; e3etMj 6>To~0 *159159* NO FLOW FLUX ADHESI VE COMPCSI TI ONS The invention
rel ates to adhesive conpositions conprising epoxy resins and nore

parti cul aplgyeziasquch adhesi ve corrp03| as under fipdT/adhearises for
integrated circuits. Early integrate Wmm ﬁ& kagi ng i nvol ved wire
bondi ng for connecting the |ntegrate C|r the printed circuit board.
One alternative to wire bonding is soldersﬁﬂﬁp i nterconnections. This

nmet hod of interconnection is increasing in usage due to inproved
performance and incr eammmmw chi p bondi ng
usi ng sol der bunped chi s 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, ANEiAVERHOR FRIABSIOAIHPSVE COTHROHEQNS CAMBIIFBE [CPAKHILSIRS ATH FOse)
this heatin r r chip
-and the suggcttlrc a{]ey?(gg'gco rarcrle &er%(%ﬂgosmog}gég%de%s@g%&g E(ﬁ%gwgsef g? 1l;‘}{rélﬁng
mel ti ng al s@cdigads to self-alignment of the pad pairs. After this reflow
process, the solder flux nust be washed away to renpve corrosiyve residue.
The assenbly nu&erlpéntegraied ca?vlépaqmggxgmwff%fbwgﬁ bpnding forqoppeqtingithe assenbl y
then requi i r

under si do. SpeERSt crbBTR) E PAhIcAVIEI Bhorl OrE AR b (REDQRATES coldif

cont ai ni ngbatpiimercgamsctiohs.| Tids meﬂlmdsofadtleasmm:tloa ifnetdaeiig ity usdge dwe By

capillary forces to pull the resin u er neat h ch| The filler,

typical |y &Ppiozed P‘?fg‘%&@&%%la‘t‘bm%aﬂ&% @95 gFRIY f Figchiphondiigtiséieon

of the und fEHH) f sol der bunps on
thernlncregé,i,ﬁejél]ﬁlﬁl@f&1 ﬁﬁ %ﬁ %é%gﬁaﬂn b Bt flal to the package
usi ng capillaryn flgr dnp bondihg bsng) stddérdsnnpedemimca scvlder pastedfluey mapphie too t he

adnesi ve. t P Dopid e i easB A Qisnoe RE Bates.on e Pt o gt ke

sol der and ,@l®Y A%ehBd & &EHIR)%»C&%/&” @iQCE i heahld, 88 QMdrRRAQMRS o he
underfill. However, fluxing adhesives that contain liquid or easily

vol atili zememihlygicﬁld@sdﬂmween drepthap apd theisdbstiatmig fomessd. tFeet sucfees whsion of ds

after cure,, These .voi ds an pr ture s er fatig f u i n
ndor {111 M5perEs A gne efih 0 adlo BB Sy S ithed Phis Y B ork

PCTI USO1 / gf@z& thefsoliet NQx eREBE Wakied Gvaged temeR IR Ee RO ueS m&iefasédrﬁtﬁyor
premature gel ation or both, inhibiting solder flow In one aspect, the

i nvent i on FREYbidEedsaltsnghip #ashing BEPrmal | y curabl e, adhesive conposition
conpri sing epox t

anhydri de curlnghEQE%?OEHQ§%ﬁﬂ%&?ﬁh¥aﬁﬁ§ga&%ug asﬂgx§%ﬁgﬁ§l#§%§6&#¥?ess
than 10 pemmsntases tibetreiersideost tbqasshmblmgeawpmmedmsmrgaahmbsy wdtesaen t he

tenmperature is canp ed from 140 C of 9Q nut e, | d
i sot her mal CPRYAININE. “rﬂPﬂ‘i&aBlthﬁgF)r &E CSEYF | aP&hiSﬁWaﬁiPr"@“%FaEE%’YgO’ifPs i P“HF
of 90 C m mutgsiaRdathesn gl 6111&5/S?B@ﬁfléia{ygﬁé%ﬂly%llf@a”fs‘é@&cd"t)b%éﬁ%)é'th&%‘fﬁh@fnt”g

compound that 1s substantially Insolubl’é in"the epoxy resin at a
tenperaturefﬁknhdsapmhanl@nhipnénﬁnm@ﬂmonalIy, catal yst. A preferred use of

the adhesi it dh itign. | th
aspect, the. 1| nvanerots g dendite LR E R SRS Br e i Bofh i of ng
an el ectri gading afpARGHl Iﬂaaﬂlmo &lerﬂauk@gel&smgcﬁapma?ﬁfdreésahut&wih@@éss ons, each

termination including a sol der bunp; a conponent carrying 'substrate’ haV|ng
a plural it pffestivel don dliecrativede thercapﬂl@rﬁsm@timdﬁ padmﬁﬁglgtl@ tq pre-apphihtei ons of

el actr i cal SUONBEnanEa e Pl RuRRABR RS, BP0t MG BR R RR "

_reflowed agfid gll@eingiigdicond6ion & btdug, dule @h@;@&dsm@@dhe@ﬁﬂ&ﬁnent to the
substrate, the adhesive conprising the reactiaon product of an adhesive

conposi tion of Hs@veivmélmcmsradhwveéﬁb@twemaasb@a@ or 3l yjvelatitigebanhydadedios a
nmet hod of I st eps of
 orovi di ng ggﬁgf[)lgggr%(ﬁdg b%ﬁ&l deﬁﬁ{eart] ;E: ﬁg@'\ﬁo”&s eﬂ”?e?%r e ?‘gh‘é%ff&hf&a{h[qf%g%l

term nat i opfemaaelolder fatugaé fadhurd molnddrfﬂga@lmwdﬁr Pmmimg adiegivegiihagcantain
conponent carrying substrate having a plurality of electrical term nations
corresponding to the term nations of the electrical conponent; providing a
sufficient anmount of an adhesive co he invention to bond the
el ectrical conponent and the conpongﬁmlmmIWMNMWMLUbstrate together onto the
substrate; contacting the electrical MRRR&H! wi th the adhesive
conposition; and curing the adhesive conp05|t|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 anhydrlde curlng agent . The adhe5|ve conp05|t|ons of thls ‘aspect are

T T | o o . o, . - -




t he theoretical epoxide weight) and there is no hydroxyl group inherent in
the nononeric formof the epoxide. "Substantially insoluble"” neans that
when a pawig @uwiehie form {1 - 10 ml (0.025 0.25 mm) of thectosalukie
conponent is .added to a |iquid conponent, an opaque blend is fornmed which
remai ns unchanged and only goes transl ucent upon heating of the m xture to
a tenperat . . "E I " . Lal that

ol cans & miiad ot AL RE LR have Pl AP bR T AIRLE LA, D21
cured adhesnhibitgnplist flown. "Parts per hundred" neans parts per 100 pants
by wei ght of the total ampunt of, epoxy ,resin, anhydride curjng, agent,

hydr oxyl cont ai ﬁwewmb&hwmaﬁwndm‘&ﬂ%ﬁ 9n%ﬁg%@§yﬁ?mpﬁea@éﬁ%€§i ves and

-adhesi ve C%H@?Eﬁibf?@@B&sﬁsx%g?‘%ﬁ?’x?%isg sthdbGh1 ‘?&ve‘Bﬁ&iﬁmﬁéﬁﬁBﬂ ity (as

nmeasured by g tinme greater tha s at dnbi ent
t enper at ur enhydiéle caring tagagewhatimthp helryelrida hpot weidhe lask ofjlesaithan 10hparcedt dsour s

-at 80 C (defined a, doubling of viscosity).,, mniml outgassing during
cure (as n@ﬁwﬁ%' tb?f@%ﬁ@’ﬂ%@?ﬁ@??ﬁ’é‘sm Ei&ée)t,‘:mgﬁ’ii‘“ﬁf’bﬂampﬁg(%‘?ﬁl activity

-

(as_measur e SPLAPEC 3PE Fﬁ@&g&@/ﬁhhﬂgﬁﬁaim{ fnAYPS e ARt AARRIY
conpositions of the 1 nvention do not supstantially Intertere wt t'he
surface t ensxopéairt of22YTORIN rateeslt 90 ¥C/afinitb end thed eld ibdthérasl forSOmhetds;
observed that only mninmal force for short periods of tine is required
during pl adgfay] cantypingicarpennd thatiistsubsiantiailyinsplehle) inihe sPOXi igsi@At By and

el ectrically bonded co nept oduring.a r.efl ow progess. wWith n ddi.t i onal
Sdded pr os SPESREECHTBERARED Ol ol SR CERRTe Srel SR g
adhesi ves Qf)rrﬁ)hgtibﬁlyse‘{gtd DiXiRg AtiedRe oMPbanee of fluxing properties and

i mproved potlife. This balance is achieved by using a conbinati on of
purified epoxy rlagheiber asped, thelinsentien pravidesiap glogtriahpompinsstdsaemblyi ght
anhydri des, rQ . contai nin . fantja

i nsol ubl e icﬂ&?ﬁéﬁépr%%%?%‘gnéR f&ﬁ%@%ﬁﬁgégt&? Elteg{ﬁ%gftgﬁlﬁjgtégdsééi%t han
about 80 Cierfifigatishiacluiiag QRIS blinpNs c@hpbitat tamen: hRtrieMacig agfidalityeofand
mai ntain fluxing capability by generati n? a fluxi n?t agent just prior to the

mel ting poickctiimal fepainagpassorrsppendingta the tggepationg of theelgcyirabeomponent; and

