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chip and a surface of the mounting substrate. Because the air gaps may be

undesirable, an underfill resin may be used to fill in the gaps. Underfill material may

be used to improve reliability of the device. Further, the use of an underfill material

may improve a fatigue life of solder bumps in an assembly.

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 weight percent may be above 50 ppm/°C.
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agent may not react with the solid.

In one aspect, the method may further include mixing the dispersion with a curable
resin to form an adhesive system. In another aspect, the method may further include
applying a portion of the adhesive system to a substrate and contacting the portion
with an electronic component. The adhesive system may be cured to secure the chip

to the substrate.

In one embodiment, the invention may provide a system, including means for
securing a chip to a substrate, means for curing the securing means; and means for
matching the coefficient of thermal expansion of the securing means to one or both of

the chip or substrate. The matching means may be dispersed in the curing means.
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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
and the curing agent over a period of time, e.g., one week, two weeks, and the like.
The term “functionalized” may refer to a material in which functional groups have
been manipulated or affected in some manner, such as reacted with a compatibilizing

material or a passivating material.
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likg,n grr gr}/ altlcg)y (t)fht%vo 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.

Prior to compatibilizing and passivating, a suitable solid oxide may have an active
surface termination site that comprises a silanol or hydroxyl group. A suitable solid
nitride may have the active surface termination site include an amide or an imide.
Subesquent to compatibilizing and passivating, the density of active termination sites
may be controlled to be in a predetermined range. For example, with colloidal nano-

particle silica the active termination site density may be about 5 active sites per square
4
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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
organic phase problematic or impracticable. Compatiblizing the solid surface may
create an organophilic coating on the surface of the solid particles to make the
particles dispersible in, or compatible with, an organic phase or a non-polar liquid.
Compatiblizing may be accomplished with, for example, a trialkoxy organosilanes
(e.g., phenyl trimethoxy silane, glycidoxy propyl trimethoxy silane, and the like). To

reduce further the content or density of active termination sites on the surface, the
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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
anhydride, which may otherwise react with, for example, available hydroxyl groups.
Such anhydride/hydroxyl reactions may form a free acid. Thus, reducing or
eliminating active termination sites, such as by passivation, may reduce or eliminate

free acid formation and may increase stability.
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particle surface. The
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.

A suitable low temperature liquid curing agent may include an anhydride, such as
carboxylic acid anhydride, with a relatively low melt point (below about 100 degrees
Celsius) or that may be liquid at about room temperature. Low temperature may
include temperatures in a range of less than about 100 degrees Celsius, and

particularly may include temperatures in a range of less than about 50 degrees
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[ f .
o S s EATRATEAS, X005 R 0l i
to S TN OZDJ-QSQEW\Bw@i&h 1spﬁfcoqjmtate(f hmﬂirﬂbowferaﬁbevve’l‘}gﬂ‘ltflscosity may

ercent to _about 40 per cen from about 40
iTge cplrdimant rt%e%rbﬁfnesb fQergmp ﬁf‘pé‘r gesRensertd Shangss in filler

10a5§n A e?ﬂé 1Qfp&Gite, fag%?é?@dﬂiton%@cm’l %eaper cent, or

han” 60 wei ght percent bl e refractory
eolrde may have a surface area greater than about 20
Sugigblarléquic toz rlewpmeltipgatemngrasae tradesaey tingode qmarce more

neters r than, abogut. 15 .
aroe SriRiad Afinalk ARG dr BRI AR ATME! Tihe curing
agb@N@ap aidudel &fe HambrdcaboaNier RYE afh ydmeés which mawaﬁgselected

of from about 1 nanoneter to about 100 nanoneters.

frosm earemesis icarbaxyli Reidr ahyddde ralinhalic garbeaylin a¢id %rﬁlydﬂde or
cy@l\églr a}%&‘ﬁc Q%&kg il 4 fI’ldke%ﬁIﬂOE Qrg%hdés Hfa ; oed by

anomet ers rom a nano
reai:itmgta 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.
In one embodiment, a curing agent may include one or more aromatic carboxylic acid
anhydrides. Cycloaliphatic anhydrides may include one or more of cyclohexane
dicarboxylic anhydride, hexahydro phthalic anhydride, methyl-hexahydro phthalic
anhydride (MHHPA), derivatives thereof, and the like. In one embodiment, a curing
agent may include 5,5'- (1,1,3,3,5,- hexamethyl -1,5- trisiloxane diyl) bis [hexahydro -
8



250 nanoneters, from about 250 nanoneters to about 100

nanoneters, from about 100 nanoneters to about 50
woanwmmwtees, from about 50 nanoneters to about P2%H/US2006/012131

nanoneters, from about 25 nanoneters to about 10

nanoneters, from about 10 nanoneters to about 5

nanoneter, or |ess than about 5 nanometer. Suitable

4 %anqthmoes@bﬁwﬂﬁan/ el.3ndione] FEISNESY), ahighhis comaercially available
I hol ogy. In one enbodi nent,
ﬁéﬂﬂ? parglc?& EQﬂE g%%%g?p ous. Suitable particles my
be porous, may be non- porous, or nmay include sone
In pa¢ enbodingkns, cmmr'mgmrganommy pmimdecd)mor e gfdnemonayntydride;

ol B B0 24 i U SRS AL e

gllItEﬁEp eLdhdfige; | l@ihﬂu&H ri gﬁﬁaﬂ@ endid "BYh | difde dRad@hic anhydride;
nhydri de, such as carboxylic acid anhydride, with a

tetré’@lrfaienyleuqcmlomnhyadrtdep vialtic @hietdsideaBomethyd glagr ahydride; 2-

be | d at. t
motyho it Rione RS Fegar axcihey GiehmRi’ Aafeids petadeey
suédinid ahﬂ?‘d}ﬁleot bESSodtEIRN sahdnit adRRIrHIeIP Eftfen PRilg S anteydtide;

particularly may include tenperatures in _a range of

propieuic ppigranhpdride; §6- d@gwé%@emesglu@rwlaﬁhzdf@ee ﬁ%‘cﬁtlﬂewhereof

mﬁﬂﬁ%ﬁﬁylng agent is a flowable liquid in a tenperature
range of from about 25 degrees Celsius to about 35
degrees Celsius. Liquid refers to a property of being
fluid or able to flow or thernoplastically deform A
nmeasure of fluidity may be 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 ment, the cure systemat | ow tenperature nay
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 centi poise, or |ess man
about 1000 centi poise. Viscosity may be neasured
accor di ng



to ASTM D-2393-67, which is incorporated herein by
reference. The viscosity may differ from enbodi nent to
wenhwdormat , for exanple, in response to changeeTius2006/012131
filler loading or type, tenperature, and selection of
curing agent. Suitable quuid or low nmelting
tenperature anhydri des_may i nclude one or nore
Stinetygstaf soma Riher M@bleaa%ﬁra@%@r%ﬁ%beé@fy or
cycl oal i phati c anhydride. The curing agent may incl ude
oxylic acid anhydrides, which may be
aromatic carboxylic acid anhydride,
al i phat|l ¢ cafboxylic acid anhy r oal i phatic
carboxylic acCid anhydride. Carbox ||;Q§ﬁﬁ¥§$|des may
be prepared by reacting a carboxytic aéid -wth an
acyl halide, or by dehydrating a carboxylic acid, that
| S etlfthbi¥iafRyd@ideat er between two carboxylic acid
mol ecul es to formthe anhydrimeplomqaeﬂgﬂiﬂlb'd@dq/,
carboxylic acid anhydri des nay be obtai ned
comercially fromcomon chem cal suppliers. Aromatic
anhydri des may i nclude one or nore of benzoic
aphydri de; phthalic anhydride; 4- nitrophthalic
dri de; naphthal ene tetracarboxylic acid
ay ydride; naphthalic anhydri tetrahydro phthalic
R derivatives there i ~Tn one
ne or nore
aci d anhydri des. oal i phatic
de one or nore of cycl ohexane
gf i de, hexahydro phthalic anhydri de,

derlvatlves thereof, and the |i ketanbic aghwirrRligbodi ment ,
a curing agent may include 5,5 - (1,1,3,3,5,-
hexanmet hyl -1,5- trisiloxane diyl) bis [hexahydro

