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The invention rel ates to adhesive conpositions conprising ﬁﬁ@ﬁﬁﬂp'ﬁh?s and
nore par tY@YPAHY to such adhesive conpositions used as underti [T ‘adhesives
for integrated circuits. Early integrated circuit packaging involved wre
bondi ng for connecting the integrated circuit to the printed circuit board.
One alternative to wire bonding is solder bunp interconnections. This

nmet hod of interconnection is increasing in usage due to inproved
performance and increasi NG-FNOW/FRURADKEESOE COBIPOSITIONS chi p bondi ng
usi ng solder bunped chi'ps has alT owe e use of area arrays on chips. In
flip chip bonding using sol der bunped chips, a solder paste (flux) is

applied to the circuit board, th chi$ ads. are ali%ned with the traces on
the substrate, amfeimERtPHEltSOARPSY %Op%é’t“@as FHRRISE TRARY V40 EutPhy

this heatin rié@gm?gg, ?@f{h rf@g;gi%@hg%ﬁadﬁehééwmh&ﬁh RO RebVREEABE chip

and the su ace tension of the solder during
mel ting al sgrdue@ds to self-alignment of the pad pairs. After this reflow
process, the solder flux nust be washed away to renove corrosiyve residue.

The assenbly nusEady ifegratedgircuit PatkagingdRyalvrg wrebendngdor CeRIEFURE HCassendl y
t hen requir.es addi.ti i ‘0no ' ; :

under si do. ontseney sl A2 PHERRTERNRoRA°URE L laticlo WRHBARES sold?
cont ai ni ng Hfinp HeB¥ALEctiond.| This midthed efdfesionsection tyipteadingdin whiodnatp
capillary forces to pull the resin underneath the chip. The_fillgr,

typical |y sinaproxed perfommrsde aed ingrrasiag daput/Eemut (Qkdpnsisy. Fh B LoRIREHSIRg of

the underfill  resin. .chi ize r . sol der bunps on them
i ncr ease, t%d?&q%%ﬁﬁé'lpstalb%iaﬂﬁws thgenrhggiof'?e:r:&'@tﬁgp i ie§1'1)§to t he package using
capil lary forcesyip chig®en®ink asifg s6ldbeinipea chids, Bdoldur paste (Bux)ds hpglied to .
capillary nmethod of ‘underfilling i's to pre-apply, to the substrate, an
adhesi ve t heie dimsitftoasd, te ghip padstare sligred evithdhekRags on gie swbstrate, paaidiben Hie

| d d all ow [ ' . , h
nderfi 11 MowEbLY & heplth g FaRE bl b oD BB it it 8P G RERO R )

vol atili Zedu%ﬁil}{géiicﬁﬁ%rfdocfetw%%ﬂ@bﬁp aRA Gl sdBstesid forird. tnatsufan @hdion of ds
after cure. esevoids can lead to premature solder fatigue failure in

underfill afhpelsobderidonag nElting dsp kadet spialighment ©6 theanad p:airs. After this reflow
process, the solder flux must be washed away to remove corrosive residue. The asser'nbly
must be dried after this washing step.

- The electronic assembly then requires additional environmental protection. In
most cases, the underside of the assembly is encapsulated using an epoxy adhesive
confaining an inorganic filler. This adhesive is applied by allowing capillary forces to pull
the resin underneath the chip'. The filler, t)}pic:'ﬂly silica, 1s addcd:io reduce the coefficient
of thermal expansion of the underfill resin. o | ' '

As chip sizes and the number of solder bumps on them increase, the method of -
adding an underfill material to the package using capillary forces will become less
effective. An alternative to the capillary met-hod of underfilling is to pre-apply, to the
substrate, an adhesive that has fluxing propertiéé. The adhesive, after fluxing the solder
and allowing interconnection to occur, cures and becomes the und_erﬁll. |

However, fluxing adhesives thét contain liquid or easily volatilized anhydrides for
example, provide bondlines that contain voids after cure. These voids can lead to

premature solder fatigue failure in underfill applications. Fluxing adhesives that contain
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poor shelf life or premature gelation or both, inhibiting solder tTlow. In

one aspeglyo2lulig, i nvention provides a one-part, thermally egra@niaghesi ve
conposition conprising epoxy resin substantially free of hydroxyl

functionality; anhydride curing agent, wherein the anhydride has a wei ght
| oss of |ess, than 10 percent as determ ned by thernogravinetric analysis
wher ei n t KEXingfsplingagests cappare peygitnakipite At Piesnatus gelatiomor etk of 90

C/ mnute, . P03 | for 1 mnute, then ranped to a tenperature of 225
Cat a rafﬁgﬁ%lgnggﬁ%}%ioﬁwate and then held isothermal for 2 minutes; hydroxyl

cont ai ni ng, ‘conbpoitthspbatthé svantde prvidek layonensel, tidr@allp cubsbiepatgsivesi N at- a
tenperature of |ess than 80 C, and optionally, catalyst- A preferred use of
t he adhescompednpOIRIrsing epony resis subsiantjally fres of Bydioxpbiindtionalityn anot her

an ol oct r PRI RERER R M REn B PR S: G2 SEBRIRF oL oS ah apPaR <Cuch

termninati a&emﬁb&@j{ FigrRoSali8Ririd Willysi Awh SRRt mparature RO r&HP&d frake having a
plurality of electrical term nations corresponding to the term nations of

t he el ect ninbidnt oSNt ;ratand SARCadnag, helddssthesea fbet weiewnte nkherbangedgo t he
el ectrical conponent and the subst rate toget her, the sol der bunps being
ref | owed- grempsraareraf@db °G at o mie of PAGCImiauE sk thee Aeld isewmsonahior 2oninktes;

bstrat h dhesi. 1,S) t ti duct of dhesi =
conpos, 1| YRR RBHNEHETBINC thALdn R AL, LRP I (i B GFIB ALY des

met hod of ' tofyio 3 n FieS| t ps of
provi di ngta, e+r§%to??h€grﬁg§9p§éﬂ% Sﬁéw ng’ %atﬁﬁﬁ%wﬁ&g? ug ggtglrei Aggfa@@

t er mi nat i eompogitianis ae b fluriag abhesivicddntbosgian. sol der. bunp; providing a |
conponent carriribng substrate having a plurality of electrical term nations
correspondi ng fbanothes agpeehihednventipngrroyides an eleciricabsorepappiagtemily ovi di ng a

ST} ! eboRBR beaRar St TR B OB TR A bR e
subst r at e terfidittiaf ido@ih e sl Gulihs al cof@Baemaniryind fubstiatedttiess ¥ @lurality of
conposition; and curing the adhesive conposition. In yet another aspect, the
i nvent i onelsebispldenninations cameIppneingdn e toraingtprs effhe sispsrical sopponestopnd
S T T e e T
st abl e i ntdgeder,theedolder bumps being reflowed and electrically connecting the electrical -

component to the substrate, the adhesive comprising the reaction product of an adhesive

composition of the invention. | .- ‘

| In ano.ther aspect, the invention provides a method of bonding an electrical

component aésembly comprising the steps of providing an electrical component having a

plurality of electrical terminations, each termination including a solder burrip; providing a

component carrying substrate having a plurality of electrical terminations corresponding to

the terminations of the electrical compoﬁent; providing é sufficient amount of an adhesive

composition of the invention to bond the electrical component and thelcomponent carrying

substrate together onto the substrate; contacting the electrical component with the adhesive '

. composition; and curing the adhesive composition. | |
In yet another aspect, the invention provides a thermally-curable one-part adhesive
composition comprising an epoxy resin substantially free of hydroxyl functionality and an

anhydride curing agent. The adhesive compositions of this aspect are stable in that they

are expected to have a relatively long shelf-life as compared to other Eepoxy
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are expect'ed to have a relatively long shelf |life as conpared to o_Qh}}arDE@pd&ﬂh
The adhésiwg"%{%%bsitions of this. aspect have utility bondin fates
where a fluxing agent is not necessary. "Substantially free of hydroxyl
functionality" neans the epoxide equivalent weight is at or near the

t heor eti cal cgiRxhi@iRGpdLRDhS. EhIithebivB @bmipSsitioht Bf thidaPetrient udtity ess of
the theoretical epoxide weight) and there is no hydroxyl group inherent in

t he nonomer bandirfgorulysteatest wiere p diuxine, agesuisdchnedessary. i nsol‘ubl e” neans t hat :
when a particul ate form - 1| . 025- 0. 25 of the insoluble.
conponent i$ addeﬁlbfta“téﬁlﬁ’l']f&?ﬁ %ﬂ@’?ﬁ’ﬁ‘(yﬁw CHOR Rﬁp%}még ﬁ?ee‘?ﬁﬁ’xfcg eqpbv;#@gwk{;h
remai ns UnCﬂa%p&%a%fhé R APESoRSd _w@fﬁtwéﬂ@mtﬁh@ﬁ, WAEhiR® gef@nibXeW 6 tO a
tenperature of- 80 or greater. "FluXing agent” nmeans a nmaterial that cleans
a netal, fotheehecanpicel epokiderweighty dratthsre ishodwyidoey! gtaghieberet intbamonamemced
adhesi ve conposition. "Parts per hundred" neans parts per 100 parts by

wei ght of ti#eEM©SEhg epakidint of epoxy resin, anhydride curing agent, hydroxyl

cont i ni ng compounl ANSNGALANYS neafYANLAGER 0k AHER VEPwENg hes Ve

conpositions of the 1nvention inclu processi ng st (as neasured by

gel tinme), @2sheh) ofitkenwiutds eahpsncnbbraddetveek Siqaid corhpatent, aampedws blerd isnder
a nitrogen atnosphere, a pot life of greater than 8 hourg at 80 C (defined
as a doubl i fegmed whichaersping pnchinaedend only gassiragsiacant Hor bpatingaf themdxiuEdfo py
t her nogravi netric ana bs). and high fluxing activity (as neasured by.

sol der spregﬁﬂpm%‘ﬁr&i‘*g@n@oﬂ'ﬁm Ye adhesi ves and adhesi ve conpositions of

the invention do<ggfing §$€h§" AR IYtekial @l SefhsM ikt 'Rr eXAhPR ol der, surfaces
tension/sel f-alignment Teature of the solder. It has also been observed

that only nofrixadds. f orce for short periods of tine is required during
pl acement to proyjde copstruction hat yield netallurgically and _
electrically bondcé%fes@'én%ﬁ%srﬁ CLHEQ? P‘aﬁbeséi"ercé’ﬂpﬁﬁt‘&nocess_ with no additional
e eSS AR L SR RONERLIG SPPRGRLL QUSorEhaUL 19
i mproved poégoxk eesid,Rhbydialeanciag agermchydrvey doytaining compound, and catalyst.
_ Advantages of the adhesives and adhesive compositions of the invention include
prbcess'ing stability (as measured by gel time), a shelf life of grcéttér than 4 weeks at
ambient temperature'under a nitrogen atmosphere, a'pot life of greater than 8 hours ét
80 °C (defined as a doubling of viscosity), minimal outgassing during cure (as measured
by thermogravimetric analysis}), and high ﬂuxihg activity (as measureci by solder spread).
Additionally, the adhesives and adhesive compositions of the invention do not -
“substantially interfere with thé.éurface‘tcnsion!'self-alignment featiire of the solder. It has
also been observed that only minimal force for short periods of time is required during
plaéement to provide constructionsl that yield metallurgically and électrically bonded
component during a reflow process with no additional added pfessi.ure fequired.