PCT/ USOL/ 2Q7 3=t . J: ' i, ng
compound  (WAIEReY 2, SERESELANER ahd ol Arbcaechical Diniith PR 8 MR
anhydri de, togitlidrethe @bldehbiahpyisednvg ri¢lofved xhd glecuithlly domlebyng fheelqutiidat | ed
epoxy resins prevent premature gellation and the substantially insol uble
hydr oxyl cGRERPAFHEO %@Bﬂf?ée’ﬁ?%%‘h’&é“’? APBUEEE HistIeRFHOnrpeet K%“ H&T?’é’ﬁyl
cont ai ni ng cﬁ&ﬁBQHBﬁ’ofﬁﬁ%%n‘%ﬁh the anhydride at tenperatures of about 80 C
and above. Anhydrides having low volatility prevent void formation in the
adhesi ve bondl i da adetheraypecir de iMfeation hryides s metboddhlesniding aostpdticali ons of
the invention do not include polyl,m de oligomers_havin nol ecul.ar . wei ght
o S un o 5 BmPORer el otinRs e st B pARIERR a EitaRRaCodponttt ke U)
an epoxy r @hirfligSof eaidaDREmiAtibhss eadOiRtrhibatib®hcN@inDD4dek bbb, pedvidihy ad
Pol yi m de Hybrid Adhesives, filed on July 6, 2000 (PCT Publication ). The
adhesi ves &AERPQECTS SRAFRINE SHpbeste hayie aplurdlidy pheleeiticdicwanations cerfespondingrte

epoxy resins, f e resins. include. for. . i

nsubst i ¢ utbsE sl 8 Y R R e SRy SO b Bl e
pol yepoxi desmpstitibn asthglixvedntivh t€BoRT the elciivatlydmpdrieet and tht ycﬂngc{ﬂent carrying
-functional am no phenols, glycidyl am nes, or epoxidized ol efins, and

conbi nat i of8bsiEs wgethergpree flg Wbsxaprnoatactng Hiselgrtiicad componsat withithe agfissive

adhesi ves ] | b4 -nresent invention include, but
are not Ii%Bglgggpg,ﬁ’ %llﬁsc%ﬁgggfé ;}Ehg%?% {»ngﬁ%ﬁ‘t;/ rin epoxy resins, bisphenol
F- epi chl or ohydr iIn yepanosher aspees; theainivgdtadn providaoa gieymaldyturebleems-pastl adpésatd ¢

di gl ycidyl ethers, diglycidyl -functjonal am.nqg phenols, i phati.c
mul ti funct iceﬂlgps*gpyepfgyﬁmas ﬁaﬁgexyawamévﬁﬁwgf% fapafgiha%ow@ug?%?n%%?ﬁﬂ s of

,useful bi Sﬁﬂggﬂkde%u‘?iﬂgségéﬂf g% Ah R RROMD Ik RDNE B ihlﬁkgig?g&ar@é&bl gxfth'apihey_

limted to, ONTM Re 825, 826, and 828, aval from Shel | Chemi cal
Conpany, Hams¢xpectedéxhave DekatRelfNb8S chel3B1k, asanthpd®d,to ather pddye f r om Dow
Chem cal Conpany, M dland, M chigan; and ARALDI TETM GY 6008, GY 6010, and
GY 2600, avail able fromVantico Inc., Brewster, New York. Exanples of
useful bisphenol F-epichlorohydrin epoxy resins include, but are not
limted to, EPONT"' Resin 862, avail able grom Shel | Chem cal Conpany,
Houst on, Texas; Il



and ARALDI TETM GY 281, GY 282, GY 285, PY 306, and PY 307, available from
Vantico Inc., Brewster, New York. -4 WO 02/O.tS.~1 PCT/U S01 /2073-4
Exanpl es @ip pagkyl nono, di and multifunctional glycidyl epdEyssieshins
include, but are not limted to, XB 4122, TACTI X 556, TACTI X 742, and
ARALDI TE 510, available from Vanti co Inc., Brewster, New York; and EPONTM
1510, HELOXYTM jfier 107 andr XY' M Modi fier .48, availl abI e.from
Shel | Chenf&4y2 Ry OMRBHILPR, ThrARRsSIverfFINROSiIGRS of i asparichaye afilifsap y

ioni cal |y gbgdigisiibdifats \iﬁé’?é/a?iﬁﬁmﬁ géﬁtelglhbtaﬂe&’ssﬁfyee of ionic species. The
epoxy resins are also preferably stantially free of hydroxyl

functionality. Tﬁebﬁm;@lyrfmclqﬁélydwybﬁmotlmht)élmezpleltlymquuieenqdimengm@lt

. h descr i bed PCT. Publ 8/.50480 f

Feat ot hat 4k TPEBY MREPtsg! SRR SO velknt BRieT CRildt P FRHUES PSS ng
sane. Renmdv thebreti€fliegbRille wiite) dirl RERASNE ﬁ?dr@ﬁyl%&%hhr%ﬁ?ﬂx t8Y nionbiteric

-reacting the epoxy resin with a base. The base 1s present in an anount
whi ch excedan Dﬁélerﬁpmadeeqw val ent based on the materials conprising

hydr ol bl e hal, » d h i.n
exanpl & 11 no- oS REvert g RERITE BERRIAR yn ol w0 RS o e
used based 0@5 fhg) SPEE afsohitts nFakheis haliddie a qni@thaporht, 4atopaqie bIER is

exanpl e, 100 percent to 200 percent base is rethlu red.  The epoxy resin may
be conbi nedoiradivhich sarpaips upchangedeandandy g9ss trapsiueenuaorheatingof dhe mixtaterar

situations e pre-heated. Thus, the heating and

agi tation é‘t%‘ﬁs‘%{g@%% %(fé%Pfgl}%XEeg and during the reaction with the base,

si mul taneously Wrldxidd@rehfrSfedns @aharBAAl tRiR*Man®h n#hdlSfor eRANPRS6IdES sAdaed to
the epoxy resin. This order is dictated by the starting epoxy resin. . The

sel ecti on of oxldes.base depends upon the starting epoxy resin. Exanples of

sui tabl e bases w N _the pr resent invention include, but
are not linmted é@?é%&%r%ﬁ?ﬁ@ #@5?"%8?‘53&%% hydr oxi de in water, sodium
hydroxi de, and lphhi pepHuybredX inthans ?Mfkrpeeleeo ShiehbR&elght Bf GEEYICHTh6lE:t os0di um

hydride (optionally in mneral oil ot assi um hydri de, al koxi des such
as pri mary ePeECisadanhydade cudng agani h(yﬂmxy senigniag cpairaysd, wadcatglysbxi de in

tet rahydrOfuranpg %é é&ﬁéh@&%w%k‘ﬁ e Rrg'cHHig% 88 &lGhe ﬁm%@t?&%‘éﬁ:d%‘mh
roona and so

as potassium ca di um car ernary ammoni um sal t

. Gener al Ipyocetding kali¢itystas engiired byl gbhﬁné)e Erpbaslﬁhferozf maeﬁhﬁm wieaks athe
hal ohydrin closes to the epoxy and under i ch tﬂe egoxy does not
pol ymer i ze ARt EIApRSRIAre e alteoge amepep FreebPUniE PH BT Hagdy JarEtatepoxy

ot yer | zedtat gt S AdBu2 of ied ES) bdhl Pudhei A4S M R ERRD

non- nucl eomithdrmolgmmsmmhalaﬁs)s and htghtfyﬂnimgjmﬁitg (Seheasved Hyosoldey 8pichd).
advant ageous, eff | osi n haI oh rin wt reacting appreciably
wi th ot her %t%‘éfé? ﬁydﬁ%@ GSEAP ’9/‘§ yeep °¥1Hﬂ'&5t ?fgﬁ%w@yu@u%n%s esters.
Wt hout be'sﬁl%t@ﬁﬁﬂglrm!rf&@‘i‘ﬂﬁybhetsﬂﬁacfteeﬁsg(‘fWMf hl?gr}ﬁ?eln't ?éﬁ?lﬂe roPtlﬁ%%err fPHas |

C-O0-d OH HO O
also been observed that only minimal force for short perlods of t1me 18 requlred during

placement to provide constructions that yield metallurgically and electrically bonded
component during a reflow process with no additional added pressure required.