-4, 7- et hanoi sobenzofuran -1, 3- dione] (Tri SNBA),
which is comercially avail abl e from GE Silicones

( enzeid anhadridew York). In one enbodi ment, a curing
agent may include one or nore of but anoi ¢ anhydri de;
dodecenyl succinic anhydride; 2,2- dinethyl glutaric
anhydri de; ethanoi c anhydri de;

o
o >—o
© v o; :
1,2- cyclohexanedicarboxylic anhydride 2- methyl propionic anhydride
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glutaric anhydride; hexafluoro glutaric acid
anhydri de; itaconic anhydride; tetrapropenyl succinic
wanmedoi®e; nal ei ¢ anhydride; 2- methyl gl utar PCT/US2006/012131
anhydri de; 2- nmethyl propionic anhydride 1, 2-
cycl ohexane di carboxylic anhydri de; octadecyl succinic
anhydride; 2- or n- octenyl succinic anhydride; 2-
phenyl gl utari ¢ anhydri de; propionic acid anhydri de;
3,3- tetranethylene glutaric anhydride; derivatives
thereof; and the |ike.Struct%yes of sone other
sui tabl e anhydri des are shown et hanoi ¢
anhydri de propionic acid anhydride |putanoi c anhydride
benzoi c anhydride 1,2- cycloh
anhydride 2- nethyl propionic anhydridemal eic
anhydri de n-octenyl succinic anhydride 1, 2-cycl ohexene
di car boxyli c anhydri de dodegeisit aniggiridec anhydri de The
ﬁ@&@n§u§¢@ﬁhnmuyhgmblended di spersed and/ or m xed
into a curable resin to forman adhesive system In
one enbodi nent, the resin may hav; a filler
pre-di spersed therein. That =S

25T uitabl e aliphati i ASY may

i ncl udg one or nore of butadiene d|0X|de di met hyl
pent ane di oxi de, diglycidyl ether, 1,4-Dbutanedi ol

di gl yci dyl ether, diethylene glycol diglycidyl ether,
and di pent ene di oxi de, and the

1,2-cyclohexene dicarboxylic
anhydride

dodecenylsuccinic anhydride

The cure system may be blended, dispersed and/or mixed into a curable resin to form
an adhesive system. In one embodiment, the resin may have a filler pre-dispersed
therein. That is, prior to mixing both the cure system and the resin system each have

a high content of refractory solids dispersed therein.

Suitable resins may include one or more aliphatic epoxy resins, cycloaliphatic epoxy
resins, or aromatic epoxy resins. Suitable aliphatic epoxy resins may include one or
more of butadiene dioxide, dimethyl pentane dioxide, diglycidyl ether, 1,4-butanediol
diglycidyl ether, diethylene glycol diglycidyl ether, and dipentene dioxide, and the
like. Suitable aliphatic epoxy monomers may include one or more of butadiene
dioxide, dimethylpentane dioxide, diglycidyl ether, 1, 4-butanediol diglycidyl ether,
diethylene glycol diglycidyl ether, or dipentene dioxide, and the like. In one

11



i ke. Suitable aliphatic epoxy nononers may include

one or nore of butadi ene di oxide, dinethylpentane
wdizaoei1de793 di gl yci dyl ether, 1, 4-butanedi ol di gCymisenpb/012131

et her, diethylene glycol diglycidyl ether, or

dipentene dioxide and the |ike hi oneenbodi nent, the

exgppg et Aliphe ARET Pt oy ABTILST FaRRSOIE UVR 6105,
WIEBEIS b @l 5 %) Ch SISkt

epoxy resins may include one or nore of 3-
cycl ohexenyl nethyl -3- cycl ohexenyl carboxylate
Sudfipels osvickhaliplpatic( @Myg:psmy)mayympbﬁg)@je orsmere (R 34 cyclohexenyl

R eSGARBEA s P OARR: 22 43 RN BGLATEAN] (3.4

epoﬁy) rﬂybllahéxaﬁychh ewkaﬂeet byl cp’bx{} ?ﬂ@ﬂe}kyi 6a1kylet-t3y1l- epoxy
cl o hexane carboxylate; vin cycl ohexane di oxj de
v 0&%@6@3@@6 Jates \3ed-otpexy |-one ﬁwl cyelghpat anetipyls-3¢3 epoxy -6-
I
ep xy CycPg%%%gﬁp%xgﬁgﬁeXMEﬂ%?&@%&&%@Q'?g%gg,g%gxiﬁ4§poxy
cyplobgropt yethyly ladipatey bis (3t4e pepory -@- fethlyi sy¢lahaéXyl apthyy) adipate;
. | oh L. -p- dj 6- b 2 3-
bif (DR okyoron Gragrbe <l gty Py - daiierePGry Ivsisia) Syaehery)
prébaEBY 2,6l bf@(@@jeepgk?ﬁ%% aohéd (—j}g-3d16xan%§)°2(3 bis (2,3- epoxy

cyclohexyl ropane, o ent adi ene di oxi d
prapaxyg polibjbme@@ ‘ng],ygld}’é pth:zgl obhmpigwya)cldqétxrmyhimgnem dioxide; 2,2-

anoi_ndan -, (2.3- epox
biG P TSP, bitugse: sl Eish SR, 8.5 ety 2
epoRy ﬁropﬁk)@)ﬁé Rleyaab Y47 Ometharfoindeie NRNQIL N @p6LY) dydlogentyl phenyl -
epoxy cyclo entyl henyl -2, 3- 0X ropyl ether);
2,3 ezmxrzspr@pzlsc 19(2, ip@mgsﬁy PIQPOKY) n&wﬁyﬁ%en%vﬁ@ﬁ@ydm -4,7-
) §
mé‘?ﬂ%?fmééc 26#‘*3’2%%@ SRR pEE PR RO bipy flhery 12- bis
(5heéxzh yptmyp) k4 fia hatahydanmhetane yedanbey e B’glianeraty@dpentﬁnyl phenyl

31}5‘% '1&215% arb %9ic$1§gflcd‘idﬁ XI de; éSS'&ad t he | ﬁ;&gallgte and

'c@@le%n?f‘ﬁe@lryl MRS cBheseng %@Wé dﬂiﬁbﬂlﬂa an% the like. In one

cycl ohexenyl carboxyl ate dlepOX|de 3- (1,2- epoxy
enmghodighgnt, a7 -cyohealiphayic | eposgyt aumtonhzexmnedmhmleaon@ orpingore 3-

cy‘:l%he)?e)ﬁ?/f)im%ﬁl%l& 9, hg cIc}ﬁlexmn%i QXrH)%xﬁgtteed’ié.pO)zddeg i (1,2- epoxy ethyl) -
7- oxabicycloheptane; hexanedioic acid, bis (7- oxabicyclo heptyl methyl) ester; 2- (7-
oxabicyclohept -3- yl) -spiro- (1,3- dioxa -5,3’- (7)- oxabicyclo heptane; and methyl
3,4- epoxy cyclohexane carboxylate, and the like.

