CURE SYSTEM ADHESI VE SYSTEM ELECTRONI C DEVI CE CROSS
REFERENCE TO RELATED APPLI CATI ONS Thi s appli cation
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

i ncorporated by reference. BACKGROUND The invention
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an adhesive system The invention includes

enbodi nents that relate to an el ectronic device nade
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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.



of thermal expansion of |less than 50 ppmiC, a filler

| oadi ng of greater than 30 wei ght percent, an
acceptabl e | evel of processability, transparency, or a
desirably high glass transition tenperature (Tg). It
may be desirable to have a process for neking and/or
using an underfill material system having inproved or
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provides an electronic device produced by the method.

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

weight of the adhesive system.



In one enbodi nent, an el ectronic device may include a
substrate, a chip secured to the substrate, and a
cured adhesive system accordi ng to enbodi nents of the
i nvention disposed between the chip and the
substrate. DETAILED DESCRI PTI ON The invention includes
enbodi nents that relate to a cure system conprising a
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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
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or the lack thereof, of active term nation sites on
the surface of the. refractory solid 3 and the curing
agent over a period of tine, e.g., one week, two
weeks, and the |like. The term"functionalized" nay
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copper, gallium gold, germanium indium iron,
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copper, gallium, gold, germanium, indium, iron, hafnium, magnesium, manganese,
molybdenum, phosphorous, silicon, silver, titanium, tungsten, or zirconium, or the
like, or an alloy of two or more thereof. In one embodiment, the solid may include
one or more of arsenic, aluminum, boron, gallium, germanium, silicon, titanium, or an
oxide or nitride thereof, such as alumina, silica, titania, boron nitride, and the like.
For ease of reference, silica may be used as a non-limiting example of a suitable
solide. Silica may include colloidal silica (CS), fused silica, or fumed silica, and the

like.



For ease of reference, silica may be used as a
non-limting exanple of a suitable solide. Silica nmay
i nclude colloidal silica (CS), fused silica, or funed
silica, and the like. 4 Prior to conpatibilizing and
passivating, a suitable solid oxide may have an active
surface termnation site that conprises a silanol or
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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, lllinois). SNOWTEX 40 has an average particle size in a range of from

about 10 nanometers to about 30 nanometers.

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

of silanol groups at the surface. The hydrophilicity may make dispersion in an

° 5



(Napier, Illinois). SNOMEX 40 has an average particle
size in a range of from about 10 nanoneters to about
30 nanoneters. The refectory solid initially may be
hydrophilic or somewhat inconpatible with an organic
or non-pol ar phase due to the presence of active
termnation sites on the particle surface. For
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(acetyl acetonate), dibutyltin dilaurate, and the like, or combinations of two or more

thereof.

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

compatiblized and passivated silica) may reduce or eliminate reactions with an
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titanate and organo-tin conpounds such as tetrabutyl
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ht p t g about 5 ercent
Pzt SRt B APy SR BRRE B BaThar GhrssePER Apout 150
squitie BleRdd Bir ghdiaN THO S(Wﬁl Ahy ifeideentluraliBubst ibarticles having an
refractory solids have a surface area greater than

avespsudiametes quw@gmf Fasn apet lgnagemetpr daebouttifimagemeters. In
onggmﬁgclﬁﬁlreﬁ '?Fé I%Iﬁ%.cl%g; s&ﬁc@% e}pga\gr gqa&v%Fa%‘e%%ﬂlcggg% of s than

abcpit ur aimrbmemf té abeut 0t nazloaktehg kg about S8 h@a@eneters to about

dianmeter in a range of fromabout. 1 nanoneter to about
250 panemsieiseframsabquy 250 nanometers to about 100 nanometers, from about

100 nanometers to about 50 nanometers, from about 50 nanometers to about 25
nanometers, from about 25 nanometers to about 10 nanometers, from about 10

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.



one enbodi ment, the refractory solids may have an
average particle size of |less than about | mcroneter
to about 500 nanoneters, from about 500 nanoneters to
about 250 nanoneters, from about 250 nanoneters to
about 100 nanoneters, from about 100 nanoneters to
about 50 nanometers, from about 50 nanoneters to about

A %51talﬂé’imm&§1ﬁ$§ratu?é’ ﬁquﬂbﬁﬂing@eﬁﬁﬁﬁyﬁhﬁﬁée 319) a@h?dﬁdel Quch as
nanonet er s rom about 10 nanoneters to abo
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mctlh@e pemperaﬂues imya banganof ﬂl?ssualanSalbdlmbl(m [dagiee< | @dsius, and
be porous, .nmay be non-porous, or |nclude sone
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CddGu N éTbﬂnBocﬁ RE ¥ cBirfCag eﬁ 1s@¥lo%bl§hﬂ{&9ﬂ @Q%rf#erature

sl zed d ferently fromea er. 7 Asu
rafigeryf droen alvceit L5 qagrdesc@clsmg tca@jmut 3dggreesdlaldes. an
anhydride such as carboxylic acid anhydride wth a

Ll@f‘ 3%: gs)to 3rpr?]P1€ ?ékif:?rb%ﬁﬂd( beh%qp &119: gstlcg'l?y deform.

A hRENSE 3F AuRlityliDYY beBRRERLI RS vIsBYsityl Mbidhdig tﬁéfﬂég@éélfdwvﬁﬁh a
in a range o? | ess than about 100 degrees Cel st us, and

flugshmay cesislr flgw vagen aic rprlisdtferrge pamenaied hy ahe tangentisl friction
foJcﬁ%;%r ‘uﬁﬁ? natréaab?%deg%f ﬁ'z%r\?e?gcnlycgrla&leﬁ ncler bclggglltlons of, streamhne

ng agen
flotre Mpesn@tetibd dinienghe eﬁrefyymainm té&ﬂpdiletgfeemy Eed'esa Bﬁodkﬁeld
35 degrees Cel si us. quid refers to_a prop

Vlsé?gég?fﬂﬁssfth%ﬂ ehai T4@d Roisp, i lfllad\ﬂpgf-‘r offirp k9P é’QtSie@épwo about
IOGielf’(QEén froft gﬁﬂﬁuf@ qfolgge gi %'bBé(t 7800 t&%nﬁﬁ%ﬂge‘?sﬁﬁﬂ &out 1000
eg a fluird may

viscosity I's t ree to whic
centgwisst off llesn/\tham disout 400@ ppﬂtlpedsef dhmsnﬁmalymne&sdrekiwcwrdmg

t j iction . force uni.t area divj
to BRARGEH BR3P Y oRET e oo  MBsrqogiy may
diffdr Wm Eﬁb@dﬁ%eﬁ%&ﬁf‘&enﬁ hﬁ e%HﬁlﬁleS %5 EBPARE td @H\énges in filler
tenperature may have a Brookfield viscosity of Iess

loagdingror dymsu tenBoBuRotrsleseldction of euripg agent r om 1000 Poi se
about to about 100 Poi se, from about 100 Poise to

Su ?oqytl%qépcp gr qg\ptﬂqglglbge[emﬁgr% r@%‘ﬂ%({?}cg 2 Jus )? %rl]clmP Bﬁe or Yhore

ess an about oi se
aroffedis Udrbgtdads; cilihagr ahl@yd@ﬁ%NbD-c?&BSh;ﬁﬁtlc Vﬂmhydihdes The curing

ageln? cr:r%rypl%rcﬁlltdg %nle] eorr enllgre bc%rbro?(];ﬁcr: %Ql%eanh-}ll-gr?de\/sl ?Ncl:'l?csl”ll rtn%/ly rlggyselected
from aromatic carboxylic acid anhydride, aliphatic carboxylic acid anhydride, or
cycloaliphatic carboxylic acid anhydride. Carboxylic anhydrides may be prepared by
reacting a carboxylic acid with an acyl halide, or by dehydrating a carboxylic acid,
that is, eliminate water between two carboxylic acid molecules to form the anhydride.

