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To address shortcomings associated with traditional capillary underfill resins, a No-
Flow Underfill (NFU) material was developed. No-Flow Underfill may include a
curable resin, such as an epoxy resin, and may be unfilled, or filled with nano-size
filler. The resin filler may be functionalized colloidal silica. The higher the filler
content in the resin, the closer may be a match of the coefficient of thermal expansion
(CTE) of the cured resin relative to a semiconductor chip. Unfortunately, for reasons
of processability and the like, filler loadings of more than about 50 weight percent in
the uncured resin may be problematic. To exacerbate the situation, after the addition
of a curing agent, the final filler loading may be below 30 weight percent of the total
composition. A typical CTE of a cured no-flow underfill epoxy resin with filler

loading below 30 weighf percent may be above 50 ppm/°C.

It may be desirable to have an underfill material having one or more of a coefficient

of thermal expansion of less than 50 ppm/°C, a filler loading of greater than 30 weight
1



conposition. A typical CTE of a cured no-flow

underfill epoxy resin with filler |oading bel ow 30
woRrlGhi7pPer cent may be above 50 ppm C. It nmay BeT/US2006/012130
desirable to have an underfill material having one or

nore of a coefficient of thermal expansion of |ess
than 50 ppmi C, a filler |oading of greater than 30
percefibiagrcratainievehal prosessebibitve trasparensy. PBraogesiahbyi high glass
r
trans{tléﬁgaﬂ Tttt %’Egg) I@?‘H§%IC d@gh% dé;isogf?g 30&?1 a%v}sljne Baklﬁg and/or
usingparoardestill anatert | slygtemhidMg irsprogedor dlffheeﬂtlprbperaemhaalare

syste Vi i mproved. or different ropertl s th
curregiie a¥a @nt{g%aé’rr‘gﬁ SHeBle tp hayg gn B‘BPEHEE‘F CRBFR ? &R Blg a
no-fléW lﬁeeﬁﬂﬁﬁid&rﬁ[ s éxhq{a%u%giﬁg%!ré&&o@dffférédt g&%b&?ﬁ&f flah lare
materi al systemhaving | ed or different
curreplpperilables t han are currently avail able. BRI EF
DESCRI PTI ON I n one enbodi ment in accordance with the
' | har dener or curing agent system may
BRH#ﬂ%Egggﬁgrgﬁ%patlbllzed and passivated refectory solid
di spersed within a hardener or a curing agent, which
In orer embodittiedt i atcorddnespeitiathe mvehtiom rohirdeneendodiringnagent
an adhesi ve syst em i ncl ude cure stem m xe
systeffj TRy H1¢ %WSS%%%%%?%@ytssﬁérﬁi&pﬁréﬁd within a

hardEP&d &EF’x(g' géngﬁfgmda@ﬁ il REINPR RGeS NY 2
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provides an electronic device produced by the method.

An embodiment of the invention may include a solvent-free adhesive system for use
in an electronic device. The adhesive system may include a curable epoxy resin and a
cure system. The epoxy resin may include a first portion of compatiblized and
passivated refectory solid. The cure system may include a low temperature liquid
curing agent and a second portion of compatiblized and passivated refectory solid,
and may cure the resin. The compatiblized and passivated refectory solid may be
present in an amount greater than about 30 percent by weight relative to the total

weight of the adhesive system.
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“about”, may not to be limited to the precise value specified. In at least some

instances, the approximating language may correspond to the precision of an

instrument for measuring the value.

Hydroxyl-free, hydroxyl-group free, solvent-free, no-flow, and the like include a

complete absence of the indicated material or property, and further include a

substantial absence of the indicated material. That is, the “no-“ and “—free” modifiers,

and the like, are not used in a strict or absolute sense and may contain insignificant,

trace, residual or minimal amounts of the indicated material or property unless context

or language indicates otherwise. Derivatives may include conjugate acids or salts.

Stability, as used herein in the specification and claims, refers to the lack of reaction,

or the lack thereof, of active termination sites on the surface of the refractory solid
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may include materials with a high melting temperature, such as melting temperatures

in a range of greater than about 1000 degrees Celsius. In one embodiment, the solid
may include aluminum, antimony, arsenic, beryllium, boron, carbon, chromium,
copper, gallium, gold, germanium, indium, iron, hafnium, magnesium, manganese,
molybdenum, phosphorous, silicon, silver, titanium, tungsten, or zirconium, or the
like, or an alloy of two or more thereof. In one embodiment, the solid may include
one or more of arsenic, aluminum, boron, gallium, germanium, silicon, titanium, or an
oxide or nitride thereof, such as alumina, silica, titania, boron nitride, and the like.
For ease of reference, silica may be used as a non-limiting example of a suitable
solide. Silica may include colloidal silica (CS), fused silica, or fumed silica, and the
like.
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A suitable water dispersion of colloidal silica for use as a precursor to compatiblized
and passivated colloidal silica may be commercially obtained from, for example,
Nissan Chemical America Corporation (Houston, Texas) under the tradename
SNOWTEX, or NALCO 1034A, which is available from Nalco Chemical Company
(Napier, Illinois). SNOWTEX 40 has an average particle size in a range of from

about 10 nanometers to about 30 nanometers.

The refectory solid initially may be hydrophilic or somewhat incompatible with an
organic or non-polar phase due to the presence of active termination sites on the
particle surface. For example, colloidal silica may be hydrophilic due to the presence

of silanol groups at the surface. The hydrophilicity may make dispersion in an
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for exarggll nsqlangle icgrtouf))sr on a silica particle surface and an alkoxy silane group to
compatiblize the silica particle. Suitable condensation catalysts may include organo-
titanate and organo-tin compounds such as tetrabutyl titanate, titanium isopropoxy bis
(acetyl acetonate), dibutyltin dilaurate, and the like, or combinations of two or more

thereof.

The compatiblized and passivated (e.g., capped) particles may have a relatively
reduced number and/or density of active termination sites on the particle surface. The
reduced number or reduced density may provide a stable dispersion of particles in a
curing agent, a curable resin, or a mixture of both curing agent and curable resin.
Further, reduced density of active termination sites (e.g., hydroxyl content on

compatiblized and passivated silica) may reduce or eliminate reactions with an
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nanometers to about 5 nanometer, or less than about 5 nanometer.

Suitable particles may have one or more of a spherical, amorphous or geometric
morphology. In one embodiment, the particles may be amorphous. Suitable particles
may be porous, may be non-porous, or may include some porous and some non-
porous particles. The pores may be uniform in shape or size, or may be shaped and/or

sized differently from each other.



elimnating active termnation sites, such as by
passi vati on, may reduce or elimnate free acid

wOaoovai7®n and may i ncrease stability. The anoegit/uskoos/012130
refectory solid present in a cure system may be
expressed as a wei ght percent of the total weight. The
refectory solid nay be present in a cure systemin an

A suipijadew Jeaperature HaRidagising azent waygihelugde paghydrdde, jsHcly as

cun G Wb A P RSy R P

Celsiognbetiiat oy e liguid s boun r@ont Ueep&tate Mlow fmprmuet may

. . in a range of from aboyt 1 i ght percent to ahout 5
inclup GHPCTERICSe it 2 FAREH QhOGHS et ,5@9 clegrees GCalgyoe and
: [ : hght r t
pacigfluliPhg’ LRRLE FRipelaf A0l IS8 P ERRN 20 Uegrecs
Celsiup dibon¢ eBbodmieghtthe entegbgertt riomikiveble Bquiden ghtemperature

ranediSh 50 o 23 RBEkes” Clbtio oo B PGPt GERES 1 r om about

50 wei ght percent to about 60 wei ght percent, or

Liquidlr efketo 4 b@ﬁe@ﬁ ofBéifs FluREHICANE to Hor tod heembplakiasill9d¢form.
sol i may have a surface area greater than about 20

d

A m@aﬁqusf iy map be e@}P’éﬁﬁ?edgﬁse‘é%Cé’ﬁg Hekch olie degres doayhdch a
. . d t t . .

i Tt B A g LEF I, BB 6 SRR, g

S per gram I nc

forcenperqunpaarea civddech iy ithg velociay eraijent dindearet@rditions eofr sregmline

of fromabgut 1 nanoneter to, about 100 nanqneters. |r
flowe i OB BAT ARG (oIS BYSFER foloy SBIPPESFREgRYHRYE 3 giookficld
viscaBUF bRRSS Qﬁhtabﬁlhtel(ﬁ)b%i@, i §§a§1gt=: REBoAP POI0 Boife SERIAES Shout

t 0" about 500 nanoneters, fromabout 500 nanoneters to
100 Powat fBm0 abanoe ePsise ftponlpauth olR002 Eentipaisemétont sabput 1000

.about 100 .nanone fr.omabgut 100 nanoneters.to ..
centifg3tor 5 MRGTRTE IV GetRT a0 S catrmAG HePEra s aEisplipe
to ASSMNBI3IBIGT Svhidhr i@ h@Rporhted hefsin OFBERfdhcE.0 TAD @ilcodify may
___nanoneters, from about 10 nanoneters to about 5
diffep, frnemkadiment tp ezbodiaent of9e gramplgaingreoase togliapggs) ia filler

part Vi f spheri cal ,
1oad1§%€¥%&%ﬁt§m§?%§d§%ﬁa§9%&%€%}p 0 lggffg&'th one enbodi nent,
the particles nmay be anorphous. Suitable particles

Suitable liquid or low melting temperature anhydrides may include one or more

aromatic anhydride, aliphatic anhydride, or cycloaliphatic anhydride. The curing

agent may include one or more carboxylic acid anhydrides, which may be selected

from aromatic carboxylic acid anhydride, aliphatic carboxylic acid anhydride, or

cycloaliphatic carboxylic acid anhydride. Carboxylic anhydrides may be prepared by

reacting a carboxylic acid with an acyl halide, or by dehydrating a carboxylic acid,

that is, eliminate water between two carboxylic acid molecules to form the anhydride.

