METHOD FOR PRODUCING CURE SYSTEM, ADHESIVE SYSTEM, AND
ELECTRONIC DEVICE CROSS REFERENCE TO RELATED
APPLICATIONS This application claims benefit and priority to U.S.
Provisional patent application Serial No. 60/668651, filed April 5, 2005. The
entire contents of which are hereby incorporated by reference.
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for producing a cure system and for an adhesive system. The invention

includes embodiments th%\r%qgf B}S\fltg[e f\gfé)broducmg an electronic

device. Semiconductor chips may be moun 0 a Substrate in an electronic
device. The mountgfgi?&a not be perfect and air-filled gaps may result
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Because the air gaps may be undesirable, an underfill resin may be used to
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solder bumps in an assembly. To address shortcomings associated with
tratieiIRar¢hais ipRferfill resins, a No- Flow Underfill (NFU) material was
developed. No-Flow Underfill may include a curable resin, such as an epoxy
re@KRARGAYNI2 unfilled, or filled with nano-size filler. The resin filler may
be functionalized colloidal silica. The higher the filler content in the resin, the
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cured resin relative to a.semiconductor chip, Unfortunately, for reasons of
pro¥&SELBRt 5AR HRSRE, i o ddin gy St RHAT 8‘6‘5 s ndightelate
percanhérhtiief erpeudeding ainefaayobe geslkematic. To exacerbate the
situation, after the addition of a curing agent, the final filler loading may be
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no-flow
mounting may not be perfect and air-filled gaps may result between a surface of the

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



1 underfill epoxy resin with filler loading below 30 weight 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 percent, an acceptable level of
processability, transparency, or a desirably high glass transition temperature
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underfill material system having improved or different” properties than are
cuﬁ%‘ﬁfryavailable. It may be desirable to have an apparatus or article
employing a no-flow underfill material system having improved or different
prdpertjebetiesirarie cuhcontiy avdéidblenBRiE RaDESGR I THON A coefficient
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system. The method may include mixing a curing agent that is a low
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refractory solid. The solvent may be free of Hydroxyl-groups and the curing
ag BFPRTESS Ay aEctURRAtkhavadibielin one aspect, the method may further
include mixing the dispersion with a curable resin to form an adhesive
sysiemEH DBEHCRIBTE3Nect, the method may further include applying a portion
of the adhesive system to a substrate and contacting the portion with an
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The method may include mixing a curing agent that is a low temperature liquid and
a finely divided refractory solid. The refractory solid may be non-reactive with the

curing agent.

An embodiment of the invention may provide a method, including dispersing a
compatibilized and passivated refractory solid into a mixture or solution of a low
temperature liquid curing agent and a low boiling solvent, and removing the solvent
from the mixture or solution to form a solvent-free liquid dispersion of curing agent
and refractory solid. The solvent may be free of hydroxyl-groups and the curing

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.



to the substrate. 2 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. DETAILED
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system comprising a compatiblized and passivated refectory solid and a
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emt%ogliml%ants th%t relateT o0 methods of makin a(rﬂd/or u inq the cure system.
o1 the ¢ (():{.Sll sttrate. %matc mn n%eansm c 1ﬁ%)erse 1m he uring means.
In one embodiment, an adhesive s%s em’includes the “cure system
combination with a curable resin. Other embodiments relate to electronic

dellEd S REHRISHGIRE I hesive system. As used herein, cured refers to a

curable composition having reactive groups in which more than half of the
readtevéngeoups heleleearbddimenosshlinkeldiectringcagerystafer®tmasing a
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resin system, such as an epoxy resin. Approximating language, as use
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the va roxyl-tree, roxyl-group free, solvent-free, no-flow, and the

like include a complete absence of the indicated material or property, and
furﬁﬁep§ﬁ€|88rgla, cured refers to a curable composition having reactive groups in

which more than half of the reactive groups have reacted or cross linked; curing
agent refers to a material that may interact with a curable resin to crosslink
monomers in a resin system, such as an epoxy resin. Approximating language, as
used herein throughout the specification and claims, may be applied to modify any
quantitative representation that could permissibly vary without resulting in a change
in the basic function to which it is related. Accordingly, a value modified by a term
or terms, such as “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
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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 3 conjugate acids or salts. Stability, as used herein
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thereof, of active termination sités on the surface of the refractory solid and
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combined with a curable resin to initiate cure of the resin, that is, to crosslink
regctive monomers contained in the resin. Particularly, the com atiblifedd
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an ‘adhesive system. The adhesive system may cure quickly after combining,

MR EFOVREManESABISIASARB S ridlayRBeHEY HAYE apPtdftte
potiife pisssiesialigshalf feiuntihs fwehes HigeRinNg £VERb Qs rhitsUShias
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meltiPRj life that extends for hours or days, or may have an indefinite pot life or
desirable shelf life until a further triggering event occurs, such as the application of

energy to the adhesive system. Such energy may include thermal energy, e-beam

energy, UV light, and the like.

Suitable compatiblized and passivated refectory solid may include a plurality of
particles of one or more metal, metalloid, ceramic, or organic material. Refractory
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
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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
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aluminum, boron, %allium, germanium, silicon, titanium, or an oxide or nitride
the8es, (Sueniusdatlifint, 'emed st ridBrdikhitride, and the like. For ease
of reference, silica may 4 be used as a non-limiting example of a suitable
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from about 5 OH/nm2 to about 1 OH/QmZ, from about 5 C%H/nmz to about
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treatment. A first portion of active surface termination sites may be reacted

with a comEatiinzing e . , ) .
As noted hereinabove, compatibilizing and passivating or capping active termination
sites may be accomplished by, for example, a sequential treatment. A first portion
of active surface termination sites may be reacted with a compatiblizing
composition. A suitable compatiblizing composition may include those disclosed
hereinabove, such as an alkoxysilane having an organic moiety that may be one or
more of acrylate, alkyl, phenyl, cyclohexyloxy, or glycidyl. Of the remaining active

termination sites, a second portion may be reacted with a passivating composition,

such as a silazane or other capping agent as disclosed herein.

