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joint formulation. Thus, there remains a need to find a matenal that as a sufficiently

low viscosity and low coefficient of thermal expansion such that it can fill small gaps

between chips and substrates.
BRIEF SUMMARY OF THE INVENTION

The present invention provides a curable epoxy formulation comprising at least one
epoxy monomer, at least one organofunctionalized colloidal silica, at least one cure

catalyst, and optional reagents.
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epoxy formulation with a low viscosity of the total curable epoxy formulation before

cure and whose cured parts have a low coefficient of thermal expansion (CTE). “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 as measured
in parts per million per degree centigrade (ppm/°C). Typically, the coefficient of
thermal expansion of the cured total composition is below about 50 ppm/°C. “Low
viscosity of the total composition before cure” typically refers to a viscosity of the

epoxy formulation in a range between about 50 centipoise and about 100,000
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in range between about 50 poise and about 200 poise at
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- diethylene glycol diglycidyl ether, and dipentene dioxide.

Cycloaliphatic epoxy resins are well known to the art and, as described herein, are
compounds that contain at least about one cycloaliphatic group and at least one

oxirane group. More preferred cycloalipahtic epoxies are compounds that contain
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ether. When resins, including aromatic, aliphatic and cycloaliphatic resins are
described throughout the specification and claims, either the specifically-named resin

- or molecules having a moiety of the named resin are envisioned.
Silicone-epoxy resins of the present invention typically have the formula:
M,M'pD.D 'dTeT’t‘ Qg

where the subscripts a, b, ¢, d, e, f and g are zero or a positive integer, subject to the
limitation that the sum of the subscripts b, d and fis one or greater; where M has the
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D has the formula: R32Si Q2/2, PCT/US2003/036192 D has
the formula: (2Z2)R4SIi 2/2, T has the formul a:

wWoREBHO42] T has the formula: (2)Si03/2, anPCTQURH83/036192
the formula Si04/2, where each Rl, R2, R3, R4, R5 is
independently at each occurrence a hydrogen atom

P 22 al kyl, Cl1.22 al koxy, C2 22 al kenyl, C6_14 aryl,
O U@' aIkyI substituted aryl, and C6_22 aryl al kyl
whi ch groups may be halogenated for exanpl e,
fluori;gad,gd to contain fluorocarbons such as Cl_22
fluoroal kyl,, or may contain am no groups to form
an1noa|ky|s for exanpl e am nopropyl or
aﬁ?%%@t?ﬂﬂth nopropyl, or may contain polyether units
of the formul a (CHZCHRGO)k where R6 is CH3 or H and k
IS | 2kahge between about 4 and 20; and Z,
indég;n entl'y at each occurrence, represent’s an epoxy
group. The term™"al kyl" as wused in various

Ddwabthtifoemuls: of the present invention is intended to
desi gnate both normal al kyl, branched al kyl, aral kyl,
and RY S(galkyl radicals. Normal and branched al kyl
radicdl’s e preferably those containing in a range
bet ween about 1 and about 12 carbon atons, and

Di had thel€orasild:| | ustrative non-limting exanples met hyl ,
et hyl, propyl, isopropyl,. butyl, tertiary-butyl,
pentéé gggpentyl, and hexyl. Cycloal kyl radicals -5

R 457 PCT/ US2003/ 036192 represented are

preferably those containing in a range between about 4

TaasRrRFetEuld2 ring carbon atons. Sone illustrative
non-limting exanples of these cycloal kyl radicals
|ncIuFe cycl obutyl, cyclopentyl, cycl ohexyl, ‘
met hil ¥ekohexyl ., and cycl oheptyl. Preferred aral kyl
radicals are those containing in a range between about

T7h£ﬂﬁ c 8}Aiia: 14 carbon atons; these include, but are
not |n1ted ‘to, benzyl, phenylbutyl phenyl propyl,
and phenyl et hyl. Aryl radlcals used in the various
embot)SEPts of the present invention are preferably
those containing in a range

and Q has the formula SiO4/,, where each Rl, Rz, R, R4, R’ is 111dependently at each o

occurrence a hydrogen atom, Cj.p; alkyl; C1.2 alkoxy, Ca.22 alkenyl, Ce.14 aryl, Ce.22
alkyl-substituted aryl, and Ce., arylalkyl which groups may be halogenated, for
example, fluorinated to cbntain fluorocarbons such as Cj.o; fluoroalkyl, or may
contain amino groups to form aminoalkyls, for example aminopropyl or
aminoethylaminopropyl, or may contain polyether units of the formula (CH;;_CHRGO)k
“where R® is CH; or H and k is in a range between about 4 and 20; and Z,
independently at each occurrence, represents an epoxy group. The term "alkyl" as
used in various embodiments of the present invention is intended to designate both
normal alkyl, branched alkyl, aralkyl, and cycloalkyl radicals. Normal and branched
alkyl radicals are preferably those containing in a range between about 1 and about 12
carbon atoms, and include as illustrative non-limiting examples methyl, ethyl, propyl,

isopropyl, butyl, tertiary-butyl, pentyl, neopentyl, and hexyl. Cycloalkyl radicals
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bet ween about 6 and about 14 ring carbon atons. Sone
illustrative non-limting exanples of these aryl
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where R’ is independently at each occurrence a C;.;s monovalent hydrocarbon radical

" optionally further functionalized with alkyl acrylate, alkyl methacrqute or epoxide
groups or Cq. 4 aryl or alkyl radical, R%is independently at each occurrence a Cy.;3
monovalent hydrocarbon radical or a hydrogen radical and “a” is a whole number
equal to 1 to 3 inclusive. Preferably, the organoalkoxysilanes included in the present
invention are 2-(3,4-epoxy cyclohexyl)ethyltrimethoxysilane, 3-

glycidoxypropyltrimethoxysilane, phenyltrimethoxysilane, and
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compounds such as tetrabutyl titanate, titanium
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10@31d bf tHeta@tbubhiPof SBgMaNaad pre&enmri tha)aylua}qs rcolda@idall silich pre-

- met hoxy- 2-propyl acetate, tol onbi nati ons
dﬁh@ﬁ@@f£1$ﬁﬂ%“ﬁP%éWbHV§ﬁéP§?%h YgPﬁ%%Edﬁétlonalized

tetr21 %@ﬁg&&%ﬁ&% (8 acklg%%%%ﬁi%ay@é haiedab ti5d pieca

eat or base or with ion exchange
drslasrsma fipsanesrs@ncachuillaneuniasgiacid anbasd mpebe addeiddo adjust

enf b5 e SRR oG T RRRRAE SE Rl i e s
nPRIMEE MadbRterfage ofab! tygﬁgllya@ HakindRA hadoopdrcentabealf 16; and

tenperature in a range et ween about 20C and about .
nto40Epicelly & nlrstrawmihare persa@mWQ én)T heggsulag I?rﬁljhspefsmn is

yplér?lglrl]lggtte in alfl ?arr]lgg %etwoeer\l/ eb ut 56‘96 LY ei%ou%é(?rc fo?ggerlod ina

range between about 1 hour and about 5 hours.

- The cooled transparent organic pre-dispersion is then further treated to form a final
dispersion of the functionalized colloidal silica by addition of curable epoxy
monomers or oligomers and optionally, more aliphatic solvent which may be selected
from but not limited to isopropanol, 1-methoxy-2-propanol, 1-methoxy-2-propyl

acetate, toluene, and combinations thereof. This final dispersion of the functionalized
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conbi nations thereof to give a transparent dispersion

of functionalized colloidal silica in a curable epoxy
worRvenes4s7 herein referred to as a final concene@HUSIH03/036192

di spersion. Substantial renoval of |ow boiling

conmponents is defined herein as renoval of at |east

0% of . t he .t ot anmount of
coB B 8) b Db th B B IRl e g pemore
acldi€of baRR! infhusiBey. ST fiedl dﬂpérsﬁchﬂl@ﬁth@ nakctidedized Od)llcﬁdad aihca is
silica may be further functionalized. Low boilin

theroenpeerates! wider atvawasm 2 1988 PAWESP Fhonhled oamend @ about 250

subs uent | i,ate [
Ea TR B RO H RS SRRPADG RRFout DY
sufaé’c@x?ﬁdll?@é&hb@eeﬂiyqew B@)‘llﬂfﬁ cobhgon6s Isﬁc}ﬁad(ieﬁrehﬂ r@iﬂuaawmentand
in a range between about 0.05 tines and about 10t

© confténaionsi Hieresf tasgive 8 dransparey disgersioad gnctianglized colloidal silica

inja c\kllra%% Hoxﬁ In?ono(ﬂlrer el re%r?&ﬁrogfs %%na?@&ﬂch@katé@&@ff&kloﬁf

nponents as. used herein refers :
Slﬂﬁﬁiﬁti@remf)vzﬂtof n@asblhag eupdfiof defised lotreih as aavpanad obdt least

| ow boilin component r ef er abl t | t about
sbo00R 0 of H Tool APeT R DBRIBGRTBRRADY component o An

ef fective amount of capping agent caps the

InfSORElihQARES, 4?%;)1%%1&15&% orStht FEA AGRrSAPSRMe functionalized

functionalliz dal] silica is defined.. herein as
cadlofdahsiticomay be darthen finstigadlized.| Lew boringtroapoaents ampt least

109% ferab I t
ok B PGS B Bl B8 P S R A AL Y vl rspy it
re§iAGA1SSRRRY] ReictinappeTthé !ﬂﬁﬁhbl@ﬂﬁb(ﬂ zelthidd Isllioh dwaddsi i am
have been functionalized b reaction with.a c Oggfa&gslhcon

- amgeTiin 2 CRgp LAY ChELPLRAS e andetroriol ) e

dl%g({dg %tre#sgﬁl ix I’theI P! rd‘i)%f)%%l&lhﬁ il Gls?érsﬁ)ﬁ e bR Plenfth PO 16w

y i mproving room tenperature
b@hﬁ@ compaoneafs ds Imeecb]ps:myl réﬁersrtu Iranomh of Edeastihlaait d A% aftthetotal

oS3 S o PR EPTPORHS BRp O G 281 oep (0 Ll boa
ﬂ@ﬁh%@%b&@hg’ébﬁbbﬁgﬂﬁs 'an WG e bhRufiodf capsial agédt cgs the

as not been capped. Exenpl ary capping agents iInclude
fimgtomkiyéd eadbadal vélcarandsﬁap@bé fungtipnadized Felaidal isiga is defined

N h%}%él a3 &fu{'lz(%ﬁ%ﬁﬁllé%e% co 10 %aﬂl lica lﬁ%idgl&s Qthga%g %ld()e%( Hé%%bl? Yt 1east

20%t m@f@rbﬁékaﬂ!il)‘saﬂ lazZsaBﬁ%, df fhe Iﬁ)ela hedroayetryhmipsédeatziarbe
et ramet hyl di si | azan

di ph
cqug %pgmc%/@é WyteEp Rpeieptigeaniiaital silicghyis beg fynsigaized by
cJ; gtTén EQ?%%}FFI %ggﬁngt @hﬂﬁﬁ%M‘Je%ﬁéﬁohhl'iﬁe@%%ﬁbﬁal silica effectively

rime ane t anet hyl chl or odi si | oxane,
nﬂﬂ'ﬂtfémtht byde abif st toteh nm,abhwpomfvbmnhitlpm by improvingroomhe

t r ans ar %??t di gger ihg]gols%ﬂia%%ﬂoéggﬁlg@%@?@ h 1ncg.1%{6 the

' céﬂbe@ flRBBRalized colloidal silica show much better room temperature stability

than analogous formulations in which the colloidal silica has not been capped.

