangtignakizeds Bith: elkylAeryiaim atlikyle mefhacrylate, epoxide
o Rl B A B
maesientehgkoeartdn b oouaiyeindgehyddioslarbdi‘al agdi oehole number
eqlgzﬁhl naI | %g@g{y}egﬁ’%e’t{eég ;%}%goarlgelmzo% oxymﬂne al lgiudeg 11}/ the present
disclosure are 2-(3,4-epoxy cyclohexyl)ethyltrimethoxysilane, 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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groups or C6-14 aryl or alkyl radical, R8 is
i ndependently at each occurrence a Cl-18 nonoval ent
woydspeesskon radi cal or a hydrogen radi cal, an#@Ctas2008/038009
a whol e nunber equal to 1 to 3 inclusive. Preferably,
t he organoal koxysi |l anes included in the present
alddhSIChastded @alded2- TR fes@P@Ycomposition comprising the functionalized
cycl ohexyl ) et hyl tri met hoxysi | ane, 3-
co]écplsi@, @bg@y Igp@ phe toggq@gglﬁggwglameaﬁl@lctlonallzatlon agent in the aliphatic
I e
achH?lhnlécdtre}f/i}q%@; b%‘rgfé% :;% A?IFE ncé]tsﬁé}ggg | ITalr?eahp Aatlc artrl,gohol {nay. be §elected
froﬁm bot na@rahitéd td So@to@ancﬂpsbutbhtﬂ 2-blyemiok; aindyeontbieations thereof.,

anoal Si. | ne IS in a range between about

ug*ncefk iplniee Aassies BOIALY ah% Tapep BERFepADIHd R Figkabout

10%1@51* {hE O HinP Xk gﬁlca@ rataala@gregéht th @hec%de%ﬁ@dlloﬁ% sil%@ pre-
a range of from about wel ght

dﬁmemgMI % bei ng preferred. The functionalization of
coIIoidaI silica may be perforned by adding t he

g SER0P AR ab SRl TR B i aci o ue
to agtlttahdﬁn 9 dc@of Bast AEWeRiag bther azlth@'stﬁ gﬁcﬁﬁétﬂ%dcoﬁﬂéﬁéﬁtion of
to_which an aliphatic 15 WO 2005/ 06158
sﬂmtﬁtfezléew%laee BPUPHMEYIREIC teased i piddbel Amctigppdization process.
h I
Suglgl%?’t]afyg@ %1819?9 %f’ aﬁab 3“3‘}1 geo %?dé gﬁaﬂ l‘glglxcﬁ)sn.fil#brﬁﬁéé & aszﬁﬁabutyl
titdnatec titanivah ISDpIdpo}Oylﬁg{ecﬁtyladet(bﬂmﬁa)a(ﬂlb‘@ﬂyﬁin dilavadte, @ @bmbiations

defined herein as a pre-dispersion. he al i phatic
thezgtfohol My BEMSel &8I CHHET ﬁt‘ﬁ |4 t ‘Eﬁy@foxﬂ%,é-

tetfa%%{)@@ﬁ&@dmylbxy Ut N hydRoBHTENNAPO) aRd Cmdﬁé’d 1gn ﬁnT ypre—

t her eo The amount: of” al i'phatic al conhol is typical
dispersenr aktgercbdting ere-dibpausion if tpwabindeatbdut a raigefhotvdeenfabout

! i con oxide resent in t u
SOOI LP4°CE OB S8t SharerdBPevtrD ki and about 12
ho@kganof uncti onal i zed col | oi dal silica can be treated
wWth an acid, or base to adjust the pH An acid or

base as wel|l as other catalysts pronoting condensation
ThgfcoolgdIt@ﬁ@paraﬁdaratm@pyesdtsmreog nd s ﬁmﬁtneratrg%edo@ f@@da final

dlsivgrs on o% ht%e]c R 8{ ‘!)l”tlaﬁ]l%e c%‘il 119c%e%?'| addst‘I Ocﬁa 8%ra§ CI;?poxy

ude or gano- anat e an or gano-

maodnict dradligoplers dd @helly, irhdra rahjdlﬁﬁtlc solvent Wthh may be selected
|sopropoxyb|%£acetylacetonate di butyltin dilaurate,
frogy et st namitehdo 1shiogsol |l imethery- %ﬁ@@n%t hiefhoxgrspropyl

ac%étg hto n%,y gr OXW@% fefiof! ?Birs %&Elgﬁ o %e%h&i@ﬁahzed

nmay be a thrs
coldmslqdesﬂmammy Behteeatebwith neid op besed:trsrpttr mn@noha&gtz yq;smsab rgmove

