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The invention relates to adhesive conpositions conprising epoxy resins and

mor e part \alky to such adhesive co bl ons used as ungeffiushinashesi ves
for integrated circuits. Early int egrjmmlmwﬂmmﬂmm packagi ng i nvolved wire
bondi ng for connecting the integrated C the printed circuit board.
One alternative to wire bonding is sol der''Bap i nterconnections. This

nmet hod of interconnection is increasing in usage due to inproved

per formance and i ncreasjng..| nQut/autp (1.0 densi ié@schip bondi ng
usi ng sol der bunped chi =t SWE- e 212 on chips. In
flip chip bonding using sol der bunped chips, a solder paste {flux) is
.applied to the circuit board, the chip pads are aligned with the traces on
the substrate, dihdinveation rdatastocadblesive sompestitéehsi aomprisafg epaxpvasins apdmiorg
this heating,,.t sol der I.ts and a.netal |l urgical. band. between the chip
and the suBdiiciBy 8 i adbeive raRBesfdRuReL At frde oy SRS R et

mel ting al ggchig@ds to self-alignment of the pad-pairs. After this reflow

process, the solder flux nust be washed away to renove corrosive residue.
The assenbly nudarllyéntdgiated cafctié packiigingingolived witedpndingdoetammeetog the assenbl y

then requites additional envirannental protection.. |n nmost cases, the
under s de. S sueBRf pERELRRN Bapl D hive o TR pahDET cor08

cont ai ni ng bampiinef@anédiohs.| TEs methéEofidhesnectich 8 RiréLh Mu@é%eQiﬂeﬂQ
capillary forces to pull the resin underneath the chip. The filler,
typical |y émpsoyad perforspaee ardbincedsias lepis/ Qupsti(/6)) depsier  Rlipeghimbondipmugngn
of the undegf;i i R i i . of sol der bunps on
them i ncr egélg,&lQ%@C?E@%@ﬁgghgﬁaik%q%ﬁ%g% té? F?%m)rrglglggi al to the package
usi ng capil | ary Ii gifceiip bohdinp asiageoldesbumpef diesd, a\é6lderPastd (fRIKNRtdppHed @ t he
capillary nmethod of underfilling is to pre-apply, to the substrate, an

adhesi ve  t Hcieni bopigy therhin pasdsrars alignedyutinidn dareseon the substiate, and e fee

ol der and i I i . L : t he
anderfi 1T, “HeniLRhopRl s EOONGFLLAD AR heall o RIRENER J 17
vol ati | i zedneaaihygicaldemdbetweexahotidp apd chel sti®sthoe il forrasd. t Tiad suefaot sngion@ifds

after cure. These vaids can |lead to pr ture solder fatigue fajlure in
underfill &pl @a@flaﬂ% me&f%alffgle_ o5 b abie oht o pairs. \Afésrfasizs_sé%@?tfi
PCT/ US01/ 2 g?&%ssi kOGO SR SRt BE Washe 0 G NBYGRrRRR e 888, fTHd afs@erﬁﬁly

prenature gelation or both, inhibiting solder flow In one aspect, the
i nventi on prnsybelédedaftendhipavashinglstepmal |y curabl e, adhesi ve conposition

conprising epoxy.resin substantially free qf. hydroxyl funciiopal.ity:
anhyar s de cur i et glroSiStamY PertericS A S vpmtRE pRRELYE e
than 10 pengRntasss taehRieidest thy adsapiblpy eavipialatddusaiptdnysiosy whkssglen t he
tenperature is ranped fromanmbient to 140 Cat a rate of 90 C/ minute, held
i sot her mal ce@piningdmigeeganicHalery Ihpsedihesvaisiapplied by allewvigg capiblagy fgrces to peld of
90 C/ mi nut L h .2 i Bt es; ro [ R
corpound t fiscons “aaRPEh it (it " PhE ek Ripialff et B adlb i MberREL AL

t enper at ur ef terthalsxphiisdon S0th€undeifillapdinonal |y, catalyst. A preferred use of

t he adhesive conposition is as a fl uxi n%Fadhesi ve conpasition. I n another
aspect, the i nvemtSemsipesaRddas naRbE) & epldet BFmBS AR BIRENNCEESS% M5 PeB8HHF i si ng

an el ectri %Héling% RA&GHY rﬁﬁfﬁiwﬂ% ﬁleﬁ%&{ékgéei &sfr(%ggéa ﬁia?g%rl:&aibﬂfﬁercg?n@%ésoﬁ& each
term nation 1 n€luding a so der pu ; co hent arryi ng ‘'substrate -havi ng
a pluralit gffeftivel et aliccrdtivieao thenapilbng medrodeds padelifilling ie té hee-dpplyritodiel ons  of

the electrical component; and an adhesi ve .di spos bet ween_and Qhondi t he
el ectrical SEW%E&?&’%%H’ ettﬁ%%éﬁagflpﬁtpéoﬂeé'@%‘t ﬁ@\ﬁzaﬁg%"%\gﬁ%ﬂmﬁ SBH;gg
reflowed apgy ﬁil@‘ﬁ&fg'iﬁt@}do}iné“éﬁ%%%bd?ﬂ &h& eﬁid%ﬁ:éxh%lhe%ﬁ&‘fi‘i‘@m to the

*substrate, the adhésive conprising the reaction product; of an adhesive
conposi tion of tHhevivaydhixingadhesivesrtbathrontairs hewtl or ehwlyi vilasiiized anlgrdodesifs a

met hod of bonding an. el.ectrical conmponen senbl y_.conpr.i.si ng the steps of
< brovi di ng SRAEPBCRPPEEDORRSS A EORE F s e o | TS roidh BETEr
term nat i oRgemadERoldRf ftizat FAMrd MokHdEMNYaphl RHISR! HIIRE adiRMWes A céhtain
conponent carrying substrate having a plurality of electrical term nations
corresponding to the term nations of the electrical conponent; providing a
suf ficient anount of an adhesive conmpqskk. e invention to bond the
el ectrical conponent and the conponenamwﬂmm@ﬂﬁmwﬁmbstrate t oget her onto the
substrate; contacting the electrical c ) h t he adhesive
conposition; and curing the adhesive conpdS¥®®on. In yet another aspect,
the invention provides a thermally-curable one-part adhesive conposition
conprising an epoxy resin substantially free of hydroxyl functionality and
an anhydride curing agent. The adhesive conpositions of this aspect are

T N e o o . I T T T Y O DY
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WO 02/ 11. 45. 41 PCT/ US01/ 20734 is generated by the reaction of the hydroxyl
cont ai ni ng conpound (whi ch becones soluble at an el evated tenperature) and
t he anhydyigdpgggi t her of which provide fluxing individual pyrudéepsyified
epoxy resins prevent premature gellation and the substantially insol uble
hydr oxyl contai ning conpound provide inproved potlife since the hydroxyl
cont ai ni ng .conpound..reacts with the anhydri at _tenperatures of .about 80 C
and above. SRAAAPHUEEREPER PR OSIRT it AE L Pt el AR REEPER 1 ¢ he
adhesi ve bemdbitmeg sdldet igwcure. The adhesives and adhesive conpositions .of

the invention do not include polyinide oligonmers having a nmol ecul ar wei ght
of up to about gnEOEagperbtheipmyntipanrayides berkbyhdhermallyicyrably adleasivee with

“Pol yimde pbpoaAREEPUAEE hncisy oMY SR et bitpidhing ) ' The

adhesi ves afRy@iiasirng agetP@EeieinORs atliydridie hahy & gie Noss ©f MsatHanAilepetdent®y €
.epoxy resins. Useful epoxy resins include, for exanple, substituted or

unsubst i t ude@rmineghytthermagyainairicsmatysis whereindhe empettye ivemped dipsn i ¢

pol yepoxi des,.such oglycidyl S | VGI alyci

POl Y P! e S ALY by S5 ST LA 0P 1 B X rompe o
conbi nat i oRSehnBORARE of 2255RCE 4 Fe SFFNIT/BENGRE 18P ey HeRFisOBe Ao 2 hiinitde
adhesi ves and adhesi ve conpositions of the present invention include, but.
are not |i hydedyt contdinimglremplound giat tsl subsshgtihliyringndaidy i dsiepexy teisiypienol

R T e T R T
mul ti funct icﬁﬂﬁt)fi%lyg Qyﬁ?ﬁiﬂgﬁﬁ‘ésﬁ@% bRkakic gl ycidyl esters. Exanples Qf
eno or y .

useful bisp A-epic rin epoxy resins include, but are not .
limted to, EPOYARh&ber aspe@2the i1BRfMGtiompbva®R8 analeiriab tempomem SiseinblyChem cal
Conpany, Houston, Texas;.D E. R TM 330, 331 %nd?%?’éiﬁ avai | abl e front Dow
Cheni cal CSRBRAYINERP HoGHirFa! RABROTSERNAiRg2 RRALEY PEPRFEPI6T8 N2t $61Y, and
GY 2600, ayahliahld ihER@nYanl&e bhie: a cBLEYRLE Eaﬂ)}\iﬁg"lsﬁ%&‘léte HaY R Qaradty of

useful bi sphenol F-epi th°orohydr|r_1 epoxy” resins ‘include, but are not
limted togcleEP@NTMIREEIiONB8ERTespomdingiy the terormaBioas bf Gleeldciridal Gompenept; and

Houston, T - and..ARALD| TETM GY, 281.. GY 282 .GY 285, PY 306 P1' 307,
a1 abi e A ARSI Srhpocegh N badinggly Sprcal ofiongs a3 Ge sffdrale”
PCT/ US01/ 2QdgndexBRbRsr BimpsEdind rafRRd a8t eRiodidall chhnslths eeddiecalioni dy!

ether resins include, but are not limted to, XB 4122, TACTI X 556, TACTI X
742, and ARAIDPIEntLq the subsirataliheadhesive vamprising thcreactBmeniededt of peddhesivk; and