Suitable aromatic epoxy resins may include one or more of bisphenol-A epoxy resins,
bisphenol-F epoxy resins, phenol novolac epoxy resins, cresol-novolac epoxy resins,
biphenol epoxy resins, biphenyl epoxy resins, 4,4- biphenyl epoxy resins,
polyfunctional epoxy resins, divinylbenzene dioxide, resorcinol diglyciyl ether, and 2-
glycidyl phenyl glycidyl ether. Other suitable resins may include silicone-epoxy
resins and siloxane epoxy resins. Bisphenol-F resins may be commerically available

from Resolution Performance Products (Pueblo, Colorado).
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oxabi cycl ohept -3- yl) -spiro- (1,3- dioxa -5,3 - (7)-
oxabi cycl o heptane; and nethyl 3.4- epoxy cycl ohexane
woandsaxnyiat e, and the |ike. Suitable aromatic epDUF2006/012131
resins may include one or nore of bisphenol-A epoxy
resins, bisphenol-F epoxy resins phenol novol ac epoxy

resins,  cresol -nqvol ac e resins, epox .
On BTt iep Ry P R IcR SR e T3S 8 porn bt s e curing
agé&%d’l‘ﬁ@n BEte WKAGdrh, Oélalbotﬁp@iﬂtaf)ﬁsédﬁlﬁweg'n‘{d}n)ﬂcpﬁezﬁﬁeor more

di oxi de, resorcinol diglyciyl ether, and 2- glycidyl
caphyshydceglesatord flexdtitizer, cambiml sngamabtlhhleneSsunpenm agent, fire

retplélélpﬁglegn%nlg Iﬁ.ﬁ%ﬁfﬁl@/’%g}? 1}{@ %1H,§ry aggtrf?glg 881'11%3)?(1}{,& thermally

insti¥Aive el efdcaibalRe slilttive fillBe hh@tH¥BIKeEe Pr oduct S
(Puebl o, "Col orado) . Optional additives may be
|ncorporated into the resin portlon of the syste t he

A sitablfgcaiglasitoraseelpiaior anayt iniials 3 cegsplinking pragesssagackasate cure

rat@dgf td%é’r@ac’sena}f? lfgd e ‘?elﬁgé:rat%e raﬁ Eﬁllé/ %%stem 1‘1\ catalyst or
accel erator 'exi b1z car Ic di

acsilap®n siagrbegueseht infanramauat m@lman aqutgﬂq:atts pehmilliod {ppm) in
conductive filler, electri nductiyv ille

a rtaﬂ%? frpgn out ot qﬂ&ﬁ% gty m‘m%ﬁp{%@mm thout 0.1

wdigtt! fefoend Febrh RBodt! (K€ wefotR Wet @R & SRRl Wadighl percent, or greater

accelerator may initiate a crosslinking process,
thancaboliet ateight pereentaf ge total feonbdion veighs. ti me or
tenperature of an adhesive system A catalyst or

A %g‘leer)llcee rfgttagrrst ?P%n ba%ceﬂer,r% % nr}la3;( the Iﬂdea%my 1S not 1m1tec]tI "El? an ¢ onium
ca&b}aubr elﬂe@lﬁdﬂl&aﬂ) galmaﬂngl&iﬁlﬂbmﬁﬂ Bﬁﬁzﬂﬁl@bﬁmfn éa@ysm@may anlude

abqut_ 0. ght percent, from about 0.1 weight
bls;ﬁ‘éYltPéH{Hqub S%lB‘o(Rg iseegreyh ehenyh 1odepivgy dsxaffuore gtimonate,
RPhphell BBk RLEERE ) kol BPA g i

(pémz Ifhudmphbm;tl) beramjt tﬂiaryﬂl méphdndum aaltg rundmomainmitym‘s abrtwa or
fr g %eﬁerat [ ng ound. Sui tabl e.oni
m%fﬁtﬂg?r? e Tdirah B A SPSOY RIS TRy dndld On%‘i’r more

ar&rﬁﬂ:ﬁellﬁﬁﬁco@"' %Bﬂﬂoﬁndﬂ@ﬂ Qﬂiekmbfg%ﬁﬁzf ﬂe‘f’&ﬁ@esa ﬁlﬁd RNk E The presence
(octyl oxyphenyl phenyl) iodonium hexaf | uor o

of afraerradieal €engrpidng meqy@é miayranglledgegmgposition of an onium salt at a

relatively lower temperature.

In one embodiment, a catalyst or an accelerator may be added to an epoxy-based
adhesive system. Useful catalysts or accelerators may include one or more amine;
alkyl-substituted imidazole; imidazolium salt; phosphine; metal salt, such as
aluminum acetyl acetonate (Al(AcAc)s); salt of nitrogen-containing compound; and
the like. The nitrogen-containing compound may include, for example, one or more
amine compounds, di-aza compounds, tri-aza compounds, polyamine compounds and
the like. A salt of a nitrogen-containing compound may include, for example 1,8-
diazabicyclo (5,4,0) -7- undecane. The salt of the nitrogen-containing compounds
may be obtained commercially, for example, as POLYCAT SA-1 or POLYCAT SA-
102. POLYCAT SA-1 is a delayed-action, heat-activated catalyst based on the cyclic
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(penta fluorophenyl) borate), triaryl sul phonium

salts, and conbinations of two or nore thereof.
weubdealot®3f r ee-radi cal generating conmpounds mapciraskesd®12131

one or nore aromatic pinacols, benzoinal kyl ethers,

organi c peroxi des, and the |like. The presence of a

free radical generating conpound may enabl e

amiegs dep gidzei Bievelo @xtBhidacsane- At ROR¥ECAL S4+) cpefgiss DBU
Ca{é‘@’g@iﬁ{ id 4t Ogam& Qc@nﬁloglg%gd?gﬁ%A'ﬁls aatrr%ie}{rﬁ& Q%ggrg%ucts and

0 "an epox ase
Cleysdan MUs(e\ﬂlaht_omaj; dHenasydvania)ac Ofe)har aﬁmbl& malys'tm ahasdénclude

one or e a al k -su stltutedlmda
tﬂphﬁnaﬂafmﬁph @ P53> Nrsshriimgtazelg: GIMBq ppd/ok dtbhltséstm dilaurate
D um acetyl acetonate (A (AcAc)3); salt of
( %L#rg}ggen cont ai ni ng conpound; and the |ike. The

ni trogen-contai ni ng conpound may include, for exanple,
Actdnteves,rsunb reflexibitigens ompy melisle ode onpwmrcongpwia ndmpomrrds bazmg a

gL BT, SRy SERRS B Rap) HEptisSRe popRRe b Sl

or 8x%ph&Ioe ThSpol§bP@mapbe ¥&4ight(dhath, Bancifed, U?&@aﬂfpﬁ@tm ‘BR@romatic
salt of the nitrogen-containing conpounds

ang ypay wertao AeEY ebant| 3, tOf«'thouE‘)lQ aébonagton@wé?&mslm ofppuch
po %Walsécolélo @ maF OnTY(I%ﬁig § or, '1%01% ﬁe eft c | Cglﬁﬁl: né:pr(lp,yéene

activa ased on t

gl}d:JoHZZaZ diiveytodll o1 65p14).p91)e diolel> etleyle2- ﬁmﬂﬁﬂ%oﬁeﬁ&d diol; 1,3-
cont aj ns gBU cat al yst, and_an nic acid "bl ocker

Peeps/tiay 1,3 penfang digtadipropyleae srspﬁc%]@egthﬁna SCH%‘FWI&%@@I 1,6-
hekdie (ﬁ%hl Rith&Whol Pﬁ&ﬁﬁﬁl \ﬁﬂﬁétﬁ%ql %Egélos%tﬁlﬁpl f45 cyclohexane

catal ysts may I nclude tri sphine (
dlmbthmtdh/ﬂrnethyttam aleol; Nmi)l,wadd¢wc dmblb Ut ghe embodiiveal arakeohol