. eat% in a range between about
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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50C. and about 100C. for a period in a range between
about 1 hour and about 12 hours. The cool ed

wonresgpeasent or gani ¢ pre-di spersion is then fuPCnIS2004/038009
treated to forma final dispersion of the
functionalized colloidal silica by addition of curable
r | i
o e s e e iy i s 1o give
cohdenirbted silioa dsppsiopanotajning fremtebryt D% topaw B0% silica.
1- met hoxy- 2-propyl acetate, toluene, and conbi nations

t her eof . .Thi.s final..di spersi.on.of .t.he, f ' i .
whae R Tort g SRE SUBR4E R, F AL Lagfosiin
préfbiablyl 8eht@Ke FaR@RERAIINSilikon r&oTde as. tei flinctioaliaed icolloidal

inmpurities. This final dispersion of

t
silicandt sushal dage dhecamowit @4pilispn fiogidedn f}rf»‘efgneaé SARBATITYH eap range
fl’Ogl’g %ﬁctgut glggﬁ)/ ?cg HH5:! "/g P&gﬂ%@nb&‘ e G haf B&Hfa%g?glﬁ gg&'& #0rably

rran nperature I n
ﬁ-dﬂetaw@ﬁmsam?tabammrw abight, ahd 0ost tpweferabsit fota abhduy 30% to
renove any.low, bojljng conponents. such,as sol.,vent .
P uaY WHEEpT AR bOHEH A P EPegoEB gy g ler i

esstehfiﬂié)p%ﬁﬂ}m | gRETRQN 1ebufinetthonBsdidRd €ahp&Ritthdl, and this
stlitca in a Curable epoxy nononmer, herein referred to
disisbwtiohi merhaiopnetaie ratt eebndi wpwesiton. Abgwsahthegpin “uniformly

.removg] of low . 16 WD.2005/061588. PCT/ / -
ity gP R EEIBR REeT & et TR Mo IR ALt Sguat e ggine
trafQpdrd g conponents to give a concentrated silica

di spersion containing fromabout 15%to about

80% silica; Wwere a functionalized colloidal, silica
Where| fanctianalizad pollnidalishlacar ssyiflized gn dBepeeser| digclosure, in some

insﬁ 1%:]23? [Rb! ¥e-&@$§r§i’og Sorf 1:15]@ CEARNMJFEsh BF heE FhBbRaiAR @loidal
e uncplona Ized colloidal “silica. In such a case,
silidaemayrbe furtiodr fahdtionahizedti okoetebailmg banponeats arormp desist pastially
can range. from about 15% to about 80%b i ght qﬁ .
refR¥ed fhLFUbSRSBLY-(ANGRPIOREIRE (FPRINEAZETY ’agwﬁﬁ{%%m Seidual
h@&ﬁ?féﬁ%ﬁ@&"rﬁ}bdf e irgkion AN d PBRSi AR Sfi@ 8 Alided mam kst in a
0

about”™ 70% by wei ght of the final cured resin
raggenpawietn ebout TheS dioles gindatboyt |10 dingsi the emquant of silicon dioxide

essential | ni forn LStk .ed t g By
PIEeEE b LB PSS SRETPr o H%*F:l déltsﬁei%slgg‘d i se[rﬁ%db%?‘li‘%’ ol F’E gV naoting
codfdbifts 8¢ ufcadirdie raTersab witovaPef astdedbt bissueil0% ofithé eotall amount
di'stri buted"” neans the absence of any vi

ofgpwdiglingaeanpanentssarchprgfesidy.<it dgest %l@uhéo‘%t ‘?f]alﬁ% {eipleppount of

low boiling components.

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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Where functionalized colloidal silicais utilized in
the present disclosure, in sone instances the
wonreosticsisgr si on or the final di spersion of thePCT/US2004/038009
functionalized colloidal silica my be further
functionalized. Low boiling conponents are at | east
silRE" dhb@! f¥ich fb@ﬂavx%@n@%@%&%%@&hiyysha@ranala W@PfdriiRtions in
cappi ng agent that will react with residua hydr oxyl
whicintikicolaildal splieafhas met besmerppadal i zed col | oi dal silica

is added in an anount in a range bet ween about 0. 05
s and about

ti O.ti S C di
Exlgpﬁaé*%tcapﬂmghaegea 1%?118 |§e}r1 | na{n ge!rlgiseg&h a8l 191§t1ng
agBRk! | abxapreyabf of kipMath) Iagragt mdnﬁ@nebmt sams nesetimited to