The préferred adhesive compositions and resulting adhesiv:es of the invention
provide a balance of fluxing propcrtiés and improved potlife. Thilc; balance is achicvcd by
using a combination of purified epoxjr resins, less volatile, relativély high molecular
weight anhydrides, and hydroxyl containing compounds that are S;Jbstantially insoluble in
the epoxy resin—anh}'drida mixture 2t temperatures less than about' 80 °C. The adhesive
compositions of the invention improve potlife and maintain fluxing capability by

- generating a fluxing agent just prior to the melting point of the solder. The fluxing agent
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using a conbination of purified epoxy resins, less volatile, relati V§Mimm
nol ecul ar wei ght anhydri des, and hydroxyl containi ng conpounds thegt

subst antjally.J,psol ubl e in the epoxy resin-anhydride ni Xppggsil20734
t enper at ur es 1‘ess t han about 80 C. The adhesive conpositions of the

I nvention inprove potlife and maintain fluxing capability by generating a
fluxing agent just prior to the nelting point of the solder. The fluxing
agent 2. 3ispEGerRO8Ub N0/t oPdE/ HysomyD omg4ining apsrpenad &uhioly bedvenassabitilon of

t he hydroxyl gontaining compound, (whj ch. becapes soluple .at_an el evated,

L Brvpoy at uAUAR SRt B B A b R idRy ROfTRE AT Bhis0 tevid HRARg

I npdi vi dugl L i ey g ' d the
subst ant i Bl P P B e D CH ab e Bl
potlife simombldipydrptyloogdtainodanpiund provipge improvedpdtiferinde thékydroRydr i de at

tenperatures of about 80 C and above. Anhydrides having |low volatility
prevent vePramggeamnpeinhreapis vaidhn g apbydiadratiteraperaturaspf abot0 *thandaalivasi ves

o o SRS 205y SRRV B Paloh BB IR g o

backbone that is unreactive with an epoxy resin as described in U S ‘
Application No. 091611, 450, entitled Polyimde Hybrid Adhesives, filed on
July 6, 2000 (F@e aBhé&divesnsndadiBsbeadimpesiiess ahilie atiretdvdo conipdsid i ons of the

i nvention- contain one or nore epoxy resins, Useful resj i ncl ude,
for examppalyiBidsalisomas haringmampleeien et af privatoe: 0% sl Mad haging a
aromatic k | : ' . ,

al yoi dyl Sipcpne UEh SORKGLAE RAMERSRD Riin SRR Rdth LS RIoRNENDL
epoxi di zeg9/ll-¢fa50sentaled RslpbhidatHybrial Abisssoet, filepeaUily &, 28COHCGISPElicakiony
resins useful in the adhesives and adhesive conpositions of the present .
i nventi on—i-nclud®, but are not limted.to, bisphenol A- epichlorohydrin

- , . _ . | . | . . - ) . . . l
o yor dyi et ner & TeaTBset BRERGE Rt ob RaREo e dRohid ARt bERIR 2 no
phenol s, apdx3n@bing. Wskhilfdpory iresiad inglude] By bxahplersabstaiedd ak uaditicategl yci dyl

esters. Exanpl es of useful bisphenol A-epichlorohydrin-epoxy resins include,
but are naliphaticpeycdenliphaticraRwatiResilies hgemceyghepolyprexgles, sush as glapidel f rom

R s DGR T
6008, GY 6QRHds, mdtomybidelnrs thedddfabl e from v §
Specific examples of epoxy resins useful in the adhesives ;emd adhesive
compos.itions of the present invention include, but are not limited to, bisphenol A~
epichlorohydrin epoxy resins, bisphenol F-epichlorohydrin epoxyrfésins, aliphatic mono
glycidyl ethers, aliphatic diglycidyl ethers, diglycidyl ——functional-amir'xo phenols, aliphatic
multifunctional glycidyl ethers, and aliphatic glycidyl esters. ‘
Examples of useful bisphenol A-epichld;ohydrin epoxy rcisins include, but are not -
limited to, EPON™ Resins 825, 826, and 828, available from Shell Chemical Company,
Houston, Texas; D.E.R.™ 330, 331, and 332, available from Dow’l Che‘mjcal Company, |
Midland, Michigan; and ARALDITE™ GY 6008, GY 6010, and lGY 2600, available from
Vantico Inc., Brewster, New York. ) o
Examples of useful bisphenol F-epichlorohydrin epoxy resins include, but are not
limited to, EPé)N'rM Resin 862, available from Shell Chemical Coinpany, Houston, Texas:
and ARALDITE™ GY 281, GY 282, GY 285, PY 306, and PY 307, available from

Vantico Inc., Brewster, New York.




Vantico tnc., Brewster, New York. Exanples of useful bisphenol 2004
F- epi chl orohydri n epoxy resins include, but are not Ilimted to

Resin 862WH24H4PHbl e from Shel | Cheni cal Conpany, Houst on, PQE}’&QUZ"&}M

ARALDI TETM GY 281, GY 282, GY 285, PY 306, and PY 307, available from
Vantico Inc., Brewster, New York.. -4 WO 02/01541 2 3 DEC 2004 PCT/ USO

1120734 Exanpl eSE)stmpB:efo'ﬂ uséfonmondlidi and nalifunftienst dlotidyl egftey edsthsl inetulerbut
resins include, but are not limted to, XB 4122, TACTI X 556, TACTI X 742

and ARALDI P Baidimitedito.abBe 122, DACTRROPEoT AREIX 745, @méMALIREW YH. levaijahie

EPONTM 1510 HELOXYT" t difier

from Shel | FB M 225CO dBhp ﬁ?/WSt%héWo‘ﬁork?'g&%EFb%%Lrw 1(51?3 :bl y
ionically Ca'nﬁ _fséwgéa?ﬁt MoHer kS @g@ﬁ{&@%gwc L&Ral orﬁgﬁgb ﬁﬂgglf&aJhe

epoxy resins S0 pre erably ree o

functionality. Thig EROXYrckRS 'afbé_pl_ at) $6hi €K cRaR iDQhYKBY b saaﬁémalgl fassof

m crospheres as descrl bed in Publ 1 cati on WO 98/50480 for cured epoxy
resins thatlomcepccanmv"ﬁht ep@yy resing avedsa prafarany sbstasuallyaimer ofdtydoatyl of maki ng

same. Renoval of esuﬁ i oni ¢. hal ogens can b accoggié ed
feacting t HBACt b Fposia® R asoant i by RESTRLGEIS mbmsilStmes
Whi ch excegfls ﬁhﬁ% dg‘#(ﬁ; Puggwtmlwgi o 8GED BPclltPedHRY i BalCRIRIhSIBE by

hydr ol yzabl e I's anount depends on the starting epoxy resin.
exanpl e, i ftheappglidaconadihest ardenﬁhe&‘emﬁmalangmalcal amount of base can be
used based on the ppmof_ h able halid I n oth %uatlons for

dr ql
exanpl e, 100 perRemevalpof ZG%‘ }gérl IR halpgens A é&%ﬂrﬁ‘%’(ﬁ dﬂ%‘@b%‘?%g’len may be
combi ned WelB0 s & a hARMHETAS RUE@nl B dyUhiBufe wiilf EdRdOMhelioigt her

si tuations, epoxy resin nmay be pre-heate t he heating and _
agi tation sdgepraleay baselion fifel matetials aonhpdsnmgrmgdaonaamlemmdeo IThis arhotdtelepasts,
si mul t aneousl with the base treatnent step, or after the base is added to

the epoxy rassipp StaTHRS eperieresing Fgr sxamplg, quﬁl@réfflafr HF REESER0 R hepERlical The |
selection of_th i

sui tabl e baar%sungggﬁ 3? Qﬁptf%ﬁe’s%gtﬁgg@s@@? %%)E{ L}ér}\l\?je@?l %noﬁgﬁ%(% but
are not | i nfof ethriyfle, IO percenas 'J@O@hr@ﬁtmt‘,%@qwmdhydrom de in water, sodium

hydr oxi de, and lithium

The epoxy resin may be combined with a base at room temperature to forma
mixture or in other situations, the epoxy resin may be pre-heated. Thus, the heating and
agitation step may occur prior to and during the reaction with the base, simuitaneously
with the base treatment step, or after the base is added to the v.=:pox"yr resin. This order is
dictated by the starting epoxy resin. ‘

The selection of the base depends upon the starting epoxy resin. Examples of

: -su1table bases useful in the process of the present invention include, but are not limited to,

' hydroxldes such as potassium hydroxide in water, sodium hyd:omde and lithium
hydromde, hydrides such as lithium hydride, sodium hydride (optionally in mineral oil),
and potassium hydride, alkoxides such as primary, secondary, and tertiary (for example,
potassium t~buto:;;ide in tetrahydrofuran (THF)) alkoxides such as:sodi'um ethoxide,
carbonates such as potassium carbonate and sodium carbonate,' and quaternary ammonium
salts. i-

Generally, the base strength and the temperature are such that the halohydrin closes
to the epoxy and under which the epoxy does not polymerize. Fon_!' example, in one case

for an epichlorohydrin-derived epoxy resin, potassium t-butoxide in THF was suitable at

25 °C, but the resin polymerized at 70 °C.



hydr oxi de, hydrides 'such as |ithium hydride, sodium hydride (optior&Bl B}EE n2004
mneral oil), and potassium hydride, al koxides such as primary, secondary,
and tertjymaibQr exanple, potassiumt-butoxide in tetrapygdnRhypans(THF))

al koxi des 'such as sodi um et hoxi de, carbonates such as potassium carbonate
and sodi um carbonate, and quaternary ammonium salts. Generally, the base
strength and the tenperature are such that the hal ohydrin closes to the "

epoxy and undeMhemusetf Itdnenlet]b@pbﬂhd besesisuch posopiiemihydrideare ketignpd éO hpye Ehﬁe
e was_ st tabieSik HSLYE et ERR Hupr iR u B AR P i 8
2004 VO Oﬁ{rﬁgg’@&cﬁﬁy ﬁevegﬁ&xﬁﬁ g@tﬁ%ﬂj%ecsfgrs ”Wlfﬂ%hi%&ﬁg'%hh&b RSy sugh as

sodi um hy e‘are advant ageous effect of cl 03| ng the

hal ohydr i folliviing g belieaat fongcappr eci ably with other base (hydrol ytically)
sensitive functionality such as esters. Wthout being bound by theory, the
followng is believed to occur: 00 11 ff OYd r~Y-0d OH"O +HZ - HG
C +NaCl I f a non-nucl eophilic base is used, the process of the present
invention preferably conprises the followi.ng steps: (a) distilling an epoxy
resin conprising materials containing hydrolyzabl e halide using nol ecul ar
distillation to yield an epoxy distill-ate; and (b) reacting said epoxy
distillate with a base wherein said base is present in a quantity -which
exceeds the nol arPequi val ent based on the mat er@al s contai ni ng hydrol yzabl e

hal i de. The |n|t|gl di sti IIatlon step rermves |stu e algng with high

nol ecul ar ™ wel gk hm er @nt ai ni ng hyd @mﬁﬁm -The product
can either eutralize th wat—er»a bon di oxi eét 0 renove -r—es1—d'ual
sodi um hydride~bef ore di@®dil}ation or can +H,

H@

U\LO/\@Q ————
@JLO/\Q) +NaCl

If a non-nucleophilic base is used, the process of the prcsent invention preferably
compnses the following steps: () dlStlﬂlIIg an epoxy resin compnsmg materials
containing hydrolyzable halide usmg molecular d1st111at10n to y1eld an epoxy distillate; and -
(b) reacting said epoxy distillate with a base wherein said base is present in a quantity |
which exceeds the molar equivalent based on the materials conta.mmg hydrolyzable halide.