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.



composition. A suitable compatiblizing composition may include those
disclosed hereinabove, such as an alkoxysilane having an organic moiety
that may be one or more of acrylate, alkyl, phenyl, cyclohexyloxy, or glycidyl.
Of the remaining active termination sites, a second portion may be reacted
with a passivating composition, such as a silazane or other capping agent as
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precursor to compatlbllzed and passwated colloidal silica may be
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due to the presence of active termination sites on the patrticle surface. For
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content of available hydroxyl or S|Ianol groups. As disclosed above, such
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capping agent for passivation. Suitable capping agents may include one or more of a
triorganosilane, an organodisilazane, organoalkoxysilane, or an organohalosilane
such as organochlorosilane. In one embodiment, the capping agent may include one
or more of hexamethyl disilazane (HMDZ), tetramethyl disilazane, divinyl
tetramethyl disilazane, diphenyl tetramethyl disilazane, N- (trimethyl silyl)
diethylamine, 1- (trimethyl silyl) imidazole, trimethyl chlorosilane, pentamethyl

chloro disiloxane, trimethylmethoxysilane and pentamethyl disiloxane, and the like.

An acid, a base, or a condensation catalyst may be used to promote condensation of,
for example, silanol groups 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.



A compatibilized refectory solid may be further treated or capped with one or
more capping agent for passivation. Suitable capping agents may include
one or more of a triorganosilane, an organodisilazane, organoalkoxysilane,
or an organohalosilane such as organochlorosilane. In one embodiment, the
capping agent may include one or more of hexamethyl disilazane (HMDZ),
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disilazane, N- (trimethyl silyl) dlethy amine, ethyl silyl) imidazole,
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e amount of refect rys present In a cure system may
exsp@@g)édngg Bevpsggent in a cure system in an amount in a range of from about 1

weight percent to about 5 weight percent, from about 5 weight percent to about 10
weight percent, from about 10 weight percent to about 20 weight percent, from
about 20 weight percent to about 30 weight percent, from about 30 weight percent to
about 40 weight percent, from about 40 weight percent to about 50 weight percent,
from about 50 weight percent to about 60 weight percent, or greater than 60 weight

percent.

Suitable refractory solids may have a surface area greater than about 20 square
meters per gram, greater than about 60 square meters per gram, or greater than about
150 square meters per gram. The solid may include a plurality of nano-particles
having an average diameter in a range of from about 1 nanometer to about 100
nanometers. In one embodiment, the refractory solids may have an average particle
size of less than about 1 micrometer to about 500 nanometers, from about 500
nanometers to about 250 nanometers, from about 250 nanometers to about 100

nanometers, from about 100 nanometers to about 50 nanometers, from about 50



percent of the total weight. The refectory solid may be present in a cure
system in an amount greater than about 0.5 weight percent, or in a range of
from about 0.5 weight percent to about 80 weight percent. In one
embodiment, the refectory solid content may be present in a cure system in
an amount in a range of from about 1 weight percent to about 5 weight
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about 50 weight percent to about 60 weight percent, or greater than 60
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be amorphous. Suitable particles may be porous, may be hon-porous, or
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unifeIuin $hane Shiiatnal RYRERNARAHis a flowable liquid in a temperature

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 thermoplastically deform.
A measure of fluidity may be expressed as viscosity, which is the degree to which a
fluid may resist flow under an applied force, as measured by the tangential friction
force per unit area divided by the velocity gradient under conditions of streamline
flow. In one embodiment, the cure system at low temperature may have a
Brookfield viscosity of less than about 1000 Poise, in a range of from 1000 Poise
about to about 100 Poise, from about 100 Poise to about 1000 centipoise, from about
1000 centipoise, or less than about 1000 centipoise. Viscosity may be measured
according to ASTM D-2393-67, which is incorporated herein by reference. The
viscosity may differ from embodiment to embodiment, for example, in response to

changes in filler loading or type, temperature, and selection of curing agent.

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

aromatic anhydride, aliphatic anhydride, or cycloaliphatic anhydride. The curing
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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
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elsius. In one embodiment, the curing agent is a flowable liquid in
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embodiment, the cure System at low temperature may have a Brookfield
V|338§}t§ﬁ’6¥‘1@§§ﬂ§%3’0%‘tﬁ?11@90 Poise, in a range of from 1000 Poise about
to about 100 Poise, from about 100 Poise to about 1000 centipoise, from
abauoni(ioCacbpdipdisenay |lestutizanmabouini@d ot drtipoisentisicolsityphtizatibe

measyiEde a!ECREQAB&ﬁQlf‘%J}MdRa%31%}%211%‘{1%' R InearnRy %&?&jd‘ﬁ{ﬂﬁr%

reference. The viscosity may differ from embodiment to embodiment; for

exanpibalis pdydride t@tréh&ﬁgdéhmaﬂﬂfeﬁ%&@m@ el vesnibrieatt daphg
selgedionpf gier i@&ﬁgﬁﬁéngtﬁt%ﬁ@h@@@rm MReINg LRRRErabike aromatic

anhydrides ma € one orm re a,romat dride, aljphatic
it et ke SRR MR A Sl e
or tyorehcanoxyicaraoiy lanhydrydege whichainéry belskiéictechHydrinl@romualiy-

ca 9 8r8‘ gttﬂlngy% 81‘1&’4 %ﬁéﬁ@ bc?éx! 1%%??2%%% Qie ' like. In one

cycoa hatic car oxy aC|d e. Ca 0X rldes may

prepiedims)tred ceirigna c%%x?l?éf atlelWith-an aé%lh?aﬁée é}eb%lrt?ﬁm}dré{ﬁng
a GaKPeXYHE diyl) bis [hexahydro -4,7- methanoisobenzofuran -1,3- dione]

(TriSNBA), which is commercially available from GE Silicones (Waterford, New
York).

In one embodiment, a curing agent may include one or more of 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- or n- octenyl succinic anhydride; 2- phenylglutaric anhydride;
propionic acid anhydride; 3,3- tetramethylene glutaric anhydride; derivatives

thereof; and the like.