herein refers to renoval of at | east bou;fﬁlO%

hexgnethyldirdlazane GIMDL BerametylgisHisnenyny; Hame‘glyldﬁsﬂazane
dl}ﬁ{e\?\lﬁ’@é’t@% e¥hgy] gtilaast about I@Q&hﬁéth)trlﬁ?yﬁd%tﬁﬂllaﬁmu nt Of 1-

nmponénts. An ‘eftfective ‘anount of cappi
(traganylsﬂﬁpﬁmﬂdzelet uncttrmmamylc}zlenbsximie Oi qmntasmdthsdelﬂamdmloxane
ped functl onal i zed .col | oi dal

peRBPIR IS P iog GO P IonS Criah dole Terhyes PR is then
heg{ed 1S%S%anég2§$tv%¥eﬁf%%ﬁgtb?d°@t 31%%&’[ PAPC. 1Y £ pBfi6d ef adin a

' |'eas ree h roxyl groups present in
rafifrebaaeee apand. fihourscaphelgbuft ulr&cluounsn alThz edsultgol moktded is then

ﬁlgelééflblc i@trﬁgégqqg ?Eqr}ﬁgg % I1 %que@;v%@gglﬁ. qaréﬁﬁg té};f?nr‘g at leargt one curable

epfoﬁ{/] bR ?sedade&i ligi iy shd iRl efifRediby el Yhe MRLAMRS of the

cure the total curable epoxy fornulation by
functmmhzerdgcoﬂloahd siinp&r tiewpueable miohomeris gpneepirated g R pressure in

LB PN S0l S8 OB e AP St

di55eli 52 PRAY I8 Focess, | lowar S&lﬁﬂ% Fuspoiaits Qichragaivent, residual
tenperature stability than anal ggous fornmul ations |n
walh, &yptqqi@ct@ iith¢ @apping e REIYABYh SENPEap5EY, capping agent,

rﬁ;cton i aﬁt%.ng ek RIop greasgﬁ %‘[Elﬁ?udu'}%ﬁig%dw droxyl reactive

ating agents. Exanples of a
silylating agent i ncI ude but are not limted to
Inheodiee temblodinsank, tharfenc(tidMElZiaed filéstr manephstictis siah deaiselated from
di vinyltetrameth

th@ldfﬂﬁ’éﬁiﬂntl@i ergh)é(?%gf sdyil ln? a?gﬁ golvent removal process can be performed
bWaé#l&fngeﬁéy lagiél ek h et PekedaBlfethe lsolvent is removed by heating the

hyl'silyl)im dazole, trimethylchlorosil ane,
dlpmmam hyqempmmd rasiging&nm abqye A0HEe BYPEi K10 Ex ahe pressure

and conbin S The
1
roPgng R HEr el 19E] e el TR g TRER 3o 1 howr
toodHout 44 A8&s. Mok rasuded free-Abwtpawkiel arbe subsequently washed 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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range between about 0.5 hours and about 48 hours. The
resultant mxture is then filtered. If the

wonressticsIsgr si on was reacted with the cappi ng agemus2@u/038009
| east one curable epoxy nononer is added to formthe
final dispersion. The m xture of the functionalized

ar€ Abl Bintal 18] hddedylbRcidE ethif, abl i@y DR9EBhexagie diepoxide, di(Beta-
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. @ ar.
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supf o RE-ARE b Eh: R Be By ol T Pob IR Riy)-1.2
epsRyprepener ediheatlilpmicebshaaay be upat inolude dslydigyl thsry phghenol
. heat and vacuu Preferably, the ent is r ved b
ltsﬁ]éataP‘S:gs‘ibﬁBmt Serdls ofughy a5 éﬁﬁ%‘%}gﬂ?oé’ r%ﬁlﬁﬁ&g ﬁk}e 81}/’ 3
Ci 15 AolPr 8% bRNGLARE1HHDB], 4-t-
m%ﬁ%#é%r?@’t o2 g%%gj?gﬁo%o%?uttyg;rhéa geri p%ﬂ%‘ent ime r g,h%i ng
butylpenabdiphehylpberol and 4«basnylisrepiidsne)phgnot.esul t i ng
free-fl ow powder can be subsequently washed with
ei oni zed te r = ' :
ASGERRGTEREISY Fln RS pErebiny R S R RBEIC L PR nion
sutR apot hefalemotiamedilaned he(efd. | | grammypropgliridethokysilane,  3-
functionalized col]loidal silica desgribed