Di. Byt Sn).. t|v such as flexibilizers
R ol gt P IHITR o RGP availsble as
meom%mw eh&hidlsTNiglaid, Michigahhe flexibilizers may
i ncl ude one or nore of polyol or blsphenol The ponoI

may be straight chain, branched, cycloaliphatic,
Su&a‘eiﬁabisaheaﬁlf A3y dejudg Puer 8 @B’E?utdlfz’d{f@(}’aﬂd@ﬁltﬂm?do aromatic

hy8R% 2880 240 The e@ﬁ@ﬁﬂl}éﬁi éaﬁm?&ﬁ%;ly—substltuted aromatic compound may
include one or more of 4,4°- (3,3,5- trimethyl cyclohexylidene)- diphenol; 2,2- bis (4-
hydroxyphenyl) propane (bisphenol A); 2,2- bis (4- hydroxyphenyl) methane
(bisphenol F); 2,2- bis (4- hydroxyl -3,5- dimethylphenyl) propane; 2,4’- dihydroxy
diphenylmethane; bis (2- hydroxyphenyl) methane; bis (4- hydroxyphenyl) methane;
bis (4- hydroxyl -5- nitrophenyl) methane; bis (4- hydroxyl -2,6- dimethyl -3-
methoxyphenyl) methane; 1,1- bis (4- hydroxyphenyl) ethane; 1,1- bis (4- hydroxyl -
2- chlorophenyl ethane; 2,2- bis (3- phenyl -4- hydroxyphenyl) propane; bis (4-
hydroxyphenyl) cyclohexyl methane; 2,2- bis (4- hydroxyphenyl) -1- phenylpropane;
2,2,2’,2’- tetrahydro -3,3,3°,3’- tetramethyl,1’-spirobi {1H- indene} -6,6’- diol (SBI);
2,2- bis (4- hydroxyl -3- methylphenyl) propane (DMBPC); and C1-C13 alkyl-

substituted resorcinols, and the like.
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pol yfuncti onal al cohols may include one or nore of
et hyl ene gl ycol; propylene glycol; 2,2- dinmethyl -1, 3-
wonroepanegi ol ; 2- ethyl, 2- methyl, 1,3- propapretaisedos/012131
1, 3- pentane diol; 1,5- pentane diol; dipropylene
gl ycol; 2- methyl -1,5- pentane diol; 1,6- hexane
di ol ; di net hanol decalin, diniethanol blcyclo oct ane;
A 1su¢ab1@y@1g@tnéx@h@nﬂ|m@t rbanaﬂdedmt By | adhesiye yoslem aegprding to

enilooa&ne ﬁ{/ef%tlog nlhh%nr % ﬁk;ﬁ%z}é’e@%cﬁ%sg %hﬁécog‘?}y of the

I nc

adQSOrEY: stnaI |S’ulaabw teabdpa: aﬂuéd\é‘?(fa{h@'omfcmm bBaareheati kimitsd to,
éM dl and,. M chi g b}; Sui t abl e bi sphenol s ]3)/ i ncl ud
do %,_c (bet

prylglycidyr ether h‘yﬂfl ¥eiphaxpng disgpoaidsnand di (beta- (3.4 epoxy
cy{:}%ﬂﬂ{;ﬁ@ﬁ%@ﬂz t &eﬂn&ﬂ?e@g@%hgeat con‘fi‘bmatlongi of twoI or more thereof.

stitu arometi ¢ conpoun
Otheredibrentsonagy oicludle 4henof@cBiphal dpbxmseiahd!/br compounds containing at
cIohex |.i dene

lezﬁi// éﬁlﬂﬂtl}m%}}t% D Sﬁ&efl]g\feggﬁg% }nck)de (‘érl_t gre ot gineiygd to, alkyl

deﬂyﬁfv‘éé()b@rﬁﬁﬂél) gl?@fd?ﬁ@&lefsbblﬁﬁhfsn@] (&) nor%rlﬁlenﬂbﬁy)( 4t,2- epoxy
hydr oxyl - net hyl phenyl ) propane; 2,

prefiang dx cﬁxy(‘ld ﬂlph!ipwni’é‘mw diide; efloxs [repanky ab@xgyp letheyd Pf phenol;

SRS Fherth sefcss BAP VPR & e Bcpsd T it phenct. >

butﬂplﬁ:noﬂl4TH§1ﬂ¥lbhelﬁ)‘l BebLEhBRANYL JocBBbHEALE 4 1t lmt}klpﬁenol 4-
enyl) ethane; 1,1- bis (4- hydrox

(4- hydroxy Y
Phepyl Bhe@s ef»}ﬂ|O 4ot (biseyl 2sox>rony|h§61(63 phgeky pnd ghe Tike. one

BRI OG5, NGB b

w};dﬁeriyl qmnnpanmllyZa\Ei,llﬂble, 23 -UVR60@N by D3w3CBemial (Midland,
thyl,l"-spirobi {1H indene} -6,6"- diol (SBI);
1@"“ggol s (4- hydroxyl -3- nethyl phenyl) propane
(DI\/BPC) and Cl-C13 al kyl substituted resorcinols, and

A thigrableK @laMes withrdRhte n?af %Eulﬁded iondept M5 Bewdtdeat Qodthins
adhesi ve system accor to enbodi nents of the

phpspheritsi Ben, mlngenrayids, @r blydrg@d@ Fragnecematradirsent aa flame retardant
y Sysi Su ler | Ve
adém? ?1{& nqglutlﬁg] }ﬁ)ggﬁoré%fde t?f oltayl p'hE)%)%&Fe ﬁ%ﬁ r€sorcinol
dighoesieyd QIDE) (ydphetidies , dls‘}ﬂimphyﬁe- dBmy@Po,h@ogame phosphine oxide,
di epoxjde, and di (beta- (3,4- ep ty
halogenated resin (e.g., tetrabromobisphenol A), me al oxide (e.g. bismuth oxide),
metal hydroxide (e.g., MgOH), and combinations of two or more thereof. Suitable

pigment may include one or both of reactive and non-reactive materials.

In one embodiment, a cure system may be produced by dispersion of refractory solids
(e.g. CS) into a liquid curing agent and a solvent to form a solution. A suitable
solvent may include a hydroxyl-group free solvent, such as propylene glycol methyl

ether acetate, toluene, xylene, supercritical fluid (e.g., SCF CO,), and the like.

After the dispersion or mixing, the solvent may be removed. Suitable solvent removal
methods may include affecting the temperature and/or pressure to volatilize the
solvent. That is, heat, vacuum, or both may be used to extract or remove the solvent

from the dispersion. If a supercritical fluid, such as supercritical carbon dioxide, is
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cycl ohexyl) ethyl) tetramethyl disiloxane, or

conbi nations of two or nore thereof. O her diluents
woayosimtioside nonof uncti onal epoxies and/ or conpoww8$006/012131

contai ning at | east one epoxy functionality. Such

di luents may include, but are not limted to, alkyl

derivatives of phenol glycidyl ethers such as 3- (2-

useflp (TpPh temypiesaty and presgysxipay rsp awdicignt 3o regove the solvent.

en X, I
SN L e 0B B AR i Y BBt an
embodifhbhyf thp heration ﬁlay beidtph@béand stoted. but yl phenol , 4-
butylphenol 3- octyl phenol, 4- octyl phenol, 4 “t-
but nol , 4- phenyl ph nol nd 4-
In i B A e atEn Fbori B et WA jgable resin to form
an %Hf?éa% Eﬁ'r]xy r oxyﬁrrjgéthrg] YeheSivE YR m TRY Haﬂre laUftRvable or workable

3-ethyl =3 | -oxetane, whi'ch is commercially
visawsilyl fabh @redstepviREd 00, riempoblifcChEor  ad- flom whdarid] application,

M chi n su t nme r.et ardant. ..include on
thepiSehsE My B R B affow R of S hEE i Fitink] Fipabing ¥ he
suttBhROS ffifidn 6 séMel etival b&r@ﬁﬁo@@bﬁﬂ%@'ﬁéﬂov@ process.

flame retardant additive may include phosphoram de,

Visoopifihalgatiop msypieamade(byrme, or mease o€ determiingtierynts el refractory
sol %Dﬁ)t e Pesﬁlp hr%gl%ts Péf?‘a%tb?? Q{;}?&s%l (tl?ég éurQP g/sterﬁr &8 hifial unfilled
e, ﬁ’a ogena

i ne bx resi
v1sb6§1trya@ﬂd ﬂrmtem;aphﬂrh db:ﬂ crﬂ% ,sys’tahakempelrﬁere( €he prebdnﬁ:mthhamount of
oxi de et a r oXi , and caombi patj ons
ad@fw%w Bewrpedt l?lﬁe? ?ossﬁ Warirnég Bf“-‘éﬁ%”ﬁt usgeRf ORI YigEations,
an®BL 18% both of reactive and non-reactive materials. In
one enbodrnent a cure system may be produced by
di spersi on of refractory solids (e.g. CS) into a
The |34h¢S@NecurSteng ara@edmg mrclmhochmau@mf thg ummttma ngy| bt wssd.in an

ol bl e sol vent %ﬁ de rox ?% fre

P YarEuch 28 U e o S Pe L& as am

undérfill ahReridl OdudBAS a nﬁmcﬁzﬂ endezan elhcafﬂhbloﬁﬁi askértibl§ t6 €eclire a chip
c2), and the like. After the di spersion or

SCF
to @ supsiEpte.-t HAeaghosyr sYpigm eay exkbie @ne onirpers|f: prolengsd room
terﬁ;?eqytﬁ?el stability, desirable solder ball fluxing, and a coefficient of thermal

expansion below about 50 ppm/°C when cured and used as, for example, an
encapsulant or an underfill. In one embodiment, a cured adhesive system may have
properties that include one or more of a low CTE (below about 40 ppm/°C), self-
fluxing properties during application, a high Tg (above about 100 degrees Celsius), a
high heat deflection temperature (HDT), and relatively high optical transparency.