Exemplary capping agents include hydroxyl reactive materials such as silylating
agents. Examples of a silylating agent include, but are not limited to
hexaméthyldisilazane (HMDZ), tetramethyldisilazane, divinyltetrametyldisilazane,

diphenyltetramethyldisilazane, N-(trimethylsilyl)diethylamine, 1-
-8-



bet ween about 0.5 hours and about 48 hours. The
resultant mxture is then filtered. If the

WEe@404spEr si on was reacted with the cappi ng apenus2083/036192
| east one curabl e epoxy nononer is added to formthe
final dlsper3|on The m xture of the functionalized

col | i t
(tng&pﬁl&ygﬂglﬁgpé%z nlﬂgg(grﬁﬁ%g)s aﬁleapergaﬁlggeef}ﬁ%ﬁlérodlsllox%ne
peftapeth9ldisiRREne! Eﬁ’&' Eorﬁﬁﬂaﬂ_(ﬁfsrthér@otf amttafiepatém dispersion is then
concentr at ed dlsper3|on During this process, | ower

hedted i1 gngobyerenslmous 207C and sy #4°C fora peried offgme m a range

R g S APRPYE R SESTl R L g
Tf B Pod- @b draibh Yvak esmeM@dvit the @RBSRAg hent, Ak Matth@etcatable epoxy

curabl e epoxy fornmul ation, a cure catal yst i s added to
mdiogner fs avded tofecaribe nal dlisersinay. sihsrnixeure of thedupgfionalized

COﬁ%lﬁ%ﬁelr(iaatlg ﬁl%:eu [ II'%ZIQ% g{oil’ly%}l%]t‘ L%&)ﬂée {Ca kﬂl[ g EI’C@QQ’& Yl’l a range

Cata yst present I 1 a
befvAREAbOAI0REBraha laboulQSD dlot1sto T thei ﬂrial oomcéntpatyd dispersion.

bout 10% b t.of th |
Dl?rm%rljfmww@ﬁg %&B%%@I g W%lpgat?lgig g‘é@%{@?’&“ﬁ F%I(ﬁ%]ewatﬁﬁt
SubQbr #ﬁg tagTrR Qh(?‘fﬁl&@i ééé@i’s @Pping agent, and

Isaryli o iIs( decyl phenyl’) 1 odom um
cohﬁmaaftbumﬁmmof bresnbstaytially oengvedxyphenyl ,

phenyl )i odoni um hexaf | uor oant| nonat e b| saryl i odoni um

tetrak I h b I
ngsiar &0 FRIRE iR ORERY R PRIRICR ol AN H AN R
firfa b M cktratb$ dl@pcﬁblﬁﬁr Yjut@aﬁdlysum&aiefate @Iﬂg&ff&hé total @nrable
effective anbunt of a fee-radical generafin
epozm faseuiedigad Tapicals tepeatdidis Presrge e Sen ey e%ﬁ%# 583“5

91 a(ﬁli‘)mﬁgl{]%%oﬂﬁ %lby%kehg{t%'f 18 Pbtﬁa@l@ leBE% PREmuRAEn.

er eo ree ra I cal generating
Efa@fm@bfctufmltdlystttamemdd,dmm rmaomt finoted oé onimirueatalmits sugh as

| ower t t I
bise RAsoB Ry P (st BT aR g R DT e "
(ogfl'y%(ghﬁengfg 'ﬂﬂ@ﬁ&ﬂﬁo&ﬁﬁ‘ﬁlﬁ ihak 4T oRdaatiReWAte Bk R Nodheim

optional reagents with the cure cataly
tetralklsQpe@eﬂma*gplgenybbcprete&,gtlgqy;sgﬁglomyq dts caad é@p‘@épqtlpgmhereof

PP SR PSR, B Bt ot oo

frédadaaPdnehting |cbl$1pom’§tbéqmbelwﬂed sethabpisalal magemduch as
conbi nati ons thereof. A preferred at al

i.S
arpmapﬁpmpo@%ggnpq;ﬂgyl e&lpq@”orga,;ﬁcdw@p es, 6‘?3/ %ﬂrﬁl?fpﬁtms thereof.
T%(l%é/ %adf?:?ﬂe% %Eﬁaglﬁg 301%88@1@53%4&&%53m5g{1$4§8@&§ﬁ1%§11 @2lower

enplary anhydrrde curing agents typically include .
tefipetiyirbexahydr opht hal i ¢ anhydri de,

1, 2- cyclohexanedicarboxylic anhydri de,

b| cy ? hept - 5- =2, 23 . :

Optionally, an epoxy Ardenersuch & Earboxylic acid-anhydride curing agents and an
organic compound containing hydroxyl moiety are present as optional reagents with
the cure catalyst. In these cases, cure catalysts may be selected from typical epoxy
curing catalysts that include but are not limited to amines, alkyl-substituted imidazole,
imidazolium salts, phosphines, metal salts, and combinations thereof. A preferred

catalyst is triphenyl phosphine, alkyl-imidazole, or aluminum acetyl acetonate.
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di car boxyl i c anhydri de,

nmet hyl bi cycl o[ 2. 2. 1] hept - 5- ene- 2, 3-di car boxylic
w@niwyass4de, phthal i c anhydride, pyronellitic PCT/US2003/036192

di anhydri de, hexahydropht hal i c anhydri de,

dodecenylsuccinic anhydri de, dichl oromal ei c anhydri de,

ch n e,
A e e
anBytad[ 1,Q%y61@h¢ﬂ@e@gﬁbbﬁylmy1h?drﬁﬁ bieyels@d. 1]h|ej>1u$bnaﬂ;3ve
exanpl es are describ em.stry and Tec no
digsborkic ppDRY Ré@?thglblcsdoﬁ P Pt o erayaRORE

%TlE gl#}%l%%ew dﬂn@lh %Yc\yﬁﬁﬁ' Hé(a 1§ﬁ‘151)/c ﬁ‘ﬂ'l dr1de

rcel New
donehylsﬂaMm diltyidoide,. dl&ﬂatonﬁkamfedrldé Cblrcgjalﬁl@ ardlydpd@ nds

ERB el AR, aFEE e BB S Pl 0o
ar@%cﬁ'ﬂﬁ:@%ﬁngﬁ éiﬁ(§1|nﬁglsg IB@"u's&i qngstraﬁ%’ eanblad dtefdequtibed 0
car bon a such diols include but

Céﬁﬁmlﬂ’ﬂmanleenhnCé@E}t of the Epomﬁesgwgi&ﬁlhqoﬁwwlmpew@%b New
vty i SR RerB G0, B fRhagSef pafed by C. A May

Mérc@l‘]Dél@déﬁ}@&vﬂY@ﬂé, 2id 3ditiandl 9B85- pent ane  di ol ;
dlpropylene egcoI 2-nmethyl -1, 5- pentane dio
6- hexane di ol t hanol ca
o B ORI SR RS Ay P IR ﬁa&ane diols and

blg{ﬁ%hélﬁ u*l"?é éﬁéaﬁé Fiol b be Mgﬁtrcﬁ% AR c?cﬂb%ﬁlﬂhﬁﬁ@&ﬂi

-decane di ol conbi nati ons” of
ma)hem‘tam ét@m hip lzzcarbd)teatomsaﬁphmpleabf glichldgolp ms?ﬂll!i@é?ut are not

heno abl e .bi sphe oIs | cl
tipuGPESERl s ol RO RIRIR A A LDt 4o bitg T s eiseolsg 2
dikRtR1-4i3vstbBite BS10DREHE, I ﬁfét}@/ﬁhﬁ -Plopheadibl; amouhdfiss-pentane
per cent of the total, number of D roups are arogatlc
dl@lr gmwlmcglmil - ﬁlﬁ@lﬂ hé “Rsabann diolt hermesanehel; dimethanol

all er h tﬁanofilg (ﬁ, ane é/?l%ée)lag? a{rﬁgﬂé@}) ?%P%ﬁh%ly its
018". Q\(ﬁd/tﬂﬂ%ﬂleﬂs trlﬁhjdelﬁécgléldzdﬁ,ZD(DGJdG%& giblwhelrae)mbimtions of any

represents an _aromatic p. nylene
Ofﬂh‘iaffg?%ﬂl%emrgﬁﬂex%?ﬁ‘%{ﬁ?éﬁ lII"EPe én al kyl ene or
al kyl i dene group such as nethylene ethylene

SEtBI BigRRRels PRI 1RO repro@R¥dd Wanhe forbd@pr opyl i dene,
butyl ene, butylidene, "1sobutylidene, anylene,

anyl i dene, and |soanylldene Vhen E is an al kyl ene or
HO---D--- OH
wherein D may be a divalent aromatic radical. At least about 50 percent of the total
number of D groups are aromatic organic radicals and the balance thereof are
aliphatic, alicyclic, or aromatic organic radicals. Preferably, D has the structure of the

formula:
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al kyl i dene group, it may also consist of two or nore

al kyl ene or al kylidene groups connected by a noiety
waledoiessast from al kyl ene or al kyli dene, such aBCHIS2003/036192

aromatic linkage; a tertiary amno |inkage; an ether

| i nkage; a carbonyl |inkage; a silicon- containing

I i nkage such_as silane or si oxy; or 4

sul fur-conta nk@g Iinkc §u fide, sulfoxide,

or sul fone; Brospr ﬁ Ag | i nkage such as

phosphi nyl of phosphonyl . |ﬂ ipn] E may be a

cycl oal i phatic Arogp—3u ycAopentyl i dene,

cycl ohexyl i dene, 3,|3, 5-|tri methyl|cycl ohexyl i dene,

met hyl cycl o- “hexyl +dene; 2-] $2.1]-bheybloheptylidene,

neopentylidene cycl opent adecyl i dene,

daq t S

W e A B8 K K LR, PRIERAGRE A
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are pre those containing fromabout 2 to about
allidene ponp At oaE Alsandnsisiclf tuie onmord 4lliglencer afleylidene groups

cogﬁ%}rlf rglf %%r{]o?eéqz g)%%%? mrb%Ei{]yrl‘le &S 0‘% %88{19&%{ dromatic ,

1119&1%&’ gy tertﬁgﬁé/rhmo Qﬁhﬁag@ df ether lrﬁfa}gb 4 aﬁ‘b(ﬁ@ﬂ Snkape ! aidicon-
phenyl Cycl o-_ or bicy cloalk | r%a@cals
congpining dinkaas saeleaqo%ﬂeﬂepeﬁloyﬂyr Ws%l @eﬁ?@?ﬁlﬂ 8ers Ut

suiff; & gﬁalg e b¢ sd’lfqrﬁe or aﬁ%ﬁb@ﬂh&ﬁso %‘ht%ﬁh{n% ﬂ%(%%ét ﬁich RYER&Hhiny]

on atons 5S or equa Sonme
~ o pHosstiohst. i Meddioion) E mayibag o@x]aﬁ]mblaﬂc (gfoucpy SJJ,CbalIS kyI

d | | | ob |
Sy AR S SRR T GRS O
héiﬁfﬂﬂé‘rﬁl 8- er bﬁé&@&%eﬁc?f‘@éﬂenﬁéﬁ@eﬁtgu&@r@b@ébp@nﬁa@e@l}%ﬂe

car bo these include t are not limted
cﬁch;dokiaryhyibne mhrba@alrr@mtﬂrldenq; h& nlgep@p@pyhydrggﬁyl or a monovalent

hg{\lgez%l e g‘%\lﬁ %‘fc’lhr?é M%’ﬁ F¥y 261'1 <olg gﬁ‘(’a{yz ucyc]logﬁ(yf ot chg@l%alkyl The

teBh OHRyBUS htésiled It@'&és'f@ﬂaﬁ‘ﬂdﬁl@ strﬁglgr@lum Ak Iandkrdﬁﬁh@ba‘lkﬁ
or an al koxy grolzgb 11 WD 2004/0484

ra@@lsumwﬁ@%ng efheds R THHEN LA pr@frreb%(ﬁh%emtae}mg
?%ly Sl‘;}fﬁg{ AL a %0 gargérgzﬂh%s PL R RE0ETad NaktraYibe BB liRGFAg

e reactants and reaction
exonsled étbmpmwldlsbpropylebahyb td:rhwy tplbﬂ’lymyir nepgpeivh aexyl, octyl,

Th I t
RN RTAGECTbr 5 FRGTAC BHE PR YL G s Bhgesloati!
ranYc%ﬁsl ﬁrle?enft&f ar® PR¥GLbIY QR con@rnlﬁf}gérﬁ&ﬁﬁﬁﬁ% RMbout I BGef

fromand including zero through t nunber of
czprbsm atoorsswih antal/Jarmbmj log carpo atog@ﬂgqs,t]@qn qrqualtp about 50.

h]il}s?rfé}sf%g(g} lgl%(e exg%%yegqutc c]gélkglqgcﬁgalg’ ﬂfach}de%gcl'oﬁutyl

epre S an
cyd]%elﬂ@}l,r@c%ﬁéﬂyl methylcyclohexyl, and cycloheptyl. Preferred aralkyl radicals

are those containing from about 7 to about 14 carbon atoms; these include, but are not

limited to, benzyl, phenylbutyl, phenylpropyl, and phenylethyl.