. . b
glividoromeen moriesetilagr) i ca HUTRAThRN V‘@F‘&’YQ?%‘&?%%C% and
coniHiMtBs Q{n%lé@lﬁgé& in Pomcttﬁe 2 Sk oRiSh 4 t?g@zﬂly Y€ a range

organi c nt may al so be added to the to cur abl e
betwestyatfont U186 bprweight add abeuis 2ot heweight of theytotst: cuigble epoxy
.conpasition. Exanples of reactive diluents include,
foptlatign \wp 2005/ 061588 'PCT/ US2004/ 038009 are not

limted to, dodecylglycidyl ether, :
FihméirBi¥tdahtsGi &) @Eﬂﬁ?ﬁa bélueoxi the totsli duBdll@epoxy formulation of the

(3, 4- epoxycycl ohexyl ) ethyl) -tetranet h%/Iodi Si, | xanf anq1 0
presembidirsltasresing & e3ngs foetwemBaehoul 8- o Pgeht ¢o ant @gﬂkﬁs Grggrieht %

NG | QPRfUREh ' ORI ECHPIAUBHS

w4 i e BEHORA' QBB CROXY, RFmAROR, BAAPIANEE Rame

reRegdres enttae i prescax divplossreofnchsia cphadpharemides; trgphed, phesphate

(Tgﬂrl)st P]%%(prtiég]hgggmts&{%q?l(@h, q)?srplh\e/gcgll-a\f i%hgsfphgtge(%%lA-DP), organic
Ssphit YARNENYEGMYH- dhody GRE% Y RH@ABRIMSoINphenol A) , metal oxide,

p%s%%pggir}y# pheny#ox_y) ‘%IID 57 X P )

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.
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epoxypropane. Qther diluents which may be used include
gl ycidyl ethers of phenol itself and substituted
wohesgessssuch as 2- net hyl phenol , 4-met hyl phenaCT/U82004/038009
met hyl phenol , 2-butyl phenol, 4-butyl phenol,
3-octyl phenol , 4-octyl phenol, 4-t- butyl phenol,
Cuf’i‘n% hepxhiBheaRks angl tdnephienyini Seppe Pytweds nddmhESC. and about
AdheSi on "pronoters can al so be enpl oyed with the total.
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is(trimethoxysilylpropyl)fumarate), and conbi nations

ORtioBikbnith SBEPd) siath <8t PSRRIl AUETRFERTS & AyBhisapatyoen
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a 515}0 g%’/ we%‘k? &gﬂbvit%ﬁ)e t ot aﬁf t llJr alc})ll e e?c%iy fegr rruloati on. o

abbital’e° € ever dpericsl afaimepbgiogdionyalipart 38 stnitas torpboubd hpurs.
curabl e epoxy fornul ation of the present disclosure

in_a range b en.about . 0,5 :wei ght .% 0 .
TR GRPORSIoP dtaoF VP e SRR oot Y Sp o e dn the
epBRYX¥¥sirh A6 Pibdick Oe vmall gftedfalsl bRAR presémrdisidsard fesults in

t he present disclosure include phosphoram des,

untleififhanieriaphodpbitne mpTPPY, adheden ¢9 ieldeti b apd Alwninum as
wegﬁ%DsSP kﬂprﬁolggcg E?sgs%ﬁc@'tglc% %‘%{1@5&&( tﬁgﬁiggcé/lclﬁ&' gﬁmegver, in those

I"des, halogg poxy r
cafdsetvhaler trogickphesial ind)udes refiller, ake ddditiomeofathe functionalized

cogé%rﬁfgii,li%g)s}éSa?lngﬁ%ig‘?é%%{t{?geﬁgq%ﬁ gﬁl{ygl?éncéf? ggonomers and
di#“%%?&%? 'sAbSthe! %ﬂgdﬁ&e il dcBldanbdihAthl Be§REEMt disclosure has been

romulation. The conposition of the present disclosure
uneRyechydlh dnthdnoxerdvidatgoad soldemhalb8uningewhichyinsqoartdeatipn with

m. Xi n i pnen uch as,dough m xers, chain: . .
e SRR B b U B SRy
fusdd dihe:. CORPRBEAKS chpdditorPpeseRts hth 6tIBSuKgqROpdites and the

perfornmed in batch, continuous, or sem -continuous

gemodtion pf asiglicniasiss Hdnghcure Whidholsadssie) Joldeg balj clagaing,apd good
. 19 WD 2005/ 061588 PCT/ US2004/ 038009 Curing typical |y
JOH@@HPﬁ%gF-a tenperature in a range between about 100C
and about 280C, nore typically in a range between L
TiebonderfliB G taiuds deseribe® GOe. presentdiictosane, are dispemsgblesand hav

typi.cally occur_over ¥ [ ir
utg%g gR dfv%lﬁsﬁglg uQiBg,a%SRoe {rrlll?e% ?of, ctolnﬂa?lterrsa} ”s%'m’f&mfd{;é’{g}s, or any
device where underfill, overmold, or combinations thereof is needed. The underfill
material can be used as an encapsulant to reinforce physical, mechanical, and