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;
naghifiaic aayiicsi e taRNY QRDIRAIS ABNGIHe:Asrivatives thereof; and
the like. In one embodiment, a cufing agent may include one or more
aromatic carboxylic acid anhydrides. Cycloaliphatic anhydrides may include
one or more gfcycCtetiexane dicarboxylic anhydride, hexahydro phthalic
anhydride, mathyl- hgxahydro phthalic anhyd+id derivatives
thereof, and the like. In one embodiment, a cufjng agg#nt may include 5,5'-
(1,1,3,3,5,- hexamethyl -1,5- trisiloxane diyl) his [hexahydro -4,7-

methanoi obenzofurar& -1,3- dione] (TriSNBA), which is commercially
availablgt%‘élr(ﬁcéglgﬁlﬁlc:gnes (Waterford, NewpidiREkkiinamngiggbodiment, a
curing agent may include one or more of butanoic anhydride; dodecenyl
succinic anhydride; 2,2- dimethyl glutaric anhydride; ethanoic anhydride;
glutaric anhydride; hexafluoro glutaric acid anhydride; itaconic anhydride;
tetr enylsuccinic anhydride; maleic anhydride; 2- methyl glutaric
anhydride; 2- methyl propionic anhydride 1,2- cyclohexane dicarboxylic
anhydridé; octadecyl succinic anhydride;. 2--0rn- oetenyl.suecipic anhydride;

2- phenyliglutaric anhydride; propionic acid anhxﬁride 3- tetramethylene
glutaric a Fide; derjratives thereof; and the like. 9 Structures of some
other suitable aphyd ' shown below. lot yy~--

o

butanoic anhydride

benzoic anhydride

1,2- cyclohexanedicarboxylic anhydride 2- methyl propionic anhydride
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ethanoic anhydride propionic acid anhydride c-o butanoic anhydride benzoic
anhydride 0 VO3 0 o\ 0 1,2- cyclohexanedicarboxylic anhydride 2- methyl
propionic anhydride 100, 00 0. 0 0 maleic anhydride n-octenyl succinic
anhydride m oo 00 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
embodimgnt, the resin may have a filler pre-

Y
O,
o} o]
O\-\

maleic anhydride
n-octenyl succinic anhydride

S \_/I_/_>

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
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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,

d'%Y%‘El)él&éﬁ@fdl%x‘}aéo%%&M&&W&'Hﬁdﬁ&@e&%ﬁ%e&ﬁ&'YPOhdAEJXIQé%l

ether, and dipentene dioxide, and the like. Suit aliphatic epox

mahekady] R indeld Siecbremshglyeidst BlieidRindiRsiRigedioxide, and the

dlﬂllﬁéhymﬁﬂtaﬂe dipxisiendiglycidy| gihiericl, doutaaediohghighycigyl ethidide
dle yl ether,.o ente dioxide, a dth like..In one
ik S AR e T G e
U\,(Mﬁla@ﬁ Mlmhtgas)commermally available from Dow Chemlcal (Midland,
Michigan). Suitable cycloaliphatic epoxy resins may include one or more of 3-

Cy@lﬁmﬂ%@;aylzléﬁﬂﬂﬂﬂic%@b@@&?%ﬁﬂ‘»d}ﬁaf&l@d’égéﬁ@ di‘aﬂ%dﬁ 2- dy?m%&sa@m)l
CyCIO 55 C exane -m- dlox -e one
R e S N S e e e e B e
meth§leiBdy) eparghedametiny| d:t}atxmlhe&&n@MWlatexylnMcmhemney
d'Oﬁ%h&ﬁn@c‘&rﬁthe%%%ﬁ&g& methyl )lﬁdapa%etz (ﬁeﬂqyﬂ)%y 'ﬁ'%%‘eéhy'

cyclohexyl methyl) ddipate; hi 3- epoxy cyclopen yI ) ether; 2

(2, Btewbxyy%dwy%yﬁmwwepf@ﬂé!néyglﬁleh@f(z@%%xwré%@poxy
CYQWI@%MyiQan%@})a?eGb@@@ 3p&43m@l Iﬁém&yhe@ébgrﬂﬁﬂmﬂaglmtéyl
I|nole|c acid dlm(%r I|monen(a2 510)0 % bis (3,4- e xy cyégohexyl)
Sa AR SERRTIRY §1B%iue: oxy =6- @3¢ é’b PrépoRYT!
hepﬁiwdeo 24; Himethagmindangopy (23elepgky)-aliolopentylopheny3-2;@xy
epﬁ?%%%%‘?ﬂo%%%[ %?src?d}?é Bf 85’%8?&“%”&’ dlélle@ FROXY DAL 5.
anoindane; (2,3~ epoxy) cyclopentyl p eny 3- epoxy propy1

etHféff) (3142epoxy cyclohexyl) propane; dicyclopentadiene d10x1de 1,2-epoxy -6- (2,3-
epoxy propoxy) hexahydro -4,7- methanoindane; p- (2,3- epoxy) cyclopentyl phenyl
-2,3- epoxypropyl ether; 1- (2,3- epoxy propoxy) phenyl -5,6- epoxy hexahydro -
4,7- methanoindane; (2,3- epoxy) cyclopentyl phenyl -2,3- epoxy propyl ether); 1,2-
bis (5- (1,2- epoxy) -4,7- hexahydro methano indanoxyl) ethane; cyclopentenyl
phenyl glycidyl ether; cyclohexane diol diglycidyl ether; diglycidyl
hexahydrophthalate; and 3- cyclohexenyl methyl -3- cyclohexenyl carboxylate
diepoxide; and the like. In one embodiment, a cycloaliphatic epoxy monomer may
include one or more 3- cyclohexenyl methyl -3- cyclohexenyl carboxylate
diepoxide, 3- (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
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bis (5- (1,2- epoxy) -4,7- hexahydro methano indanoxyl) ethane;
cyclopentenyl phenyl glycidyl ether; cyclohexane diol diglycidyl ether;
diglycidyl hexahydrophthalate; and 3- cyclohexenyl methyl -3- cyclohexenyl
carboxylate diepoxide; and the like. In one embodiment, a cycloaliphatic
epoxy monomer may include one or more 3- cyclohexenyl methyl -3-

Cy%@ﬂl@,xg eﬁ@fl%%xga@sﬂ@m%%l%pgx 'r&ﬂg),(_yl,@thxﬁ)ﬁZﬁyl epoxy resins,
oxabicycloheptane; héxanedioic acid, his (7- oxabicyclo heptyl methyl) ester;
2- prlybyagsiegel GRept resis) doprybrazengtissddesrgsorsinob dihicivisheptide;
and-rpe iy Bpfle 8P Xy kY CIoMexaneeashipitatesianthathedikge Sutaiiepoxy
aromatic e axy resins may incluge one pr.more of bi%ghenoI-A e o>§1¥ reg{ns,
s1lox - ailable

. resins a ane € O-)r(.?/ S|ns. lﬂ) en resins may. commerica \}/
bisphenol-F epoxy resins, phnenol rfovolac epoxy resins, cresol-novolac epoxy

12 fresirks;sbiptenbBt poance Sirndnbiptitebl e fokyradsins, 4,4'- biphenyl epoxy
resins, polyfunctional epoxy resins, divinylbenzene dioxide, resorcinol
digd)ﬁiikslll@lgaaailﬁm ﬁagwidwoﬁk&ﬁt\éhgly?dué atRer . Joitien Sﬂiiﬁé)'@/ﬁ%‘ﬁhf,}ﬁhe
may include silicone-epoxy resins and siloxane epoxy. resins. Bisphenol-F
oA 5 LI Y AU B or MBS DS ISl on or
Prqmtuctsa_(ﬁlmﬁbk@p@ﬁb@dﬂéxiﬁiﬁd@p&la&dddﬂiye@maydﬂadmoqsmm@d genthe
resin.PRAN of H]g&&fﬁ?%ﬁl?ﬁlyc95'&91&9%”fiﬁ&{“&@ﬁéﬁiﬁrsé/&ﬁﬁ@n%, both.