The initial distillation step removes moisture along with high n;olecular weight
materials containing hydroxyl functionality. The product can cithér be neutralized with
water and carbon dioxide to remove residual sodium hydride before distillation or can be |
distilled directly without neutralization.

The mixture is heated to a temperature suitable for reaction of tﬁe halohydrin to
form the epoxy while agitated. For example, the mixture may be heated using a heat

mantel. Generally, the mixture is heated between 20 °C to 200 °C for 1 minute to 12

6-



tenperature suitable for reaction of the halohydrin to formth

agi tated. YEB28%3&pl e, the mixture may be heated using a hggiwuesr%’ﬁ?
Generally, the mxture is heated between 20 Cto 200 Cfor 1 mnute to 12 C_
C -6 WO 02/04541 2 3 DEC 2004 PCT/US01/ 20734 hours. However, the

tenper at ur epgid, Hdwe\féﬁ,ﬁﬁ@wﬁmuﬁe%ﬁmr@aﬁi R XE mﬁhg ep&RFRsirs bagngt h

and solubility, the catalytic activity of the base towards” epoxy
pol ymer i zat steemgth And sclabiiey, ¢hatatalyabadtivity of theibsseHewridsgpaxypelyrienigatiam, occur

distirll'ed directly without neutralization. The m xture i s heated tg D\Et[} 2201,
ég i

after the epoxy resi nﬁﬁnd@ﬁase are conbined, prior to and during the base

treatment st®hCommessial YiebiiBously with the addition of the base and base

treatment step. g Héafffngraﬁd Infix %,t&%}élc)%cup%ﬁﬁeeép&ég{r@esg{ afd"Gas¥ ia%%kﬁeﬁgﬁpi ch

in turn hel ps the “dispersion o ase. mxture 1s t

neut r al i zedpribf tof @RdUreg; thelbasegrenandn stegl] @ xsimteaheodsiyr with thecadditorpobiisdtase
Wth the hydrides, this neutralization step nay not be required.
Opt i onal | y, aed basqi Eeabderitstepr esi dual salts may be renpved fromthe crude

G stiT1at on (o grEnE Tyl Reded PUBRENEoS SRR 6 WIetRCT 2 O o

wpe film eggggrsgkp‘f,ftﬂg}gagée used. Wth a rolled filmevaporator, the crude
product is distributed across a vertical heated surface:by an efficient,.
sel f - cl eani ng r ofMhsrheateganixaye ischen eusralizednifrestired Hising ¢acbro dipsidsviaderpsed

terial t | hott. di tq.an internal d A snal |
'S used wi  FrUcE R QYR e esa fhif Bute R LR e BT OPBE eocidDy B Vs b
Distillati Oogtibﬁﬂmm%mg PHRAE, YediQuAPkAEURLY RTemot@Hfom (W éldd@pidpet by | m

evapor at or, W per is used instead of ‘the self-cleaning roller wper. The
di stillati ofiltcativahi. t i ons depend, on the boiling point of the crude product.

RCRRE AF TER AN R UL At AT TS L
For example, a rolled film evaporator or wipe film evaporator may be used. With a rolled
film evaporator, the crude product is distributed across a vertical F}eated surface by an
efficient, self-cleaning roller wipcr system into a uniform thin film. The evaporated
material travéls a short distance to an internal condenser. A smaller vacuum is used witlh
low operating temperatures. (See UIC Inc., "Short Path Vacuum Distillation from
Laboratory to Production”, 1997). With a wipe film evaporator, a wiper is used instead of '
the self-cleaning roller wiper. ' _

‘The distillation conditions depend on the boiling point of the crude product.
Noncondensible materials which may be the starting materials, that is, the epoxy
resin, are removed during molecular distillation. ':_
~ The'yielded epbxy product has 10:w levels of hydrolyzable halide, that is, from 1 to

100 ppm, preferably less than 10 ppm, more preferably less than 1 ppm.

The yielded product is preferably free of high molecular Wcighi materials. High
molecular weight material-free is defined herein as having no dimers and materials haviﬁg
higher molecular weight than the dimer. The epoxide equivalent weight is at or near the
theoretical epoxide equivalent weight (that is, within 2 percent, préferably within 1 percent
of the theoretical epoxide equivaleht weight) and liquid chromatoéraphy of the diétillant

indicates greater than 98 percent monomeric epoxy. These data indicate an epoxy resin

that is substantially free of hydroxyl functionality.

-



The yi el ded epoxy product has |ow |l evels of hydrolyzable halide, thh3 DBC 2[][]‘}
from1l to 100 ppm preferably |ess than 10 ppm nore preferably |ess than

ppm Theww@ogl\qql product is preferably free of high nol ecyl-gyudshHiL
material s nmol ecul ar weight material-free is defined herern as havi ng

no dieters and mat eri al s having higher nol ecul ar weight than the diner. The
epoxi de equival ent weight is at or near the -theoretical epoxide equival ent
wei ght (t hat i $he purifiddep@xp prastunt hasprhéglaratuirgd ghashiransitipe tareparatuof thizhehe

L.“g?fﬁt anfess RUP e ek o eHAREI8. JBF GUHTEASRORERI u@t°gra4°rr%é%°fe dat a
Funct | onalt Lyl WeRRE AR el B a 2he Vel d) 55 Bap YR A B vrtioB oy

product hestha sigérxyausindThe@dsnd raitiial bos 1heh33q5c&tyl{ﬁ1©dhbﬁwhichés Iess pure
ver si on which i s advant ageous. The g}grlfled epoxy product is also nore
predi ct abrevaataeeas. Resduaibase mey sahibi gatiomeally awed ppgxies. b@owhan t he | ess

pure vers ane e esi bas t he -

cpoxy pr obte e RS UPRuCBRR I st Bre e L6/ R MR R S6al o a1
cured epo PON

Resi n 146?,11@121\%% %}gf)ad}?yghﬁlﬁé%ggwﬁéﬁgén%ﬁidszh&%g%ﬁb%??S%%$%ﬂe vtEeS| dual
base are ctdectaj(l‘mdhaﬁdhmﬂca@ \aa.h;cedﬂles/s/thmerThaptmheﬁtepoﬁopmﬂuSmal e val ue of

| ess than urlfled epoxy product col or For_ exanpl e, using

the. Gar anAofs; FeTaspRAms. Yoma BUPABREICEHATTEN IOLH SOSCHF Borsh Lol | ass
than 0.1 §&ﬁ ﬁﬁ&g\{g%ﬁ ﬁzlnrl) ?%(? %aﬁﬁgaﬁg%ggﬁgoxy purification process can be

bat ch or continuous. heking ionically clean epoxy

resins is deSCTh@ﬁﬁ)vb@p& unffdﬁﬁb RIck QealibeQPdPdr SRftinueki t1ed "Process:

for the Elimnation of Materl al s ntaining Hydrolyzable Halides and Clher
Hi gh Mol ecul ar Asigived Methedicdinsalingionigplly aleahegoky resbey iswdedcritpoip (REsi ns”

Fheai vos RBRIE Mo oLt lada Phgesst R the ERRS o0t Massralh famRin u'ﬁé‘oﬁnhio
to 80, andyaRifabkefaiabing b3 mlezglmvt PMat&kﬁ]QTx‘%ﬂnAgﬁﬁalrﬂg«Hﬁﬁ' ves of

the |nvent|on contain one or nore anhydri de cdring agents her ei n,
"anhydr i detrimdslipoxyitesingt, diled omﬂeoembcdﬂ 1aa9| (B@‘Tﬁﬂuhhmom des. | one

oot et o S SRSl Sl 1S AL L AHELL B0 B2l 51
hydroxyl  GRR#i{EBh SEHRUEEH more preferably from 30 to 70 parts. per hundred.

. The adhesives of the invention contain one or more anhydrlde curing agents. As
used herein, “anhydride” also contemplates mono-, di- and poly-arthydrides. In one '
embodiment of the present invention, the anhydride functions as a reactant or crosslinking
agent for the tzpoxy résin and also reacts with the hydroxyl contairting compound

| (described below) torform an acid in-situ whicﬁ functions as a ﬂu)ting agent. Useful
anhydrides of the invention have low volatility as determined by thcrmogravxmetrtc
‘analysis using a procedure where the temperature is ramped from amb1ent to 140°Cata
rate of 90 °C/minute, held isothermal for 1 minute, then ramped to a temperature of
225 °C at a rate of 90 °C/rnirtute and then held isothermal for 2 mt;nutes, each temperature
ramp in air. The anhydride, under these conditions, preferably shows a weight loss of less
than 10 percent, more preferably less than 5 percent. Useful anhydrides are also capable =
- of being dissolved into the epoxy resin. “Dissolved in the epoxy resin” means that the
blend 1s translucent after stirring (and heating genctal_ly to 120 °C to 180 °C depending
upon the epoxy resin and anhydride used and the mix ratto). Any aromatic or aliphatic

anhydride having low volatility and the solubility described above. are useful in the present
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(described below) to forman acid in-situ which functions as a flux@nypgEC 2004
agent. Useful anhydrides of the invention have low volatility as determ ned
by thernogY@¥d'Wetlic analysis using a procedure where the lf%ﬁﬂ%“r‘&f’@r*e is
ranped fromanbient to 140 Cat a rate of 90 C/ mnute, held isothermal for

| mnute, then ranped to a tenperature of 225 C at a rate of 90 C m nute and

then hel d ia@infigh "Bpecifed uskfilll Ak} @ idesaaclindt SHRS-dlobrah P firdl)-fethfha-
anhydri de, under these conditions, prefera shows a wei ght | oss of |ess

