2 0 OCT 2006 WO 03/101164 PCT/ US03/ 14838 NANOPARTI CLE FI LLED UNDERFI LL
Background 5 The i Rvent : on rel ates tg cur abl eI filled underfill tﬂpﬁ&};ﬂm%
conposi ti e electronics industry, electronic COMPPRE . s
resi stor s?ﬁ?aoggglui%r s, inductors, transistors, integrated cCi r@%ﬁﬁ{s chip
carriers, and the like are typically nmounted on " substrates or circuit
boards in one of two ways. In the first way, the conponents are nounted on
one side of the board and | eads fromthe conponents extend through holes in
10 the board. Sol der is gANGOPARNECIIEFIPRED URDYEIEEIQf the board to anchor
the | eads and provide an erectrical connection. In e second way, the
conponents are soldered to the sane sides of the board upon which they are
mount ed. These | atter devices are sgig to E "surface nmounted". Surface
nounting of electronic conponents i able technique in that it my
15 be used to TRKGverion raaRt ko Ghrableifflled hEGtUTHRRIRBGohiMRkitiohs, CRRhEas | y be
used in automated processes. One famly of surface-nounted devices

conpr i se<ldctronigs indudtre,| edectronis compoments sedht as rhsistorsg capasitomsyindessonsect i ng | eads
attached to pads.located.on. the. surface of a. substrate. Either the

el ect r oni FPIESIREL AURS2 ﬁcfrﬁlé‘t%ﬁ ‘f‘agiwés’taﬁ}gmﬁa]yf??r?% ca;ﬁtrﬁgll’fgﬁf?% provi ded
Wi th smaldubihicor@irchiebbfrd®in o fwoRRSs! LPBR ikt WA ¢ ddfionkhtlarec OF r espond

to the 20 bonding pads on the el ectroni'c conponent ‘or the substrate. The
el ect r oniToounterhement sideof e boand and|l¢ads fsnnthecomponerds sxtond thaoughthpleslinci ng it

in nt ac it hg _substr.a uch that.. sol,der b s contact .the

cor Fporths Hita6ichiRblic BB SedslRbice pE edhosth b be aak 81,

heat ed t Qyrgvil® b kledtriciiddniedtivn. Jalthiedecoml Way,Ahe Eqthpaihtsrel sd1868d td@eassenbl y
is cooled so to bond the electronic conmponent to the substrate through the

sol i di f i eamssidgeof thedoardeugonophiehmthytare mionated e dhessl laiggr degicehare saiddo be

el ectroni.,c_conponent ,,, the solder, and the substrate often have

signifi caﬁ?ﬁ?f“e(ffl?qr@? nt coefficients of thermal expansion. As a result,

di ffering expaiffee nicdhg felbbieons s@fiidnénikaah dediibld@chifigueiaihg atmay Sever e
stresses, for exanple, thernonechanical fatigue at the connections_ and | ead
t o 13i | urbegised b mpkpyary sal eirewit sawityges pndthat feanjeasily be vged inrpstampaied epoxy
resi ns hay

expansi o s‘.gc“-‘g%‘ﬁ%;éjé%ﬁfi@e@ 0%@%%5@%%%%@%%%té:?l’mg’h(ﬁ%irﬂeﬁﬁ%%l @E‘i%tnds t he

p;ar i pher }’coﬁzfpog-l&ﬁs hhdfig homeus eomwrang leaddateebediogsads Meatddadahe sirfrenf hhe
el ectronic -
substrate. Either the electronic component or the substrate to which it is attached is

provided with small bumps or balls of solder positioned in locations that correspond to the

20 bonding pads on the electronic component or the substrate. The electronic component is
electrically mounted to the substrate by placing it in contact with the substrate such that
solder bumps contact the corresponding pads on the substrate and the component. The
assembly is heated to a point at which the solder melts or reflows and then the assembly is
cooled so to bond the electronic component to the substrate through the solidified solder.

25 One problem with this technology is that the electronic component, the solder, and
the substrate often have significantly different coefficients of thermal expansion. As a
result, differing expansion rates as the assembly heats duﬁng use carn cause severe stresses,
for example, thermomechanical fatigue at the connections and lead to failures that impact
the reliability of the device.

30 Thermoset epoxy resins have been used to minimize the effects of different

thermal expansions. Polyepoxides have been used as an underfill that surrounds the

periphery of the electronic component and occupies the space between the electronic
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2 0 CCT 2006 WD 03/101164 PCT/ US03/ 14838 conponent and the substrate that
I S not occupied by solder. Inproved underfill materials have [?ﬁ 20

formul at eggns/pie@r POrati ng conventional silica filler, thapy 031,?]8?2 @a
having a particle size of one mcrometer to 50 mcroneters or grea '
the underfill conposition. Although high |oading |evels of such silica

filler maycomRoRFHeanddbe suhsfrate thalcis apteccping anplgdﬁﬁekmvam%mat@wﬁ
evel s al SaRte it iifed BYIERLIRR e doRfaohblicd AifltrDiat AsilibendvigYaOf the .
underfill 'bonding conposition. "Such®particles nmay also get” trapped around -
smal | f eatpartéde siael of ondatisverrtes a5 njapmevdrear greattr into thederdeifill el ectronic
assenblies and nay interfere with the electr.i c_ﬁlql%ﬁnnection_bet wgaen1 t he

sol der burfs&npesiion; Kdthoyghirgh loadiag levelsipd suelyeipies fillelmay prayidetasuablei on i s

pl ac bet . Ao Sifef | oned.
These | ar qaraftioniof GERRRpardof SEHRAL KD BrBlh e uiBe i iindoBuS ()"
f or mul at i dnkibitiegtthé flow offthe heddrfilllbendipgcbinpbsitions Sach particles magailkso gegsult in
an underfill having_a ngn-uniformcoefficient of thermal expansjon. Settling

of parti drapped proupd smallfgatares japd iy betweemnsmaall gapsyhen vhed S Hadsrll sksBpaics
shoul d t hi [ ' : Hadeiohi | &CE{?H@I lyon.
15 Sunmmar ya%S ﬁﬁél}‘éisr?\@gm@gﬁ&gﬁ%@ﬁfggws@g&g@?@%& as@érygh%gqg% (riret ods o

maki ng el etht bomding padsSi€ vl ureterfilhbdnditig tormpositivrads|ptadad beiwegn cheguaspdreans t hat

conprjise a curable resin and . surface-modi fied napopartjcles. The use of
surfi:a(te- n[?d?ﬁfs}lgﬂ‘% BEe the spldsr ﬁrTG@?% ﬁﬁ%fﬂxéﬁa@?"ﬁ@ 65 3lsa 8 ~ng
conposi ti ' : i | . Y ving a
oot rai ¢ ERshE) i BHIE ool S SIACHIY pariOENGRLHS cleAD |
t he sol derresudt inranamdsrfithhavinga hbownifode cdaffitiept ofcthesna eippsin. Eettling séf ul

viscosity ranges for use in capillary underfill processes._ "Useful,
vi scosi t y Bagidessshopgasshelf life gad can also ease dispeaying grobleras shopldings ssiling ng

conpositi | LG el ectroni c 25 conponent during
first diqunggng%ﬂhgﬁgéf eﬁgggﬁgggﬁggﬁﬂB%?%?Lto fl ow or be w cked
undetiheath the el ectroni c conponent and between an el ectroni c conponent and
a substrate that are sol dered togethgr. I n one aspect, the invention

provi des an el ectronic conponent el ec y bonded to a substrate with an-
underfi |l adhesrne%b&{m?}o_ 1385 SleBiFdriO AsEmBREPAIEMEHBAEoSBRInG &leBironid0
wherein the underfill adhesive conprises the reaction product of a curable
m xt ure casgentdies ghat atiliep owrablle honding, compositigng thiat Cgrepriseamehirable fesireand eat ed

nanoparticl es that. are . . . .
P surface-modified nanoparticles. The use of surface-modified nanoparticles provides

er Into

20 curable underfill bonding compositions which may be cured to provide an underfill
adhesive having a desirable coefficient of thermal expansion (CTE) without interfering
with the soldering process in a no-flow underfill process and providing useful viécc;sity :
ranges for use in capillary underfill processes. “Useful viscosity ranges” means viscosities

-+ that allow for the curable bonding composition to be displaced by a descending electronic

25 component during first die placerﬁclit' and then solder reflow or to flow or be wicked
underneath the- electronic component and between an electronic component and a substrate
that are soldered together.

In one aspect, the invention provides an electronic component electrically bonded
to a substrate with an underfill adhesive between the electronic component and substrate,

30 wherein the underfill adhesive comprises the reaction product of a curable mixture
comprising polyepoxide resin, curing catalyst, and surface-treated nanoparticles that are

substantially spherical, non-agglomerated, amorphous, and solid.
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substantially spherical, non-aggl onerated, anorphous, and solid. -2 2 0 OCT
2006 WD 03/101164 PCT/US03114838 In anot her aspect, the inventj BC eyl des
a met hod ' an electronic assenbly conprising the s g ;ﬁ i di ng
an el ectrg‘ﬁ{l c%cgfr?%onent havi ng sol der bunps or bonding padégf’ﬁ@ S ,8
providing a substrate having el ectrical bonding pads or solder bunps
t her eon; provi dilngnethetasppstethdriinhign portidesiaimethod ofprakingfp cdectionith| e

m xture of POXI: S ' . fluxi , .
Tt o o oS SRS RSl BB o AR AP b
non- aggl onek dbeding padyth&xeus; providirpad substrixe having eleegridahBording bhds orgeldepsi ti on
bet ween the el ectronic conponent and the substrate such that the sol der
bunps al i giPups kheren; Bresdding @ sTrabbmbrTslin SHeRIapPasHiquTOmBIFsing 3 eypbly mixfye of

appl yieng h .«fhe. a t b ' { L] m.t he
ol ot P Cal byshEch Rine TR btalb , FlkdiglaBe UN B RRAY e A AUIES GRLIRE

essenti al | Yulyshmially gpﬁerrﬁel, nbi-aggloterated, emirpladusyarfd @idpposiabmihg tire dwedbas | al s
rel eased or formed during the cure of the conpositions. The term "curable",

as used hecc@mposikanheiwesr tecdeqtipnyy companeptandthe suhsiate syrh thas thegsoldsr m a

gl assy, insql.ubl - ' [ | i mal
use condi t?’gﬁ aﬁﬁn %ﬁﬁéféér @Wkgﬁggp@edﬁ d%‘\@ {6 e a?leéagg%rﬁ%lﬁ’ %?cg%}%@ﬂ ﬁép e%(?é:ur abl e
15 bondi ng tleoapanblyito burfthe bonding corhpisiti @ggidofremahe elsctnizgalogpanédtines nmeans
substantial ly nitary, single particles, as conpared to agglonerated,

part i es, for z’i%fﬁﬁpé’,, thye grdeble Ppndie coma@s%mfqrwssn%lésgg@@tﬂsffrqeh@at is,

I nvention Lde. ' ?qﬁﬁ ' ce applied to
t he el ect rggsiegﬂ%:lgfn%%%f;fol?tﬁé g%%?ﬂ% %ei%rg%c\%ﬂ%hé?%g ri gﬁe%(q}gén?i;tg% bet ween t he
sol der bunpempositivie Tiertens fourdblet) = lused hdreial meand cieinibadydorthypiaslty 2) 20

additional heat for viscosi'ty adjustnent beyond the anount required to cure

t he bondi n§rosekksbleitoifern aglassw insolble, @oadidyable natwopgwhighds gwinjained ppgss
) o ey ' . ! i
Connect | oniatibf 86 chiGEGH, 3y -SRRAR hheAils Y rfflth BadiPy & Sairkine °
conpdsi t i obohding cemppositon aftermre N@ragglembael” nanbgparticlas metnsdubstahtidllye

| ayers are fjlled. 25 Brief Description of the Figure FIG 1 js_a schematié
cross- sect MBHAYF siagle PARIsiEsnasRorpparehtoAggiqmeratgd P&gls%%i’:%i expopley, fimed il on.

30 Detailed Desc’i'rhie Eﬁnlfﬁﬂv processes of the invention do not require: 1) other than gravity,

additional force applied to the electronic component in order to provide electrical contact

between the solder bumps and the corresponding electrical contact bonding pads; 2)

20 additional heat for viscosity adjustment beyond the amount required to cure the bonding
composition and reflow the solder; 3) that the solder bumps have a specific or irregular
shape in order to provide an electrical connection during solder reflow; and 4) th;at the
underfill bonding composition be dispensed in more than one layer, wherein not all of the

layers are filled.

25
Brief Description of the Figure
FIG. 1 is a schematic cross-section of an embodiment of an electrical assembly of
the invention.
30 | Detailed Description

In one embodiment, the present invention provides an electrical assembly that

comprises an electronic component electrically bonded to a substrate with an underfill
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I n one enbodi nent, the present invention provides an electrical assenbly
that conprises an el ectronic conponent electrically bonded to a subs%rate
with an UP&?F’I@ L“ -3 WD 03/101164 2 0 083 2006 PCT/ US03/ 11838 Zd4

The under dh¥sive is the reaction product of a curabl PEHEHHIHYE3S
conposition that conprises a resin, curing catalyst, and surface-treated
nanoparti cakihemveﬂﬁmdeﬁldaadhashatmmenammrprbmmsf acm-ahluirqﬁdmgs:omposition

subst ant i herical, non- |.onme and ubst ant.i al I | no anic. The ™
curabl e bd F%‘%E‘é‘?ﬁp%gqs’c‘i’ SPP% %ID’%toa‘E{)ﬂFE?P 3 &?“BP“BCIFFU &ht. Now

referring I SRIPhLES ni c
conmponent &fgtego%e%"m%g%gﬂseﬁ%ﬁ g‘?"{es’ %%%E‘E{B %1&1 of Hign %ngél%@eﬁtg&gﬁgsi ve 16
cont ai ni ngubstantially dndngenit e The anrapbe bomii@coiﬁpositmrt inay alsobonkiaimeflux bhe

el ectyonic_conponent 12 is electrically bonded to the substrate through
cont act oflUXHIE 2g8Rler bunps 20 with bonding 10 pads 22. Electronic

conponent 12 i b Y, '
conmponent havi ﬁ\é&g%? er urrliggJ (Il)r él@?: |1ng %@ﬁg@ﬁﬁé?se%g%gﬁmof havi ng
sol der btmpmonéind(zlh‘omde@xﬁmmibe&amflﬁmemmfmumdmmmﬂlﬁswe06udmtmnlmg are
not limted to, in ated circuit chi resi capacitors, and the
li ke. UsefBrfaceirate ’E‘%&ol’éﬂg @H&si“f@s §ﬁ)§§f‘&naqnéé ﬁS{?FﬁB]mSE:@E{PPP?,"aI 2$ndi ng
ads or s

p Ueleically BBRagl tolBE SbsBHRNhF e SofARAN o Sblded VB PR bbhdRk

bondi ng pads trate 1S not specitically

i nclifdes fpads ZXxanple, printed circuit boards and flexible circuits. In this
I nvention, the__electrical ass"eérb can be, a cka bonded tqQ a
substrate. |n ZISFATOMGROMPRSHE 2 5 °§3P°i5’|‘ IBW“?P ?rﬁ!‘ffc FHFAUEt boar d

and encapgghﬁsﬁat 30613 bl Ap b ARG Tndrby & d@%fewh%n hgigppar d

al [ owi ng ection t0 a su ate. ng conpos tlons of the

i nvention bumpsaSpemﬁeemmplas ef elpakgm@omhpmanﬁsmnhlde Use fard ngadinyitedas) de resi ns
i ncl ude, for exag ubstituted or unsucP %}i %I [ Bgatl

cycl oal i phEEEated SIGHILCPIPS He8IRIONS: |GAPASIIGEy AT 1 ghlastratss ape those ¢ yci dyl
estofss. Oledic gl ?réectﬂéﬂﬁbﬂdih%fpﬂ&%ﬂ <ol bifHipd o BRSE Sk trafls Kigbyd oRTI nes,

or 25 epoxidized ol efins i nati1ons ther Speci fi c exanpl es of

pol yepoxi davingslentricat bénding padsh Chedypoef substnate of nwtmﬁe@mnnwdmmht i on

e R oSl R S RS HIE i Ty PRESRBhG. B o
di gl yci dylele2irR@l sssemblyPbildlSo be a package bonded to a substrate. In a package, the chip is
placed on a thin, small circuit board and encapsulated. Solder balls are placed on the
20 bottom of the board allowing connection to a substrate.