Alternatively, carboxylic acid anhydrides may be obtained commercially from

common chemical suppliers.

Aromatic anhydrides may include one or more of benzoic anhydride; phthalic

anhydride; 4- nitrophthalic anhydride; naphthalene tetracarboxylic acid dianhydride;

naphthalic anhydride; tetrahydro phthalic anhydride; derivatives thereof; and the like.
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may be porous, may be non-porous, or may include sone
porous and sone nonporous particles. The pores may be
wonideoomozn shape or size, or may be shaped an@twmns2006/012130
sized differently fromeach other. A suitable | ow
tenperature liquid curing agent may include an
anhydride, such as carboxylic acid anhydride, with a |,
In one emhedipeny & qyringagent FeavHncluge PBHCLISLR Aremetie eypepdic acid
iu . i quis
antyfeleS. | E4ci0iphi, NGBS by e BRPHE SRR erclooxane
dicarboxylic ramhgéridy, Hezslsydrdghttadbicuinhldfide emetgbhSahgdnos phthalic

articularly may . inc]ude_ tegperatures in range of .
anhy Sl MR b ek o e b s, hiore GRPoUBE hevine
. genta ks L& i auidain ]
agentﬁgzﬁlggle%l?@ fs,saqm,s,x,g, glgiérﬁxvﬁﬂ g.9 'ul‘?éﬂo‘iiaﬁ@d@gtgg@@%%iyﬁf@

rom about 25 degrees Celsius to _ _
4,7- wehassbSatcfinas - 1,8+ divind] (IISNBA), ovhiclpisoyparngrcially ehiteple

fluid or o,.flow.or. thernoplastically deform A
from %@ﬁpgﬂ%?&ﬁ%&%ﬁ@e‘ﬁg&r@e expressed as viscosity,
which is the degree to which a fluid may resist flow
under an applied force, as neasured by the tangentia
friction force per unit area divided by the velocity
gradi ent under conditions of streamline flow In one
enbodi nent, the cure systemat | ow tenperature may
have a Brookfield viscosity of |ess than about 1000
Poi se, in a range of from 1000 Poi se about to about
100 Poi se, from about 100 Poise to about 1000
centi poi se, from about 1000 centipoise, or |ess than
about 1000 centi poi se. Viscosity may be neasured
according to ASTM D-2393-67, which is incorporated
herein by reference. The viscosity may differ from
enbodi nent to enbodi nent, for exanple, in response to
changes in filler |oading or type, tenperature, and
sel ection of curing agent. Suitable liquid or |ow
mel ting tenperature anhydri des may include one or nore
aromati ¢ anhydride, aliphatic anhydride, or
cycl oal i phati c anhydride. The curing agent may incl ude
one or nore carboxylic acid anhydrides, which may be
selected fromaromati c carboxylic acid anhydri de,
al i phatic carboxylic acid anhydride, or




cycl oal i phatic carboxylic acid anhydride. Carboxylic
anhydri des may be prepared by reacting a carboxylic
weacei@/midh an acyl halide, or by dehydrating aPrPCT/US2006/012130

carboxylic acid, that is, elimnate water between two

carboxylic acid nolecules to formthe anhydri de.

Al terpatively, c¢arboxyljc acid anhydri des may be
Stru%W@%Pﬂ%anecW%}ma Ydriglss BSPHBNN ORION- cal suppl i ers.

Aromati ¢ anhydrides may include one or nore of benzoic

anhydri de; phthalic anhydride;, 4- nitrophthalic

anhydiji de; Jfiapht hal ene tetracjarboxylic acid

di anhydrid napht hal i ¢ anhydr.de; t dro phthalic
nd the |ike.ln one
clu one or nore

anhydri de; derivatives thereof;
eshadieritydridecuri ng agent nay i

aromati ¢ carboxylic acid anipyaiondescid@eydvalei phat i ¢
anhydri des may i nclude one or nore of cycl ohexane

di car boxyl i c anhydri de, hexahydro phthalic anhydri de,

8¢ hyl - hexahydro phthalic anhydride (MHHPA),
e¥ivatives thereof, and t ke, 0 di ment
aycuring agent may include 5,5 - ((1,1,8, 3,5, -
hexamet hyl -1,5- trisiloxane diyl9 bise[hexahydro -
®t hanoi/sebenzofuran -1, 3- dione] (Tri SNBA),

ATe al | y avai |l abl Ll i cones
ork).Structur@g&%ggégﬁgﬁg%her
suit alt e anhydrites are shown bel ow. ethanoic
reRhYidhEiRieopi oni ¢ aci d anhydride butanoi c anhydride
benzoi ¢ 'anhydri de 1, 2- cycl ohexanedi carboxylic
anhydride 2- methyl propionic anhydride mal eic
anhydri de n-octenyl succinic anhydride 1, 2-cycl ohexene
diogar boxyl i ¢_anhydri de dodecenyl sugci ni ¢ anhydrideln
i-1re a curing agent may Y nclude one or nore

ydri de;
___\\ 0? {

1,2- cyclohexanedicarboxylic anhydride 2~ methyl propionic anhydride
& 0
o
o—" o
o
S o
maleic anhydride

n-octenyl succinic anhydride

SN

o o o
o
Q
1,2-cyclohexene dicarboxylic
anhydride

. (()1odecenylsuccinic anhydride



dodecenyl succinic anhydride; 2,2- dinethyl glutaric
anhydri de; ethanoic anhydride; glutaric anhydride;
woensitoroeo gl utaric acid anhydride; itaconic PCT/US2006/012130
anhydri de; tetrapropenyl succinic anhydride; maleic
anhydride; 2- methyl glutaric anhydride; 2- nethyl
propi oni ¢ anhydride 1,2- cycl ohexane di carboxylic ]
In ongrmlndigent, @ cHEES égent SRAYCINAIUES SRR YH MR of putagpicanhydride;
_ i canhydr i des 2 Ut ARG L
dode S5 RS2y AuPGEN A Ul wyaic
glutatiet raahypdriiet e hexafluotar plataaichydid dathydede;vaitdcerie anhydride;

thereof; and the |ike. The cuyre syste be b| ended,
tetrapfPRAR] %ﬂngn@ﬁvdﬁﬂﬁ?;@deacrﬁ%@r}& %w@ﬂ}@ﬁﬁrwﬂkﬁr can
methgfj E)i?ﬁiglrﬁc S¥tyaRte | 112.0R616RDQHE r@%’goﬁﬁi% Eﬁﬂdﬁdgftag)cﬁa&%ll

pre-di spersed”therein. That “I's, prior
succimioxdnhgdiidd; [2- toh - oaterylsspstisin anhgidiides 2r pbenylgiptriemnbuddde;

propfasith GRS & (eSS B i, AR GleTREHES thereor

and tB¢ likhat i ¢ epoxy resins, cycloaliphatic epoxy resins,
or aromatic epoxy resins. Suitable aliphatic epoxy
resins may include one or nore of butadi ene _di oxide,
The eiresysigrn mavReablendade disprasedanglaF aniggd e @egurable resin to form
- di ' B i et neng! -
o sche U400 ot OGS, LGN 010 e
thereBui Tladvlig palor phatixiog éptindiie tmecyses amdythe nasiugatenneachrhave

. pore of butadi ene_di oxide,. di net hyl pentane di oxi de,

ahlggi%amyeﬁ c&frﬁ r@%tﬂrevrsph% SRRl o gl ycidyl et her,

di et hyl ene gl ycol diglycidyl ether, or dipentene
SuitaBlovekle mAEClube ohé ke moldalgsatie BhOE] RBME, cyclRliphati
u1' al i phat incl;a%’(rjﬁi gxi rgne rr?r?orr%?ﬂﬁéy I nclude C RACLIJE{Ea 1CU\/6IBOXy
resing 1@ SUONAIC ApAXy Teeintre Suitatile gliphabir leapxeresing mapinclude one or
more DR b A& me My F ALIAY dio:34L tcﬁ‘gk/&fi%&h&?'ll4%l&£deﬁio1

epoxy resins nay | ncfude one or nore-o -
diglyeydsd ethexedigthyleat pycol diglpaidylodikeceayd dintenx \diatide, and the
. diepoxide; 2- (3,4-epoxy) cycl Qhexal -5,5- (3,4 .
like. o tphle calphaltic aprey MANOHREX 3%, Indude o g3rymels: phHutadiene
- albky: - OX:\. GV Ch: 3 rb X " < Lh-
dlox@E,_ bﬁrrlmeet &ﬁené%fc%l %lﬁ’él%’l (lhg@t@ﬁi?F %t_h%l’a}drl_, Ql?é%lg;ﬁ{ye%}cg:?dlélycﬁw)éﬂﬁer,
diethylene glycol diglycidyl ether, or dipentene dioxide, and the like. In one

embodiment, the aliphatic dioxirane monomer may include CYRACURE UVR 6105,

which is commercially available from Dow Chemical (Midland, Michigan).