bl
than 10 perayelohexemorld-gicefboxylix a,nhyési@ethéh(lsi/ﬁe?rﬂtﬂéfmethjdelf&ﬂ anhydri des are
al so capabl e,.. of bein i ssol.ved_intp the,epoxy resi,n,. "Dissplved in the
epoxy r esi rﬁi‘Sﬂr?éé‘?fgllilwg%[g?wz‘ydrﬂrﬁg—k&m?tga?@ﬁ??fﬁﬁ%%ﬁ?“"iﬁf@?“@t ?‘?Cf‘f%’gb‘f‘%‘&‘s '
heat i ng ger}ﬁ\érgg)ﬂ y to 120 C to 180 C depending upon the epoxy resin and
anhydri de used and the mx ratio). Any aromatic or aliphatic anhydride
havi ng | ow vol atlh klie gas@0flart idhesiot ebirpotitioded thid insenadrov@itaiaing qpory wsin ad he

present -8 WO 02/04541 2.3 DEC 2004 A PCT/ USO01/ 20734 i nventi on, Speci II c

usef ul anhyahydride andén aprlicatipns wheie sho velrRHERRfEF aphyqrde isaphdatimental to the
cycl ohexene-|, 2- di ' | ke "~ - - I g 3- -

di si | ox anecﬂe?}’%‘?ﬁ}gcﬁ%)&‘%h@;%{?ﬁo‘f%@%@%ﬁ%@b‘%ﬁ%‘%ﬁ%&lﬁﬁ%-,‘@ui%‘trllé; al g’ﬁd |
conbi nat i onghydritRs eedcribkd abdie. Eragpdés Gsuat ese welatiderpedsidiidesinofude meethyl-

i nvention containing epoxy resin angd  anhydride and in applications where °
the vol at i |5earbemerhd, Sdipdrberydic anbyddde detri mental to the performance of the

adhesi ve, th nhydri de may..be, liquid o ' ' . i des
descri bed- db OQFY Q%Bﬁl%g’% 6(?19%8%)9?1}?0?@%@% giélﬁgygéﬁéﬂﬂﬁ%é@@%%&%%éﬂél -
5- nor bonenaxndbatcsAhBRXY. The aMyMaide de prasttih execditenes of thednwbintian OX Ydviel
anhydride, nethyltet rahydr.oi)ht hal i c anRydri de, and conbinations thereof. The

anhydri de i frames en80,ipreferablypfitrmsliSvioH®b fand more prasarabbinfram 20 foPdrarts$ec f r om 5
to 80, prefergbly from15 to 60, and nore preferably from 20 to 50 parts per
hundred. THEPSEfesi ves of the invention may contain one or nore hydroxyl

cont ai ni ng COMPOHRAANLARAS il BYBHANYIdoltal s Dkdrd Wy debgyiepRMniAES! N at-
nperature of [ess than 80 C. Upon heating of the adhesive conposition
to a tenper@inpoends th@hrCsubstagtialdy arsplutie in thy ¢poxy kestw ait michIpGtpEre 9 dasa dhan | |
di ssolve | n8t00°é. hﬁpgrp I?cé%iné %? Il:hrt]: aﬁggsi'rvg gg}np\cl)\gigign thg temperature of §0 °C or greater, the o
| _ hydroxyl containing compoundl will dissolve into the epoxy resin and react with the
anhydride to form an acid moiety that functions as a fluxing agent:. Exarnples. of classes of .
hydroxyl con.taining compounds that may be used in the adhesive éompositions of the
invention include mono-, di-, tri- and poly- alcohols and phenols i_ncludiﬁg bisphenols and
combinations thereof with di-functional hydroxy containing cpmpounds being preferred. = -
Useful hydroxyll containing coinpounds are substantially insoluble in the b.l_end of the )
epoxy resin and anhydride at temperatlires from ambient to less thjaln 80 °C, and preferably’
have a weight loss of less than 30 percent when tested accordirig to the thermbgravinietric |
analysis described above. Specific examples of hydroxyl contéining compounds that are
useful in the present invention include ethoxylated bisphenol ﬂuor.ene,‘hydrogcnated
bisphenol A, bispheﬁol Z, bis(2-hydroxyethyl)tercphthalate, and 1,12-dodecandiol.
Hydroxyl containing compound is present in the adhesive compositions of the invention at
a level of from 1 to 50, preferably from 3 to 30, and more preferably from 5 to 15 parts Iﬁer
hundred. '

The adhesives of the invention optionally, but preferably, contain one or more

catalysts. The function of the catalysts in the adhesives of the inveéntion is to accelerate
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anhydride to forman acid noiety that functions as a fl uxing agent%."ﬁﬁ@plze&
of classes of hydroxyl containing conpounds that may be used in t

adhesi veygempesitions of the invention include nono-, di pCng.i,m"aglﬂ pol y-

al cohol's and phenol s including bi sphenols and comnbi nat ions thereof with

di -functional hydroxy containing conpounds being preferred. Useful hydroxyl

cont ai nin ounds are subst ntlaII i nsoluble in the blend of the epoxy
resin an SHWNE‘PP@E%WW ST drigendiabivestt the sraptinsprotush othec, and

pr ef er abl

accordi ngly dro;tﬁﬂ‘é%n \}J Dﬁﬁ? ralﬂé ﬂﬁ'f gﬁ@@dgg%fﬁﬁ%@ Fater%ﬁéé&? I C

exanpl es aa:flbnbydfdhxlytliorfsdiﬁtarmacfti}/at‘e(@m@(humﬂératdleﬁctﬂihgwhbkiiﬁéaltléd dbdvé Be present
i nvention include et hogl ated bi sphenol fluorene, hydrogenated bisphenol A,

bi sphenol tempetsitgre 18010y grentar) Classghfivaefal eatalyst include2radsitdes arealol .

Hydr oxyl cont a| ni oynd i s present e adhesi ve conpositions of the
i nvent i orCOMRPIEXES :g\%éqrg ;t}aé?ﬁ §u %gm}?PBPgﬂ’QWV CPMBANgS A FFINGsBavipg e

pref er abl e fno00 éha!'rﬂ:téé th%ratré KR&%n R s ERavin r(% Bﬁhﬁzﬁl?ﬁﬁll\ff&e%h cffﬂ:vent ion

optionally, but prefera contarn one or re cata unctlon of
t he cat al gsihplésoiusefid dhadystemchidetdobalt nyginhdérmare, bebautqHaﬁmjrlaread@te/koBall DEC
200k WO 02/04541 PCT/ US01/ 20734 the reaction hetween epoxy and anhydri de and
bet ween t&E) pesipcdANHE cRTGoRpEr benzoatsy Gratalyst 1%W§3&Fmtﬁ sund and the

ot vat e ri Rl ST HSRRH B R HEB0; E@véfeé?rfbﬁ’%ﬁs@d’?ﬁqi"%ﬁ%g c

or great qrrefeabagaf@sn ofs msmﬁms thdng&ds | ncl ude transition nmetal conpl exes
and organi ¢ bases, such as organophosphorous conmpounds, and am nes havi ng

the above char ke adhesiveceprapasitionsvaf thaoinyersim ma)vcmgalmadﬂmaw! addilives that t he

t. S f ef ' b ht henat.
cobal ¢ (115 <ERERGTHieEE Rl IR nafty S Trstenabeditied Pife o B oL By
benzoat e.1o@aledd Mfch dsSilRLSORE ahdp B?ﬂw@i@hﬁ%fﬁtﬁuo&%m&ﬁh&db% phefibe 1nvention
at a level of from0.05 to 10, rably fromO0.3 re preferably-

fromO0.5 mwrcioqblapn% gouplingagerssl. foirhearadhaslau@cmmhqngsgmmgnnﬁntm e xotropiot i on
may contain_ad onal addi tives are to .t hase k| I I,.n. the
et Sucrhegpas GushBhRg 43R\ alE TadipRing el e sobiroRyBost. AP such
as silicCaire 91’6@&% iRk POy BBIibes BT &@%b@@ Bfa wmareﬁ@é}ltﬁe PRIYARGLE.

m crobal | oons; coupling.agents, for exanmpl e, silane coupling agents;

pi gments;’ thi xéddl@pnc)f a silane coupling agent is optlonal in the preparation of cured
compositions of the invention. Preferably the silane coupling ageﬁt i5 added to the
adhesive composition when the substrate surface is glass, and oxide or any other surface
that would benefit from the addition of a silane coupling agent. W‘hen present, a silane '
coupling agent contains a functional group that can react with the epoxy resin, for
example, 3-glycidoxypropyltrimethoxysilane. ’ | . '
' Generally, the epoxy resin and anhydride are mixed togcthcr with stirring,

. preferably under an inert atmosphere, with heat until the anhydride is dissolved. The
temperature at which the mixture is heated is dependent upon the structure and mix ratio.
of the epoxy resin and the anhydride and generally ranges from ‘l?iO "CI to 180 °C for solid
anhydrides. However, in the case of a liquid and non-volatile anh'ydridc, perhaps no |
additional heating would be necessary. After the epoxy resin and anhydride are blended to
form a non-opaque mixture and cooled to 80 °C or below, the hycﬁoxyl containing '
compound and catalyst are blended into the epoxy resin-anhydride mixture. Solid
hydroxyl containing compounds are preferably milled and sieved prior to being mixed into

- the composition.
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agent's;” tougheni ng agents; cure indicating materials; and conbi naéi 0 QUU‘I
(

t her eof . Addi t%v_es are present in the conpositions of thef&%‘ﬁ“ﬁ( g%pilc
I

level to efPdé" Yhe desired result. Addition of a silane g agent is
optional in the preparation of cured conpositions of the invention. ‘
Preferably the silane coupling agent is added to the adhesive conposition
when t he subst r aThe sdhdsicecampagitas:s of thednventide may bawyredtbierpeurd @ce t hat

woul d benefit fromthe_addition of a si]ane coupljng . agent. \Wen rg‘rmes nt, a
silane cousmpsirtagampiitoeditncliov %‘é‘i@éﬁ@l“"*&i’@ﬁ% Gt Eemper e Tappeg P he

cpoxy. rosi it af¥ga it B AR B RS ERIT ph B fen ERRATL,Y, T7O
under an ingjdocat Qﬁﬁ PREf @0, W/mtﬁéakﬁg&&dre kihgoaghydoirdeot 6.59 Q%G{xl\éexﬂa¥ The.

tenperature at which the mxture iIs ated i s dependent -upon the structure
and ni X ratpeusedflioichmpdaexhe cwesi n and the anhydride and general |y ranges
from120 Cto 180 C for solid anhydrides., However, in the case of a liquid
and non-vol ati | eThaRgarsirecomRAsHENSS 2Ad repaliing iadhes]ven a%tuseiy! Waliagh prider

necessary. After, the e Lasin ' o] f

non- opaque PSS tglpa%kb‘B g)[c()a/oﬁl %"gj%t%te%glg églglr;| ¥lg&e%rg§v? &{eﬁlgg r?g g?%ﬁ?ﬁl ant gﬁ{ ggrfﬁcﬁ g
conpound anghofigtalcyiipoathtsi gared sons prdvie eapRddmeresipiotaniondor de soifsterre.
Sol i d hydroxyl containing conpounds are preferably mlled and sieved prior

to being ni xeuntedcomponenisoFpoetammpe. the adhegive ooropdsitiond tnEgvorp would be