The curable bonding compositions of the invention contain one or more
polyepoxide resins. Useful polyepoxide resins include, for example, substituted or
unsubstituted aliphatic, cycloaliphatic, aromatic and/or heterocyclic polyepoxides, such as
glycidyl esters, glycidyl ethers, glycidyl-functional amino phenols, glycidyl amines, or

25 epoxidized olefins, and combinations thereof.
Specific examples of polyepoxide resins useful in the compositions of the present
 invention include, but are not limited to, diglycidyl ethers of bisphenol A and diglycidyl
ethers of bisphenol F, aliphatic monoglycidyl ethers, aliphatic diglycidyl ethers, aliphatic
multifunctional glycidyl ethers, and aliphatic glycidyl esters.
30 Examples of useful polyepoxide resins that are diglycidyl ethers of bisphenol A
include, but are not limited to, EPON™ Resins 825, 826, 828, and 1462, available from

Resolution Performance Productions, Houston, TX; D.E.R,™ 330, 331, and 332, available
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mul tifunctional glycidyl ethers, and aliphatic glycidyl esters. 30 Exanpl es
of useful polyepoxide resins that are diglycidyl ethers of bisphenol A

i ncl ude, bwo(%{rﬁh@gt limted to, EPONT'" Resins 825, 826, 828, &rd0Cl4HM
avai |l abl e Tro ol ution Performance Productions, Houst onPCTRSOH4EIR TM
330, 331, and 332, available -4 2 0 OCT 2006 WO 03/101164 PCTI US03/ 14838

from Dow Cligym Balv CrERRAEYCoMpanyp Midlail; MaNshdARRADIDIFEM GY 66033 Y0 4Rd and
GY 2600, available from Vantico, Brewster, NY. Exanples of useful

pol yepoxi d€&¥ 860G availehle from Wangiops Bagwstent Naf-s of bi sphenol F include, but
are not limteddo PONYM Resin 862, avail.able from | uti.on_Perf or mance
5 Producti ons, mpgﬁ%ﬁgﬂﬂlyﬁﬂﬁ ?ﬁwﬁﬁ?@W%%?’S&gfgg?“@% 306,

and PY 307 jncydd, babire nbf BRuYans, :mwﬂr% 862, abRilable ABRI BsoRftiod PeHBlmAIRRO.

di, and multifunctional glycidyl ether resins include, but are not limted

to, XB 412Prodv¢tions] BouswaTTXT vhd AR AAINTERETIKERM ,A3Y 283y GiY! 285, BY 306pand
Vanti co, Brewster, NY. and EPONYM 1510, HELOXYTM Modifier 107, HELOXYTM 10
Modi fier 48Y 2 pvaitable frew Y amtice Brewsterad Y or mance Product | ons, Houston, TX

The pol yepoxi de P;xg.g{pgl% et flonbad! %%@fﬂ%@éﬁ%ﬁ&lﬁ@%di{l@tﬂé}%siﬁsnﬁ?ﬂflg%%ut

substantial ly I'oni ¢ speci es. yepo esins are a

pr ef er abl y afeudig linditddab) XBf41@e, MY 050 TRCTIXNUECE 208 JIACYIXTRIADBailshle
resi dual ionic hal ogens can be acconplished by first reacting the

pol yepoxi dé&ome¥anticg, BrcwstpndeY; apddE 15109 Y Madlifigrd @it HigR O ™5

th i t t er . i Sj dr ol yzabl
o 1ol TSR AVl o RSB8P B SRR e BRI TR or ekl <.
if no other aci cithegioﬁye Bkide fMins Ae pheahbly isAlaldBleM inthatifefare 3bdiiafgd

based on the ppm o Hydrol yzabl e halide. ° In other situations, for exanple,
100 per cenfret of fmdc gpecizsn{Tho polyepexide mrsinsaue alyh preferablyspbstantially deserofnay be

conbi ned with a se.at .ro tenperature.to.forma mxture or..20 i.n ot her
o't uat 1 one BRYDERS AR EE P SRR iic FReBa T i oy Sied B Bl anc
agi tation sdagfing'Bié [AfePoxRiei re§in WA thPdBhselUThe Badeli6 pfedarmtih @R awlohhk Whigh base,
sinmultaneously wth the base treatnent step, or after the base is added to

the elfoxy exeseds thelmalaneqidvalens bagtdcorathe andigrialheomprising hydiobizgtlp balidee Thisi n.
R s e e R b e
i nvention pRGEnALtheBHitical And@it of bilel@f betuSed Basdd O tEleSpra 8¢ Ry@slyR I8 hakiden
hydr oxi de in water, sodi um hydroxide, and |ithium
In other situations, for example, 100 percent to 200 percent base is required. The
polyepoxide resin may be combined with a base at room temperature to form a mixture or
20 in other situations, the polyepoxide resin may be pre-heated. Thus, the heating and
agitation step may occur prior to and during the reaction with the base, simultaneously
with the base treatment step, or after the base is added to the epoxy resin. This order is
dictated by the starting polyepoxide resin.
The selection of the base depends upon the starting polyepoxide resin. Examples
25 of suitable bases useful in the process of the present invention include, but are not limited
to, hydroxides such as potassium hydroxide in water, sodium hydroxide, and lithinm
hydroxide, hydrides such as lithium hydride, sodium hydride (optionally in mineral oilj,
and potassium hydride, alkoxides such as primary, secondary, and tertiary (for example,
potassium t-butoxide in tetrahydrofuran (THF)) alkoxides such as sodium ethoxide,

30 carbonates such as potassium carbonate and sodium carbonate, and quaternary ammonium

salts.



hydr oxi de, hydrides such as |ithium hydride, sodiumhydride (optionally in
mneral oil), and potassium hydride, alkoxides such as primary, BRCONIRrY,
and terti ¥, exanpl e, potassiumt-butoxide in tetrahydrofuran (THF)) -
al koxi des sduc Iogg“sodi um et hoxi de, 30 carbonates such as pé’t%ér 03838 bonat e
and sodi um carbonate, and quaternary ammoni um salts. -5 2000T 2006 WO

03/ 101163 PCTI \(orralygg® base slegngth and thp éemperatuss gre sueintbatide halohy e elosesur e

are such rin.c . ' i ch the
pol yepoxi do s gelyens R e CLREE e dludpsRidt Uakf RGBS, U Shaitple

epi chl or oly gié Sase €or ME@biélﬂbbbﬁp&*ﬂ-d&if@ﬁﬂdly?@ﬁi@&&ﬁﬂﬁpdtadﬂlﬁn@Kbﬁiﬁxid& inTHE was
suitable at 25 C, but the resin polynerized at 70 C. 5 The use of

non- nucl edFHf wag suitablssatA5ciC, bt the désumpolytherided atr ® %5l i eved to have the

advant ageo effect of closi,ng . the hal ohydrin w thout, react, ng,apprecj abl
o R e o e He s OF Py BALIATIIIC bt MARAS spaiie Pt are belisvpd FER& e o V)
a non- nucl,gepfid ﬁ? %%&3 df%lcﬁ?r&%c Bﬁ@hﬁirﬂPﬁﬁﬁ%tgrrfﬁecghglﬁg%mEﬁWWﬁ§tHePSase

foll owi ng steps: istilli'ng a pol yepoxi nprising materials
cont ai ni nghydrdlytiksihaisensitige funkiiatalitissucd) asebtersul ar distillation to yield a
pol yepoxi de resin distillate;,and (b), reactin ai d pol yepoxi d esin
sy T at e wi ¢ A Angaducleninh hes b te ooy eelieblyRomuRg b oo vgch

exceeds. Bl s e Al itpoR R #6kiR BoBASIRE Wi ot Ne HyBebI L] y2abl e

halide. The initial disti tion step renoves noisture along with high

mol eldul ar hakdepting medeeniaxidistidlotivraforyield apodyapoyidefresio distilate; 4nd (bYbeactingduct
can either ke neutralized wih 1 ter .and car,bon di oxide to renove

ool Gual - SR OeRGHE g At ge Btk 4 PasEOY D SaE IR PRORERL IR BHRHRY oct | y
W t hout nes: ' ' ' ' c ol for
reaction g#ﬁ(tglﬂée)&cﬁa gotﬁgg}c’;[%eet gF ﬁ?gte é’ﬂgg‘f ij%tbegi‘)%}sgcgh ?‘%@?ﬁﬁm Fygﬁ gigeiht%gki g‘d.
For exanpl e, t Themitialidistiationbephrembores meishge abonigewth high tnedlecubervesight y, t he

i xt i s heated het 20 C.t0.20Q. C 1 mnute.to 20 12 :
owever , FRTARARTEIAR Rt eia T Brp HL Aeceihts b e
resifs  Da@fershil RRoR Aokl R iehioké teiddal Sodiith HyFilé bétetd cllﬁkﬁl_Yati%lerﬁn base

towards pol yepoxide resin polynerization, and comercial viability. This
heat i ng adistiblest dirgctlyawitbeatineutsslization.ne pol yepoxi de resin and base are

COM 1. B Ok R S BRSokd SR s oS bl dA™

form the polyepoxide resin while agitated. For example, the mixture may be heated using

a heat mantel. Generally, the mixture is heated between 20 °C to 200 °C for 1 minute to
20 12 hours. However, the temperature and time depend upon the starting polyepoxide resin,
base strength and solubility, the catalytic activity of the base towards polyepoxide resin
polymerization, and commercial viability.
This heating and mixing can occur after the polyepoxide resin and base are
combined, prior to and during the base treatment step, or simultaneously with the addition
25 of the base and base treatment stel;. N
The mixture is usually heated to alter the viscosity which in turn helps the
dispersion of the base.
The heated mixture is then neutralized, if required, using carbon dioxide to form a
crude preduct. With the hydrides, this neutralization step may not be required.
30 Optionally, at this point, residual salts may be removed from the crude product by
filtration.



The m xture is usually heated to alter the viscosity which in turn hel ps the
di spersion of the base. The heated m xture is then neutralized, |f re U|red
usi ng carb@p gh/fide to forma crude product. Wth the hyd g%s
neutralization step may not be required. 30 Optionally, {Pﬁ& Bg?ﬁt"s
residual salts nmay be renoved fromthe crude product by f||trat|on -6 20
0.0 1 2006 WO Oﬂdﬂlﬂﬁztnmﬁfrmmma&d biyenolgculmedistilledion o mhlrbtheqsodts:@l at ed

by. ol ecul gt di | Id th F |
e apor ot or or bl Rroe i apofb B° S arie 57 B pSte. “pilia Siled '
evapor at or ,ﬁlhi‘é‘v PB&@& ﬂfc%’ﬁﬂ%t]%rb&& iSdi5triBuie@heRisE @Sertital RlatddCfaBEBY af
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The pis i fi efoleallyepeighOfatesial-fred3defintd Eérefn BHa0hgH oG ety BidShiteA4ls having
tenperature than the |less pure version, which is advantageous. The purified
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of the theoretical epoxide equ1va1ent weight) and liquid chromatography of the distillate

indicates greater than 98 percent monomeric polyepoxide resin. These data indicate a

20 polyepoxide resin that is substantially free of hydroxyl functionality.

The purified polyepoxide resin has a higher cured glass transition temperature than
the less pure version, which is advantageous. The purified polyepoxide resin is also more
predictable due to product consistency. The viscosity is lower than the less pure version
of the same polyepoxide resin. There is no residual base in the polyepoxide product,

25 which is advantageous. Residual base may inhibit cationically cured polyepoxides. Other
low hydrolyzable halide polyepoxide resins such as EPON™ Resin 1462, available from
Resolution Performance Products, Houston, TX, which have some residual base are
described as having a yellow color (a Gardner Color Scale value of less than 3). The
purified polyepoxide product is colorless. For example, using the Gardner Test (ASTM

30 D1544-80), the Gardner Color Scale value is less than 0.1 for purified EPON™ Resin 828.

The above polyepoxide resin purification process can be batch or continuous.
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useful in the previously nenti oned cl asses of curing catalysts include Sc3+,
Cu 2+, NoRraccelprdte Bractifirowhentit2ted dbm3e a tedhperaturg 850 T or greaed +Cladbzqf Pb3+,
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curing cata ysts I nc met al Jazol
useful in the previously mentioned classes of curing catalysts include Sc3+, Cu 2+, Mo2+,

20 Ru3+, Rh3+, Cd2+, La3+, Het, In3+, T1l+, T3+, Ph2+, Pb3+, Tid+, Ce3+, Cedt, Pr3+,
Bu3+, Gd3+, Tb3+, Dy3+, Ho3+, Er 3+, Tm3+, Lu3+, Th3+, Co2+, Co3+, Fe2+: Fe3+,
Ni2+, Pd2+, pt2+, Ga3+, Y3+, V3+, Sm3"‘, Nd3"‘, Cr3+, Lil"', Bcz'*‘, Kl +, Caz"', Nal-l;’

r-v-‘

BaZ+, Sr2+, Zn2+, Mg2+, or Agl+. Typical curing catalysts include metal imidazole
complexes, such as zinc imidazolate and copper imidazolate, for example, as well as ‘
25 substituted imidazoles, such as 4,5-diphenylimidazole, for example. Curing catalysts are
present in the compositions of the invention at a level of 0.02 to 10 weight percent, 0.05 to
5 weight percent, or 0.25 to 2 weight percent, for example.
Nanoparticles suitable for use in the compositions of the invention are substantially
spherical in shape, and have an average particle diameter in the range of from | nanometer
30 to less than 1 micrometer, and are substantially inorganic in chemical composition. The

nanoparticles can comprise essentially a single oxide such as silica or can comprise a core



conpl exes, such as zinc imdazol ate' and copper im dazolate, for exanple, as

well as 25 substituted i m dazol es, such as 4, 5-di phenyl i m dazole,,f.ar
§%%g¥m i on
/A
n:f, r

exampl e. Giid fgosalal ysts are present in the conpositions
at a level of 0.02 to 10 wei ght percent, 0.05 to 5 weight gzé?ce 0. 25

to 2 weight percent, for exanple. Nanoparticles suitable for use in the
conposi t i oé appxideofione trpei(ona eere of aswaternial jofhar jhangymetal exide) op Whighds and
have an average tieledi r i f ' to
'ase than Tefirdel Aproafde by dhOUPL e, Behetnl AP froippslchliehn RABRTEL2E (o
conposi t i opartithediampppfrém@ RmofiRfers @00 mRofR&EEY) fiokh 1§ néndhéigds@o 380 de such
as silica or can conprise a core -8 2 0 OCT 1006 WO 03/101164 .

PCT/ US03/ 1agmyuetsss, ahirom; l9anagpmsiess oyl nagpmgtess ad 630 mngR{leszein SWHAREY han
a metal oxi [ i osite Xd . £ Y,
he nanopaPFses 4S8 dsBomPRROTH L AR R n AN It REve SETGNRY

nanonet er s nagowHartide size dRtributioh arukd A ERaBEai particle3(@. nanoneters, or from
10 nanoneters to 100 nanoneters, and can range 1n Size in any range 5
bet ween 5 and 530isiseciesirare thaf the nangparticlge samain pebstantielly Ren-aggreped. s es

have a rel ?l&lilélp%*t%/cl? BBk At b 'rgskbjfr if k)ﬁeg:{pq{aﬁéﬁ,:é%ﬁ%&{] of h flat iﬁ%ﬁéﬁ% A0

particle size. esir oparticles rema

subst ant i alvis¢osinn-Heg| £patiedlarindesitidhogladstof GlafoR@fyl €0k ueinGaepardgithé i n
precipitation, gellation, or a dramatic increase in sol _viscosity. Thus, a
par t i ®ul ar c9mpestipaypidhe nysatien mglshints pEinesgapisnanepartiglep (fopaxample: he 10
conpositio . [ : | ' : o ' jcles (for
oxanpl e, | aRpSichIBe BN SbopRileHRE LAt mAlis) BRIy S AT AAREIHa:

especi al | y sBieks Soéh solocqphisusrepsed bga.vaSeiyrofsedhniquan albing eqrietyedf foyma thaar i ety
of techniques and jn a variety of fornms that . ing¢lude hydrqsols (where water
serves as tdude hydresolyhern Wats spivessasi the hapid meediygh organosqly (Whete gFganifsed) |

and m xed g Grh&s: | G ' ' &Enfkib

organic |.3‘3+‘§‘f Seg,ﬂ)’%ggniel%((%yrr%ﬁse@%%mggs@rlgl?lg%ﬁ[g 0 q%‘tés?tggﬂ%?ﬁ%ﬁand

f or mel5gi veworganic lidgusd). Bk, foegsamgleSht de&iptibheof thatathdigheParibidrihPgveatinal . ),
as well as_those giv y R K. Iler in The Chemstry of Silica,, Johnp WI ey
& sons, YUA TS Nopadoli sty sat e sbe kb Sy, snelk Sriveresigen by &K

avai l abi | i - Stibd g a in preparing the
conpositi oglnsé“o"fs’“ll @ﬁerﬁﬁé %§Si1&a5£@ﬁ‘ﬁ§§ %’rsgo S,fg?’é(l?’g%. available in a variety
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dupont e REATAIE NS BUFBRATPE He GPRRPRGDI Pt (Bm eR o BRI A 1 om 10
to 5Gp available in a variety of particle sizes and concentrations from, for example, Nyacol

Products, Inc. in Ashland, MD; Nalco Chemical Company in Oakbrook, IL; and E. L.

duPont de Nemours and Company in Wilmington, DE. Concentrations of from 10 to 50

(@)=

percent by weight of silica in water are generally useful, with concentrations of from 30 to

50 weight percent being preferred (as there is less water to be removed). If desired, silica
25 hydrosols can be prepared, for example, by partially neutralizing an aqueous solution of an

alkali metal silicate with acid to a pH of about 8 or 9 (such that the resulting sodium

content of the solution is less than about 1 percent by weight based on sodium oxide).

Other methods of preparing silica hydrosols, for example, electrodialysis, ion exchange of

sodium silicate, hydrolysis of silicon compounds, and dissolution of elemental silicon are
30 described by Iler, supra.