Y' may be a halogen, such as fluorine, bromine, chlorine, and iodine; a tertiary
nitrogen group such as dimethylamino; a group such as R’ above, or an alkoxy group
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In the aforenentioned bisphenol in which Dis
represented above, when nore than one Y substituent
WO goopoeRent , they nay be the sane or different PCHU82003/036192
exanple, the Y substituent nmay be a conbi nati on of
di fferent halogens The R9 substituent may al so be

sucg a%@z{gg}ﬁ%em% S a% a,?lgfl o& farﬁrgl[ %pt Ii‘taig h%'}}ﬁr ﬁgfe?% %ﬁd‘étﬁg Yalbnert
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padyester SaIRO BRI X he éﬁ@u g8 EREFSTALS gRY tfieser 4P CIAdieg &g
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BB PG AR GO R Bl e ot e &g BF one;
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I ncl ude the di hydroxy- substituted aromatic

drocar bons di scl.osed by genus or species in U S.
Inth

¢ afprementipngd higghengbirevijel Das regessrisshgbeve. sthen morathag
0 i ‘pég@%{a}/en %{H%Qﬁlégp?ﬁ g f‘r?(i-;e[gee %éye %r di ferenf For example, the Y'

s%)sﬂtuﬁntsﬁeiﬂy lbwﬁ&mbﬁnhtﬁﬂydﬂcbffﬂpﬂﬂeﬂo dens rfTrhmR%/ sdhsmmntaﬂay also
i spheno

bepthe s SHPg eadﬁg?a% iaresha gty TBHEHSAY HPTRe Where “s” is zero
rEii 47 Qh& C#HCP %Héjér&'ﬁ@m/ hﬂ% 418 ﬁf‘rectly Jomed with no 1nterven1ng

roXyphenyl ) met hane;
alkylaiiecrm yop héhaybiidget Hbapositions of the hydroxyl groups and Y! on the

b d 5- njit h
BB TRy P GRY Sk AT RECAVTY 9 HE DR By PP ReoNgas 2nd
the-groupisdsdai B 0¥ RAE AR ERRAST sdmbnddiica{ ﬁelatlonshlp, where two
hydr oxy- 2- chlorophenyl)ethane

opmpsepiey @hsheriopns af g &y dregihenyaside gpambstitgied(uith Y' and

nyl ) cycl ohexyl net hane;
h}f%[rgg)gi)%ﬁﬁghydr oxyphenyl ) - 1- phenyl pr opane;

2,2,2',2 -tetrahydro-3,3,3 ,3 -tetranethyl-1,1"-spirob
Soni h-]-hisl'ldEVEe]noﬁ-,hﬁ‘anig etanfiB&i 9f, bisphenols include the dihydroxy-

SR e b e RS BY kR REREi L SR UR Bt

sybst ipkdsted @ 'Iéé'cﬁf@iroﬁnt 1B YRR RARASAcude 4,4'-
4@C'I'>4LBJgSZCS)OB/ :5’36192 I\/bﬁ? pi ca Ty 9@@) pfdoihclude

323 é-tmm(lwlm@hwm@);dlp}mn@b a%»%yhlsi%ﬁémpsme@yla@apane

[ un ' )
(TR ng R p ST ol T oty i MR- ARy RAR R
2,?1' -@&gigto(;dyﬂm&%yl@xﬁthaﬁe ;I eisCthydeoaphanienethdneabis(4ray al so
e added to the total curable epoxy formulati
hw@emﬁ@aﬂﬁrﬁ@th@% By Sk TTR tCORBY IS EREREeRs.-
Ly L9 BEhHAe1, 1 (4 3 BrR9Ehdni Neth&e; {101-bis(4-
gﬂ;?ﬁ%ﬁﬁ&@?% g%e ﬁl#goxeﬁgﬁe rydodg%ylzn%/m is(
hgdhb&y -2-chlorbplydnyl)ethane; 2 2- bls(3-pheny1 -4- hydroxyphenyl)propane bis(4-
: hydroxyphenyl)cyclohexylmethane; 2,2-bis(4-hydroxyphenyl)-1-phenylpropane;
2,2,2°,2’-tetrahydro-3,3,3”,3’-tetramethyl-1,1°-spirobi[ 1 H-indene]-6,6’-diol (SBI);
2,2-bis(4-hydroxy-3-methylphenyl)propane (commonly known as DMBPC);

resorcinol; and Cj.; alkyl-substituted resorcinols.
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w@n®4/048a50 conbi nati ons thereof. An unreacti vePdi/Usm®nt/ 036192

may al so be added to the conposition to decrease the

viscosity of the formul ati on. Exanpl es of unreactive
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.cur abl e. epox fornul ation such a
plppylggchtg‘;@y ety A% gﬁyp@ng@qe@léyl gther and comblnatlons thereof. The total

c&ffl g&y faﬂ}{ﬁltaflbﬂ'%l o §ﬂde§ rQ}ﬁth filler which can include, for

glyci ypropyl trimethoxysi| ane,

epbalnga(lds rfimmed bitixy, Sidegdlspicopyel) aiaﬂphcmaéqueét sidlica,durhinaataitems
ereof .used in an effective .S Lypi IIy

bl gt B oo OO Tiea: a8 Bystiarine abe BhE0e

al i WodaRE, kot MiGideOhd il dhs SRS, W prbset, @lﬁb filler

Flanme retardants may optionally be used in the tot
isdymieddlyepressokin & ongrbeivEemeheut i&@elghf Uk abpm/%iqwl@ht {on

b 5?@ eet Yt\)/\?lt y\fo(:ﬁ{l%%?alf erf 1? E&m}tﬁ‘ieﬁﬁﬂ gﬁé}gb’{ﬁ gefhg Bfiler

1sf1ﬂésm'ﬂ iata range txwegl Aounio f;vle@l’r’E% aneitakbaie8 it weight %hieased on the
present invention include %hosphoran1des triphenyl
Wﬁl&lﬁ‘% phiae éotalcppable epay SPEHHIONI phosphat e ( RDP),
bi sphenol - a- di sphosphate (BPA-DP), organic -13 WO
Aﬁﬂ%% firoterE é@@@éﬁﬂ% dPWitR RRSBRI BEaBRied85y formulation
al ogehat ed epoxy resin (tetrabronobi sphenol A)
sd&taaltriaikomrgannmtaahs hygjw@m1dqspp)dtrdn@bm8ﬂate|, ons
t her eof . The C iti n af the sent. i nventi on may
b gionRRIoR TR o Simeo sy R BEpromp R

cOh¥inBGorRAHEROBREd SHE e BR:1i00 HABuM WIRES is t?fﬁ@élgf i@ @ange
m xers, planetary mixers, twin screw extru two or

betweer abait 0.0104 by wmight #rsl abiokb2% by weight of the total curable epoxy

~ formulation.,

Flame retardants may optionally be used in the total curable epoxy formulation of the
present invention in a range between about 0.5 weight % and about 20 weight %
relative to the amount of the total curable epoxy formulation. Examples of flame
retardants in the present invention include phosphoramides, triphenyl phosphate

(TPP), resorcinol diphosphate (RDP), bisphenol-a-disphosphate (BPA-DP), organic

-13-



The bl ending of the present invention can be perforned

i n batch, continuous, or sem - continuous node. Wth a
whadiogh48¥ote reaction, for instance, all of thePCEHHS10831036192

conmponents are conbined and reacted until nost of the

reactants are consunmed. In order to proceed, the

piziaae S th T BP s RRy EGHA R R oL PR ice

1 ons reactlon does”
mBat hyiayedés) aﬂitﬁcorﬁlhﬁﬂilﬁd therestt der to add nor e ‘
reactants. Fornul ations as descrlbed |n t he present
i nvention are di spensabl e and [ ces
The R o G RS HY TP PL e R R pE DR
|
b}aﬂer eg(%/ %\@(ngﬁmeﬁ’trkqgﬁ Eé Jiéugh%&éﬁoé}ﬁun & BRI pRhéORS

ed. Underfill” encapsul ant is used to
mlmnftwnmelqvhvmlxdat twerete Haes wdll milland the Ble-ri cal
prperthes of sol der bunps that typically connect a
p_an subst rat e,
R af e St fent i 5 bt by o RRRIAR, Bopomi-
céttinyBgkanbdd. | Witgl al Baedhutede hapanfor igstdnice, allfdbe felabthnt
material in a fillet or bead extending al ong two or
cqm}p@eétﬁ@&C%ﬁblﬂ%a%ﬁﬁct%wmﬂéw%ﬂf &l@ reafanii e Feqsed: In
{ ?+ee§1 Ot ké&\@‘u@ﬁ/ B'bL:l Er?] &f&ltiﬁﬁqgea&tgﬁ #ab® WPith
he gaps etmeen I'p and the substrate.
ccﬁtmebumﬁmoas,yhmhm{sdoes cnbuhbeze o bé ktoppeduindeddritp pdd more

transfer nol ded underfill, wafer level underfill, and
r%%@nﬁ1ke. The process of Ano-flom1underfi||ing
includes first dispensing the underfill encapsul ant

FOBb @At s 29 BedciBed SRS breatd ifVentioNafelisheatadie seMiave utility in
second erforn1n8 t he sol der bunp reflow ng. and
I

denicksrin electremesnish 28 APMBYETSH @@P@ﬂdw@ﬁe guanydevigggwhere
ss of t.r n I
oBIGERG Gl B n R e R LR b s
tdPFe@Eeico hydidre, ewhanical, hndmléﬁncalpra)puﬂmestdfeoln‘teﬂ b,hmlm/thaty

Pressing the underf II i al [
T e bbb B S PR metnoc

| ncﬁ il @l agﬂ'ﬁle\e@flveé'ntll)ﬁé'l%ethémgﬁlrfdbfﬂlhﬁ‘@lnlaﬁﬂéﬁ&ﬁpensm the

udes dispensing underfill materials onto the wafer
ubhédriitlenateliat img fillat @ Head ex/tenmag a]@hg o pharorepdges of the chip and

%%ﬁ},% ﬁ%‘if}{@g%a g&f?cb\@ EX gﬁpl ?ry a%{lélyﬁﬁ({& ﬁqevdh‘?p to]f/']ll WPrne

cAPEs A EANe cifif %nﬂﬁﬁeﬁsfu'bétkaté’l asthen EX@bplhﬂytrMethﬁdsf intludgapslow
I'n a range between ut 30 m_crons_and

unﬂ@ﬁangansfqﬁ@goldeﬁ)mmeffgl mf@rrlp‘égl up@erﬁgr Gt ﬁ %ﬂe ’?he process of
nﬁor}? ai? H&C%Pﬁ%lézncrlr%&:q gﬁ%tldy tp@ﬂﬂﬁ ﬁlgqglﬁ%l?ﬂrllon @Qulaﬁﬁ faferial on the
sGosnete ¢r®6ml®udincta13detvmmd atemd perfatming pﬂtfesméder \bgmpagﬁowmg

and pressure, to mni Zze VO
agq angqrﬁ]il rencaquulant curing rsﬂmu tanecl)xg:l ?y ﬁerp%gge%g bf fsransfel rr?(%ged

underfilling includes placing a chip and substrate within a mold cavity and pressing
the underfill material into the mold ca\}ity. Pressing the underfill material fills the air
spaces between the chip and substrate with the underfill material. The wafer level
underfilling process includes dispensing underfill materials onto tﬁe wafer before

dicing into individual chips that are subsequently mounted in the final structure via

-14-



potential defects. Typically, the process step of
nmol di ng the encapsulant is perforned in a vacuum
wpe@hessaabt y at a processing tenperature that dpEBFUSIIN3/036192
exceed about 300C. After nolding, the encapsulant is
cured via nethods such as thermal cure, UV |ight
. Cyr. m crLowa [ j [ t en
Risglie Pgespe b ar el e ey I B b e s
abau do abeiehs 2aD5BoutBIEmigreiscal |y in a range between
about 120C and about 225C, at a pressure in a range

Thgq? F@{Q\f@ell?l 8 ?rg&%}aé gihig)}ngt%ﬁ @H:ap%@ﬂ:@ ng %}ice a]?vo_l%%or 1n11e§ﬂe% e1nt0 a
mol?&e fopesn. a %Hl% épt?ﬁl%%@fr&méﬁgl RBdiHond HRH a@@émlﬁt‘iatnﬂf

quare I'm addi tion, curing may typlcallg
atnmsphldfre \(Dhage andoeressott, ménimégegeoidse sifrsess, alglkegsand other