PCT/ US01/ 20734. The .adhesive conposi,tians. of .t jnventi

exposur e toalﬁﬁl‘egé‘?rbléer %{%ﬁhémp&'&c pepla%egoo “[t%IhFéafeéweé‘::ojpge%ﬁ%@%tpgglrdféyhg?flg% .
anbi ent  t enp&y AtAHEhERIREGDmdnedt WOIEHEheRBd sdolFflei e Joflegl | SOt hermal for
approximately 1 mnute, then ranmped to 220 C - 250°-C at '90 "C/ m nute. A

post-cure at 150 C - 170 Cfor 0.5 to 2 hours may be used to conplete the
cure. The aghesive conpositions and resulting adhesives:are useful to attach
sol der bu p-chips to a substrate and as an underfill adhesive or

encapsul ant for s ackhe WAL GAPRARN Se by'wegAer al so to provide
environmental protection for the surface nounted conponents. For exanple,

t he adhesive confodicExamplfs bélewi thednllowingwbiredatiens, apjsriaks dandequippnent used
substrate, the chi‘crl)agl 6lfed onto the adhesive conposition with sol der bunps
are define follows:" ‘ :

“°C” means degrees Celsius;

“4,8-Bis(hydroxymethyl)tricyclc[s_2.1.02,6]dodecane" was available from Aldrich

Chemical Company of Milwaukee, Wisconsin; .
“Bisphenol A" (BPA) was available from Aldrich Chemical Company;
E “Bisphenol Z" (BPZ) was available from Aldrich Chemical Company; |

“Cobalt naphthenate” was available as z; 53 percent by weight solution in mineral
spirits from Strem Chemicals Incorporated, Newburyport, Massachusetts; |

“1,4-Cyclohexanedimethanol” (CHDM) was available fro_m Aldrich Chemical ‘
Company; ‘! .

“1,6-Dihydroxynaphthalene” was available from Aldrich Chernical Company;

“1,7-Dihydroxynaphthalene” was available from Aldrich Chemical Company;

“2 3-Dihydroxynaphthalene” was available from Aldrich Chcrrﬂcél Company;

“3,6-Dihydroxynaphthalene” was available from Aldrich Chemical Company;

“5 —{2,5-—Dio;iateh*ahydrofuryl)—S -methyl-3-cyclohexene-1,2-dicarboxylic
anhydride” (THFDA) was available from Chriskev Company, Inc;l of Shawnee Mission,

Kansas;
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down, and then the conponent woul d be heated so to reflow the sol d%lj D:C 2004
Exanpl es Unl ess otherwi se stated, all anpbunts are by weight. In the

Exanpl esypebayyt he foll owi ng abbreviations, materials, ap@rgQyimygnt used
are defined as follows: " C' neans degrees Cel sius;

"4,S-Bi s(hydroxynethyl )tricycl o[ 5.2.1. 02" 6] dodecane” was avail abl e from

Al dr| ch Chem cal Conpany of M| waukee, Wsconsin; "B l%phenol A" %BPQ

avai | abl e fr om &g FHNCBERTLECUtORRslicon ohgp Sgk@gs S12 4(FB‘ISZ‘)V"‘W3% BVAE | abI e
from Al dralg\?‘e %m cal Conpany; "Cobalt naphthenate” was available as a 53
per cent it 'sol ution in mineral spirits from Strem Chem cal s

| ncor por at,ed, ‘Ngi&tBHEHIDPHSE” b akihg a Dagk 2400palio e ietimmiatlabel "
(CHDM) was avail able from Al dri ch Chem cal Conpany;

"1, 6- Di hyltemBagephyleabusyeBuakastngland. SHiecfofaedmraingive Hie dinevdsdaeascsehany
"1, 7- Di hydr oxynapht hal ene" was avail able from Al drich Chem cal Conpany;
"2, 3-Di hy&bﬁ@&%éﬁmgﬁhr)"@héﬂwb&@dmbﬂf e from Al drich .Chenical Conpany:

"2, 6-D hyd ht , A

O o oot LB R MR A p B TPMAT BT LR E W T RCRIRRI s O
anhydri degpabHhEal ‘ﬁﬁa‘ig&y adndaPisavhi iR Sokd ﬁh&ymsammmflcn fricophoralvpree

M ssi on, Kansas; -11 3 DEC 2004 WD-11211145-i 1 PCT/ US01/ 211734 "Die" is

an i nt egr Bisexdaway, Newt Jeesey pequippied ovithc i -miliandtengpaaalBil e aEel testinireach t he,

die surface; "D e Shear Test" was erfor med. u %T%g P di e shear
tester aveRTIPApMas PPPW%@@ thﬂ?lﬂéf‘sgﬁb?lw apgi it C@%&I"Eﬁ&l ¢SHBE W% r enove

he d | cul d kg/ mme
“Dynan ¢ SBERIRD AbiteARa AR08 PR ABBL 178BRG LS g o meEvETRICS RO

thermal anal yZ'ﬁEthm@ﬂﬁiﬁ:(‘I\@&pﬁé{ﬁl fladege’f (RPERRa§BVilablebenDidldadGad ncor por at ed
of Piscataway, New Jersey, equipped with 25-mllinmeter par allel plates.. For
testing, @h@mcals Co. Ltd, Osaka, Japan,
-~ “EPON RESIN 828" is a trade designation for a bisphenol‘A/epichlorohydrin-
based epoxy resin, and was available from Shell Chemical Compzliﬁy of Houston, Texas;
 “EPOXY RESEARCH RESIN RSL-1462” is a trade designation for a bisphenol

Alepichlorohydrin-based epoxy resin having residual levels of epichlorohydrin of less than

1 part pef nﬁllion bylweight, and was available from Shell Chemical Company of

Houston, Texas;

- “ERL 4221E RESIN" is a trade designation for a cycloallphanc epoxy resin, and
was available from Union Carbide Chemicals and Plastics Company, Danbury,
Connccticut;' ' i

“FR4” is a glass/epoxy laminate;

“5,5°-(1,1,3,3-Tetramethyl-1,3~ d15110xaned1yl)bls[hexahydro—4 7-
methdnmsobenzofuran 1,3-dione]” (DiSian) was available from General Electric Plastics,
Owing Mills, Maryland; | | | |

| “4 4'-(1-Methylethylidene) bis-cyclohexanol” (HBPA) was available from
Milliken Chemicals, Inman, South Carolina; _ |
' “Methyl-5-norbornene-2,3-dicarboxylic anhydride” was available from Aldrich
Chemical Company; | | |
“Methylphthalic anhydride” was available from Aldrich Chemical Company;
*MICRO MILL” mill refers to a MICRO MILL, a milling apparatus, and was

available from Bel Art Products, Incorporated, Pequannock, New Jersey;
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sanpl e was placed between the plates then placed in the fixture at ?(3 @EC 2004

Testi ng .vvasg-{ﬁ(ﬁ,gforrred at one Hertz and 1.0 percent strain %g,&é@@gw S;

" Et hoxyl at ¥ 3p%enol fl uorene"” (BPEF) was avail able from
Chemi cals Co. Ltd, Osaka, Japan; "EPON RESIN 828" is a trade designation for
a bi sphenol . Aepi chl or ohydri n- based epoxy resin, and was available from

Shel | Chem cal Cohgiggthylefe Elousit2000” Wax asdilabldieX A IRE S ARCSH TSI o hfly; 1462"
is a trade designation for a bisphenol Al epichlorohydrin-based epoxy resin
havi ng resi dual [R2alg3tBylene glyclifi08T stay availabis frpmsAldrigh fohemigalrGomppanyiyi | | i on

by wei ght, and avai.l abl.e from,Shel| . L cal of uston, Texas;
ERa3a1k Res PR Bh Ry o g Bl NAT RS bR TR R IO co
and was avai | ab*‘puriﬁefarml@wmmr@sd%vagp%pa@ai SccBRfin PGkl f6H o WRIPRBYadure:
Danbury, Connecticut; "FR4" is a glass/epoxy |am nate;

"5,5' - (1,1, 3 ekarerkmetibotbns fldilseduipper edily b yischfrtieal atiymer, qrittogen inlet, and
e R SR i A RSB o] L0 Eition
bi s- | oh i Ll ' i 1 63k sr;

0 o7 Ay RSBkl B £0kd it Ber s0Le: 4 o

avai | abl e f 1Grpafk df 83 Percét oiacahmEarexiis in' IVEphys phiver wasadayd td te' ER@Y
avai l able from Al drich Chem cal Conpany; "M MLL" mlIl refers to a

M CRO M LL, RESH BR8.riwittappenat Tes maxtareviss heatasd fonhheurs; ateBehichdry Beodct s,
| ncor por at ed, , Pequannock, New.Jler s =12 02/.045- 1 3 C,2004

PCT/ U0, 20 aR P RRE S PR TOL BT g Ram Aoy Bog popeAReomn

Chem cal COWYéturc;'yg@id)&%ch@élﬁroﬁhMCqihe@@&ﬁe Meduaudds adieed soirdlddriieh
Chem cal Conpany;. "Pol yethyl ene glycol 260" was available from Al drich

Chemi cal Coaympoyator dt P8F PE iard 0 BROVoRESIg 82B¢ pantssofpr @peniesd raatenaldiAxgiyws t he
Fol lowi ng pgl?o(iw('aeglli{lfﬁ:hydrolyzable chloride in the material was reduced to 2.2 parts per million by |
weight as determined according to ASTM Method D 1726-90, “Standard Test Methods for
Hydrolyzable Chloride Content of Liquid Epoxy Resins”, (Test Méthod B);
“SPEEDMIXER” mixer refers to a SPEEDMIXER DAC 150 FV, a variable speed
mixing apparatus, and was available from FlackTek, Incorporated',-Landrum, South
Carolina; and
 “3-Ureidopropyltriethoxysilane” is a silane coupling agent and was available from

~ Sivento, Inc, Ridgefield Park, New Jersey.