Preparation of the curable resin compositions generally requires that at least a

portion of the surface of the inorganic nanoparticles be modified so as to aid in the
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the sol, the alcohol nmay act as the 20 surface nodification agent.

Or ganosi | alseBolds usndgslen Welgh misciblgselveniadded tthesal, She glgehol may act as the

20 surface modification agent. Organosilanes or organotitanates are the preferred surface

modification agent. The organosilane or organotitanate can be directly added silica
hydrosol/organic solvent mixture. Heating is generally needed to drive the reacti.oﬁ of the
surface modification agent onto the surface of the metal oxide particle. The reaction of
surface modification agents onto the nanoparticle surface can be catalyzed by acids, bases

25 or ions such as fluoride or chloride ion.

' The amount of surface modification agent used is somewhat dependant on the

surface area of the particle. Smaller particles have a higher surface area to volume ratio,
thus the smaller particle will require a greater amount of surface modification agent than a
larger particle. The total amount of organic surface modification agent on a particle may

30 be as high as 40 percent by weight for a very small particle, that is, 5 nanometers, or as

little as 3 percent by weight for larger particles.
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and thereby degrade its
nremoved volatiles can also plasticize the cured resin network and thereby dcgrade its

20 high temperature properties. Generally, resin sols having volatile levels less than about 2
weight percent (preferably, less than about 1.5 weight percent) provide void-free underfill
adhesives having the desired thermomechanical properties. '

Removal of volatiles can result in gel formation (due to loss of any surface-bound
volatiles), if the above-described surface treatment agent is not properly chosen so as to be

25 compatible with the curable resin, if the agent is not tightly-bound to the nanoparticle
surface, and/or if an incorrect amount of agent is used. As to compatibility, the treated
particle and the resin should generally have a positive enthalpy of mixing to ensure the
formation of a stable sol. (Solubility parameters can often be conveniently used to
accomplish this by matching the solubility parameter of the surface treatment agent with

30 that of the curable resin.) Removal of the volatiles provides curable resin compositions,

which can generally contain from 18 to 54 volume percent (preferably, from 24 to 50
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resin is being rpﬁlg'f' | SRAateahyivadd flel phatic
groups may be Tgﬁrégﬁg?%e@gﬁT gﬁgur g(?gﬁ%%‘??? gggﬂz)on may gpsbggprﬁ{ovi de a site
to coval enthgpandrieitd the curabteoyesintduring theocurheg process] Eor esampleluf amaerylie curing

rocess. For exanpple, .if crylic . . .
P resin 18 being used, partallcr:lesa‘ha‘)(mg acrylic reactive groups may be desirable.

20 The amount of surface-treated nanoparticles in the curable bonding compositions
of the invention is typically between 30 percent and 70 percent, more typically between 35
percent and 65 percent by weight of the total composition, and may be any wholf': oi'
fractional amount or any range in between 30 and 70 weight percent.

Additionally, fluxing materials may be added to the curable bonding composition

25 to impart fluxing ability to the cofnpb'sition. Any fluxing agent can be added that does not
materially adversely interfere with the adhesion or cause premature curing of the
composition. Useful fluxing agents include acids such as, for example, carboxylic acids,
acid anhydrides, and chelating fluxing agents, for example. Useful chelating fluxing
agents include, for example, those having both an aromatic hydroxyl oxygen atom and an

30 imino group which are separated by two atoms (for example, two carbon atoms) from each
other (that is, located on an atom beta to each other). The beta atom refers to those atoms

located in a position beta to either the carbon or the nitrogen atoms of the imino group, or
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resin is being used, particles having acrylic reactive groups may be
desirable. 20 The ampunt of surface-treated nanoparticles in thgcunggl e
bondi ng cogrpPsibiRys of the invention is typically between EO ercent and
70 percent, nore typically between 35 percent and 65 perceﬁ T%@“Vk@ﬂ%t of
the total conposition, and may be any whole or fractional anmount or any
range in beébikedxadiplesst usefulehditt fRkingeitnts Atididd Subdlf byse typelsbragoutids endinl s
ray be added to the curabl e bondi ng conposition i mpart fl uxing

25 t
abl 1 ity t o3k R EbATRenyIcasbiskH My REyTeyBItPhERa), B2 -BhispHoRYiERc- does not

materially ks it Bt e, ¢ Lo : : I ng
of the  cobnpRElisBethyiRl Bt 22062 RBRALAT, Al SRR AL AR ML P
exanpl e, caqxghpropac-uis(nitriimhethplidype)]bidpisenoh X2 eli¢d-aethamg f | uxi ng agents,
for exanple, Useful chelating fluxin agents |nclude, for exapple, those
havi ng bot lsérﬁtrﬁfa@ﬁﬁ&ypgywmwwle%}g@p{z- {W%rh&%‘aml%le‘&hﬂl%ﬂ% Rlch are
separ at ed By._ri w Lk ASR : tffpy). from each ot her
(that is, rgcg%’ggyg%ﬂgﬁdglts @{rlr%ngeta #lgdygg)gﬁlsgt 1@?’)%@ eta atomrefers to

t hose at omhydiogygitengl)iminalmpethyllpienobet a to eit her the carbon or the nitrogen

atons of the inmno group, or_ -12. 2 0 0 C T 2006 WO Q3/101164 PCT/ US0O3/ 14838
bot h. Exanpl esnﬁﬂe E@@th undegiilh bending comppsitipns ke geherallyanagiehy sonphiiagihs e

conpounds stalosoh Gedrfbed b PIERMEABAE Akl BTN BALbAKRRI Ridsbeno!

2,2'-[1, 3-phenyl ene- birs(nitrilonet
2, 2: -101, 2- fihe fiykingeghnts _(;atbl_ysti, bndrethey dddityves chiv theplteradied. .
2 3 o sttt bl BP B it Gorditg G olflt °
2,2'-[1, 2- =i REAE ' =1 I :
2 5 11 2 EaPERu Rl dulihE RIS 15 bl SISPAF DR s the clectioniq coponent
hydr oxyphedgdcknds onvd thet dupbtfgib emtiat thElseldenbalbtan eomtiet fhel Hondomggiadg
conpositions ar ener.al | by copbi ning t or ganqsol., descri hed above
W e {her mosett f RPN YndeHHipotes, PerBorTly ke GURBERPadine STHDINESR | i ng
agentys cat ahiledo 108 hodh%6r Rfhd iblew GRR HleinRfe BddRchic bomBofr e

t y of t rable

undertill process, e-viscosit e cu ondi ng conposition nust be
| ow enough substrateg Gamerhdly, elefiteduentpemures) arrarsed doribg the wikking|pemiessoriR@om
conponent descends .ont o, thf sutﬁsg%rgﬁse so that the sol d&r bal | can .contact
the bondi nifTHREgRtuTeVisLoskiss of less thap 489 poise. gongrallydess than I0Rgs: o dgpirghe
curabl e boRgL gge bd b8l Rt pAfinls WnFRGHAR chfthe liubiea by ugbl € Lo wi ck

bet ween the el ectronic conponent an trate. Cener y; el evated
t enper at ur edlection afdew vikcositigresine and bk ihedopding tevs] ofRendisize of, nanoparticles.

20 It is desirable for the coefficient of thermal expansion (CTE) of the underfill to be

1 >S5 1

close to the CTE of solder, preferably in the range of 20 to 50 ppm/°C, desirably in the
range from about 25 to 45 ppm/°C or any whole or fractional amount between 20 and 50
ppov/°C. While it is desirable to have a CTE as close to 20 ppm/°C as possible, the

viscosity typically becomes unmanageable as the filler level increases.
25
Methods of Bonding the Electronic Assembly

In another embodiment, the invention provides a method of making an electronic
assembly comprising the steps of providing an electronic component having contact or
electrical pads; providing a substrate having contact or electrical bonding pads with either

30 the electronic component or the substrate having solder bumps; providing a curable
bonding composition of the invention between the electronic component and the substrate

such that the solder bumps align with the electrical bonding pads to form an assembly and
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tenperature viscosities of |ess than 200 poise, generally less than 100

poi se, are desired. The viscosity of the curable underfill bondin
conposi t i @i GAB1fae adj usted by the selection of |ow vi scoi,'gtrxgsfﬂ%ifs @6 and by
the | oading level of, and size of, nanoparticles. 20 It is” desi for the

coefficient .of therpal. expansi of t underfill .to close to the
CTE of *soPHRIVmEIRATERLKF SO qhaepindte SrobBhy S tamed Sblrmdbey i n che.
range frogleaieul cobpeétfor STIRNGIrADIO bordig Whiab6siGbnd 6faké iAo Ry BE ubel ween 20,
and 50 ppm C. Wile it is desirable to have a CTE as close to 20 ppmiC as *°
possi bl e, eithas a no Bew or cypillogy wdkifill processwe bondreleaigeniocempenantse fill er | evel

i . 25 Methods, of. Bondi ng_the El ' ly | t h
enbod; ment , ¢ hd PR BTIPRGMERT -t PRocks b SBrie R B orapestian o the
assenpl y ﬁﬁ,@ﬁﬁbﬁ(miﬁg]@%ﬁiiﬁgaga{t) e Pobiione BétwRkE &4 ERBIréni6 EHMPOREH: ahd¥i NY

contact or electrical pads; providing a substrate having contact or
el ect ri cabulistratti hycappdying diet bondingromeitiondo either the sirfacemhealedtramic t he

bstrate havi d : . di bl e, bopdi it f
The | nyvenEPBROTEE RbLH SRR o Tt Bt Fitpdhriiin Sag be AL 0 PEE DASKARTA | hat
the sol defRUMRguid clihBle/Mdnid 2 /n%lo@ﬁfdhb 66t thiRQREE 430 dBAABIY avE AVRdcBBitR S © ][Tbl y

and -13 WO 03/101164 PCT/ US 183106 appl'ying an effective anount o
heat to t te rasgeofl. 000 to H0,R00 deatipeise at 2. Bilms ey becthekyt orinonttackyrangct i on.

Th bl di it f the.i tJ .b d i ith
TN e O SN NI AN R AL S
enbodi mengyysiQrel 'P?Mﬁ@%lﬁ?;ﬂﬁld nfeﬁ%uﬁﬂéﬂﬁ'x%ﬂ_@@{l%ﬁed ResE idwhsouh ihhe S

i nvention (having a fluxing agent) afe posit etween an el ectronic
conponent vianakity to sllbwtthasadéybumsl ty icametih eoltactdivitly thedrmpdsigpads Liguad t her 't he
surface of t el ectroni c .. conponent of. fhe supsirate. The ndi n

conpos t B pPoBIE ORDSGRTEY OF aPPlss & tof CRCuPRiF SPmEpTRaY BY Dol e

bondi ng caxpesidd, Sithcil Printihg, or BERGEASnERSAndRIrbIE BYR1iAg ¥oBFMidNS th Filnd he
range of 1{%00 tgo 10(61, gdrcl) J(i;gentri oi slglfi%t 25 C. Filns r%a% be" tacky 1or
non-¥5acky fermimay berfisst chibtpesized anﬁﬁthtee sithply Raid osta hefsutfhce hyingtpe beldercen t he
el ectroni ¢ _conpopent .and the .substrate. Filns so..shoul d l.t during the
Fef 1 ow oy SPEBARETE SHERE hayamE dne R dipe ctosid boGuile B (R Howidic: "unps
to cone i Bokdifif ashpyditiéh ishBeP@iel WodiRed or indirdtid Kbatifiglr abl e bondi ng
conpositions may be applied to the el ectronic conponent by needle

di spensi ng, st @hesubstiateaniditye elsetrenie compprent aiendien pasit oresisiodhaidheli ng

COMDOS! U1 kel Aol s S ENIRE bbb lgnb®. The Sty & BE0A sl ' 21 ¢

onto the
20 a manner to cause solder reflow. Such heating typically utilizes a multi-zone oven having

individual heat controls that provides a heating profile.

Test Methods
Glass Transition Temperature (Tg)

25 The glass transition temperature (Tg) of the cured unfilled resin compositions ;xrerc
determined using Differential Scanning Calorimetry (DSC) as follows. An uncured
sample weighing between 4 milligrams and 8 milligrams was thermally scanned using a
.‘ Model 2920 Modulated DSC (available from TA Instruments, New Castle, DE) from
about 35 °C to 275 °C at a rate of 10 °C/minute under a nitrogen purge to obtain cure
30 exotherm characteristics. The sample was then air cooled back down to about 30 °C. A

second heat was performed in the same manner to obtain the glass transition temperature
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bunps or the surface having the corresponding electrical bonding pads. The
liquid bondlng conposition is then dried by direct or indirect heppgngyg The
substrate g 9 hbﬁrglectronlc conponent are then p05|t|onedTﬁ§U§§@@d%h

el ectrical bonding pads and the sol der bunps are aligned y is
then heated in 20 a manner to cause solder refl'ow. Such heating typically
utilizes aCkg)efithe sihstantialy murel resin saveple dbe Tstveasttakesras ths midnoint oditls/i des a

heati ng p[ sition Tenperature (Te) 25 The gl ass
transition as%?g‘e".’iiﬁ %%%gﬁp%%gﬁgu{ug% unfilled resin conpositions were
determined using Differential Scanning Calorimetry (DSC) as follows. An
uncur ed sarrpl e wei h| ng betvveen 4 mlligrans and 8 mlligrans was thermally
scanned us Cestlicientiof dbermed Exparsion(CEEDSC (avai l able from TA I nstrunents,

N trogen purge Eféle%?%%?e%?%? oyl S ptont{ GHE b Easled i g@é*é%pfzd%sa
then air cegRchshibaakalgawTTMALMsde] Sslmceavaﬂ@memﬂmhsakowmmmisomed in the

same nmanner to obtain the glass transition tenperature -14 0 007 2006 WO

03/ 101164 bBepipesated tgsgiceG4) new knpwn gs Fhemng eyMﬂﬂﬂS@a,mwoélaw & The

001 o iRl Rl b ORicBhEnSrbf £ 19RNed RO OB, D11
t her mal expedlsated ufiog kcironlar quatisxpansioi p@ba wittex lal of 000P& Nevadnsa ey zer

(TMA), Model SS120C (ava| | abl e from Sei ko I nstrunments_ |ncorporated,
Torrdfce, eamplsgvasthermellzscanmed mnr@%WOQv%@ 3N ﬁmew)ﬂd% HEPEARIIEA Tlamr ed

eval uat QSS@EE@&W%@P?V R E R A S e
Newt ons. gle'?}@”l?' '@ mpAr&ti Ve Mn@@@ﬂﬂﬁ&jﬁﬂhe BhraPlelwas ¢ébated Wnd 4 MBS

under a mtrog n purge. The  CTE below the Tg (hereln designated as al) was
det er m ned pogtiongfitheumatadyrddstiaring Egmt—cﬁmanpngsomposuomdvlﬁghmas addedahe

ncatal yzeBPPPPERF R oABET CaF A RESBBod rriosh SRRl BPoediicd « ne

apprqgri at geqeledtordxag@l@byst . For Exanple 1, a second sanple was prepared
as 15 described for Exanple 2. Viscosity

Viscosity
The complex viscosity of the uncatalyzed, curable filled resin samples were

measured using rheological dynamic analysis (RDA) as follows. A Rheometrics RDA-II

20 Dynamic Mechanical Analyzer (commercially available from Rheometrics Inc.,
Piscataway, NJ) was used in the paralle] plate mode of operation to measure the complex
viscosity of the curable resin compositions. Two to three grams of uncatalyzed curable -
resin composition were placed between the two parallel plates, each having a diameter of
25 millimeters. The resin was loaded at 25 °C (77 °F). The plates were then closed to

25 provide a 1.0 millimeter gap filled Vs;ifh resin. Excess resin was scraped from the edges
with 2 metal spatula, Viscosity was measured using a shear rate sweep from 15 to 0.01 Hz
and a strain of 50 percent at a temperature of 25 °C (77 °F). The reported viscosity was
that obtained at 1.0 Hz.

30 Level of Solids
The level of solids of the uncatalyzed (filled) master batch formulations was

measured by thermogravimetric analysis using a thermogravimetric analyzer (Model
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The conpl ex viscosity of the uncatal yzed, curable filled resin sanples were
measur ed using rheol ogi cal dynam c anal ysis (RDA) as follows. A7 REgmgigri cs
RDA- | | 1.¢ Mechani cal Anal yzer (commercially available from
Rheonetrizg’g%ﬁg.{?ﬁg Pi scataway, NJ) was used in the parall eff 5 Y11fdle of
operation to neasure the conplex viscosity of the curable resin

conposi t i blusber2850,avatiatle fgmaFid Inftrumens, Nepw Cdstiny DiY)! dhe sample, weighing t i on

11 et oReout PR BaRs e BTl Send ko a5 6 o e itgean AR En
cl osed t0665?&[@1‘{{6%%%&31%&%%{chH‘?ﬁt@%fQ?pCfrhinh ] with resin. Excess resin
rom ges w a al spatula.

was scraped he e et Vi scosity was neasured
using a shear rate sweep from15 to 0.01 Hz and a strain of 50 percent at a

tenperature of 25 C (77 F). The reported viscosity was that obtained at 1.0°
Hz. 80 Leﬁ&lw@sg@zmaw Si onevel of solids of the uncatalyzed (filled)

mast er batch f N . r I ' | 1S using
=t horr ogr avi nEPRIC SR s HRErmiEE pUhE S, Coluls g P B ShRIG E ERIRI S

PCTI USO3/ wihFize MNigttibuitictO0cessorahhaiiis ahd Briltlple Seatteringenigle Dueswticast | e, DE) .