EPONTM 151 HEL. i fi 107, and HELOXYTM Modi fi'er 48, avail able
from Shel | geﬁ?ggggﬁg&h%g%{ﬁ%bbust on, Texas. The epoxy resins are

preferably soni dalahythed &pect] thetildahtibh yovides asnthbdof bading i eecteitali oni ¢
speci es. The epoxy resins are alsq preferably substantjially free of .
hydroxyl f GREPPBHERFERLLY FRMBLYRE theatsps Of :Eé%}x‘élpg an elsainea C%chgm& havingdy/ or
gl ass mcr i j s FOHTE é()&h%%).f ;G4 66d
epoxy resi %gﬁ'?ﬁ{ﬁ g?e?tr%%\ﬁ/fg%ﬁéo%% e’? ﬁ%tegrg%laihglg%r%cg{?l%& %ggt and”’ (%Vﬁglg}g edof
maki ng sameomiBenent &hrrypihg sebstoiteahavingi plubadity géeleciciaal tbemiagianspioirsbppading to
first reactjng the .epo resin, with a 'base. The basg is present. in.an, '
amount  whi OB ERBEEHGRS Fdnr eafical campinghi Pipydite 8 R BTOPRRT e AgREIYS  ng
hydrol yzab 'c@n%%&i'tigﬁ of thRIiSvEHBHMS bISPHR Efchital B@rnﬁérﬂe'iﬁ hiikhe Ié@fﬁgoﬂéfﬁ cheryiag"
exanple, if noO other acids are present, a theoretical anmount 0f base tanh be
used based sobsttateetogptiendnth ek substrate] @ntdetih g the. el¢atries] kempeipany atithghe adlifesive

exanpl e, 100 per.cent to 200 percent base i.s required. The epoxy resin may
be conbi ne&oﬁﬁpﬁﬁgn’bﬂl&ecugflglt%o 3%8?@??1?@0?0 forma nmixture or in other

situations, the JRREX¥oHRST iaFpddBYhdRivBIitEon VRS a THeSallj-berabRAIne Hhrtdiflesive
*agitation step may occur prior to and during the reaction with the base,

si mul t aneoGSMpogitiph compripias anepexit iesintsubstapiallyrfregrafdydigryl Baswonalitparibap t o
t he epoxy resj Thi rder | ctat . I res) he .
seleoti on anydhioeRiBedERf 758 b B ol o Lt depPe B RMe A RS el "C
sui tabl e bagesxpsseliwd have 4 RativeBAeAg sidlf-lifteaspogHard tooveRepely | ncl ude, but
are not limted to, hydroxides such as potassi um hydroxide in water, sodium
hydr oxi de, and |ithium hydroxi de, hydrides such as |ithium hydride, sodium
hydride (optionally in mneral oil), and potassium hydride, al koxi des such
as primary, secondary, and tertiary (fox exanple, potassiumt-butoxide in

t et rahydrofuran (THF)) al koxi des such as-%odi um et hoxi de, carbonates such
as potassi um carbonate and sodi um carbonate, acid quaternary ammoni um

sal ts. '



Generally, the base strength and the tenperature are such that the
hal ohydrin cl oses to the epoxy and under which the epoxy does not

pol yreri z&o f2@4sgxanpl e, in one case for an epichl orohydripegesdyoesiepoxy
resin, potassiumt-butoxide in THF was suitable at 25 C, but the resin

pol ynerized at 70 C. -5 WO 02/ 04541 PCT/ US01/ 2073~ The use of

non- nucl eophi |l i ¢ bases such as di hydri de -are believed to have the
advant ageo UEPI%B’ I%BFOE‘PB%IPH@S'?]%!?%EF%%BQWW%‘W ttl_“?'é%P@F'i l??deé‘b‘E‘Fyec'i ably
w th other blaﬁéiﬁ%@ﬂyﬁraféswaaahﬁ);ing%gémtig K6t J&Q&Bﬂe@”al Ity such as esters.
W t hout being bound by theory, th ollowmng 1s believed to occur: O1 |
C~-0O ~Cl OH \ HO“Gubstint@@fEe of hydro®@gl fubetianaliy 'Gheads e epOxiddagnivialens weight

o 1L OBl B Sk BHB5EHE S MEuh R SRS s
compr i si ng EkesieAla <HoRa ) M%&%X@ﬂ@h?drﬁﬁi(rli %i@u#ﬁfh@ﬂmf‘ﬁx' 86 WRbmeric

-distillation to yield an epoxy distillate; and (b} reacting said epoxy

di stil | at e fovm bf thelepexideherein sai d base is present in a quantity which
exceeds the nol g ui.val ent sed on e material s cantajni hydral.yzabl e
hali de. The i ni tﬁ&gﬂﬂ}t‘fﬁﬁlﬁ‘%&@g‘ﬁ WEs ‘f’%ﬁ%‘%ﬁé‘sﬂ %&%‘ﬁ’ﬁtf’g"%ﬂ an%ﬁg&%h

nol ecul ar \0eisaRn) et BE ibRiblOcHmpdhentis AN liduid 66hpdRint, tax -opddie: HleRdlict

can either be neutralized with water and carbon dioxide to renove residual
sodi um hydforaredielish eerpaing inghangashangrondy godsdragslicent upen dpatingaf phevnixfpigtto

neutralizatiton.eTQ)? '@%}e IS heated to a tenperature suitable for
reaction of "YHBA %{% in Ot 8RS m t he epoxy while agitated. For exanple,

the m xture may “Fﬁm’ﬂ%%ﬂt’%&ﬁﬁ agmAteAl) tARM&hs a@?é’t'ﬁ,rﬁJrleXamgllé%oIHeﬁtstfﬁcé'ss
heat ed between 20 Cto 200 Cfor 1 mnute to 12 -6 WO 02/ 04541

PCT/ US01/ 20¥8xidasurs. However, the tenperature and time depend upon the

starting epoxy resin, hase strength.and solubility, the catalytic activity
of the base tQm%@be%b%@e%’él%%aé%’?flgﬁ?oﬂp?sdtl%mmr cial viability. This
heating and m xi“pgrtEadt HRARKT” dldaBE %)51%6@995}5&1&@5? Wesihd oPBRQ0tal Anbgiiiirned,

prior to and. during the base treatnment step, or sinultaneously with the
addi ti on ofpoiierebinsanhydride curing agent, hydroxyl containing compound, and catalyst. '

Advantages of the adhesives and adhesive compositions of the invention include
prbcessing stability (as measured by gel time), a shelf life of grea’fér than 4 weeks at
ambient temperature under a nitrogen atmosphere, a pot life of greater than 8 hours at
80 °C (defined as a doubling of viscosity), minimal outgassing dufing cure (as measured
by thermogravimetric analysis), and high fluxing activity (as measured by solder spread).
Additionally, the adhesives and adhesive compositions of the invention do not
substantially interfere with the surface tension/éelf—alignment feature of the solder. It has
also been observed that only minimal force for short periods of time is required during
placement to provide constructions. that yield metallurgically and electrically bonded
component during a reflow process with no additional added pfess;ure required.

The preferred adhesive compositions and resulting adhesi\ies olf the invention
provide a balance of fluxing properties and improved potlife. This balance is achieved by
using a combination of purified epoxy resins, less volatile, relatively high molecular
weight anhydrides, and hydroxy! containing compounds that are s;Jbstantially insoluble in
the epoxy resin-anhydride mixture at 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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and base treatnent step. The m xture is usually heated to alter the
viscosity which in turn hel ps the dispersion of the base. The heated

m xture iwgdheasneutralized, if required, using carbon di or¢HesdiRofzr m a
crude product. Wth the hydrides, this neutralization step may not be
required. Optionally, at this point, residual salts may be renoved fromthe

crude produ fhLltration. t he crude.product is.jsolated b

ol ecul ar o Epsl DY A% isbion 0 e, b5 Pl ot R CShmi e P pofoble
evapor at or #kanicvatelitb b uRROIAt Ohie ABydHae, 4eaHer MWHIcIRpFfovideSlndihg M -
evaporator, the crude product is distributed across a vertical heated
surface by BAivitRIlg| dhe pugBed cpaxyapsingPresentiaremppes godlatioe and thesubstantiallyr m
.thin film , Leri - | Sit i nter nal
condenser . R ag ROBRYE LR BlogbbRY it B eeo BRRBe G SRk sce
U C Inc., "cﬁhﬁﬁﬁing’abxﬁlFMﬁfthéﬁ&tDi\xﬁm thé ahhyRide R0 BnlRbARE OF ¥bdi® 8B Ctiatabeve. .
-1997). Wth a wipe filmevaporator, a wiper is used instead of . the self
cl eani ng r chmlsidrigespkaving lopheoldiiktyitrevent veiddomitiondn shedathesioe bondline dwsingi ng
poi nt of HH% ST ude product. Noncondensi ble materials which nmay be the
starting ne &Yi al s, that is, the epoxy resin, are renoved during nol ecul ar
distillation. ThEheyiddksiess SAQxhedvOEbEhosNESHs| T\thd Rvedtfordo MtGHAQkyZzabl e
halide, that is, from1l to 100 ppm preferably |less than 10 pﬁ)m nore -

pr ef er abl y Nokgmideeligomespheving a malequdaveighidiap to sbeitd@10g/mpl fMakhafingiagh
nmol ecul ar LR6H, i . Hi.g | ar; i;aht. eridal,-fr.ee. is..defined
herein as \r@\§| ngeg%hglg {rlrl?re g“ﬁ?cfgl %%éﬁc’gﬁg’srg{%g\é?ﬁg& llbfj élrﬁf%ﬁéjghg%or\%?'g ht
than the di0%6l1,4B0gemtjtied Ridyiados Mabaniadiesigey, filed e Judy 61EG00 (PUT Rimiesgdd cal
epoxi de equi val ent weight (that is, within 2 percent, preferably within 1.
per cent of _-t—he—t—-hé»or etical epoxide equivalent weight) and liquid ?
chr omat ogr aphy t LSt 1. ndi r e .- cen

nononeri c epoxy?ﬁ]]eh%‘sﬁggg%t %’Edi agiglé%{é{]g&gﬁésg%%@f??ﬁeesﬂﬁlx&?ﬂo%tC%?‘ga%gé%es? ahPi%l | y
free of hydpoxytesingndisefd@portyresins indhde] BdrQ4brhplePsubistizidd a0m3dbstiaepuri fied
epoxy pr Od?ﬂiit has a hi gher cured glass transition tenperature than the |ess

pure ver si GHPRMIGC RY§IQaliRhgt ft gBaiG andfpreheterpeyalis pobyseR¥idpy. sueleas glycidylso nore

pr edi ct abl : b S - V. [ i o

Pecs pure verey SHeL! BKE, eRORG] SuEAREa IRMANIBAOR, difclisl aIARE orgBfunga |
epoxy pr odudelingharchcamsbinghicmsttbegeofiis. Resi dual base may | nhibit cationically
cured epoxi es. her. | ow hydral yzabl e. hal i de, epoxy resins. sych. as EPONTM
Resin 1462, avaic%pﬁﬁllﬂé: efxmileéﬁgp OWH‘PE&Fefﬁﬁﬁqﬁg"r@iXhWFﬁﬁn% SWBme resi dual
base are desgipobigienast e pkédendnVéioauh Qe buf ere%lf ARged 8 lvdphaird & val ue of

| ess than 3), The purified epoxg_ product is colorless. For exanple, using
t he Gar dnerePichiqroltysisarDXY Serinsg bisphetied Feapidhierohplrioeposyaksins aliplaticanédms s

than 0.1 f - i T oy.e, e ye.purificatio roc .an
be- bat sh o Ay LREbpanbiee Hpiyeiol a8 PR p it AP Py R ety
resins is dedtfinegonadl piydidyl etepd, ha@blisiuidigl Ryl 2deh>8, entitled "Process
for the Elimnation of Materials Containing Hydrolyzable Halides and O her
Hi gh Mol ecul ar \R&aglesituseiul bsphenohyepniehipiohydrin ADTr Tesias inclisiey biase pet |

filed on r 9D (P | i & s o) r&shnyi S .present in the
adhesi ves Dgﬁﬁ?%@oi gnl\plglﬂlq?l %ﬁglg %E@\%%ﬁo#&ra 26?%3%86 ?%mggg’,e,hp GFE&A Y Em 20
to 80, and HEfseNPTELA! B R ™33, 3@1,taﬁd3@2%&1%]9%0@96@*@%@&!@&%&9@',Ves
of the invention contain one or nore anhydride curing agents. As use

herei n, "aMiddandddickipsn and ARAPDETEY GOS8, GiY- 60 apbGY- 2600y availdble. frdm
one enbodi ent. o ttrﬁ ﬁ/r esent i,{w_enti on, the anhydride functions as a,
reactant or’ MG 4G nRke éteégg?ﬂ’ f%BF the epoxy resin and also reacts with the
hydroxyl cont ai miaehAQBIeR bReRGH0! Pasidieb B d o3 e | 8t §