Suitable cycloaliphatic epoxy resins may include one or more of 3- cyclohexenyl
methyl -3- cyclohexenyl carboxylate diepoxide; 2- (3,4-epoxy) cyclohexyl -5,5- (3,4-
epoxy) cyclohexane -m- dioxane; 3,4- epoxy cyclohexyl alkyl -3,4- epoxy
cyclohexane carboxylate; 3,4- epoxy -6- methyl cyclohexyl methyl -3,4- epoxy -6-
methyl cyclo hexane carboxylate; vinyl cyclohexane dioxide; bis (3,4-epoxy
cyclohexyl methyl) adipate; bis (3,4- epoxy -6- methyl cyclohexyl methyl) adipate;
bis (2,3- epoxy cyclopentyl) ether; 2,2- bis (4- (2,3- epoxy propoxy) cyclohexyl)
propane; 2,6- bis (2,3- epoxy propoxy cyclohexyl -p- dioxane); 2,6- bis (2,3- epoxy
propoxy) norbornene; diglycidyl ether of linoleic acid dimer; limonene dioxide; 2,2-
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nmet hyl cycl o hexane carboxyl ate; vinyl cycl ohexane

di oxi de; bis (3, 4-epoxy cycl ohexyl nethyl) adi pate;
woOi2606(187%2 epoxy -6- met hyl cycl ohexyl nethyl) padiusaioeni2130

bis (2,3- epoxy cyclopentyl) ether; 2,2- bis (4- (2, 3-

epoxy propoxy) cyclohexyl) propane 2,6- bis (2, 3-

€poxXy propoxy cl ohexyl -p- di oxane

2,6- bi
bis (%ﬂoﬁgpxgr%&bw @FW%&%@YCIQH‘?@FWHH ik Z@If)gxy( 6 (2.3-

epoxy pRYoRY Phcahfurt AL metlBARRR, B X3 Upoxy Grchbyfniyd plicnyl -

2,3- dpozypmyyethé'r 1€ 22,3 eppayqyropexy) ehynyl RB%akyakyohexdhydro -4,7-

h | ph | - .

s SESSERR IE S) f SER BS g

(5- (1.2+ @po@@Qly AR Shettthnd - indRIoR G QAN @ycl&l?sn%nyl henyl
epoxy) "¢yc opentyl phenyl -2,3- g&po r opy ?

glycidylpethés eyqlehexane diol dighycjdyl ether- dlawm%ygemwwhmlate and

anox clo en hen I
3- cxg RS it et SRR PO g RAGEBKe T lf s g ome
embdieMaity o Q@hldﬁﬁbﬁdﬂ% e?@ﬁ/ %oﬁﬂﬁéro Aeye mydludetodg! or 3more 3-
cycl ohexe car boxyl ate di epoxi de; and the like. In
cycl éel’é’h‘m?éh}ﬁe%t cyclohsensd serhorletccdieprsige. fobae pagiethyl) -
I h
7- ong B R R0 BRSSPl b i eers 2 7
oxabeiybl}ohépt--?,? y1) prlh) qy - divexat-ay38; (Meseabddichi hepaariet and irethyl

34 éf%u%?eilﬁ%é ar%éfy%ﬁeaa ds‘E%/ ee?tl,egi gi-m((;--S, 3 - (7)-

oxabi cycl o heptane; and nethyl 3.4- epoxy cycl ohexane

Suitabf zﬁ@?ﬁﬁh@&ﬁoxy%ﬁn& RRylihdtgde cplel 6@%@ 0B bRPBACE- AL BIVKY resins,

resins may include one or nore of bisphenol-A epoxy
bispheagi-Hepoxy @phﬂénmenpl ep‘&l@c m)s(wgsmqe lseasol-neNDlasl eROXE PeNYs,
b1ph?né)§| %%dxyg Irrg Slr(lésh;/ oﬁc oxyregl% QLS4' %lgﬂenﬁ/yl ee&gx¥631ns

polyfu@stiditl efxlytEding tdh\ﬂﬂﬁlberﬁﬁﬂe(&lokiﬂ‘éj morcmby dipyydgraenand 2-
di oxi de, resorcinol tg et her, and 2- ﬁéCld|
glymﬂﬁleﬁl}?ny |g}xq1%|xl| etb%rhep @t%tﬁb@uﬁeﬁlamr@aw aglyde” pitigone-epoxy
ik S5 el LRCONRARR® kB0 o0 ) QIOAEABHY vnta
ﬁomdhabmabh@mﬁmmmm@e?ukhthBuaﬁmﬂhﬂmmd@ﬁ Pr oduct s

(Puebl o, Colorado). Optional additives may be

Opt1%151§: Facggxrzeastn%ay b }n%orpmategc{3 1n%o the ?Erbstil!l SQI'UCO)II o ’Hl% ssygtse}ne me curlng
agent portion of the system, or both. Suitable additives may include one or more
catalyst, accelerator, flexibilizer, carbinol, organic diluent, fire retardant, pigment,
thermally conductive filler, electrically conductive filler, thermally insulative filler,

electrically insulative filler, and the like.

A suitable catalyst or accelerator may initiate a crosslinking process, accelerate cure
rate, or decrease cure time or temperature of an adhesive system. A catalyst or
accelerator may be present in an amount less than about 10 parts per million (ppm), in
a range of from about 10 ppm to about 100 ppm, from about 100 ppm to about 0.1
weight percent, from about 0.1 weight percent to about 1 weight percent, or greater

than about 1 weight percent of the total formulation weight.
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agent portion of the system or both. Suitable
addi tives may include one or nore catalyst,
weacewlierator, flexibilizer, carbinol, organic @Crasmios/012130

fire retardant, pignent, thermally conductive filler,

electrically conductive filler, thermally insulative

filler, electrically insulative filler, and the |ike.
A suptablgj caighysé o Anafsesleraer mey dnelpde. drut rifiyof dimifedt t, 4n onium

ld L [ r re. .

coral L 8 1R 0BG Te oBBREL eI il Gl oy incluce
bisarglisdominm Aattat(aky dis Glodacyt ephengl) dodermymbkexafies@nintimiomite,

t | t han_about, 10_parts per m/llion, m, in .
(oot} o SphseybphopyHripdasin begatiingp EB“E‘BB%F ’ @wbm%ﬁ#‘?mrm
(pen%.bﬂiw\/{gﬁgl‘%%?lﬂ derétQ), %B?xgi asglgg}o h9 E’eﬁts E Ghé %Hﬁlbirfa{ief(i)’é‘r 8PRMS or

per cent t 1 wel ght percent,
moregtherenfr Stiltahle Alveouadidal \genghating eompminds fmayhimchude aine or more

fornul atiqn wei ght.. A suitabl.e cat st .0
scomigl. B1tafols Ay AR Fui SrBehiC pESiBieY it . o Thespresence
of a @& H4fIcaPchkbisihg @bmPolid®@ay etbldliccBRPBSiAbh B art BRI at a
Sui t abl e oni um catal ysts may i nclude bisaryliodoni um

relatiyglytlgwetegpersiwe.( dodecyl phenyl) i odoni um hexaf | uoro
antinonate, (octyl oxyphenyl phenyl) iodonium

. . i . i

In o EAbbHGIER AL g, Beinllor WOAPE, YOI &Y cBoxy-based

adhesiat tsgsteran dUsebmibéatadystoos aofeldraorsomaponcuddetiec of more amine;
Sui tabl e free-radical neratj ng. conpounds y .i ncl ude

alkeyls St&fflteﬁo (8! Mﬁ;atlrrﬁd%gﬁg@msg{t BRSSIIEAI RiHal o b guch as

alum@BR LGy PSR AEOA1(RORC)L ) Galk 10f %itrar;gﬁ-d%&ﬁﬁﬂg @ofbodhnd; and
free radi cal generating conpound y enabl e

the likec othsosiregeprcopfaining cnmpmushingy anclade, dbmaeiauglls; dnewemore

.tenperature. In one e di nent, a catalyst. or an
aminig SARPRPAY, Fi-pratbofBouiie G a8 RS BEting srdBpys and
the 18¢st &MBaltUFef Hitropah-abitaingngdEorafd ﬁnlde[hgy HictudBYor BGINIE 1,8-
one or nore am ne; al kyl -substituted i m dazol e;

diazabigygler G1.4-Bin s aindecangos ghierfelt ofhenitsagen-cosigising sompounds
may g,le LBt &&&@é&haﬁg efop @%ﬁ%l@f\is(féxg\?g%g §§§ie§r g{%xe,ycm SA-

't rogen-cont ar ni g conpound; an
102. POLYGAT SAAL &iandebayed exionidatmyivited lcudbyst baed exalmpéyelic

amin g s01Ga 0T S50 1€ SRTUN S, 0 -85 FORROURYS o s

catalyst and an organic acid "blocker”". POLYCAT is a trademark of Air Products and

Chemicals, Inc (Allentown, Pennsylvania). Other suitable catalysts may include
triphenyl phosphine (TPP), N-methylimidazole (NMI), and/or dibutyl tin dilaurate
(DiButSn).