Alternatively, carboxylic acid anhydrides may be obtained commercially from

common chemical suppliers.

Aromatic anhydrides may include one or more of benzoic anhydride; phthalic
anhydride; 4- nitrophthalic anhydride; naphthalene tetracarboxylic acid dianhydride;
naphthalic anhydride; tetrahydro phthalic anhydride; derivatives thereof; and the like.
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differ from enbodi nent to enbodi nent, for exanple, in
response to changes in filler |oading or type,
tenperature, and selection of curing agent. Suitable
liquid or low nelting tenperature anhydri des may

i nclude one or nore aromatic anhydride, aliphatic
anhydri de, or cycloaliphatic anhydride. The curing

In 88@8hb&EMeh) alculRg eg@u AayTREIBIE Shdd6PMbreGarafiatet carboxylic acid
anhydri des, which be selected fromaromatic

an@air@ss(w(ﬂxcl@@éipaatmn nylmndés 3y pwatdecor@apb@xw iof qyelofexane
d t I
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an}ﬁﬁlaﬁtel(ngmmﬁrdeﬁwﬁve@ ﬂa@edf md fhearkeacly Ionla ahibd@lmeﬂif axyuring
dehydrating_a carbox

IR vt bb&%ﬁ%:eéhbéci S Bkilbeine iyl bisdhpwahydro -
4, 7 fﬂﬁetﬂaz[ﬁlay gﬁé&%ﬁlr%ﬁa“ lg T fighd e] o(?thBg@gl i llk ?oﬁﬁiegcmll avallable

es na tarn conmer rom
froﬁh@ﬁ&hdomm@ﬁbtedioed,mﬁatk)c anhydr i des may i ncl ude
one or nore of benzoic anhydride; phthalic anhydride;
4- nitrophthalic anhydride; naphthal ene
tetracarboxylic acid dianhydride; naphthalic
anhydri de; tetrahydro phthalic anhydride; derivatives
thereof; and the like. 8 In one enbodi nent, a curing
agent may include one or nore aromatic carboxylic acid
anhydri des. Cycl oal i phatic anhydrides may include one
or nore of cycl ohexane dicarboxylic anhydride,
hexahydro phthalic anhydri de, nethyl-hexahydro
pht halic anhydride (MHHPA), derivatives thereof, and
the like. In one enbodi nent, a curing agent may
include 5,5 - (1,1, 3,3,5,- hexanmethyl -1,5-
trisiloxane diyl) bis [hexahydro - 4, 7-
nmet hanoi sobenzofuran -1, 3- dione] (TriSNBA), which is
commercially available fromGE Silicones (Waterford,
New York). 9 Structures of sonme other suitable
anhydri des are shown bel ow. YY ethanoic anhydri de
propi onic acid anhydride 0 ~~J\/ butanoic anhydride



0 benzoic anhydride -O W --\ O 01, 2-

cycl ohexanedi car boxyl i ¢ anhydri de 2- nethyl propionic

anhydride 6a 0" o OC rmaleic anhydride

n-oct enyl succinic anhydride 0 0 O O 1, 2-cycl ohexene

di carboxylic anhydri de dodecenyl succi ni ¢ anhydri de

10 In one enbodi nent, a curing agent may include one
Stﬁfcuﬁ&r@fs@fnewﬁ@@mt@ol@mmﬁu&eare sklRAeB&ew! succi nic

anhydride; 2,2- dinethyl glutaric anhydride; ethanoic

anhydri de; glutarlc anhydri de; hexafluoro glutaric

acid i taconi ¢ anhydni de;

tetrapr penylsu00|n|c anhydri de;, malgi c aphydride; 2-

nmet hyl gl utawi ¢ anhydride; 2- ne pi oM C

anhydrid%mi,éégfyclohexane di car bgxyl i g anhydri de;

oc teakpsein anhy ni ¢ anhydri de; I

succi ni ¢ anhydride; 2- phenyl lé{g?ﬁgﬂimﬁ§§§@%e

propi oni c acid anhydride; 3,3- tetranmethylene glutaric

dride; derivatives thereof; and the |iKke.

o
S }—@ butanoic anhydride
3

benzoic anhydride

o
1,2- cyclohexanedicarboxylic anhydride 2- methyl propionic anhydride
o
o
O
maleic anhydride
n-octenyl succinic anhydride
<O -’/O\\'& O

o]
1,2-cyclohexene dicarboxylic
anhydride

. (c)lodecenylsuccinic anhydride



The cure system may be bl ended, dispersed and/or m xed
into a curable resin to form an adhesive system In
one enbodi nent, the resin may have a filler

pre-di spersed therein. That is, prior to m xing both
the cure systemand the resin system each have a high
content of refractory solids dispersed therein.

In Yk tef¥oBini @8] d‘§uﬁ@/a eRf hadlandli@ 6fic HMBredbf I&h@{dl@ anhydride;
epoxy resins, cyclo | phatic epoxy resins,
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pregitigt acidcin@ydvydee 363- gd:t;mnﬂthydelgﬂ glutadlylanhyd‘m:fe; deativatives thereof;
gipe tene dioxide, and the like. In one enbodinent,

an % phati c di oxi rane nonomer may i ncl ude CYRACURE
UVR 6105, which is comercially available from Dow

THeRGM §aend Maglba 'B@end% Q:I‘é}ﬂ?s@ﬁ andet hﬁb@deinﬁyﬁ t@able RO k- form

epoxy resins may i ncl'ude one or nore of -

ancadbeovresystapt.  Inwnhyembodimenjcthetresia mydy b@ﬁb@@khp@ dispersed
| oh I
theé%lB)r()a;fla{j vtpré?{etgz %%me OO)I%I%: %I%e gys%ni and gmg resi SXSFI' g)%%/II have

a hagtkydnten3 ofirefRBXY solidy dispbR¥anRrei@ar boxyl at e; 3 , 4- epoxy
-6 met hyl cycl ohexyl nethyl -3,4- epoxy -6- nethyl
ycl o hexane carboxylate vi.n ycl ohexane di oxi de

Suffe resing b npludeyase SR angrF %ﬁm POFY I itde CY%?aélpI@U%epoxy

I l
res?r%, é? aré)gig)t(ly 3} E)éé}é]‘rglt ;ﬁ?.?tﬂélt haﬁﬁ?ﬁﬂYcI ézpo§g| é@lﬁsema%I Ii)ﬁc?rude one or
maep oﬁyutpdiepmdrp)ﬂdeyd:ﬂrrwldtyl)plex)tanqadlopahedlggfcﬁi-yl kihsr, (124; Butanedlol