Suitable additives'may include one or more catalyst, accelerator, flexibilizer,
catbiior brisnlatardel slespentivihadeit flerratdridatkdigment, thermally
conductive filler, electrically conductive filler, thermally insulative filler,
elestsigalbleinsulativer fillefleandr thheylilkétiAe suitakiBntaiglysicossasceleratoruray
it 8,CESRIOKIG.PIAGESS BRESISTAIC SUIR MG QL ARRIGASACHIG I T
temperature of an adhesive system. A catalyst or accelérator may be

presepleipt A b ATasS tham ApOUt 1o s ghevhiiflistittopsinmiliion @Rige
of {rom-About ABRRRIIP1ARPME ORI ARIHLEOR PO Emabastf-d.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.

A suitable catalyst or an accelerator may include, but is not limited to, an onium
catalyst or a free-radical generating compound. Suitable onium catalysts may
include bisaryliodonium salts (e.g. bis (dodecyl phenyl) iodonium hexafluoro
antimonate, (octyl oxyphenyl phenyl) iodonium hexafluoro antimonate, bisaryl
iodonium tetrakis (penta fluorophenyl) borate), triaryl sulphonium salts, and
combinations of two or more thereof. Suitable free-radical generating compounds
may include one or more aromatic pinacols, benzoinalkyl ethers, organic peroxides,
and the like. The presence of a free radical generating compound may enable

decomposition 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
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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. A
suitable catalyst or an accelerator may include, but is not limited to, an onium
catalyst or a free-radical generating compound. Suitable onium catalysts may
include bisaryliodonium salts (e.g. his (dodecyl phenyl) iodonium hexafluoro

antmonRG Q58 Leasphenulipheay)) ade Bium B e AL Y BRRBHRI LSRNy
iodonium tetrakis (penta qupr_ophenyI} borate), triaryl sulphonium salts, and
corfBitiRiohRedTiREcBICAT B itHereBP St by W%‘é‘%écfﬂfeﬂxégw&v&iﬂ?gor more
coapRLnds oMU ClLES Qe pEURQYerargN atit piacsl pobenzaiadipaihers,

or%%ﬂiﬁlgiroxid S, angl the like. The presence of a free radii:u%l gx?neratir\:\(f);(Jaer

coMpotnd May eifabfs HECSHRoaEh B BRI St PtV o
tenpedatatacynlon@.éMbodimendtcancatalydther st acCeleratorazaydoetaided
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include one or more amine; alkyl-substituted imidazole; imidazolium salt;
ph8SPhifeed Thetal Sait, Bekk @& Ti% aluinihdhi2aedsAtintetnnite Prtadk sy Byt
salbQtmibrogeryeantainirg ICompAL By sthe)ikeicE henpitTogen-sertgiining

compound nclude, for example, one qr more, ami ompounds, di-aza
RN SR R R R (e
of afniiodendeonntamingheontpburatniallénclwde Promepdamnple  Other suitable
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compounds may be obtained commercially, for example, as POLYCAT SA-1
or oY apdlamiedPIBEINCAT SA-1 is a delayed-action, heat-activated
catalyst based on the cyclic amine, 1,8 diaza- bicyclo (5,4,0) undec -ene- 7.
POAXMEiAds SAchlac Gatdbilsz 88 thoatatysicand anmsganigaaciddtbleckes having
POLY Gk B A dIafematkied AL FIBAURLS Al ICAlSITC AN ISPIRND. of
Peanngy@a?{lﬁac). Ogtlﬁ}ag]s%ﬁtgb e cagat ysts ma;l/%lecg;%%g{r%ﬁgnyl phosp ine

(T PPy oNomeR iR aF et hW Maheetraight 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- hexane diol; dimethanol decalin, dimethanol bicyclo octane; 1,4- cyclohexane
dimethanol; triethylene glycol; and 1,10- decane diol. In one embodiment, an
alcohol may include 3- ethyl -3- hydroxymethyl oxetane (commercially available as

UVR6000 from Dow Chemicals (Midland, Michigan)).

Suitable bisphenols may include one or more dihydroxy-substituted aromatic
hydrocarbon. In one embodiment, a dihydroxy-substituted 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;
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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

po ti ohgl I rmore. ne glycel: ylene
g|y%éﬁ;@§,239§?§é?h§?i%§?}%%%ﬁ§%e%ﬁ?§? o ot
1
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octane; 1,4- cyclohexane dimethanol; triethylepe glycol; and 1,10- decan
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dihydroxy-substituted aromatic hydrocarbon.’In oné embodiment, a
ditytheky dkystiRied sdsrmatiiebnipdubtiitay include one or more of 4,4
(3,3,5- trimethyl cyclohexylidene)- diphenol; 2,2- his (4- hydroxyphenyl)
profané:(Hisphenct A))2s2- his (e hytikskyphenyljmethanete (bisphieriols)o
2,25 U8 e P i i ety Bhem JRIRRARGY 2k 7 AB%ARRYsity of the
diphenylmethane; his (2- hydroxyphéenyl) methane; his (4- hydroxyphenyl)
metREe BUS15I8-(4S TR PR fiitHbsHEN I MIBE e ; thifs 8- 1 dliaiiAd 206-
il i?sﬁyyzéyaaglm%ypgevmmplms%&mﬁl ;xaﬁa-(ﬁ@ﬁzc(gm%yﬂ{gw%h&laylflaighap&ay
,1- his (4- hydroxyl - 2- chlorophenyl ethane; 2,2- his (3- phenyl -4-
hy Y6 HERYT BroSHABCHIE! &fstl yPIFSAYBY LIS AN Sridtghe %5 his
(4-Orychr didyipire mydy ifelpdemylprbpatien 2 cheki2s- dedrahyeinpodh3s3o8taining at
tetramethyl.l'-spirehi (1H- inde T ene- s (4- hydroxyl -3-
o ot e ey Bgarec E A TR

andlkpib qgagvatives 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, which is commercially available as UVR6000 from Dow Chemical

(Midland, Michigan).