Additives, such as flexibilizers, may include one or more organic compounds having a
hydroxyl-containing moiety. Suitable flexibilizers may include one or more of polyol
or bisphenol. The polyol may be straight chain, branched, cycloaliphatic, or aromatic
and may contain from about 2 to about 100 carbon atoms. Examples of such
polyfunctional alcohols may include one or more of ethylene glycol; propylene
glycol; 2,2~ dimethyl -1,3- propane diol; 2- ethyl, 2- methyl, 1,3- propane diol; 1,3-

pentane diol; 1,5- pentane diol; dipropylene glycol; 2- methyl -1,5- pentane diol; 1,6-
13



the like. A salt of a nitrogen-containing conpound may

i nclude, for exanple 1,8- diazabicyclo (5,4,0) -7-
wandsaarmn?2 The salt of the nitrogen-contai ni ngPCT/US2006/012130

conpounds nmay be obtai ned commercially, for exanple,

as POLYCAT SA-1 or POLYCAT SA- 102. POLYCAT SA-I is a

del ayed-action, heat-activated catal yst based on the

hexagsy (iple dirrethanoll dgealing zdimetiaagk |bicycl, pctipey et cydplexane

el TSR35, BB e Ay

may aindludsesA ceﬁi;& %Ehﬁfdibkﬁﬁeuh‘gm oxieanna s {dovandraiplly Chvedlable as

su bl e cat c] ude triphenyl phosphi ne
UVRPW&? Do ml?ﬂ?s(]@g H(mﬁ galdhd/ or di butyl tin
di | aurate (D But Sn). Additives such as flexibilizers,

Su1tam%y ViddRErIe QRE BEIERT Sndr @M dre CERPASRUSUBENIEY Aomatic
hydr oxyl -contal ning noiety. Suitable flexibilizers nmay

hydroqadhand elngene esbadimnentof dfﬂfmdy@iy-mbsmuéqdmmtlc Torap@uidymhy

imetafF Bt SOl by Cran we Ve s T3 BB 25bis ¢

hydr@@phemymt;ﬁa@ane%mﬁeﬁ& of); speh el wt Uﬁ?dl‘oﬁﬂ;ﬂienjﬂb coktlaie
i ncl ude or nore of ethylene | ycol ene
(blspgplyé s 22 ins @r oyl =312-3dingsttshahea lgupé@panzﬁ h%lh}’deXY

dlphé‘ﬁg/ﬁfl t#]uéneé |b§ (Zp'i? g@fgng m?th e] }B?sn@arﬁilgd%k?ﬁhe{l}g@nethane

bis (ﬂeﬂt;ﬂr@(yﬂl—ﬁi nlt’togﬁlehwanethdmegl bis dg d(4ndty|damyll -dféc adinethyl -3-

methgic RN GIethAne] Lty dfhahgirgEishen gk ang gl it e vdreg! -
2- cﬂlBrdPﬂ@nﬁ nhpdiement., pidn3almeRal -arew dr ng?ylg Ipréifaﬁé’ | biz3-

oxymet hyl  oxet ane” (conmer ci al’ly avai

h}’dr@imemﬁ) tyaeheRplmehend; C?&\I-Sblﬁ (#-chyalnekypherohl damhgnylpropane;

22,200 by SRR b et S bk B 0 B RS -l sBD:

2,2- eﬁ@w ﬂ?dtbxyla -y ﬂmdfywnﬂw Qﬁbpiﬂet @M@P@Jﬁtah@ CPaRYUARyl-

i nclude one or _nore of 4, 3,3,5- trinethyl
SUbS@deﬁMVP@IQeWé)th@ bkphenol ; 2 2- b| s (4-

hydr oxyphenyl ) propane (bi sphenol A; 2,2- bis (4-

A Slﬂya [P, fcmd 1ﬁergeﬁlg?n§fi GRESP ?nﬁi alhesive gystQhSac(cérdmg to

I ox pheny pr opane,;

emboﬁlmy:dus (nyhe invention. The organic diluent may decrease a viscosity of the

adhesive system. Suitable reactive diluents may include, but are not limited to,

dodecylglycidyl ether, 4-vinyl-1-cyclohexane diepoxide, and di (beta- (3,4- epoxy

cyclohexyl) ethyl) tetramethyl disiloxane, or combinations of two or more thereof.

Other diluents may include monofunctional epoxies and/or compounds containing at

least one epoxy functionality. Such diluents may include, but are not limited to, alkyl

derivatives of phenol glycidyl ethers such as 3- (2- nonylphenyloxy) -1,2- epoxy

propane or 3- (4- nonylphenyloxy) 1,2- epoxy propane; glycidyl ethers of phenol;

substituted phenols such as 2- methylphenol, 4- methyl phenol, 3- methylphenol, 2-

butylphenol, 4- butylphenol, 3- octylphenol, 4- octylphenol, 4 -t- butylphenol, 4-

phenylphenol, and 4- (phenyl isopropylidene) phenol; and the like. In one

embodiment, the reactive diluent may include 3-ethyl-3-hydroxymethyl-oxetane,

14



di phenyl met hane; bis (2- hydroxyphenyl) nethane; bis
(4- hydroxyphenyl) nethane; bis (4- hydroxyl -5-
waoiboeaptmnayl ) met hane; bis (4- hydroxyl -2,6- #cwaskook/o12130
- 3- met hoxyphenyl) nethane; 1,1- bis (4-
hydr oxyphenyl ) ethane; 1,1- bis (4- hydroxyl - 2-
. chl orophenyl ethane; 2,2-_bis (3- phenyl -4- )
whichyigr exppicEdlly) apailablmas YVRO0Q0 figwr HaypHehepnigal (Midland,
. 1.6 ohexyl methane; 2,2- bis (4- hydroxyphenyl) -1-
hhd%%%%ylpropane; 2,2,2" ,2'- tetrahydro -3,3,3,3"-
tetranethyl,|'-spirobi {1H indene} -6,6"- diol (SBl);
A s@table Hlsng 4etatdadr anyy inSuderediey Igphewyd )matenganieat contains

DVBPCQ) ; d C1-C13 kyl i tuted i | s,
phos{IiRiN. o, BRSEeT, 0l " by QeRe: i e AL AGeRG o e ptant

additpR afiesinéRdSY pheiphaaaiadi REpRAyE HRspRREt 8T, t RBorcinol
i nventl on. The organic diluent nmay decrease a

diphespbate SRDP) obisplieaoladhdisphpsplaie (BRA-IIR), oagsnéc pleesphing @xide,

di | uent i.ncl.ude,. hut a not . l.im.ted to,. .
nalogp T ge ey PERER oSBT Rlerg Rt Eb chismutn oxide),
metall hﬁdlﬁxi'dd &e.gaMgOH),( At Gomiidatfons &FBY @YRbRhBxieb). Suitable

. et yI),tetranetth di si | oxane, or conbi nations of two
pigmgnt Yy Bckude 0B Pr Dth RE Feagiiye Ak RonmRggCtiigdpateraals.

nmonof uncti onal epoxi es and/ or conmpounds contai ni ng at

In orfeeeﬂ%ogie}fi&t,e@aﬁ¥ sy 488 tﬂ]ﬁw ﬂrB&uce§$§[{H&§%ek%(§?6isreﬁ§¥togy sgflids

i nclu but are"not [Irmted to, ivative
(e.g. fEOnmko gl lymiid pirieg heers amdch selyerB- to( rmno rylufimenyA eritjble

-1, 2- .epo ropane or 3- (4: nonylphenyl o 2
solvegh sy RS ALYIBRIEryp TireinahetfbghanBiopvichb icpl methyt
etherRREMARY, folsdhe NxyAne? supeRicichPNga QL. g., 4CHEO))YAndrRENRE., 3-

nmet hyl phenol ,” 2- butyl phenol, 4- butyl phenol, 3-

octyl phenol, 4- octyl phenol, 4 -t- butyl phenol, 4-
Afterfhe fisppisnaTr miging, de sphyrrtpay ba sy %ur&%} sqhyra gpmoval

i ke ' . | . . X
mettBR0 il e ot B ORRLIRRE kit BERRKL 12 VHH{HER e
solvemanifhatcis,diday vamainh,adyibetlamai¥RGBEODtd exaracDovreChemitioadolvent
lLand, Mgchigan).. A suitable flanme retardant [
from| e Chrgetisge. B %’B_F%?rlﬁﬁ%l Yid Sv(cﬁ_eﬁs Lot ca?b&gﬁﬁ&vﬂéf‘s,ls
used! t&%n RAPEARRe AN PRssRE MYFTRX i Bicicht t&MBmBHORL TBRent.

a flame retardant

Subsequently, a solvent-free filled low temperature liquid cure system according to an

embodiment of the invention may be recovered and stored.