I T RN I N

likbl nQligble A6 FBLY dwmg Ineaydin@wdeeone%@molé ofitutadiene
, 4- epoxy cycl ohexyl) ane d|g¥clopentad|ene

dlq(zkudmddaethalpﬁnt@pmdg@XL d(gzy iyl stisy 1 pi-bpensdiohdighistt ether,
I
dleE)II'IIéWI nlnifcgfa 9 1%%%5y%t}1§rpyc§ g{pﬁ%tege )1%3?@&;?&? %IrlIet >Ilk€ In one

em@b&mykh@mwhc dbxﬁan@mnymbemahMme-@YRACURE UVR 6105,
nethan0|ndane epoxy) cyclopentg ghen£ -2, 3-
whighog gorppsgRjal yeméable frpmpDopy; Ghenyigal (Mdlpnd, dishigpn). 4, 7-

hexahydro met hano i ndanoxyl) ethane; cyclopentenyl
Suﬂgﬁg%g’cloaliphatic epoxy resins may include one or more of 3- cyclohexenyl

methyl -3- cyclohexenyl carboxylate diepoxide; 2- (3,4-epoxy) cyclohexyl -5,5- (3,4-
epoxy) cyclohexane -m- dioxane; 3,4- epoxy cyclohexyl alkyl -3,4- epoxy
cyclohexane carboxylate; 3,4- epoxy -6- methyl cyclohexyl methyl -3,4- epoxy -6-
methyl cyclo hexane carboxylate; vinyl cyclohexane dioxide; bis (3,4-epoxy
cyclohexyl methyl) adipate; bis (3,4- epoxy -6- methyl cyclohexyl methyl) adipate;
bis (2,3- epoxy cyclopentyl) ether; 2,2- bis (4- (2,3- epoxy propoxy) cyclohexyl)
propane; 2,6- bis (2,3- epoxy propoxy cyclohexyl -p- dioxane); 2,6- bis (2,3- epoxy
propoxy) norbornene; diglycidyl ether of linoleic acid dimer; limonene dioxide; 2,2-
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gl yci dyl ether; cycl ohexane diol diglycidyl ether;

di gl yci dyl hexahydropht hal ate; and 3- cycl ohexenyl

nmet hyl -3- cycl ohexenyl carboxyl ate di epoxi de; and the

like. I'n one enbodinent, a cycloaliphatic epoxy

nmononer may include one or nore 3- cycl ohexenyl nethyl

-3- cycl ohexenyl carboxyl ate di epoxide, 3- (1,2- epoxy
bitIW dpoxy %ycl@ﬁ@@lﬁ?ﬂlp%@ R @RBpehadienediokide; agi-ehoxki-6- (2,3-

(7- oxabicyclo hep met hyl ) "ester; 2- (7-
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xahi cvcl tang, , a - X I €
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Seflokyenaes) b/~ bpwbydonarbree ndgayylt edaps cyclopgrend) phenyl
S vk | . o} .
e R e s G e
3- dislbixehgnnethel -Gk oxtldecxengs@rlmixytite diepbdxide;ydndehdBke. In one
nd. 2- gl ycidyl . phenyl glycidyl ether., er suitable
e@egsm@tm&y CVﬂg‘T‘I_Hg’é“%i FROXIn BLOBHBRY m%s’in%’gﬁnﬂne_siqro%"e 3
cyﬁ@ﬁé%én%lﬁébt‘ﬂ?} B SPREOUyFcdrBSiyise WpolRle COMTELI 5Bk ¥thyl) -

aval | a rom Resol ution Performance Products
7- pRahityichohefahartesdaledidpadidias (addnbicyde heptyl bethyl) ester; 2- (7-

i.ncorporated.into the, resin tion of. the.syste th
xR EeEnt) potter Brofothe oyt BB 48 RNaa T
3,42dgbty BRPoNIRMe ARt AR e IR €  catal yst,

accel erator, flexibilizer, carbinol, organic diluent,

fire retardant, pignent, thermally conductive filler,,
Suitalde eromatic|epoxn g s tRayeinelude epe ox mayerafi hisphenpeluyh gpexperesins,

e | e i ) Ll _ . '
i BU SEUAL SBT3 B Sl 00 Byl
biphends lepoky Ngsipe,0deplenyhcepeker adstnsc u4,8'- biphenylorepoxy resins,
decrease cure tjne or tenperature of an hesi.ve
poly Al ADRRt P sty IbSE e St r‘??ﬁ’SF"!P_Z %pf_ﬁzé%‘rﬁth?rnand 2
. a . : )
U R T A ol
resfnsomd aloxane PpOxppesirtso BilsphenobF tesineinghbe gemomnicall axmbable

abgut . 0.1 1 ght cen o about. | i ght percent, or
frofy Berolion hsie MinsR i ra s GReABet taire®St % he tot a
formul ation weight. 0 12 A suitable catalyst or an

Opti6h#|aaditilved mapYe intotpiileed Bitd tHesesifpottioni dfekk $yStengithe curing
onium catalyst or a free-radical generating conmpound.
agenf ipogKInechRieusyseas AIrybotly  patably qugg@es may include one or more

catalyst, accelerator, flexibilizer, carbinol, organic diluent, fire retardant, pigment,
thermally conductive filler, electrically conductive filler, thermally insulative filler,

electrically insulative filler, and the like.

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

than about 1 weight percent of the total formulation weight.
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bi saryliodoniumsalts (e.g. bis (dodecyl phenyl)

i odoni um hexafl uoro anti nonate, (octyl oxyphenyl
phenyl ) i odoni um hexafl uoro anti nonate, bisaryl
iodoniumtetrakis (penta fluorophenyl) borate),
triaryl sul phoniumsalts, and conbi nations of two or
nore thereof. Suitable free-radical generating

A GO REGBIYRBYr i Ecbélerafitemy ifBdide, baf @TAét BmRed 86;0drS onium
benzoi nal kyl ethers, organic peroxides, and the I|ike.
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. . bl e C Lti I t :
RS s8R0, ORGSO AR hsflntyo agimonac
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e P B RO B g oo or e
arcacaiogrindoels| Ber(zamAtky3 ethessabtganic prirdxidese andt thetldieniling presence

conmpound; and .the like. The njtrogen-containing.
Of i3 GHHICA! SEQFTRHRS SURPOURH ik enitBle deCRR SO 2B Mige e at a

rel SR URAS terfber@a, conpounds, tri-aza conpounds,
pol yam ne conpounds and the like. A salt of a

nitrggfn;containing conpound may i nclude, for exanple
In png-enghiodiragiitc g siatalyst 0z ap) accqleraprdmern e . adfpé te gntepory-based

fhe nit ep- t.aini (30 nd Ay Q [ .
s obleBPT sl RO ncR BB gedlihelly 28} A e gpine
alkSRsubbffite POMTEAD1eSAmidbgol At edalty ephadphinen, metal salt, such as

heat - acti vated cat al yst based on the cyclic am ne,
alumigurg; agsty] apgteRate gAlBCACH): spHgicnitraga-Contaipipg yoppoupd; jand

OB S Yo 3 AP GORR ) R o

amlineccoicduadd, aivaza Eenpaykdy,aritah cofphendss polyahine compounds and
cat al yst i.ncl ude tr.iphenyl osphi TPP) ,

the ot I 1 A BT P PO WRD BBy G Pt BiATaRls 18-

dia&giﬁ%§@,4ﬁ§\d¢j thdeRsne. SURHE @3¢ 6 8% Birb '&%o%tahgﬁg compounds

I NnClude one or nore organic COI’TpOUﬂdS avi ng
malyyhgrabtaiheccemmmensiaky, fryiesagppleSas POBIYE AT S¥-biok POANCARPA-

10%2?9@% %ég{ éstr%)é%aﬁ{d-e@cﬁé%ﬁeaﬁ%@m@#@%@ arlly%lt bas-gg%n the cyclic
am@)es [ 1oRldiaphabicgelo QB 40)0hRiek Cené@nl MAYL COATASA-T t6iifains DBU
about 2 to about 100 carbon atons, Exanples of such
catplypiysndrmatorganit aad colpelies”. MBYLY KA Lise teasdemark pfpfis Pegducts and
e I P h 10l ; - di .
CoBY T BB BN R L e GIFAL ey
triphieny]; pHosphine (TPP), N-methylimidazole (NMI), and/or dibutyl tin dilaurate
(DiButSn).