The sanple, weighing about 30 mlligrans, was thermally scanned from35 C
to 900 C (Avadsbla from Coplierfeorperatign, Mgﬂrm Fli} whigh measures preticle ezesafivernt e of

20 C/ m nu Particl | ] [ ' ' et erm ned
sing o Caipie BRI ot fon ) bR PABC M afor SEER UL LT TE o
Prog@ssor Anal Widasumitnbdivére Mﬁeﬁﬁa’qﬁ%ﬂsrtﬂsp%fﬁbﬁ t3eplecihg @drod 8fhel abl e -from
Coul ter Corporation, Mam_, FL) which nmeasures particle sijizes of ver%

e

di | ute di eproesirgad depersianin @ disposgble pplyshens sampioholdgsdesizgaed & use in
S : ; .
arop of ¢ heter N EY BFGhE I BB Aol g SOl e R S ORENBY wBlBT 0 °

hol der deand)si@dteh BY hdd@td provide a vadfdhinghixtore NThPhoRler Witk dilated|sampld Wey was
then filled with about 4 m of distilled water and shaken by hand to

provi de athghiplasedhintostheCeulter@NA Sjusandgvalyated to delgrmingpi e gpaiterinBen pl aced
intqeth . t ) ' t { ' 15
|t Qi 1y e i O BTl An G SAHB el RS Rl adel o EBASF el 10

needed t ocaefitdation keoelabmnireqited tn heualeptdbht scaraing @tbnbiy fop ke fepduddxhent,
scattering intensity for the neasurenment. The sanple was then allowed to
equi | i brate at The samplgrwas themallawedferegriibrirjahgd 8C for S minutes before making a

measurement. Measurements were made at a scattering angle of 90° using a unimodal

analysis method and assigning values for water of 1.333 for the refractive index and 0.890

20 centipoise for the viscosity at 25 °C. This method provided mean particle size distribution
and standard deviation determination of the particles in water.

Particle size measurements for particles in solvents other than water was done by
dispersing the sample in tetrahydrofuran (THF) in a quartz sample holder designed for the
Coulter® N4 Plus and shaken by hand to provide a uniform dispersion.

25 The sample was diluted with‘édditional solvent as needed to provide a
concentration level that resulted in an acceptable scattering intensity for the measurement.
Measurements were made as described above with the following modifications. The
viscosity of THF at 25 °C was assumed to be 0.456 centipoise and the refractive index was
assumed to be 1.407.

30
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measur enent. Measurenents were nade at a scattering angle of 90 using a
uni nodal  anal ysis method and assigning values for water of 1.333 f r the
refractive d&ng&h&gd 0.890 20 centipoise for the viscosity at b0

met hod pro n particle size distribution and standa?@T’éFéW’éﬁson
determ nation of the particles in water. Particle size measurenments for

particles me@ﬁééﬂ%ﬁe&{m r than water was done by dispersing the sanple in
tetrahydrofuran quartz sanpl e hol der designed for the Coulter(r)

N4 Plus and s ha@tpua;bqasdsdlamgml&mdbe attaghed theraoni were evdluated o elaetriepdnpl e

Fevel 1 hat cpBtsefivRiby et ing B HiblncAlieRRR05C of e Ko ity Brtyso HE MaBhde™
nmeasur emenigie ali®s eir@MEBéAd %ﬁtﬁné‘?ﬂ&s @ﬁzgi@ﬁﬁﬁivhmea%mwwmgtchﬂnfc%hw ng

nmodi fi cations. The viscosity of THE at 25 C was assuned

centi poi se Thadowmwire astlagemk)yedd@mrmwummm@f l® widliAmpere wigh an 0getOCT WO
03/101164 2.0 .20 1 A83 eciric Connect i.v, arc

boar ds. - havEHEUEPPittEs LAl JEABT P R ek eBoip FRREL et blola stantey
connecti vi iy t%‘étmurooogmht@mﬁ& 8R¢ bbfdhwak ASbnbARFIIVE Faildddhe BRI €A ol

bet ween t he attached die and the circuit board bondln? pads using a
four-wire wduch passed this testiexhibithd adaisy chaintcircui reinganico of fraiy 850 teH00ng

enpl oyed a@gr ent source drive of 1.0 mlIliAnpere with an open circuit
vol t age of %P If either of the two daisy chain circuits exhibited a
resi sggance of greater than 1000 mlli Chns, the board was deenmed to have

failed the test A board which passed this test exhibited a daisy chain
circuit red firh &7 € -" oi{Cienit BeagisovithAtteehad SiliconDieener al Preparat|on of

Grouit Boards i hed Si | D e con.. t d t
TP 10+, awai | aty i it AR R e A Etpon BB Db LA GPR BRI TN each
measuring iléaddnidzfsy@terd%ytcékaﬂab MEéaeh n%ashmtgamtmx&fierws RilghiRteraads wWith a

0. 25 mlllneter@altc were enplo prepare test 15 Circuit boards having
i nt egr at ed having phtpxgl pade Methna 0 2& entl nect¢rpiteh wese emplmed@o BrSpateliesss” )

\é\ﬁlr S elljoghﬁ,'dgg\c’:\fu{ goarwoh v1ng nlfle@aetéd Elartl‘,l.{lP ch%;r)]éj th%re%\ﬁl c’}% die (taﬁo C b t‘l‘crk]uﬂsa?d

were routed with two-pad jumper pairs and provided with eutectic tin-lead solder bumps

having a diameter about 135 micrometers on the chip pads. These were attached to an FR-
4 substrate measuring approximately 1 x 2.5 x 0.062 inches (2.54 x 6.35 x (.16 cm), and
having 64 copper metallized bonding pads coated with electroless plated nickel/gold. The

20 substrate was designed and routed to connect to the die using two interdigitated daisy
chain loops. The interdigitated circuit was routed using two metal routing layers‘, with the
interior area bounded by the substrate pads free of circuit lines. The daisy chain loops had
circuit routing that allowed for four-wire test detection of minute changes in the loop
resistance. One of these loops also had circuit routing that permitted nearly ideal four-

25 wire testing of the individual pad juﬁiper pairs. The board was covered with a solder mask
except for the following areas: 1) a continuous channel that crossed all the bending pads,
thus leaving them exposed; 2) those vias connected to the second interdigitated daisy chain
routing layer on the opposite side of the substrate; and 3) those vias (input/output pads)
used fo make electrical measurements using a pogo pin array test probe.

30 The test circuit boards were dried for 10 minutes at 210 °C in a furnace, then

removed from the furnace and allowed to cool to room temperature (about 25 °C).
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having a di aneter about 135 m croneters on the chip pads. These were
attached to an FR- 4 substrate neasuring approximtely 1 x 2.5 X g 3@6
e

i nches (2W§403ﬁ0ﬁ6§5 x 0.16 cm), and having 64 copper net akéw};ﬂg
w t

pads coate el ectrol ess plated nickel/gold. The 20. su

designed and rqute 0 connect the die using two_jinterdigitated dajsy
chain | oop‘ﬂ’.Pf%E‘aPﬂX iﬂ' Hﬁ‘@ﬁﬂ%@g @‘F R GWE‘WSWW%Whﬁ%i%?anfM i ng
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circuit lines. %e dai sy chain |oops had circuit routing that allowed for
four-w re test ljahecirable redin masplaced imthgesnienof the ateadwunded by therpads aOne  of

t hese | oops al so had ci{’cuit rout | that permtted nearly ideal four 25
Wire test FORIO frmpasaiure (g %Rﬁ?aﬁcggdoq‘ﬁhnper pairs. The board was covered with

a sokder mask r.d: f | : I, NUOUS, | that
2 Soker ok 25 AE B ReS Aphild ASheLaRTor e o BRIL U, S0RRNRL
connect ed ha@bédiprefsaiictol 70 €7 Ghid v AUtREsei@hSon ol platdsthpRged)ad@d then t he
opposite side of the substrate; and 3) those vias ?I nput’/ ot put pads) used

t o make elagperatord ofthamsireasithe bosidwassupsrgoeplynmaintaiped atsio 47 fidvet ledst The
test circuit boards were dried for 10 mnutes at 210 Cin a furnace, then
removed f PBATHHECTr nace and all owed to cool to roomtenperature (about 25

G. -17 WO 03@%Qﬂe1&ﬂ‘aﬂle r&iﬂ@é:?%gﬁueﬁg%e S #4380 BE@?‘%GJ Yoatd that

mlligrams of the curable bon conposition was applied in one o three
wayd0 1) hadbenrpréieatedasi?® Wa&n ot @late)ant haanetlale wis diaenacess Heussiad by

the pads at roomtenperature (about 25 C (77 gq)‘ﬁl 5 2) the curable resin
was appl i kusRreadipantaagdover de hopdingqiads alieraviugh additiona] spepbleeesin swhficientde

pr eheat ed, {. | S t fat ] . . el and the
t enper at uP}elg%ﬁ]%ttﬁgi I;e(gisni Onry\ﬁé%é’ ogﬁdet%glolar %\ll'a%{s:hsé”tt}gs? gg%déﬁilﬁa{?&rrrla@tb%&e%egt 70 C

for at | eagsiseq@ndy Mdikthiied At 78 PCliBLatqedsebhemiizé.n was applied to the center
of the bounded area on a board that 10 had been preheated to 70 C (on a hot

pl ate) and a r dhebumped silicas ditreioue riased o8 theneoardssusing 2 dorgyr Sexei-Automaticand

over, .t he Wy ds. Lch addition aple r.esik.sufficient to

br 1 11t e GO BRIt Hron Ry Bkl 0. T8 S0 G Shidithene fortBlati © o
board wer eoong t&mggmﬂmdsmgrwbm@im ofl2 & akd a Gwlelrindé of 2 a&ionas) €THE bodr€s wikhe
bunmped silicon die were placed on the boards using a Toray Sem - Automatic .

15 COG Boadashed dieawvergibhen pasead theough adead/QERi Zanedennvection Reflay Sastem
Shi ga: ken (av%ﬁgtﬁg }rozrir} Quad Europe Limited, High Wycombe, Bucks, UK) and subjected to a
eutectic tin/lead solder reflow profile. The reflow oven had four temperature zones (Zones
20 1-4) each having an approximate length of about 18 inches (46 cm) that were set to
170 °C, 150 °C, 150 °C, and 250 °C, respectively. A line speed of 15 inches/minute (38
cm/minute) was employed. This resulted in a dwell time of 2 minutes at 150 °C with a
peak temperature of 225 °C. The time above the melting temperature of Sn/Pb eutectic
solder was approximately 75 seconds as measured using a thermocouple embedded in the
25 adhesive. A test substrate having a cﬁip bonded thereto was obtained and evaluated as

described in “Electrical Connectivity” above,

Purification of Polyepoxide Resing
The polyepoxide resins used herein were purified to remove ionic impurities (for

30 example, chloride ions) and to make them substantially free of hydroxyl functionality.
The procedure used was that described in U.S. Pat. Application Publication No. US 2002-
0022709 A1 (Mader et al), discussed above.
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roomtenperature using a pressure of 2 kg and a dwell tinme of 2 seconds. The
boards with attached the were then passed through a Quad/ QCR Zorzeg 0CT ZUUB
Convect i on“]%gd.,l cystem (available from Quad Europe Linited ng e,
Bucks, UK) and su Ject ed to a eutectic tin/lead sol der ref PORYSPHISFE. The
refl ow oven had four tenperature zones (Zones 20 1-4) each haV| ng an
approxi mate | ength of about 18 inches (46 cnm) that were set to 170 C, 150 C
150 C, and 250 C, respectively. A lineggpggds of 15 inches/mnute (38

cif m nute) was enployed. This resulte well time of 2 mnutes at 150 C
with a peak tenperature of 225 C. Thds m adbove the nelting tenperature of
Sn/ Pb eutectic was ap roxi,mately econds_ as neasured usi

t her nocoupl e em%ﬁiyegof FPQRYFe saaenﬁwvéwc stavnEa dismeisr & PREFOREh2LE qu)

bonde the
Conned: i vi Fensindess PR ANECANEUBIERIS:, TR dallc chRuBhtd Whftn
resins us e@vmeﬁ stirvez) @ccﬁiﬂenédrmldt athernenieter o contaipingi 100gsarhs of Naido

exanpl e, chl or| de ions)_ and to nake them substanti-ally free of hydroxyl
funct i onal 154100 Gepeiatsivan stabilized gquaeys silisa selebaingagolids lgv@o pagut 30

above. - 16 baeg ket s e il EE el beclle Autin 8 BRLRCC |

bl end of ep@¥y, agH of S8k 29 *¢,cadritdositg of 6.a\ceitipaise] obrmicdras ah eapgrimesitmat el y
123 5 nanoneters was pr egaE;led and evaluated as follows. To a reaction flask

equi pifed wiprerdugh Loweimb@a HO2P2A), avaabla fiesePndemaleo; Rhicpgmdb-ewerend

i1 oa sof SyAREHE S p R80T of dribies i RS R SRR 15 i ol e
size of aboudih 2 PRdpansl £Id0. 6P o HBE61 fHehyDiimetiok yeilank. ?alzaﬂable PonCAldricRH of
9.5 at 25 C, and a viscosity of 6.2 cent| poi se, obtained as an experimental

10 product Cltwcallmxﬂﬂmomwﬁv ahe abx@lrd wasiihen deatedito 85 °C @singago, |L)

or s of 1o BT hn g0 368 kTR RaRlt s RRn iRl B 5
(avaijlsabl e chhtents A el 3k w6 AN&WEd @cuaaafwroom teMPeiaffe with smﬁﬁge afleXviich Was

then heated to 95 C using a heating mantle and held there for 20 hours. The
heat i ng nathd enignts wergrponradoincal uméhunh traysandait dntrdsfos betwegn flﬁasd 2¢dpours in

allowed to a%en IaEe% Hod rqroorﬁ?F ! aﬁe%tﬁr otppovsl&e an essg(itla?‘lytf?ee ﬂ\h wmg powder. A

portion of the dried particles were stirred with deionized water for 3 hours and

subsequently allowed to stand for 20 hours. The solids were filtered, washed with two

20 portions of deionized water, and air dried for 24 hours in a ventilated hood at room
temperature {o provide a powder, containing some readily broken small agglome?ates, of
silica particles having a coating of silane coupling agent thereon and whose starting
diameter was approximately 123 nanometers.

Acetone, 258 parts by weight (pbw), was mixed with 64.5 pbw of the dried silica

25 particles. To this mixture was added 23.8 pbw of EPON® 862 (a diglycidy! ether of
Bisphenol F, available from Resolution Performance Productions, Houston, TX) and 11.7
pbw MY 0510 (a triglycidyl ether of para-aminophenol, available from Vantico, Brewster,
NY). This blend was mixed at room temperature using a high speed shear mixer
(Silverson Laboratory Mixer Model LAR, available frdm Silverson Machines, East

30 Longmeadow, MA) for about 5 minutes, then allowed to stand for at least 3 hours at room

temperature folloWed by filtration through a 1 micrometer glass syringe filter (Acrodisc®

25 millimeter syringe filter with a 1 micrometer glass fiber membrane, PN 4523T,
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the contents were poured into alumnumtrays and air dried for between 15
and 24 hours in a ventilated hood at roomtenperature to provifﬁgep 00
essenti al\yy dsfi6fef | OW ng powder. A portion of the dried particles We?‘rg :
stirred wth-deionized water for 3 hours and subsequent | yPSFUSORESE st and
for 20 hours. The solids were filtered, washed with two 20 portions of

dei oni zedawvsilable, fram Gediman diaberatdre) Add Ableaty BI) to provitietal disgegdiomobsilied room
tenperature to provide a powder, containing nme,.readi |y broken snal | o
aggl oner a?@?,cleafnawlppeaoga?qt@m@élfwaw Fr§Ing- ifg@ﬁlwgrsmn wps copcepigdied fig agent

t hi - i i w _
rcet one, - BEptRECacZ \C Rine 1 AEH) Haplfifor BL TR Bptiat A PAIRTRGEL’
silica 2badvafd puhgSThd eesbiting odmdosition Wi shid oaEtalgzeEmpdiey itcERsMréidn §a2 (a

di gl ycidyl ether o Bi sphenol F, avail abl e from Resol uti on Perfornmance

Pr od8ct i ofmalyzed bytthermal gravimgtriciamalysisdliG, amt the particle lpadingdevel staier of
par a- am ngphenol vailable from Vantico, Brewster, NY). This blend was
m xed at ﬁ%"o z“"é%"??%%?é’%?&f‘{@?’&efﬁ?‘&h speed shear mixer (Silverson
Laboratory M xg6 1§0g&ins bf this Alastet BRttE dispeionivaseidaed 0 M GraMF EPEAND 888,
Longneadow, MA) for about 5 mnutes, then allowed to stand for at |east 3

hours at Pd8reram ofybY H54Pcands.9 gramas ofyN.N'-bis(selicplidens)-diZgpropanediinzinemet er

gl ass syrjn ilte rodi;sc(r b hld [ SYIED Llter. wwth a 1

o or omet of CRRELS e e R NN RS POl PTGl okt 161 164
PCTADSO3/ p48R8d, GRpiaha Bherekiileiny Compbsitibaas alivéd/witharspled Mixer DA 1ppoVvi de
a dispersion of silica__particles_ in a solution of acetone and epoxy resins.