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

While ﬁnderﬁlling 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 underﬁll
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 underfill encapsulant.
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3 hours, and nore typically in a range between about 3

m nutes and about 30 minutes. Optionally, the cured
woesisns18an be post-cured at a tenperature in BCTASYD4/038009

bet ween about 100C and about 200C, nore typically in
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PCT/ US2004/ 038009

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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Preferably, the underfill conposition of the present

di scl osure, which forns the encapsulant, is dispensed
wabsgerssseedl e in a dot pattern in the center POT/US2004/038009
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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 filtration and
dried in vacuum oven at 50°C. to afford 180 grams of the desired difunctional

siloxane anhydride. ]H, 2Si 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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underfill conpositions of the present disclosure. In
such a case, the encapsulant may 21 WO 2005/ 061588
WOCHsWsE884/ 038009 be introduced to the chip BgT/US2004/038009
processes including capillary underfill, no-flow
underfill; and the like, preferably by no-flow
Préfaefiohi lof - fukblififlinkd cddllsaial baligr qterdisgensimingg A hianctionalized
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5- nor bor nene- 2, 3-di carboxyl i ¢ anhydride, 150 grams of
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.e., a conplex of Pt with
A%ievﬂl ditigh Q%TQBmlo%hﬁied@%Bﬁiaﬁ§116'@5«% pfé@é’reﬂrﬂls She following
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soANGahb %fﬁs%ﬁ%%ﬁﬁéltbfnﬂ M@ @ﬁqlehyltrhﬁaﬁoxy'rh@mdgn dtirgmg. The
of silicone hydride was conpleted in 1 hour. The
mixgae tiaseates ta16@- 708ES. for Rrhouts tatgiBoTcleppyuspension. The resulting

et Siioq s 4B Eodrh e SREIRA R B aUIRRCT o

Corporation); the results showed 75% conversi on of

ESAMPIE ups. An  additional 20 ppm of the platinum
cat al yst was added and the reaction m xture was

oheaiedta o wninestop dneel oGRS 4 oo
ﬂfSQnQH§tcﬁQr§ t}f app! éﬁnﬁh&"’\@fe Bl Bdd NGRcad P2-dispersion 1 from

consunpt i Si-H~At that point the reaction
Exvinxilei2 el SKBgame of @emdtboxypdwrapenplePddughy as Fluew gof &P grams of

cheTotal o AR BT L RO AR
sus%en51onma§rlglg£de\ﬁa§xggq Qlatg?e[‘lﬁé f(ge?ﬁéé 1 Ogggd 3 (t:lﬁfg§ £dilable

vacuum oven at ans
dideslaceshs @afth fi¢teiing aild), cooled down to room temperature and filtered. The

resulting dispersion of functionalized 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 1-methoxy-2-propanol (Aldrich) as solvent and 0.5
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si | oxane anhydride. 1H, 29Si NWMR was conducted using a
400 MHz Bruker Avance NWVR which confirnmed both the
werusmb1ase and purity of the anhydride. EXAVPLECER/UR200¥4188009
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- 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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yield 87.9 grans of a viscous liquid resin (Resin 1).

EXAMPLE 4 Preparation of resin 2 containing stabilized
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unct oidal silica liliter
(Dletdil)s rﬁagﬁdingv\ﬂnssecfmmgécﬂlom take Sﬁofogﬂlamsth@fT%th@ bddbwoi dgsired

silica rs fr m e
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folth 3aARhOTable®Belo et RRleH \4k RydrR téhBraRre. TiTRe Mortiulitons were
was stirred at 70C. After 1 hour the suspension was

blbidsrddgdrosit tempegatares faetnpreximpiean 3 0( mimemaliei whic time the
ble i
TR0 B sHEPARTRCRY B oL PR r 200y
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bl ended with 30 grans of

4- epoxycycl ohexyl net hyl - epoxycycl ohexane
Gkaa$ tsesngitian depDRRBIOL TE} GYas [ﬁ%emgﬁ%‘i‘/ri anonaﬁﬁwaﬁwl Rifferential
ra [ Reso
SO, R BB o) B pBolm T TAChRltpes Q100
sybend. tAppmrofisiasely Memghtandes pif ehe B8eifillgmatesiabfwee sealed in
-viscous liquid resin (Resin 3). EXAMPLE 6 Preparation_ .
alumnn@s hermetie PARS| "ﬁlil%ijlff&’é‘ﬁﬁp‘éﬁrefhﬁﬁté@ FIORBICORLETWETAGF 43 P00°C.

at a rlate of 1né\rease ofd30°C/m1nute The heat flow during curing was recorded. Tg

was determined based on the second heating cycle of the same sample.