In one embodiment, a cure system further may be mixed with a curable resin to form
an adhesive system. The resulting adhesive system may have a flowable or workable
viscosity for a predetermined time, i.e., pot life. For a no-flow underfill application,
the viscosity may be such to allow flow of the underfill during dispensing on the
substrate and formation of solder electrical connection during a reflow process.
Viscosity selection may be made by one or more of determining amounts of refractory
solids in the resin, amounts of refractory solids in the cure system, the initial unfilled

viscosity of the resin and/or cure system, temperature, the presence or amount of
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addi tive may include phosphoran de, triphenyl
phosphate (TPP), resorcinol diphosphate (RDP),
woizehenok A di sphosphate (BPA-DP), organi c pheephisame/012130
oxi de, hal ogenated resin (e.g., tetrabronobi sphenol
A), nmetal oxide (e.g. bisnuth oxide), netal hydroxide
(e.g., MOH), and conbinations of two or nore thereof.
additaygs (of Qv praghiers. eamirol ArsTuverkingePEEswRtUse o sopigcYibragions,
and RPgKOON-reactive nmaterials. In one enbodi nent, a cure
system may be produced by dispersion of refractory
solids (e.g. CS) into a liquid curing agent and a
The sdilesimntsystemf axcordingstl erhbalimedts sifithailvensal wagtbenmygd in an

i nclude a droxyl -group free solvent, such as
clectighc, deuE Sﬁynye%@f CRBDHICL ther adbewrs Sastemomay e, used as an

undextl 83€riab WAEHK & 4 hd-$Rl ddddifdll, & agti cl%g:as ly t@g&ufehe?chip
like. After the dispersion or mx?ng, t he sol vent may

to a pebstratepv Ebe adgsivebiyetesp magrexhiteironeabr metrd oftsprotopged room

incl ude .af.fecting the te rature and/ or essur 0
tempe i ity s QS ARider TRE: Rikthg 358 aBFERA 6F e
expafifiyn 1048 esboud FEX bpRAEIC GheheBl¥e 4die usd weNtorl ELMMBIEE an

di spersion. If_a supercritical fluid, such as

p : . :
enca OF en jvgderiitlar Botmenghadiraent; 3 cured dheymsystem may have
. r ffici e
propt:FEP B 6Bk, B BRRLF oY CRFUElonf e Ao pley Bt
fluxitg prgpeetes darihg gpplitation, e Isigh tlgniabowoabdiun g00 degres Celsius), a

. nbodi.nent of the invention y be recovered and
high B¢ dsflection tHBeaies i bh {nd 535&@@/ high ogical (apsnarentHy
be mxed with a curable resin to form an adhesi ve

An OBt DIGhd GSBhlidT had PRSRHY 8 VIS MnlBYilINAY LR having a
fl owabl e or workable viscosity for a predeterm ned

coeffigigt ofjthermal gepansionewhew eurgdnef febothan $@eppii/PT, in a range of

| Gat | ot NE_WI SCOSI LV, be such,to allow flo
fromg&%%l Fgau er Flﬁ abao&?i@gp | sggﬁgqnﬁga%%t ?’gé)pgﬂb(gtt? a?{bg\ﬁ 30
pp/a@d of dessahiroabalt 390ppierCel A6 tenmdim&aNAgE bhdble dUiinal FilRr
reflow Pr ocess. Viscosity selection may be made by one

loadigg ofgreates thapcithyeicht priceiLinge of frpmyabaut 3} yeight persent o

I .
o 95 BBl PR3 By 8, B G .
greatenitian abawirs® esightgrercent misleahain@jnitd engoeserecd racceptable

vl e L 80 G SLREh G B o et
(Tg). Processability relates to properties that may include flowability, viscosity,
visco-elasticity, tack, wetability, out-gassing, percent void, shelf life, cure time, cure
temperature, and the like. Transparency relates to the property of permitting the
relatively free passage of electromagnetic radiation through a pre-determined
thickness of material without one or more refraction, reflection or absorption. Glass
transition temperature relates to an inflection point on a plot of modulus versus
temperature. The Tg indicates a temperature range above which a material may
undergo plastic deformation, or may change from a rigid or brittle state to a rubbery

or softened state,
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and the like. The adhesive system according to

enbodi nents of the invention may be used in an
wehewiwonec device. In one enbodi ment, the adheeTAws2006/012130

system may be used as an underfill material, such as a

no-flow underfill, in a flip chip assenbly to secure a

chip to a substrate The adhesi ve system nay exh

In Onér?éﬁt?ﬂl%rteafb%dheéh%lstsﬁ@@dn%b%ﬁ oerfsy ypdgrEllsy aﬁrlllrrv;ﬂow
[ d I f f
unde{}ﬁg Jm%kegx%g%srﬁ%dn p@rllel oW a ogtq ntggg& ﬁgia%q%}w e(*ﬁﬁ% %re-
applierds add aptiofiadly Bxsa:rgeldeon arsubsteag) saﬂdamay e aspermmiﬁas fandt lhave
enbodi a cured adhesive system na v
utilit, %%s TR om 3t 0 Heft Sriactopacire SHmaeroRy gprical Gevice,
or a gé?ﬁkéﬁ’&u@&? %Eseﬁ%lf?’p'ﬂs% yifekfill mixdRe OPE &?Eﬁlhﬁ? 4 dhedve

appl i cation, (above about egr ees
syste@elngy osdforee phygi@ah emcharatalemd Qiﬂcttleaiwmtirrseof(SH[dE) bumps

at S8 e e 50 ot fnDBie AR b s B pelgr bump

meltlﬂg.derfl Il material having a coefficient of thernmal
expansi on, when cured, of |ess than 50 pprriC in a
range. of from about 50 ppnm’ C to about 40 from

No- ﬂ@@/olendeafdhgs Hag inglude dispersmgpnynderig} elrcegsﬂrrrtaﬁat%@rl the
substf’ e PR &: %&t&’&?d'd&%& %ﬁ%@?‘gﬁ[{“ﬁggr tomal lgddlge'reﬂowmg

oadi ng greater t han cent,
simuftareoudp owtth Ahdedily khcapeulastn tuting. abWafer %va]eumiﬁrﬁlhng may

. ercent, fro out 40 wei ght percent. to. about

inclulg ijgenjes BARTT Homafgrlélaterg e el o g1ige ghie "individual

chipP kA CRe, sWhbheni® HoahRing Re ﬁl{al nRhRnRE @R flip-chip type
acceptable | ével "of processability, transparency, or

operationk.r Adleynatively tglr@sféow nadesiil dmperemgethatundexﬂ(lh@)itenal may

Processahbi | j ert| n
incloff SRRy Ao FoBl PR o ARt 00 R gl kit G
allowiRd &l ndeifill MeterigB®Silavg by Repitieft acioh dmderhﬁé thibpitb &ill all, or
cure tinme, cure tenperature, and the I|ike.

nearlrraangawabéﬁwnr@ dipand tesHestisioperty of permitting the

relatively free passage of el ectromagnetic radiation

In o&*ﬁn%&%n&t?&&h@?ég%'ﬂc@&% gﬁ oS REm e ts %EW in¥bntidnt A be

one or nore refraction ection or sorption.
energyl @wsd, such as by heat, UV light, microwave energy, electron been energy, and

the like. For heat or thermal curing, a suitable temperature may be in a range of from
about 50 degrees Celsius to about 100 degrees Celsius, from about 100 degrees
Celsius to about 200 degrees Celsius, from about 200 degrees Celsius to about 250
degrees Celsius, or greater than about 250 degrees Celsius. For no flow underfill, the
cure temperature is in a range of from about 183 degrees Celsius (melting point of
eutectic solder) to about 230 degrees Celsius for Sn/Pb eutectic solder and from about
230 degrees Celsius to about 260 degrees Celsius for lead-free solder. Curing may
occur over a period of less than about 30 seconds, in a range between about 30
seconds and about 1 minute, from about 1 minute to about 5 minutes, from about 5
minutes to about 30 minutes, from about 30 minutes to about 1 hour, from about 1

hour to about 5 hours, or greater than about 5 hours. For no flow underfill a cure
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transition tenperature relates to an inflection point
on a plot of nodulus versus tenperature. The Tg
wondicciat®™s a tenperature range above which a matemisa06/012130
may undergo plastic deformation, or may change from a
rigid or brittle state to a rubbery or softened
state.ln one enbodi nent, an adhesive system nay be a
procesy (AWgig #Aeew) Mmay be Bapirangs qf ﬁ‘?@v@‘lﬁ’ﬁé%rm}q‘lﬁ‘;s tg aheped0
minulte%yel underfill, a thermal interface material (TIM,
and/ or preapplied and optionally B-staged on a
substrate, and may be di spensable and have utility in
Optidgrfab pbsthukingtman bofpesiorreed @t ranmperdtwe of less ubhn 460 alegrees