The preferred adhesive compositions and resulting adhesiv:es 0;“ the invention
provide a balance of fluxing properties and improved potlife. Thi;'. balance is achieved by
using a combination of purified epoxy resins, less volatile, relatively high molecular
weight anhydrides, and hydroxyl containing compounds that are sﬁbstantially 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

3.



I f a non-nucl eophilic base is used, the process of the present invention
preferably conprises the following steps: (a) distilling an epoxy resin
conpri si ngomtgsdial s contai ni ng hydrol yzabl e hal i de usi ng muil/esmular34
distillation to yield an epoxy distillate; and (b) reacting said epoxy
distillate with a base wherein said base is present in a quantity which
exceeds the ival ent b d e teri tajni h bl e
al de. e Priepied ifteRtlon TR paobd ol e Bulpe R AIRuNhP e fopkpR
mol ecul ar Vi g blevaral egrhpdratuc) Rha kv sty ks, oxitherfof Rid MideYfluxidpe product
can either be neutralized with water and carbon di oxide to renove residual
sodi um hydripdididyelyr Ehejpusified epoxyresns prgMers Premaiuye gedation arcbtbe gulstaniiglly

.neutralizatj Lyt - rA: S Ui .

react ; on ofeoip Bt odibydig dGRbB frodidk SRR MBIk B e e
the m xt ur ecimynihechapsed reaitd with the adhydeiae at tenfpeniras bfabdub 80 ACxhd BBoves
-heated between 20 Cto 200 Cfor 1 mnute to 12 -6 WO 02105.t1 )

PCT/ US() 1/ 2eredridehayingHonevaptility peeveatpeid dermpasionnn the) adbetivp benilling dringe
starting engxy resin, base strength and solubility, the catalytic activity
of the bas€ towards epoxy pol ynerization, end comercial viability. This
heating and m XiTig RikBsitecand adhésve ¢dBp@RDEYE of @R iRveltidnRst afcgudeonbi ned,
prior to and during the base treatnent step, or sinultaneously with the
addi ti on ofPol¥imigsseligomegs bades & molequiarweightof uptie abgut 8,409 g/@Oﬁ(sMa) hayingat ed

to alter t Iﬁcﬂﬁ&%?ﬁ%ﬁé’u%ﬁ&ﬂeiﬁtﬁﬁf Et?cJT}?'rE’s?n E?S#hﬁé’c?fn%%ﬂA%@l&&%ﬁn%e- The

heated m xture 1s then neutralize require using car I'0xi de to
form a crud®/qiriethdcentitisdttolyidddHgbiid @sihedibess fikduwn Jaly 62000(PETRubiietionot
be required. Optiognally, at this point, residual salts nay be renoved from
t he crude p#eelu-et—)by filtration. Next, the crude product is isolated by

nol ecul ar di stilat, : i : : : i, m
evapor at or or V\AF{)% %d??%@%kv%gga!rd g%%?ee%cgﬁ &e{%&g é’ga{e\/ﬁﬁ‘{@k‘%ﬁ‘éd&ﬁ (ﬁ%n&le
evapor at or ,epvheresinsd@spfud dpety fesingdigfiudeb fdredamplep sibsttweal ¢ wahbdtaaedd
surface by an_efficient, self-cleani roller w per systeminto.a yniform
thin film a%ﬁeat&,amé\tf@aﬂwwm an (esosyclif goiyeap s cuch 4 sieifk or nal
condenser . AesdTBlchlyl YRR BRIy SBHCMalah W HeRS1R! HIPadl BIRBEA N ESSidiEaee
UucCilinc., " Sh(.)sgt% }Jlgatyh \(acu?r}r)chiygti I(I:tati 0?1 frorg?Laboér g‘fgo? y to Pr olg??éti on",
1997). W t toleling pad farhbinatiensdhereel , a wi per is used instead of the self

cleaning roller wper. The,distillation conditijons depend, on t.he boiling
point of the cr (SR SEARPIE QRRaGEREs BaUt R e oS ER A ShEVE: o tne
starting najbgipositidns bNk prdsentifferRidAXNCILAS bOt ar8mOt iRy &) bikphemg Aol ecul ar

E pk
distillation, The yiel deé)l epoxy_product has _|ow | evel s of hydrolyzable
hal i de, t hapighdorohydsin epoxy rasins, pisajens! Erepigierphydinenaryiesins, ghphatisoneno

f bl t . M } i.gh
ot ecut ar vty R Bl IR Pedles, BERRHEL -hMmeROR SHAR, hbRCa Aol
herein as hastifictionalighyidyl atiebrsyahe alipasic phydidigd ebdegher ol ecul ar wei ght
than the di mer. The ox] de ui val ent weight iis at or near the theoretical
epoxi de equi val e‘%;iaﬂﬁég‘b?ﬁusf’ﬁ“ﬁg’cSPh‘“sn,O?\%'?MFng@thﬁg?‘&83?",5’ 1e518f Fcisiey butiargingt 1

ercent of irG i i . j L QL
(F:) hr omat ogr al|Io E@e%t{a’e?ﬁgﬁﬂi geisﬁ’)gg%d@r?g?%ﬂa?%g e‘ig%l}aaa efrJ )hsakf%nétglegg&r’ﬂlcg:r?tm pany.

nononer i ¢ epsusyon, TBREE DUBRe™ 381, 631, end 332 pasilatle Siot Doat ChanisalliGdmpdnyal | y
free of hydroxyl functionality. WO 02/0-45-t1 :
Midland, Michigan; and ARALDITE™ GY 6008, GY 6010, and QY 2600, available from

=

Vantico Inc., Brewster, New York. i
Examples of useful bisphenol F-epichlorohydrin epoxy resins include, but are not

limited to, EPON™ Resin 862, available from Shell Chemical Cofnpany, Houston, Texas;

and ARALDITE™ GY 281, GY 282, GY 285, PY 306, and PY 307, available from

Vantico Inc., Brewster, New York.



PCT/ U SO1 /2073.4 The purified epoxy product has a higher cured gl ass
transition tenperature than the | ess pure version which is advant ageous.
The puri fwed2egaxy product is al so nore predictable due t@®qQIVEsdnRe734

consi stency. The viscosity is lower than the | ess pure version of the sane
epoxy resin. There is no residual base in the epoxy product which is

advant ageous. | afbfr uBaSPmRY, di A BidiRALAGAI Rblay eHECdEPRILRR, LI her
| ow hydrol yzabl e hal'i de epoxy resins such as EP Résin | 462, available

f r om Shel | a€etiicsted ConPBrl 22 BACHIX 856, EAGEFLX §42 carall ARAEDIAES 1 Ocawilalled as

havi ng a yel.l oy col (a Gardner lor S I n.3)..1he
purified eg‘&?&/wﬁ'? £ PICHHF e@’scgor a?cfékéﬂ%ﬁaég?%ﬁ%gmh@?%ﬁalq st

- (ASTM D 15445 8@y ok {35 48 Col b 2GRt SHall Bfiednfeal éﬁ@ %@ﬁ’i{cﬁm@on‘f PLxdsPONTM
Resin 828. . € above epoxy purification process can g atch or

conti nuous. A pMatepsedresits hedpreferamiiongeallyrvleanlih yhat kiegrare pistantigidy frée bb
.described in US. Ap%l ication No 09/454,558, entitled "Process for the

El i mi nat i ofPTd% SHegicsr (TAF §POBHIESnR AreRlsq RIefargbly sukstansially fise ghBydPRYr Hi gh

Mol ecul ar ' t Qv ] ' : b pnse Ll ed
on Decenbe?ﬂf,%&adgg' ?E@%‘L}L{egﬁtﬁg g %"%g%‘ig‘” es? %%?g/%g%sselﬁf&f%ﬁ? Iﬁg 2
adhesi ves désctibed imPET tHublicaionaWVI0e98/50480 for cured 8pdxy 186ins firaefrerredabyatile b, 20
to 80, and nore preferably from30 to 7Q parts per hundred. The adhesives
of the invg}’?thBHC‘E’d’ﬁ‘toi&ﬁa %&ﬂ&@%ﬂﬂ?&?"}% curing agents. As used

herei n, "anhydr ide: A0y R - L . In
one enbodi nent (Il# ﬁltoﬁgi %?Sggﬁ%lq%ég%%?%n, '%1 ;]bg ag%%%@&?lgggy ﬁﬁ%’? %ﬁgggk?a~
react ant oepayyassihiwiki abgasegdie basy istpeseripioyap anesinnwhivt eabowls tleandbkrwi t h t he
hydr oxyl cont.ai.ni Cc und (described bel ow) to for, acid in-sit