The di speFYi(avalable fsomddeck Bekelnct, diandmm, $C) doet minutepad 30004pmdo provodessn,

evapor at or. ! e n_.aspi.r r..\ m t Vacum el 1€
Feaul 11 no o, hkiBh A 2n BRI BRE CoUPRUHEL TSP Dot S T B P s
anal yzed hadet 000 @06y ¢dEy§tirfixains bystamingléahl pérfidns (b Wweighi) of EPON®II ng
| evel was determned to be 64.5 percent by weight. To 15 grans of this

mast er ba8¢h ERONBBIBdA digycidriatker®f Bisphendh Af avapaple frongBesolugomg gram of MY

051 and r | 1l ' | . = DX Fapyne. freferred
Co 8 1 nereiRaeEBralBedt M SGRC KD R BRI R ARG e 1
Port | and, t2bRs bemdad 416-DEB U Thisnt®ngRioaivwdsanixed asiff xiedSpéedMixeSpeor2M xef m
DAC 150 FV (available fromFlack Tek Inc., Landrum SC) for 5 mnutes at B
3000 r pm MenYesA3AR0 Zpm to pEaHids thedinal eyrable hgndigs compesitianni ng conposi ti on.’
To 2.0 granms o ' L LAl dded. m xture
cont ai nigng equfgflé gd(%ﬁ%ggﬁ%é&%%ﬁ%m g?"’ n&gﬁl ng dggcﬁ%cﬂn e Gt ﬁle}ﬁ%tds
above: viscosity (before adding catalyst), glass transition temperature, coefficient of

20 thermal expansion, and utility as an underfill adhesive to attach silicon die to circuit
boards. When evaluated. as an underfill material, the curable bonding composition was
applied using each of the three methods described in “General Preparation of Circuit
Boards with Attached Silicon Die” above as follows: two samples using method 1; four
samples using method 2; and two samples using method 3.

25 o

Example 2
Example 1 was repeated with the following modifications. The Nalco TX 11005
was treated with acidic ion exchange resin (Amberlite® IR-120 plus Ion Exchange Resin,
a strongly acidic gel-type resin with sulfonic acid functionality, available as Catalog No.

30 21,6534 from Aldrich Chemical Company, Milwaukee, WI) (prior to use, the ion

exchange resin was soaked in a large excess of water for about 30 minutes then filtered

through a 10 micrometer nylon fabric mesh; this was done three times) to provide a pH of
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862, EPON(r) 828 (a diglycidyl ether of Bisphenol A available from

Resol uti on 15 Performance Productions, Houston, TX), and 2[]0[;1 2905

4, 5- di phe Ie(referredtomthe t abl es bel ow as

conposi ti gor‘{blv\dé}slg%%ged using the Speed M xerTmfor 2 m nut eEC'E{P %é”r pmto
provi de the final curable bonding conposition. The follow ng characteristics
wer e det er ibetvanabonieS and dteabt B fad Meastedtusingtpid gaperh UThie way istined attrgofbef or e
addi ng catalyst) ass transition tenperature, coefficjent 0 t her mal
expansi on, tefApPrairg *OE e’at’%ee&r’i‘% Bl mimates 2 éE?‘t}é‘Sth“‘éHetga’Léﬁoé"eﬁ'thﬁ“ﬁt%’ to

circuit boﬁ‘ﬁx‘éﬁ%h WQ@m@ftﬁ‘ﬁé{é’ﬂ orffab; E‘rﬂé@ﬁ’e"i“ﬁé hitrdf@&tﬂ%ﬁltreaw?lewﬂ%nﬁgblﬁ% bondi ng

conp05|t|on wa appl i ed using eac the three nethods describ
"Cener al Prepamdnmdrydodxids tochrirtg tthHrtd betweeh abdntte&czhﬂchbﬁut 9 (smdasetedabimge as

T R B ST SR el
T Sl S A p e e

aci di ¢ gel Toyfbgraass of the uimasalyiaallﬂm@:agénf—mmmmgedd:ﬂgosltwnawdsaidtied @51Cat al og
No. 30 21,653-4_fr drtch Chem I kee, ) (prior_to use,
the ton  estHRAGEPDI® B0 st Ty LD GS mamed S POl B Iabant 30

m nut es th SheR R A [ rﬂaﬁt S
done thr eeT’t |Jrn3'J'f~:‘:§l to p(f%t’\e/frgdé%;mghé%yétggﬁgﬁ,@@@g()ﬁogﬁ\%ﬂog 1%%&%{% he'
?ﬁT / U803/ lfmst mbtmmeiesaﬂmdtinﬁmxgqﬂwb?xproﬁidfalm m§m$&3%mm ?mgmaibign) ot

is was stirre oom tenperature ef ween .abo, m nut es gnd abou
25 it es. 1o BeCTGy e hATERFISHES Yo SEisHRUEa g5 AL DML LS 51 BIROgD | o

mesh. The fbies aberisht 8bhe lga%ggﬂtsmnt %hc?ﬁ’ﬁtﬁ 98 m%ﬁﬁ'&%ﬁll%@ﬁ?&@&t‘%@;t o _bring
the pHto bet ween about as nmeasured using 5 pH paper Thi s
mat eri al wadicoihdie tprmurﬂdadandst Wlmnﬁvhlamedsaslaﬁanderﬁﬂemtmﬂt tlmmdrahMmbﬂdmg

prepare an uncatal yzed fl uxi ent cont ai n| S d scribed in
B anol o 1 compoutian g sRpl (oREote ARaRISH yoiasmenied bgrsaderd ng

corrpogtlo -b| ?ﬂ%@lf&uﬁ? ??\%ltgﬁ\ttﬁagﬁ(ﬁlh ie”0- 37 gram of IW 0510, 0.45

gr am of N salicyll ropanedlamne (referred to in the
t-abl es below as N, N -BS-1,2-PD), and 0.27 gram of the 10 catal yst m xture
described in Exanple 1 to provide the zl na:! 5urab| e bondi ng conposition.
The follow ng characteristics were de as described in the test

met hods A blend containing epoxy resin and two different size silica particles, having

approximate particle diameters of 20 nanometers and 123 nanometers, respectively, was

20 prepared and evaluated as follows. An uncatalyzed master batch preparation containing
silica nanoparticles in an epoxy resin was provided by first preparing two separate master
batch precursor compositions, one containing the smaller particles and one contammg the
larger particles using the procedure described in Example 1. The master batch precursor
composition having the smaller particles was made using the following amounts: 700

25 grams of Nalco 2327 (an ammoniuni"stabilized agueous silica sol, having a solids level of
about 40 percent by weight and a particle size of 20 nanometers, a surface area of 150
m?Z/g, a specific gravity of 1.29, a pH at 25 °C of 9.3, and a viscosity of 20 Centipoise,
available from Ondeo Nalco, Chicago, IL), 1200 grams of 1-methoxy-2-propanol, and 37
grams of phenyltrimethoxysilane were used to provide silica particles having a coating of

30 silane coupling agent thereon and whose starting diameter was 20 nanometers. To 30 pbw
of the treated small particles in 60 pbw acetone was added 13.4 pbw EPON® 862, 6.6 pbw

of MY 0510 with mixing to provide a dispersion of treated small particles in an acetone
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above: coefficient of thermal expansion, and utility as an underfill
adhesive to attach silicon die to circuit boards. Wen eval ua s an
under fil lw@BkAbigs, the curable bondi ng conposition was aﬁeh}sg r{0four
sanpl es using nethod 1 described in "CGeneral 15 Preparatio HE ¢
Boards with Attached Silicon D e" Exanpl e 3 A bl end containing epoxy resin
and two dsdlatoreef eppixyaesinl This qispetsz'ian was filtered teprovider the immsatee batah preshsor

di ameters_of .20 nanonet er,s ters, .respectively, was 20

ot epar od SR TRARa0Es kg SaAREIELEET of S RERAY plinaliBrefa e on
cont ai Ni Nghastet batéh PRAARGF Ebrfip&Stidn contaifiRg $Mica PaititlesaviiOy stel@ilgivarhétest
preparing two separate master batch precursor conpositions, one containing
t he smal |efaapamtlm@teéx 123 nannmeeters wasiprenaged ina similegymanperrusing &bl pellimplethe

proc dure cr| be n 1. The ter ;batch rsQr__conposition
et Ro- « net Shap papling et O Gt ARHIRIIE AR R IR bR e e 700 25
grams of H%ﬁ&lt%ﬁ%nvéré%e@mmlh\éﬂ intaepl k\bﬁ?f’raﬁﬂ 4RQ eSncentrafed PR un@ﬁt‘él gd a
solids level” of about 40 percent by weight and a particle size of 20

nanonet er master baicl eorgainingwer dlﬂfEﬁnt sig¢ sjlicapaicles fwhnsg startirtgysizek wer®9, a pH at

25 Cof 9.3, an scosi t Centi poi se, ava e fr, deo Nal co,
G cago, _iaEroR Ty Sh3eRSure amd s AnomBiets, Grprctiany - The PatiSLOAnE

phenyl t ri pRENEANS boAPReNRRted §%h%s%féﬁhﬂﬁd?dy|1‘(§ﬁ 8Bk 6ocl }tﬁ'e?céaauy QQight.
coating of 30 silane coupling agent thereon and whose starting di aneter was

20 d@noneters. TTF@OQ‘D of thﬁcmn@dmastedbﬁtlablcn@wasladﬂeﬁ HArgr80s M)M/,l"ﬁsetone

0 Sper st oFRTEERSLT Srmvpngdiemis wink hSAre LRI DAL 150 VR gictaRaat ' o °

03/ 101164Eks,; ﬁlh’sl%/é)}ﬁﬁaéan ﬁﬁédt'zh ﬁﬁxﬁ@%ﬁé’ntk‘?ﬁtﬂmn?&b& kaﬁBf?rFInﬁﬂ W8S
filtered to provid he mast er atch precuarsor contain ng silica partlcles

having a $Pgramngf tiseenpositan wpprdded 66aryma thacmalystanixturg described irer  bat ch
pr ecur sor_co ition I|c particles having a starting dianeter
of appr oxﬁﬁ?ﬂqﬁf’j ?:Pé‘”ﬁﬁ‘aﬂ}?ﬁl@h&&ﬂﬁ §r°8813‘)ﬁl%8 Osimilar manner using 0.11
m | ljisnol es 5 Oihéfélﬁi%ﬁngehl&héteﬂst%%e iQeAnifed hadR LEibsPln tﬂe %dsl in%ﬁlodg'he two

filtered precursor conpositions were then conbined ina 1.1 (ww ratio and

concent r atmyetwiseosity ¢befate adding MI’%), ghass thngiten mmﬂm@}m:w&iﬁﬂﬁetr@nt si ze

| .es wh ely 20 t d )
193 nanoneipy SRRt Ay Y Sl ffitiderSB frRaiah OF TR ot ned
nmast er bapédids)eawWheg to4lihieg ds bﬁ/ux‘f&i’fm PndicrifiOthé cﬁﬁbﬁﬁmnd!ihg SephfERitionkpasTo 20

grans of this conbined naster batch bl end was added 3.4 grans of N, N -
applied using each of the three methods described in “General Preparatlon of Circuit

20 Boards with Attached Silicon Die” above as follows: two samples using method 1; two

samples using method 2; and four samples using method 3.

Example 4
A blend of epoxy resin and silica particles having a diameter of 300 nanometers

25 was prepared and evaluated as follows. To a reaction flask equipped with an overhead
stirrer, a condenser, and a thermometer were added 200 grams of an aqueous sol
designated “5296964” (an agueous suspension of 300 nanometers silica particles, having a
solids level of about 21.8 percent solids by weight, obtained from Catalysts and Chemicals
Industries Company, Ltd., Tokyo, Japan) and 350 grams of 1-methoxy-2-propanol. Such

30 particles may be prepared using the procedure described in Stober et al., Journal of Colloid

- and Interface Science, vol. 26, pp. 62-69 (1968). The contents of the flask were heated

with a heating mantle to 90 °C with rapid stirring. Ammonium hydroxide was added until
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bi s(salicylidene)-1, 2-propanedi am ne using a Speed M xefrm DAC 150 FV as
described in Exanple 1 to provide an uncatal yzed, fl uxing agengﬂcg(gm'gggﬁni ng
corrpositiqg E} Elﬁ:ﬁ__Ly, to 1.9 grams of this conposition was added O. gram
of the cataly2¢ ture described in Exanple | to provi de REEUSBHABCur abl e
bondi ng conposition. 15 The foll ow ng characteristics were determ ned as
described iy AH8f iHRThixthe WAL9.5, IO WGrinY Wi @ohiinudd¥ef SrChd#dt 99 °canghy,St) ,
glass transition tenperature, coefficient of thermal expansion, and utility
as an unde0R7gramadi phewydtrimethdkyaitimesvas aidad,dind thoreacticuivhs hdedad a0 Vhion

eval uated as_an underfill material, .the curable bgnding conmposition was

appl i ed, usPhYOWAHLIUITIAG 28 APQYE. HhE ASRIENETBaR!S WatitheR reraayrdh dth?@%?t&ﬁ Pbn of

Circuit 20 | |1 =N v, f ] | es
usi g ot hig Tk vt bl 872080k shohBRellefire SMRRATe st Pt (WGRBIP O
Exanpbe 4 setd poudedinte plmninurm siaps anbais diied for[2drioned ins Vveavilated koo atpedmr  of
300 nanoneters 25 was prepared and evaluated as follows. To a _reaction
flask equi [sERREraRteo Providermessentiallyfreediowing pewden sa portianpiihe ddedparticles
wer e added O.+Q1. . AN ' R N ous
suspensi onwg %&ﬁnrwgrﬁ%zrlr%lta@% ‘g&]gﬁﬁ%ﬁ%%g%?‘??c e%m%%‘g%flﬁg%g&%g%ﬁ Sggﬂq %\gg of
about 21. Sh¢wsc&heé sslids wiare fijftewd] hshedobitiatwieportivanvlddiadiysl warndndagm cal s
Japan) and 350 grans of

| ndustri Co .. Ltd., Tokyo, )

1? ml;f h(r)'xf/ -Sétlﬁ"gg%&oprssa@hve%éf/a%érhqoé|%@%F%@rﬁ@darpéawe%Pﬁ@wé% procedur e
d ihbed | : i.d s i , | .
06 C et bhhynfiiionts refdily briRéH A1 lei(brRistor dith pHOES BV bR oL O

mant | e t o Sifar€ coupling ageintthetdon mhd grhoderstariingrdimmeleowiasl apwesimatide 30Qnt i | - 22 2
0 00T 2006 W 03/101164 PCT/US03/14838 the pH of the m xture was 9.5, and
stirring WAdHESnued for one hour at 90 C. Next, 0.87 gram of
phenyl tri met hoxys) {RAGI11/RS nRREEHatck PRphtifioh €8ftal ¥ifiea PRALRS ifin for
24 hours with sﬁ*r rllﬁng 93% gg%ve.agl'lﬁg I]?eat iong rranr?l?]ge vva%igt hen #eno%ebégand t he
cont ent s ofesirt blend vas krepared waing dheprotedwe déscribed goBxameplp d rverthuthe following

stirring, after which.the cont s.b e poured into. alupinumtrays and air
dri edStor Dwdiisghens nT 15 giarm o duernesh e CadRoRsTaTs PRYEIes 4 T BRSSH SoriaR an
essenti al | yefd SRl 18WritEs BONOIRAd of ey kSR, HPON® gaqu?m@qzls% gﬁ(w;w?r e

stirred with deionized water for 3 holdrs and subsequently allowed to"stand
for 20 howith higthsheanspedd miging. fThe resulithg mixime dvasicohcanpratedatominoorsa oitary
dei oni zed water, and_air, drie f%' 24 I}ours in a ventilated hood at room
t enper at ur%VEtPGragS?‘b{‘;’F 4d iS4 p° , using first an aspirator vacuum then a vacuum pump,

to provide an uncatalyzed master batch having a calculated particle loading level of 60.0

20 percent solids by weight.

An uncatalyzed, fluxing agent-containing composition was prepared using this
master batch as described in Example 1 with the following modifications: 5.1 grams of the
master batch and 0.94 gram of N,N'-bis(salicylidene)-1,2-propanediamine were employed.
Finally, to 2.1 grams of this uncatalyzed fluxing agent-containing composition was added

25 0.07 gram of the catalyst mixture deééribed in Example 1 to provide the final curable
bonding composition.