‘whi ch functions as ap-qfl uxi ng aggnt. Us%fn%ﬁ% aﬁ%fﬁ??ggekg o?ﬁlstﬁlgluﬁ%’vﬂeh}lﬁ%ﬁr?thave
| ow vol at i llinhijedds, FROM YiResid 862, svednbiodrean Shell ChemambhCypmipanydHogton, Texas;

procedure wh r%{the temperature is ra%d fromanbient to 140 C at a.rate
“of 90 </ ni ROESRMPHH YIRS HalY 242, O he2ddnieY 30heand PAnpeH availabls Bemer at ur e

of 225 C atyAke R %Mz&ﬁéﬂ‘ﬁand then held isothermal for 2 m nutes,
each tenperature ranp in air. :

hé "anhydri de, under these conditions,
preferably shows a weight |oss of |ess than 10 percent, nore preferably
| ess than 5 percent. Useful anhydrides are al so capabl et of being di ssol ved

into the epoxy resin. "Dissolved in the eﬁ)oxy resin” nmeans that the




blend is translucent after stirring (and heating generally to 120 Cto 180
C dependi ng upon the epoxy resin and anhydride used and the mx ratio). Any
aromat i ¢ wo @osphati ¢ anhydride having low volatility and pbeuselzbsd ity
descri bed above; are useful in the present _g_ WD 1)2/(1-45.11

PCT/ US01/ 20734 invention. Specific useful anhydrides include

5-(2, 5-di oxotetr - net byl - . ' . e '

(2,5 a1 oxgt et iy ,1%1,‘ & LtYSlé:%u'rl ﬁndé?hﬁyﬁ A_nf?rgyfﬁ'fﬁ{lﬁéﬁﬂeglﬁmgy‘l iRt RRMhkiGde, but

di si | oxanedure/htdimsitdrbton KB4 1224 TACTHXEI60 TR B2 and AR AL-TOITENE]0, addithble
conbi nations thereof., In the case of :gin_adhesive conposition of the

i nvention dBMR YiegterymepdegvsesiNeva etk mng SRQN™KI 0 H YBaModifieriher e |

the adnesi VR HEROKIR ARHEES £ ol BB PR SRRy Sromed TR OTeRas

-i ncl ude net hyl 5- nor bor nene- 2, 3-di car

“microbal | oons; exgandabl e polyneric . mcrobal

anhydri des descriteasorip esens @pﬂéﬁﬂgg{)&iﬁlﬁﬁg% ignrtilvig’tlatﬁé}i hi@ APIMRITANY8Ree of

met hyl cycl ooEg preies; Zhgicpaxpesinsiace alanyrhierdbly swbstiytiallatirestnfdydrstyhal i

anhydri de, : i i reof . .The anhydride.is present .in the -
adhesi ves g@@ﬁgmﬁvgﬁ{e iegﬁi}é%eggls?lgﬁyeﬁlsoo?org?’laéog' n?%lcé’élfip 9581458 PUHPSPHCT AS 15
to 60, anddsmridepirePETahitichticnMWZD98/5058D Mbhﬁzd@?bxiﬂi&ﬂfs@ﬁl&t ald R nRNABIR IS
of the invention may contain one or nore hydroxyl containing conpounds t hat

are subst ahi§ 2Pligatpsef hest and metbpds ebmrkingsama. at a tenperature of less
than 80 C. Upon j : | 0Sl 1] ta.a tenperature of 80
Clor greater oty ok ihidatoR ket CORAR LB R A TRR RS he "cpony
resin and epawtresintwith hdasen Bidrbadeist@edeat M Arameind wintedteédiahe fiengt i ons. as
a fluxing age_nt. tE[§<a%I es of classes of hydroxyl containing conpounds shat
may be use8d¥iNalEREDasEheR thramalsrpls SPEPE RSy diRdizablakabide o hisraenquae depsnds | -
di-, tri- apehdalys nal s J [ | sphenal n

conbi nati ons thﬁé%xgg%%ﬁ?)ﬂ@&ﬁ& ?ﬂ%g??{g%%r ﬁ#y}ﬁ%i*;%cggﬁ?éaﬁﬁp%g’ ac@ﬁﬁgﬁﬁ%s bei ng
pref erred. avehtudf Hayelcaxlyd uedivasidvme ppnpefhydsolgLablshdlileaH babkt Yiniatisgs, ubl e
in the bl egd of the ﬁ 0X resia,z@ and anhydride at_ tenperatures from anbient
to | ess th& gmele 1P eridp p}’eﬁé%baée@&e‘ie@ﬁ%'?q-oss. of less than 30 '
per cent when_t estedpaecRistl Ay bOcltBinkd GHIOLAY LIRIH ErRASHS 1hifsE | bed
above. Specific exanpl'es of hydroxyl containing conpounds at are useful
in the predukurg enigtheysithaieingdbe eporyxaesiateay be peHwamd. flhue thekeating and

hydr ogenat | S nol A, hisphenal, Z . bis(2-hydroxyet hyl)terepht hal ate,
and 1, 12- dggé@gﬁ%?e |I.“a¥|%fr“6£§‘_5f otH’td_ ”ﬁ’inﬁdﬁé%%‘?}hﬂnmheg%ég’e%@u taneoRey
adhesi ve ceofifhabé basenfeatheritRepl HVATEiRTbAE idadRY 8 tlﬁfept)ﬁg Rsin. UPhisBrder is
preferably from3 to 30, and nore preferably from5 to 15 parts per
hundred. TREaEhRShgSErBRE epPRXYIIRYBNE | ON optionally, but preferably, eontain

one or nore cataghL¥siiScy i atal.ysts in the . adhesi ves of
the invention it lg%%oeh(grtg%lggsteégg erp({i/‘%%gﬁl%o%%rﬁ’g PETPUSHT Foraplasid

reaction bstitebkrbasgonsefidninl thangrpciss dé ttrridedeat wwemidnigclaa i are 1ot fehieh 6]
t he hydrox ont ai ni jound and .t he anhydride. Useful catalysts are

| I Ul ) .
| at ent und drg F%?ﬂclhg’g rﬁ’%?ats gmshysiiexide i water vadism hysrandide | aadditkiumeact i ons
when heat egy @80, @d&ﬁ@ﬁ!&wﬁﬁmﬁfm @ghrrr@f:%odﬂ{n‘?ﬂ fiide gglﬂgﬁagl} iﬂfnﬂﬂérgIcﬁfl)as

catal ysts include transition neta exes an g ses, s
or ganophospifbp@essivg hpduds] alkoaitts amdhnessprivaarly ngcofiarg had eertihgr @atexapld, €S
are known to thos he .art._ Specific exanples of

e " et
useful cat BYH¥{E ?11?8 q\g‘l 9183%54@%%5’%‘9:&@)23&%6% such P?jo%\%@ﬁh% onate, -
cobal t (11 éarb@edsysuak 88 9&ﬁ§s?um%%oﬁ% Rea sgﬁﬂﬁ%}lfbna@ahgr# éfl?&teﬂnﬁrg%é@ﬁ?@h%n

t he adhesive conpositions of the invention at a level rom
preferabl ys#itsom 0.3 to 5, nore preferably from0.5 to 2 parts per hundred.

The adhesive copposiftiqps. of the invention may contaip additional additives
that are known omfrﬁ@)%’gﬂg E?ﬁelsgﬁngth aPﬁ@’eatPP’Pe i 3] Sich dhat e hlehydripedoses
i ncl ude buto the epdiatandiutidee@hich the EpdXiyosy 6t Iﬁﬁ3(rﬁéﬂiie¢ For Sk ARl b RUYITET | C
. . oons; couplihg agents, for
exanpl e, sioF ah&PicBlpsPhsigin d epiyiesin: Botasshim dbnpide ia &R was switahleesti ng
agents; cuyeohndicatin terials;.apd conbi nations thereof. Additives are
present i n“sfh%rbéﬂéﬁrr%orselsl ip(rg)rﬁyén%fzegﬁy?ne'enti on at a level to effect,the
desired result. Addition of a ,silane coupling agent is optional in the
preparation of cured conpositions of the_invention. Preferably the silane
coupling agent is added to the adhesive f%nposition when t-he substrate
surface is glass, and oxide or any other surface that would benefit from
the addition of a silane coupling agent. Wen present, a silane coupling
agent contains a functional group that can react with the epoxy resin, for
exanpl e, 3-gl yci doxypropyltrimethoxysil ane.



General ly, the epoxy resin and anhydride are m xed together with stirring,
preferably under an inert atnosphere, with heat until the anhydride is

di ssol vedwolpaskgnperature at which the m xture is heated pergependsnt upon
the structure and mx ratio of the epoxy resin and the anhydride and
generally ranges from 120 Cto |80 C for sol id anhydri des. However in t he

case of a liquig,and n n-vol at i dr| |ng
woul d be necessg.rhﬁus‘?&? Ron-py chbﬁ a&ﬁ}\ﬁ@?fl %a%?d[é?lhﬁY t(?eb&? Form
a non- opaqyyamtagktiCe Bt of S1akia tﬁ&l@&l}@nﬁrwﬂﬁiuwéacﬁﬁ?aﬂ}ﬁéhﬁm i hOsthé Bis'g
conpound and’ catal yst are blended into the ep ox§vre5| n- anhy dr| de m xture.

Solid hydr holrolyticetl kyi) ﬁenﬁqlwnp@mmdhtyaﬂueh ps edtensaYiyhowt beiag banmi by theety, phd or
.to being d .int i £ gsi.tion. -10 WO 02/ 0-4s1 ‘PCT/ US01/ 20734 The
adhesi ve c %P%fs 1°8F Fqn “Miventi on may be cured by exposure to a
tenperature profile used to reflow eutectic solder, nanely anbi ent
-tenmperature tanped to 1;50 C at 90 C/minute, held isothermal for
approximately 1 mnute, then tanped to 220 C - 250 C at 90 U mnute. A
post.-cure at 150 C - 170 C for 0.5 to 2 hours may be used to conplete the
cure. The adhesive conpositions and resulting adhesives are useful to
attach sol der bunped flip-chips to a substrate and as an underfill adhesive
or encapsul ant forOsurface nounted conponents inOgeneral so to provide
environmental protgction for the surface nount ed conponents. For exanple,

t he adhesi vesCoupo rbftfn\g}/t\h@ll nvent i on #0Ob gecﬁﬁﬁl\::[eﬂ\t@]t he

substrat e, ghi p pl ace to t he—adies orrposi tio th sol dee—leu-mps
down, and tken dhe conpor@Htﬁ\oul d be heated 8o to refI@@the sdlder .
Exanpl es Unl eSs otherwi se stgted, all anpunt's are by weight. In the

Exanpl es bel ow, the foll ow rlb@abbr eviations, materials, -and equi prent used
are defined as foldows: " C' neans degrees CeI Si us;

"4, 8-Bi s(hydroxy gt hyl )tricycl .2.1.026] dodecane" was avail able from.