Wi ch T unceaunaendhes o Heeedls comprong Py diitraledBlivh TR STORVGIPER nave
l'ow vol ati bj e AsidgepsY R, 1or EREHPRBIH RY IR htids SRS aUREAG@
procedure where the tenperature is ranped fromanbient to 140 C at a rate
of 90 C/ m ampent dfdlase cancheasedhhsedom the ppmunfdiydrdigrabledmpidd. {roother Swptions, ur e
of 225 C at._ a ratf %090 C/r{irwhe and then held jsothermal for 2 m nutes,
each t enpef PRI HI0 PREERGIC 2P RerghpiRASe Bdediififar t hese conditi ons,
preferably showghaeptpitkin B&FbOEohEREd Wik bdde RE0SAIempEREige B firfrabl y

| ess than 5 percent. Useful anhydrides are also capabl e of being dissol ved
into the epoXiire eisippther pityaiiingdiie epoxyhiesiagassyby pisiheatede Ihys.ithakeating apiend
is translu . after LI it . C
dependi ng g 1(%10 ﬁgee%e%%%)/&{ugg ﬂﬁl( %@dﬁﬁ%?&d&%g&g@kgﬁg{ % aéé%u)%ﬂ?ag}egrg ¥ Any
aromat i ¢ owithl thpbaseitragnént Grepler dfeerithegbdse v addeato theteporynbsinn €rtsobuder Isi ty
descri bed above' are useful in the present g WOIIL2/(I~S.t 1 PCT/USI>1
/21173- 4 i FFEE] By heSHEHNE PROXYSESBY  anhydri des i ncl ude '

5-{ 2, 5-di oxot et rabydeafd o the Ba JipbH ¢ iRP 8 pdanyPreSinG i
anhydride, 5,5 -(1, 1,3,343‘??%%?%??"5‘% pod hOREERR Bpdyrclin® Hxafps ot

di si | oxaneshitabldbasphascilyio the prodessof Hermesobmnentianr iaclude,Dud aeme} limated to,
conbi natiops,th reofh | n Ehe case of,dan adhesig.eﬂ_g}(?r%osi ti oaéﬁ;. t he

i nvention ?5‘#951 T A SRy S U dé% %Hh%tﬁ% Ry droxisy ang IEHBHs wher e
the vol ati hidnsxiie, hyRides By 4sdfhinsh BRiriddeiddintR Ry ddidd @Ftibﬁal%hfnghéﬁﬁﬁmﬂf
the adhesive, the anhydride may be liquid and nore volatile that the
anhydr i des aebpeipsshun hadade alkoxadep sach asfprinali, seoerdayy aadit¢réannfigrdxanpts,

i ncl ude nethyl 5- norbor nene- 2. 3- di carb ' nhydrid N .

ot hyt oyer BRERVPIBSRELE BRI GaRBHA SE ot sodipm otiitear ; ¢
anhydri de, caBehfedichat poRssitMeafdhate BAG saditiEatthates afd §8LEhatyrfiiBnium
adhesives of the invention at a level of from5 to 80, :preferably from 15
to 60, andS#Hfre preferably from 20 to 50 parts per hundred. The adhesives
*of the inventio I r I el hat
are substanti al Ie}y'e g?I}réls1 g’ﬂ%l%% S?\’%ﬁ ﬁ@ B gglf)(%te?%pg Fa‘r?lﬁ%targa[%?r%{e{rta %aﬁ%ﬁ{kgésg .
than 80 C. tdiherptepindwghdet whith tae bpaipvdoes aoppeslymenye. toraxtmpleeinadnsrcasof 80
“C or great§r, t he hydroxyl containing conpound will dissqlve into the epoxy
resin and FEZBCPIEAORYEINATHEAicREXY Esito PRI2EHUR DGRy IR 3as FUiFDlS @ns as
a fluxing ageaty,. xR esorfhesiasiep cef hydroxyl containing conpounds that
may be used in the adhesiv conposi'tions of the invention include nono-,
di-, tri- and poly- al cohols and phenol s including bisphenols and

conbi nations thereof with di-functional hydroxy containing conpounds being
preferred. Useful hydroxyl containing conpounds are substantially insoluble
in the blend of the epoxy resin and anhydride at tenperatures from anbi ent
to less than 80 C, and preferably have a weight |oss of |ess than 30
percent when tested according to the thernogravinetric analysis described
above. Specific exanples of hydroxyl containing conpounds that are useful

oy .




WO U2/ U. tS-tl PCT/USUL/ 2U73-4 the reaction between epoxy and anhydride and
bet ween the reaction product of the hydroxyl containing conpound and the
anhydri dewddpafipds catal ysts are | atent under anbi ent condi peoselmetssar e
activated to accel erate reactions when heated above a tenperature of 80 C
or greater. Cl asses of useful catalysts include transition netal conpl exes

and organi ¢ bas an i_ng
the above char adrsrep nr AR IR B8 ReB s s KR AL B BN B YT
art. Speci hilvantageoid effecdbf tiosing theCldl ciyisinsvitlivak tedetimodpprécistap hithenbdrehase
cobalt (I1) acetylacetonate, cobalf (lI1]) acetylacetonate, and copper
benzoat e. @b}tdavlygeall.‘@ sppsitiverfunctionaliy sigh as esiersc SYighost beiagownd bndepi 81t i on
.at a | evel f: .preferably fromO0.3 to 5, nore preferably
fromO.5 tgﬁ ‘%ggggg%%§e gﬁﬁggﬁ. The adhesive conpositions of the invention
may contain additional additives that are known to those skilled in the
-art. Such classes of additives include but are not limted to fillers such
as silica; glass and polyneric mcroball oons; expandabl e pol yneric !
m crobal | oons; coupling agents, for exanple, silane coupling agents;
pi gnents; thixotropic agents; toughening agents; cure indicating materials;
and conbi nati ons thereof. Additives axe present in the .conpositions of the
invention at a le/dl to effect the desired resul®. Addi'tion of a ,silane
coupling agent is @ptional in the preparation of~cured conpositions of the
i nvention. PFelhera Tyyfﬁéjsfraae coupl i ng&ages |§cﬂﬁaé$/gg\che adhesi ve
conposi ti on t he substlr a&e surfaee» s| gl as{;s, and oxi (ga or any other>
surface thatawodl d benef i®Hf rym t he addi tin of a sil an® coupl ikl agent .
When present, a silane coupl iQg agent contains a functional group that can
react with the epoxy resin, Hor exanple, 3-glycidoxypropyltrinethoxysilane.
Cenerally, the epoxy resin and anhydride are m xed together with
stirring, preferald y under an Mert atnosphere, with heat until the

anhydri de i szl ss@ ~Jh erature at which the mxture is heated is
dependent | he struct amd mMX TAtio of the epoxy resin and the
anhydri de and génerally radﬂes froml20 Cto |80 C for solid anhydri des.
However, in t™e case of a liquid and non-vol atil e anhydri de, perhaps no
addi ti onal heatingdwul d be necessary. After the epoxy resin and anhydride
are blended to forma non-opaque m xture and cooled to 80 C or below, the
hydr oxyl conta~i apaunﬁqand catal yst are bl ended into the epoxy

resi n-anhydr' xt u&e. Sohifl +H¥etbxyl contai ni ng conpounds are preferably
mlled and -Lgveu prior to being mxed into the conposition. -10 WO

U2/ O~-S~I rcTmsuhan~3. ~ The adhesi ve conpositions of the invention rnay be
cured by exposure to a tenperature profile used to reflow eutectic sol der,
nanel y ambi ent erature.r ed.to 150 C at 9 m nute, held isothernal
for appr oxi mat efg BRRRFEMRTRAE 1 fishofte grse et € Bt Taye Bt el HhBFL ™ a
post-cure abmphsksthe folibWikg bteps: Aap distilZnd@iépoxiaysidordfeéing maten et e the

cure. The adhesive conpositions and resulting adhesives are useful to
attach sol aertaiingduuirelyrahle hplisle usinzmalgpaley ¢isdllation tayiekthan prrspidistillaggaigedi ve
or encapsulsan - ; i N 1 jde
envi ronment arita S LSS SRR EATRENGRRId i ORREL breih L BENAED
t he adhesi whidosReesdstthe motdr eyjhivaleny/eased on theombterible ceppinieghydvolybsble halide.
doun,  and t hen (e TEBAGORBHUCRIPISBE HaBEATS SOPG WO G IO BE PR
Exanpl es U aan I.GJat : :
Exanpl es be aﬁ%‘f‘“ﬁ@#‘@ﬁ“ﬁgﬁﬁg&g F g{)/lji‘aét %@E ﬁrr?g{ugrcggf@?érg% eggﬂf%ﬁgﬁh used
are defi nedvats ahdkhmos didxi€ toremosge theglueksdeh dydisde before distillation or can be