An embodiment of the invention may provide a no-flow underfill material having a
coefficient of thermal expansion, when cured, of less than 50 ppm/°C, in a range of
from about 50 ppm/°C to about 40 ppm/°C, from about 40 ppm/°C to about 30
ppm/°C, or less than about 30 ppm/°C. An embodiment may enable a final filler
loading of greater than 30 weight percent, a range of from about 30 weight percent to
about 40 weight percent, from about 40 weight percent to about 50 weight percent, or

greater than about 50 weight percent, while maintaining one or more of an acceptable
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met hods may i nclude affecting the tenperature and/or
pressure to volatilize the solvent. That is, heat,
weoacwsuny798r both may be used to extract or renBCEUSE®G6/012131
solvent fromthe dispersion. If a supercritical fluid,
such as supercritical carbon dioxide, isused, room
terrperat ure and pressure may be sufficient to renove
leviehe! picqssAilitysRBERTERaRY4 9F, 2 Hesdighlydheh mlase tppsiien iqmpgrature
e . | vV I eg e v .
(TEETRR Eudibficy HpHLS, EUpitet B SRR HAAR My, viscosity
vissb-etastcityl, tackn evebilivgli svephssige, percenisyasit esheffuife hame nee, cure
be mixed with_a curable resin to forman adhesive . .
terRReIRtEHfy awfhs ol tfwsm& rpkatesy ot R RFayerWae)é pgrmitting the
i RIR D& £kl fevibifa@diley hdhtich RERASE €% "bB&Rtermined
reti ms\l\f1 ir. e&{asgggt [ fe.C Forga no-rfl o&v underg]itll I b ermine
thiclpeks ofimiatenial witbowti @easimgre refyadtionsreflectian el dbsorptibnwGlass

f..th derfill, duri di i th t
walfiiof S BTt cla€h o BRREGH i @ hafiod HE il jregsus
terfRirhtQWY. PITAG €BS ind¥b:5G08 itbMpSRIES tA2R ABdYe BeniBRdemakrian tay

or nore of determ ning anounts of refractory solids in
ungd¢rgo plastia defgpmatinm obmayethengs ey suEiddy briitle petecigrasrubbery

0r§(¥%}1%ﬂtafehe initial unfilled viscosity of the resin
and/or "Cufe system tenperature, the presence or

amount of additives or flownodifiers, control over
In woe kimbodipteas suraghesigesydfens anlybevd ho-Aovwonslerfdhd daplary flow
i ke. The adhesive system accordi pg to enhodinents_of
unggéf; AvERET Veapagil e efiRala e e PR dabpeand By ore-
apPIRgl a@eﬁﬁaﬁ%ﬁ&, _—fsﬁgedi‘aﬁeas'sN&trﬁﬁé,Staﬁc‘innE%yb@%is?&?sqm%_sarfﬂnhave
nderfill material, such as a no-flow'underfill, in a
utifityi ip techfaprieg®arflap clastromicierice, subih ps & compatebhen oatieal device,

The adhesi ve system exhi bit one or nore of . .
or BT PO S P LR pen b ST P RRgl o APl B pdagsive
syQiéh mdy texifoge pahdca, meefahical, @nll eRictriidaEpivpbrtieX BABSH&Gbumps

bel ow about 50 ppm’ C when cured and used as, for

thag agsh pecureap B &b 8 Luhsitate randfprymae el a9 flux gluggg solder bump
di ment, a cured adhesive system may have
properties that include one or nore of a | ow CTE
(bel ow about 40 ppmi C), sel ffl uxing
No-flow underfilling may include dispensing an underfill encapsulant material on the

substrate or semiconductor device and performing solder bump reflowing
simultaneously with underfill encapsulant curing. Wafer level underfilling may
include dispensing underfill materials onto the wafer before dicing into individual
chips that are subsequently mounted in the final structure via flip-chip type
operations. Alternatively to no-flow underfill, dispensing the underfill material may
include applying in a fillet or bead extending along at least one edge of a chip, and
allowing the underfill material to flow by capillary action under the chip to fill all, or

nearly all, gaps between the chip and the substrate.

In one embodiment, an adhesive according to embodiments of the invention may be
energy cured, 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
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properties during application, a high Tg (above about
100 degrees Celsius), a high heat deflection
woeopanasre (HDT), and rel atively high opticaPCT/US2006/012131
transparency. An enbodi nent of the invention may
provide a no-flow underfill material having a
coefficient of thermal expansion, when cured, of |ess

abeuiad) degepniCelsiusntogatiaah g&0odegrpesntelpive fram phawt d 00odegrees
R S0 Gt LA YIRS oy B0 PRI 250

degreés Qdkiuf,i drigegatdraball sipuolSQdaptarCdifian Bér nvefl@htunderfill, the
ercent, a.range of from about 30 weight percent to .

CUR i PCHbITG i 5}1? eecdtomabewh hbieeres Gligh{mpingdpeint of

eut&gciiégﬁ)?(‘l’ér) RO SHY dRRdes @Rlsiusor ShABIRkectD %débé?fdtfg(ﬁlq about

t percent, V\:hle|%e mai ntai ni ng one or nore of
230 degpetabibluevelaboit J0odasecaliidlsiny fortleahfpasddey, Caningmay
desirably high. glass transition tenperature. (Tq).
oo st dBLSY hef T 0T o fepbfiedt ey T dhe gt 30
sedoh@Vakd hbduY 1 Mine) FhonY abit SICRIRI@SS hSduk 5 mir€ds, from about 5
wet abi lity, out-gassing, percent void, shelf life

migwewta Arsit 3Qupiautesjsemaabort 30 asgutehéo Rbgus.1 hour, from about 1
ho;rﬁre %2@1%3[6 s)r/l{:()%(lrsr %lr %trcf:eel?er;tﬁa& hl?oe 252 ?&Jrrg Y 1%]; BN g%g%?%l%1 Gure

ree passage o rommagnetic r
prdcBso(@king apieflodd tredyThd @l atah gk 6 $idnOhbsmtzemidltesmot st 10
.one or nore refraction, reflection or absorption.
migtgss transition tenperature relates to an inflection
point on a plot of nobdulus versus tenperature. The Tg

OnEEAEEy o NP FLATER RHRURY S8, TR

Celsiugi, th 2ranpe 0f from aboualt WOtdegeees (bolsarsyto ebow dH dageesCelsias, or

| ne enbodi nent adhesi ve syst be no-fl ow
e B Pt £ Rer RIS i ReibR o fess Bapdg foRe i p Ftee
of @iogebbdut |1, hdurtthabs®! 4 hoks! biag@ateRtifihi Moul 4 s, AR @-flow

reap&ll ied and optionally B-staged on a substrate, and

undy illphe gossais BBy deAha terResatyrq 10 g \pnge of fremfahient it degnees
Ceﬁfil%s.atg a]%L) Cfé'OoJHg?eeg BU)shds oéyggeﬂﬁd ar %Hp%%'ﬁ 1 tﬁ@bout 4 hours.
optica u y. an

evice,” of a sem conductor asse
Othwrdands, idmpaaiteres and gressmes peudvaing, ardngosadingsy way be selected

with reference to application specific parameters.