Examples 1 - 4 and Comparative Examples C-1 to C-5
| Stock solutions of Purified EPON RESIN 828 and anhydridc were prepared by

heating the components with sﬁrring under a purge of nitrogen in 250 ml reaction flasks

submerged n a 160 °C oil bath until the anhydride was dissolved i(typical]y 0.5 -1 hours).
| The blend was poured into 70-mm cups designed for use in a SPEEDB;ID(ER TMiXer. )
The solid hydroxyl containing compounds were milled usi.ﬁg a MICRO MH_,L'mill
and sieved using wire mesh screens (0.0021 inch (0.053 mm)opeﬂings). The liquid
hydrdxyl containing compounds were added neat. )
" The various hydroxyl containing compounds and cobalt naphthenate catalyst were
- added to the cups containing the epoxy resin/anhydride blends prepared above, then |
dispersed therein using the SPEEDMDCER‘mj_xer.
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A three-neck, round-bottom flask equi pped with a mechanical stirrer,
nitrogen inlet, and tenperature probe was used. First, 500 parts 203 Mﬂﬂl}
RESI N 83% (a3 parts per mllion by weight hydrol yzabl e ghf/piig@)sswas added
to the flask and heated to 70 C. A premix of 1.5 parts of 85 percent

pot assi um hydroxide in 1.5 parts of water was added to the EPON RESIN 828,
Wi th mxing. The m xture was heated for 4 hours, after which dry ice was
added and m xiTﬁﬁC@BWPPFRF%&“&@WOBWWH@%V@&&%% m xture was then cool ed
to-room tenperature, yielding a crude product. The crude product was
distilled on a rolled film evaporator at 185 C and 0.001 Torr to give 224
parts of E&axﬁgleolrﬂ ess mat eri al PuAfial FPON 83houed ¢ hat hydrol yzabl e chloride
in the material was reduced to 2.2 parts per mllion by weight as -

det erm ned accordi ng to ASTM fHEHoBi@oterzéydoiurybrhmetivd3Tastohreambds f or
Hydrol yzabl e Chl ori de Content of ,.Li qui d. EpOxy .ReSifsSH .- ( Met hod B);

" SPEEDM XER' mi xer refers to a s@ﬁﬁ%ﬂﬁﬁﬁ%%)&@i%gf@@‘*&%?ﬁ%b| e speed

m xing apparatus, and was avaylslleyiEhoryiRekdieis-cf ARSI A}-a8dy §m
South Carolina; and "3-Ureidopropyltriethoxysilane™ i's a silane coupling
agent and was avail abl e from Csbukmaphthé¢mats —Riddgefi el d Park, New Jersey.
Exanples 1 - 4 and Conparative Exanples G| to G5 Stock sol utions of
Purified EPON RESIN 828 and anhydride were prepared by heating the
conmponen Lifp.stirring unde . 1N nin 250 mM reaction fl asks
subnergegigﬁh%LﬁGO C oil bathpﬂﬁ??#t?ﬁg@g% yg§?%% was di ssolved (typically
0.5 - 1 hours). The blend waSHKIMed29.8tgo 70- mm cups designed for use in a

SPEEDM XER m xer. The solid hydroxyl containing conpounds were nmilled using
a MCROMLL nill and sievedEthaxyiated Bisphenoh eren$PEY) 60948 Ench (0. 053

mm openi ngs). The |iquid hydr %Egltigéﬁtﬁérgt@g O, ounds were added neat. The
an coga

vari ous hydroxyl containing comnpoun napht henat e catal yst were
added to the cups containing the epoxy resin/anhydride bl ends prepared
above, then dispersed therein using the SPEEDM XER m xer. -13 WO 02/ 04541
The conp&semple Xind anmount s arBugﬁ?égﬁ)ﬁW 8% —Bldnpl e 1: Exanple 2:

5,5°-(1,1,3,3-Tetramethyl-1 ,3-disiloxancdiyl)bis[hexahydro-
4,7-methanoisobenzofﬁran~1 .3-dione]

(DiSian) -37.2 g '

BPEF-11.7g

Cobalt naphthenate - 0.4 g

Example 4: Purified EPON 828 -45.2 g
THFDA-298 ¢
HBPA-89g

- 3-Ureidopropyltriethoxysilane — 0.9: g
Cobalt naphthénate - 0.5 g

Comparative Example C-1: Purified EPON 828 -45.2 g
THFDA -298g .

4.8-Bis(hydroxymethyl)tricyclo[5.2.1.02:6)dodecane - 7.4 g
Cobalt naphthenate - 0.5 g
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Exarrpl & 3: Exanple 4. 2 3 DEC 2004 PCT/US01/20734 Purified EPON 8283-DE(. 2804
g. 5-(2,5-Di oxot etrahydrofuryl) 3-net hyl - 3-cycl ohexen- 1, 2 _di iC
anhydri deWOri¥H&}! - 29.8 g 4, 4' - (1- Met hyl et hyl i dene) bi sé’%ﬁ%ﬁ{@g@%

(HBPA) --- 8.9 g Cobalt naphthenate - 0.5 g Purified EPON 828 - 45.2 or
THFDA - 29.8 g Et hoxyl ated Bi sphenol Fluorene (BPEF) - 16.4 g Cobalt

napht henat €omﬂﬁﬁlﬁlﬁtmilélb@-2EP(BRC8\?828 347 g 5,5 -(1,1, 3, 3

- Tetramet hyl - 3-disiloxanediyl)b is hexahydro 4,7

- met hanoi sobenzofuran-1, 3 -dio - 37.2 g BPEF - 11.7 g Cobalt
napht henate - 0.4 g Purifi ed EP%[B%8 5 45 2 g THFDA -- 29.8 g° HBPA - 8.9
g 3-Ureidopropyltriethoxysilan 8 Cobal t naphthenate - 0.5 g

Conpar ative Exanple G 1. Purifi Q}j)ba?ﬁ)gbtﬁﬁ&atc 455% g THFDA-29.8g .

4, 8- Bi s(hydroxynet hyl )tricyclo[5.2.1 6] dodecane - 7.4 g Cobalt

napht henate - 0.5 g 2 3 DEC 2004 WO 02/ 04-541 Conparative Exanple C 2: EPON

828 - o4 T o Bimgle C-3: RSLEPON 1462 - 54.7 g

THFDA-33.0g
HBPA-98g .
Cobalt naphthenate - 0.5 g

Comparative Example C- 4: Purified EPON 8§28-9.6 g :

' | ~ Methyl-5-norbornene-2.3-dicarboxylic anhydride - 19g
"HBPA-19g

" Cobalt naphthenate - 0.2.g

Comparative Example C-5: Purified EPON 828 -8.9g
Methylphthalic anhydride -19%¢g
BPEF-32¢g
Cobalt naphthenate - 0.2 g

~ Examples 1 - 3, Comparative Example C-4, and Comparative Example C-5 were
tested for outgassing as determined by percent weight loss by Thermal Gravimetric -
Analysis (TGA) using a TGA 2950 Thermogravimetric Analyzer, available from TA

Instruments, New Castle, Delaware. Each sample was heated from ambient temperature to

140 °C at a rate of 90 °C per minute, beld at 140 °C for | minute, then heated to 225 °Cat

| the rate of 90 °C per minute, and held at 225 °C for 2 minutes. Tms proﬁle mimics the

- temperature condmons in a solder reflow oven.

- The percent weight loss is given in Table I
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HBPA - 9.8 g Cobalt naphthenate - 0.5 g Conparative Exanple C 3: R§L3%\I 004
1462 - 54.7 g THFDA - 33.0 g HBPA-9.8g Cobalt naphthenate - / USO
1 /20734wenipasati ve Exanple C 4: Purified EPON 828 - 9. ﬁcﬂus(n/zu?.u .

Met hyl - 5- nor bonene- 2. 3-di carboxylic anhydride - 1.9 g HBPA - 19 g Cobal t
napht henate - 0.2 g Conparative Exanple C-5: Purified EPON 828 - 8.9 ¢

Met hyl pht hal i ¢ anhydride - 7.9 g BPEE-3, 2 Cobal t naphthenate - 0.2 g
Exanples 1 - 3, Conparative Exanple cdabledng Conparative Exanple C-5 were
tested for outgassing as determined by percent freight |oss by Thernal
Gavinetric Analysis (TGA—ustRg—aFGA2950—Fherrpgravi metric Anal yzer,
avail abl e from TA | nst r JnEkEERE Nay, p;?ferq;:nt ightloss Each sanpl e was heat ed
from anbi ent tenperature fto 140 C at a rateldl 90 C pef mnute, held at 140
Cfor 1' mnute, then hedted t®» 225 |C at thelrate of 90|C per m nute, and
held at 225 C for 2 mnutles. This priofile mpiggs the tepperature conditions
in a solder refl ow oven. Q ' 11 ' ryen in Table |I. 2 3
DEC 2004 WO 02/045. 11 PGHUSOL20+34—Fabte—) '67;(&"“!'0 J1) Percent Wi ght Loss
11.31 21.21 30.97 CG411.23 G 67 14,

Example 5
This Example illustrates the effect on the complex viscosity of a composition upon

heating when a solubilized hydroxyl containing compound is an added liquid or is preseri;
in the form of hydroxyl groups on the epoxy resin. '-
The compositions of Examples [, Comparative Example C-1, Comparative
Examplc C-2, and Comparative Example C-3 were prepared as described above. Example :
1 contained a soﬁd hydroxyl containing compound. Comparative,Exarnplc C-1 contained
a liquid hydroxy! containing compound. Comparativé Examples C-2 and C-3 contained
Hquid epoxy resins having hydroxyl functionality.
‘ The complex viscosity of these blends was determined by Dynamic Mechanical
| Analysis (D‘MA).. DMA was performed using a RHEOIVEETRICS?RDAE thermal ana]yz'cf |
available from Rheometric Scientific, Incorporated of Piscataway, New Jerscjz, -equipped '
with 25-millimeter parallel plates. |

For testing, each sample was placed between the plates then placed in the fixture at

80 °C. Testing was performed at one Hertz and 1.0 percent strain for 12 hours.
The composition tested and the time required for the compiex viscosity of each

sample to double in value are giveﬁ below in Table I

Table IT
Example No. Composition Time (sec)
5a Ex. 1 12,800
5b Ex.C-2 ' 5,100
5c Ex. C-3 5,900
5d Ex. C-1 4,900
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Exanpl € 5 This Exanple illustrates the effect on the conplex viscos? 8yDEE 04

conposi tiqn upon_ heating when a sol ubilized hydroxyl contgjni ound is
an added Na& P i s present in the form of hydroxyl grou?ﬁéﬂg‘pﬁz@q@poxy
resin. The conpositions of Exanples 1, Conparative Exanple C- 1, Conparative
Exanpl e C-2, and Conparative Exanple C-3 were prepared as descri bed above.
Exanpl e 1 Egabpleted a solid hydroxyl containing conpound. Conparative,
Exanple C-1 contained a Ii.(ﬂui d hydroxyl containi ng compound. Conparﬁti_ve
Exanpl es C 2 .and TaisExempledilnetentes] the; eilert o XOUSCOMPONARISORPIRYUNRSQN fluxing
functionality. The conplex viscosity of these blends was determ ned by
Dynam ¢ I\/bcﬁéﬂ?f:gﬁg' Anal ysis (DVA). DVA was perfornmed using a RHEOVETRI CS

RDA2 t her mal analayggio. 2y aF | abbiends bYW RRR@TLfiFied BPOMNBLE kfd aliydespar at ed of
Pi scat away, New Jersey, equipped wth 25-mllinmeter parallel plates. For

testing, eacintsiamg emgasndivacgueiaeedansipladed opl smenesingl 639 % v widex twe inch
fixture at 0, OC.. Test| S orned. at one rtz a . Lcen rain
for 12 hour &W)éﬁ%ébgﬁﬁcpgégém% HOPPEL SRS iggﬁ?@'ngﬁ%&b@nﬁsex
viscosity o i e @ AL dHPLHs Q6307 ¥ WS IR ISR/ URdte PPACRY ih BheTBiRhE ahd’ -
Table |1 Exa |e9ﬂ8§0am9§8t§|81tionﬁsﬁre DL o SR e plactl ihTheBRndaad
5cEx. C- 35, fiRfsctldown gently th 9ak: chniacDEGh2BOdoppeOsurfze04'h¢ LopEay teS0Hie&0wast
Exanple This Exanple illustrates the effect of various:conponent

conbi nat i onglaced b wkotpdate petap @2 1@s . Afldr@0tseorisgthefnumibér bf svlder alistbaight of
purified EPON 828 and a hydroxyl containing conpound were prepared and ,
pl aced on asmsmed waekcedsla m) wide x two inch (50.8 nmm) long x 0.0155 i nch

0. 39 hi ck P = | 3 el ,
Gui oot ¢ sol der BAPRET bF PGS SR aniAl KR DR B THERR 60 85 PR R, o
anhydride per equivalents epoxide) was placed on a copper test piece and eight Sn/Pb :

solder balls were placed in the blend and pressed down gently to make contact with the

cdpper surface. The copper test piece was placed on a hot plate set at 220 "C. After 60
seconds, the number of solder balls that spread was recorded. _
- A duplicate copper test piece was prepared as above using the blend of purified

" EPON 828 with THFDA (0.85 equivalents anhydride per equivalents epoxide) and was

placed on a hot plate‘set at 220 “C. Immediately, a small portion é)f a hydroxyl containing
was placed directly on the purified EPON 828/THFDA blend and the solder balls on the
hot plate. As above, after 60 seconds, the number of solder balls that spread was again
fecorded.