*" 4, 8- Bi s( hydr.ax thyl)tricyclo[5.2.1.026] dodecane” was avail able from

Al drich Chgﬁpﬁﬁgggﬁﬁﬁﬁ%Qﬁﬁﬁf%Pq fer, W sconsi n; "Bi sphenol A" (BPA) was
_avai | abl e from AhdnhighEhegaealo Nture FiaBRGOPIeadtion( 5K haIBERyRMAbl abl e
from Al drich Chemi cal Conpany; "Cobalt naphthenate" was avail abl'e as a 53
per cent by favei dhtepexy while agitatedyi Farrexbmpls, thetmixture magtherhedisd mainglasheat

o P2 bR e SRS b SR R LR

1, 6- Di hydr oxynapht hal ene" was avail able from Al drich Chem cal Conpany;
"1, 7- Di hydr oxynapht hal ene" was available(;ronlAldrich Chem cal Conpany;
"2, 3- D hydr oxynapht hal ene" was avail abl e from Al drich Chem cal Conpany;
"2, 6-Di hydr oxynapht hal ene"” was avail able from Al drich Chem cal Conpany;
"5-(2, 5-Di oxot etrahydrofuryl)-3-net hyl - 3-cycl ohexene- 1, 2-di car boxylic
anhydri de" (THFDA) was avail abl e from Chri skev Conpany, |nc, of Shawnee
M ssion, Kansas; -11 WD 02/0-t51




PCT/ USO1 /2073-~ "Die" is an integrated circuit on a silicon chip having a
Si 3N4 passivation on the die surface; "D e Shear Test" was perfornmed using
a Dage 240@Rdisesishear tester avail able from Dage, Ayl esbupgr/uBucioss+

Engl and. The force to renove the die was neasured and the shear strength
was cal cul ated in kgl m®2; "Dynam c Mechani cal Anal ysis" (DVA) was perforned

i RHEQVETRL CS RDA? th | | d il able f
Rheonet 11 c TGHTe T Sr (kOO S G G <pe i Hnily he Reyingl ey e e e
W th 25-m Istrkmgh @hd PRLBIlIE thPtALI9e adtiiityloT$hd HiGe t@AEHs Rlyaériftieged

bet ween the plates then placed in the fixture at 80 C. Testing was
per f or med &hd spramasgial,viabitityl. 0 percent strain for 12 hours; "Ethoxyl at ed

-bi sphenol fl uorege! E . gval | m ‘ 1 cal 4 Ltd,
Coaka, Japan: - o\ EEEha gLt bt bR Relr g BALE Tehuia,
Al epi chl or lripiltd andodisig the by treaghent sepfonvsnuRaRiohsll vdtH the mddkieh lof (Hecuke al
-Conpany of Houston, Texas; "EPOXY RESEARCH RESIN RSL-1462" is a trade

desi gnat i oR0f §ASCATSHBHMSIR A/ epi chl or ohydri n- based epoxy resin having
residual |evels Lehl j th : : 1]l b
wei ght, and was %ﬁ B%Pgﬁs%gwgﬁ{g?ﬂo %?nﬁlga‘{} &%%1%%%&% %tr?se{ﬂgrg?@mias;

"ERL 4221E dikpbisién ofshabiseade designation for a cycloaliphatic epoxy resin,
and was avail abl.e from Uni on Car bi de enj cal s and Pl astics Conpany '
Danbury, Connectliftélieated ppxture is t e@n%rgléfg@@eﬂ%%a@eg Zarbon dioxide o form a

"5,5-(1,1, - ; - = 6l Sk i i wMara-
met hanoi sot():g%dgc? ﬁ%‘%ﬁn?lgy %Lleiaggﬁl{i’és( @%@n %L&l%&/ﬁ{lﬂ%ﬁ@y%rrg% rCg%lher al

El ectri ¢ PlQionely, aDhingoikt, résidual/baltslraayobe remoded roin e tchydegirbduct Hene)
bi s-cycl ohcﬁa&ol " (HBPA) was available fromMIIiken Chem cals, |nman,
Sout h” Car o {&HO™ \et hy| - 5- nor bor nene- 2, 3- di car boxyl i ¢ anhydri de" was

avai | abl e from A 68 cda8 Pkt S5BIAEY by m¥edcldr Ritdtialib e tcPy1BMAnd PR dud@s

avai l able from Al drich Chem cal Conpany;”" "M CRO MLL" mll refers to a

M CRO M LL Foaexample myradied dlmteysporaiod onwipesfilai ¢ wapbratdrrmay Behsedr tWiEh o dolbds,
PCT/ USm 2q~3-t

D Y I e N e

" Pol yet hyl efgcieltysdt-c168ing Y&ifer dNpdrlsadie® ihtoQnNoiihi teih e NTKAvaborRANY ;
material travels a short distance to an internal condenser. A smaller vacuum is used with
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 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 weighlt materials. High
molecular weight material-free is defined herein as having no dimers and materials having
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 equivalent weight) and liquid chromatography of the distillant

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

that is substantially free of hydroxyl functionality.

-7-



"Pol yet hyl ene gl ycol 260" was available from Al drich Chem cal Conpany;
"Purified EPON RESIN 828" was prepared according to the foll ow ng

pr ocedur eswgadidigge- neck, round-bottom fl ask equi pped w t h pergshiaarsal
stirrer, nitrogen inlet, and tenperature probe was used. First, 500 parts
of EPON RESIN 828 (689 parts per mllion by weight hydrol yzabl e chloride)

was added to the.flask and heated to 70.C. A prem x of .1.5 parts of 85
percent pot assi fm_eIWHFIS PR 1O 9%&15%?85“1’%8? C‘Wg‘ﬁ ggs%ggnsgmgﬁpsrafq{g t}ég(ﬁklf’
RESI N 828, 184 blirenexdithd whidheis BilventeR oM ST R B dfePbx ¢ ploRAUES]s aBbnfdre Whi ch dry
i ce was added and m xing continued for 30 'm nutes. e mxture was then

cool ed to prrdintatderges bt productywondisieney. alhervishosity sdawer thahéheclessqunrpvodiont was
distilled op,a rolled fil me‘vﬁe;r)orator .at ,185 ‘Ct nd 0.001,.Ton t%e.gi ve 224
parts of a’tBICSARESRORAICER ot heros o residual Dage iR %81?0’%}’&?%‘#‘32” i’&>chl ori de

in the mat afvantagsass. ReHidiel base mayZinBit Gitipgically bire@ BpdedVeOGbE 10%6
det erm ned_accordi ng}@t_o ASTM Met hod D 1726-90, "Standard Test Methods for
Hydr ol yzabhediohizeble delide ppaxytresins suchuis EPERON YR e | 462, aveilebla fromptIhed B) ;

" SPEEDM XER.: i x refers t.o SPEEDM XER .DAC 150, FV. vari.abl e eed

i xi g app PSP CRme b i ome e S e e Re e A Brufea Yol ar um
Sout h Car otbloa{a GadneB3Cbloe 58410 K aRY bof [ds@iﬂ&ﬁ&%fTh@?ﬁr'ifiécﬁgﬁ)x@iﬂr@dl@tFsOUIO| ing
agent and was avail able from Sivento, Inc, dge ar k,” New Jersey.

ield
Exanpl es 1colodessndiorskgyapla: vsieg tedrsdrss test iASBlg@w&-&Qk thegBardhesr{solof

Purified E [N 82S,an h ' re, iy epared by heating the
corrponentSE%F%ﬁgF%@aﬁﬂol:ﬁrﬁgﬁﬁgﬁ%fnt}#{rogen in 250 m reaction

fl asks submer geqni Abgvel&fdx§ patifichfnprofisk bad BevaBh YL RuYEs di ssol ved
1{typically 0.5 - 1 hours). "The blend was poured into 70-nmm cups desi gned

for use in a SPPEDRMEXER methed of Mhking ddnicallyydeamapoxy oesins isidagsribedrpolids wer e

illed i iL d,si d i w.re, . 0..0021
Mhehco- o5 BafipRlsnive Mo+ Se Rl SPRSGR S e RIT S MaRES etng
added neat HydRtyxudld HbiSddI%ea Otiér [4i2A MbIBEWS WRIEN Misri A ftofPihilohydrin
napht henate catal yst were added to the cups containing the epoxy

: . ; Y g 1
resi n/ anhy &eriged BpexioBepn¥piteddnaBesember helPogi (BpdrRbdicatiar ein uskng t he

SPEEDM XER m xef., - MO 02/0.t5, CTI 1/2U73-t T onponen d
amounts are o vERCBLIS R o e At dREifRidod « DR EOTIARTO % 80
5- (2, 5- Di opniferabiayuth QD U6 $0) and-mMsre Rydfeb Dy £6:10IBOX6 170 paits GeChurdesdy| | c~

anhydri de (THFD%ZI; -.29.8 g 4,4 -(1-Met h%/I_ et hyl i dene) _ bi s- cyc| ohexanol
{HBPA) - 8.9 g Cbpathesigsivf Hisnayentiongontayn eneppinereanhysride GuegpEENs 888 -