J t t.i cal ice, .Qr. a m ctor . )
cetsiiS dRAflge AbrofR o Shereircrindro o RRE IS S Gelsipy o
great3EiABS hivdut 396 HeFfeSRT cls ik NdWRF & PeROY 5f & thaflBROAGKS & a range

and el ectrical properties of "solder bunps that nay

of fremcahpst bhewi fo akpus Ishdnss, raitgscatemibire rborty! hewrs adot ingxtlow
i | .der .ng. - 11 u fidli

ndeftif (00 - am B Ll g b IR bl 00 R rees

Celsiag td fisous 166 degbes Oelsivg Biveodn gereddof fieniaboudneb about 4 hours.

erform ng sol der_ bunp refl ow ng sinultaneously wt

p h
Othef, Higigs £ eMPERHEEH AR BISESWEY [0 guripgpad poglhring{yay br 1selerigd
. | : Chie Is i1l materials onto the
Wlth\;\!g%gfrl%% g@ ééytdll% g?ﬁ?@%?%ﬁ%ﬁw dual chips that are
subsequently nmounted in the final structure via
In orfe| angbodirhent 3 pere gpstemt dcomslingAlot aar evahddimetnt df shevehioawn may

underfill, .dispensing the underfil.l,. materi al . .
cons S tntalty oF A IRRET g o i SEbainif o vl siieg. 1o
anotl® ehBaginmeAfQ REISystim ta§ltoRsistaRsbndhil B NBqhidarboxylic acid
underfill material to flow by capillary action under

anhygrde eniie wgerft; ppd gompaghlized ollpidg] [silicgaprptase ilben cepping
hi _ : _ ;
o A DE TUTHIAL S L8008 SO S TR e AP G
tempenairgy liquide enhyRivite-casinpy apeat ,antlV cbinghtiblized c amdvap:ssivated
e ?r, y,, el.ectron been energy, aa.d the |ike. For heat
collogal pigd haying & PRMRySI2G 2 SHRECABFECle pEteat ure nay be in a
range of from about 50 degrees Cel sius to about 100

ExaAdgerrees Cel sius, from about 100 degrees

The following examples are intended only to illustrate methods and embodiments in

accordance with the invention, and as such should not be construed as imposing

limitations upon the claims. Unless specified otherwise, all ingredients are

commercially available from such common chemical suppliers as Alpha Aesar, Inc.

(Ward Hill, Massachusetts), Sigma-Aldrich Corp. (St. Louis, Missouri), and the like.

EXAMPLE 1 - Preparation of compatiblized and passivated solids.

A mixture is made by adding 300 grams of SNOWTEX-ZL (80 nm average particle
size) to 300 grams of isopropyl alcohol (IPA). After thoroughly mixing, 2 grams of
phenyl trimethoxysilane (Ph(OMe);Si) is added to the mixture. The resulting mixture

is refluxed for three hours. After reflux, the mixture is cooled to room temperature.
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Cel sius to about 200 degrees Cel sius, from about 200
degrees Cel sius to about 250 degrees Cel sius, or
wgnremiier7othan about 250 degrees Cel sius. For nectiusme06/012130
underfill, the cure tenperature is in a range of from
about 183 degrees Celsius (nelting point of eutectic
sol der) to about 230 degrees Celsius for Sn/Pb )
The gepled mistusd hae POR SERRT @&meﬁe@déésvm Biisg.t wntil
t d r
or B SEaH AR BIEEM e Rlet S kT ol PR catliy Sy

weighh Hdéxanghybelisikemea(MMDZB0issaiieads B dstepsudt mlxture 1n an
m nute, fromabout 1 nminute_to about_ 5 m_nutes,
AMOYYK 96 EEamRs- n b mixtyre s &Rm@&h FriHEqde sefluped fotab ot %@bvated

e

temp@awg,&cﬁﬁaﬁggﬁ;ep o tﬁ dhout @%@ﬁ %gtl Eor #ho %lgg%ﬂ)tpy@ne

glycalndethfli d:theraao&:tmteepr d)mho>(}dm-lac¢tgx3qarominle qRrBEMIBA) seadded and
ra f bout 3.m nutes.to a 10 m nutes. .

xR OGHEHYpADE e iy s SRR el sty TicHa B

and Bherb&S$hé BRN Jsoﬁ)j(ﬂ%gﬁﬁ%? c@ﬁip‘éﬂ%l%ed'aﬂd %a§ﬂ£&l &l1did@Rlica
about 100 degrees | sius to about 15 rees

matedial bavisg sghngo%a%E) Whlsht atm@nt 1"5108 d@grveré s@niptd isslabeled

Vefa e han. one

Samol glm ab%h in eqqe t 11 %O\m nh be(l)cgwgr é}aet éétg)%g (Ilsclosed

proc@b Gl treﬁbafbﬁutfosforﬂﬁos atﬁfjlef 1RV¢hy rtﬂﬂélﬁhctd beih$ @hfN0slicaC ldzﬁ\&ng an
may be at a tenperature in a range of from about 100

aver%ﬁ@gwaetecée 153 off xnmoraiies thanforydypeeds Cel sius over a
period of fromabout 1 to about 4 hours. O her tines,

e f ng

TABLE PRI LliE 1 A0F ROADIAIES. WAl piivalid B BRThICL 77
parapeters. In one enbodinent, a cure system according
to an enbodi rrentrNQjRgglbg;Nrpvenu on may| AMGEINT (g)
esseptaty a—H-gqu-d—eurrg—agent—and—eenpatibl i zed
and §§§§’Feé‘a¥led silica. In another ermodi mepg, ajcure
syst SRPWEK-%le 84 nay pastelentGoarc) YHGE S/AnT| quid car boxyl i c
aci d[lBAhydride curing agent, and conpat i bBQed

col | E?@Eg—l—he—a—t—f—eﬁt—ed—w%h a—eapptRg—agent—in yet
anot 84 nent, a cure syst em may| consf st

ESSEM&%)L%) fangl T 0OM tenperature 11 quid gog
u

anhy:lrl de ing agent., and conpatibljzed and

pass{HMD&d 6
PGMEA 300
Yield 215
Solids 29.10%
Appearance white liquid

EXAMPLE 2 through EXAMPLE 4 - Preparation of cure system including

compatiblized and passivated solids.

The compatiblized and passivated colloidal silica materials produced in Example 1
(Samples 1A and 1B) are added to liquid anhydride materials
methylhexahydrophthalic anhydride (MHHPA) and 5,5'- (1,1,3,3,5,- hexamethyl -1,5-
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colloidal silica having a nano-size average particle
di ameter. EXAMPLES The foll owi ng exanpl es are i ntended
wonbos/oroel | ust rat e met hods and enbodi ments i NPCT/US2006/012130

accordance with the invention,

and as such shoul d not

be construed as i nposing Iinitations upon the clains.

Unl ess speci fi

wisiloxpnrehn) Ris hezaarrat, & mebaraseen

Shnie, £asgls

rotarMeSSlﬂiIﬁﬂo) at A0degoes Cekins. RAMYLdvaporatdie payaid chitainéd from,

to fo?}gg%éﬁéﬁéssz a3

usett

npat i blized and passwa ed solids, A mxture is de
for ewnaledm@ned@ Btags gy Elingis). (4p ingredigslisg for the cure
r
S SRR ) 3 i At

propémtiesréirttha Bainples €-4 FhdvoVE) T81>1): 2i is shoeeds Tablel3e Thetiscasity
thre

fhs 1P

The r sultl

meashginnts e ing s iih SPLE 4] fihy

ed ot herw se,

all ingredi

ents are

w1 Shéigneh (TriSNBA)

I'Vg 0r€%r 0 sgn(ggl Lerﬁlgﬁll’c%ally available

ed foa
c8dt &t

hour s

unledsMREGHeYh@ckbE cool ed m xture has 600 grans of

nmet hoxypr opanol
ppi ng process

m xed. A stri

added whi |

e m xi ng, unt
renmoves 600

il
grans of

TABMﬂ 7a1' ngedfamérsit Ear CUySYHiEmy wentamﬁeﬁﬂw 1giagi[1B2ane

i$,are in cent1p01se

t hor oughl y

MR V85 R P TR AT T
fé?mﬁ’%eér at el evated tenperat wse, ang t hen strlpped
(B nprayedizehs fotal weight.| 300 grams ofl propyl ene
glSpoyglle BBt hyl (et her acetate or 373
(69 met vesyze- acet oxypr opane| (PGVEA) i s added "afid m xed
tthQH@Q!y The resyhting jm xture is strlppeqoof 30D
yolatt+te—wetght—and—f+ttered: IHC’YICFU )
?% 15 St ronpat i-bl i zed| and pi@ssi vatled cold oi dal
4 aﬂ‘ﬁ} erial havj ng solids of 29 10 iwej nhf percent.