A suitable flame retardant may include one or more material that contains
phosphorus, iron, halogen, oxide, or hydroxide. In one embodiment, a flame
retardant additive may include phosphoramide, triphenyl phosphate (TPP),
resorcinol diphosphate (RDP), bisphenol A disphosphate (BPA-DP), organic
phosphine oxide, halogenated resin (e.g., tetrabromobisphenol A), metal oxide (e.g.

bismuth oxide), metal hydroxide (e.g., MgOH), and combinations of two or more
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A suitable organic diluent may be added to an adhesive system according to
embodiments of the 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-I-cyclohexane diepoxide, and di
(beta- (3,4- epoxy cyclohexyl) ethyl) tetramethyl disiloxane, or combinations

Of PQBF MOLGNE5RInAREI GRS BARYOINGUIRS MRARMNGHANRERANIES

and/or compounds containing at least one epoxy functionality. Such diluents
md?ei‘i’?f,‘l%}&e but are not limited to, alkyl derivatives of phenol glycidyl ethers
such as 3- (2- nonylphenyloxy) -1,2- epoxy propane or 3- (4- nonylphenyloxy)
1,2nepoxynproparet, glycidysethversiofy leeprotisath Stitutedophien ol stiehtary 2-

mes%]}/dm@%o'& m&my lal}ﬁf“%n%g gél?&’ﬁ?#&eé‘%@emw%%@'séiation. A

butylphenol, 3- octylphenadl, 4- octylphenol, 4 -t- butylphenol, 4
ph@ﬁ&ﬂbﬁéﬁ&eﬁﬁeﬁwﬁk\%gfM%ﬁwbﬁrﬂ%%w?é%r 8 ff@TIRYIenS Bhygol

emh@tdynembrth&efﬁacw@eddueylémayup&atd@ﬁ athyl3-hydexyoethyid the
gj ne, which is commercially available as UVR6000 from Dow Chemical

(Mi Smd Michigan). A suitable flame retardant may include one or more

material that contains phosphorus, iron, halogen, oxide, or hydroxide. In one

embliirisntlispepsion: Vethtagt HYdMEPhAYI AR dEHSSphSHtHlse solvent
tri nla@iﬂyhpﬁi@%hma@laamder@ﬁ@éﬁm&i RhQsphate Mbr&gﬁﬁleembﬁnhze

dis hos hate é%gA DE; anlc phoz)pgnne o ide, halogenated resin (e.
teBbGhTis ndtat SR (o) B AT AR
(e.sp]veig Gitdiny a]mjchqmnbmmtldlﬁa(ﬁummmﬂof‘muﬂ,mmrﬁoﬁuﬁinmaﬂnml pighvent
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|ment a cure system may be p ydispersion of refractory
sofiegetg. @@ﬁﬂﬂéﬂ%q@: isPbihd g EHedieMa soImeiat s fhatid SBUEBTCTA

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 additives or flow-modifiers, control over working pressure,

use of sonic vibrations, and the like.

The adhesive system according to embodiments of the invention may be used in an
electronic device. In one embodiment, the adhesive system may be used as an
underfill material, such as a no-flow underfill, in a flip chip assembly to secure a

chip to a substrate. The adhesive system may exhibit one or more of: prolonged
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suitable solvent may include a hydroxyl-group free solvent, such as
propylene glycol methyl ether acetate, toluene, xylene, supercritical fluid
(e.g., SCF CO02), 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 RRHR AYREHSCABREXHAGHBI EMRYS ‘i’lu§ﬂl§?£ﬂdf (PP B BP ROl

a supercritical fluid, such as supercritical carbon dioxide, is used, room
terRIRABNGRe REHPD S8 et RRMHE sifffe At s raifovis thas sEtvesigmple, an
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accordirrltg to.an .erﬁq[lt])(?diment of the iu%/tintiom etl)e recovered angétore )

In Bh& eemeﬁég?ﬁnlél a @3Fe°§yr§l em fufther may be ke With & Rlifa ?e Yesin

to fdlmngprcadnwider%a@pﬁcﬁmlreiﬂmi@a@lifi_nsivbf)syif&derglayslrm@la), a
ﬂo‘ﬁ’@ﬁ 'ﬁe%d%@fﬁ’ﬂ'%%‘ﬁ&%ﬁiﬁ! {AnaP E%Q%‘H{i@m%igﬂﬁdcﬁl’tﬁ%fﬁ?en'c:fﬁ{] 2

no-flow underfill application, the viscosity may be such to allow flow of't
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or mefﬁcdndngMhhgxmnsjumtsvbﬁreﬁaq@_fylwl @sﬂd@hmndéﬁh ,iammmgtgonﬁf
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and/or cure system, temperature, the presence or amount of additives or
f|o@pﬁ%/86hfrérri:j~s(§dhwbﬁb%r Romivigpredasiabodanest ssniciablatdifgl dnlsr

thadilsen o beAdhasive SYSIRTRGRIEEHh R £p e gitNe k> @f 308 VRN nt

n an. electronic device. | e@}bodiment, the adh$§ive .

may %t.? useqbi n %?e

sySeT by he' EieBh B GR MO8 A HEEH AP HE A N BN indeiiteH a
flippehignassemblyrtthsecbivet d0chigicto pestdnstralbde Tinengdhiegivecsystememay
EX%P'L&'%?%?&Q‘?&%P&P'@BJ@J%%%@H&Q ' ﬁgf;@%tﬁgaeﬁragwg ARy desirallss
solder balt fluxing, and a coefficient of therma

transition temperature (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.