45. 2 THF 8« g { i Fl : 1= . Cobal t
napht ﬂenat g&-dlbe.?%n’g agilg&n%ﬁ:%@ %ﬂ}e@;ﬁﬁéﬁ?@%& ’ gggahafbga}ig 5 éd %ﬁli? dhed '
1, 1i3é3a_‘reembmwu Foﬂl;hBpd%sshﬂziuxagﬁgzmb)a?hygmﬁacg%d??% Zqﬁﬁmﬂmi)bm@?{z@f ur
an-1, 3-di one i an) - : - . na enate - 0.
oy e 4 g R 5 St sesinisnd Hea rercts ip ik 1 a9 chnatisri gy 1 O

3- Ur ei dopr aRybABddeeax Vel tbAR 8n acif-if-sdu WA funPERRIR TR addnP Useful
Conparative Exanple CG'1: Purified EPON 828 - 45.2 ¢

anhydrides of the invention have low volatility as determined by thermogravimetric

analysis using a procedure where 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 temperature of

225 °C at arate 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-



THFDA - 29.8 g 4, 8-Bi s(hydroxynethyl)tricyclo[5.2.1.026] dodecane - 7.4 ¢
Cobal t naphthenate - 0.5 g -14 WO 02/ (1.t5-41 Conparative Exanple C 2:
EPON 828 wdbtbndsg THFDA - 33.0 g HBPA-9.8 g ' Cobalt naphtpkenat@/nfd- 5 9
Conparative Exanple C-3: RSL EPON 1462 - 54.7 g THFDA - 33.0 g HBPA-9.8 ¢
Cobalt napht henate - 0.5 g Conpar ative Exanpl e C— 4 Purified EPO\I 828 -

9. 6 PCT/ IS de -
3 HBPA%-V%%@’ g%ogp‘%‘t‘ na%ﬁb AR 50, S &b"rﬁé’ E‘Vﬂ‘c}é’ lgr?;

Purl f i ed E%&&%mc—l&-&c&b&&l@d@bﬂh@é |5<;5 a(nmfsimt@t&ametﬂyﬂ 8- BPEF - 3 2 g
Cobal t naphthenate, - ggl es 1 - Conparative Exan(l_)rée C 4, and
Conpar at i vélsé?’é%?ﬂ@’l)@lsih%@bédlp Y'@%Pth@lols@b?f&@&ﬂlh@ Zadionel qrelingionser cent
.twei ght | O Thermal Gravinmetric Analysis (TGA) using a TGA 2950

Ther mogravinetric Analyzer, available from TA Instrunents, New Castle,

Del awar e. Each 3mitel cassvoBSarhsdhicsitle f:dsmpbﬁﬁ&l MGﬁmﬁbmbMt@mh% bRy tesat ardd
-rate of 90 C per. m nute, hel d at 140 nute, then heated to 225 C

at the rat 8ubfdrige and guapphications Whese ﬂWe\fOchatA{ty obtpe. aohyidcis pprRERentrhioghe
Ol e FORILIGE GO0 Be Rl GOSN g
No. Per cent aNHydgxldbs tessuibdd e, Ex3Mphs ©f éﬁcthBreMSlﬁﬂd: anhydrides thelud@ metlipdanpl e
Vi Scosity STOBTBOLIISRDURYR MG n when a sof ubi |1 20d hyck oxyl
ﬁ;’gﬁ g;(;: nggfggéps@ O%eh?fg g%@lar@g%th%ﬂycﬁide' el SR ydrpHhRic’AhJAte, and
combinations thereof. The anhydride is present in the adhesives of the invention at a level
of from 5 to 80, preferably from 15 to 60, and more preferably from 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 {luxing agent'. Examples of classes of
hydroxyl containing compounds that may be used in the adhesive compositions 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 are substantially insoluble in the blend of the
epoxy resin and anhydride at temperatures from ambient to less than 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-



The conpositions of Exanples |, Conparative Exanple C-|, Conparative
Exanpl e G2, and Conparative Exanple C-3 were prepared as descri bed above.

Exanpl e Iweaningsisged a solid hydroxyl containing conpound. pgoEnpsviabiMe
Exanple C-1 contained a |iquid hydroxyl containing conpound. Conpar ative
Examples C-2 arid G 3 contained |liquid epoxy resins having hydroxyl

functi onal e ' : } hed by
Dynan o weisreEaR SRR Ebok) BRSNS R ahd 636 ISR SESARLBLARE 7Y o
RDA2 t her maydiangl oonediniay aompbhsi dridoire Bhigeirider Usefat bﬁﬁlylstfslaee latencatideer at ed of
Pi scat away, New Jersey, equi pped with 25-mllinmeter parallel plates. For

testing, eé%‘il?leé‘éﬁ?ﬂ tl%?sb%ﬁwéavaé@m@%ek%e FRagiens WIPFé’rPeﬁF‘é@éﬁvqﬁ t he

fixture at t strain
for 12 hours -3 corrp03| ?;V‘grﬁat?e {:1?.%;%2 {jﬁ%eﬁ %t%t%gréa@p?é%m?%&%ﬁ@conpl ex
viscosity obmpR&Bs aal\dgenit ®atba HACch ab Grg\éﬁblgﬁ) &mm@q M@pd@H 9 intl Amie| Rvinlg:
Table 11 Exam |e No.Com ositionTi ne (sec) . 112, 8005bEx. C- 25, | 005cEx

C- 35, 90050 the above chargeferistics are kgovaptoghess-havinggiginaryeskgby “beS!El§PP<2fJ?3 t
This Ex
i ng. pp SKabpleti8t b alilfsShbEEE oHRaldiPhBITHE WTRAAEN b ATRGBLICETA

828 and a [fDjraocetylacetonita) andm@pp@fmmuﬂe V\Gamlypm@wseﬂt 1amhb gﬂhasued on a one
inch (25.4 nm w.de x two inch (50. rm%f 55 ch (0,39 nm thick
copper t esfoppetdonsight inyepsum atr@dﬁve(lg 95 tcui%rpé%fémbbufr@@tq TlosH pe

balls (63: éﬂ Qr)éb &Hbﬁy{ﬁ’e}%ﬁﬁgﬁum&&e‘j in the blend and pressed down

gently to tact Wt opper surface. The copper test piece was
pl aced on a hot ’I}hbaﬂbessmtcomtpozﬁibnsﬁf théfitemti6n nw(nmndam addigonl additivexfthsol der

bal | h d Ab .b d fied EPON 828
P b THE DA o8 T Ahoss Eed (el | HoD sTrs ks 4R o Big BHEAse neRlmseac o
on & coppet, ffist sRUPEiAAH gAkOlia @&B&éﬁh@l@ﬁmh@hks@ REGLI AaRer e

bl end and pressed down gen ly to e contact with t copper” surface. The
copper t esmigiobaléoomascqiptiog dgants, &oﬂmnmlaséamuahngwms@lgmma tigQotropic

BRI R M R T
828 with TlaFé%Aeie%t ﬁﬁth@%ﬂn}ﬁé&ﬁﬂﬂssoﬁﬂé‘méhﬁiﬂ] AR 4 ¥ALQMSIRROX tedgk. and was
pl aced on a hot plate set at ~C. I'mediately, a small portion of a
hydr oxyl cont ai didddtion of a silane couphng 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 120 °C‘ to 180 °C for solid
anhydrides. However, in the case of a liquid and non-volatile anhydride, 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 haivgsprrad was again recorded. The hydroxyl contai np@gusemaeiands
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

Hydr oxyl - Cont ai i r J l. I f L. der
Bal | sConpoundBl gﬁgggﬁ&%rqoﬁpggﬂﬁgﬁfﬁgéwg{l%%g{ﬂg%é@%&ga %(géjrgoundBl end
of Puri fi ecnigd¥uR3B6fiEHisEAHy fflowyduteetosalider, agmehngobiaat tdugedture rashcoof

Purified EP(7N 828/ THFDAL, 6-Di hydroxyna hthal ene0 / 80 / 88 /
81, 7- Di hyddeRkyRat e Faineinsig, held dgsothegmal fog approxmaigly loRipgim hemdpapedty 80 /

.87/ 8 I o 2L0-1.5:41 PCI/ USOL/,2073. ~ oyl s Cont.ai ningNunber  of
Sol der Bal ﬁgo sﬁ?géa/ ﬁlﬁ%@ré D&, é%?%aﬁ%ﬁ&é@%%@ﬂe&gﬁ%b%%%%m
828/ Hydr oxy hisedGBRbAIpHO theC@pRoundBl end of Purified EPON 828