Additives, such as flexibilizers, may include one or more organic compounds having a
hydroxyl-containing moiety. Suitable flexibilizers may include one or more of polyol
or bisphenol. The polyol may be straight chain, branched, cycloaliphatic, or aromatic
and may contain from about 2 to about 100 carbon atoms. Examples of such

polyfunctional alcohols may include one or more of ethylene glycol; propylene

~ glycol; 2,2- dimethyl -1,3- propane diol; 2- ethyl, 2- methyl, 1,3- propane diol; 1,3-

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



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

di met hanol decal in, dinmethanol bicyclo octane; 1, 4-
cycl ohexane dinethanol; triethylene glycol; and 1, 10-
decane diol. In one enbodi ment, an al cohol may

i nclude 3- ethyl -3- hydroxynethyl oxetane
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adhé@ﬁleugg%tenb utS\afaBlenRiactivaTtil@shtd mayaideyjde der aﬂeamtvmned to,
phenol yci dyl ethers such as 3- - nonyl phenyl oxy)
dodepygly@%dxgxherpﬁoﬁahlel -syclghexpne dr-ﬁmgﬂdshéﬂ%dm@ﬂ)taﬂ_(éfl- epoxy

cyﬁgg@&%l)p&ﬁﬂgtr{&ran%txﬁl ﬂ&hox%hae&rsco%blﬂg}%glof two or more thereof.
Other diluents may include monofunctional epoxies and/or compounds containing at
least one epoxy functionality. Such diluents may include, but are not limited to, alkyl
derivatives of phenol glycidyl ethers such as 3- (2- nonylphenyloxy) -1,2- epoxy
propane or 3- (4- nonylphenyloxy) 1,2- epoxy propane; glycidyl ethers of phenol;
substituted phenols such as 2- methylphenol, 4- methyl phenol, 3- methylphenol, 2-
butylphenol, 4- butylphenol, 3- octylphenol, 4- octylphenol, 4 -t- butylphenol, 4-
phenylphenol, and 4- (phenyl isopropylidene) phenol; and the like. In one

embodiment, the reactive diluent may include 3-ethyl-3-hydroxymethyl-oxetane,
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substituted phenols such as 2- nethyl phenol, 4- nethyl
phenol , 3- nethyl phenol, 2- butyl phenol, 4-
but yl phenol, 3- octyl phenol, 4- octyl phenol, 4 -t-
butyl phenol, 4- phenyl phenol, and 4- (phenyl
I sopropylidene) phenol; and the like. In one
enbodi nent, the reactive diluent may incl ude
wﬁcletllay&m&nsﬁéwu@xxwtabw aOXEVRBO00 Pork4DON Theinscal ﬁMldland
commercially avail abl e as UYR6000 from Dow Chem ca
Micdigghand, M chigan). A suitable flame retardant may
i nclude one or nore material that contains
p 0 [ r r
ALRER R RO HADTRIN G, P B LA ol Bfhins
phphysieplso irai déogeh f m@dhae oy hydrbriph at end &E&R)dlmems ) ﬂamoétardant
di phosphat.e (RDP), sphepol A _di sphgspha PA-
addgtiys ninayp HBL B nEhQ?R*“éFémld%aFr&f&’éﬁﬂt op en élg . ebsrcinol

dl%});ﬁ)itsglg%?é a@rrg ,Zfl?%@ b1 A)dé gﬂ?gﬁa’cé)&}‘i@ 3§18, Qﬁaﬁfcsﬁﬂétsﬂune oxide,

, rox
habgriated réson e.gf td:tvabrcﬂnobmplend)lhéb,ennfitaSlmlxtcaerg hnsrgmth nixide),

y, i ncl.yde one, q ot reacti ve and non-reac
iR S G 6 Sruh sl Ry 5 68 pe Rie g oo “Suitable
plg}ﬁ&ﬁ%@qnaﬁd@b@&rb%tpaf RhctivRfhaGbRYackiob hdferiale- 9. CS)
into a’'liquid curing agent and a solvent to forma

solution. A suitable solvent may include a

In ppel ewkgdimgnt @pufe SstesbmaE he Pf%@@ﬁd B disperpipnen aelgpojery solids
(e. £ b@%g 1?t0ee{ tﬁgﬁgéﬁ%&?gen %Ja&?ﬂsgﬂ ¥|é§ rfﬁl%n't\ Zalr"?o?l?]tggﬂ.t 'AC §1!utable

solesP@ng iniudera hydtoxgd,groeise b(vl@élﬁt BIRch dsq:mpﬁémegilycol methyl
Sui t abl e sol vent renoval, . net i ncl u

ethef pestate.igluphfe Xy ERBUREIGHECH ﬁ]av%éesgasr B, @83 the like.

volatilize the solvent. That is, heat, vacuum or

AR ABYrd6n UsREkil® RxddIRGk nR Ueq&%eed rfﬁnﬁgie\é%fuent removal

fromthe dispersion. If a supércritical fluid, such as
mesluplsr may tindatle adfebiong dihcok@mmratu@ and/ed prfrssmm to volatilize the

t enpey.at ur nd pressu nmay be s t tore
soly P <Ry i et el RERin R DRk Xkl er Fnb B Gglvent
froln® REdigbcdi6n | 'Iﬂé'|s§péiékﬁt@ca§ﬂ%1d3@h@}i3QQElﬁiieﬁgnich &tbon dioxide, is
enbodi nent of the invention may be recovered and

usesh, ofoed. tampeiaree ptrh dirprswe, mAY cbr sulfipiané et (AMGYEr theagolvent.
Sugsf;egméﬁ{tmﬁrd z?.#)lkllé]ntafr e%l?esz 188; tgr?l#)grg{ug?/ Liﬁﬁeimcng;sy%%\t/h:g‘ngFding to an

resu
embbdinednt ef the 1mr1halbhﬁy be ir&o@siet yindl etoral. pr edet er m ned

tine, i.e., pot life. For a no-flow underfil
In ong em gc}llmcégt 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



the viscosity may be such to allow flow of the

underfill during dispensing on the substrate and

formati on of sol der electrical connection during a

refl ow process. Viscosity selection nmay be nade by

one or nore of determ ning amounts of refractory

solids in the resin, anmounts of refractory solids in
ad8ifi®es bF BoSyiHbEMerst B@mfdlldvleﬂlwohilﬂflg Ipr&Gurey 1SCOBsInYc Ofbrations,

the resin and/or cure system tenperature, the
angfheddigce or anpunt of 15 additives or flow nodifiers,

control over working pressure, use of sonic

[ 1.0 [

TG BEE Bem BRGHRE 10 liBooiHiR RS HRrRE Ll be b an
electromin dezicect ihomne s:hdwdcxaentj mha:a&heerﬁeowstmntmayt be used as an

dhesi ve systen1nay underfil] materi al
‘H@ﬂgﬁ rgaerial nich @ & 19 fqrﬁ i &alip Ghip %%%?IBL%( 8 Rprg a chip