The recovered sanple is |abel ed Sanple IA “An

TAB%’EQE edlbr%g

| ose

Liibd e due

process |1

feffls (s

rep e

thhap

orm

Db E

1B. difference being that sili ca havi ng an aver age

Fr&»l?s{jgxeand

particle-size of 50 nm—ratherthan 80 nm—is—used-
TABLE 1 - Ingredien{ | S&RPG! conpamplsi zedSamale 4
Appé’ ‘Jrlgnbc'ev aretsorrus—(Hanp) eello'w’l'v yellow light yellow
Mass 20.15 20.06 20.1
% solids 50 50 50
Viscosity (centipoise) 600 3040 920

EXAMPLE 5 and EXAMPLE 6 — Preparation of adhesive systems that include a cure

system.

An aliphatic dioxirane monomer, CYRACURE UVR 6105 is blended with Bisphenol
F epoxy resin in a 75/25 ratio to form a base resin. A reactive diluent, UVR6000, is
added to the base resin to form a mixture. A cure catalyst, POLYCAT SA-1, is added

to the mixture of base resin and diluent to form a catalyzed mixture. The catalyzed

2
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EXAMPLE 2 t hrough EXAMPLE 4 - Preparation of cure
system i ncl udi ng conpati blized and passi vated solids.

woheosciompat i bl i zed and passivated col | oi dal si PCTAIS2006/012130

materials produced in Exanple 1 (Sanples | A and | B)
are added to liquid anhydride materials
. nmet hyl hexahydropht hal i ¢ anhydride (MHHPA) and 5,5' -
mixtpre is ?&;&n@?@ withHkaeighthgercent ob a cpfesyysieratfamples| 3 obhj)sat room

e -4 7- hanoi sohenzof uran. -1, 3- di.one
emge TR RS e TED ARR " 2508 L BRRvifeqdogiBles 5 ana
6, regRfiodlf). edfteswhigh feach AR sBlealybttnA(SANIpaR| Bardob)ak Yiegassed at

evapor %t or at 70 degrees Celsius. Rotary evaporators
relatiygly Bighowcunmedt rppmnfempeatusg AofP@ mimpi§ha Samplrss? rpe$, are

storel M nedatBUDReglots €BGH) - An 1ngredient 1ist for the
cure sSystens %ont alning conpatiblized and passi vated

silicais shown in Table 2. A list of properties for
For testean8anpluegorR -Samphes\inaridrt aralapplidl fosa etipand tesa Siddstrate3 The

. The viscosit asur nts are formed with SP # 40
chip 24T iﬂ’s_?rﬁfﬁ %f%ﬁﬁ%ﬁihﬁr K Tt gsgerphve &‘ﬁﬁ%‘i Lerey i pRlied to
cure GhO &ldnesTee silbBat ©npldPBLERd26- TOYEil8Nre 1isid fOTable 5.

_ cure systens containing Sanples |A and IB). TABLE 3 -
Viscpyibpis perfesngdowitl aplédlg;ﬁgﬂ eh20 Paaploen RuRprativetthe st are
inceg Les A and IB. EXAMPLE 5 and EXAWPLE 6 -

reparati on of adhesive systens that include a cure
system An aliphatic dioxirane nononer, CYRACURE UVR
TABRHDS i Bighddéont éidt fuir tabihBirvepdyereals (Samplexy ahé Sampien6)athat each
75/ 25 ratio to forma base resin. A reactive diluent,

incluydgpedindle resingd dF I EHE: base resin to forma nixture.
A [Cure Ca\aNE YCAT BA-IG, ddgdt e M Xt ure
of|_base reS|I¥n ]g]r:lE di | uent tosf'uairp?heg catal§azlﬁe@gr6ri xtiure.
Thie cat al yzeeReghure i s bl endedswith g0 wei ght pericent

of nplest2 or 3) at rjoomtenperatiure
f or approxi??ﬁéléﬁ’% 10 minutes t8#070orm gdn adhesi ve

system (Sangt es- 5 and 6, respectivety)—Aft whi—ch,
each adhesig\%gﬁ’geﬁ/gs)tem (Sanples 5 and 6)] is d?gassed at

rel ativel yutv gBooeacuum at Lr oomgenperdture ¢gor 20

minutes. Samples 5 and 6 are

Polycat SA-1 0.0188 0.0216
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stored at negative 40 degrees Cel sius. For test and
eval uation, Sanples 5 and 6 are applied to a chip and

wOQo@/ 19Tt rate. The chip and substrate are sePCT/US2006/012130

together to forman assenbly. Thermal energy is
applied to cure the adhesive systens, Sanples 5 and 6.
Test results are listed in Table 5. Viscosity is
TABL & ¥ oPrensrtigstlist &siadlgsevesyeredss. 20 rpm at room
t enperature, Lile Tesults gre g N Gent T Joi Sg,__ 1 ARBLE 4 -
I nigr edi ent Iirlls‘?# for adhesive §§y ee;;Frs (San'p?népll%gand

Sapmkeh oof cubratic §s18& | ncl ude a gagabl e |resi gogtd a lcure
sylstem TABLE 5 - Properties list for ddhesive systlens.

The-far: g exanptes are mergtyn 7 gstratdve
ser?\llﬁcﬁsgl?fgéqnﬁpﬁlggr ate only son%g&c@f t he feg%éJpgs of| the
i nNgegdlidon. The appended cl al ns53g,e 1 ntlendedpatp cl di m
the invention as broadly as it has bean conceived [and

t NEgdMAPEs herein presepted 88D il | ystralf4e of

setected—enpodipepts—+roma—rapgifotd—gt—att_—ppssthl e
eagggfﬁgh %_('PP}KEC dingly |t i sgﬁﬂpl i cants' 3|9Fg entilon
th%d[ﬂﬁ%: ended clains are ngy f0 bg 11T nhged by [t he
ch\oi ce o %g))annl es utilized tgall ustrlat e features| of
t hBSErHoasdt (fCvent i on. As|usedlGdnt t he (cl ai #84.7t he wor d

Clohpr+ses—and—+ts—grambti-cal—variants—togical-ly

al Qgésld&{/éhd and i nclwude hr asE9-bf varyi nég%\ﬁd

di fHicer Xtent such as [or e e, [but it ed

thersgrggga"('ﬁonsi sting essentially of" And "gori(s),i sting
of ." Where necessary, ranges have been supplied, those
ranges are inclusive of all, sub-ranges there between

The fqregaing gxRPles prePEaly HETTalRP: SFYIBR 39 ilpsirpfgcaly somppeet the

featibd of tBE S8RA o, h?ﬁ@;@ﬂ ¥hded QaithsPi@ Gltddde@ RS 1A Yid Wvention as
ordinary skill in the art and where not already

broadkydis dahascheen coheeiyedisiniddhe exroydesfmreiatpresested houillistdibreef

e 25 SR B B S RGP

AppE&dng Gferdith theCihB abpaiedclaimirleen b ibealiddSb e choice of
substitutions possible that are not now contenpl at ed

exanples WHzeh tofllustiee fepsier pkthe present inyrtiage Adriged etbe claims,
the Vﬁ%rd' '@Bllnsﬂsc‘ess aloiLne gﬁ!n’fftﬁatpc%l CanRtd M%%aﬂ@ Gls sBBR5A 9}1& ircfhide

phrases of varying and differing extent such as for example, but not limited thereto,

"consisting essentially of" and "consisting of." Where necessary, ranges have been
supplied, those ranges are inclusive of all sub-ranges there between. It is to be
expected that variations in these ranges will suggest themselves to a practitioner
having ordinary skill in the art and where not already dedicated to the public, those
variations should where possible be construed to be covered by the appended claims.
It is also anticipated that advances in science and technology will make equivalents
and substitutions possible that are not now contemplated by reason of the imprecision
of language and these variations should also be construed where possible to be

covered by the appended claims.
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covered by the appended cl ainms. Wat is clained is: 1.
A cure system conprising: a curing agent that is a
woawetiemper ature liquid; and a finely divided PCT/US2006/012130

refractory solid, wherein the solid is non-reactive
relative to the curing agent. 2. The cure system as
defined in claiml1, wherein the solid is

Whatds glaiipedsis] j zed and passivated. 3. The cure system as
defined in claim?2, wherein the curing agent conprises
an Lole ; cure systemas defined in claim