The following characteristics were determined as described in the test methods
above: viscosity (before adding catalyst), glass transition temperature and utility as an
underfill adhesive to attach silicon die to circuit boards. When evaluated as an underfill

30 material, the curable bonding composition was applied for eight samples using method 1

as described in “General Preparation of Circuit Boards with Attached Silicon Die” above.
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10 containing sone readily broken small aggl onerates, of silica particles
havi ng a coating of silane coupling agent thereon and whose staﬂji[]r@g 2006
di anet er WassAbPeexi mately 300 nanoneters. An uncatal yzed naster batCPI
preparation containing silica particles in an epoxy resi nTHISE s
prepared using the procedure described in Exanple 1 with the following 15
modi fications. To 15 grams of the dripdmy®5nanoneters particles in 150
grams of acetone were added 10 grans of a bl end of epoxy resins, EPON(r)
862: EPON(r) 82 blend of gpayy resip apd piligh pamisles hapwgn dinmetgof appeoximataly p :
T xture WEdiRigs Wt Ao Ak ekr 23R Shahile 4 At MRYAsS at 150
C, using Tirst an aspirator vacuum then a vacuum punp, 0 provide @an

uncat al yzemdificatiens. bAh alqudvar isolglesignated (52969 5P {ar aqleoud argensipd e550 of 60. 0
20 percent solids by weig An uncat al yzed, f | uxing, agent-contai ni ng

ht .
conpsési ti W%@eréﬁdﬁarp@mép A Opsrcent spligs by weightyobfaingd from batglysts andanpl e 1

with the ]l“gem' L ' : r batch and 0. 94
gram of . N, N - Dl sS?gg [ clf/% F%ﬁé@}‘%ﬁ%’?ﬁ%ﬁ@’ﬂzgﬁ?‘%g% e tg?rpl oyed. Finally,
to 2.1 grphenyittintethoxysilartwery 2epidyedxiSngh paeiclesanayt b prepaged asipgdiet i on was
added 25 0.07_ gram of the catalyst _m xture described i n Exanple 1 to provide
the fi nal Progedie desqsibsdiim §tobeneials fouspal of Gol 350 SEigBes VPL 20cRP-wer e

determ ne Fi ' tgst . s, 7 '-  t re addi ng
cat ol yot s 0259 (8565 A odbatbin, B8 5B AT R Boin MG ekt Ehikel
adhd@i ve nginghipaiah ndillté emsvrela eniferne dispetsionb Thedmcatiyesd gdaerdtcithaba an

underfill 30 material, the curable bonding conposition vvasé%ppl I ed for eight
sanpl es usileyated presisle loadigg devet pf 6Q.8 perrencnwetght. pAa pacaelysed, Huxingaggnt

Boar ds wi ] L 8" -4 xo ) 03/ 101164
PCTI US03/ &‘%ﬁ%fﬂ%@%@@qﬁﬂ#&%ﬁo&ﬂg 987 gr%%gi%r{%fn&d&éigf”ﬁ%g%ﬁ%& 1?% es havi ng
a di anmet eprophnelnieel Mhedindl airbble banding tompoviion wWae pespackdanihgd0é griedf as
described in Exanple 4 with the followmng nodifications. An aqueous sol

desi gnat ethe'catatyst puxturgdessabrbnErample hsi on of 550 5 nanonmeters silica

Ccles, _ S . : : q
Bor el 22 | 20, SpPRSESplue Skl 6l PlerfiR 0 BB FOTHRE Y AR
phenyl t ri adveoxigcasit(befoss idigdaratost) arfslrothlity s an aindafilleadhésgveptosgmacied usi ng

the procedure described in Stober et al., Journal of Cqlloid and Interface =,
Sci ence, $§ron dig to gicuit boards. When evaluated as an underfill matenial, the curabie bonding '

composition was applied for eight samples using method 1 described in “General
Preparation of Circuit Boards with Attached Silicon Die” above.
20

Example 6
A blend containing epoxy resin and two different size silica particles, having

particle diameters of approximately 20 nanometers and 4500 nanometers, respectively,
was prepared and evaluated as follows. First, 300 grams of SILSTAR LE-05S (a spherical
25 silica filler with an average panicie &iamcter of 4.5 micrometer (4500 nanometers),
available from JCI USA, Inc., White Plajns, NY), 300 grams of ethanol, and 300 grams of
water were added to a reaction flask equipped with an overhead stitrer, a condenser, and a-l
thermometer. The mixture was stirred and heated to 60 °C, and ammonium hydroxide was
added with continued stirring after reaching 60 °C until the pH was between nine and ten.
30 Stirring at 60 °C was continued for one hour. Next, while maintaining the temperature
between 60-65 °C and stirring, 5.95 grams of phényltrimethoxysilane was added. Then,

after stirring at 60-65 °C for an additional 24 hours, the mixture was filtered and the
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62-69 (1968): After preparation, the silica particle/epoxy resin bl ?% was
further mxed 10 using a paint mll to ensure a uniformdispersﬁ@)ﬂt B

uncat al yzegowBshfks bat ch had a calcul ated particle | oadi n%é@ﬁ%{}gﬁt@o' 0

percent by weight. An uncatal yzed, fluxing agent- contai ning i on was
prepared using 0.89 gramof N, N -bis(salicylidene)-1,2- propanedi anm ne. The
final curaplcevéreddilieg pasithssidre dashebwith 400 pethsustiweggerfollowed by v0d granissof
catal yst m xture described_ in Exanp 15 The foll ow ng characteristics

le 1.
wer e det er fihaeel aad diisd overmight iahamh@nte eonditines apd subsggupndly af 1 €Q s ferfopnhef or e

o ci rou « oar 08 et bkl 128 OB a aa R Ronk i il B S prosfiE” © ©
bondi ng coppRdkt ofilidEsart?dled hRbnd #EoRingHf sEAFIRPliIMS ARG IRIdMAGNd wiaser | bed

in "General  Preparation of Crcuit Boards with Attached Silicon Die" above.
20 Exanpl estertingiaverage dinmmeie v aspppposiipateds AF0mmometersli f f erent size silica

particles, havi Lcke dja rs. of roxi mat el.y. 20..nanonet ers_and
7500 nanoret or o A utRlabizel aSte? BRLA bieadion BRROAAAERL Slith SiPRTAE] Gk
First, 300rginctlend ¥as plebaxtd BsinltAS Srocad i dedoribad in’Bx&hple awith the Following an
average particle dianmeter of 4.5 mcroneter (4500 nanoneters), available

from JC Uswkdifioation. Whe smaligr{20 sanauygterspeilang canpling agenterated sibgapagtideyr ans
of water were add to a reagtia | ask _equi,pped wi th, an.overhead stirrer,
2! condensePpiyE et ppftsf ficRiedintPaiite h AR iR PR BHECES 4 66 ¢
and q@oNi dabindd WithdHokR tesih diiReLdVahd caiRBhAt L@ Howh td plovilledl h@teragmNi ng 60
Cuntil the pH was between nine and ten. 30 Stirring at 60 C was conti nued

for one hoirecurgexeompgsition hasghhaving mpartiple loedipeleyelofet2. hparepns solsls 35 C and
stirring, 5, h | trimet hoxysil ane was added. Then, after
stirring at'c Eg‘%g%g%g%dl%ﬁf%itional 24 hours, the mxture was filtered and

the -24 2 0 O0CTT30361 griddds @B4HiO hdEdallkell ddbdsititd Iths added reesnsof the 500
particles were washed with 400 granms of water followed by 400 grans of

et hanol angangmesers silanafoynlingegeatspaad silisapriticks prepaerdpyediheard §.58r2am90 C
for heur  BPNIS-uidd8iibaly A Mdhignfiing TneYaiidY Qlbeftiod Wb Hhixd WihC! o
p e a’‘powder of silic clPes

nmetal “screen to provi a parti aving a coating of
stl ane coupSpegl M@eT™ DAC eSOFYng dekaibed n Ekamnplelodnevide en dhawayid, was
approxi mat el y 4500 nanoneters. An _uncatalyzed master batch preparation
cont ai ni ngflYking @geontaining compesitien okhe final catalyzed, fluxing agent-containing

composition was prepared by combining 2.2 grams of the uncatalyzed, fluxing agent-

containing composition and 0.06 gram of the catalyst mixture as described in Example 1.
20 This final curable bonding composition had a calculated particle loading level of 50.0

percent solids by weight, with equal amounts of the smaller and larger silica particles.

The following characteristics were determined as described in the test methods -

above: viscosity (before adding catalyst) and utility as an underfill adhesive to attach

silicon die to circuit boards. When evaluated as an underfil! material, the curable bonding
'25 composition was applied for four saﬂiples using method 1 described in “General

Preparation of Circuit Boards with Attached Silicon Die” above.

Example 7
A blend containing epoxy resin and two different size silica particles (having an

30 approximate particle size 20 nanometers and 2000 nanometers, respectively) was prepared
and evaluated as follows. Example 6 was repeated with the following modifications. The

4500 nanometers silica particles were replaced with silane coupling agent-coated silica
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resin bl end was prepared using the procedure described in Exanple I with the
following nodification. The smaller (20 nanoneters) silane coufllFd 2006

agent - coayadsfbliksa particles enployed were prepared as d | ] .1 :
Exanpl e 3. These smaller silica particles were 10 conbi nedsémfl{[]ﬁpjzfégid; resin,

filtered, and concentrated down to provide a nmaster batch_ precursor

conposi t i partislesprepaced usingal Wbgrams|each obSELST AR LEH0%% (aspherigat sidieafillenl | ds by

wei ght as, peasur ed. JGA T 8 1 grans this unc i tion was: '
ndded 7 7PTRRS maieRy kRl O pbioibeoRE oo ki ptiEs s S TRET BT 2
parti cl esapifmanfchaplicly 526 of lesthin4 0midfh@er, 4Failible from JCI USA, Inc., White
NN - bi s(salicylidene)-1, 2-propanedi anine. The resulting conposition was

m xed wi t Rlainspoogweick endctha] piangrwith 4. Sogrews iob phenylrimetherysilane:. Afleovi de an
uncatal yzed,... fl uxi ng agent s.contai.ning .conposition,.The.final catalyzed,

1 ixPng. aBitition Shit R oRoURE ALY R AR VESIEG 137 BAINAAD B2 gr ams of
the uncat ghyg@th &Asﬁiﬂg‘\%tﬁ%f&an&%ﬂiaﬁblnﬂ{égré&%%ﬂ%atﬁa&!fblmeﬁ-cﬁﬁd%aam of the |
cat al yst mxturg as déscribed in Exampie 1. 20 This final curabl e bonding

conposi t i vacuuadovendal 8 hbatsed 1p@ P Cito peovidessilicegpdrideies hofingd 8 cOatinpeofoilahe sol i ds
by weight, with equal anmpbunts of the smaller and |arger silica particles.
The foll oﬁ?‘ﬁam«gr‘i‘ﬁl?%?‘éfﬁ% pR¢ whegs garipg avere g diapstey 4w L08R aanometges. (Thet

nmet hods aﬁg%tﬁdgﬂﬁ%&??éﬁ{léﬁév%ﬁ.e addi ng. catalyst) and utility as an

underfill esive Silicon die to circuit boards. Wen eval uat ed

as d0 underfi | ITont Egragis of ticuratalyded compdsition caftaidiiphs istraller pieticlapwhs ed
for four sanples using nethod | described in "General Preparation of CGrcuit
Boar ds wi Addes?-aeres ofithe 2000 pynomesgrs yidane coupling agent-gogtedpilice partislepi ng epoxy

resin and [ i ili I : [ r.Qxi mat e
particle gxlteggm%; ré\‘g‘?\%%%ﬁ%gﬁ\#iggggﬁa%%@gﬁpg%ye@%g@%e ?/ wafg pr epar ed
and eval uptoxidess drehiabusd, fasdngphgent-comtainiepeatpeitven [THehfend ohthtywedyg

nodi fi cations. The 450Q nanoneters silica % rticl.es, rere I(%ced wth

sil ane collpKingREsRiontAyag sempPsifien was grepargdPyFombinigg a0t 8o 6.4

PCT/HS03/ i r 1 j . g?ﬁ? :02S (a
sphéryi cal &és}?%ﬁg%&?flﬁﬂgk %E%_rgvcﬁggaﬁlgq%g?t gflé&gfug{ngpg 0 Bgﬁfoe %&%ﬁg‘?g? lgrge ( 200(()
nanomnet er a3 désobbed il Exaniplat) Thesvfinal combleebonding quarpiositioa haid acalvhldtabs t han 10+

et b BT S it U S 0 o
t he sil anﬁnt‘fﬂi‘x‘é’éﬂsﬂﬁ&%ﬁﬁﬂes. the m xture was stirred for 16 hours at 60 C
| The folldwing characteristics were determined as described in the test methods
20 above: viscosity (before adding catalyst) and utility as an underfill adhesive to attach
silicon die to circuit boards. When evaluated as an underfill material, the curable bonding
composition was applied for four samples using method 1 described in “General

Preparation of Circuit Boards with Attached Silicon Die” above.

25 h Example 8
Example 1 was repeated with the following modifications. To 700 grams of Nalco,

TX11005 was added 3.0 grams of Amberlite IR-120 plus Jon Exchange Resin, and the
mixture was stirred for 30 minutes at room temperature. The ion exchange resin was then
removed using a cloth having a mesh size of 10 micrometers. The solution was placed

30 back into the reaction flask, and aqueous ammonium hydroxide was added by dropwise
addition until the dispersion exhibited a pH = 9 as measured with pH paper. A premixed
solution of 1400 grams of 1-Methoxy-2-propano! and 4.8 grams of phenyl
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Fol I owi ng washing wth water and ethanol, the treated silica particles were
dried in a vacuumoven for 3 hours at 100 C to provide silica pgotiaipes
havi ng a | f silane coupling agent thereon and whose startin

aver age diqgér;p?@@l%as 2000 nanoneters. The treated particl ePsCWéﬁ’é‘}lfﬁf’g

sieved. 10 To 17.7 grans of the uncatal yzed conposition containing the
smal | er pattimethesysiage was glowly addedraves a geriedefl 2houb- minvlse Withstiging gad the

coupling a . ok 1 ' oeRar V| nms of
NN - bi s( sa?‘ig‘s%“%?{g’?fg&%%-sg?%%%ﬁedﬂﬁ Snaetryt o] 'p$§\9| ci)g' %ﬂﬂiknéégﬁggfg%’éfs%‘fuxi ng
agent - cont aiasidnigd apmpostethiperaturt oeefmightl Acpdvedey zedfainihg semegealikyrtrelemnt ai ni ng
conposi tion was prepared _conbinjn rans of .the 15 uncatal yzed,

np prep E%’l g

. 2.1 : :
fluxi ng agémell agglomeratersy of &iligp Barticlss Danae @ coating fsUgne couplngageytdherspn ¢ yr e

as degcrib ' | ' . ' -t 140 a
cal cuI%at edgg%gvlrﬁ?l@éi e bggm%& %%%ﬁg#xx%%@%% ng{r%?kég%lsl gs g;tc;il%/\éedf gr}sﬁété%\?\i th
equal anoufmbe goims, has stived @ith 250¢rdms githe diikd sidicp paticls e ThisTdigpeksidn ot ng
characteristics were determ ned as_described in the test nethods 20 above:

vi scosity FHEtbMIORIPRBCrARNGPS/aE # ighensed pheay mixerdar shoyt pmpipptendhersi ve to
attach silj ' hheoult e 'rﬁ{‘t%‘}m%rfi”

mat eri al , 'flﬁg‘gg%g)la e 8%%5‘?’%5 at(?(gﬁrr%g%ﬁl on V\%‘gagvgg:b?gﬂ&?%r ou ﬂsi,‘larrpl es
usi ng met hddnitrateserglimdyringed fiteraogrovile e 34 patcenrsodifls Gispersicn dbadicds wi t h

Attached Silicon D e" above. 25 Exanple 8 Exanple 1 was repeated wth.the
fol | M ng mmequew%m (3%813#%6@& aporatigsy lﬁgﬂlcaf? OY?céoé[e s ¢f Sy
granms of A [ - @)?@1 ' @;}H > m xture was
stirred fo?gﬁggﬁﬁnﬁﬂése%ga%&?’?%@g%ga urg@ﬁiit?’(&) exscélgﬁge resin was then
renoved usihegalydednedthylphthibligarhydedl. The dispérsibil wasaoaomiterel fof B8 ndmhted aton was

placed 30 back into the reaction flask, and aqueous ammoni um hydroxi de was
added by dd8pifdsingadatary eyanemiet, eqwipper Wik esiaswnm pHmp: The compasition of this

measured w rem | Uyl .

T Vet hoxy- B RAREer vl Blelfitn «B0 o W ndd A Bigdhe oycla) 101164
PCT/ US03/ 146hathg levdl WRis eteymiredne bu@d. 35peavdny baadadatht 0Ter44% pamsed ddé about 5
mnutes wth stirring, and the resulting mxture was stirred for 24 haours

ar 90 C. Avpealyzd mpsterhatchadisperyion wap afdsdst-@ gramyief ROV 848, 2 gogrpms of 4-
200, onor at SRRy IR G ui6EY. 61 Bl IO HiSBO X LAY LRTR

aggl omrer at es, partic aving a coafing g ageht
t her eon acid, and 0.23 grams of tetrabutylphosphonium tetraphenyl borate. The resulting mixture

was mixed with a SpeedMixer™ for 5 minutes at 3400 rpm to provide the final curable
20 bonding composition.