Al drich Chenisg D of - Iwaukee W sconsi n; "Bi sphenol A" (BPA) was
avai l abl e i®h ch cafl Compamd;, " Bi sphenol Z" (BPZ) was avail abl e’
fromAl dri d m cal Corrpa(ﬁy "Cobal t napht henate" was avail able as a 53
percent by we ht solution ~in nmineral spirits from Strem Chemnicals

| ncor por at ed, Newbl.5 yport, Massachusetts; "1, 4-Cycl ohexanedi net hanol "
(CHDM) was. avai | ablje from Al drich Chem cal Corrpany;

"1, 6- D hydr oxyraphtiaal e s available from Al drich Chem cal Conpany;
"1, 7- Di hydr '@l" thape)e% aMNalllabl e from Al dri ch Chem cal Conpany;

"2, 3-Di hydr g pht hal ene” avai l abl e from Al drich Chem cal Conpany;
"2, 6- D hydr oXyapht hal ene” was avail able from Aldrich Chem cal Conpany;
"5-(2,5-Di oxot et rahydrof uryl)-3-methyl - 3- cycl ohexene- 1,2-di car boxylic

M aai on, Kansas I 4395 HuglesItas b3 5 SRerPesBaesua it PReeRt INEnyn SRBHPR ed
circult Oncgm Eh&és(‘tﬁélfcﬁmvﬂn@@t‘ébﬁg(a? ﬁtﬁﬁ%ﬂ?@%ﬂ 3b4iR BoPribing nthtiaddr f ace;

"Di e Shear Te for med usin OP di e shear tester '
avai |l abl e tmnImnD@wdlwwﬂbbalyde leg«QOIGE\ﬂgI distllativmgofyinid en epoxyedistiléate; W@ddl e

was: measur ?b% reactmg said epoxy distillate with a base wherein said base is present in a quantity
which exceeds the molar equivalent based on the materials contammg pydrolyzable halide.
The initial distillation step removes moisture along with high molecular weight
materials containing hydroxyl functionality. The product can either 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 the 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-



the shear strength was cal culated in kg/ mMm®2; "Dynam ¢ Mechani cal Anal ysis"
(DVMA) was perforned using a RHEOVETRI CS RDA2 t hernal anal yzer, and was
avai | abl ewig ¢@msRheonetric Scientific, Incorporated of Piscetawsy20mew
Jersey, equipped with 25-mllineter parallel plates. For testing, each
sanpl e was pl aced between the plates then placed in the fixture at 80 C
Testing wa erfornmed one Hertz and 1.0 rcent strain for 12 hours;

"t hoxyl a: G005y STHAGF. e (omsHbTe cERReY Japeld PRrT e Rhb Gy AR A
Cheni cal s GRength dnd SIakRity, IR EMalyiERDVi ek B8 tow &rd@epdddsoliastigidhi On
for a bi sphenol A/ epichlorohydrin based epoxy resin, and was avail able from
Shel | Cheniapdcommepeinlviahilifoust on, Texas; "EPOXY RESEARCH RESI N RSL-1462""

.is a trade desigpation for .a .bi sphenol AlLepichlorohydrin-based epoxy resin
navi g resi dual 1By ifingdna iR ARG ahEpiRS FaBP A oise B sORmied o

by wei ght, peiodto\af durdig tBd beseftfcath&helep, &hamuitadeouslypattythefadiitiontod the Hgx as;
"ERL 4221E RESIN' is a trade designation for a cycloaliphatic epoxy resin,
and was avapf @psectreat@patistiion Car bi de Chenical s and Pl asti cs Conpany, :

Danbury, Connecty e R4 S Y, A0 .
Ts 1, o o Pk Y ospely Re@bPRARRE S RO RhiEn o g bptes e
met hanoi solkigspesion éfithd basedi one] " (D Si an) was avai |l abl e . from Gener al

Electric Plastics, Oming MIIls, Mryland; "4,4"-( 1-,I\/Et";2‘iy‘;‘l et hyl i dene) -
bi s- cycl ohexanolThehapedymixiue 5 then Bitwlized i neavireds apingraibion slicxidg tonfgFm a

Sout h Carol.i..na; hysb:= ene: X1 [ oF [ ' i.de’ was
avai |l abl e fc %pﬁ? %cw &ﬁ%%%ggﬁa%bﬂ]g%ﬁeyﬁaﬂkgﬁ?&? %ﬁ%‘hgf]?@%%%lgﬁde was

avai | abl e fOpivnAllylrat diis phiatyiresdduaCsatsanyy be fercRed Kol therdride predwtdyt 0 a

M CRO M LL,..a nulling apparatus, and was available fromBel- Art Products,

I ncor por at édi2Bquannock, New Jersey; -12 WO (12/(1-4.11 PCT/ USO1 /2073-4
"Pol yet hyl ene gl I K 1 é&]@r : : LRl P
"Pol yet hyl ene glh;é;c{g’lth%g%'('ae Y@gﬁ%ﬁf%ﬁf%sﬁ%ﬂ] A d?fiiééﬁﬂucﬁlemlg tIC]Io F@ﬁgy -

" Pol yet hyl doeexdmyple] a @il films vap@ntoalbt wifer film évaporatdr ieinebe osdd. Hithamylled

"Purified EPON RESIN 828" S epar ed .according to t follown

or ocedur e: TARSABRERECRE CREE PIOHEL RORTHPUSR AA5T b SGHCAEeS SHUEHAAY &b
stirrer, n'e?ﬁ&&ﬁ“sélﬂ'—‘&l@&ningi’cﬁlefr%P&Fs?§t%%ﬂ%&9ﬁﬁfdﬁﬁ§th%ﬁl‘i‘n. The Slaporl parts
of EPON RESIN 828 (689 parts per mfllion by wei ght hydrol yzablg chl ori de)

was added tmeaterdiad tfavelsla shod distance do aminf@ng,. condenserni 4 sofallgr Bacpumtis usdd @Bh

percent potassium.hydroxide in J1. tS. ter,was_add to the EPON
PRSI N 525 1P EREHOY SR’ e UREIE - Sho BhiBry MR E b KOS SO o1y

i ce was addedoatdyd Rttaiceen i 99Bd Wit a 3@pd1iilit tegpordibe alWipkis @isabinsiche Bf
cooled to.roomtenperature, yielding a crude product. The crude product was
distilled &bf selirglpaning FollemWdReipor at or at 185 C and 0.001 Torr to give 224

parts of a col or er| o i : : | ori de
o the. matorial AEeisUaush sidiigReEd ot NBNRiNS il MIROLNAEBHAER! or! €8
det er mi ned accoMNbmegndensidfelateialsochith Mas e Wy stifingniaedald ekt idvehdestxyf or

Hydr ol yzabl e Chl ori de gont,ent of Liquid Epoxy Resins", (Test Method B);
" SPEEDM XERESIBraefemQyee deripg molegsiar diftiveioAC 150 FV, a variabl e speed

- The yielded epoxy product has low 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 Weigh‘t 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, preferably within 1 percent
of the theoretical epoxide equivaleﬁt weight) and liquid chrofnatoéraphy of the diétillant
indicates greater than 98 percent monomeric epoxy. These data iﬁ;'dicate an epoxy resin

that is substantially free of hydroxyl functionality.

-



m xi ng apparatus, and was avail able from Fl ackTek, Incorporated, Landrum
South Carolina; and "3-Ureidopropyltriethoxysilane" is a silane coupling
agent andwwas/avai | abl e from Sivento, Inc, Ridgefield ParkpciNewodarsey.
Exanples 1 - 4 and Conparative Exanples C-1 to G5 Stock solutions of
Purified EPON RESIN 828 and anhydri de were prepared by heating the

71 aeks. submor ged e PoEi o SRRy e B RBine" ik 3ty e GR5h Benn R0t e
{typical | yldis gure verdion! hlch maavﬁit@geduwa}?h@gmm dpdk P prRhueMsGisdsmékesi gned
for use in a SPEEDM XER m xer. The solid hydroxyl cont ai ni ng conpounds were

m | led usi BEEdctilenes i plodhet qongipignay. ewlmsﬁg 1sdoper hagihe lssselpurs veBia@021

: d_h t d
addod neat o TS aeeBEE sy Bt Slise iR arBE R ARaSEORE R e

napht henat edeaitgleyad. Meviduad@aednipinhite: ciiRsical badediepaxit$ cOBRO KMV
‘resin/ anhydrl de bl ends prepared above, then dispersed therein using the

SPEEDM XERHisedyzable tralide vpayoesios such EPQED R0 3462, Pvailaderiomettel and

(2. 5 0 o CAPB R eRH G AP Be i oo Bl s g BB aypetow.
anhydri de ea]IdF@Ao}mﬂnaﬁc&og Séalé vaménmtsbmaatj)y mhg 9nﬁhedpb§o ?yﬁb&mmnol
(HBPA) - 8.9 Cobal t napht henate - O. 2: Purified EPON 828 -

45.2 g THreplorlessg For gxampisxysing ge @rémém |(ASTF Déﬁ’é4 -8@RER) Gardner dolgr Cobal t

15 resrisSehg EERE Pio BR Rest bty a0 0

4, 7-met han0| SOb%é@BW@ébo&w%uﬁh@ﬂf‘dn ﬁr@cé‘s@ﬁﬁ be bz?ch 8r &)I@fﬁﬁgus 11.7 g Cobalt
napht henate - 0.4 4: Purif THFDA - 29.8 ¢

HBPA - 8.9 g 3- &Eﬁﬁﬁ@rﬂddpgthod pémlabmgsq)maaib' clezm @ogy@:ﬂm ltS dnamibbﬂenHtSa - 0.5
g Conpar at IA\f)%hCI‘%ilOn%O 0&4%4,5?!?” | ft1|tle9 “Frocess or the Eéhrmnatcr’on cl;}F %tenalzs Contﬂnmg

Hydrolyzable Halides and Other High Molecular Weight Materials from Epihalo.hydrin
Derived Epoxy Resins”, filed on December 7, 1999 (PCT Publication ).