R

in zg%éugﬂp h‘pe)feraﬁl Gt a Mc@ﬂlx%‘k@ﬁ‘:@%hﬁé‘ tHat @@d@ rb@emsﬂ alﬁ‘dﬂt ado°C.
er at n a range between about 150C and

Af&b mﬁldlﬁg Qs emnapmlalypﬂ autd ylameth@dﬁ@@clb@i thewral gBsut Vgt
and  about 200C eri.od

o TP VRF DG o r L st Hefbop AP e SIRER A AdHee

be%v‘ﬂeeh o&lrs‘o @"ahh Pﬁt @géd@ﬁncﬁ@kﬁnéa@lyﬁﬁ aedrige ®etvten pbesann°C

nven I on, owm ng exanpl es are given by way of .
andl kbsg R ata, Qtlﬂ a@f&dsu’i@in dD;an\gaivet&feen bbcmt tl aaltmgs;phe@)(Am@Lagg about

The follomnng sectlon provij eri ntal '
5 toREPISBEERP ST grchy mare typig ){ ap%eel&e WEF %ﬁo g? mos%ﬂere

an? L6 Oﬁéggs i ﬁ)gls sd’ﬁﬁ#e'clggg gﬁf)oﬁﬁﬁ&dlﬁ&l QurifP MYy typically occur

Fulati ate these materials. The
ovelad period inherafige beombangpbbaiod secendssnd bt ehqu and more

T e N
?ngerﬁéﬁg%mﬁh 8- BltlaabmbéraRePRS LRAGYe BaWwedeabout 150°C

use of the approprlate
anlluB6tt 130aC] met tgz}mbélm idahngeitetween aResl 17$°Giand about 200°C over

appropriate functionalized 004/ 048457
a propdUis2oeEredstiss 2R W%lan‘iﬁ‘i’%é P pernmit

formul ati on of nol di ng conmpounds wi th acceptabl e

) In%?% &i3hat tﬂés@‘ékf’ﬂ@&' il QWA bENRtteiRde B mectis @m prbgdnt

stantial 1 nprovenents in the stability of |nitia
infartion| tkifollowing ssaspleyargresvendtyabayeef 1Bystisapn iagqi pot bypway of
fully capping the functionalized colloidal silica by

Hpgalien on wi th hexanet hyl di si | azane. The same benefit
in filmtransparency, CTE reduction and acceptable

EXAMPIES | ow i s al so exhibited by reS| ns based on the
capped

The following section provides experimental details on the preparation of the
functionalized colloidal silica samples as well as properties of epoxy formulations that
incorporate these materials. The data in the following tables substantiate the assertion
that an advantageous combination of reduction of Coefficient of Thermal Expansion
(CTE) and preservation of material transparency can be obtained with the use of the

appropriate functionalized colloidal silica. Resins with appropriate functionalized
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colloidal silica materials. Exanple 1: Preparation of
functionalized colloidal silica pre-dispersion The

wo edoowd4ny general procedure was used to prepaP@I/UsS2003/036192
functionalized colloidal silica pre-dispersions with
the proportions of reagents given in Table 1. For

L.e, )
co@ﬁ%ﬂtec&)a?so?%tg ?rnz:ug th%};h%?ng&aw%o%n?)logﬁiso\%&%% XK tfaﬁl?%gl ral
o) ar@ndw @enyl tri met hoxy silane (56.5 g) was heated

and stirred at 60- 70C for 2 hours to give a clear
suspensi on. Table 1: Functionalize

Thpdatacilsprbipwi tbﬁssu‘gﬂgrrtw %nggg%§ IR OOEJIAI%II gfa fniticéil lf(i)r%l%lation
i e i
by VéRBEGn indthdrek amatthglclisylazene) Fhomye anefit indiystirdngparencys CTE

PHTS h * K
et ot B S a TR e g cpes
cofslia T&ﬁcaﬁngggﬁgcycl ohexyl ) et hyl tri met hoxysi |l ane The

resulting mxture was stored at room tenperature.
Exanpl e 2: Preparation of functi onal [ zed_col | oi dal
Exsitiple b Riepgration ofifanctienalized collgidal Slieapremispaision 1) was

~ bl ended with UVR6105 epoxy re3|n and UVRBOOO oxet ane
Tlfefsﬂ%{)]‘ﬁ{n:%%%%gféérgp&ﬂ} \%sl_‘%%m@g%gQfgq{%ﬁ&ﬁnghzea)coﬁ&ﬁal silica

opano re was vacuum str.i pped
préddispaSicat wittrtig piapottivas obreagans giveringhiable b. Kdrekample, a

mbiogs cbamesys Sl sTeersETrsBae e N eh s B4 s 456

1s<§f§8}gﬁm §80/O egﬁlaﬁ@ﬂh&&ﬁﬁhﬁt}bxy 8Nde)(58 )53 3 D343 3 Brevdcht 60-

70°C for 2 hours to give a clear suspension.

Table 1: Functionalized Colloidal Silica Pre-dispersions

Entry | Isopropanol(g) Nalco 1034(g) | Additive(g)

1 546 403 - MAPPS *(60.4)
12 800 465 PHTS** (56.5)

3 314 230 . GPTMS*** (33.0)

4 500 325 ECETS**** (53)

* MAPPS is 3- (methacryloxy)propyltrlmethoxys11ane
** PHTS is phenyltrimethoxysilane
©#x% GPTMS is 3-(glycidoxypropyl)trimethoxysilane
#+x+% BCETS is beta-(3,4-epoxycyclohexyl)ethyltrimethoxysilane

The resulting mixture was stored at room temperature.

- Example 2: Preparation of functionalized colloidal silica dispersions

The pre-dispersion (Example 1) was blended with UVR6105 epoxy resin and
UVR6000 oxetane resin from Dow Chemical Company (Tables 2, 3) and 1-methoxy-
2-propanol. The mixture was vacuum stripped at 75°C at ImmHg to the constant

weight to yiéld a viscous or thixotropic fluid (Tables 2, 3).

-16-



1- Met hoxy-2- ro anol 303030303030 UVR610521141231.5

UVR600071234.56 Properties Yield /
W@20204830. 4111111. 2 % of Functi onal PCT/US2003/036192

CS22222145. 545. 447. 2 Viscosity at 25C

/ - cPsTF. TENDTFTFND Vi scosity at 60C

/ cPs2920*1450*410* 5960* 3#@%&689* TF - Thixotropic fluid

* - spindle # 52, 50RPM 4ble” 3 Run nunber 7891011

Reagents / Pre-dispersion (table 1, entry 2)31015
R&ﬂﬁhﬁ&@persion (table| 1, 2entyy 4) 3030242015 5 6
I=etnoxy-2-—T1Tp anol 330303030 UVRGI056. 45b. 466
RASEDS Snal GRS, 247 Slro450Ph 50Oty st 250 L
Blemktahigyrento2)| vi 2 os t 3% Dcnz@n: 928935 )mr‘\30
Bla (tabiil xemtryodPj ¢ fluid * - spindle # 52  S50RPM -17 D
1- PRk OLSAGFaROT/ USP00B/ 035192 Ex@nple 3&: Prep@rati oAY

UVR6EIRADbI i zed fungtiopal i4ed| col2oi dal 3siljcal.5

UVRERRS SI ons 7 12 3 4.5 6
Properties

Yield/ g 27 26.8 30.4 11 11 11.2
% of Functional CS 22 22 21 45.5 45.4 47.2
Viscosity at 25°C /.¢Ps| ..TF |. .TF ND TF TE | ND_

Viscosity at 60°C / cPs| 2920* 1450* 410%* 5960* 346* 189*

TF - Thixotropic fluid
* - gpindle # 52, S0RPM

Table 3

Run number 7 8 9 10 11
Reagents / g :
Pre-dispersion (table 1, entry 2) ' 3 10 15
Pre-dispersion (table 1, entry 4) 30 30 27 20 15
1-Methoxy-2-propanol 30 30 30 30 30
UVR6105 6.4 3 6.4 6 6
UVR6000 3
Properties

Yield/ g 11.7 11.4 11.7 12 ND
% of Functional CS 45.2 47.3 45.4 50 21
Viscosity at 25°C / cPs TF ND TF TE GEL
Viscosity at 60°C / cPs 600 157 928 2360 ND

TF - Thixotropic fluid
* - gpindle # 52, SORPM
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A250 milliliter (m) flask was charged with 50 g of
pre-di spersions (Exanple 1), 50 g of
WA 200e0k83xYy - 2- propanol and 0.5 g of basic resi nBCT/Ust0&036192
4). The m xture was stirred at 70C. After 1 hour the
suspension was bl ended with 50 g of
$ 20Xy 2_ OI?OP s%ablﬁlg %‘f%n&iogg 1éed_.c;olltr%l%l mﬁ?ﬂh@&erggﬁw
e di I'Trrerce me resurtrn
dlsper5|on of functionalized colloidal silica mas
Abbendpit () ﬂé’skgwasfchhi‘g%m SDayof (EhelispersionShyanyle ARd0 g
vacuum stri pped_ at_ 75C at t he stant wei
oftlomeloey o Bropnok B2 EsthapTashS (§IE) SHBaTRahra e Ared

SN SR B i R O Sy o
' anfdl*ﬁqg reRfRalsuz ethok doWrP’t@'ro&h |td:1ﬁﬁer§1ﬂuﬁepﬁfdsﬁlwﬂéd Ah2 péyulting
was charged with Bre di spersi ons
dlslﬁsmpbéfun):‘glo@dlzgi @ﬂloldal ﬁa@paq my endechiyihdR si & BRLQgrDow
C e?qﬁl:cg lrg]{)gu{}%g V?&hl%é?tgpﬁ? aty73 é?g’c }ﬁnﬁﬁ-lgﬁgxth ﬁ%ngﬁﬁgwglﬁht to
m%sa \qgc%?gféigy‘gaglegg Ui s%sl% 9 '?i?etllég’i]ﬁXVa% deRanat 2sad 2 g

Prer The resulting dispersion
1nﬁﬁed1£talycztﬂeomﬁit}negschndoﬂ1 bovedks. silica was bl ended with
12 g of UVR6105 Dow Chenlcal Conmpany and vacuum

of the resin mas measur ed at 25C innediatély after

ADSOHER sk v Eharged Wit S0 offpraddRbersidas (Paepse a),i501g offl-
stabilized functionalized colloidal silica_dispersions
mAthRBP-2ripropaned kRndré & of hagie almina (1 ably 4y Eafry 16). The mixture was

T AL
leftoRY dﬂ)l@ﬁéﬂ&ﬂ? afid 2kl ik ﬁﬁdnﬂ fﬂl&}ed The reml}tinlgrc’@pmson of

stirre roomtenperature

ﬁmcu@mnl@ed\a@llolml ilige dvawblqndsbwgth de ngﬁ%éYP}é%iﬁ 12018#31&81%%1

and 12 of 105
St s T
vib&lsdedn (’Yéb‘?@@@ntf}ﬁ 3”V1sy<')s$@/(?§|tﬁeYre§fl v&d@@néa@@rle& V@ C
measured at 25C i imedi ately after synthesis and in 3

immediately- ai&rmtBMMSéBWeekabl e 4 PCT/ US2003/ 036192
Run nunber 1213141516 Reagents /

Example 3c: Preparation of stabilized functionalized colloidal silica dispersions

A 250 ml flask was charged with 50 g of pre-dispersions (example 1), and the desired
amount of ammonia (Table 5, Entry 17, 19, 20, 21) or triethylamine (Table 5, Entry
18). The mixture was stirred at room temperature for 5 min. Next, the mixture was

- blended with 50 g of 1-methoxy-2-propanol and 12 g of UVR6105 .Dow Chemical -
Company and vacuum stripped at 75C at 1mmHg to the constant weight to yield a
viscous resin. Viscosity of the resin was measured at 25°C immediately after

synthesis and in 3 weeks.
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Pre-di spersi on 5050505050 (Table 1, entry 2)

1- Met hoxy-2- ro anol 5050505050 Basi ¢ Resi nnonePVP
WQ2VP45%8°SDVBAAI um na Anount of resin / g0. 5BECBLS2003/036192