to hQuBSEHE.€ The HahBsivd ?l%r éﬁgﬁf}l E)@Hl@l’[ ohb %r R Y Brotdiite@Poom

may exhi bi't one or prol onged room
termEmqtereasiabiditys t ddmrbbltysol@mfsbalh tﬂuan@ol amé r a akfficidntixafnthermal

and a eff|C|en of th ans el ow about 50
B BN eidcomifCavie R BRhAFRE arjor Sxdmpie, an
en&@@ﬁ&%%r%t urferfal HNERS Ehbddimbeht, %ﬂﬁm&ﬁ&ﬁﬂkﬁ@ RYsterd may have
cured adhesive system nay have roperties that

prapegiegdbatonelude onpos nadrezof] alp K pestlowy ahbetiud0 pom/°C), self-

ﬂugi%sﬁar%.p rt?e‘,;b lfrléltgg%?éuna%fggog ggﬂé%gab%g% Iatr)}glt qBB Ide§ gs ﬁglsmg) a
higheht diglebes fetipeta@ird EHBITY fd(EREY sly a@h d’pﬁlcalttta\neﬂ)ateﬂﬁyg h

opt|cal transparency. An enbodi nent of the |nvent|on

provi de a no-flow underfjll materi al Vi Ng | .
Ancf‘é%?qql@r:@rﬁf (B¢ IRVFBHARMAHRIIHEE Gnoo- w@mtﬂ fa bayng 2

coeIfEé’i@n{’Qf tﬁl%ﬂg{(‘k exbéhrsg)rrnlr g\gﬁﬁ cRfeq, t)f" abavso glﬂ‘{vp@n*rpatréhge of

out 40 pp ut 40’ pp C to ab
froppa’(b@t ¥ ppesE tmahotabﬁhmpﬁm"cbpﬁlrwr@ abamt éﬁm}ﬂn/ﬁ@n’tb alwypt 30
le. a fi nm fil [ reater th

poFEToit Berblnebott dEhgn §r Ao eetE as hePgRe 2 fnal fller

loaﬁﬁlﬁQﬁ@ree&& th@PI et PEcER! a RRIoE ¥ tfrond A0 30 NHigid Percent to
percent to about 50 wei ght percent, or greater

abauh ég ‘@@giumea@nméiogmbwé fe @mght \mm’qe@t tﬁalbﬂmtaﬁ()nweig foprecet, or
exe e B9 S U Ry R SREBY bk ¥ pceptabt

levélem;ﬁbaésﬁzﬂﬁhty( tkaspafenog, Etﬁ&ﬁ@&sﬁrably nglh @lags trhfsition temperature
properties_that may include fl|owabil |ty Vi scosity
(Tg)i sEmcessalilify relgtes tta qroperBesa Hiat insy lwiegﬂ@w%ty, viscosity,

Vls@c%l%?tmlt v, Pa!cg, wél.]a@hfty,lduft-%assﬁ}g SGIICHEEVOI&,%@H 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.



tenperature, and the like. Transparency relates to the
property of permtting the relatively free passage of
el ectromagneti c radi ati on through a pre-determ ned

t hi ckness of material w thout one or nore refraction,
reflection or absorption. Gass transition
tenperature relates to an inflection point on a plot

In Q)fne rafbatiitgeny ednSaihesit € SRR It Ebe d A6-fIbv Itk GIAt£&a éﬂlary flow
erature range above which a material nma

ungrith (o weT dr et ngRTTbra Hhsymeh argaacer waesar |G, gdor pre-
apgflé& 21111 g{“?r&ea% e, s?agg d%@g élébngat sof Herﬂéﬁ Bg t(f?stp%ns F !31{}1 have
ystem may be a‘no-tlow

utllﬁ[},dﬁrtfld: fdbnc@ticﬁﬁﬂl dnl eddcyrohlcatvidensiehfak blcomputspfaroptieselevice,
underfill, a therpmal interface nmaterijal and/ or
or gr semiganducter asarblpt Ao sl underils matssigl %ef&aﬁ%@‘ﬂ&? @dhesive

Yfl%gr | reﬁ’rﬁofé‘e?yﬂgﬁéﬂb}n@c}%%ah \éﬁ eldthdidal E%ﬁ)kglgg g? solder bumps

ation of an electroni ¢ devi ce,
that anpuseure archfypto aadubsteate,cand/oromap asensd flardineingrsolder bump
%Ssenbly. As an underfill material or encapsul ant, the
sive system may reinforce physical, mechanical
and el ectrical properties of solder bunps that may

NBEWRdEfEIMPmbP ikt 1fdRBSgeRbiBg 2RI  aRGlanBhalcridKon the
during solder bunp nelting. No-flow underfilling may

substrateuder chegyeomdieigr adeviee eqrfd Iperﬁnfmams wdodder  pamgr j raflowing

sinfiepfifhs W PRLTAR R SPuFRE I8! Wbt Syl Suportiing, may

lndlllﬁdéedi%pédsmgn@rﬂl@ﬁﬂl atttertld bh©. thkavﬁEr lbefoed did:ilfgeﬁftd) lihditidual
i ncl ude di spensing underfill materials onto the

chmfaf Bat [ges oubsequenthy meunded A Yied @aal SERGtpS viatlippebip type
op?l‘??(%_%g E:?%&Jtn%tb\g?}pﬂ)t 1%1 ﬂoQ/ ﬁﬁl@d&?,t fisp %lhg Cfl{l MRt IR n}alterlal may

oper ati ons to no-
includdeapplylihg irda Silenst bepdt é)&endm@a]fong lat iml;teclfneaédgﬁmf a chip, and

I fillet b t
allg S paal S A £ GOBHoPa I SaiogHidey ieiip o HTall, or
nedfRL b boFRE S Ly nfiubrgapi || ary acton under

Ip to nearly all, gaps between the
chlp and the substrate. In one enbodlnent an adhesi ve
In gee ombbdnglenb aem@b@ﬁlvmmng tchembedigenisor thmn\f@etlon may be

endfRE P h Tt pEHEREY b 5 ot by sireleh BEF gy and
thedfike! TR WBAt of Widrid@l cidirgylh kaitdtie teRifRetat Wi 5‘631‘1/1 ehangd’loiafrom
aboru{ftln edggreésr girl]sius to about 100 degrees Celsius, from about 100 degrees
Celsius to about 200 degrees Celsius, from about 200 degrees Celsius to about 250
degrees Celsius, or greater than about 250 degrees Celsius. For no flow underfill, the
cure temperature is in a range of from about 183 degrees Celsius (melting point of
eutectic solder) to about 230 degrees Celsius for Sn/Pb eutectic solder and from about
230 degrees Celsius to about 260 degrees Celsius for lead-free solder. Curing may
occur over a period of less than about 30 seconds, in a range between about 30
seconds and about 1 minute, from about 1 minute to about 5 minutes, from about 5

minutes to about 30 minutes, from about 30 minutes to about 1 hour, from about 1

“ hour to about 5 hours, or greater than about 5 hours. For no flow underfill a cure
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about 50 degrees Cel sius to about 100 degrees Cel sius,
from about 100 degrees Celsius to about 200 degrees
Cel sius, from about 200 degrees Cel sius to about 250
degrees Cel sius, or greater than about 250 degrees
Cel sius. For no flow underfill, the cure tenperature
is in a range of from about 183 degrees Cel sius
préd¥8d (durhgPPkdflovdf mag bk 66 td fnE®lol€fom Bo@bPulin@ddto about 10
degrees | sius for Sn/Pb eutectic solder and from
migpest 230 degrees Cel sius to about 260 degrees
Celsius for lead-free solder. Curing nay occur over a