Epoxy resin is pres'ent in the adhesives of the invention at a level of from. 10 to 90,
preferably from 20 to 80, and 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 epoxy resin and also reacts with the hydroxyl containing compound

| (described below) to form an acid in-situ which functions as a fluxing agent. Useful
anhydrides of the invention have low volatility as determined by thermogravimetric

-analysis using a procedure where the temperature is ramped from Iémbient to 140°C at a

rate of 90 °C/minute, held isothermal for 1 minute, then ramped to a temperature of
225 °C at a rate of 90 °C/minute and then held isothermal for 2 minutes, 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 is translucent after stirring (and heating generally to 120 °C to 180 °C depending
upon the epoxy resin and anhydride used and the mix ratio). Any aromatic or aliphatic

anhydride having low volatility and the solubility described above, are useful in the present

8-



4, 8- Bi s(hydroxynet hyl )tricycl o[ 5.2.1.026] dodecane - 7.4 g Cobalt
napht henate - 0.5 g -14 WO 02/ 045411 Conparative Exanple C 2: EPON 828 -

54.7 g THWYvz0488. 0 g HBPA-9.8 g Cobalt naphthenate - 0.5 §cERpPESPEI Ve
Exanple C-3: RSL EPON 1462 - 54.7 g THFDA - 33.0 g HBPA - 9.8 g Cobalt
napht henate - 0.5 g Conparative Exanple C 4: Purified EPON 828 - 9.6 ¢

PCT/ L™ SU1/ = L~ 5-nor:bornene- 2. 3- di oxyl i c _an ri - 1.9.9 HBPA
- 1.9 g m@’afﬁﬂﬁgﬁﬁﬁ Ui et 36‘5%‘?%&&6‘?1%8&’5‘%5"@%P@y@log‘?rygﬁ?’Wg}B’if‘Epm
828 - 8.9 gydibhdxehphiihaicheboanhy silivdede, 57,5’9(191_,§BEEtram§th§1-%300ba|t
naphthenate - 0.2 g Exanples 1 - 3, Conparative Exanple G4, and

Conpar at i vEisHeysedybighgrabydiost ¥ arethanoiwherzedaiand . rdionel, andicombingijoqser cent
-wei ght | os:&lelg%(ofTher mal Gravinetric Analysis (TGA) using a TGA 2950

Ther mogravi metric Anal yzer, available from TA Instrunents, New Castl e,

Del aware. Each $aopl @ssesuhadiesive Compositbh enthe itveREioa cukitRinity dpbRty Festh aid
-rate of 90 C per mnute, held at 140 C for 1 m nute, then heated to 225 C
at the rat énlpydrislg apd y applisatioes wheg threydatility 25 thenhydride isinot etsimentsl to the

fil ) I tals ' . f L The
1 TRt PRSALIE SO bl I oD
No. Per cent abéydyidts dessfibe@diRive? EXAmpIs-of biclPd0reSidtat@e afbxaliides ifelude methyl-

PCT/ USO01/ 21173. ~ Thi anple illustrates the effect on the conpl ex
vi scosity Tnoéb%ﬁﬂ?oé?%%ngw a'nﬁ}ﬁ #5 ng when a sol ubi|ized hydroxyl

M e T e R

Conpar at i veorkimapibms tGerbof. Chipartgtitide s present in the adhesives of the invention at a level
of from 5 to 80, preferably from 15 to 60, and more preferably fro?m 20 to 50 parts per
hundred. |

The adhesives of the invention may contain one or more hydroxyl containing
compounds that are substantially insoluble in the epoxy resin at a temperature of less than
80 °C. Upon heating of the adhesive composition to a temperature of 80 °C or greater, the
~ hydroxyl containing compound. will dissolve into the epoxy resin and react with the '
anhydride to form an acid moiety that functions as a fluxing agenti. Examples of classes of
hydroxyl containing compounds that may be used in the adhesive bompositions of the
invention include mono-, di-, tri- and poly- alcohols and phenols including bisphenols and
combinations thereof with di-functional hydroxy containing compounds being preferred.
Useful hydroxyl containing compounds arelsub'stantially insoluble in the blend of the
epoxy resin and anhydride at temperatures from ambient to less thﬁn 80 °C, and preferably
have a weight loss of less than 30 percent when tested according té) the thermogravimetric
analysis described above. Specific examples of hydroxyl containing compounds that are
useful in the present invention include ethoxylated bisphenol ﬂuo;ene,'hydrogenated
bisphenol A, bisphenol Z, bis(2-hydroxyethyl)terephthalate, 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 per
hundred. |
The adhesives of the invention optionally, but preferably, contain one or more

catalysts. The function of the catalysts in the adhesives of the invéntion is to accelerate

9.



Exanpl e C- 2, and Conparative Exanple C-3 were prepared as descri bed above.
Exanpl e 1 contai ned a solid hydroxyl containing conpound. Conparative
Exanpl e Gyb @antai ned a |iquid hydroxyl containing conpounpcT/Conpmrat i ve
Exanples C-2 and C-3 contained |iquid epoxy resins having hydroxyl
functionality. The conplex viscosity of these blends was determ ned by

Dynam ¢ I\/eQ]f@]rg_ n Ka I ; BFFQVETRI CS
RDA2 t her anadezer géég%@ag %nlﬁ@ﬁ‘gg%@ﬁe‘%ﬂ Cl en%t%?lﬁ}gdl?cncorg(\)/rlzat ed of
Pi scat away hyﬂimwyl]ﬁ)maimngemmpppﬁdiawd thb adbjydridel iUsefid caabysal drelatgt ahés.  For
testing, each. sa was pl aced between the plates then placed in the

fixture at aﬂ'@’l ngﬂg??ﬁﬁlt%a%??gﬁme at%ﬁ%acfl%‘ist‘fh%{h}éf"aie@bﬁé? gent strain

for 12 h ]
| oC a2, ot iopdRBrCOROT b AR SLAAN bR LA ULl Rl b COTP! o
Table 11 Emmpllexas and\brgbniodasdst 4ueh b BBzahSLlE)sph&0 X corheinde ObldRXninés BSing

-1 00ScEx. C-35,900SdEx. G 1.4,900 -16 = WO 02/ 04541 Exanple 6 PCT/UsS01/ 2073
This Exanplhe fhoyvg eharaptenstics @rekravst toghosedtaviigordmapotiah in 6B maeridiss on
fluxing prg i

828 and a hy%hglfsﬁf%%?‘?ﬁa F\%Sgs %8%%%0%1M@H%P§%ar e&ﬂgh?j%ﬁt@(%‘% dc?ﬁéjgggagﬂ:

i nch (25. 4(]11))acwytkeeoonhtﬁpandmblppéﬁ§hn80am) Ch@}gtm[ﬁeﬁﬁﬁﬁ th@adlhe@ﬁ'e39 mm) thick
copper test piece. Ei Et 0. 025 inch (0. di aneter eutectic sol der -
bal | s (63 STBS eR i InSHTVPBOMEIC LG 6 (1OP e | IR BReb S &S ioRls
gently to t surface. The copper test piece was
pl aced on g%f&aﬁ %@gbsﬁOf?ér%?ggﬂgpﬁk?ter 60 seconds, the nunber of sol der
bal I s that spreaﬂhewdhesnﬂcmnmmtlohboﬂthe(]m’&argionmlew ddneamiadmupmiiaﬂdlﬁdeﬁﬂ%ﬁ]\l 828

i th THFDA 5 | . d | t id d
\cl)mn a coppe?“(etqlﬁ?t 0 ‘\ésaeaf Bilgﬁl 1 %tfhscgsaé%ij@&ﬁﬂgvg ; E'Pdﬁ@é‘&g% qoﬁi 3ce
bl lend and gy ﬁﬂ&@Qu&PM‘mH@Ela‘és by ﬂ@&ﬁmﬁ@ Ri&@balhdnk; éx@ﬁn@%‘?@ﬁ&?ﬁlﬁﬁé ace.. The

copper test piece was placéd on a hot plate set at ~C. Af
seconds, hecwbnﬂhmnsmowbhgegemalfbsenahmﬂe s}jmumhsg ARDLN; Qéginens; dhlpbircpate

t est d b d .of
826w t h- TeEtS (o SRR bR ErE DGR rie i B8 s RarPs BEel cBHOENE was
pl aced on agrestbsept &f Bie T6ipositidnlorthe ilveRESH ﬁtaelleyel 18 ef8& ! the 9&51{3& %uﬂf a

hydroxyl containin
Addition of a silane coupling agent is optional in the preparation of cured

compositions of the invention. Preferably the silane coupling agent is 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. When 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 together 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 1 20 °d to 180 °C for solid
anhydrides. However, in the case of a liquid and non-volatile anh'ydride, 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 hydroxyl 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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was placed directly on the purified EPON 828/ THFDA bl end and t he sol der
balls on the hot plate. As above, after 60 seconds, the nunber of sol der
bal | s t hatyes¢w@agad was agai n recorded. The hydroxyl contai npagyuseiesnds
used and the ratio of the nunber of solder balls that spread to the nunber
of solder balls tested are shown in Table II11. Table 111

d | - Cont ai Ri } i by |
Bal | S Compounds a8 dupeRar cofhnoS ISR B8 "onpih 526/ et stios s Eounder end
of Purifi ecnighiiu@AB6fi[EHisBAY thfloxydutetio saidet, M@ mebaabias: tégxgel?mre rhpethoof

Purified EPON 828/ THFDAL, 6-Di hydroxyna hthal eneO / 80 /
81, 7- Di hydddR yhat B Aafreins®, helddsothegrnal fog appropimatelyoxiaiiuih el renwed 10 80 / 8~

el 15 Spr oAW NGraP bk 89T AR 1 & BAgB B DA of N R RERSCPRRS By

Hydr oxyl - &entai Biddthntararupedl end of Purified EPON 828/
- THFDAHydr oxyl - cont al r?lgr%g Conmpound Added to Blend of Purified EPON 828/

THFDA2, 6- Di hydr 3%y adhdsiveadoammeitiongand re8iltihg 8Bhespresact usatulito 80ach B8lek 8Bi s

et 5 L o g ol 2

' 0l 881 8CH 8 hiPoREAS LS iﬁ\fﬁ%, | B8{r8nhb i h i ther
t he conbi r?g?{uo%klgf% the puri %%%SJIEEP 82§{IATHF[r)§\n al %@Sﬁilﬁgﬁgﬁi fﬂi{rg%eEPC]\l' -

828/ hydr ox jougisatcamponefits ofiporxathpie. drecaddiesiveeampositien plide inventipn smuldbe t he

copper test_piece.. However,  when the hydroxyl.-contai ni ng. conpou nd t he
ToEDa, wer o RleR TS e RASIETE: f BRI kB BT P e Sttt AR sl e "
hydr oxyl - capal Adbec@ERBHPInE dvoliitE DALt PYER reN6wIRt sfllert O spread. This
denonstrates the fluxing capability of the current invention and it '

illustrates that the conponents, added individually to the epoxy resin, do

not act as ing agents. Exa~.nple 7 This Exanple illustrates the effect
on gel ti EE{L fegri ous epoxy resins in conbination with THFDA. Bl ends of

five different epdosyotteswizse sard, AHHRAuNE Qe Iy #BRvhed with one equi val ent of
anhydri de per e%{Ji val ent of epoxide, based on the reported or cal cul ated
equi val ent wei ght thedixamplesdisdaw. the &llosvingpbrepiatipns,saieriidre gndequirment uped and

clear are defined as follows: -

“°C” means degrees Celsius;