UVR61051212121212 Properties Yield /252019.518.518 %

of Functional CSND4038.535.133.3 Initial viscosity at

25C / Soi l d4820**1943**24§%g*%620** cps Viscosity

after 6 weeks at Sol i d2370809930013650S0l i d***: 25C /

cPs PVP 2% - Pol yvinyl pyridine - 2% crosslinked -

ROL AukfplRy, PYP 25% - ol yvinyl pyridi ng - 135%| 16
AN e A ool NI AP -

RoEshIShE Bact o A na Lo AL drs ot laprnetd o]

Prefmpersien - spj ndlle #52,| 20RPM * * * -| spj ndlle # 40,

(TsRRM, eatrykeks datla $8bl e 5Run nitbher|17781920299

1-Relgeyt BpropgnglTabl e 50, [Tabi® 1, (Sfablle 150 (Tabl5®

Basic Resin none . | PVP 2% [PVP 25%|PSDVBA| Alumina

Amount of resin/ g , 0.5 0.5 1 5

UVR6105 ' 12 12 12 12 12

Properties

Yield/ g 25 | 20 19.5 18.5 18

% of Functional CS . ND 40 38.5 35.1 33.3

[nitial viscosity at 25°C / .

cPs Soild | 4820%* | 1943** | 2480%* | 1620**

Viscosity after 6 weeks at : C

25C / cPs Solid | 237000 | 19300 | 13650 |[Solid***

PVP 2% - Polyvinylpyridine - 2% crosslinked - Aldrich

PVP 25% - Polyvinylpyridine - 25% crosslinked - Aldrich

PSDVBA - Poly(styrene-co-divinylbenzene) amine functionalized - Aldrich
Basic Alumina — Aldrich ‘

* - gpindle # 40, SRPM

** . gpindle #52, 20RPM

##% _ gpindle # 40 , SRPM, 3 weeks data

Table 5

Run number 17 18 - 19 20 21

Reagents / g

(Table 1, |Table 1,| (Table 1, | (Table 1, (Table 1,
entry2) |entry2)| entry1l) | entry2) | entry3)

Pre-dispersion 50 50 230 360 72
1-Methoxy-2-propanol 50 50 150 200 200
Reagent Ammonia | TEA |Ammonia| Ammonia | Ammonia
Amount of resin / g 0.25 2 1.2 1.6 1.6

UVR6105 12 12 40 43 43
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(Table 1, Pre-dispersionentry 2) entry 2)' entry 1)

entry 2) entry 3) 505023036072
wda 200e0k83xY - 2- pr opanol 5050150200200 PCT/US2003/036192
Reagent Ammoni aTEAAmMDNi aAmoni aAmmoni a Anmount of resin
/ gO.2521.21.61.6 UVR61051212404343 -19 WD 2004/ 048457
PETUS2003/ 036192 1 Properties Yigtd 7

ﬁ10 520 Qa4 ROQ '—_\0: oOf f Clhinet o Al
vvvvvvvvvvv - 70701 LI % LAY L] Ul al

PWR“*M? 352 7'§F§ 384 _7 lnitial vi cpncity _at ')L‘\("
Yiegd0g 2540* cps Vi scosily afté? 86 lwe8k€& at 98.5 95
37400***3820*** 25C / cPs Ammoni d - 5wt % sol uti on of
ammonia in water T[EA - Sm/osol dtion of [triethylam ne

o4 o Fuseisrapasol  * 1 spg.pdl @423 40,| BRPM *1*56:3 spi ndi4e7 #

1 9a1 BBV, 3 24&EKS fata Exanple 4:| Effect] of
: n1 ¢ H{; gﬁ on 0? S| a%hbaze ) Ztgldﬁpd of phenyl sil ane -
| H H .

o
R

||nr\+| on zad €6

o o H o has + 1o "
oGt T ornar T2 o1 Uai HHCa Wt CHUARY TTESTII Ul

V%ﬁic%%fiew‘weg%@ m flask was chdrged with 50 g of
23¢ 6¢B spersi ons (EXAMHIOETT 38%9%?”( g\ 50lg of J

1- met hpxy 2- propanol and 0.5 g of PVP 25% The mixture
Avwasorgh i 5tved selutiéh Gf arhfrioata i water :

TEA 5wt% solution of triethylamine in 1sopropanol
* - gpindle # 40, 5RPM
#xk - spindle # 40 , SRPM, 3 weeks data

Example 4; Effect.of coﬁcentration of stabilized blend of phenvlsilane - functionalized -

colloidal silica with epoxy resin on viscosity:

A 250 ml flask was charged with 50 g of pré-dispersions (Example 1, Entry 2), 50 g of
1-methoxy-2-propanol and 0.5 g of PVP 25%. The mixture was stirred at 70°C. After 1
hour the suspension was blended with 50 g of 1-methoxy-2-propanol and 2 g Celite®
545, cooled down to room temperature and filtered. The resulting dispersion of ‘

_ functionalized colloidal silica was blended with the desired amount of UVR6105 Dow
~ Chemical Company and vacuum stripped at 75°C at ImmHg to constant weight to
yield a viscous resin (Table 6). Viscosity of the resin was measured at 25°C'

immediately after synthesis and in 6 weeks.
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hour the suspension was bl ended with 50 g of
1- met hoxy-2-propanol and 2 g Celite" 545, cooled down
W ooonoessst enperature and filtered. The resul tipgr/us2003/036192
di spersion of functionalized colloidal silica was
bl ended with the desired anount of UVR6105 Dow
Chem cal Conpany and vacuum stri pped at 75C at | nmHg
to constant weight to yield a viscous resin (Table
6). Viscosity of the resin was neasured at 25C
i medi ately after synthesiTsblasd in 6 weeks. WO

2004/ 048457 Tabl e 6 PCT/ US2003/ 036192 Run
nunber 2223242526 Reagents/ Pre-di spersion—{tab

L\
T T y

Remnnmb2)y 5050505050 1- Met|hoxd- 2- r @3andl 5840505088 plp 26

“25%9. 5. 0. 50. 50.50. 5 UYRG1051210864  Prlopertiges Yield /

né“ﬂg? 6216.614.412. 7 |% of Functi onal

&5@1@ E“@i&@gnil NI tgpal |VI SpOS!| ty sat 25C5¢) 50

O-O-A

47075003880 Iy al V|5%co<|t30at 50

prgpm *’71(\***/|0 x %k ¥ la¥aV¥atll

1 ST U VI ST L ter
P¥P 28%ks at 25C /. oPs103 n*oiszegoo O R ANINE

OOoOUT 1 gUUT 'O vT

U¥B%. 05 Pol yvi nyl pyridine |--2%%drod®l i nked8- Al dr@chl -4

spindle # 52, 20RPM ** -| spindlle #52, [10RPM |*** -
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The data in Tables 4, 5, and 6 demonstrate that substantial gains in resin stability can
be realized by these treatments with substantially lower and more stable viscosity

being observed over the example (Table 4, run 12) where no treatment was performed.

In this case the resin had solidified upon solvent removal.

Example 5: Functionalized colloidal silica capping with silylating agent

Functionalized colloidal silica (FCS) dispersions (Runs: 19, 20, 21) were capped with
“hexamethyldisilazane (HMDZ) using two different procedures. Procedure (a) involves
redissolution of the colloidal silica dispersion in a solvent followed by addition of
HMDZ and subsequent evaporation of solvent to give fully capped functionalized
colloidal silica. For example, FCS (Run 19) (10.0 g, 50% SiO,) was resuspended in
diglyme (10 ml) to give a clear solution. HMDZ was added (0.5g or 2.0 g) with
vigorous stirring and the solution left overnight. The next day the solutions, which

smelled strongly of ammonia were evaporated at 40°C and 1 Torr to a mobile oil.
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Functional i zed colloidal silica (FCS) dispersions
(Runs: 19, 20, 21) were capped with
weooaet4by| di si l azane (HVDZ) using two differ eP€T/US2003/036192
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trimethylsilyl to silane functionalization agent.

The data in Table 7 demonstrate that substantial capping of the colloidal silica can be achieved

by procedure B.

Example 6: Capping of functionalized colloidal silica with silylating agent

A round bottom flask was charged with pre-dispersions (Example 1, entry 2) and 1-
| methoxy-2-propanol. 50wt% of the total mixture was distilled off at 60°C @ 50 Torr.
The desired amount of hexamethyldisilazane was added drop-wise to the concentrated
dispersion of functiAonalized colloidal silica. The mixture was stirred at 70°C for 1
hour. After 1 hour Celite® 545 was added to the flask, the mixture was cooled down
to room temperature and filtered. The clear dispersion of functionalized colloidal

silica was blended with UVR6105 Dow Chemical Company and vacuum stripped at
20
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aor@t ed di spersion of functionalized coll oi dal
ica. The m xture was stirred at 70C for 1 hour.
1 hour Celite a 545 was added to the fl ask,

to roomtenperature and

t he

constant weight to yield a viscous resin (Table 8).

Vi scosity of

the resin was neasured at 25C

i medi ately after synt hesiﬁbl%%d after 2 weeks of

storage at 40C. Table 8 Run nunber -

--3031323334-

35-36 Reagents / Pre-dispersion 100200505020050200
Rih3Rinfoel.- -Ent1y _2) 41 - Net Bpxyl 2331002002505020350200 36 .
proanol AVZ51052. 5102, (510 Cef i te S@b5102210210
R'E;;/gF’é’lGl%SC/SgZ{GSC 161632620 Fropertyes
Pre-dispersion
(table 1, entry 2) | 100 200 50 50 200 50 200
1-Methoxy-2- :
propanol 100 200 50 50 200 50 200
HMDZ 5 10 5 2.5 10 2.5 10
Celite 545 5 10 2 2 10 2 10 -
UVR6105 40 50 10 10 32 6 20
Properties
Yield/ g 56.8 85.6 17.8 18.6 64.9 15.6 53.6
% of Functional 1 '
CS 29.6 41.6 44 46.2 50 61 63
[nitial viscosity
at 25°C / cPs 659%% | 1260%* | 1595%* | 1655%* | 4290** | 15900%**|30100***
[nitial viscosity ‘ :
at 60C° / cPs 1340%* | 7050%**
Viscosity 25°C/
cPs* 1460%* | 1665**

HMDZ - hexamethyldisilazane - Aldrich
* after two weeks storage at 40C
** - gpindle #52, 10RPM

**% _ gpindle # 52 , IRPM

Example 7: Capping of functionalized colloidal silica capping with silylating agent
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Yield / g56.885.617.818. 664. 915. 653. 6 % of Functi ona
29. 641. 64446. 2506163 CS Initial viscosity
WO 3104860 * * 1595* * 1655* * 4290* * 15900* * * 30100* * *PCT/US2003/036192
at 25C/ cPs Initial viscosity 1340**7050*** at 60C / cPs
Vi scosity 25C / 1460**1665** cPs* HWVDZ -
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om t enper at ure an Itered. "The cl ear dispersion of
stbld%iﬁyldf fiad fegif dvasedasmied at 230 inmaedigtely biftensiathegistaind after 2
UVR6105 Dow Cheni cal Conpany and vacuum stripped at
Wé’@@oéstormﬂg%&the constant weight to yield a viscous
resin (Table 9). - Viscosity of the resin was neasured

at 25C i medi ately after sis and after 2 weeks
of storage at 40C. Table g‘)églte@e

Run number [ 30 37 BEE

Reagents / g ‘ :

Pre-dispersion (table 1, entry 4) 20 50
Pre-dispersion (table 1, entry 2) 100 80 50
1-Methoxy-2-propanol 100 100 : 50
HMDZ 5 5 5
Celite 545 ‘ 5 5 5
UVR6105 , 40 40 | - 40
Properties

Yield/ g 56.8 57.3 57.07
% of Functional CS 29.6 30.1 29.9
Initial viscosity at 25C / cPs 659* . 940* 22400%*
Initial viscosity at 60C / cPs ' | 7i0x

HMDZ - hexamethyldisilazane - Aldrich
_* - spindle #52, l0RPM
** _gpindle # 52 , IRPM

Example 8: Preparation of Total Curable Epoxy Formulations

Epoxy test formulations were prepared in two different methods. Materials using'
conventional fused silica were prepared by adding UVR6105 (2.52 g) to 4-
methylhexahydrophthalic anhydride (2.2 g) followed by bisphenol A (0.45 g). The

suspension was heated to dissolve the BPA and aluminum acetylacetonate (0.1 g) was

4.
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cufed-a2 151 7@V&§foa6dﬁ>drsamiopéﬂ&ess¢f3]@@aﬁed) spestmemselde $Im)wn in Table
di spersi on was

di sperse the filler
llcured at 150-170C for

The resul tant
3 hours.