' f h 3 i e
OIS foietiis S5 pllillea™R KRty O Rosd BRC100 degrees
Ceddia) in 4 ramiga of frotnoabdoL00 deghdes Websiys thraboutaldOdegrees Celsms, or
m nutes to about 30 m nutes, from.abqut 30 mnutes to
grepies thanaboyt, 50 degseas £isbites. PvenfpRariod L, g5 deancong Hg In grange
of giro‘?x?taﬁéuttlhﬂ(ghratg% uP4 BBHES or g&ﬁte?‘?h 4l Muf'ﬁqﬁ)ﬁfé | ForBno-flow
cure 7 process (during ar be in a range
unddriilly ﬂmm)bmlre 31a|3n breuat @ derhperatuoziin afhngmoﬁ fromsabo@pt 0 degrees

ost rin r.f ormed at. erature of |le
o g0 g scsS i O&T ol of JRRE RO o BbcF Bours
Otﬁ&%ﬁsg B Serki@l Sl dha r@ssﬁfé@ Ybr éiffﬁl%dﬁﬁf PR CHPAS inld§ .beQelected
reater than about 150 degrees Cel sius, over a period
refesence thapplisaéothaneeificiparamatethge  of from about 1
hour to about 4 hours, or greater than about 4 hours.

In {)1% 619180% tn%}é[t Ian%rﬁgee g}Is'telnk acc]ppffl %?Gc‘ Srb !_‘)Sdlu c%%@gtrhggré\%ntion may
comt&ssa:ﬁuﬁlty atwlumldGﬁhnge@"eﬁeald@inmaush@edandapassévdt@rlsibéa. In
fromabout 1 to about 4 hours, O her in$s,_ .
anqtheRreRbadipey. aAee sy ¥eRIRAYSCSt eXPRtHRYY £ha lighisk caghpyhg acid
né@ﬁ@%ﬁﬁ%%ﬁg and &J?n a%foﬁﬁe%nr%@ @alaﬁﬂéaj &84t PWith a capping
ecifiC parameters. I'n one embodiment. a cure syste
agaut.c dn gengndtioer samtextboditne ntlrem‘ystbhemamwenﬂmtmsselmaylly of a room

consi st .ess all.y of.a liquid curin ent. an .
ter SRR HRTb R Suintarets| #ich oMPACIZAy ARy passivated
coleTBAGIIR Mhving aGl4hE-sH¥ AV QAYdIBtiSIe ARdnddteressent i al |y of a
liquid carboxylic acid anhydride curing agent, and

conpati blized colloidal silica treated with a cappi ng
EZ&@&ELEﬁIn yet anot her enbodiment, a cure system may
consi st essentially of a room tenperature liquid

Th@@&Yo%lhg %é&[H% ea%f%lﬂh%c% ?ﬂlg t6 qm?sq}a'téjln fh%gs Qﬁﬁjembodlmems in

passi vate a having a nano-size
accavdahag evifiathei miventtbrgraat! eas. such should not be construed as imposing

limitations upon the claims. Unless specified otherwise, all ingredients are
commercially available from such common chemical suppliers as Alpha Aesar, Inc.

(Ward Hill, Massachusetts), Sigma-Aldrich Corp. (St. Louis, Missouri), and the like.
EXAMPLE 1 - Preparation of compatiblized and passivated solids.

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

is refluxed for three hours. After reflux, the mixture is cooled to room temperature.
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EXAMPLES The follow ng exanples are intended only to
illustrate nmethods and enbodi nents in accordance with
the invention, and as such should not be construed as
imposing limtations upon the clains. Unless
speci fied otherwise, all ingredients are comercially
avai | abl e from such common chem cal suppliers as Al pha
Theeswled ﬂnﬁb&ure K460 I\Piahis oﬂ\»fhéﬁl@ 5 $ hddedi @hiile MidinigC bntil
Corp. (St. Louis, ssouri), i ke. EXAMPLE 1
thorowgfébamé@d o SFIDPBRROGASS ir%@veérﬁ@opﬁé@ﬁ whtvekptidomategial, by

YT XS B B 00, JOBETE G o
aﬂo&ﬁpﬁ@@gian&l Cieahix(urPAy thoAfuRly rhi?&@d cm@hkqd fiot % ihlogr atZlevated

granms of phenyl trjnmethoxysilan ? (Owve) 3Si) %
terRprralrs, @0 HeeriGippRcb o FHbgrags ol g txt egraliné of propylene
Q bt
AT G 8
mi@&Dt}@rm@lwf Thnetelsmlm;ag mmp‘amis stdholeed ofH00egrams Dfl golauletwehght

anél E']Z PlL 1% 1F 85 ?atélirqu n%gf?lbagqe%?sﬂdrpeagglves 8 idal silica
mdldrdl |l§l¥r§1‘§eso(h'd§/|8¥)29 0 %@e p%f&eﬁﬂ"e ThE %&Rlé%d”%dfﬁﬁlé §s ldbeled

an anount gr ans m xture i s thoroughly
Samiplee diA. réﬂllugrédleﬁbhstlls rsbawnan Tedbéss &t belowt eﬁb@eﬂb@w ¢isclosed

PP oprane B Shmeli hh A A e S5 e 2000 FEARE an

avéag@pé}ﬁms&e@esowmtmam gRYBAuséd added and i xed
t horoughly. The resulting m xture is stripped of 300

rans of volatjile weight _and filtered, The |eId i s

§rdngredrentliviior Gomnatiblizedfad passivajec sodids GYammle 0)

S|I|ca materi al having solids of 29.10 wei ght

percemt. The Teco e 1s rabele el A
An i ngredi ent Iisﬁﬁ$§ggﬁ§ﬁﬁ in Table 1 ﬂ%l omn(g}e
above SHioset:08Bd process is repeated to forggSanrle
1B, t Menodidd- 21 @0GRn bakibRs (. OH + santavi ng

avera%$ particle size of 50 nm rather|thaRgy§0 nm is
used. |TABLE 1 - Ingredient list for conmpatiblized and

passi ellsaMii ds (Sanple I'A) | NGREDI ENT AMOUNT |( )
Snowt éx-ZL Snowtex-ZL 80 nm-parti-cles1Conc.—OH

5/ nne IMeihoxypropanol 600
HMDZ 6
PGMEA 300
Yield 215
Solids 29.10%
Appearance white liquid

EXAMPLE 2 through EXAMPLE 4 - Preparation of cure system including

compatiblized and passivated solids.