The hydroxyl containing compounds used and the ratio of the number of solder

balls that spread to the number of solder balls tested are shown in Table IIL

Table I
Hydroxyl-Containing Number of Solder Balls Spread/Number of Solder Balls
Compound Blend of Purified Blend of Hydroxyl-containing

EPON 828/ Hydroxyl- |Purified EPON [Compound Added to
Containing Compound (828/ THFDA  [Blend of Purified EPON

828/ THFDA
1,6-Dihydroxynaphthalene 0/8 0/8 8/8
1,7-Dihydroxynaphthalene 0/8 . 0/8 7/8
2,3-Dihydroxynaphthalene 0/8 0/8 : 7/8
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pressed

pi ece was placed on a hot plate set at 220 OC. After
of sol dero Ralikq t hat

purified
epoxi de)

down gently to nmake contact with the copper surface. The ch?,)egE[;t Qﬂllg
60 seconds, the nunb
spread was recorded. About 0.2 g of p@.’rﬂgbﬂm?ﬂf

EPON 828 with THFDA (0.85 equival ents anhydride per equivalents

was placed on a copper test piece and ei ght Sn/Pb  sol der balls

wer e pl agedin-theblend-and pre down—gen h-.t he
copper sir f Hydroxythenagpns testNHF’é‘E"eOf\%deﬁlBéB WW"H%@%%@% at 1220
OC. Afte 60 pemphia. the BHINSE Pofinie! dC|BRAGLE  NalH LoNEsigzecon ded.
A duplicate copper test pi€eggn Q[%& %nﬂ%%bﬂf A%@cﬂﬁ of
purified} 'EPON 828 with THFE& :é%ng rﬁgduiﬁl §‘5‘E{/§:§§g)ﬂ%gh €48 q-g#wé mts
epoxi de) and was pl aced on e a {g wa%‘nt smal |
portion of—afydrexy c?nt H-Rg—wWas—plaeqgd diéfé:h‘j‘f oH—+ &P +ed—EPON
828/ THFDA s de#-ba on-t-haghot ateq—As abow after{60
seconds, Bueheroider of sal der hal |0q13r hat qrrpado‘/\gm men rpﬁ*’r&dpd The
hydr oxyl |Bispheavi ng conpounds use®/#nd the Jrat i@/ &f the nunhed/&f sol der

balls th
I11. Tab

Sol der B

828/ Hyd
THFDA' Bl
,7-Dih d
DEC 2004

Polgatindend glygok-20nUnber o /$ol der Hal | sOf%sted _are sHolh in_Tabl e
|{ Bolydthylddy ghiyarly6G0CoNt ai ni n@MBber of] Sol @& Balll s Spr e/ Nunber | of
dlgetiBllmaglyebl-2g | fli ed Bl en@ of Hydroxyh/gont ai ni ng GrgoundEPON
toxpht Puritied EPQN Conpeuyred Added to gomtal mi ng Conpagunddlsl}
$RAPRT PUriTied EPQN 8281l gH DAL, [6- Diiyglf oxyna Nthgy gnevTsor3s8ls 1

T htttatenme018G/877 &/% Brhydroxyrgpétt fratenet? WS_ﬁ'- 2 3

It can bc seen that neither the combination of the purified EPON 828/T HFDA

fal
VA =y ULI UsJ- 0T

- alone or the purified EPON 828/hydroxyl-containing compound alone allowed the solder

to Spfead on the copper test piece. However, when the hydroxyl-éontaining compound
and the THFDA were both present with the purified EPON 823, the combination of
hydroxyl-containing compound and THFDA allowed the solder to spread. This

demonstrates the fluxing capability of the current invention and it illustrates that the

“components, added individually to the epoxy resin, do not act as fluxing agents.

Ex plc 7
' This Example illustrates the effect on gel time of various epoxy resins in
combination with THFDA.
| Blends of five different epoxy resins and THFDA were prepared with one
equivalent of anhydri-de per equivalent of epoxide, based on the re:ported or calculated
equivalent weights of the epoxy resins. The THFDA was added as a solid, and clear

solutions of THFDA in the epoxy resins were observed after several minutes at the testing

temperature of 177 °C.
The gel time of the epoxy resin/THFDA blend was determined using a gel point
tester (Gardco “Hot Pot” Gel Timer, Paul N. Gardner Company, Pompano Beach, Florida)

set at a temperature of 177 °C.
The amount and epoxy resin used, the amount of THFDA used, and the gel time

results are shown in Table IV.
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PCT/ USO 1/20734 Hydroxyl - Cont ai ni ngNunber of Sol der Balls Spread/ Ng Cofnng
Sol der Balls Blend of Purified Blend of Hydroxyl-containin gg\l
828/ Hydr dXYP¥0454ti fi ed EPON Conpound Added to Contai ni ng %55%@@

THFDABI end of Purified EPON 828/ THFDA 2, 6- Di hdr oxynapht hal ene0/ 80/ 87/8

Bi spheno | AO/ 80/ 88/ 8 Bi sphenol Z0/ 80/ 88/ 8 Pol yet hyl ene gl ycol - 20000/ 80/ 88/ 8
Pol yet hyl ene gl ycol - 6000/ 80/ 87/ 8 Pol yet Mabedd gl ycol - 2600/ 80/ 88/ 8

CHDMVD/ 80/ 88/ 8 HBPAO/ 81/ 88/ 8 BPEFO/ 80/88/8 It can be seen- that neither the
conbi nati on of the purlfled EPO\I 828/ THFDA al one or the- purlfled EPON

828/ hydr oxyl - cont ai {/:g s u.1|u a Xuc ‘é{ U_LII )I ug’: ead on the
éonpounc

copper test piece. 1| n I and the
THFDA were both present Wlth 'rhp n Epma Asig he combination of

hydr oxyl - cont ai ni ngPecifipd BROMFE8THFDA0A! | dwedB&He sol l8arint 40 g5y dad. Thi s
denonstrates the fl|@pOng3capability of0.0he curd3Ent i f8Remin. S®sand!i t

Il lustrates that tthchmnent S, addgglol ndivighgl [y §minne epoxy resin, do
not act as fluxing gzﬁmanpl e 7 50Ibb Exa.nsu’l% ! Iﬂﬁ[ arss q[C b effect on

gel time of various=e es+hAs— bi-fat+ot tHp— Bends of five
di fferent epoxy resl LﬂmErHFnA :rpﬂi@pni@m_h_ﬂe%&m.m of
anhydri de per equivalent of epoxi de, based on the reported or calcul ated

equi val ent vei ghh%e 8ata sﬂowga’xat epcr)}%?resms %EE‘E%M&&"%@EFB& a solid, and

cl ear

825, which have hydroxyl groups in the molecule, have shorter gel times than
the purified EPON 828 resin. This leads to a processing advantage for the non-
hydroxy! containing purified EPON 828 glycidyl epoxy resin. Even though the |
cycloaliphafic epoxy resin ERL 4221E contains no hydroxyl moiétics, it is far
more sensitive to acid and is more susceptible to gelation. ‘

Shear strength of the adhesives of Example 1 and Examplé_c‘r were conducted at
ambient conditions and after 1 week of exposure to 85 °C/85 percent RH using die bbnded
toa FR4 circuit board. Each die had a SizNg passivation on the die surface.

FR4 circuit boards were cleaned prior to bonding by wiping them with heptane
then with acetone (spectral grade). The FR4 circuit boards were tﬁen dried for 15 minutes
at 110 °C in a forced-air oven and then baked out for 10 minutes at 220°Cin a forced-air .
oven that was purged with nitrogen gas. The FR4 circuit boards and die weré then |
exposed to oxygen plasma (Harrick Scientific PDC-32G) for 5 minutes on high setting to |

remove any residual organic impurities. The FR4 circuit boards and the die were bonded _
within 30 minutes of the plasma treatment. A dot of adhesive abolut 0.7 mm in diameter
was used to bond each 3.5 mm square die to the FR4 board. Each 'die had high melt alloy
(InPb) bumps which provided a uniform gap/stand-off of ~4 mil (0.1 nram). ‘Four (4) die
were bonded onto a single board. Each die was placed in such a way that the InPb bmﬁps
made contact with the FR4 circuit board. The adhesives were cur@ad at 200 °C for 30
minutes in a forced-air oven. i |

'i“ncrdie'shear strengths (')f Example 1 and Example 4 were each about 5.5 kg/mm?

at ambient conditions. After 1 week of exposure to 85 °C/85 percent RH, the die shear
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solutions of THFDA in the epoxy resins were observed after severalqung gwg
at the testing tenperature of 177 OC. The gel time of the epoxy resi

bl end wago@ehedi ned using a gel point tester (Gardco "Har/Fahi2e6e Tiner,
Paul N. Gardner Conpany, Ponpano Beach, Florida) set at a tenperature of 177
"C. The amount and epoxy resin used, the anmount of THFDA used, and the gel