Epoxy test fornul ations

using FCS (Tabl e 10) were prepared by addi ng al um num
.acetyl acetonate or triphenyipfpsphine (0.1 g) to

met hyl hexahydr opht hal i c

anhydri de

(2.2 g,

VHHPA) and

t he suspension heated to dissolve the catalyst The
RIFBS QResin (g)* | MHHPA(g) | Catalyst (g) | Fused Comment
silica(g)
39 UVR6105 |[2.2 Al(acac)3 23 Viscosity stable
- (2.52) 0.1 overnight, forms
opaque film on
curing
40 UVR6105 2.2 TPP** 0.1 2.3 Viscosity stable
(2.52) overnight, forms
opaque film on
curing
41 Run 20 2.2 Al(acac)3 Resin spontaneously
(5.6) 0.1 cures
42 Run 20 2.2 TPP** 0.1 Resin slowly cures
(5.60 overnight
43 Run 27 2.2 Al(acac)3 Viscosity stable
(5.41) 0.1 overnight, forms
clear film on curing
44 Run 28 2.2 Al(acac)3 Viscosity stable
(5.77) 0.1 overnight, forms
clear film on curing
45 Run 29 2.2 Al(acac)3 Viscosity stable
(5.55) 0.1 overnight, forms
clear film on curing

* Amount of resin (Runs 20, 27-29) calculated to provide 2.52g UVR 6105.
*#* TPP is triphenylphosphine.

The results of Table 10 indicate that substantial gains in final epoxy formulation

stability may be realized by capping the functionalized colloidal silica.
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capped FCS was added and the m xture warned to suspend

the FCS. Sanples were cured at 150-170C for 3 hours.
woeoposdsses of the cured speci mens are shown iPCTTER1003/036192

11. Table 10 Run#Resin (g)*MHHPA(g) Cat al yst

(g) FusedComment silica(g)

39UVR61052. 2Al (acac) 32. 3%1%P9ﬁlty stabl e

(2.52)0. 1overnight, fornms opaque filmon curing.

40UVR61052. 2TPP** 0. 12. 3Viscosity stable

BofryR 4) OV eNiic@iff Rudfor ms | opaqueg f i | m|dlifie belowdleF1Run
2 n.féL&§9aE)£¢§s!n sp)ntanqggsly (5. 6) 0Os5dcures| 42Run .
e I Soner ot ﬁggef;:;’t,"’zggz:arg foRn
ot pe—cl-ear—H1-m-en ety eH :
2A (m“nr‘\4§\/i scosity sta kﬁi‘ 5470 1’55’85’ ai-ght
f% me clear f44m on cufi ng dRun 50
29P. 2Al (acac)4Vi scosity stadisé (5.55)0. 18¢ernight ,

+PpOVI /6. BhRaEsih forona’ 1GHowWEa CADOT0-1f ppre&Cn ( Runs 20,
27-29) calculated to provide 2.52g UVR 6105. ** TPP
i's trlphenylphosohlne The resAIts of Table 10

E an 1 _A -'- H At “ d ltl epoxy

fornulatlon stablllty may be reallzed by cappi ng the

A bHagtr eiRtibaae§ %lﬁcﬁﬂﬂ% licklehb®yPresinAwas blended with UV9392C

[(4—0c;tyloxypheny)phenyliodoniufn hexafluoroantimonate from GE Silicones] and
benzopinacole from Aldrich in Speed Mixer DAC400FV from Hauschild Company

(Table 12). The resulting liquid to semi solid resin was stored below 5°C. The

resulting resins were cured at 130°C for 20 min and postcure at 175°C for 2 hours.

Table 12
Run number 52 53 54 55 56 57 58
Composition / pph -
FB-SLDX 59.6 0 0 0 0 0 0
UVR6105 . 39.8 98.5 0 0 0 0 0
Resin Type / Run 0 0 19 20 21 22 23
Resin amount 0 0 98.5 98.5 | 98.5 | 98.5 |98.5
UvV9392C 0.4 1 1 1 1 1 1.
Benzopinacol 0.2 0.5 0.5 0.5 0.5 05 |05
Carbon Black 0 0 0 0 0 0 |0
Candelilla Wax ' 0 0 0 0 0 0 0
Properties
Spiral Flow ND ND ND ND ND | ND | ND
CTE (ppm/°C) 36.8 70 46 41.6 41 38.4 |36.7
Appearance NT T T T T T T

FB-5LDX - fused silica - Denka Corporation

UVR6105 - cycloaliphatic epoxy resin - Dow Chemicals

UV9392C - (octyloxyphenyl)phenyliodonium hexafluoro antimonate - GE
Silicones
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WO 2004/ 048457 Table 11 PCT/ US2003/ 036192
Entry#Mat eri al Run#TgCTE bel ow T g* 463918050
W@ 760008850 484215550 494314555 504414350 51451PFBHUS2003/036192
*PPM C. Base resin for entry 1 showed a CTE of 70-75
ppni C. Exanple 9: Preparation of total curable epoxy
formul ation A blend of functionalized colloidal silica
epoxy resin was bl ended with Uv9392C
NT(notﬁﬁyp%%Vpheny)phenyl|odon|un1hexaf|uoroant|nonate
T §{ wansp@EnTSi | i cones] and benzopi nacole fromAldrich in
Speed M xer DAC400FV from Hauschild Conpany (Table
[002)]. The Tesdatd offitpbld mjdedndmtra‘erthatsmpmﬂ’emeshsmn wdg may be

stored bel gw 5C,  The u Jns d_at
b Homsest mepmoimtiopabiat w0l Sl pry EoRyf bt

Tabl e 12 Run nunber 52535455565758 Conposi tion pph

FB- 5LDX59. 6000000 UVR610539. 898. 500000 Resin Type /
Run001920212223 Resi n anpunt 0098. 598. 598. 598. 598. 5
UV9392C0. 4111111 Benzopi nacol 0. 20. 50. 50. 50. 50. 50. 5
Ex@anfie h0:BPrepkiatonafmotdirgieampquad\\vax 0000000 Propertles

Spi r al FIowNDNDNDNDNDNDND
Fused silica FB-5LDX from Denka Corporation was blended with functlonahzed

colloidal silica epoxy resin in Speed Mixer DAC400FV from Hauschild Company.
The resulting paste was blended with (4-Octyloxypheny)phenyliodonium -
hexafluoroantimonate from GE Silicones and benzopinacole from Aldrich, carbon
black and candelilla wax using the same mixer. The resulting molding compound was

stored below 5°C.

Table 13

Run number 59 60 61 62 | 63 64 65 66 67

Composition /

ph :
FB-5LDX 798 1 84.85 | 89.9 | 79.8 | 798 1795 | 0 0 0
UVR6105 19.9 [14.925] 995 | 0 0 0 0 0 0

Resin Type / Run| 0 0 0 7 9 7 30 37 38
Resin amount 0 0 0 199 | 199 | 19.7 [ 98.5| 98.5 | 98.5
UV9392C 021 015 | 0.1 02 | 02 | 02 |02 ] 0.2 0.2
Benzopinacol 0.1 | 0.075] 005 | 0.1 | 0.1 0.1 | 01| 0.1 0.1
Carbon Black 0 0 0 02 [ 02| 0.2 0.2
Candelilla Wax 0 0 0 0 0 02 |02} 02 0.2

[e)
[}

| Properties .
Spiral Flow -~ |TLV| 18 |DNF| 36 | 335 | ND | ND ND | ND
CTE (ppm/°C) |16.4| 12.6 | 105|105 | 10 | 123 |12.21] 12.7 12.3

FB-5LDX - fused silica - Denka Corporation
UVR6105 - cycloaliphatic epoxy resin - Dow Chemicals
UV9392C - (octyloxyphenyl)phenyliodonium hexafluoro antimonate - GE Silicones
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CTE (ppm C) 36. 8704641. 64138. 436. 7 AppearanceNTTTTTTT

FB-5LDX - fused silica - Denka Corporation UVR6105 -
weyotos4sphati ¢ epoxy resin - Dow Chem cal s UVBGERS2003/036192

(octyl oxyphenyl) phenyl i odoni um hexaf | uoro antinonate -

GEt Silicones -26 WO 2004/ 048457 NT not transparent T

- transparent PCT/ US2003/ 036492 [0054]. The data of
DNFptag np tra%%gﬁg&ﬁétdge?%é lgloﬁ'ﬁp?\gv.gerrent]s in CTE may be
TLYbtcanmetitripierderlddug ICORNIPK AL BHY! fused col | oi dal

silica and colloidal silica. Exanple 10: Preparation

of nol di ng conpound Fused silica FB-5LDX from Denka

Th@_@elrspm aft Tabrbe Wdderbbrestdedhaberteliciaheernbination eldmpeeyaddiqrasnd
Sl ca epoxy [r

sin in eed M xer ,.D FV from
redsk G RE IR AR e SoRIES RO e 5 BAEt 8068, bl ended
with (4-Cctyl oxypheny) phenyl i odoni um
hexaf | _uoroanti monate from GE Silicones and
ExRSRROA- BsdisPoigy i ch, . carbon bl ack and
— cal I TTa wax using e sane mxer. The. resulting

nol di ng conpound was stored bel ow 5C. Tabl e I’L3 Run
Flaxdveye 6 I506 16 26B8UEEE BT Prerfigsby 4 fRIRPIESSIQN mo ding using

R 000 SRR,y e
358‘1@,0%7&3%%3&%6 Ra9000psi; Molding time — 15 min
~anount 00019. 919. 919. 7,5)8. 598. 598. 5 o

UVv9392C0. 20. 150. 10. 20. 20. 20. 20. 20. 2

gapre i nhansfer molddys0. 050. 10. 10. 10. 10. 10. 1

Spiral flow experiments were done using a transfer molding press Gluco ES
manufacture by Tannewits-Ramco-Gluco. Clamp forces of 5 tons at an operating

pressure of iOOpsi. Maximum plunger force - 1200psi.

Typical cure conditions are: Plunger pressure — 660 psi; Plunger time — 25 sec; Clamp time —

100sec; Clamp force — 5 tons; Mold — standard spiral flow mold.

~ Table 14

Run number 68 69 70 71 .72

Composition / pph

FB-5LDX 74.34 74.34 84.575 84.575 79.5

UVR6105 0 0

Resin Type / Run 30 36 30 36 33
-IResin amount 24.785 24.785 14.9 14.9 19.7

UV9392C 0.25 0.25 0.15 0.15 0.2

Benzopinacol - 0.125 | 0.125 0.075 0.075 0.1

Carbon Black 0.25 . 0.25 0.15 0.15 0.2

Candelilla Wax 0.25 0.25 0.15 0.15 - 0.2

Properties

Spiral Flow TLV 37 DNF 1 36

CTE (ppm/°C) 16 14.1 8.7 8.2 12.7
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Car bon Bl ack000000. 20. 20. 20. 2 Candelilla

Wax000000. 20. 20. 20.2 Properties Spiral
WO-k@whisd3BDNF3633. SNDNDNDND CTE PCT/US2003/036192

(ppnt C) 16. 412. 610. 510. 51012. 312. 212. 712. 3 FB-5LDX -

fused silica - Denka Corporation UVR6105 -

al at I C Dow Chem cal s Uv9392C -
U%égﬁ? f% I %Wg%qorpoé& hexa I uoro antinonate -
96 élé,p a?‘?e%}é@ﬁ)‘ﬂf - can not transfer

nold - due to lack of flow TLV - can not transfer
DN | darchue ttaosteomoldovdugite taskiof YloRCT/ US2003/ 036192 The
TINES bdrt 1Sot Bfandfabmeldl-3lud eoransibivatigcosite benefi ci al

conbi nation of inproved flow and reduced CTE obtai ned

for the sanples containing colloidal silica. Exanple

11: Conpression nolding Flex-bars for CTE neasurenents

mere prepared by a conpression nol di ng using

a1l a8t press. Typical nol ding
cond| t| ons l\/bI d| ng tenperature - 350C; Ml di ng
)

e
TMANNA i tePBRhiee rdﬁgb floRgl PO L6C T ana Eatingrate HAtddegamin.