“4,8-Bis(hydroxymethyltricyclo[5.2.1 .02:0]dodecane” was available from Aldrich
Chemical Company of Milwaukee, Wisconsin; _
“Bisphenol A” (BPA) was available from Aldrich Chemical Company;
“Bisphenol Z” (BPZ) was available from Aldrich Chemical Company;
“Cobalt naphthenate” was available as 2‘1 53 percent by weight solution in mineral |
spirits from Strem Chemicals Incorporated, Newburyport, Massachusetts; |
' “1,4-Cyclohexanedimethanol” (CHDM) was available from Aldrich Chemical
Company; ., ‘ |
“1,6-Dihydroxynaphthalene” was available from Aldrich Chemical Company;
“1,7-Dihydroxynaphthalene” was available from Aldrich Chemical Company;
*“2,3-Dihydroxynaphthalene” was available from Aldrich Chemical Company;
“2,6-Dihydroxynaphthalene” was available from Aldrich Chemjcal Company;
“5-(2,5-Dioxotetrahydrofuryl)-3-methyl-3-cyclohexene-1,2-dicarboxylic
anhydride” (THFDA) was available from Chriskev Company, Inc. of Shawnee Mission,

Kansas;

-11-



solutions of THFDA in the epoxy resins were observed after several m nutes
at the testing tenperature of 177 ~C. The gel tinme of the epoxy resin/ THFDA
bl end wasygahandined using a gel point tester (Gardco "Hotp@piSoi1abs4Ti ner,
Paul N. Gardner Conpany, Ponpano Beach, Florida) set at a tenperature of
177 ~C. The anount and epoxy resin used, the amount of THFDA used, and the
gel tinme results.are showmn in Table IV..-1 MO 02/ 045 Tabl e. | V

PCT/ US01/ 21173- t PEpd%§™ RICETARTHS TRV 8P aé‘hc?Qg(CBbP%H}%a %‘?’_@W"%’%ﬁc‘}é’l the

Ti mePuri fi g@ sEfGN;82850. 038. 86118 min. 40 sec. EPON 82850. 035. 7188 nun. 58
sec. RSL 146250. 035. 7197 m n. EPON 82550. 037. 75105 nin. 25 sec. ERL |

4221E50. 041. 6014Djg $heay fegé was padomraausitonbagh 008 plg yheas sies appighlea2g,

‘Chor ter _gelop i NAseobie SRR PEEHIERIRE Ss® AR T 08 R R RV

processi ng t t Qﬂ% qrﬁ%)ﬂz.cont aining purified EPON 828
gl yci dyl e_tphggyé‘ér}esgr?ﬁg&l%\;/aesn H(f)hgg the cyél oal i phatic epoxy resin ERL 4221E

cont ai ns no hydrDyyidmiciViettaaial AbhalysisT EDMAOrveasgenformed asihg a RHBOMETRICSor e
susceptible to Shear strength of adhesj ves,. of Exanple. 1 and

el at.i on. e .
Exanpl e 4 RE¥? %Sﬁ%lé‘flé’cﬂ%ft angas Ayal lriofr?mfsﬂ@%lﬁﬁw caetific, fpegiposited 9hosur e

to 85 C 85P88£t9@9§,1‘@i!v9'§%§9 glﬁllgiﬁgai)@ﬁﬁ@ﬁrﬁilﬁmgﬂgﬁpﬂaﬂ&tﬁl5te%%ﬂestﬁ%€@aoﬁi e had

a Si 3Nd passivation on urface. FR4 circuit boards were cl eaned
prior to bsamiplagvabylasepbeiyeeh ¢m pibteh theaptiamed it Herfixitetat 80 Colestispwas r al
grade). The FR4 circuit_boards were then dried for 15 mnutes at 110 Cin a
for ced- ai r PRI Opt Blsrtp ape 4-Opreend straip 105 14 hQESiat 220 Cin a forced-air

oven that was p 1 o (BB R bk Gl E. ' d die were
t hen exposed tou%@%%l\#egfbé%#%ﬁ?ﬁg‘&ﬁa%ﬁ (gci er%tv?%éiagbll%’% gg%()@%%r% C%Qm' nut es on
hi gh setti Gyemizalsdbmad 2Dgakackpanal organic inpurities. The FR4 circuit

boards and the die were bonded within 30 m nutes of the plas reatment. A
dot of adhesive %%QﬂfRE.SE\] ﬁ% i 18 adradseesignaiion fIGE%BISPBeQ?gﬁ@e@%@Em%y Mm
square die . o] : i i ] ’ bruyR '
whi ch pr ovP%ggkg&J,;l??%lf ?n@%g%? g‘?agl%ggoff?rﬁ?)?e@? r@nmlmll(1 go %ﬂﬁﬁ%l .0§ ilgggfmnzh) d?’e
wer e bonded ont SEBOXIYWBESEARCIH RESHNR 8- 4025ispl teecle diesignatinphfona hespherivdt  t he

InPb b d tact with the FR4 circuit . The adhesi
cur ed at " 2OGRENGPIET bR BoofY i Wil oratiePERIE P B Bag . ns
of Exanpl ej Laand: BXRORLS wei¥iR! ShEredadRiable fRord Skl RBm#adal BRip8RY of

conditions. After 1 week of exposure to 85 C/85 percent RH, the die shear
-19 Houston, Texas; :

“ERL 4221E RESIN” is a trade designation for a cycloaliphatic epoxy resin, and
was available from Union Carbide Chemicals and Plastics Company, Danbury,
Connecticut;‘

“FR4” is a glass/epoxy laminate;

“5,5’-(1,1,3,3-Tetramethyl-1,3-disiloxanediyl)bis[hexahydro-4,7-
methanoisobenzofuran-1,3-dione]” (DiSian) was aQailable 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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WO 02/ 0. 15e PCT/ US01/ 20734 strength of Exanple 1 was too |ow to be neasured
(sonme of the die fell off of the substrate before testing) and the die
shear stremgizuiefi Exanpl e 4 was about 4.0 kg/ nmmR. Shear St pen@kin20734
tinitial Shear Strength t85/85 1 wkExanple 15.5 kg/ mmR0 kg/ nmmR2Exanpl e 45.5
kg/ 4.0 kg/ M2 -20 WO 02/ 045411 Wat is cl ai med is: PCT/ U S(11 /2073.4

1. A one-part, hesi v ohpri.sing: an epoxy
resin substanti aPngn?\yL%‘ §l|1| é&%‘ﬁd‘f’“ﬁ}’ﬁ@?‘iﬁ ﬁéﬂnc n@l g‘ﬁcﬂmqnﬁe curing
agent. 2. The ad‘P@l’:}/bM@I&)@ !lE@@ﬂw@sf aviai @bl flom W@ mhédﬁealmgmyde curing
agent has a weight 1oss of 1ess than 5 percent as deternuned

t her r nogr avi net r PelyaalepsistycohBed evvas Q\fﬂdablérf‘mém Addrich G@mla&lﬁé(unpmm anbi ent

rampod Lo a tempbritl Lo B5SH 82y uf et S0k e CURM e

i sot her mal Af three2ndtk/mou@d-boAbmetl B leuipatd GARRANEHanREISEINVr Yni GOFERN inft ehd an.
el ectrical conponent having a plurality of electrical term nations, each

t er mi nat i ofFMPFERYES BTgba Wap Nersk Fbﬁﬁﬁood’aﬁé ﬁf)Eﬁ@N RESHY $2% (689 ses par wilhiani ng -

dj h t
the o ect r PEQIisESbLEAb R0 G0t RE AR b Raan 706 SLRGHIE O ne.
el ectrical 1¢05p@RESS peftdnt htassiizs hy@ibﬁldcqmtsrwrss of Rty Y Ak dBd e BPON

refl owed and el ectrically connecting the electrical conponent to the
subst r at e, REMNSdReWith aniggp rihsimigture &vas baged oy dravdu eftenwhichidsy sgheasi ve

conpositio I o] n n ele tric gnent
assenbl y o? d&{d a%mq@m‘érﬁ)%ngﬁ&ﬁ%% %quéﬁ é%g gﬂﬂ "‘B’th{/e \a?snée%ﬁo@fegg. o]
conmponent  havpergu, pleldifg b tiidefprédiRet The adudé pfdubEk A OISt RP6a EtfelifNAL | ON
including a sol der bunp; providing a conponent carrying substrate having a

plurality 6Yansraet ail8al°Crand.0nk Tomo give 284 perigivhacalorlessanateniali ataiysiss of
(e oL ect ARt a0 B B S AT S0y SRS,
weight as determined according to ASTM Method D 1726-90, “Standard Test Methods for
Hydrolyzable Chloride Content of Liquid Epoxy Resins”, (Test Method 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 anhydride were prepared by

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

submerged in a 160 °C oil bath until the anhydride was dissolved :(typically 0.5-1 hours).
The blend was poured into 70-mm cups designed for use in a SPEEDMIXER mixer. |

The solid hydroxyl containing compounds were milled using a MICRO M]LL' mill
and sieved using wire mesh screens (0.0021 inch (0.053 mm)openings). 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 SPEEDMIXER.mi_xer.
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WO 021 0- 451 PCT/ US01/ 20734 contacting the electrical conponent wth the
adhesi ve conposition; and curing the adhesive conposition. 5. The adhesive
conposi ti g @fosedi@iml or claim?2, the el ectrical conponenpcrassesbly of
claim3, or the nmethod of claim4, wherein the epoxy resin is selected prom
the group consisting of glycidyl esters, glycidyl ethers, glycidyl ethers
of am no phenol $ %I%cic"d%lts am nes egroxiwdi 3 ol efins, and conbi nati ons
thereof. 6. The 38 2EPVR co?é?o%??qné% SR M 2, wherein the anhydri de
curing agent is selected fromthe group consisting of
5- (2, 5-di oxot etrahydrofuryl)-3-net hyl -3 c§cl ohexene-1, 2-di car boxylic
anhydri de, Exampled:’ 1, 3, 3-t et r arReitifigf EPON 328 -452 g
-di si | oxanedi yl) bi s[ hexahydr o- 4,7~ : ' Mran- 1. 3-di And,
conbi nations thereof. 7 The adﬁég%%??%%g@?§$§%Qféi&eé}y?nﬁé}%;ﬁ%f‘g??ﬁ%z, t he
el ectrical conponent assenbly of gicaiboxic ahytiliee (BRADA)of298 gi m 4, wherein
.t he hydroxyl containing conpound is selected fraomthe group consisti %g%g;

F :

nmono-, di-, tri- and poly- al cdubrd-Mahylstehigese) bisraydekmranel (BRBAY t

8. The adhesive conposition of i e nprising a catalyst. 9.
The adhesive conposition of cl gdr%gg?aéﬁg%aﬁgr: tbhsggcat alyst is selected from
the group consisting of cobalt naphthenate, cobalt (11) acetyl acetonate,
cobalt (Il acetyl acet onate, copper e, .and conbi nati ons thereof.