In one embodiment, a cure system according to an embodiment of the invention may
consist essentially of a liquid curing agent and compatiblized and passivated silica. In
another embodiment, a cure system may consist essentially of a liquid carboxylic acid
anhydride curing agent, and compatiblized colloidal silica treated with a capping
agent. In yet another embodiment, a cure system may consist essentially of a room
temperature liquid anhydride-curing agent, and compatiblized and passivated

colloidal silica having a nano-size average particle diameter.
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system may reinforce physical, mechanical, and
el ectrical properties of solder bunps that nay secure
wa 200si1p7M8® a substrate, and/or may act as fl uxpduuse®e/012131
sol der bump nelting. No-flow underfilling may include
di spensing an underfill encapsulant material on the
substrate or sem conductor device and perform ng
EX$VIHEESbunp refl owi ng sinul taneously with underfil

encapsul ant curing. \Wafer level underfilling may
| .
i gl SR el b p TS5 Bl o Bt o

accouhmed et the myemticed and dasheachi sthahldsncrtuloft umﬂtru'ed\ as imposing
fli.p-chip t erations. Alt atively to A

lniafias rapbn ' e GRS ng (AHES uARAGHHIST Pitirgw e 211 agjedents are

coﬁlﬁfé}dﬁgﬁy 2RRPhYIe o Buéh Edhingh cﬁémhﬁﬁ%ﬁ%&:ﬁnﬁ' &@hﬁ'é@a& Inc.
at | east one edge of a chip, and allow ng the

(WardddilF, Mdssavhtigatts aISignea-Alldyiehdyorp a(Sit. | Ilaaisy Mistou), and dfesr like.

the chip to fill aII or nearly all, gaps bet ween t he
[ d the SH bst an adheS|ve
BB PR B B B RS ey

energy cured, such as by heat, UV Iight, n1cromave
A Ban@yis nﬁidediyr Akdirlpe300 g’aﬁls @y, SNOWTERS 71 i (8e nniFQVerhl@apartlcle

.or thermal curing, abl e t eratur may .be
iz piipgt)Uograms ShitsB Dy oAb L. GBI (horigh DB Gosraths of
p Qﬁ/g e o ﬁhl&bS(PhEON{&3§ﬁ3QHEd&éQQO WIS CAR I bRty mixture

ut 200 egrees Cel St us, from about 200 degrees
is ©©8hsediforttiorea houts. Z‘S@ercteﬂweéhe Gektwiawss, cooledgp eaomricmbernture.
abouf ,250 degre Cel sius. For no flow
ThE §Paled aRLRE S GOPEHPE 4T must e gronep At ey pisthd unti
thASEBhBE fnike&. SAUSri A@sPRIve® 606 WEABE bE veRtiRemltetifl, b
abou?}EZSO d@ar eegmclléltpgl us for Sn/ Pblgtéut ecti c sol der Y

weightt f Horargilylt distharase gHMIZ)CH added toothebgtippasmixture in an
am%glgtrc%%s T fljuﬁ{urxl: %e}ﬂmo[lg}gg%?kgxg eﬂ&éd Cfglgl %é{r et dhted

over a er|o €ess secon
tenipengareh ahdvelem abippid BR2MWegandsoahaeihout300 gmmutoé propylene

S1¥phEReRS | CUCRBRIAC 96 INPAUPRE > CHGTTHBBE E6VE A b and
miRRPHorchgARYUN The FOMMiAY ﬁHktuile is stripped of 300 grams of volatile weight
and filtered. The yield is 250 grams of compatiblized and passivated colloidal silica
material having solids of 29.10 weight percent. The recovered sample is labeled
Sample 1A. An ingredient list is shown in Table 1, below. The above disclosed
process is repeated to form Sample 1B, the difference being that silica having an

average particle size of 50 nm, rather than 80 nm, is used.
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hour to about 5 hours, or greater than about 5 hours.
For no flow underfill a cure process (during a reflow
woryochie7i9m a range of from about 3 m nutes to abows208/012131
m nutes. Optional post-curing may be perforned at a
tenperature of |ess than 100 degrees Celsius, in a

range of from about 100 degrees Celsius to about 150
TARIGY ée<ngissntist foycograsiblredandnasiviad soids (Ragprle 84)
Cel si ygs;—over—a period_of tess—thanong a
range |of from aboNGREREENTt o about 4 EBQUNE# )

gr eat gspdanzabout 4 hours. For no-flToyw underfill], the
post IHICEERYLID @) pArRIRESA! BEL- Shaft) " rang€0of firom
about O—degrees Cerstrus to about ucg B €gl si us
over &ﬁ riod of fromabout 1 to about 3 5 Ot her
ti mes,piemarsat ures and pressures for ‘url ng and
post-quring may be selected with reference ta
appllcwkﬂmnwyppmuﬂlc par amet ers. In ong entd8di nent, a
cure em-accoteh fg—to an—enbodrrentrof—the
i nvemifyIUD?my consi st essentially of alliquid cur|ing
agent [pRgipaonpati bl 1zed and passivated|SilTirpg. TN
anot her_enbodi nent, a cure system may ¢onsi St
essentfYeld y of a quuid car boxylic acid anﬂ&drldﬁ

hl-i 'lf\hl coll ol-dnl P r\'\

cur i ng-agents—and—conpatibized—eco-oittal
treat e:%o‘i St h a capping agent. In yet ahot %Il

enbodi nfe CUT € System may consi st eSgElAidY of a
roon1té$%hF5ture i quid anhydride-curi png agen ' and

conpati blized and paSS|vated colloidal silica haV|ng a

- Sl t er . EXAMPLES T
EXEPRLE 25 oBkaep OeRRIE f andBabiap o PiF sl eincluding
H@hﬂﬁﬁédaﬂ& aakhaRiBRis i n accordance with the

i nventi on, and as such should not be construed as

I nposi n linitations upon the clainms. Unless specified
ThetdeamatiBlizedagnd passjvetad eptieidaly %h@eom@ar@bamoslu@daml Fazmr@le 1

su n e al pliers ar
SPABT PUER R ETLER) 3P ST ) BIRPRRS
me(tlﬁtlhe)dahymﬁphth(hl%mhlydx)lde GMHHPIEQ antd665'- (1,1,3,3,5,- hexamethyl -1,5-
trisiloxane diyl) bis [hexahydro -4,7- methanoisobenzofuran -1,3- dione] (TriSNBA)

to form Samples 2-4. Samples 2-4 were evaporated using a commercially available
rotary evaporator at 70 degrees Celsius. Rotary evaporators may be obtained from,
for examplé, Thomas Industries, Inc. (Skokie, Illinois). An ingredient list for the cure
systems containing compatiblized and passivated silica is shown in Table 2. A list of
properties for the Samples 2-4 shown in Table 2 is shown is Table 3. The viscosity
measurements are performed with SP # 40 at 10 rpm, and the results are in centipoise,

unless otherwise indicated.
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EXAMPLE 1 - Preparation of conpatiblized and
passi vated solids. A mxture is made by addi ng 300
wQgnress 00793 SNOMEX- ZL (80 nm average particl e sPze)lstae/012131
300 grams of isopropyl alcohol (EPA). After thoroughly
m xi ng, 2 grans of phenyl trinmethoxysilane (Ph(Ow)
Sli@; IS added to the m xture. The resulting m xture is
TAREE dxdugredient byt der jouystennfqoatainiag Semaples R4 awdxlBlr e i s
BRI 2 e S e
—gr-aps—of—rethexXypropanci—added=thit—e—m e
th&%ﬂ@}ﬁl 39* m xgd. A gkrippi hg proggess rermves 600
_gt89mnare §iadatill e maferial . | by weight. Hexanethyl
~ di sbdrapladB (HVDZ) is added o the stripped nmixure i
a(bOam und siod) 6 granms. The m xture’is thdroughly m xed,
refl ﬁ?&for hour q@) el evated tenperatjure, q@d t hej