In one embodiment, an adhesive system may be a no-flow underfill, a capillary flow
underfill, a wafer level underfill, a thermal interface material (TIM), and/or pre-
applied and optionally B-staged on a substrate, and may be dispensable and have
utility in the fabrication of an electronic device, such as a computer, an optical
device, or a semiconductor assembly. As an underfill material or encapsulant, the

adhesive system may reinforce physical, mechanical, and electrical properties of
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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

relaiiuenbliaR. QRHCALY RBSRAE MY, A STRAHMERBE the INVeNliANTRYn g

provide a no-flow underfill material having a coefficient of thermal expansion,
whietPEEPIPfé4R2than 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
abdlat 3O pmd i Amgemiyodirentdinpgneingble anfindllfikerajsaingohgreacer

thap.30,weight BEresNbAIANGE RIVRMAPPL RO WEIONNRE G5 M I ARIHAS0

weight percent, from about 40 weight percent to about 50 weight” percent, or
greHEsAvaoti BovAdsHHt sBreRM ANl Rfaint¥HifidOisk WrsEHENST agy
aceepiableiipyvelind RracansaRilithali s AERBfePbe slesiiahly ihighdiasfial

transition temperature (Tg). Processahility relates to properties that may
incME Mg OrEENy, CEeD e, Bk, VRS b AREny e
pergenttivoid, Adhelbtifelcuredifiey corerfédmpispatisnes Breditiderfikenaterial may
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of electromagnetic radiation through a pre-determined thickness of material

withisurisaée radsrell strisatid o flefdutiomdrarsonnistieahasehipadaditionl. or

terpgaturesselaies tepmdnflgrtianiroinbseii@ plot of modulus versus
temperature. The Tg indicates a temperature range above which a material

may, 8%9%9)%&%1%@#? %9581'1@3%04&8&159 ¥§%§Q&E&%‘E‘Q & H9id RO Siate
toaru bery or softened state. In one € odiment, an adhesive system may
beaHayfiRedntiekills AchpiliadpVibehtunteefinva onsfer |elestigndeel caergy.

thermahdnteefags: matesiah&iie@ndor Rrenaneligd ancd-optiopally B-sagsd
on a substrate, and mz%]y be dispensable and haye utiIitf)r/ in the fabrication of

an ‘BB HelRiEe s GERHS 18 LR degrr Sstitigtus. from about T00 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
process (during a reflow) may be in a range of from about 3 minutes to about 10

minutes.

Optional post-curing may be performed at a temperature of less than 100 degrees
Celsius, in a range of from about 100 degrees Celsius to about 150 degrees Celsius,

or greater than about 150 degrees Celsius, over a period of less than one hour, in a
18



device, or a semiconductor assembly. As an underfill material or encapsulant,
the adhesive system may reinforce physical, mechanical, and electrical
properties of 17 solder bumps that may secure a chip to a substrate, and/or
may act as flux during solder bump melting. No-flow underfilling may include
dispensing an underfill encapsulant material on the substrate or

semicRNAUEiar ARYICE RN REIBBITUNG SQIdRIPUmP FAfloWiNe 4 HBaW ARGl

with underfill encapsulant curing. Wafer leve underfilling ma\{ include
dispenYRgr UHHAPRIPRTARYRRBNES the FATRT HEIEAE AiEAgLinto PRI 00

ch mb%ﬂ&at@é&subswme ey dagiepiactismihe inalsiidator eryia fHpachip bRt
opﬁrﬁtlon ternatlve to no- flow lénderflll di ensm tg{ underflll mate |aI

may" Mclude appiving RS BERS ngf‘éro fedsthe & cflé'e of

a cheipstaddidlieleirgcthe alppjma‘tibrrmm tarHowtdy. caplllary action under the
chip to fill all, or nearly all, gaps between the chip and the substrate. In one

e mmmmgmaa hesive @Mdﬁ&@@ﬁ&gd&fﬁsmﬁ&mﬂ ﬂ'ﬁklvﬁﬂﬁﬁfbmﬁl‘zi)be
ener cured, s S at UV t microwav electron peen
o e S S P P e S R S
beﬁmmcrang endfofiiornaboutSey slegrens Celsiusderbdytol @didegresboxylic
Ceis, 19 Abou} A0SR Colat, Ui AR CESIEER GElpiysyfrom

about 200 degrees Celsilis to about 250 degrees Celsius, or greater than
ab6URPPBDAgeRreBsyCIIBARCIEaNed ST mfdé?fﬁystm%w%ﬁfbé%ﬁw% % a

range&h E&H@a@&%li&&i@%ﬁ&ﬁﬁa&ﬁﬁﬁ%g@iﬁmﬁ@ Reiphdiiesiestiosaldandto
aboé ‘j E? es. Celsius for Sn/Pb eutectic solder and from about 230
de§rES TSR 1Y B B IEHSY Tl Eat AU R ¥8MESY-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

EXAMPLES

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. The cooled mixture has 600 grams of methoxypropanol added while
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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) may be in a range of from about 3 minutes to
about 10 minutes. Optional post-curing may be performed at a temperature
of less than 100 degrees Celsius, in a range of from about 100 degrees
Celsius to about 150 degrees Celsius, or greater than about 150 degrees

Celsils OVRIIARASIRAIOTHERSNAN OB RO PFodBs@ rd BFRIGBPELTRIN ARG e

hour to about 4 hours, or greater than about 4 hours. For no- flow underfill,

theBistuRy ntsiehle atistemsHuratisdarias (AAYEPEP idrmddeb e 100 teepets
Celsinstoiahauindfadea eemiselsiesnaxeraipasieughianxabowtibiaiabput
4 hours. Other times, temperatures and pressures, for curing and post-cuying
) B SIS R SETGTen B0 Ab MR o B e AT e SR ol
enﬂwdhmé_np,rwgm @mﬂn@bgkeﬁﬁgnam@nmoummm_zwémmmne
Map RISt SxrRAtAY Ak aliRYid HNo@esRLARG GasRAtRIZEH8Cs 300

passivated silica. In another embodiment, a cure system may consist
es€ERERRY Ytlatile tiel Eu skiiereseid Bnbigdtite? et myragd rromapriiblized and
compaitibléaecooe|loid sl BiiGaeaterhWith solcappingagenkibhyptraaatherhe
embodiment, a cure syst ay copsist essentially of a.room temperature
QLA ARt SEEr G Conp NS SHL Bl AREd Bofontal
silivedaviiieaabarodsidesad erage partigleadidmdtem BEXANMPLE $heldifference
followingexamples Aenicaned aplvcfo dusirate,memads ancssmpodinents
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.