- THFDAHydr oxyl - cont ai hi ng Conpound Added to Bl end of Purified EPON 828/

THFDA ~2, 6- Di hy thexginesivet dospenitions aigDresulgng aAdBBivep heaasefvdo Atth spld88 / 8Bi s
henol z0 /.80 /.88 /. .8Polyeth |ene,qgl col:20000 /.80 / 88 /. 8Pol ethylene
o1 yool - 008 FPEbfib-ehDs et aimoioedE I .t SrsF S adsvecor cpPibsiigh) e SRRl o1
8CHDMD/ 80/ gf@tdBRO&{p3nentd irB&nBRIT kG & Broville ehvirbnifiémalitoeton fdiatie igfdcber the
conbi nati on of the purified EPON 828/ THFDA al one or the purified EPON

828/ hydr ox JouaEdcamponents ofipiotkapig, dhecadhiesiyoeemporitienelie invsngen waalddhe t he

copper tes L , r t al.ni ng: 0, he
THEDA wer o BOIR G R e PR iR BHE AR RE Al o MR i
hydr oxyl - capivaj didnberc@eROMPpAnéM GvoliFBAhedid Dy reNewsid siddert 0 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 asE@cL\fﬁﬁing agents. Exa~.nple 7

Unless otherwise stated, all amounts are by weight.
In the Examples below, the following abbreviations, materials, and equipment used
are defined as follows:

“°C” means degrees Celsius;

“4,8—Bis(hydroxymethyl)tricyclo[5.2.1.02’6]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 Bl. 53 percent by weight solution in mineral
spirits from Strem Chemicals Incorporated, Newburyport, Massachusetts;
“1,4-Cyclohexanedimethanol” (CHDM) was available from Aldrich Chemical
Company; o
“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 Chemical Company;
“5-(2,5-Dioxotetrahydrofuryl)-3-methyl-3-cyclohexene-1,2-dicarboxylic
anhydride” (THFDA) was available from Chriskev Company, Inc: of Shawnee Mission,

Kansas;
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This Exanple illustrates the effect on gel tine of various epoxy resins in
conbi nation with THFDA. Bl ends of five different epoxy resins an'd THFDA
wer e prepwoea/oasith one equi val ent of anhydri de per equi val pot/usdi/opsaxi de,
based on the reported or cal cul ated equi val ent wei ghts of the epoxy resins.
The THFDA was added as a solid, and clear solutions of THFDA in the epoxy

resins were obsefyed, 3{1 tirft%%rﬁ@ﬂ%ﬁr@'hit Bk B‘éfl%.g%kip{)lf@%ﬁﬁéhﬂg e;%a@HPﬁfo%t e Of

177 ~C. The gel tine epoxy resin was ermned using a
gel point teswefacd;Gardco "Hot Pot" Gel Tiner, Paul N Gardner Conpany,

Ponmpano Beach, El.orjda e}, at a te rature of ~C.. The anoun nd
ep(r)rgy resin useg, let%@%ﬁgﬂtﬁﬁ”aéﬂ’eff ‘t‘fé%?ﬁéﬁ?iz‘%(ﬁ? ‘BEthiairﬁ?tqr%ﬁ’E\bze are
-shown in Tﬁ%h?DhEééé AyiburyBulid, gngraﬁ&. Ql)f@ég{:% Rl P akL4i2 Qxlaﬁndéﬁsﬁeeéxd

Resi nAmount  of x { g) Aount of THFDA TimePurified EP

82850. 038. 8flh8artian thOy£aG]1HREN 5: 35.71 88 nin. 58 sec. RSL |
1146250, 035. 7197 i n EPON 82550, 037, 75105 min. 25 sec. -ERL 4221E50. 041. 6014

mn. 10 sec. ThéDupamicdyeckanicahAnalysisy (PR asgrAaedusimsh REFBOMEIRICSPON

Chan the ot sttt RUZRAS el Ry st B i ol BoalPimtd " o

the non hyBisexiivag, M lTEsag equipbéd #ithBBGh1BD8ted baaiie\latef ORYr tERiigNeackv en
t hough the cycl oal i ?hati c epoxy resin ERL 4221E contai ns no hydroxyl

noi eti es, Bamplg wasplagsd betwwaan tha plates theagilered i thedixtwiedt 80 SCe Jiebtingewap

gel ation. Shear stren of the adhesiyves .of anple 1 and Exanple 4 were
conduct ed %r?% e?igﬁpn%%@atggp%ﬁ@pﬁ%en pirap f‘lr @%ggf exposure to 85 C/ 85
percent RH usi ngEdlbﬁyltawadﬁsfiphte@oleﬂlﬁ%eci (BRER) viaRak silabfegbmddDaki @hsa Si 3N4

passivation on the die surface. FR4 circuit boards were cleaned prior to
bondi ng byChemioals €ndradiPiakahkepamine then with acetone (spectral grade). The

oven and then balted ooES PO S ot sgpeuBbgte s BisBherbd AuiblpPridikTrat

was pur gedbadet Bpoiyt feo@e BndiRas aveilable ot iSheN Cheh@al Compatly 8f HouasiE TeRad
exposed to oxygen &I asma (Harrick Scientific PDC-32G for 5 nunutes on high
setting to renovEP W@MHW@SL%@|1t5iaé§1.de1iﬁﬁgm4?ncfpféhlsi?h%®érds

1 L B RIBE I SN O GRS BT S
to the FRA41lpaspdr mblioh bgtivesigladadd whs awmiiltblalftomy Shelh€bgmivah@Gempimics pr ovi ded
a uniform lql%ﬁétg}], ec)l{-aé);ff of ~4 ml (0.1 mm. Four (4) di Ie
“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 available from General Electric Plastics,
Owing Mills, Maryland; |
“4,4’-(1-Methylethylidene) bis-cyclohexanol” (HBPA) was ava;jlable from
Milliken Chemicals, Inman, South Carolina;
“Methyl-5-norbornene-2,3-dicarboxylic anhydride” was a\;ailable 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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wer e bonded onto a single board. Each die was place3 in such a way that the
| nPb bunps nmade contact with the FR4 circuit board. The adhesives were
cured at RQ@2@45ar 30 minutes in a forced-air oven. The dimrpbsaroesyr engt hs
of Exanple 1 and Exanple 4 were each about 5.5 kg/mR at anbi ent
conditions. After 1 week of exposure to 85 C/ 85 percent RH, the die shear

-19 WO 02/ 0- 4551 L US(11 63~ too low to
be neasured (song lgg cl:%:gegﬁygoi %éqb oA F a(¥1a1 ir‘{ﬁ%ﬁgﬁb‘é’[%&mh%mﬁ@é&?ﬁ ng) and
the die shear stpgRehplcat E,»earr@d)m’ \Aammﬂ@ﬂbnmmrieﬁ/aﬁé&ucﬁf@m@ﬁﬁzpaﬁ 1 engt h
tinitial Shear Strength t85/85 1 wk | Exanpl e 1~.5 kg/ mmR0 k Exanpl e 45.5

kg/ nm24. 0 kg/ mTﬁPolzethylewcgb(c;QQZ@ Ayas wd@blﬁirom éldma Ghemigad QoygEny2073-1 A

one-part, therma [ resin
Substant | al Iy 11 D@t RPONREFIT R R ERORARE! bBeSATR b e 80 RGN
agent. 2. N’lt(hr@dhﬁm 168nd-bonoem flask quibped ’&itmalnec\hﬁlﬁbﬂlstln’eheutﬁdfﬁﬁ:yldﬁ]!ed%n@Url ng
.agent has a wei | oss of less than 5 percent_ as deternuned

t her mogr avrqmqrqger%abwa%use\%@rét ROP wert% ehBRONRESN &2 &@#ﬁ@@ﬂf PenHleR ent
140 C
tamped to B Pl ByBlontule RS wel Bt SUORETHar bBlted SIOHED A SR of

i sot her nal 11‘5qfart3 offig5 perBnt &tasﬁﬁn@h?&ﬁbkid@&h 1 SQIPE O MiateR & Bl ©QRPEPSOINIG:
ality of electrical termnations, each

an electrical onent havin

t er mi nat i oRESAY |&r§§1 yigh amwlgdé[rgnem#ﬁlre wag beaserh ot hours: pitergvBigh dry iseavasavi ng
I I f