—

Al wiatahit 200 ok ane
yl O.IID l. Ul. U.I VVC I ulll. [CAVAV) ul aTTo UI
Nﬁ? met hyl ether acej@te or

/ﬁQ)T@J? -ar‘et oxypropane (PGQVFA) is added and m xe
thor oughl y. The resul ] ng mxture is stri pped of 300

TGS bt e P S 5 g e S 14 o

1Bsi lica material having solids of 29. 10 wei ght percent.
The recovered annln is_laheled Samle |A.__An

i ngredient |ist i s sromﬁaﬁll?le'l%bl ngbl@l%w Phapkerby e

UI bbl UDCU PTULTSS I St e C[JC%:H:CU l U I UI 1] Oallp

ABRPIPRFence bei ng t hat| si PP havj ngY&i? avet Ziéétyenlow
MART L1 CI€ STze of 50 Nm T@ifer thans8@enm | 1S 201

used. TABLE 1 - Ingredient list flor conpatiblized and
% paslsi vat ed sol i ds (Sa npl e 5IOA) EXAMPLEO2 t hf ough0
EVI\I\II')I E /I nr onay nudi e

Fa¥ | vet oam 1 ne
\4 Al ull Ull UI Llul C JyQL CTTT T 11O aur 11

V‘%‘i?ﬁ%fqemll?oz‘ga and passi vaP®d solj ds.3%8e conpat?hl i z4
and passivated coffoidat siftica materiars produced |
Exanple 1 (Sanples IA and IB) are added to liquid

EXAMPHE dandnBX AMRILES 6 nﬁrhpdxht@@fwdlheqim fHatens thathydndea cure
(tM—|HPA) and 5,5 - (1,1,3,3,5,- hexanethyl -1, 5-

SY$¥P'si | oxane diyl) bis [hexahydro -4, 7-
met hanoi sobenzofuran -1, 3- dione] (Tri SNBA)

An aliphatic dioxirane monomer, CYRACURE UVR 6105 is blended with Bisphenol

D
o

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
mixture is blended with 60 weight percent of a cure system (Samples 2 or 3) at room
temperature for approximately 10 minutes to form an adhesive system (Samples 5 and
6, respectively). After which, each adhesive system (Samples 5 and 6) is degassed at
relatively high vacuum at room temperature for 20 minutes. Samples 5 and 6 are

stored at negative 40 degrees Celsius.

For test and evaluation, Samples 5 and 6 are applied to a chip and to a substrate. The
chip and substrate are set together to form an assembly. Thermal energy is applied to

cure the adhesive systems, Samples 5 and 6. Test results are listed in Table 5.
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to form Sanpl es 2-4. Sanples 2-4 were evaporated using

a commercially avail able rotary evaporator at 70
wdegee379€el si us. Rotary evaporators may be obearmseos/012131

from for exanple, Thomas Industries, Inc. (Skokie,

[Ilinois). An ingredient list for the cure systens

.contai ning conpatiblized and passivated silica is
Vlsg%\msmri%émdewzh spindledt40 s 20 Fgp 8t xaoastepperatye, the pgsplisare
in &nfinsRewn hi Table 2 is shown is Table 3. The

Vi sgosmy measurenents are perforned wth SP # 40 at

10 rpm and the results are in centipoise, unless
TARBIIE AW Rerddictit dat fd.alhBlive &stenisnGaegiceh tand iSatpieob) that each

. tens containing Sanples I A and IB). TABLE 3 -
mmﬁe‘i“ﬁ %rqs@ra"éld’rcé‘r%%feé‘hs (Sanpl es 2-3) that contain
Sanples 1 VPLETS VPLE ©c;
Pr epar at i gr%\ﬁgl?Eg Ne)giXCe sy st e?r%%tpnat i ncl u%%m%egure
sysfem An Bisé Reahilc di oxi fane nmgnoner,| CYRAGURE UVR
610pis blended with Bisphengl F epoxy lresin in a |
75/ 25 ratio YHeEm a base|resi A07A reactive dil uem,
UVRBO00—s du'l:ig tothebgse resrm toform & mxtufr e.
A cure catal ysn?? E’(lYCAT SA-1, is added to tHe nmixture
of pase resiyy radodi uent fo forgma catjal yzegam xt ufre.
Thelcatalyzed mixture is bllended with 60 weight
pertent of Pelysar®Adyst em ($anpl0edidd or [3) 1.0216om
t enperatture—for—approximatety—10—mnutes—toforman
adhesi ve system (Sanples 5 and 6, respectively). After
TARIE B - Feagditiading Sorvahsired Sftefrsanpl es 5 and 6) is
deg ssed at _relativel y hi gh vacuum at room tenperature
for| 20 ni nut edlesiSanpl es 5 and mpleSst or edSamplaégat | ve
40 gt-ees—Cel-sius—For—test—angd—eyaluvat+on—Sarptes 5
and ?%Ofa%l;ff‘ﬁ%éé(’]td@a chi p and°P® a subst r 3989 The
chi and substrate are set [together to lforman
ass plitslogity Teesntipalseener gy i s appt8¥H to |cur e29M08
adhpstvwe—systens,—Samptres—SH—andzf_—Testrrestd:ts—are
i sPatPHd Tabl e 5. Vi scosi ty is Sg%f or meld Wi tﬁ%&@pi nd| e
#40/8ITMA e at room tenperat ufggothe resulsgoare

CTE-20 - 80 (ppm/°C) 36.0 39.0
DSC peak (°C) 214.4 208.1
DSC H onset (°C) 164.4 154.7
DSC H (/g) 199.0 168.8
DSC Tg (°C) 1235 147.0

The foregoing examples are merely illustrative, serving to illustrate only some of the
features of the invention. The appended claims are intended to claim the invention as
broadly as it has been conceived and the examples herein presented are illustrative of
selected embodiments from a manifold of all possible embodiments. Accordingly it is
Applicants' intention that the appended claims are not to be limited by the choice of
examples utilized to illustrate features of the present invention. As used in the claims,

the word "comprises” and its grammatical variants logically also subtend and include
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in centipoise. TABLE 4 - Ingredient |ist for adhesive
systens (Sanple 5 and Sanple 6) that each include a
wouo@hilog7osesi n and a cure system TABLE 5 - Pr spems@s/012131
list for adhesive systens. The foregoi ng exanples are
nmerely illustrative, serving to illustrate only sone
of the features _of the invention. The appended. c|ains
phigses ofritasying @nd diffsringnsxions spelvanfarswampley B@bmt;}lraléeq thereto,
" S ed ja - e p
o BB 0 S e JEPSMI DESRETAAR been
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TN WY r : t n [
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i ncl udephrases of. varyi.ng and differi ext.ent . such.
Tt s S oGS B acvaRceti e BCs: Hef leeiololoHaT SR gauivilents
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ranges have been supplied, those ranges are inclusive

of dangypge sud-thessgeariatiney sheydd vadem be | qonptgnedowbereepgseiblede be
hat, variations jn these ranges wll suggest

CO%%%%%%ﬁeéép?%kéchg%titioner having ordinary skill in
the art and where not already dedicated to the public,
those variations shoul d where possible be construed to
be covered by the appended clains. It is also
anticipated that advances in science and technol ogy
wi || make equi val ents and substitutions possible that
are not now contenpl ated by reason of the inprecision
of |anguage and these variations should al so be
construed where possible to be covered by the appended
clainms. What is clainmed is: 1. A nethod of producing a
cure system conprising: mxing a curing agent that is
a low tenperature liquid and a finely divided
refractory solid, wherein the refractory solid is
non-reactive with the curing agent.