The following characteristics were determined as described in the test methods
above: viscosity, glass transition temperature, and utility as an underfiil adhesive to attach
silicon die to circuit boards. When evaluated as an underfill material, the curable bonding
composition was applied using method 1 described in “General Preparation of Circuit

25 Boards with Attached Silicon Die”.

Comparative Example 1
A blend of polyepoxide resin and silica particles having an average diameter of

4500 nanometers was prepared and evaluated as follows. To a Speed Mix™ cup

30 (available from Flack Tek Inc., Landrum, SC) were added 4.7 grams of EPON® 862, 2.3
grams of MY 0510, and 3.0 grams of N,N'-bis(salicylidene)-1,2-propanediamine, 10
grams of Silstar LE-05S (treated as described in Example 6) and 0.4 gram of CAB-OSIL®
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5 and whose starting dianeter was approxi mtely 123 nanoneters was obt ai ned.
Acetone, 750 grans, was m xed with 250 grans of the dried sili mﬂrfﬂﬁﬁd es.
Thi s di spRigsisAd1i@s MM xed at room tenperature using a hi g%ﬁiﬂ%&%g %s ear

m xer for about 5 mnutes, then allowed to stand for 2 ho gt
tenperature followed by filtration through a 1 mcroneter glass syringe

Filter to TS geaecatediimdskcn (hydiophebicl sylebleomiCabot Comorgiopaiticnias in
: dromt et € s in
G Sper oi oridnd 1B RS A0l Bhing A Sppe RGBS fifbues' 80 p R Brtiad M © ¢

hexahydr orei unchtalyzbd) fluxing et icortainigecatipition. (Pheviirml conablzrtiondingd for  40.

m nutes at 125 C using a rotary evaporator, equi pgiad w th _a vacuum punp.
The conposiompasition WasiFepaset By spybivana i3 BBk WIcad He 1V HRE detitanal yzed by

thermal T Ay ' l-ned t .3
per con by nif bORpBaGbnFRa SRR i nifedE LB BaltiE
di spersi on was Hdellodity eiapatteristicEReN deterfidiied & dbs¢iitsdsinQhe st methods
hexahydr onet hyl pht hal i ¢ anhydri de, 1.64 grams_of 2, 2-

bi s( hydr oxapee:jscpsity gredgteiaddingatplyshl glass ransifiamismperatwe, eastiisieniodsphoni um
t et rapheny, I The i ' i i . xerm( for
5 m nutes ta?l&%gl rps)lmlat é%ﬁ%i\k/t&égg{l%é%rﬁﬁg’ldhcur%ﬁ %ﬁgl}g‘lh%glﬁg}eﬁg%%g%posi tion.
The fol | owoagsc Wihacéelbféd ssanmidRriiieirateiial) gl agable bondingdommpotition ast

met hods aboye; viscosity, glass transition tenperature, and utility as an
undeld i | | amaledpsies o af idhres spatheds lsgaribed an SGrRarak PreBirRleN obRariby al at ed

ot hod 1 cisrd Wl Ak o oS B e AP RIIGN: cBATRARIGL L RBNAGT pis 1o! N0

Attached Solit @ipldd&ing feethedrat i ve Exanple | A bl end of pol yepoxide resin

and silica particles having an average di aneter of 4500 nanoneters was
prepared and evaluated as follows. To a Speed M xT"M cup 30 (available from
Flack Tek Inc., Landrum SC) wer . 4. [ of EPON(r) 862, 2.3 grams
of My 0510, and 3.0 grans of N, N%O%?%%QTE(% gene) - 1, 2- propanedi am ne, 10
grans5 of Si | st aA blend@Fpolyiepeside deshs aibsilica fredclenhdisgd pertitle dimaelr 4f POGOM of
CAB- OSI L( r%jg—Z? 2000T 008 \\O 0@/1 1164 .CTéUSO3/ 148§8 'IiS-72,0 treated
funed si | i RBRORIFER Wphpisparpd and sy4lugied as deshi epryai v Frampledowgh the )
This 1M xt YoRloWis MEMiEEATS T26ues SREEE RSl Mcafedn Bxabipficr Fas gpT P L0
provide an unc&talyzed, fluxing agent-contal hing conposition. The final

cur abl e bapladertd Silstar LE-05S. The final curable bonding composition was prepared by

combining 2.4 grams of the uncatalyzed, fluxing agent-containing composition and 0.07
20 gram of the catalyst mixture as described in Example 1.

The following characteristics were determined as described in the test methods
above: viscosity (before adding catalyst) and utility as an underfill adhesive to atiach
silicon die to circuit boards. When evaluated as an underfill material, the curable bonding
composition was applied using two of the three methods described in “General Preparation

25 of Circuit Boards with Attached Silicon Die” above as follows: six samples using method

1; and two samples using method 2.

" Comparative Example 3

A polyepoxide resin blend containing fluxing agent and curing catalyst, but no
30 nanometer-sized silica particles of the invention, was prepared as described in
Comparative Example 1 with the following modifications. The components and amounts
used were; 15 grams of EPON® 862, 7.5 grams of MY 0510, 9.6 grams of N,N'-
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conposition was prepared by conbining 2.2 grans of uncatal yzed,
agent 5 containing conposition and 0.07 gram of the catal yst m
The foll ow ng characteristics were det
viscosity (before addPAHUEEYHBIBSt)
expansi on,

descri bed
descri bed
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uncat al yzedherfrialiesipagsiagearid wiity as ai madecfilhadisasivedn aatach €iliGoh &6 tgeirgnitof t he
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t e
wer e deterﬁpﬁgﬁ
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as follows:*W

Pre

ar S s&
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s described in The f
e ARt an Y Lmaterah, s ruirable Boadifg
wi bt thwmeé ddE'Q@srchleJl uadd;afermr
en eval uate as an underf mat er

arat%pn 25 Pﬁ%&

characteristics

FREBITHGR VB2f or e
H?aréﬁ&naéfftlrc?ﬁtl icon die

the curable
c Brpudsi wntlmAttaab‘:da?promB)m’s:bnge aw\fmlloWStﬂheeetSanmksnmdgaushdeimcbed in
cuit Boards with Attached Silicon D e"
nmethod 1; and two sanpl es using nethod 2.

a}“'ltf:% n%)déat ive

above

Conmparative Exanple 3 A pol yepoxi de resin blend containing fluxing agent and

by

curing catalyst, but no 30 nanoneter-sized silica particles of the
inVent!on mas prePaLegrai deEELL?ed |ﬁﬁiﬂﬁhbarat|ve Efanple 1 mtthﬁtﬁer
epaT) afErel AT s R PRI A
03/ 101164 | PCT/ USOR/ P48 | bilkY aI| 7@% 8 tely opéﬂ‘é‘c'!??‘&’fn dPPY g OFT
0.66 grant of TS-{720. Thd final cyr bon cdnpo on|was prepared
eonbintng 1.8 grans of the uncat:lalilzed,c u§@%i%%agen8§§%}} giﬂg
cpnp05|t|(u+4ﬁui—9. 3 géYtékb talyst REXTHE— svxved +h ]
862 11 15 (49
23 ‘ (32.0)
2 EPON® | MY 0510 123 - - 1
862 14 17 (38.5)
28 (23.3)
3 FPON® [ MY 0510 123 20 - 1
862 11 15 (25) (25)
23 ' (16.7) (16.7)
4 EPON® EPON® 300 - -- 1
862 828 15 (48)
18 18 (31.6)
5 EPON® | EPON® 550 - - 1
862 828 15 49)
17 17 (32.0)
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Exanple 1. 5 The follow ng characteristics were determ ned as described in

the test nethods above: viscosity (before adding catalyst), dl isqs 0
transiti o%(éﬁgrgoei@%t ure, coefficient of thermal expansion, and ut Wr?ﬂ Eé\s an
underfill “aah&y to attach silicon die to circuit boardsPCEHEN/1d838] uat ed
as an underfill material, the curable bonding conposition was applied using
two of theEidaiphe | BpbiywAs| dEsay BDEldNINBSGE N PastitleX epabPati¢cieB df TSS72@ i #,510
Boards wijith Attaghegbvdi | j capby e”| ahdPP gs (dimhdtays| (dimneersgmipted LSDRF
nethod 1} and tywo sanplies using jme(pbedl 2. TAB)E 1| Exammi e Hpoxy Al Epoxy B .
NN-BS- Particle A Particle B TS-720 4, 5- |(plghw pbjy) tb)PD |( di anef er
(di ameterf, (pbw)|DPI* (jpbw) nm |nm) (pbw) ebw) {Vovel. % (Vol. % 1
EPON(r) 0610 §0N®T MY 086¥ {11 15 (49) 28 (32]0) 4580 EPQN(r) My 0%101123
- -1 86f2 14 17}(38,5) [28 (23.8)] 3 _EPONr) My 0540 12? 20f-- 1 B62 11|15 -
(25). (25} 23 (16]7)882%6.[7) AlEPoN(r) MEPON(r) %0 -|-- ¥ 867 828 1p (48) |18
18 (31.6) 5 EPONfr) oBPON(r) 550 -| - 1 862 §p8pl5 49&6.17_9' 17 (32.0) -29{WO
03/101164 2 0 _QCt. 2006 CT/11S03/114838 E anpl e Fpoky Eno B NN- RS-
Particle[A Pérti ¢IEPONG S MY 0516- 20 2000 - 1
862 11 14 (25) (25)
123 ' (16.7) (16.7)
EPON® EPON® -~ 123 - - -
8 862 828 (55)
15 1.7 (38)
CE1 EPON® | MY 0510 4500 - 2 1
862 11 14 (48)
23 (31.6)
CE2 EPON® | MY 0510 2G00 ~ 2 1
862 11 14 (48)
23} (31.6)
CE3 EPON® | MY 0510 - - 2 2
‘ 862 22 28
45
CE = Comparative Example
* = As part of the 4,5-DPI catalyst mixture, Examples 1, 2, 3, 6, 7, CE 1 and CE 2 also
contain 1 pbw EPON® 828; CE 3 also contains 2 pbw EPON® 828.
" *#* = Example 8 contains 20 pbw 4-hexahydromethylphthalic anhydride, 3 pbw 2,2-
5 bis(hydroxymethyl)-n-butyric acid. Instead of 4,5-DPI, 0.4 pbw of

tetrabutylphosphonium tetraphenyl borate was used as the catalyst.

TABLE 2
Example ‘Viscosity Tg CTE (al) Electrical
(poise) (°C) (ppm/°C) Connectivity
(Pa-sec.)
1 89 116 42% 8/8 (100%)
8.9
2 N.D. N.D. 45 4/4 (100%)
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(pbw) (pbw) 1,2-PD (dianeter, (dianeter, (pbw) DPI* (pbw) nm) nm (pbw)
(pbw) (Vol. 9% (Vol. % 6 EPONO My 0510 20 4500 - 1 862 11 14 (Z9)Ci(2m 23
(16.7) (160“@ 371 MY 0510 20 2000 -- 1 862 11 14 (25) &25) 23 (16.7)
(16.7) EP 9 (r) -- 123 -- - -- 8 862 828 (55) 15 7.7 §8}90@E‘3§3 EPONO
MY 0510 4500 -- 21 862 11 14 (48) 23 (31.6) CE 2 EPON(r) My 0510 2000 - 2

éE §6%o 11 éxié% (3L, g)hscsﬁﬁ ONCr )Ty 0510 - C’I‘E(oc?) 2 86 Eléotriet 4
Exanpl es 1| "’“2' "3 o o PARPCE 27l 58 Contll PR PO aas Yo 5
gcgq CE[2 a . p (1) CH
Z[?}gx;g%?omt hypht haifi c an dr| de _3 pg\r{/ylzczo ?nmgﬁm o pmgls (100%)
bi s(hydroxymet hyl ) -n-butyri @3ai d. |nstead of 4,5-DPI, 0.4 pBW of
t etrabut yl phosphonium tletrdphenyl horate was usdad as the catalyst TABIFE [?
Exanpl e Vi Fcom t$ Tg g:‘dE ((X33 Bl ectricall0d(poi de) (&-D¢ppnt L) $Br(h@Q%) vilt y
(Pa-sec.) {1 89 116 42* {8/8 Eﬁ(})ﬁ%
5 152 N.D. N.D. 7/8 (88%)
(15.2)
6 182 N.D. N.D. 4/4 (100%)
(18.2)
7 135 ND. ND. 374 (15%)
(13.5)
8 83 94 N.D. 4/4 (100%)
(8.3)
CE1 130 117 38 4/12 (33%)
(13.0)
CE2 58 N.D. N.D. 0/8 (0%)
(5.8) .
CE3 86 120 64 5/5 (100%)
{(8.6) .
CE = Comparative Example
~ * = obtained on third thermal scan
N.D. = not determined
5 .Example 9 '
Example 1 was repeated with the following modifications. To 450 grams of Nalco, .
TX11005 was slowly added over a period of about 5 minutes with stirring a mixture of
700 grams of 1-Methoxy-2-propanol and 3.07 grams of phenyl trimethoxysilane. A
portion of the dried particles was stirred with deionized water for 2 hours and
10 subsequently allowed to stand for 20 hours. A powder, containing some readily broken

small agglomerates, of silica particles having a coating of silane coupling agent thereon

and whose starting diameter was approximately 123 nanometers was obtained. Acetone,
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(8.9 2 ND. ND 45 4/4 (100% -30 2 0 OCT 2006 WO 03/101164
PCT/ US03/ 14838 Exanple Viscosity Tg CTE (al) Electrical (poi ng Ug: 00
(ppm C C??ﬂ% to'h\é_ity (Pa-sec.) 3 235 111 37 8/8 (100% (23 5 ; f 04

N.D. 8/8
4/ 4 (1009
(8.3) CE
CE 3 86 1g{
third ther

repeat ed alltwed tosstdmsl fopal Ingst ddwufs ﬂabomnanpaiatunfsﬁallg»mdﬂ)ydﬂmmm throung)OS was

(1

13.3) 5 152 N.D. ND 7/8 (88% (15.2) BCT 1838 N. D.
8.2) 7.135 N.D. N.D. (75%. (13.5) 8 83 94ND 4/ 4( 1009

QBBWM?S mixeshvish 88.4qpbw feflthe é{lefé:e ipa particlep) WS@JSR?F%O’Q w5 (5.8)

s

t%ém(tﬁﬂ %e@ltur §SIﬁ%ef§% @B?Ja?ﬁhﬁé& fF?(ﬂfHﬁlt S mi Fte@ %@ﬂ ned on

scan ed 5 . Ex

slowy ad ed over e about 5 .mn S wWth t rrin ture of
700" o1 anms| GHCDTReEIRG SERROKD PideD 18 J et brolioh dipPeich dhatbdy i | ane.
A. :

5 particles in acetone (as measured by evaporation in a heated oven). To 155 grams of this

dispersion was added 15.0 grams of EPON® 862 and 13.4 grams of 4-
hexahydromethylphthalic anhydride with gentle mixing. The dispersion was concentrated

for 20 minutes at 125 °C using a rotary evaporator, using first an aspirator vacuum then a

vacuum pump. To 51 grams of this uncatalyzed master batch dispersion was added 0.26

10 gram of 1-(2-cyanoethyl)-2-ethyl-4-methyl imidazole (available under the designation
“Curezol 2EAMZ-CN” from Shikoku Corporation Kagawa, Japan), and the resulting

composition was mixed with a Speed Mixer™ for 3 minutes to provide the final curable

bonding composition. The viscosity of this material was measured as described in the

“Viscosity” test method above and found to be 39.0 poise (3.9 Pa-sec.). This final curable

15 composition was evaluated as a capillary underfill as follows.

A test board having a solder buuiped flip chip bonded thereto was provided. About

14 milligrams of the final curable composition was easily dispensed partly around the

periphery of the flip chip and was observed to readily wick between the board substrate

and flip chip and completely fill this area. This was cured at 150 °C for forty minutes.

20 These results indicate that the final curable compositions of the present invention can be

applied using a capillary process.

Examples 10A and 10B
The particle size of nanoparticles in an aqueous sol was measured both before and

25 after being provided with a silane surface treatment and mixin g into a polyepoxide resin.