by Tannew ts-Ranto-d uco. Clanp forces of 5 tons at an

operating ressure of 100psi.  Maxi mum pl unger .forc
Whilopbpdimmplsinsar besi SOBEAN CPSHECHrGHOW BRYEFATEAEE, ¢

andtJﬂQQ of

subftﬁggorgsih%y@ Mg&eﬁleltetd@ltP Jg%eéﬁgﬁ% ?roglnﬂég F}?lgi? 1d &&fe:
thmli\éntldiﬁ bA ecotdinBynit isuntbe uB8&9HOT e theQo! nq@néinwmdwn/haﬁ been

FB- 5 I%X74 3474} 3484. 57584. 57579. 5. UVR610500°
described by way of illustration and not hm1 ation.
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Resin Type / Run3036303633 Resin
anmount 24. 78524. 78514. 914. 919. 7
wQu®3824387 250. 250. 150. 150. 2 PCT/US2003/036192
Benzopi nacol 0. 1250. 1250. 0750. 0750. 1 Car bon
Bl ack0. 250. 250. 150. 150. 2 Candelill a

2 Properties Spiral
FIo%%%@gggiﬁ&égggﬁéﬁ%ppniC)1614 18.78.212.7 -28 WD
2004/ 048457 FB-5LDX - fused silica - Denka Corporation

1 M@b@éepoxyy@mﬂithmlmtnpmsmg@xkastsmempoxmw@hemaﬂaa% one
- can not trans ack o({

orgar@ﬁwqtae{la Zrdfeky alrfﬁrfa at 18%?&()%@%8”?“8 s%p&"n%ﬁ “’aé%‘s-
Exanpl e 13: Eval uation of CTE PCT/ US2003/ 036192 CTE ,
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epoxy non | east one organofunctionalized

orgehdabiakakilaiclcpmarisestpherdimehexysilans. cat al yst, and
optional reagents. 2.The curable epoxy formulation in
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of rises up to about wel ght % of
sifitd 1sqaﬂherdmwﬂod@hzehaaada oapptﬂgeagem al wei ght of the
total curable epoxy fornulation.

6.The curable epoxy formulation in accordance with claim 5, wherein the capping

agent comprises a silylating agent

7.The curable epoxy formulation in accordance with claim 6, wherein the silylating

agent comprises hexamethyldisilazane.

8.The curable epoxy formulation in accordance with claim 1, further comprising at

least one organic diluant.

9.The curable epoxy formulation in accordance with claim 8, wherein the ofganic

diluant comprises 3-ethyl-3-hydroxymethyl-oxetane.

10.The curable epoxy formulation in accordance with claim 1, wherein the epoxy
~ monomer comprises a cycloaliphatic epoxy monomer, an aliphatic epoxy monomer,

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

11.The curable epoxy formulation in accordance with claim 1, wherein the cure
catalyst comprises onium catalysts and the optional reagent comprises an effective
amount of a free-radical generating compound.

-30-



3. The curabl e epoxy fornulation in accordance with
claiml1l, wherein the colloidal silicais

wo eoveasasal i zed wi th an organoal koxysi | ane. 4. A¢EUS2003/036192
curabl e epoxy formul ation-in accordance with claim 3,
wherein the organoalkoxysilane conpri ses
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cappi ng agent. 6. The curablg epoxy formulation in
orgeitie PERRNEES AT CAMBINaAMSThesiAkr ei n t he cappi ng agent

conprises a silylating agent 7.The curabl e epoxy

14 ?#@}U ?51!5 980)1 oRAGIRAHGRNCR cYdhhceGh @k Blafn 1 VIRR&ER thd@ure

gent conprises hexanet hyl di silazane.
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143TE$ Byrhb13 eposelr iRt by I Axetdane witl Olalthe, wheehl the epexy
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caéqdwwom@ﬁmr?enlrl%ﬁb@ﬁpbé@&én@%ﬂa%lqrﬁﬁl&b}r@tl%w&é?eo and the
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I cone epoxy non

ﬂc&ﬁ}ﬁﬁiinﬂ&bhﬁﬁﬁng hﬁi’re;qflmoléiy.'l'he cur abl. e. epoxy for mul ation
in accordance with claim1l1l, wherein the cure catalyst

conpri ses oniumcafal ysts an the
1§ SRR FwaEE el RraBiol S Sedfr' o EChRl% yhFERHL cure
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2. The curabl e epoxy fornmulation in
thecedr dance with claim 11, wherein the free radical

gener at i ng corrpound corrpri ses aromati c pinacol s,

lg g—ﬁ%ol:,l]l‘g )? ﬁc&%ﬁ]? ion %53 9@;&¥&n9§5vgtri Y 14% el ein the anhydride

er eo e curabl'e epoxy ornu ation
clifiin geat dﬂﬂi}ﬁ&emﬂhﬂimhylhem&drpphmaﬂcearmydnée cure
catal yst conprises bisaryliodonium -
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catal yst conpri ses am nes, phosphi nes, rret at--
salts, or conbinations thereof and t he opti o

18 Ghgshrablecpory Swmuiationdn gecosdrnga Wbl Lo @#ﬂlw@ Calaelﬂfmg at

leasfjo el gast one organic

19.The curable epoxy formulation in accordance with claim 18, wherein the filler

comprises spherical fused silica.

20.The curable epoxy formulation in accordance with claim 19, wherein the spherical
fused silica is present in a range between about 10% by weight and about 95% by

weight of the total curable epoxy formulation.

21.The curable epoxy formulation in accordance with claim 1, wherein the cured

formulation provides a coefficient of thermal expansion of below about 50 ppm/°C.

231-



conmpound cont ai ni ng hydroxyl noiety. 15.The curable
epoxy formulation in accordance with claim 14, wherein
W0 b@40u467 cat al yst conprises triphenyl phosopPCTES2003/036192
al um num acetyl acetonate, or conbinations thereof.
16. The curabl e epoxy formnulation in accordance with
aim 14, wher.ein.the .anhydride. . [ ‘o
e R HERAR RO SR ay AR AR compriging a
ledsHbR) dBe 89 ¥ RENTH 184t B flamaetadaaNoecontihatvnaheredf,
wherein the organic conmpound containi ng hydroxyl
noi ety conprises a bisphenol. 18. The curabl e epoxy
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i Si i 1:d9. The curabl e epox
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filler conprises spherical fused silica. 20.The
cur aldvee egpalyst chopnisingtan onivunm caelysyy sghce with clai m 19,
wherein the spherical fused silicais present in a

range between about .10% wei.ght d.. % by
wor gintions! e B P e e S e RO Ar Gltestid T 1y
curabl e epoxy formulation in accordance with claim 1,
24/MenebR dpbey EhRithtioh@bApkising @nlepstnt dpsxyamoneahér, ci ent
of thermal expansion of bel ow b?ut 50 ppmi C. -31 WO
]ﬂ@@ﬁhﬁ@%@@@@ﬂﬁ@ﬁ@@g%6@§¥%§%4©2hg§}¢he cur abl e epoxy
fornmulation in accordance.with claim?1, further
(ofe]yys] Ry j ! Alsaltdbnd east
L L S
curabl e epoxy formilation conprising at |east one
epoxaptivpalowegents qohamigingrat fastanandyiadrcuring eepmad pk east
colloi.dal silica,,6 a.cure conpri sing an oni um
one rgqmie fomparRd SOpiAR IS ﬁ}FdéSa é%#%a&'onpr ising a free
radi cal - generating conpound. 24. A curabl e epoxy
25 Armathéd fo@ makaipy euhiilg epdxyl feartlatorec@p@isingrononmer
phenyl tri met hoxysil ane functionalized coll oi da

silica, a_cure catalyst..conprising am ne hosphi nes,
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organi ¢ comnpound cont ai ni ng hydroxyl noiety. 25.A

met hod for making a curable epoxy formul ation

conmpB)si negdding to the pre-dispersion-at-least-one-curable epoxy monomer.and . . .. ...

optionally additional aliphatic solvent to form a final dispersion;

(C)  substantially removing any low boiling components to form a final

concentrated dispersion; and

(D)  adding at least one cure catalyst and optional reagents to the final

concentrated dispersion to form the total curable epoxy formulation.

26.The method in accordance with claim 25, further comprising at least partially
removing any low boiling components from the pre-dispersion or the final dispersion

and subsequently, adding an effective amount of at least one capping agent.
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(A) functionalizing colloidal silica with an

or ganoal koxysilane in the presence of an aliphatic
wa@b@ehed4ss0l vent to form a pre-di spersion; (B)PCT/HSH031036192

to the pre-di spersion-at-| east-one-cur-able epoxy

nonomner - and optionally addi tional aliphatic solvent
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curé catalyst and optional reagents to the fina
addethcent rat ed di spersion to formthe total curable
epoxy formnul ation. 26. The nmet hod i n accordance with
f
2€ %H;lréor\[l/peﬁlgd i QJCF%E% e aﬁig%%bgﬁeeljﬁﬁ%?t rlg\?h bIoilﬁ{gl dbmponents are |
pa@ﬁﬁ}yiieﬁpeédsfrom the ﬁhdiieilsfpersatn atidsyubsesjuemtlya titk capping agent is
"~ subsequently, adding an effective anobunt of at | east
a ‘cappi ng agent. -32 WD 2004/ 048457
PCT/ US2003/ 036192 27. The nmethod in accordance wth
26TRE MedBd iNIQoRIaRcARYh lcRim el vhB@iCiaEROREN bBe 3iing agent
partially renmoved fromthe pre-dispersion and
caurises aeilylhting ageat. cappi ng agent is added. 28. The
met hod in accordance with claim26, wherein any |ow
I|n rgl
P Phe pRsheS SERERERYE B8 LRCD, Rpi ERENEG L AL Snprises
h@@nw&@ﬁﬁdbz&&;The nethod in accordance with claim 26,
wherein the at | east 'one capping agent conprises a -

si|ylating agent. 30.Th ccorda e Wi.th
sk ot Tnadoatino REh s Mhg R BR e DR
EH%{ VilhigleliRA9Bine31. The method in accordance with
cIa|n1 5, "wherein't he organoalkoxy3|lane conpri ses
phenyltrlnethox silane. 32.The nmethod i n accordance
33’MThh mefheidrin agcordapee Wéth champS, SITHT semPRHaE 2idRest GRGeAsRRIC
dH ant. 33.The nethod in accordance with claim 32,
‘ein the organic diluant conprises 3- ethyl-3
-hydroxynethyl-oxetane. 34. The nethod in accordance
39iThé nettaidin 26corddnee eiith ddim 3 méersant tieysganiodibrant eamprises 3-

nj um cat al and the optional reagent conprises an
@‘ k%@ﬁ’&?éy@ﬁé‘ﬁﬁ?x%ﬁ’n% free-

34.The method in accordance with claim 25, wherein the cure catalyst comprises
onium catalysts and the optional reagent comprises an effective amount of a free-

radical generating compound. '

35.The curable epoxy formulation in accordance with claim 34, wherein the free
radical generating compound comprises aromatic pinacols, benzoinalkyl ethers,

* organic peroxides, or combinations thereof.

36.The method in accordance with claim 35, wherein the cure catalyst comprises
bisaryliodonium hexafluoroantimonate and the free radicals generating compound is

benzopinacol.
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radi cal generating conpound. 35.The curabl e epoxy
formul ation in accordance with claim34, wherein the

WO e@e/048481i cal generating conmpound conprises aPCIEH$1003/036192
pi nacol s, benzoi nal kyl ethers, organic peroxides, or
conbinations thereof. 36. The nmethod in accordance with
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2004/ 048457 PCT/ US2003/036192 3 The nmet hod | n
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I I5&sty. am nes, phosphines, netal salts, or
g gg%natlgos thereof and the optional reagent

conprises at | east on anhydride curing agent and at
38&&3 tmegime! mragomdamcc ovithodlaith 37, tw‘herdnythed)uw cataygtcpmprises
hod i accord ce with cl a| mﬁ;reln t he
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alun1nun1acetyl acetonate, or conbinations thereof.