The compatiblized and passivated colloidal silica materials produced in Example 1
(Samples 1A and 1B) are added to liquid anhydride materials
methylhexahydrophthalic anhydride (MHHPA) and 5,5'- (1,1,3,3,5,- hexamethyl -1,5-
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| PA 300 Ph(OwWw)3Si 2 Methoxypropanol 600 HMDZ 6
PGVEA 300 Yield 215 Solids 29.10% Appearance white
liquid EXAMPLE 2 through EXAMPLE 4 - Preparation of
cure systemincluding conpatiblized and passivat ed
solids. The conpatiblized and passivated col | oi dal
silica materials produced in Exanple 1 (Sanples 1A
trlﬁbeaﬂcB)h yB' s dr6 -4 170 uicthanbRYBUTZ6RIrARL1ET @bse] (TriSNBA)
hyl hexahy ropht hal i ¢ anhydri de (MAHPA) and 5,5 -
to (qmn S@mﬁles 2-4.hSxmplss Ryt wele evapemuiad psing @ﬁaﬁ@ea@ylﬂy) aypilgble

1o hex droor 3tt ?‘Of %elgﬁgeég%gﬁlléss og j%)p fgu r,tr%?ator% ig%f gé 89’(% ned from,

fo@k@ﬁ@‘l@%@m@§ @ s@ics, JAVRBROIEE,| indvs) |Agbhgredieat H;{t)for the cure
evaporator at 70 degrees Celsius. Rotary evaporators

sy¥ierps penteiping; ceapatibliged and passivaieshtilica rﬁﬁbﬁ% Hr aols 12 j A dist of
prc%}{éﬁles(fﬁ‘(ﬁ{é Seamﬂl% % réloéhﬁ)m 1ﬁ‘r’1"a'bfégf gﬁdéh% 1l 7 Thé %1saosny

nt al ni ng I ze aSSI vat e
m@lslirbmanﬂs SreSpofinmed wT'@tSRE# 20 aAl (I) rpm, amfl thepreswlm dre @scdntipoise,
the Samles 2-4 shown in Table 2 is shown is Table 3.
unteppothpdsrsindicatefeasur ement s are performed with SP # 40
at 10 rpm and the results are in centipoise, unless

TABINED W 18Erelifafli fRE&Lurd ﬁ%ke%x@conta‘nﬂﬁ%g%ﬁ% 1A sd 1Y

cure systens containing Sanpl
2 Sanpl e 3 Sangl e SamSaipl || A 53 (80 nﬁampb%l ze)

Sanpdrgplk BA- - 37. 3 (350 nm ave size)
. 5 35
(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
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 UVR 6105 is blended with Bisphenol
F epoxy resin in a 75/25 ratio to form a base resin. A reactive diluent, UVR6000, is
added to the base resin to form a mixture. A cure catalyst, POLYCAT SA-1, is added

to the mixture of base resin and diluent to form a catalyzed mixture. The catalyzed
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MHHPA 10 - 10 Tri sNBA/ VHHPA - 10 - (40/60 ratio)

TABLE 3 - Properties for cure systens (Sanples 2-3)

that contain Sanples 1A and 113. Sanple 2 Sanple 3

Sanpl e 4 Appearance yellow yellow |ight yell ow Mass

20.15 20.06 20.1 % solids 50 50 50 Viscosity

(centipoise) 600 3040 920 EXAMPLE 5 and EXAMPLE 6 -
miREEO A Bh® With 80 RRSIN¢ ekt EMBclrd 8y stéh ¢EatHfles2 G BRat room

system An aliphatic dioxirane nmononer, CYRACURE UVR
tergpeyatures fo eppresanaisly H OBnigpiss o formpangsihesive sstam (Semples 5 and

15/ 25. [ m_a.b, [ esi j '
6. FRRATu) QS U EBORREYLE S Pan R S1f ) b BBhsed
relativdlyihigh PactiufreatCiload yatiperReYIGAD0SAnLitesl SSansied S dnd 6 are
the m xture of base resin and diluent to forma
stoxed @i negaavefiGdegress Celidiscat al yzed 20 nmixture is
bl ended with 60 wei ght percent of a cure system
Fot ﬁ@m&&a%laﬁﬁn,ggmﬁlesr 99 6 RIW & cﬁlgra_nd to a substrate. The
approxi mately 10 nutes to forman adhesive system
chipSaxipubsiraie aredet ©gethestoefotm aelayembly.t €herwhal edergyermapplied to
adhesi ye .system ( Sanpl es a 6).1s degassed at .
cufioite, SR R S HIRIRE A « SEr Ity 8% pHebdn Table 5.
ViSdoRi BSperfoffiBd G$thIpRat £408dt20 rpinQlt 8sbnR tenkiReAbicY Be4E5ults are
~degrees Celsius. For test and eval uation, Sanples 5
m egndipBisar e applied to a chip and to a substrate. The
chip and substrate are set together to form an
assenbly. Thermal energy is applied to cure the
adhesi ve systens, Sanples 5 and 6. Test results are
listed in Table 5. Viscosity is perfornmed with
TARILDdl-elngdéiatt 1R0 forpadhedive systerhe (faarpdd Graad Saheple épthat sach

incifeut e TGS { QRPN and Sample 6) that each
INGREDIENT Sample 5 Sample 6
Base Resin 1 5 5
Sample 2 4.07 -
Sample 3 - 5
UV R6000 0.2 0.2
Polycat SA-1 0.0188 0.0216
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include a curable resin and a cure system

Sanple 5 Sanple 6 Base Resin 1 55 Sanmple 2 4.07 -

Sanmple 3 -
0.0216 21 TABLE 5 -

5 UV R6000 0.2 0.2 Polycat SA-1 0.0188
Properties list for adhesive
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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 of the imprecision
of language and these variations should also be construed where possible to be

covered by the appended claims.
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supplied, those ranges are inclusive of all sub-ranges
there between. It is to be expected that variations
in these ranges will suggest thenselves to a
practitioner having ordinary skill in the art and
where not already dedicated to the public, those

vari ations shoul d where possi ble be construed to be

WEsNetEleEnddyist he appended clains. It is also
antici pated that advances in science and technol ogy

wi || make equival ents and substitutions possible that
ate hetre SELBoENE ed by reason of the inprecision

0 t oul d al so be

bR R R RRE B By e

apfieeig dividddaiefractoB2solitiatvhérsincthasotebhdssin attivéteanination site

syst . Conprisjn : a curing agent t is a low,,.
de{‘%ﬁ‘ﬁgﬁ‘tdf lgee e &bqng RER ST PRSP a@Ed‘@aerF@ftP%aﬁtVf'@rlﬁ non-

reafllé thlatWRgh g{e%uhlg? ag@iti d has an active termnation
site density that s |l ess than about 5 per square

nanoneter and, wherein the solid is non- reactlve

ﬁ%llg\égﬁer?yg%gﬁe%cd%% gsglélr%ﬁ%ﬁlt L H’iﬁegfap osrggambahzed and

a@gmﬁgtlblllzed and passivated. 3. The cure system as
defined in claim2, wherein the curing agent conprises
an anhydrlde 4. The cure systemas defined in claim

ar oﬁ@l rmelrlens aasll’gfggme dsclagg'h@ he? An %61 cuﬁﬁgta%gnt comprises an

I'cc acli
anlgyalidexyl i c aC|d anhydri de, cycloallphatlc carboxylic
aci d anhydride, or siloxane dianhydride. 5. The cure
system as defined in claim3, wherein the anhydride

R A2 I TR i ST AR e AR fnc

é an

or mermgtbmlaaa( a;h‘}vdX}dlcpﬂctdﬁaihydrldm lay;i]natnte:aﬂd\ibdy%cld anhydride,

ro aI|c hydri de; napht hal ene, .
ey oG BEROMIE AR g Rane hapmige
anhydri de; tetrahydro phthalic anhydride; cycl ohexane
di car boxyl i ¢ anhydride; butanoic anhydride; dodecenyl

suc dhacereamstymiras defingl @-cdhine?, wHerayh theaanhydradengedeririges one
or %toquea&%ie%z&(r:] M;drﬁg: phthalic anhydride; hexahydro phthalic anhydride;
methyl-hexahydro phthalic anhydride (MHHPA); 4-nitrophthalic anhydride;
naphthalene tetracarboxylic acid dianhydride; naphthalic anhydride; tetrahydro
phthalic anhydride; cyclohexane dicarboxylic anhydride; butanoic anhydride;
dodecenyl succinic anhydride; 2,2-dimethyl glutaric anhydride; ethanoic anhydride;
glutaric anhydride; hexafluoro glutaric acid anhydride; itaconic anhydride;
tetrapropenylsuccinic anhydride; maleic anhydride; 2-methyl glutaric anhydride; 2-
methyl propionic anhydride 1,2-cyclohexane dicarboxylic anhydride; octadecyl
succinic anhydride; 2-octenyl succinic anhydride; n-octenyl succinic anhydride; 2-
phenylglutaric anhydride; propionic acid anhydride; 3,3-tetramethylene glutaric

anhydride; or derivatives thereof.