10. The ad&%fwjg—%orrposi tion o%ﬁ%ﬁ#@%m?éﬁighe conmposi tion has pot
life of greater than 3.5 hoursm@At_eEp.grgature of 80 C. 11. The adhesive
conposition of claim2, wherein the anhydride curing agent is a solid at
anbi ent tenperature. -22 WO Ehddbatdd BEPhtied FheeABPEF) FThe.4£pr ed
adhesive resulting fromthe re ign of . the agg_)esi ve conposition of claiml
or claim2. 13. The adhesive c%& nepRghenste <Pai%n |, wherein the anhydride
curing agent is selected fromthe group consisting of

met hyl - 5- nor bor nene- 2, 3- di car boxyl i ¢ anhydri de,

met hyl cycl Bhampled: 1, 2- di car boxPurificd BRI B2, 3ddthyl t et r ahydr opht hal i c
anhydr i de, , .. . .

5(2, 5- di oxot et r ahydr of uryl ) - 3- met Ay 133 APERERERE - qisdoxpnedivhBis{exghydro-
anhydri de, 4,7-methanoisobenzofuran-1,3-dione]
5,5{1,1,3,3-tetranet hyl -1, 3-di si | oxanedi yl ) bi s[ hexahydr o- 4, 7- net hanoi soben
zofuran-1, 3 dione], and conbi ndPi¥aw) theR&f. 14. The adhesive conposition
of claiml, wherein the anhydri]ﬁ%ﬁ:y“ﬁ% agent

Cobalt naphthenate - 0.4 g

Example 4: Purified EPON 828 - 452 g
THFDA - 29.8 g
HBPA -89 g

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

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

4,8-Bis(hydroxymethyl)tricyclo[5.2.1.02-0]dodecane - 7.4 g
Cobalt naphthenate - 0.5 g
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has a weight |oss of |less than 10 percent as determ ned by
thernogravinetric analysis, wherein the tenperature is canped from anbi ent
to 140 C wto @/osgiie of 90 C/ mnute, held isothernmal for 1 npodi€ei/iohen
canped to a tenperature of 225 C at a rate of 90 C mnute and then held
isothermal for 2 mnutes. 15. The adhesi ve conposition of claim2 further

conprisin ] .-
AgpA Al g%@&%ﬂ% L%ON%%.'S\‘!MEASL. A5 . AYS5 . A( . AT .ASL. AT A5
.An . AL. As?; THFDA - 33.0
e $$\AP/&g&&] "o p(zupkf al V\]caI cal ca ca] cga] ca] cal] ca] ca] ca] ca] ca]ca] cal]ca]c
a] ca] ca] ca] ca] ca] ca] calU] ca] cTa §ca] cMalcalcTalca! p((((()X))) O ++#,d
: .1 0<1i 2p2} 222933333333MN45| (»]qjm_f % ﬂ%ﬁ@% %(L‘ga] ca] cal ca]calca]calcalcalc
a]\lgg]%gga]ggg] ca] ca] ca] ca] ca]ca] ca caj ca] ca] ca ¢ca] caU] ca] ca] ca! 562666077777
p
~u::>F>>>1?’??@A+A xshid Z calc cal ¢ al cajca]ca]cal] ca] cal]ca]ca]ca
] ca] ca] ca] E%%@&%&M%ﬁca}%ﬁ% ﬁﬁ]ﬁ]@] c%]}’g&] ca} +A]8AG]AAa]DDD£ EE]E7 F]( HI ]4J J
KKKK[ LLLM MDOMOOONPPQURST} xsni I\ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ?alﬁa%cgkgg% cal] ca] ca] ca] ca] ca! T_TTTUpUMIUUXYZ

[\\ " =aa-c6¢cj cccc@l] ddd>ezdiR<B’1%a\-W&:§] ca] ca] ca] ca] ca] ca] ca] ca] cMa] ca] ca]
ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] Wh Il?gnC@]sca] ca] ca] ca] ca] ca! >eeee;
gggggghhehhh+ii-jijjjknkkl _Ioll A c] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal

. nYnnnnFooooooFpppt t u( uzuuu” v{ V$WpV\MM/>xxxxxyy| wr mhc”~X] ] c*a] ca] ca] ca] ca]ca]c
a] ca] ca] caCeniparative ExambleaCch] ¢l EXhPLRt B4 g a] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca! zQzl zuzzz{/ {8 e{r \ ch calc”a
Tea] cal L] oral cal cal cal ca) nal %@ﬁa]@%}@a]ﬂéi%ﬁb%ﬁamﬁﬁg 1k cal ¢
aJc*a]ca]ca]caJctalca \}I}}}}) HEPA-K9 g
sD=p_'v~ytoje [V]ca]ca]ca]ca]ca]ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c’\a] cal c™a
U] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&jabalipepljtberjatat §.2:2HVPWANIN} xsni d_Yj e [ V] c] c*a
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] chal] ca]
ca] ca] c*a] ca] c*a] ca] c”a
*27NF KRUL . Zoltipaiatd¥BRamy]eot oa] Phaitlke EPoy 62§ c8looa] cal ca] ca ca] ca] ca] ca] ca] ¢
~a] ca] ca] ca] ca] ca] caV] ca] caV] ca] ca] cal ca] ca] cal c*a] ca Mbqc
edf. | >R xsni d_Z] c]] ca] ca] ca] (MT &PB&P’&%}] deidec 1T 4] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ggl ca] cal;
nmXU#l { RSF* | wr mhc” Y] c] ca] ca] ca] ca] ca] ca]gca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]@bhtt applathastecal Rl >M w mhc”Y] c] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca]ca] ca]calca
] ca] ca] ca] ca’> cB 3"10%&' ()- 3"10%00& ()-z10%0% () -

. 10983& ()-s° '19%@)33 @00 m@%@i@&@a&nm B Eihmple' ¢ 8%irt) -
F 109608 () - 109%& ( 1090 ()- ni BfZ"10%& () I 109& (p)

" 10%b&te@9ed‘fmo®1@m@@ as ﬂemideﬂby%&icemg(n) 10I§S bBQBQIm&l Ciravxm&tr@

L 100 o AR BT A s M PR Ot Mty rom

" z#10%b&' fstruments LIAYE (@stlé%@l@@&co}ﬂa@\ léQ&%%&aeﬁﬂed fRo arhBlend Blperature to
10%8& ()-! Z'10%b& ()- 2" 10%& ()-! z#L0%& ()-!" #$$aBy\ =10

Y 10%& (140 RC 2094&of 90 °C Headiuto, -held at 140 Cfor 1 minute, then heated to 225 °C at
&10%& () - 0&" 10%& () -"L10%& () - $Wieg&a] ' dEg\ =10F1Z '

10%& () - - thEQ¥B of DO, @M&nﬁﬂ: andSHeld 89438 °Q) for 2 minutes. This profile mimics the

9" " 10%& ()-$! 10%&' ()-" " % p ((((lé(dYNClo 10b 10b 10b9< 10%& ()- 7Z

10%& () - QEmBIgherecpndiiong wesqliier rofiaoamen.() - ((()X))) dEYNCLO f! 10%& () -

1 10%& 7" 109 910% & O ++#, d- - dEYNCLO
“y10%h& 8 3" 10@%‘1’8“"” ‘%%}%@%S(‘)S&Vfbg‘)g@% W G' 10%& 8 ) 109%& () -
~..10<1i 2n2n2aB7C 10bL< 10%& ()-!1 4" 10%b& ()- 0" 10%& ()-S(" 10%& () - |
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' 10%& ()- ! 10%8& () -n202p2} 2229333\ y10%&' () -t 10%& () -, " 10%8& () - Ol
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9' 1098 ()-!Nf@ 10%php& ()-'4ZlO%\IN& ()--26660777777dE:/ 10b 10b&<
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10b9p9999: : aB: / 10bGLOYR [ E i EaTI R (Perdl: WoVBH{ 1, .
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10908 () - #10%0& ()=, 10%E8—)—-210%8-()~F> > @HE——40b
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, 10%0% () - @ A( A) A* A+ASAGAALC 1080 &10%0&' () - " DB’ () - 10%0& ()- 100 100
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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 present
in the form of hydroxyl groups on the epoxy resin. . .

The compositions of Examples 1, Comparative Example C-1, Comparative
Example C-2, and Comparative Example C-3 were prepared as described above. Example
1 contained a solid hydroxyl containing compound. Comparative Example C-1 contained
a liquid hydroxyl containing compound. Comparative Examples C-2 and C-3 contained
liquid epoxy resins having hydroxyl functionality.

The complex viscosity of these blends was determined by Dynamic Mechanical
Analysis (DMA). DMA was performed using a RHEOMETRICS RDA2 thermal analyzef
available from Rheometric Scientific, Incorporated of Piscataway, New Jersey, 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 complex viscosity of each

sample to double in value are given below in Table I

Table II
Example No. Composition Time (sec)
Sa Ex. 1 12,800
5b Ex. C-2 5,100
5¢ Ex. C-3 5,900
5d Ex. C-1 4,900
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containing compound were prepared and placed on a one inch (25.4 mm) wide X two inch

(50.8 mm) long x 0.0155 inch (0.39 mm) thick copper test piece. Eight 0.025 inch (0.635
mum) diameter eutectic solder balls (63:37 by weight Sn/Pb) were placed in the blend and

pressed down gently to make contact with the copper 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.

About 0.2 g of a blend of purified EPON 828 with THFDA (0.85 equivalents
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

copper 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 Qf 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
recorded.

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 III.

Table 11T
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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S10% u&' () - 4f 1'10% u& ()-1 10% u& ()-,!10% u& ()-Ol

10% u& ()- "10% u& () h+ii -] ijjj dEan 10b10%u&' ()-I :

10% u& () - FO%t&———10%t& ) ot ED e
10b" MLO% uk! %IY%%&OH&‘“ e F| 10060 b€5 9f|\g°i‘??5/e 615 %JP?%WSQ Sse-l‘ﬁgm“
f10% u&' () 1ol | méEompemEnbC 10Bi@dorlmdified () -|Blehd #0% u&'|Hydrbxyl-containing
) 10% u& (){ ' 10% u&' () - Y9 10% EROX 324/ HSBARYb UBir{H)ed BPOXN NOR et AGId b
710% u& () { 6y10% u& () - YA10%6entiifihg CoRpddds|8R/ CHFIAL0YBIeRd 6f)Purified EPON
-yl 10% u& () - FooooooooobC 10b{10%0& ()- " 10%0& ()- L10%¥8( THFDA- u 10-u
10- u9&<10% T Dy AR IGIch) { OFPPPLd ARBDC 0/8 778
Bisphenol A 0/8 0/8 8/8
Bisphenol Z 0/8 0/8 8/8
Polyethylene glycol-2000 0/8 0/8 8/8
Polyethylene glycol-600 0/8 0/8 : 7/8
Polyethylene glycol-260 0/8 = 0/8 8/8
.|CHDM 0/8 0/8 8/8
HBPA 0/8 1/8 8/8
BPEF 0/8 0/8 | 8/8

It can be seen that neither the combination of the purified ]éPON 828/THFDA
alone or the purified EPON 828/hydroxyl-containing compound alone allowed the solder
to spread on the copper test piece. However, when the hydroxyl—éontaining compound
and the THFDA were.both present with the purified EPON 828, 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.