TABLE 1 — Ingredient list for compatiblized and passivated solids (Sample 1A)

INGREDIENT AMOUNT (g)
Snowtex-ZL
Snowtex-ZL 80 nm particles, Conc. OH = 5/nm?> 300
IPA 300
Ph(OMe);Si 2
Methoxypropanol 600
HMDZ 6
PGMEA 300
Yield 215
Solids 29.10%
Appearance white liquid
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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)3Si) is added to the
mixture. The resulting mixture is refluxed for three hours. After reflux, the
mixture is cooled to room temperature. The cooled mixture has 600 grams of
mROXPIARN Gk AR NN S mpdnGprpli npr QY B A SLRRIO
process removes 600 grams of volatile material, by weight. Hexamethyl
disTRIBBHE g B Rassiyeisd 19l stripped mixture in an amount of 6 grams.
The mixture is thoroughly mixed, refluxed for 1 hour at elevated temperature,
andtthenmsprippléct doueD pagranaisdt otdloide] ginfic 3 00 tgralmprodymipyl dhe ghyedl

matbhler aaetaler Irgiethaey-2iageioyPronaRa (REMELL'S e,
and mixed thoroughly. The resulting mixture is stripped of 300 grams of
vorasiexibeighy divatiheie anirylidreloi BB gratng of Ebmpadlizetrasehy! -
pas,sdvaﬁeﬁl@ﬁ&l@il dailyq?'li@@l rmﬁéeﬂ@ldli*@vimgseﬂi@tﬁa%%ab%ﬁzmigﬁt n%cembg]she
recQVvi sample is laheled Sample IA. An ingredient list is shown in Table
P e b st LS e s B adbaS Torkh S 18 ng
difteremeecibéyny dhatlsitisarh avapgratoraa i degpastiCidsgize RIta ampoathves

thap, 80,0 538 hm! APEEh '1!:“%%%%E‘ﬂi&&s‘?%&%@P&%@?Iﬁ&%@. An
passivated solids (Sample 1A) INGREDIENT AMOUNT (g) Snowtex-ZL

Sningediert lisbfpmihssitieles OB ONGHRSAH2 BT T R BRD S PHEO MBS 2
MeghaxyRROP4IOI60Q  HMBYZ,6RG@MEAS 3R0Samples 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.

TABLE 2 — Ingredient list for cure systems containing Samples 1A and 1B).

Sample 2 Sample 3 Sample 4
35 35

Sample 1A
(80 nm ave size)

Sample 1B
(50 nm ave size)
MHHPA 10 - 10
TrisNBA/MHHPA 10
(40/60 ratio)

37.3

TABLE 3 — Properties for cure systems (Samples 2-3) that contain Samples 1A and
1B.

Sample 2 Sample 3 Sample 4
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Yield 215 Solids 29.10% Appearance white liquid 20 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 IA and 1B) are added to liquid anhydride
materials methylhexahydrophthalic anhydride (MHHPA) and 5,5- (1,1,3,3,5,-

heW trisiftoxane diyl) n|§ fexahydgro llfovgnet rgns BEnZofuran
-1,3- dione| (TriSNBA) to form [Samiples 2-4. ‘:an‘rn es 2-4 vaporated
usfMgsa commercially available rotaBPdvaporator 3090 degrees2Beélsius|
Rotaty, exaporators may be obtained fpm, fo[ exarggie, Thomasgndustries,
Inc._(Skokie, lllinais). An ingredient list for thel cure systems containing
coMpatiblizednaingipassivated silica i908hown jin TaB# 2. A list #Properties
forthe Samples 2-4 shown in Table ZiS shown is Table 3. The viscosity
measurements are performed with SP # 40 at 10 _rpm, and the results are in
cefitiOBLEine¥y! dtierikhfuicAtanartam ¢ thFﬁ’dFeEWé‘i‘?ﬂ?s%rlBEﬂr‘e’e a
sysiems aemtaining Samples 1A and 1B). Sample 2 Sample 3 Sample 4
Sample 1A 35 35 - (80 nm ave size) Sample 1B (50 nm ave size) 37.3

MHP A} Rarid OaidKisMBAINMIIRRA ThERAGOIEP i8R 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 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. Viscosity is performed with spindle #40 at 20 rpm at room temperature, the

results are in centipoise.

TABLE 4 — Ingredient list for adhesive systems (Sample 5 and Sample 6) that each

include a curable resin and a cure system.

INGREDIENT Sample 5 Sample 6
Base Resin 1 5 5
Sample 2 4.07 -
Sample 3 - 5
UV R6000 0.2 0.2




TABLE 3 - Properties for cure systems (Samples 2-3) that contain Samples
1A and 113. Sample 2 Sample 3 Sample 4 21 Appearance yellow 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 UVﬁ)glJng:[ §Abhended W|h Blmol Fe pox;br@ﬁ@ in a;75/25
ratio to form a ba R6000 he base
resin to form a mixture. A cure catalyst POLYCAT SA-1, is added to the
mlmyﬁgf@a%{@ﬁuasandf@{lldgﬁgsmefg)}yg{bﬁscatalyzed mixture. The catalyzed
mixture is-blended with 60 weight percent of a cure system {Qa_;pﬁjgg 2 or 3)
at room temperature ﬁsapprommately 10 %%fﬁﬁlf'eg to f[drmséﬂl esive
system (Barples suakdbogspectively). Afterwdich, each agthigsive system
(Samples 5 and 6) is degassed at relatively high vacuum at room
temperaig Jaf2Qontipuies. Samples|5 andi§gare stored abpggative 40
degrees|Celsius. For test and evaluation, Samples 5 and 6 are applied to a
chip andfo¥'Sibstrate. The chip and substrat& are set togest%ér to form an
assemb ygmmatpnergy is applied to curesthe adheswe systems $amples
5 and 6. festresylts-are Jisted-in—Table-5-Viseosity-isp performe a-with spindle
#40 at 2§rpm at ?Qg n? erature, the resé Solare in centlpc? e. TABLE 4 -
IngrediemdSptak atbesive systems (Sample Btand Sample B)sthat each

include zm@?@wﬂ—a—eﬁe@yﬁem 644 1547

DSC H (J/g) 199.0 168.8
DSC Tg (°C) 123.5 147.0

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 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
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INGREDIENT Sample 5 Sample 6 Base Resin 155 Sample 2 4.07 -
Sample 3-5 UV R6000 0.2 0.2 22 Polycat SA-1 0.0188 0.0216 TABLES -
Properties list for adhesive systems. Test Sample 5 Sample 6 Fluxing of
eutectic solder Good Good Viscosity (centipoise) 4880 29700 % solids 53%
52% Tg TMA (C) 138.0 154.0 CTE-20 - 80 (ppm/C) 36.0 39.0 DSC peak
(Chedt4 &élol;?%plﬁgﬂﬂ 9%9%1?&@%&%%& DGt AEH/ R LORPLESRere
DSC Tg (C) 123.5 147.0 The foregoing examples are merely illustrative,
seRﬂﬁ%giﬁ inbstrarsTehRY SBhi@RS f%é C%H‘Eﬁres 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 phrases of varying and differing extent
such as for example, but
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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
whese, pessihle lpg.construed to be covered by the appended claims. It is
also anticipated that advances in science and technology will make
eqlllivglent a#qdfsu%stitutions osstible that are not now contemplated by
reason 23 of the” fr%ﬁlrcené?’s?ocrlf Sof Pésneé{ljacé)én nd ¥ese variations should also be
construed whiereg pessiigegenbthaoyeriod ynthe appdrydebacthiniec R4lWhed is
claipage iy Lok Ao flRBAUEINESGE SHRIR R0 ORRIFING: FIPIE.R