CTE of the cured underfill materials was determined with a TMA?7 Thermal
Mechanical Analyzer from Perkin FElmer 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 ZO?C 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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bottom fl ask was charged with 100 grans of the

colloidal silica pre-dispersion 2 from Exanple 2 and
waQosgeesss of 1- met hoxy-2-propanol. 100 grans 8E€THISE004/038009

total mxture was distilled off at 60C. at mld
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(1,1,3,3,5,5-hexanmethyl -1, 5, trisil oxanediyl)bis
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Capi)iwithap pAehgiment Excesl $8 grapey il placerprat #ﬁgq)i égfeBé}r%ﬁwof 500
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room te€nperature for approxi mat
refloRuWves (ManaComf)ivgingta stendabhd eutfeCt[dTuh/zbdad(’mOﬁ\hSNIﬂle gas&le done.
at high vacuum at roomtenperature for 20 m nut
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inspection under magnification, respectively.

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 1A 1B 1C 1D
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was determ ned based on the second heating cycle of
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(MannCor p) usinpg a stag}g{l&g §utect| c tin/lead profile
goprlresiganss 4R CrAGRBE dupng, Lréetep of 1 hour at 160C.
after refl ow was necessary to conplete the curing

Ta%t]@ﬁ beT(ISW ﬂﬁﬁﬁﬁé&' ﬂ‘q@ efffebpop Hiﬂ%‘ieﬂ’tﬂé@e@ WP RISl dnOthe observed
Air Thermal Shock (AATS)

adhesmn to solder mask for an underfill composition based on resin 1.

~

U

~Table 2
Components 2A 2B 2C 2D | 2E
Resinl/g 5 5 5 5 5
MHHPA / g ' 2.33 2.28 2 22 2.09 1.73
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(-55C to +125C) for 1000 cycles (dwell tinme: 10
m nutes at each extrene) in a thermal shock chanber
WO RUHRESSCO | ndustries (Oxnard, CA). The sanpPes/U820108/038009
noni tored for cracking and electrical continuity
through thermal shock testing by probing wwth a
% ngItl met ¢y fronyfbuke Qgngor atjpgn (Ever|gts,
]? and” by visuall inspection under magnificati|on,
respectively. Table 1 bHelow illjustrates the efflects of
Pobycackidtli/gn of . di.0uhct[D.Ohal siPOtane [@OA§dri dgd.016

Tri SDA) on the adhesign and crack resi stance df
o-fl aw 1rinde :

. ¥ reler-H AP t+ons sed restns and
AEABENS /£ Conporeit o 0519 0D o 200598%1588
PCT/ US2004/ 038009 ReSI n2/g 5 5 Resin3 /g 55
HAPA G 2 2 1.56[1.53 [Tri SDA /| g 1.56>3053 Pdgbygrat
%thl()ng Q 0LQef1 0.01 0.01 G.YMO/ Jg 0.07 0.[07 0.07
07 >50 >50 - Adhesion {to sol def nmask Pounds jto
ma@hkPWnd_ESOF@Cﬁabriélak no3®beak @Packi ngo&tiekng [persals

cycI es 5 cycI es > 500 clycles > 500 cycles Tg (|IbDSC) /C
57342 3 HO—CTE (T, pprf G, 49 47 6 CGLyYMO -
ﬁ%@?@é@ypr opyl Vel met 'I];\%J%(ysi I aﬁzaf ro Sili cdér;é:e)s.

can be seen |r Tabl e 1, fornulations with Tr|i SDA
ion jand googsresi sance to |50
Crac |ng|)hgr| ng t 2Ee AATIS test. [Tabl e 2| bel ow
| lustrates the effect jof different levels of Tri SDA
ABAPTMS obseinvetlylaadingsomyitrinetlsxlysitane fesk GioBiliagnes.
underfill conposition based on resin 1.

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
Components 3A 3B 3C 3D 3E
Resin4 /g 5 5 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
UVR6000/ g 0.17 0.17 0.17 0.17 0.17

4262 3690 4397 6244

Adhesion to Solder
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Tabl e 2 Conponents 2A 2B 2C 2D 2E Resin |/ g 5555
5 MHHPA / g 2.33 2.28 2.22 2.09 1.73 27 WO

waQeB/e6R888 PCT/ US2004/ 038009 Tri SDA / g 0 OPCR/US2(@%/038009

0.52 1.16 Polycat SA-1 / g 0.014 0.015 0.015. 0.015

0.016_ AEAPTMS / g 0.05 0.05 0.05 0.05 0.05
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UYR06900 is/Re0m0-3hysirgxy me@YI Pxgtang, g pregng yhlgggzcoggggmauy
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As can be seen from the above, formulations containing difunctional siloxane .

anhydride had improved adhesion.