More specifically, a sample of the aqueons sof Nalco TX 11005 was evaluated for particle

size as described in “Particle Size Determination” (this is designated as Example 10A),

then provided with a silane surface treatment as described in Example 1. To 266 pbw of

the resulting 1-methoxy-2-propanol mixture containing 7.5 percent (w/w) of treated

30 nanoparticles was added 20 pbw of EPON® 828. Next, the water and solvent were

removed using a rotary evaporator and vacuum pump for one hour while increasing the

temperature to 125 °C over this time to provide uniform, nonagglomerated dispersion of
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portion of the dried particles was stirred with deionized water for 2 hours

and 10 subsequently allowed to stand for 20 hours. A powder, conggigiingigsone
readily brgken smmll agglonerates, of silica particles having a coating of

silane” coupY? MYt%¥nt thereon and whose starting di aneter REI/CHOPA4528 nat el v
123 nanoneters was obtai ned. Acetone, -31 2 o oCl 2006 WO 03/101164

PCT/ US03/ 1483%poile resimhaving surfacedreafedmagegpartiglpsithgrein.h Ehig resin wap pyalaated

B ear “m xerfof pRidlsBR S RbotE in S0 Yd BRRAPIRG Tlls Sk o) %) WO0T S
at room t erpangile (6BY. ofHexemdtshive Sidvin Bi Table 8hrough a 1 microneter glass

syringe filter to provide an 18.1 percent solids dispersion of silica b
particles in acetone (as neasured by evaporation in a heated oven). To 155

grans Of this dispersion was add aingr B, f4EPON(r) 862 and 13.4 grans
of 4- “hexahydronet hyl pht hali ¢ anh e m xing. The dispersion
was concent r at edExahfple 208 Wad wépratedtwilll heGollowing miodifitaions € TaRO0PbA of 1USi N
first an aspirator vacuumthen a vacuum punp. To 51 grans of th

IS
uncat al yzednethexe?-prenanpl waslded 666 phs obtheaquepusgoliNalge JaS 13005 resuiting in a

1- (2-cyanost - 2- el ~4- | 1am.dazol. Wl.ahl t desigpati on
"Curezol Zglf%gé{ﬁl Sf&rlgcg’\r%sé% %l}(rﬂfé&erd [ﬁ%’ﬁi’ %ﬁeﬁ%g%?gﬁgﬁ%ﬂ%aéﬁgﬁﬁ Zﬁ pl%}
resul ting of EAON®S26N Wk 4 ARchpiividd ntadepe ecndvhitste T blsndAominD Hriged )

provi de the final curable bonding conposition. The viscosity of this

mat er 14 wafgﬂﬁ%%ftﬁfé‘é{n‘é@l&@é@‘lt@é&thﬁwﬁﬁéandW‘é@é«sity" test net hod above and
found to be 39.0 poise (3.9 Pa-sec.). This final curable 15 conposition was
eval uated as a capillary underfill as follows. A test board having a sol der
bunped flip chip bonded thereto wExatplesild@dendMi®t 14 milligrams of the
final curable conposition was easily dispensed partly-around the periphery

of the flip chi gnafaangsssigplas e, bat describedifar Examples JOAadnt OB, pamisle size
substrate I ' ) I ' [ : 8 at
150°C for {rskinf bl ARt GRHRGhES sbl g 2520 B {jan] WaBHAT it B
conpoKi t i ondlicafsol, havipg aselids convenof 40 perenilsy weight amlh peaticlg size@ifs! | ary
process. Exanples 10A and | OB The particle size of nanoparticles in an
agueous solnanemetrsas sufatelzataofdf gfme, aspeciiGgravity of bEPmy2HPCya pHdI B4 4t a

il f t t t. i X]. i nt I i i.n. . .
spect 1 cal 1% G nb RREop O Serfindss Wan g ol Gode Fhs Tbeasohy Bhisds 1 or
particle <iezgi@gnaed dfgﬁ%%&dlh@ and’8h aivpifensl FohaBElofieratePlispersiohloi S 1S

desi gnat ed as Exanp ) _
polyepoxide resin containing these particles after they were provided with a silane swface

= ey o B

20 treatment (this is designated as Example 11B). The results ate shown in Table 3.

Comparative Example 5
Example 11B was repeated in a manner similar to that described for Comparative

Example 4 wherein untreated nanoparticles were employed and, like Comparative

25 Example 4, a rigid gel formed while the blend was being concentrated down.

Examples 12A and 12B
In a manner similar to that described for Examples 10A and 10B, particle size

determinations were made on the aqueous sol designated “5296965" (this is designated as
30 Example 12A) and on a uniform, nonagglomerated dispersion of polyepoxide resin
containing these particles after they were -provided with a silane surface treatment (this is

designated as Example 12B). The results are shown in Table 3.
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then provided wth a silane surface treatnent as described in Exanple 1. To
266 pbw of the resulting 1-nethoxy-2-propanol m xture containi % )

per cent (Wv@3 1,8; treated 30 nanoparticles was added 20 pbw of E EF @58
Next, theMBrer ¥Ad solvent were renoved using a rotary ePsI@ies/ass3gnd
vacuum punp for one hour while increasing the tenperature to 125 C over
this time to provide uni form nonaggl onerated di spersion of -32 2000T 2006
WO 03/101164 PCT/ US03/ 14838 pol éepoxi de resin having surface treated

nanoparticles therein. This resi®\okRad for particle size as

described in " Ll i 1 ﬁ%!n'ﬂ 145, 1 i npl e

| OB). The res uﬁti‘l é&g@eﬁgﬁgﬁmﬁg&%g} g : %sgg]%%afraat%l E&V%E%i%%pq?gégﬁ@ﬁrg%?e 10B
was r epeaErampletdhwhéreinfwittcatsd mgnopaititles werecmmsployad. ZDitis pdswilted irla grainy

met hgxy- 2- pr opanol s added 66.6 pbw of the aquequs sol Nalco MO

resuPt i ngdispersion of agglomstatedipafeics F‘bﬂoléf?PqI%Fferfég'P@gteﬁﬁ?RFG&F?‘i“& %tg&c g@nfihi s
di spersion was added 20 pbw of EPON(r) 828. When an attenpt was made to
concentrate this blend down, a rigid gel 10 forned after renoval of about
hal f the water and sol vent. Exanpl eExdm@ledBd 11B In a manner simlar to

that described_for Exanples 10A and 10B, particle size deternjnations were
made on the aqiedFeneg) S"Rﬁf"é‘& té%tz‘gs‘(éxgcfﬁi mw1§5#5Az%ﬂ&'&&mtew%PPi ca

sol, havi i TRV . & Y, is . i i ze of
75 nanorre{t%g? ?aagbggr%fgé@gaar eéﬁé?é‘g%&g/%@%‘?s%?ggi‘ﬁ%‘%@geﬁ 9%{)3%{9% g@?at 25
C, 40pH oTh8refuld are 2hove irmfabla 3vi scosity of 10 centi poise, available from
Ondeo Nal co, Chicago, IL (this is designated as Exanple 11A) and on a

uni form nonaggl onerated di spersion of polyepoxide resin containing these
particles after they were provided wWhgpes | ane surface 20 treatnent (this
is designated as_Exanple | IB). The resuits are shown in Table 3.

Conpar ati ve [Exaniptangde Exarjpl MdabFPasticle Segegatyd i n StandardPeviation (n&i) tjo t hat
descri bed f o——Corparative-l Exanrple—4-wherein-whi+eat-ed—naneparti-cles were
enpl oyed and, |ikdO&npardtive 25 Exdfple 4, a figid gel 2Pox med whille the
bl end was bermg Cq'p Mt rated dowT._ (Eyanptes l?%&"ﬁ'ﬂ'@‘l?‘B‘M‘mm simlar
to that described Tor Exanples | OA and 10B, pafticle size  deterninations
were made on the g@gupeous dol desi gredikd "529696%" (this is-designated as

11A 97 17
11B 92.9 32
CES5 ' ‘ Gelled -
12A 421 59
12B 536 75
CEo6 _ Agglomerated --
13 __ 300 37

{

CE = Comparative Example -

15
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30 Exanpl e 12A) and on a uniform nonaggl onerated di spersion of polyepoxide
resin containing these particles after they were provided with a silane
surface treatnment (this is designated as Exanple 12B). The resufQg(arx06
shown in Table 3. -.33 2 0 0 Ci 2006 WO 03/101164 PCT/ US03/ 14838
Conparative Exanple 6 Exanple 12B was repeated in a manner simlar to that
descri bed for Conparative Exanple 4 wherein untreated nanoparticles were
enployed. This resulted in a grainy 5 dispersion of agglonerated particles
in polyepoxide resin after concentration of the blend. Exanple 13 In a
manner  si Wihpds Aadmehit described for Exanpl es 10A, particle size

determ nation was nade on the aqueous sol designated "5296964" (this is
designated as Exanple 13). 10 The results are shown in Table 3. TABLE 3
Exanpl e Mean Phn tlecttaniGassemblyepmstisingtar d Devi ation (nm) | 0A 118 22.5 10B
111 20.3 CE 4

lled. 11A 97 17 .119 92 .9 32 led - .12A 421 59
135 836 75 NG b&P‘Sr%SP‘QP’é%“ bR e tOGéU%E‘g%’g?L el anpl e 15 - 34
2 0 0 0 Tadh@§i%e betkiadn the eleb@dri®oriysonedt andBulRtraR] Whérein A GRIEHMIY adhRBPE | Si ng: an
el ectroni c conponent electrically bonded to a substrate with an underfill
comprises the reaction product of a curable underfill bonding composition comprising a
mixture of polyepoxide resin; curing catalyst; and surface-treated nanoparticles that are
substantially spherical, non-agglomerated, amorphous, and solid and have mean particle

size of from 5 to 500 nanometers.

2. The electronic assembly of claim 1 wherein the curable underfill bonding

composition further comprises a fluxing agent.

3. The electronic assembly of claim 1 wherein the surface treated nanoparticles are

present in the underfill adhesive in an amount of from 30 to 70 weight percent.

4. The electronic assembly of claim 1 wherein the surface treated nanoparticles are

surface treated with an organosilane.

5. The electronic assembly of claim 1 wherein the CTE of the underfill adhesive

ranges from 20 to 50 ppm/°C.

6. The electronic assembly of claim | wherein the surface-treated nanoparticles

comprise silica.

7. The electronic assembly of claim 1 wherein the polyepoxide is present in the
underfill adhesive in an amount of from 10 to 70 parts per 100 parts of the total

composition.

8. The electronic assembly of claim 1 wherein the surface treated nanoparticles are

present in the underfill adhesive in an amount of from 35 to 65 weight percent.
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adhesi ve between the el ectronic conponent and substrate, wherein the
underfill adhesive conprises the reaction product of a curable underfil
bondi ng conposition conprising a mxture of pol yepoxide resinqgwgﬁlmﬁ
catal yst; and surface-treated nanoparticles that are substantially
spherical, non-aggl onerated, anorphous, and solid and have nean particle
size of from5 to 500 nanoneters. 2. The electronic assenbly of claiml
wherein the curable underfill bonding conposition further conprises a

fl uxi ng ent...3. . The el ectronic ass | y. of claim 1 wherejn.the surface
troatod ndnopaFlelteleni i uoEsiiR P heEo P Hidsdnaur bR i T Anount of
from 30 t&ﬂﬁﬁnm@imhakm@ﬁ@ent. 4. The el ectronic assenbly of claiml wherein
the surface treated nanoparticles are surface treated with an organosil ane.
5. The electronic assenbly of claim1l wherein the CTE of the underfil

adhesi ve an : : L claim1l
wherein t % sur é%éﬁgpég?%ﬁﬁﬁgﬂgggﬁfﬁg{ggmqg%ﬁggﬁéggg%f?ca§5§PE¥R§k

el ect r oni e massparbtly siaé of freinnhllto 3@ nawiometdne pol yepoxi de is present in the
underfill adhesive in an amount of from 10 to 70 parts per 100 parts of the
total conposition. 8. The electronic assenbly of claim1 wherein the
surface t[pat ethsteRAIcassenfdly 8f QainPl K8&RH th&sirhiRe HBAG hdrobar@igRERdee 1N an
amount of from 35 to 65 weight percent. -35 2 0 CCT 2006 9. The electronic
assenbl y dmeg) particle sighef Gpm 0He 1 pdngnepsidrsle is substantially free of
hydroxyl functionality. 10. The electronic assenbly of claim1l wherein the
surface treated nanoparticles have a nean particle size of from110 to 300
nanonet er §2. 11Thelietoheakseattly obdsienbiviierein the surfacé tredted sanoparieles iavieace
treated nanoparti.cl es haye % article size of from20 to 150

nanonet er $Meqhpartgig Sige 8@¥?‘8r% égigggﬁ’ﬁwt%?' claim1 wherein the surface
treated nanoparticles have a nean particle size of from20 to 125
nanoneters. 13. The el ectronic assenbly of claim1l wherein the surface
treat ed nbhopaFhe el¢ctronigagsembly ﬂ’écdainphwz’crcinéh@‘stz‘éicofreatccbmnppﬁrtit:l@s BOG

nanoneters, 14. The el [ ONinG . a I f . claim2 wherein the fluxing agent
i's select %gle%hr %%“‘E‘F,élze Sf%romQOB 10 §(§(?rrf'£lo¥1&f%rs.

14.  The electronic assembly of claim 2 wherein the fluxing agent is selected from the
group consisting of carboxylic acids, acid anhydrides, chelating agents, and combinations

thereof.

15.  The electronic assembly of claim 1 wherein the polyepoxide is a mixture of

diglycidyl ether of Bisphenol F and triglycidyl ether of para-aminophenol.
16.  The electronic assembly of claim | wherein the surface treated nanoparticles
comprises a blend of two or more surface treated nanoparticles, each having a mean

particle size of from 10 to 150 nanometers.

17.  The electronic assembly of claim 1 further comprising filler particles having an

average particle diameter of greater than 1 micrometer.
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group consi sting of carboxylic acids, acid anhydrides, chelating agents, and
conbi nations thereof. 15. The electronlc assenbly of claiml mhere @f
pol yepoxide is a mixture of diglycidyl ether of Bisphenol F and? ﬂ}13|@ dyl
et her of para-am nophenol. 16. The el ectronic assenbly of claiml wherein
the surface treated nanoparticles conprises a blend of two or nore surface
treated nanoparticles, each having a nean particle size of from10 to 150
nanoneters. 17. The electronic assenbly of clain1l further conprising filler
particl es, havi n, avera reater han,1 nji croneter.
P36 2 0 o S g N LR Oty £o BB Serontf Sabetuierigsfd ne

el ect roni ﬁorﬁ@lliﬂ)glﬁefmodsfsuﬁgbﬁmteﬁgﬁhtédd)ﬂihlt laRip§) redifos Of2phditord) GadkagdsNaROr at ed
circuit chips, resistors, capacitors, paCEages and conblnatlons t her eof .

19. The eW%@WWEWF%“§§§§any of claiml| wherein the substrate is a printed
circuit board or a flexible circuit. 20. A nmethod of neking an el ectrical
assenbly conprising the steps of. providing an el ectroni c conponent;

provi di ngl® substaetmnicaisschdily bhdaiel bwheremithe adwpatn &t printed ¢iecugtboaidr at e
havi ng sol der s.and the other having electrical bonding pads; providing
a curabl e° dﬁ@%?@??ﬁ‘ﬁ%ndlng conposition conprising: pol yepoxide resin
curing catalyst; fluxing agent; surface-treated nanoparticles that are
substantial ly spherical, non- agglonerated, anorphous, and solid and have a
mean part#&le 1%|HE§1Q§1f0fﬁ‘I|‘r€tKFﬁ@W#Ct%baﬁﬁﬁﬂ@rm?@msmg)&?lStqpéﬁfng the curabl e

conposition b gpmponent and the substrate such that
t he sol der ﬁ%gﬁg{hﬁéﬂ%ﬁ% ﬁl?t he Eﬁ% ?I’I cal bonding pads to forma curable

assenbl y; and Eppldingngubaaite, edhdr e destrabiceompsmanid bytht ulsstiae Habiagbondi ng

conpositio 1. The t hod, of claim rein the curable underfil
bondi ng c gP‘PP%ﬁ‘Fdi °%§¥%V9%Wtfb@fgﬂl\ﬁ£"&ms’e| ectroni ¢ conmponent and the

substrate pri Qrotiinglal GPIbNOuIdREIIPRYARIg composition comprising:
polyepoxide resin;
curing catalyst;
fluxing agent;
surface-treated nanoparticles that are substantially spherical, non-
agglomerated, amorphous, and solid and have a mean particle size of from 5 to
500 nanometers;
positioning the curable composition between the electronic component and the
substrate such that the solder bumps align with the electrical bonding pads to form a
curable assembly; and

applying heat to the curable assembly to cure the bonding composition.

21. The method of claim 20 wherein the curable underfill bonding composition is
positioned between the electronic component and the substrate prior to aligning the solder

bumps with the electrical bonding pads.
22.  The method of claim 20 wherein the curable underfill bonding composition is

positioned between the electronic component and the substrate after aligning the solder

bumps with the electrical bonding pads and reflowing the solder.
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bunmps wth the electrical bonding pads. 22. The nmethod of claim20 wherein
the curable underfill bonding conposition is positioned between the

el ectroni c conponent and the substrate after aligning the soldggpﬁymmﬁ W th
the el ectrical bonding pads and reflowi ng the solder. -37 2 0 2006 23.
The met hod of claim 20 wherein the viscosity of the curable underfil
adhesi ve conposition ranges from 1,000 to 100,000 centipoise at 25 C. 24.
The net hod of claim 20 wherein the surface treated nanoparticles are present
in the erfiy | } i X . Of . i . percent. 25.
The nethg%ﬁof EngﬁﬁgﬁgﬁﬁﬁPt?%@?ﬁéﬂgﬁ$$gﬁéﬁ é@%%ggaﬁgﬁéggr fg&%ggconprise
silica. aifmpoditen raighoftomfl, @0ab MOR000mripoise t@st°(. s applied to al so refl ow
the solder. 27. The nethod of claim20 wherein the surface treated
nanoparticles are present in the curable underfill bonding conposition in

an amount2pf friRM&Rod 6f AmVE®) WhdreiR WL RBace treadl nanoparticles are present in

the underfill adhesive in an amount of from 30 to 70 weight percent.
25.  The method of claim 20 wherein the surface-treated nanoparticles comprise silica.
26.  The method of claim 20 wherein heat is applied to also reflow the solder.

27.  The method of claim 20 wherein the surface treated nanoparticles are present in

the curable underfill bonding composition in an amount of from 35 to 65 weight percent.
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