23



2. The nmethod as defined in claim1l1l, wherein the
refractory solid is conpatiblized and passivated. 3.
woheonet1ed as defined in claim2, wherein therpcumsnwe/012131
agent conprises an anhydride. 4. The nmethod as defi ned
in claim3, wherein the anhydri de conprises one or
nmore aromatic carboxylic acid anhydride, aliphatic
Whativesipmedds:aci d anhydri de, cycl oal i phatic carboxylic
aci d anhydri de, or siloxane dianhydride. 5. The nethod
as defi ' y . | .aphydri de conprises
l'oneq%éwﬂggéng%%gh 8%@“5 %Q#P%%Qﬁ%ﬁghalic anhydri de;
hexahydro phthalic anhydride; methyl-hexahydro

pht haiking @ ninydy aghat (idtiiPA)lpwiteniperaopbtlivaid endaatfindty divided
_hapht hal.ene tetracagboxylic acid dianhydride; .
lefﬂa&B}W ﬁ‘glt“fé” Y G rggacty tSPgﬂ YR SREHE Wi g’ﬁﬁ%‘ﬂg greent.

cycl ohexane di carboxylic anhydride; butanoic _
2. anhygei gRihddodeCapiheds Y& ChIRie ANRYIbréide the? réfradlbilsbNd is

glutaric anhydride; ethanoic anhydride; glutaric
compaijlized end pasgivkiedor o gl utaric acid anhydri de;

i taconi ¢ anhydri de; tetrapropenyl succinic anhydri de;

mal gi ri des . Al £ wvdrjde: 2- .
5% A0F AT iy AN 2Ot af] e ABILIHR: cdipriss n
anltydemieboxyl i ¢ anhydri de; octadecyl succinic anhydride;

2-octenyl succinic anhydride; n-octenyl succinic

anhydride, 2- phenylglutaric anhydride; pr.opionic acid
4. anneiriahod as BeaRd il enBeri e Tios iy apmagsS e or
md#€" Arbafatitf €&arbdI8Ni€ Oheid Canh{BRASTEhINMALBS cHBI YR kil EdIMKe,
1, wherein the'curing agént is a liquid at" a
cy¢leatipbatic garboxﬁlcaacnhmgadme, pesitoxahadianhyslidde100 degr ees
Cel sius. 7. The nmethod as defined in claim6, wherein

Che g ) S quid . D
5. ASHLRSE ol B LA B VRTRROTHAL ol on o
maret o beasid efhpdide; npiehaAicmarthydnides dleRatiydeo qilichialig agsidtide;
meltl?yl—%lelxglgyudlrg %th%lic 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 method 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.

7. The method as defined in claim 6, wherein the curing agent is a liquid at a

temperature in a range of less that about 50 degrees Celsius.
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tenperature in a range of from about 25 degrees
Cel sius to about 35 degrees Celsius. 9. The nethod as
wdeboonenodn claim 1, wherein the refractory soPC®#/US2006/012131
conprises silica. 10. The nmethod as defined in claim
9, wherein the silica conprises silica particles. 11.
The method as defined in claim9, wherein the siljca
8. par flihe |reashethoe da&ne&v@r@@@ Bawherelnethei cuging agent; is a liquid at a
I
el AR et SR oL D3R BRLCAMIE R Wf a3 6B s
size that is in a range of |ess than about 100
9. nan@hetmethod bS.defined netchaidd hswheakinnde tefractosy mold] comprises
vvhere| n the solid has an active termination site
siliggnsity that is |ess than about 5 per square
nanoneter. 14. The nethod as defined in claim1,
10f Ur tTiG indRiRIAPIs| REiREd AURIM 9 SiRrGA R W9da @mpRes silica particles.
accel erator into the mxture of curing agent and
solid. 15. The nethod as defined in claim1, further

llcongdihe @Qﬁl@da@rﬁefmﬁ‘é inelaing P, Whereinghe pﬂllgmantlclep bayeg qn everage
paflel S o SURRRNSLRD_agent, def oamer {1 ow modi fier.
exl

|zer ame retardant into the m xture of

curi ng agent and solid. 16. The nethod as defined in
12¢| aiTire Imethod tasedefimedpini dbing lddwhereig the silitheparticles have an

rom)ter into the m xture, of curlbﬁg ent and sol i d.

averege RRHClRSIZR AL SSInderRgR 1P Bt he

refractory solid conprises one or both of alum na or

13bor qie Rhdiid I delf&ed T@@laﬁi@t’.h@fﬁe@ﬁl fefsbli@Had 4h &dtAt Mrination
wherein the ref ractorg sol | is present in an anount

sit¢ dengity drgés loss thashaubo per BPakgiaghmeiser cent to about 70
wei ght percent based on the total weight of the

14°°”§‘ﬁ§'rﬁét@5h asd flrédcl¥ gadﬁxyftiﬁﬁi&ﬁr it f?%déé#ﬁlg@&ﬁﬂ%t or

Ined I n C alm
an @osybletasorrigtoahe mibhtesofrcagngagendatdhelicur e syst em as
defi ned

15. The method as defined in claim 1, further comprising admixing one or more of
pigment, reactive diluent, suspension agent, defoamer, flow modifier, flexibilizer, or

flame retardant into the mixture of curing agent and solid.

16.  The method as defined in claim 1, further comprising admixing an adhesion

promoter into the mixture of curing agent and solid.

17. The method as defined in claim 2, wherein the refractory solid comprises one

or both of alumina or boron nitride.

18.  The method as defined in claim 1, wherein the refractory solid is present in an
amount in a range of from about 30 weight percent to about 70 weight percent based

on the total weight of the composition.

19. A cure system produced by the method as defined in claim 1.
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in claim119. 21. The adhesive systemas defined in
claim 20, wherein the curable resin conprises one or
WOoRI®/1epo3y Oor oxirane noeity. 22. The adhesi veCsyst@no12131
as defined in claim20, wherein the adhesive system
has a viscosity at about roomtenperature that is
sufficiently low to enabl e application of the adhesive
20sy stheradhesize systane camprising  gurablerrgsinang ghagwel systern as defined
in nlgi-fl1 w underfill. 23. A cured polyner |ayer
g r%r"si ng the adhesive systemas defined in claim20.
24. A nethod, conprising: dispersing a conpatibilized
21and Thassdhesive dysiefn actdefivied ahi elainnt20, aviereihuthe eurable resin
solution of a low tenperature liquid curing agent and
CORPHIERR OFS iOF PINEC SRIXY OR OXUIFIFIPRINY- t he sol vent is free of
hydr oxyl - groups and the curing agent does not react
22 Uk REn& @l Gitess dFHRY i Blatl 20 SRhMBMR thé BAMsH R ystem has
m xture or solution to forma solvent-free Iiquid
a viicopiéy sli aboubfooputempgratye tihat anshffieienthe toov o smbledappiBation of

T th defi ned i | ai 4, furth i Sj
the PG TR OPETOR W 20 Rpaticd s adP g SRer i ar
adhesi ve system 26. The nethod as defined in claim

2325, A airkdpslyseniyeiSéonthrapiyl thé Aghelive8yiteris @bfihddein claim 20.
adhesi ve systemto a substrate and contacting the

portion with an el ectronic conponent, and curing the
240 dhésMehody COTEHISINE: secure the chip to the substrate.
27. A system conprising: nmeans for securing a chip to

dis@eﬁih%sé EcthatiblBRH 9ndl PhssEHEddNIhABrB&AMIihdG FBANR or solution
andneans for matching the coeffici'ent of thernmal

of exJvein s¢moperaffiret higuid eguingnageneand at lpvoheilivg sedvent,ofvherhim the

sol&?@tgg ?1%82)% ?‘?{5{(’%&1@@8&%2%‘% fle tcﬂr%nggégnlg idggs NS 305t ivs7¢’1th the solid;

and

removing the solvent from the mixture or solution to form a solvent-free liquid

dispersion of curing agent and refractory solid.

25.  The method as defined in claim 24, further comprising mixing the dispersion

with a curable resin to form an adhesive system.

26.  The method as defined in claim 25, further comprising applying a portion of
the adhesive system to a substrate and contacting the portion with an electronic

component, and curing the adhesive system to secure the chip to the substrate.
27. A system, comprising:
means for securing a chip to a substrate;

means for curing the securing means; and
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nmeans.

WO 2006/107793 PCT/US2006/012131

means for matching the coefficient of thermal expansion of the securing means to one
or both of the chip or substrate, wherein the matching means is dispersed in the curing

means.
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