L 3,A\%ﬁﬂ§¥ %tﬁﬁf%oe %rl]% ri de conprises one or nore
aromati c carboxylic acid anhydride, aliphatic

a curingragentythdtds abovdtearpeyatuiedignidc yed oal i phati ¢ car boxyl i c
acid anhydride, or siloxane dianhydride. 5. The cure

. 1 a ined.in clai.m 3,. wherein the anhydrj,de
« incly SRRSO 3B o R g e R e T PR B
curing@patdr i de; hexahydro phthalic anhydri de;
met hyl - hexahydro pht halic anhydride (MHHPA);
4-ni tropht hal i ¢ _anhydri de; napht hal ene tetracarboxylic
2 e rapin ?%%e?fm? wﬁamlewgﬁwmhpde%ld {seonatibiiged and
passiPiédral i ¢ anhydride; cycl ohexane dicarboxylic
anhydri de; butanoi c anhydri de; dodecenyl succinic
anhydride; 2,2- dinmethyl glutaric anhydride; ethanoic
anthedwirelsystegh as definedan ieladmi 24 avherrix dfd auoing ageutt camipeises an
mﬁ1§¥ﬂéﬂ anhydri de; itaconic anhydri de;
¢ t apr openyl succi ni ¢ anhydri de; mal ei c anhydride; 2-
nmet hyl glutaric anhydride; 2- nmethyl propionic
4.  arifhedturel eysten? -as dgfih@hixelgien 8) whedeixtheiaahgdiidedsontitises one
oct adecyl succinic anhydrjde; 2-octenyl succinic .
or MGFeh HAMAYE; caresetie mAtd shydridiec adpiigr fafeoxybic acid anhydride,

| I lde: Qs i:6. anhydri de;
cyclog 1%%5%%;%%1{1%&1@@ Md?‘lqg, or@fl@%ﬁ@d%h glll@e. y

,3- tetra yl ene "glutaric ; or derivatives
t her eof .
5. The cure system as defined in claim 3, wherein the anhydride comprises one

or more of benzoic anhydride; phthalic anhydride; hexahydro phthalic anhydride;
methyl-hexahydro phthalic anhydride (MHHPA); 4-nitrophthalic anhydride;
naphthalene tetracarboxylic acid dianhydride; naphthalic anhydride; tetrahydro
phthalic anhydride; cyclohexane dicarboxylic anhydride; butanoic anhydride;
dodecenyl succinic anhydride; 2,2- dimethyl glutaric anhydride; ethanoic anhydride;
glutaric anhydride; hexafluoro glutaric acid anhydride; itaconic anhydride;
tetrapropenylsuccinic anhydride; maleic anhydride; 2- methyl glutaric anhydride; 2-
methyl propionic anhydride 1,2- cyclohexane dicarboxylic anhydride; octadecyl
succinic anhydride; 2-octenyl succinic anhydride; n-octenyl succinic anhydride; 2-
phenylglutaric anhydride; propionic acid anhydride; 3,3- tetramethylene glutaric

anhydride; or derivatives thereof.

6. The cure system as defined in claim 1, wherein the curing agent is a liquid at a

temperature in a range of less that about 100 degrees Celsius.
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6. The cure systemas defined in claim1, wherein the
curing agent is aliquid at a tenperature in a range
wohodeads7ot hat about 100 degrees Cel sius. 7. ThePCws2006/012130
system as defined in claim®6, wherein the curing agent
is aliquid at a tenperature in a range of |ess that
about 50 degrees Celsius. 8 The cure systemas
def MHEHeSYIER & Aefimed i craimd, Pty therfyring agentiisa quid at a
A THY i af from about 25
e B e oL i 5 QP BtO8s 8 s s o The
cure systemas defined in claim1l, wherein the
r eThaeure sysignlab defimadpnickds % mbieresn thtGuriipegeuiea Hysitl e

as.deftined in.claim9 erei he silic ri .
tempfrynfE it vep B o Pt 7S L9t &l pph e i daER Ypive
claim 10, wherein the silica particles have an average
paThd alre s§it&d a MafindSinna@mer $orh&einkBe reFRRtoEY ESlE YSthRes
.. as defined in claim1l, wherein the silica particles
silichave an average particle size in a range of |ess than
about 100 nanoneters. 13. The cure system as defi ned
10. TS S pic B BbfinPhl Gl Anctn' 8 SHRABARRIEN silica
particlenonet er. 14. The cure system as defined in claimi,
further conprising a catalyst or an accelerator. 15.

The, cure system as. def.ined in cl.aim f.urt her,

11. coﬁ%er PEF R R C%Wﬁgén 518 @n@ﬂ’ce,re”? iyéecflﬁ%%‘inlcﬁ’é hgve an
averdpRfpaalthy sizd thawis magb-béags., flexibilizer, or flane
retardant. 16. The cure systemas defined in claiml,
further conpri si n%_ an .adhesi on pronoter. 17. The cure
12. gy Eheriirg Sysem asedelingd dp glaimill, wrhsrein the silica paitigles have an
' : ' nitride. 18.

averdgR PRI R e ey 0 BlndiR P (e
solid is present in an

The cure system as defined in claim 1, wherein solid has an active termination

site density that is less than about 5 per square nanometer.

14.  The cure system as defined in claim 1, further comprising a catalyst or an

accellerator.

15.  The cure system as defined in claim 1, further comprising one or more of

pigment, reactive diluent, defoamer, flow modifier, flexibilizer, or flame retardant.

16.  The cure system as defined in claim 1, further comprising an adhesion

promoter.

17.  The cure system as defined in claim 1, wherein the solid comprises one or

both of alumina or boron nitride.

18.  The cure system as defined in claim 1, wherein the solid is present in an
amount in a range of greater than about 30 weight percent based on the total weight of

the composition.
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19.

26.

anount in a range of greater than about 30 wei ght
percent based on the total weight of the
woaopae7ron. 19. The cure system as defi ned i npCiraiSp006/012130
18, wherein the solid is present in an anount in a
range of from about 30 wei ght percent to about 70
ht percent based on the total gﬁ% of  the

oS Btempas dadneddeclpie §y§‘th§’fﬁﬂb palich Hgpresrat in an
iR aS¥isde

am"‘%‘a*aﬁﬁ. R BB e weRnrh gLy 4B TO R porcent b

on thgdptaheedighinofchacompitismher ei n t he curable resin

conpri ses one or nore epoxy or oxirane noeity. 22. The

20. SRESRSLER SRoTHHRSTe Sy RN 5 gl FLOGATS, o

furthey@drﬁgﬁlsmgmurgmg@@&y resin, or aromatic epoxy resin.
The adhesi ve system as defined in claim 20,

wherein the curable resin is present relative the cure

21 sySheridherive sY¥ITR MvoAstiRGd it laien 2R, avhernigdhefcugiletresin
comprisks 03640”& Qg?f Yera¥sigmas defined in claim 20,
ereln rable resin conprises a filler prior to
m xing wth the cure system 25. A cured polyner |ayer
22. coiﬂm acﬁiemige systeradh ésﬁinml isy}ktimrﬁlasvhdmim thectpory cbmpmez @®ne
Ag | ectronic a substrate; .
or mi ot sBaEY FoirE RGeS PSRRI bt AR OO
| ayer as defined in claim25 di sposed between the chip

23. anthd héhsiesysRe as 2éfinéd $OIkEMmt 20,r WRerefh@RI MRaSIY SEEM is
for use in an electronic device, conprisin a curable

preseng SLHIVE Shgers BYRET 1 p SioichintRetyis Fatisr inagARge gf@byutsbn.i d;
and a cure systemoperable to cure the resin, the cure
24. SYPhENURQNRY kG & @ik d

of refractor yﬁso |% \%er ei n%{?él ?QT ?Xglgfeg[?;mgoci%ﬂ é%sm
comprises e filler priaramizmg wjtlethe enretdystemabout 30 per cent by
wei ght relative to the total weight of the

A cured polymer layer comprising the adhesive system as defined in claim 20.

An electronic device, comprising:

a substrate;

a chip secured to the substrate; and

a cured polymer layer as defined in claim 25 disposed between the chip and the

substrate.

A solvent-free adhesive system for use in an electronic device, comprising:
a curable resin comprising a first portion of refractory solid; and
a cure system operable to cure the resin, the cure system comprising a curing agent

and a second portion of refractory solid, wherein the refractory solid is present in an
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adhesi ve system 28. The adhesive system as defined in

claim27, wherein a mxture of the resin and the
wounieng7agent has a viscosity at about room t eRpEMUALMGO12130

that is sufficiently owto enable application of the

m xture to a substrate surface and to use as a no-flow

underfill.
amount greater tlhan about 30 percent by weight relative to the total weight of the

adhesive system.

28.  The adhesive system as defined in claim 27, wherein a mixture of the resin
and the curing agent has a viscosity at about room temperature that is sufficiently low
to enable application of the mixture to a substrate surface and to use as a no-flow

underfill.
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