6. The cure system as defined in claim 1, wherein the curing agent is a liquid at a
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glutaric anhydride; hexafluoro glutaric acid
anhydri de; itaconic anhydride; tetrapropenyl succinic
anhydride; mal eic anhydride; 2-nmethyl glutaric
anhydri de; 2- nmethyl propionic anhydride
1, 2-cycl ohexane di car boxylic anhydride; octadecyl
succi ni ¢ anhydride; 2-octenyl succinic anhydride;

terfip SRS a rEtiECHMNESS thaAYEit 190;dedreePTERM gl Ut ari ¢
anhydri de; propionic acid anhydri de;
3, 3- tetranethylene glutaric anhydride; or derivatives

i ned. | Lai o
V\ﬁer o nmie sé/sty;]leasccféﬁgecf f’ﬁtsc}liﬁisﬁ %S(Y}?eg%llh g}?ea%drfglg%ggﬁt% A'hquld ata

terﬁ;&ﬁmefeahlarr%gel’bfaesrsa]‘ikgab&ﬁt J0ekgrdeh@tlsalsout 100 degrees
Celsius. 7. The cure systemas defined in claim®,

mherein the curing agent is aliquid at a tenperature

| .g .
e TE Gy Sorm RTR AP AR, AR AT RN 1 id ot
tengperatng iageattgel o« feonh Rlgpuit @5 aibgr&es Celnjpetashmue 35 degreesabajsius.
of from about 25 degrees Celsius to about 35 degrees
Celsius. 9. The cure systemas defined in claiml,
Ve Mk BuleGstb Rl @@fiﬁ’&y inSPihd, Wﬂl %%Srefﬁétbfy%hd %Qmpnses
The cure system as defined inclaim9, wheréint
silisi.| i ca conprises silica particles. 11. The cure
system as defined in claim 10, wherein the silica
particles have an average particle size that is
NAN The earleQystdrd. as BBAnEMIN 16 MY, Oheddin BRI dili@totbristadiita
11, wherein the silica partlcles have an average
Pmﬁﬁkﬁlcle size in a range of |ess than about 100
nanoneters. 13. The cure systemas defined in claim1,
further conprising a catalyst or an accelerator. 14.
Tine Tae wfesyﬁt:mms dsfinef inrbdmi 10, elhaiein the sflicatpagicles have an
conprlslng one nor e of pi gnent, reactive diluent,
averRgedRLRTle Sipe QW KOWnPiSeR!e: £ 1 exi bilizer, or flane
retardant. 15. The cure system as deflned in claiml,
further conprising an adhesion pronoter. 16. The cure
31325 Thervas sgeémmedefimddnailaimll, 1, wheregi thetsHapatticles have an

S .one or
average part1cGI‘e size mn a range of less than about 100 nanometers.

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

accelerator.

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

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

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

promoter.

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

both of alumina or boron nitride.



both of alum na or boron nitride. 24 17. The cure
systemas defined in claim1, wherein the solid is
present in an anount in a range of greater than about
30 wei ght percent based on the total weight of the
conposition. 18. The cure systemas defined in claim
17, wherein the solid is present in an anount in a

r Angdhetukerspstemms defidal melaint 1, pdrecemthetsoliad xopresenOin an

wei ght percept based n the total wejght of the .
aniiib B3 PO igatchan APRI B0 VISR FCRLISFS €7 Hif tpigbweight of
thgg@rﬁpg,syt%rgm as defined in claiml1l, and further

conprising a curable resin. 20. The adhesive system as
defined in claim19, wherein the curable resin

¢ | ses _one or e epo r, oxiran Lety. 21.. The
- ATk &g piieihs Sl lptm ! 7. PhFwinGe ST epta a0
an®RAXIh £ R‘Eé bBREMABEuUt TV wéBhEpeaddnP RAdHoGt PP R¥MhE itéht based
cycl oal i phati c epoxy resin, or aromati c epoxy resin.
ongthe topHeveagii@f itheecosyposisionas defined in clai m 19,
wherein the curable resin is present relative the
cure systemin a stoichionetric ratio in a range of
abouinhdlesivedYsteh@ngiiza the congsyaemas ddghdediadidim 1, and
claim19, wherein the curable resin conprises a
fupthqricempgisinga UERblG 5e8ig with the cure system 24. A
cured polyner |ayer conprising the adhesive system as
defined in claim19. 25. An electronic device,
cohpThsadhgsiva systdis bis deferedan chiirp 19ewherenh the cthble resin
substrate; and a cured polyner |ayer as defined in
CORPHPTH DY Oair%%g%%‘/%%éﬁe PREYhi p and the substrate.
26. A solvent-free adhesive systemfor use in an
el ectroni c devi ce, coqprising: a curable resin
cohprhsidhgsize systam apdeftiednn ofaim @0r wheremythe epaxy; coapdis@tone

or S GUL e sgstem olpe{qacblg)?io gure th(reere%i n, thle cure .
LY SRR BT o P R g8 TS O LB EE R 6P BN
of refractory solid, wherein the refractory solid is
present _in an anount greater than about 30 percent_ by
wet ghite gdBipsive sxstanpas definedimFlajpail §hwhesein the curable resin is

present relative the cure system in a stoichiometric ratio in a range of about 1:1.

23. The adhesive system as defined in claim 19, wherein the curable resin

comprises a filler prior to mixing with the cure system.
24. A cured polymer layer comprising the adhesive system as defined in claim 19.

25. An electronic device, comprising: a substrate; a chip secured to the substrate;
and a cured polymer layer as defined in claim 24 disposed between the chip and the

substrate.

26. A solvent-free adhesive system for use in an electronic device, comprising:

a curable resin comprising a first portion of refractory solid; and
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t he adhesive system and wherein the first and second
portion of refractory solids each have an active
termnation site density that is |less than about 5 per
square nanoneter. 27. The adhesive system as defi ned
in claim26, wherein a mxture of the resin and the
curing agent has a viscosity at about roomtenperature
t hatreisgstera wbéiablegntcline thowsingthertakd sysepptang@isinga afririghe
mxtyre to a substrate surface and to use  as .
aggg_ap# S\Rpm&@pmuqq qfr rg%actory Soﬁl& whergin the re?ractory so:ﬁd 1s present
in an amount greater than about 30 percent by weight relative to the total weight of
the adhesive system and wherein the first and second portion of refractory solids each

have an active termination site density that is less than about 5 per square nanometer.

27. The adhesive system as defined in claim 26, wherein a mixture of the
resin and the curing agent has a viscosity at about room temperature that is
sufficiently low to enable application of the mixture to a substrate surface and to use

as a no-flow underfill.
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