7 oS RS | D TSRS L, 8. QRO e B PR
VT P 0 S GEASR L R 75°0, 025 Tio0

4221E50. 041. 6014 min. 10 sec. The data shows that epoxy resins EPON 828, RSL
1462, and EPON 825, which have hydroxyl groups in the cul e, have
shorter gel tinmes thafh the pulSlhidaeStr&REN 828hmm§angﬁh|s lleads to a

processi ng advantage for the npn- hydroxyl vontalnlng puri fli ed EPON 828
gl yci dyl epoxy resin.|Even tho @hﬁﬂhe cycla Dﬂﬁhhﬂ&c epoxy resin ERL 4221E

cont ai ns no hydroxyl peet+esst+Ht—s—Far bte—senstt+ye—tq acid and is nore
susceptible to gelatlnﬁxﬂﬂﬂ%ﬁ stiékgmhn%f he aBke s of| Exanple 1 and
Exanpl e 4 were conducted—at rb-ent—eontttons—and—after—3 week of exposure

to 85 C/ 85 percent RH §§@W§kd\ bohetnmt o o FREO&EBE“t bdard. Each die had
a Si 3Nd passi vati on opthe—dielsurface—FR4—ctreut-t—boards—were cl eaned
prior to bonding by wiping themw th heptane then with acetone (spectral
grade). The FR4 circuit boards were then dried for 15 m nutes
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at 110 Cin a forced-air oven and then baked out for 10 m nutes at %Zggg W{P"
a forced-air oven that was purged with nitrogen gas. The FR4 circui't ards
and die were then exposed to oxygen plasnma (Harrick Scientific PDC 32G for
5 m nutes on high setting to renove any residual organic inpurities. The

pards and the die were bonded w thin 30 mnutes of the plasnma

FR4 circui
da tot of adhesive about 0.7 nmin dianmeter was used to bond each

.b
treat nent .~ A"

3.5 mmsquare die to the FR4 bqgard. .Each die had.high nelt alloy (InPb)
bunps whi ch pr &MTG&4™ EW'F%FW%@% ‘f’%‘lgaar‘?g‘?sb‘iff‘:OIBP"SE‘EP“%P‘FP%‘?% mm . Four (4)
die were bondaslegprt gesth sabstatisilyofarrod hydrash fidtonds; pl aced in such a way that
the I nPb bunps macLe contact with the FR4 circuit board. The adhesives were
cured at 200 C2F ghydpde Gipgagsat fd a forced-air oven. the die shear strengths

of Exanple i agge BXabR! @dﬁ)xyﬁ@oam&a«ggkoﬁﬁﬁhﬂds%a% akeOduBTEhtally #¥BusBtin @endi ti ons.
After 1 week of exposure to 85 (85 percent RH, the die shear -19 2 3 DEC -

2004 WD ORY<yAssimat pespingde 903 shaadPngt h of Exanple 1 was too | ow to be
nmeasured (sonme of the die fell off of the substrate before testing) and the
di e shear strength of Exanple 4 was about 4.0 kc,,/mR. Shear Strength Shear
Strength Bniti é\‘g@ gdliegme |cogpRosticangf] daims |, whesgimipoanbydndencuripg agpitchag s, 5

kg/ m24. 0 KohPTls & 18 iy A94nEstefPnindd by heRRRArerrid RRILER! L¥ergh iRD! e

f 1 uxi ng adh€si ve conposition conprising: =~ an epoxy resin-substantially free
of hydr oxydmperanee isarrapddtfyom ambiemity 0" det e HG0%gamute, bald isothermat fordr e

hydr oxyl ialn I &l oA ' he epoxy
resin at gﬁlpgﬁptgérnatgd&ﬁ) gygé)grtg@g&%}%nﬁﬁé%gﬁ#ﬁe OZdg’r?e(g|h]\rl}1(§,l?écEh)lﬁ:napg]g{l1 '?l Flgn of
claim 1, vsdothemmiahfdrBeniauwtbsydri de curing agent has a weight |oss of |ess than
5 percent as determ ned by thernogravinetric analysis, wherein the
tenperature is ranped fromanbient to 140C at a rate of 90C/ m nute, held

i sot her maB. f or Ak electrical component assembly comprising:

an electrical component having a plurality of electrical terminations, each termination
including a solder bump;

a component carrying substrate having a plurality of electrical terminations
corresponding to the terminations of the electrical component; and

an adhesive disposed between and bonding the electrical component and the substrate
together, the solder bumps being reflowed and electrically connecting the electrical
component to the substrate, the adhesive comprising the reaction product of:

the adhesive composition of claim 2.

4, A method of bonding an electrical component assembly of claim 3 comprising the
steps of:

providing an electrical component having a plurality of electrical terminations, each
termination including a solder bump;

providing a component carrying substrate having a plurality of electrical terminations
corresponding to the terminations of the electrical component;

providing a sufficient amount of an adhesive composition of claim 2 onto the
substrate;

contacting the electrical component with the adhesive composition; and

curing the adhesive composition.
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m nute, then ranped to a tenperature of 225C at a rate of 90C/ m nute and
then held isothermal for 2 minutes. 3. An electrical conponent asp&nfEf] 2004
conprising: an electrical conponent having a plurality of electrical
term nations, each termination including a solder bunp; a conponent
carrying substrate having a .plurality of electrical termnatio

Chensfonirtlan !

n
correspondi ng 8¢ fMESY e ayp 1o glaig) ét{er‘iC(?EF"'(?&?WB%‘W@HSf‘e@WdOfan
adgesi ve diagpas @ﬁ tlﬁeh\éﬁsdl oqalrczgidmmd;ihe@in‘f3 e dpb}B_,C]Eelﬁ;inCiageleagmﬁilﬁﬁmﬂ]e aga@lplt he
substrate together, the solder bunps bejng reflo and electrjcally
connect i n§OHsH n%|°§@l>1°1dabrfster&o$+b%¢bwirﬁhefse iy eibere o eening, peenglsngFidy

conpri si NGk epSAGiLddVNeE, Y Edmihatiohdt8erdshhesi ve conposition of claim2. 4.
A nmet hod of bonding an el ectrical conponent assenbly of claim 3 conprising
the steps of: providing an electrical conponent having a plurality of

el ectricalg ter Ah0aiH00S corREifon bEMIMNAWHERIn (REAHKGUMNEG RridPALRS is BusIRd

provi ding a conponent carrying substrate having a plurality of electrical
termi nati éies thorgrewpsneistiog tQ PR SdErxpicHatylwhaYIdP-matyl-dtcyelphaxenst L.&onponent ;
provi di ng i Ci unt: <0 F h Ve € LLd.on: im% onto the
Subst rat o B L e SRR P Rlen BB,

conposi t i arthapgisbberzafiirmg!l,3-deneldidsombingemptisierf.on. -21 2 3 DEC 2004 5. The
adhesi ve conposition of claiml or claim?2, the electrical conponent
assenbly of claim3, or the nethod of claim4, wherein the epoxy resin is
sel ect ed fir om tThe adjresiupcomposisorsefictagm dfor glhipc, dhyd cleeticalrceompepieptiseiynblesther s,

gl ycidyl efher,s of am.n henol s, CJ i nes. . epaxi di ins, and
Qonbi nat | GHE™ Pngf @Srﬁ‘?eﬂé’% B é"shrg{?}é{‘ f@g% ‘88?5?}‘38@%8?‘3c"ﬁg’#’%}@?g\%ﬁ%ﬁ%ﬁ n the
anhydr i de fur itheg gagp ntonsistige bE ahead-, dir,om-tdnd golpuplcolisiasd i pigna$, and
5-(2,5-di oxo£.ettr ah&dr otf uryl)-3-net hyl - 3-cycl ohexene- 1, 2- di carboxylic
anhydri de foB B8P 13! 3. t et r amet hyl - 1, 3- di si | oxanedi yI ) bi s[ hexahydr o- 4, 7-
met hanoi sobenzof uran-1, 3-di one], and conbi nati ons thereof. 7. The adhesive

ition of claim.1 or cl.ai . K
composit % ° ’I%egheswe c(:)omp%lslgcl)nrr(])fzclau%Bq'm%llereg(}rrqplngﬁlga%a(\)tgf%)t.nent assenbly of

9. The adhesive composition of claim 8, wherein the catalyst is selected from the group
consisting of cobalt naphthenate, cobalt (II) acetylacetonate, cobalt (III) acetylacetonate,

copper benzoate, and combinations thereof.

10. The adhesive composition of claim 2, wherein the composition has pot life of greater

than 3.5 hours at a temperature of 80°C.

11 The adhesive composition of claim 2, wherein the anhydride curing agent is a solid at

ambient temperature.

12. The cured adhesive resulting from the reaction of the adhesive composition of claim 1
or claim 2.
13. The adhesive composition of claim 1, wherein the anhydride curing agent is selected

from the group consisting of methyl-5-norbornene-2,3-dicarboxylic  anhydride,
methylcyclohexene-1,2-dicarboxylic anhydride, methyltetrahydrophthalic anhydride, 5-(2,5-
dioxotetrahydrofuryl)-3-methyl-3-cyclohexene-1,2-dicarboxylic  anhydride, 5,5°-(1,1,3,3-
tetramethyl-1,3-disiloxanediyl)bis[hexahydro-4,7-methanoisobenzofuran-1,3-dione}, and

combinations thereof.
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claim3, or the method of claim4, wherein the hydroxyl containing ﬁoﬁgﬁuﬂm4
is selected fromthe group consisting of nmono-, di-, tri- and polg

al cohol s and phenols, and conbinations thereof. 8. The adhesive conposition
of claim2 further conprising a catalyst. 9. The adhesi ve conposition of

claim8, wherein the catalyst.is l.ected fromth roup . consi sting of
cobal t nagfi herT A 8sSESPTIRY oD Qe bosRsHaLl, Tytf Sinf Apent Tt &
acet yl acetweipht ©ss ofd@pfan 1bpazantedetamihed bienadgdrangetiih &rapafs, widein THae

adhesi ve conposition of claim.2, wherein the osition has pot |ife of
Groater  (PRRRISIHGNG B STREiR I GG Fbe B HOEC Tuter ad SaNesiy T

conposi ti afim@d, thératampdd tvRekmpdrathiREofardayTiat daate Wi J0UC/AURAE adSthen Heldi d at

anbi ent tenperature. 12. The cured adhesive resulting fromthe reaction of

t he adhesiSPReEAHELIMNYEE- of claim1l or claim2. 13. The adhesive
conposition of claim1, wherein the anhydride curing agent is selected from
t he group consi sting of nethyl-5-norbonene-2, 3-di carboxylic anhydride,

net hyl cycll&hexdhezdhesivegompesibonafickain & fyrther epmprigipe b goupling 28§)%dr opht hal i ¢
anhydride, 5-(2,5-

di oxot et rahydr of uryl ) - 3- et hyl - 3-cycl ohexene- 1, 2- di car boxyl i ¢ anhydri de,

55 -(1,1,3,3- tetranethyl -

1, 3-di si | oxanedi yl ) bi s[ hexahydr o- 4, 7- met hanoi sobenzof uran-1, 3-di one], and
conbi nations thereof. -22 2 3 DEC 2004 14. The adhesive conposition of claim
1, wherein the anhydride curing agent has a weight |oss of |less than 10
percent as determ ned by thernogravinetric analysis, wherein the
tenperature is ranped fromanbient to 140C at a rate of 90C/ m nute, held
isothermal for I mnute, then ranped to a tenperature of 225C at a rate of
90C/ m nute and then held isothermal for 2 mnutes. 15. The adhesive
conposition of claim2 further conprising a coupling agent.
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