- 389hd hextiirt inedcdriaie Gdildameaes Wivitlrah ﬂidﬁnﬁ?drl&m&ﬁmg ngéhe
anhydri de curlnqﬁﬁgent conprij ses
#

cgmpRsas v Rexiheyygraphtialic antiiyidei de. 40. The nethod in

accordance with claim37, wherein the organic conpound

4WTthh r%¥ e élfc%XVﬂf) ?7; Svitrdh sRGR&lic cbbpdiif w1th

in. acco ance Wt im25, wherein the total
hwmnaﬂhnompoxmnnﬁesmhmpmﬂmh further conprises at |east
one filler. 42. The nethod in accordance wth claim4l,

A3 Rt 6o Elec S TGN BE T ik B ok ES R b K e
fératutichuuabéreoapexys atfi@kradentilieon further conprises at

| east one adhesion pronoter, at Ieast one flame
retardant, or canbinatiaqn thereof he nmethod ip .
48 dbgmerd nvacmdemcawfz@w%brva%emr&l& W%ﬁaﬁpﬂwﬂ
ﬁ%%HE icses a cycloaliphatic epoxy nononer,

I phati ¢ epoxy nononer, an aromatic epoxy nononer, a
silicone epoxy nononer, or conbinations thereof.
4351 ecthast inccomarrscitttelaice2 Sy witereh dhantod cusablsreppxy t he

h B
G R SR s WLP OB BRARE alemony e
réBiang oPccinbiaitich @peyy fornul ation conprising:~ ~—-- -

44.The method in accordance with claim 25, wherein the epoxy monomer comprises a
cycloaliphatic epoxy monomer, an aliphatic epoxy monomer, an aromatic epoxy

monomer, a silicone epoxy monomer, or combinations thereof.

45.The method in accordance with claim 23, wherein the aliphatic alcohol comprises

" isopropanol, t-butanol, 2-butanol, or combinations thereof.
46.A method for making a curable epoxy formulation comprising:

(A) functionalizing colloidal silica with phenyltrimethoxysilane in the

presence of isopropanol to form a pre-dispersion;
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(A) functionalizing colloidal silica with
phenyl tri nmet hoxysilane in the presence of isopropano
W@ 200804835 pre-di spersion; -34 WO 2004/ 048457 PCT/US2003/036192
PCT/ US2003/ 036192 (B) adding to the pre-dispersion at
| east one curable epoxy nononmer to forma fina

Idlsggg s g gp ng% ﬁl?et 195 %fasi A ttg%le r%neocﬁl%\fé( %;%x& I?f?onomer to
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di spersion; (E) substantially renpving any:|ow

boi | i ng conponents._to forma . concentrate
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47. A nmet hod for king a curable epoxy fornulation
conprising: (A) functionalizi ng colloidal silica wth
p he r@il) t r i swbsthosallyi rbmm&mg Any lvav bejtiag epraponsits te dpdpanol

e dIS ersi (B) at least partially
COP&?HSR? eﬁ]gtal}aﬁglsP%rglﬁ opa oI "fromthe pre-dispersion:: (O
subsequent | y addi ng hexanet hyl di sil azane to the
pr e- (@ S peddslirt 1) or&dxﬂﬂrm@talpsttahé opti@natirepgents cothe final
| east one curablee r to formaflnal
CHIPIP 0

cograybatesi spersien foé’[!i‘tf ?g’r‘ﬁl YU | ow boi | i ng

conponents to forma final concentrated d| spersi on;
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reagents to the final concentrat ed dispersion to form
the total curable epoxy fornulation. 48. A

s eni @ondulmetionatising gelleidnlpilios wigh phenykrmethorpsilens i tht

| east pne subs capsul ant, wherein the
PIEHEUSH S S%Pp%noigpsu aage}g d e’isgdgllét a portion of the
chip on the substrate and wherei n the encapsul ant
conp(B)s esatdéast pasihllpreenoyirextie iropmpengl feim Heegse-disporsing;;
2004/ 048457 PCT/ US2003/ 036192 one or ganof unct i onal i zed

gglt : dal su%lselzdu%%tly e%dl ﬁ‘gxtam%ﬂ]ylcﬁm aezarcl:eattoa%é/ pre- dlspersmn

(D)  adding to the pre-dispersion at least one curable epoxy monomer to

form a final dispersion;

(E)  substantially removing any low boiling components to form a final

concentrated dispersion; and

(F) adding at least one cure catalyst and optional reagents to the final

concentrated dispersion to form the total curable epoxy formulation.

48.A semiconductor package comprising at least one chip, at least one substrate, and

an encapsulant,

wherein the encapsulant encapsulates at least a portion of the chip on the

substrate and wherein the encapsulant comprises at least one epoxy monomer, at least
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reagents. 49. The sem conductor package in accordance
with claim48, wherein the organofunctional coll oidal
W@ Roo#B46DNPri ses up to about 80 wei ght % of sPCT/USN03/036192
di oxi de, based on the total weight of the total
curabl e epoxy formul ati on. 50. The sem conduct or

packa i n accordance . wi.th claim48, wherei.n t .
b gregnebories SN Fiif ARA gt PR Pl Btional
refed@noal koxysil ane. 51.The sem conductor package in
accordance with claim50, wherein the
or ganoal koxysi | ane conprises phenyltri et hoxysil ane.
4% PheTyemicanduetonpaskest inpsemdarce Wilhelaim A% et ¢l ai m
50. wher e 1.0l oSt 1 LA {E8, of sili
orpliotV R bo bl Ref S lise g ERohERd Elel o oTsilioon. o
disgidt aosetlict i tgrackeight dffthatota cdebbeepaky oroiuddtion52,
~ wherein the capping agent conprises a silylating ‘

t. 54.The seni duct o d 2
SEFER rmiseraiR BRk=ni® roRpad Gl CePh A nGre EDDY Tt

sifila is §@RkioRN el Rngﬁ{‘incorgidddﬁd&k?/siﬁﬁe.-rh e seni conduct or
package i n accordance with claimb54, wherein the

organic diluant conprises ) : .
51B3Th¢ sephicGadupidr prokase Maccopdaneeith sleinr 38, whspiadhtiuct or
ackage i.n_accor ' j wherei n the epoxy
,9ﬁ@%@ﬂg?y§g FP%@%%%%%§%$%Q?$%ﬁ§$P%§%poxy nonomer, an
al i phati c epoxy nononer, an aromatic epoxy nonomer, a

55iThé samieofuoioy packagenr sccordanambith atair 3§, wherimdhe colloidal
57. The senm conduct qQr . acia e in accordance with claim
sibea is\{ehes ian"ct’ﬁ’éal&Zl?géN lﬁ’ait ?%E?ne CBRYEI28EE oni um

catal ysts and optionally, an effective anmount of a

55 TR sdrRdbidlctor $8NELa I MBoRRAROWNIE clab8.52ehéedinabe apping
epoxy formulation i'n accordance with claimb57, wherein

agdnecodmpuises patyleting agenbr at i ng conpound conpri ses
aromati c pi nacols, benzoinal kyl ethers, organic

Xl LorsjyieTatry /A8 Clai B0AE QASGpadant
Shahy iy Bl Pl M @PRbEkAR tlin 38, MR AL kS
fiafieocslampies ui ehstohabrpabit,dilvhetr ei n the cure catal yst
conpri ses bisaryliodoni um hexafl uoroanti nonate and t he

free radicals generatin onpound. i.s hen in .
e R A% O AN ARG RS
dftfant WBEHALAR L ByICHRRIr6AIAtHFLoxeEMBPT | S€s ami nes,
phosphines, nmetal salts, or conbinations thereof and
the optional . i _ ‘ ,

56.The semiconductor package in accordance with claim 48, wherein the epoxy
monomer comprises a cycloaliphatic epoxy monomer, an aliphatic epoxy monomer,

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

~ 57.The semiconductor package in accordance with claim 56, wherein the cure catalyst
corhprises onium catalysts and optionally,.an effective amount of a free-radical

generating compound.

58.The curable epoxy formulation in accordance with claim 57, wherein the free
radical generating compound comprises aromatic pinacols, benzoinalkyl ethers,

organic peroxides, or combinations thereof.
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reagent conprises at |east on anhydride curing agent

and at | east one organic conpound w th hydroxyl
worRioey84561. The seni conduct or package i n accorBPeruvs2003/036192

with claim60, wherein the cure catalyst conprises

tri phenyl phosophi ne, alum num acetyl acetonate, or

5§ @EbFegliltﬁl ol Rsxdtc{rherlfagg in %Jd& %e:‘glmﬁ %@ﬂg et ﬁ %)Qﬂlghélgﬁe cBtalyst
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dride. 63.The sem conductor package in accordance
CWPW“@II&P%ZGBmaMer ein the organic conpound

cont ai ni ng hydr oxyI noi ety conprises a bi sphenol .

6@g‘hg %ﬂﬁ%&ﬁ%gﬁ o326 1rp§&l6ﬁglﬁcé Q’]tﬁ%&% 43NGRernt the ehicAlalyst

erein apsu ant - further conprises at .
chrepmstes aménesj pHosphings nikted sslésyior conolvioatoms plaréef{gadithe optional

d
reegwg PEBE e e o rddtp &Pt hlsouhe oot or
ﬁc’ﬁﬁﬂ%l‘tﬁ‘hﬁﬁ@@l%ﬂﬁ&? with claim64, wherein the
erical Tfused silica is present in a range between

about 10% by wei ght and about 95% ght of the
61 aharserwpa@c@ra@gk@geﬂlbawar%m%wﬁhglﬁlmr?@ LT aléliecf@talyst

c&%ﬁﬁ&g? 1}%}{%{1910 %ﬁﬁee al‘Mnlilﬁ la@étginfb%to e&eéoq?&ﬂﬁlo‘ﬁb' ffeof:

apsu 85 & Coer ICI her
. expansi on. of bel ow about .50 ppmf C. 6.8. The .
62 @ik senitundwetorpaclkegén aeroatanor with climiG0hwbeimthd gnhydride

wherein the encapsuy STy es at | east
CHIRE ARFREGISRISSS gr%?d@ﬁﬂe’%fpyﬁlﬂé’g t?‘ Eg' ﬁ% ret ardant,
or conbination thereof. -37 WD 2004/ 048457
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accordance with claim48, wherein the encapsulant is
conppEIswtaniag hydrondeneipty comprisesh bisbhenpk
sem conduct or package in accordance with claim 69,

N e e =

fmrﬂmecémbﬁsesMIeéstsmmﬁﬂenductor package conprising a
chip, a substrate, and an encapsul ant, V\,herei n the

apsul an ncap ul at es a a p
e8Pt ARG EoPre 37 BT SRR AR
c8inpli@ASphanal ﬁj@@d(wla@norrer phenyl tri met hoxysi | ane

functionalized colloidal silica, an onium catal yst,

and a free
66.The semiconductor package in accordance with claim 64, wherein the spherical
fused silica is present in a range between about 10% by weight and about 95% by

weight of the total curable epoxy formulation.

_67.The semiconductor package in accordance with claim 48, wherein the cured

encapsulant provides a coefficient of thermal expansion of below about 50 ppm/°C.

68.The semiconductor package in accordance with claim 48, wherein the encapsulant
further comprises at least one adhesion promoter, at least one flame retardant, or

combination thereof.
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radi cal generating conmpound. 72. A sem conduct or

package conprising a chip, a substrate, and an
wenwapsssbant, wherein the encapsul ant encapsuPEr/@s20a3/036192

| east a portion of a chip on a substrate and wherein

t he encapsul ant conprises an epoxy nononer,

nyl t.ri net hoxysil ane functi onal. '
o PR PO e bR LR OOl L encpten
isQispeRicalvisal fisderfdnehetiplli onal reagents conprising at
| east on anhydride curing agent and at | east one
or gani ¢c. conpound cont ai ni ng hyd [
70.Tge semiconerEtor package in accordgnceyw{ﬂ? é?élm Igg,l v%lt'lélr'ein the underfill

method comprises no-flow underfill, transfer molded underfill, or wafer level

. underfill.

71.A sémiconductor package comprising a chip, a substrate, and an encapsulant,
wherein the encapsulant encapsulates at least a portion of a chip on a substrate and
wherein the encapsulant comprises at least one epoxy monomer,
phenyltrimethoxysilane functionalized colloidal silica, an onium catalyst, and a free

radical generating compound. . .

72.A semiconductor package comprising a chip, a substrate, and -an encapsulant, 4
wherein the encapsulant encapsulates at least a portion of a chip on a substrate and
wherein the encapsulant comprises an epoxy monomer, phenyltrimethoxysilane

functionalized colloidal silica,
a cure cafalyst'comprising amines, phoSphines, or metal salts, and

optional reagents comprising at least on anhydride curing agent and at least

one organic compound containing hydroxyl moiety.

-38-