Example 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 anhydride per equivalent of epoxide, based on the réported 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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10b! 10%&' () - 109 {Burified EPON 828 50.0 38.86  |118 min. 40 sec.

EPON 828 | 500 3571 |88 min. 58 sec.

RSL 1462 50.0 3571 |97 min.

EPON 825 50.0 37.75  [105 min. 25 sec.

ERL 4221E 50.0 41.60 |14 min. 10 sec.

The data shows that epoxy resins EPON 828, RSL 1462, and EPON
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-
hydroxyl containing purified EPON 828 glycidyl epoxy resin. Even though the
cycloaliphaiic epoxy resin ERL 4221E contains no hydroxyl moiéties, it is far
more sensitive to acid and is more susceptible to gelation. |

Shear strength of the adhesives of Example 1 and Examplé 4 were conducted at
ambient conditions and after 1 week of exposure to 85 °C/85 percent RH using die bondcd

to a FR4 circuit board. Each die had a Si3Ny4 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 then dried for 15 minutes
at 110 °C in a forced-air oven and then baked out for 10 minutes at 220 °C in a forced-air
oven that was purged with nitrogen gas. The FR4 circuit boards and die were 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 rrllm). Four (4) die
were bonded onto a single board. Each die was placed in such a way that the InPb bun’ips
made contact with the FR4 circuit board. The adhesives were cuféd at 200 °C for 30

i
minutes in a forced-air oven.

The die shear strengths c’>f Example 1 and Example 4 were each about 5.5 kg/mm?2

at ambient conditions. After 1 week of exposure to 85 °C/85 percent RH, the die shear

-19-



109& ()-Y 109%& ()-' 10%& ()- 10%& ()-\}1}}}}, ~G-dEbC 10b!# 10%& ()-
10% () - 10% ()-510% & ()-3s10%' ()-3" 10%' () - G-~; kaB7C 10

10&<10%8' (g d)RENYE () - v1109& () - -t 10%& () - +(" 109%K& () - 3chi@g/qg,,£0)734nu 10
1v0610%& () -x6v0610%& ()-v0610%& ()-10%& ()-10%& ()- 10 10xA?; 10
1v0610%8& () - v0610%& () - x6v0610%8& () - vO610%E& () - x6v0610%8& ()-}~F; 10

|1:§ %00/ g é g 0/? féarﬁﬂ{ gg/ggﬁ’gﬁ K6 wé@%gﬁ/}@ é@% Qeag/&% géﬁ% c((fgtﬁg(gmsfpff‘gff S Ohcksubstrate
YF10%$& ( hei Qg’tjegﬁ% $2(£)1 tﬁF@lle[shEar £§r@12§th oF EQ“&@}% 4 ‘)vas alﬁ)ujrg%lgg&ﬁngpi

| 10938 ()~ &4" 10
+1096$& ()-  *&10%-$& () 3( L0 $& ()- f 210058 ()- $10%-$& ()-
1" 10%$8 ()-_AF;, 10 1
" | h[ 0] 10‘V§+}$&'_()-[0j 10%E$&' ()-10j §6%F§&F(€(‘¥th[ 0j| FHEEY fﬁgitf; oihoosse (- [0 10
Y. 10%$& ()-fJ*[ 0] 10%$& ()-[ 0] 19%: jl10oss& ()-[0j
YS! ()-[(()j) 10958, () - eGH] (()j) 100542 ’(‘ﬂ%‘ | h[ 0] JQE/i/gfi &k[Oj 109$&' () - [ 0j 10%-$

& ()-)"|h[0j 10%3$& () - RIeXK $104$10+ :
L<(1)0‘V3Ir$!&' E)J [ 0] 10%+3$& E& | -[0j1 /&&% [ O] 10‘V&®1&Q¥%>HVP| [ : XK>[ 0j 10%
fG'10%$& ()-1 10%$&] E)mnplesa D% 88 Kolim?2 4.0 ke/mm?2

-20-



"2 1094$& ()- 310%-$& ()- S10%$& ()-PWI[:XK>[0j 10% 10% & ()- 1 10%-$& ()-
109%$& ()- 110%$& ()- Fl10%$& ()- 4"10%$& ()-aN| [: XK>[ 0j 10%
9! " 1 10%-$&o(rrodser: 10%$& () - S10%$& ()- ! 10%3$& ()-F y: pdDvedi&otu
109%$8&' () - IN[ [ : XK>[ 0j 10% F+10%I-$& ()-1 YMO%S$& ()- (10%$& ()-
y&! 10%$& ()- $!10%$& ()- "1 "10%$& () - 3gCXK>[ 0j 10% #3

8" (18" 10%+m Ed( 18" o%$& () (18" 10%$& () - (18" 10%$& () -

1 10%$& ( [8j 10%
(18" 109%-3&’ () - (18" 109%-$& () - (18" 1096-$& () - (18" 10%$& () - (18" 109%$& ()- (18" 1
0%$&' ()-0zZn_; XK>[ 0j 10% #3
ﬁ E(1381(1300/%$f‘ ()- (18$10%$& ()- (18" 10%$& ()- (18" 10%$& ()- (18" 10%$& () -
. K>[ 0j 10% #3( 18" 10%*
8" (18" 1096 $& ()JI( 18" %Dgfc)&@‘“ \hergally sprable adhesiys cqmposiion SOMPHSIBET i 10
#(18" 10%-3$&' () - (18" 1Q@peepéxy l)esi‘ﬁ?substantlal free of hydroxyl functionality; and
8" (18"10%$&' ()-(18"109 ol-$& - (18" 100638 ()- ()*/012 RES[ 0j 1094.02#102#102#
&<109%2#&" () - (18" 10%+$&ap§1ydf e curing agent.
8" (18" 10%+-$& ()- (18" 10%$& () - 2?No~bFRES[ 0j 10%4.02#[ P" 10YE#& () - O P" 10%EH#&' (
)- C- [ P" 109%E#& () - O] P" 10%E#& () - C "L10%E#& () -

(1;)%3;% (1 2) %|E L ;R(E?[ 0j m%ﬁﬂesl@/@#rgpo(sitmﬁ[d?cﬂdwﬂ#&lf(e)eiﬁtﬁ ‘ahB YR Qring[REA0YEH&
O %G ?RESh®; awmhpl%wf;l@gﬁ {opo Smercept gsdotqrning by Begmeerayimsiye ift?d/:éﬁﬁ& (O)-dP

R A I AR ) s iy s

O't " DRE8| Ojsbapétmal f3r 1 Qffatink, ﬁﬂen%ﬁ ed to a temperature of 225 °C at a rate of 90 °C/minute

O'[ P" 109E4& (-G P 10%re 1) - 0%E#& () - O P* 109&#8& () - C{_?RES[ 0] 10044 P*
109E#& () - OpdPtheo VEKSispthemyg for 2 mmutes

O'[ P 109E#& ()- O P" 10%E#& () - O P" 10%E#& () - C_?RES[ 0j 10%#[ P" 100E#& ()-C[ P'1

0VEHE ()- C[ P 10%#& ()- C#3) O'[ P 109&#& () - O P" 10%EH#& () - C

& . 7REB[ 0] 10%4#] P" 10%E4& () - C P 109E#& ()- O P 10%E#& () - O P" 100E#& () - CH3)

O'[ P L0%E#& () - C. / 48<@\ <RES[ 0] 1094#3)

O'[ P* 109E#& () - Of P 10%Eslectialqompposgassebl CEPmPUSIEE! () - C#3)

O' AFINRSX' DRES| Oj 109d.#3

O'[ P 109%#& ()- O P"1 i 3@‘%"‘%&&5@‘?5 Ay aEsgc T catigmipaions, ﬁﬁ%’[ 0j 10
va#  310%etdifationRndl0dME & so)defBdhp;

O'[ P 10%#& () - C[ P 109&#& () - P" 10%&# . REB[ 0] 10%  Y9A00#E& () -
1094#8& ()- 1094#& ()a_corrg)oren;ﬂc&rr(y)n_géu sty /&y&l% plurality of electrical termina 10ns
"1094#8&' () B3y s- ' 1094#& ()- 9*
10064 () - &&U%%Bgﬁgw }feqe@m%&%%@%ﬁ éﬁ%319&?%]%%%%%1#101#101#( 0 -
T 8&<10%#& ()- 7910%d 78 a@)leswegcﬁ&}&%dt&et@een and baghaggie(elecarical component and

2" 109 #& 1 0 0 0
Ss1094#&’ E %he} é’i?é%tér&lgﬁ e ?(1%&?{%&( /&#& ﬁ%’?”“’io //&gﬁﬁ%‘”%@n%‘{fing&thg) c
;&208/‘&-?3&_ {g&é eFe%91@#696&130&%pf)@tﬁ&sﬁk)strbt%?’fﬁé@dﬁm QI RHstHE #éactibn PAAREHSE: () - >10

>10%#& () - >10%#& ( )thnHehive compafiopn oficlam@#& () - >1094#&' () - >109%d#&' () ->1

0% #& ()-#3D >10%#& ()-tu~ <NA4[0j 10#3D -

>1004#& () ->109%A#& ()->1094#& ()->10%#& ()-#3D " ENAA[ 0j 10#3>10%4#8& () - #3D
4. A method of bonding an electrical component assembly of claim 3

comprising the steps of:

providing an electrical component having a pluralify 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 compbsition of claim 2 onto

the substrate;
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esive compos1t10n of claim 2, w erem he anhydride curing agent is
selected from the group consisting of 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-d,ion'e], and combinations

thereof.

7 The adhesive composition of claim 1 or claim 2, the electrical component
assembly of claim 3, or the method of claim 4, wherein the hydroxyl containing 'compound
is selected from the group consisting of mono-, di-, tri- and poly- alcohols and phenols,

and combinations thereof.

8. The adhesive composition of claim 2 further comprising a catalyst.

0. The adhesive composition of cldim 8, wherein the catalyst is selected from -
the group consisting of cobalt naphthenate, cobalt (II) acetylacetoﬁate, cobalt (I)

acetylacetonate, copper benzoate, and combinations thereof.

10, The adhesive composition of claim 2, wherein the éomﬁosition 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.
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(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-methaﬁoisobenzofuran-1 ,3-

dione], and combinations thereof.

14.  The adhesive composition of claim 1, wherein the anhydride curing agent
has a weight loss of less than 10 percent as determined by thermogravimetric analysis,
wherein the temperature is ramped from ambient to 140 °C at a rate of 90 °C/minute, held
isothermal for 1 minute, then ramped to a temperatlire of 225 °C at a rate of 90 °C/rnimﬁe

and then held isothermal for 2 minutes.

15.  The adhesive composition of claim 2 further comprising a coupling agent.
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