While the disclosure has been illustrated and described in typical 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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WD 2005/ 061588 PCT/ US2004/ 038009 Mask / PSI 6050

Adhesion to Alum num/ Pounds to break 3 14 14 17 27
wOgoREGBs/ C 166 160 166 161 156 CTE (TMA) ppRLTUS2004/938009

50 54 56 UVR 6000 is 3-ethyl-3-hydroxy nethyl oxetane,

an oxetane diluent comercially available from Dow
cfhgviccal Conpany As can be seen fromthe above,

formul ati ons containing difunctional siloxane ‘

anhydri de had i nproved adhesi on. Wile the disclosure

has been illustrated and described i-n typica

enbodi nents, it is not intended to be limted to the

q . : . g , . o _
LB e o e b P o giation it
atf legsnohbepsyy hirdewdr, theeait prass et epadiydeirdsar eompgsisgighleast one

further [Eodifi Cﬁtciio s and equi val ents of the
difnetippd $Hexansahy¥dndsi scl osed may occur. to persons

skilled in the art using no nore than routine

2 EXPRM hRMIRCbAPosiBBY imhtcosditle RE Elafiatll, ailerdndhe at least one
equi valents are believed to be within the spirit and

disenspiendfsilpranedinbpdrideiag thesfosaplianed by the fol | owi ng
clainms. 29 WD 2005/061588 PCT/ US2004/ 038009 CLAI MVs:
1. An pnderfild conposition conprising at |east one
epoxy fesin infconbination with at |east one epoxy -
hardengp, the @t | east one epoxy hardener conpri sing
Ya_t__lsgza’st . jiNgcji_qnal si | oxane anhydride. 2. The
unzegf [ Z«{n'p psi t\on i n accordance with claim1,
whereai h the\at |l east one difunctional siloxane
anhydt { de®hdd {he f8rmula: Y -Si Si/ S -Y A /\ "R

RRR R RR X )

where X is from 0 to 50 inclusive, each R” and R” are independently selected from the
group consisting of Cj alkyl, Ci.22 a]koxy,‘ Cy2 alkenyl, Cq.14 aryl, C¢pn alkyl-
substituted aryl, and Cgop arylalkyl, and where Y is represented by the following

formula:

@

where R9-R15 are each independently selected from the group consisting of hydrogen,
halogen, C(3.13) monovalent hydrocarbon radicals and substituted C(1-13)

monovalent ‘hydrocarbon radicals, and W is selected from the group consisting of

--O-- and --CR,--, wherein R is selected from the group consisting of hydrogen,
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X (1) where Xis fromO to 50 inclusive, each R and

R' are independently selected fromthe group
woanmsisiisag of CL 22 al kyl, Cl.22 al koxy, C2_2BCT/US2004/038009

al kenyl, C6_14 aryl, C6_22 alkyl- substituted aryl,

and C6.22 arylal kyl, and where Y is represented by the
haféé?elnPV\Cgﬁm)f OfBHévAlenR] BydrobdrBod Lradidal R (sibstiieide C(1-13)

-R15 are ‘each independently selected fromthe group

meansilst hpdroefrbhytidagkn, hal ogen, C(1-13) nonoval.ent

hydr ocar bon radi cal s and substituted C(1-13)
2 ek Bl esiar S et S0l SAERREBIEH st on
dind?;gﬁsm sﬁbka%e%\ahdﬁﬁfd%%i [HRMHiR@agr oup consi sting of

ydrogen, 30 2005/ 061588 PCT/ US2004/ 038009

hal ogen, C(1-13) nonoval ent hydrocarbon radi cal s and,
(Bgubstituted C(1-13) nonoval ent hydrocarbon radicals.

3. The underfill conposition in accordance with claim

1, wherein the at least'one difunctional -siloxane

anhydri de has the formula: (3) OO 0 O HCS Si S

H2 ®RR' LR' RRR X where Xis fromO0 t@ 50
sive, and each R and R' are independent|
fromthe greup consjsting of Cl_22 all
ClZ2™al koxy, C2_22 @} kenyl, _14 aryl, C6-27
R Kyl - s)b

yl-s

where X is from 0 to 50 inclusive, and each R’ and R” are independently selected
from the group consisting of Cj; alkyl, Cj.»2 alkoxy, Cs.22 alkenyl, C6_14-aryl, Cean
alkyl-substituted aryl, and Ce.57 arylalkyl.