curing agent that is a low temperature liquid and a finely divided refractory
sofitraRershPHE Btiie HASTBF %A cfide tBRFAIR oS [sne e ARlit) itand et ethan
abquihqHReusagaemanometer and, wherein the refractory solid is
non-reactive with the curing agent. 2. The method as defined in claim 1,
wherein the refractory solid is compatiblized and passivated. 3. The method
as 2efinethémhaotband2finedenaihithd cubirgiadgent Tarnpyisesdan campyilrlded4.
Thgngllgzmg‘qdéadefined in claim 3, wherein the anhydride comprises one or
more aromatic carboxylic acid anhydride, aliphatic carboxylic acid anhydride,
cycloaliphatic carboxylic acid anhydride, or siloxane dianhydride. 5. The

methqd g driingdastiataim Sahereiniie aehydhdecamiprgpaqng or more
of benzd?{geanhydride; phthalic anhydride; hexahydro phthalic anhydride;
m dride.

4. The method as defined in claim 3, wherein the anhydride comprises one or more
aromatic carboxylic acid anhydride, aliphatic carboxylic acid anhydride,

cycloaliphatic carboxylic acid anhydride, or siloxane dianhydride.

5. The method 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.



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;
itagorig ANMYdHde udGiARFARGRY IsUsRinin anride. maleic aphydride; 2-
methyl glutaric anhydride; 2- methyl propionic anhydride 1,2- cyclohexane
didammf‘a}ﬁwaﬂé%?faeﬁaa@éﬁb%d&&@%ﬁﬁ,&ﬁkﬁé{sz-octenw succinic
anhydride; n-octenyl succinic anhydride; 2- phenylglutaric anhydride;
prapignic acid anhydride; .3,3- tetramethylene glutaric anhydride: or
oA E e T M B AR SRS e e
cutimgpagent is a tiggidodlcas tbapleratGfeliz@asfigeiof 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
Cebsiddeanetprd pretpidrr & ¢étinet Mhersime, Hrsgsiermé dditvddagent is a
liquichpéraniemneratb @ ifrdnianee o tosrahoutidWesraesselsiss trishout
35 degrees Celsius. 9. The method as defined in claim 1, wherein the
refractory solid comprises silica. 10. The method as defined in claim 9,
wherdihethetbilitas cefnprdsesigilicd, pdrticleshe Tdfrddie ynetilosagrdesindidan
claim 9, wherein the silica particles have an average particle size that is
nano-scale. 12. The method as defined in claim 11, wherein the silica
pakiclddhmghehavisfigd ipaitiand siketeiaths mlisaraproriedictHatislsout
100 nanometers. 13. The method as defined in claim 1, further comprising
admixing a catalyst or.an_accelerator intq the mjxture of curing agent and
iy e s e S .

or maielofize that is nano-scale.

12. The method as defined in claim 11, wherein the silica particles have an average

particle size that is in a range of less than about 100 nanometers.

13. The method as defined in claim 1, further comprising admixing a catalyst or an

accelerator into the mixture of curing agent and solid.
14. 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.

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

promoter into the mixture of curing agent and solid.
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pigment, reactive diluent, suspension agent, defoamer, flow modifier,
flexibilizer, or flame retardant into the mixture of curing agent and solid. 15.
The method as defined in claim 1, further comprising admixing an adhesion
promoter into the mixture of curing agent and solid. 26 16. The method as
defined in claim 2, wherein the refractory solid comprises one or both of

alupging, QR0 ARG fr Jﬁ%@ﬂﬂﬂ%lﬁﬁ&%f}?&&?%@ﬁ‘c& Rereindhe

refractory solid is present in an amount in a range of from about 30 weight
peP@é%P{é lupiRA AP Nt rcent based on the total weight of the
composition. 18. A cure system produced by the method as defined in claim
1. # ésp adh sve .CO %sl%a cur; blefrestin and.the cure sy stem as
de  CTaIm ﬁ%ca Sive %rﬁl en% as defined |1n A& es% lerein
thexowrabie aesngeclﬁrfnfmmsé@lurﬁ@ preigureespoXip eboxiidnecpuiptycait bited
ad@ﬁﬁﬁ%%&ﬁ%ﬁ@tﬂ%ﬂﬁ@@@%ﬂ%s%ﬁn 19, wherein the adhesive system has a
viscosity at about room temperature that is sufficiently low to enable
application of the adhesive system to a substrate surface and to be used as
a na-flavewsdeiith 3Rdhceurganohimelayessempriging the adhesive system
as defined in claim 19. 23. A method, comprising: dispersing a
compatibilized and passivated refractory solid into a mixture or solution of a
lowt e p erdittskecl Kysiehtuwinpragent amabi lewinboiliniy: soleentiavher difithe
solyent.is free of hydroxyl-groups and the curing agent does not react with
the solid and wherein the solid has an active termination site density that is
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21. The adhesive system as defined in claim 19, wherein the adhesive system has a
viscosity at about room temperature that is sufficiently low to enable application of

the adhesive system to a substrate surface and to be used as a no-flow underfill.
22. A cured polymer layer comprising the adhesive system as defined in claim 19.

23. A method, comprising:

dispersing a compatibilized and passivated refractory solid into a mixture or solution
of a low temperature liquid curing agent and a low boiling solvent, wherein the
solvent is free of hydroxyl-groups and the curing agent does not react with the solid
and wherein the solid has an active termination site density that is less than about 5
per square nanometer; and removing the solvent from the mixture or solution to

form a solvent-free liquid dispersion of curing agent and refractory solid.



27 24. The method as defined in claim 23, further comprising mixing the
dispersion with a curable resin to form an adhesive system. 25. The method
as defined in claim 24, 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
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substrate; means for curing the securing means and wherein the securing
mesis SR ledrst BARIMEP rARSHIYE E)eFM-22; and means for matching the
coefficient of thermal expansion of the securing means to one or both of the
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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.

26. A system, comprising:

means for securing a chip to a substrate;

means for curing the securing means and wherein the securing means is the cured
polymer layer of Claim 22; and

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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