4. The underfill composition of claim 1, further comprising at least one anhydride
epoxy hardener selected from the group consisting of methylhexahydrophthalic
anhydride (MHHPA), methyltetrahydrophthalic anhydride, 1,2-
cyclohexanedicarboxylic anhydride, bicyclo[2.2.1Thept-5-ene-2,3-dicarboxylic
anhydride, methylbicyclo[2.2.1]hepf—S-ene—2,3-dicarboxylic anhydride, phthalic
anhydride, pyromellitic dianhydride, hexahydrophthalic anhydride, dodecenylsuccinic
anhydride, dichloromaleic anhydride, chlorendic anhydride, tetrachlorophthalic

anhydride, and mixtures thereof.

5. 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. '
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epoxy hardener selected fromthe group consisting of
nmet hyl hexahydropht hal i ¢ anhydri de (VHHPA),
waorbiseiss r ahydr opht hal i ¢ anhydri de, 1, 2- PCT/US2004/038009
cycl ohexanedi car boxyl i ¢ anhydride, bicyclo[2.2.1
] hept - 5- ene- 2, 3-di carboxylic anhydri de,
‘6. "hOYhBd eV R siich] dTeRdinb 1 Efgthédr Sodlpegnpaxylioial silica filler
anhydride, phthalic anhydride, pyronellitic

funiitamhlizhd wh aneseghnantiopbisitaei andahiyeg p art cle size ranging from

dodecenyl succiRi. ¢ anhydri de, dichloromaleic
ab8Hﬁ§HWﬁé§$m%§Pnghdic anhydri de, tetrachl orophthalic
anhydri de, and m xtures thereof. 5. The underfil
7. COE@sictilDBoraposttiai of clainf Ginvhbein terpHoishinglic ik iegddagped by a
_;@gxy hardener selected fromthe group consisting of
silsting &% ahy dr opht hal i ¢ anhydride, hexahydrophthalic
anhydri de, and tetrahydrophthalic anhydride. 31 WO
2 : 19@%9&% 6. The underfil
&C%E%Q%Q%?gﬁugggéﬁgﬁ%?%f urther conprising a colloida
silica filler functionalized with an
a ackageoal koxysi | ane and having a particle size, ranging
from about 1 run to about 500 nm 7. The underfil
éﬁﬂﬁp ition of claim®6 wherein the colloidal silica is
a cé%ped by a silylating agent. 8. A packaged solid
state device conprising: a package; a chip; and an
arefiapsilda Ronpoiingi & ilegyt ate lepast resmeineporlyinatesi withra colloidal
.combi nation with a coll oi dal ilica filler . . .
siligm &flpH rﬂl&}qﬁfa%ll%mtwﬂar?noP@aﬂ%aAfWﬁ%% %ﬁ#e%swag HaPRTigle, size
i . ' ahRUt 1dashBhd Ak depef) wherein
]EQQ%Eanéﬁg?&%gégﬁqg%g&géﬁygﬂgbrdener1 mhe?%?? t he at
the e d¢aspore eposy hirdente semptisesr idsfagcteong] silexene gnbydride of the

fsil%}ane anhydride of the formula: (3) OO OO H2C
oFE Si H

€)

where X is from 0 to 50 inclusive, and each R’ and R” are independently selected
from the group consisting of Cy.3; alkyl, Ci alkoxy, Ca.o; alkenyl, Cg.14 aryl, Ce2
alkyl-substituted aryl, and Cg.; arylalkyl.

9. The packaged solid state device of claim 8, wherein the encapsulant further

comprises a liquid epoxy hardener selected from the group consisting of
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RRRR. ORRLI

" X where Xis fromO to 50
i ncl usi ve,

and each R and R' are independently
weebBmkeds fromthe group consisting of Cl2 al Rgjus2004/038009
Cl-22 al koxy, C2_22 al kenyl, C6_14 aryl, C6_22
al kyl -substituted aryl, and C6_22 arylalkyl. 9. The
mPRGHRISH dRPhiIAIS Al gingaMase Oﬁeﬁh?draplﬁhawwer @hRydrhe,
enctapsulant further cConprises a

] . i qui d epoxy hardener
tegahyalcepdthalicanhydislegr oup consi sting of 32 WO .
2005/ 061588 PCT/ US2004/ 038009 n®et hyl hexahydr opht hal i c

drid h h i [ . . o
G P pitapn A SMIRRGRr ol BIRN CnRicifltl cqugigp giica i
erfcatpRd e\ §i§ladihg agaditm 8 wherein the col loidal silica’

is endcapped by a silylating agent. 33
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