2B U2l Xada RSB RLIYRSD! AR COTRERRAINL U ARG FrREL 70, o

el ectri cal tmmaﬁ&nylemdg b bads posducat Thd ageas bﬁﬁucttm diglibdrontiidiiad fighng
refl owed and el ectri cal C)é?‘.r)lconnectl ng the electrical conponent to the

subst r at e, eYaporaieia 489 & Comdk- @i Feyr tchéwﬁ @3¢ prisnofpr epderdess srateriahe Analysisi ve

conposition Q {. hod ctyhcal
assensl y orresfinafonrmud HIBHACH. B puRgR Vs BBufodis 2 SR B FRERR Y
conponent Raydhags detdinbihiad hécordifig ed ASTM Méthddelb 172690 Or8tandRed Med: MMethodt fop N
i ncl udi ng a sol der bunp;
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 {rom 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
hydroxyl 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 mixer.
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provi di ng a conponent carrying substrate having a plurality of electrical
termnations corresponding to the term nations of the electrical conponent;
provi di ngwo @ufskiici ent anount of an adhesi ve conposition ofcflgsmezzont o
the substrate; -21 WD 02/0-till PCT/USO1/2073-t contacting the electrical
conponent with the adhesive conposition; and curing the adhesive
conposition. 5. | BFBR. I felaiml or claim2, the

el ectrical conpg?ligg?ﬁgglz%{ﬁ%ﬁ/dco c%ga%%%gfegé)re&t ie met hod of claim4, wherein
the epoxy resin is selected fromthe group consisting of glycidyl esters,

gl ycidyl ethers, glycidyl ethers of am no phenols, glycidyl am nes,

epoxi di zedﬁémgn%, and conbi ngf’t“f“é‘ﬁ@ Eﬁ’ﬁ&\‘ 74%:2 &The adhesi ve conposition
of claim2, wherein the anhydrisde £pfdRea8faon:s)SEhEfPS-dLRRekie1 9 Oup
consisting o :

5- (2, 5-di oxot et r ahydr of ur yl ) - 3- mediepbeoSyljcdnhipénidnEFHEFR AN XYl i C

-anhydri de, , . . .

5,5 -(1, 1,3, 3-tetranet hyl - 1, 3di4 rdMabylethyfideag) i ayrieics anol 7HBR AN §i%&ben
zofuran-1, 3-dione], and conbi N jaNSabkie&eef - 05 g'I'he adhesi ve conposition of
claiml1 or claim?2, the electrical conponent assenbly of claim3, or the
met hod of claim4, wherein the hydroxyl containing conpound is selected

fromthe grou 1si sting of 0-., . di- j - d poly- al cohols and

phenol s) ahégggg'&lpnati ons them‘f{fleqﬁg%%@sl‘\‘}gg&mosi tion of claim?2
further conprising a catalyst. 1frghe_aglggsi ve conposition of claim S8,
wherein the catalyst is selected fromthe group consisting of cobalt

napht henate, cobalt (11) acet y/Eshatybated Bispbhaioh Fluoférel (BPESet-\llbacet onat e,
copper benzoate, and conbi nati hereof . 10, .The adhesi ve conposition of
claim2, wherein the conpositi %%ﬁfg@a%‘ﬁﬁeqafef’eoéfg greater than 3.5 hours at
a tenperature of 80 C. 11. The adhesive conposition of claim2, wherein the
anhydride curing agent is a solid at anbient tenperature. -22 WO

02/ 0- 45~ 1EpampleBsU 1 /2073- 4 Perifigh EPON 828 -adhés ve resulting fromthe

reaction of the adhesive conposidi, im1. or, claim?2.. )

adhesi ve conposition of claim ?é v&ﬁgr%%’%% tr%ggggpﬂ'@&ﬁﬁ&l OX@H??IXé%Q@Sﬁ&ngo'

sel ected fromthe group consi sti ng7ahethB@idigobedzofi@abariaivael, 3- di car boxylic
anhydri de, methyl cycl ohexene- 1, 2-di carboxylic anhydride,

met hyl t et r ahydr opht hal i ¢ anhyd{Pifdan) ~37.2g

5(2, 5-di oxot etrahydrofuryl) - 3- syl 137 gycl ohexene- 1, 2-di car boxylic

anhydri de,

5,5 (1,1, 3, 3-tetranet hyl - 1, 3- dibhbxapiehénate)-b0gd[hexahydr o- 4, 7- net hanoi soben
zof ~xran- 1, 3di one], and conbi nations thereof. 14. The adhesi ve conposition
of claiml, wherein the anhydride curing agent

Example 4: Purified EPON 828 -45.2 g
THFDA -29.8 g
HBPA-89¢g

3-Ureidopropyltriethoxysilane — 0.9 g
Cobalt naphthenate — 0.5 g

Comparative Example C-1: Purified EPON 828 -45.2 g
THFDA -29.8 g

4,8-Bis(hydroxymethyl)tricyclo[5 .2.1.02a6]d0decane -74¢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 tanped from anbi ent
to 140 C stoee/r4aize of 90 C/mnute, held isothernmal for 1 npoutuse1/dohen
tanped to a tenperature of 225 C at a rate of 90 C/minute and then held
isothermal for 2 mnutes. 15. The adhesi ve conposition of claim2 further

“hni2. o - SoEHEvE IR FPON S28: 5428 Ay wL A AVH . A

L. Aq_ AnL. AH . A[L, . A . AHL. A5L. ITHEA2X - 330

]:X ]zupid a} V\]i:a] i[:a]l_cia] cia] cia] cia] ca ! ‘g ca] ca] ca] cz]#c(ﬁ] ;g]/;:a/@]&ag]&f]:a] ca]( ]:?]( i:a
cajcalca]lca]calcTa]ca]caJca]c z*y % 9 Y X

2l caf cal cal cal cal cal cal cal cal ?24"??]??*%"?]&@@] OB ) 1111200t pooba3sasbas)

455| wr mhc”~Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] calc

a] ca] ca] calca] cal.calcalc 6 7777773888 9j9999<::::7?;
| ==>>>>>) 9@@%&%@—@3} g@aﬁﬁ@]‘ﬁ 574 €a] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] cal] ca] clqllqg]cqbqﬁé ca] ca] ca! BAA" DDDCGEEE4FFF$GE4H} | KK
KKLAMLLL
Mk Mk NEONOGT UqUx UU| wr mhc” X] U] ca]}&l]’AaPcﬁ’ag ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
calcalcalcalcalcalcalcalcalc a cal.cal cal UUXYZ[ \\ @alc9cm

(L;J]ccc]cdrr]ddd]@e]ee<]ggg]g{ v!ql gL] V\]U] %%8!5 ﬁl}tﬁ%ﬁ%] @g]gc!a] cal ca] cg] ca] cal ca] ca] ca]
ca] c*a] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! gg
hhghhh-ii/jkjjjkpkkl al gl l
By mrOn[ Eempexative Bxempte O1 4] Paridisl EXOMRP2SR} 84)%a] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal] ca] ca] ca] ca] ca]ca] ca] ca alcalca Liu! uuuvt A
Jm]mlxxxlxxylyyyl cal cal ca] ca] cal GRLER£3bARLEIE I GRLARGRC RRPIGEL V1Y
{zt oj e_zU] ca] ca] c"a] ca] ca] ca] c'yarAl a’wd cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajc
aJ cMa] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] cal
{({LNCARLLLLLDILIL] e ] 1] )} :Goplt ppphtierong vR2dh] X e_ZU] c] ca] ca] ca] ca] ca] ¢
a]J ca] ca] c™a] ca] ca] ca] c™a] ca] ca] ca] ca] c*a] ca] c”aU] ca] ca]ca] ca] ca]c”a]ca]ca]c
aljcaljc”aljca , Rwh6!3;
H} xr ngb] W €ofightdtiva Pxahpi] C/5a] Qﬁtlﬁféa}ﬂmmal&amad ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] c”a] ca] c”a] ca] c”a] c ajc’a

_fp] Y] $9BP d{upke_Zje zZU U] ca@]I liqaba]ﬂe%}jderdaréa% &~a] calcalca]ca)lcalca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] cg bca] cal ca] ca] cha
df i j pt #vh(ps, L~yt nhc*Xj e_ZU] U] c"}ﬁp‘]q:]ca?l %]ac’\aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca]Cabpl applatheratd €QL@ a] ca] ca
nv7+. 10v=ESg| wr mhc”Y] U] ] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca! gwj
/'] 6yG x, kL} xsni gixghblek]ica, cahgalank Exbapleels ahd ahapheave Exambkat cal e8] cal ¢
a] cal ca] ca] ca] ca] caJ ca] ca] caj ca] cagaa] ca] ca] ca! LQLf Ne' skL}xsnid_Z] U ]]ca]ca

] ca] ca] ca] éfa]edapt@l]%@]sm]&sal]etﬁal]lm]i ]p@aqeoa/ayv@mp&@]s&by dhpueal|Grayiowlia] cal cal ¢
00 woug tybERETBR e 4GB Trerm s EAp s 2gible o g ue () -

% 10% u- U&Tstrunfén kOKew& {sile D d1@Wate& Hath sfmplé G948 Hepted $rond Bftbledt femperature to
la@U7f F*10% u&' () - 10% u& () ,210% u&' () -

10% u& () - Y40 10% &€ b 90 O0kpEinutd, Greldl)-10@ECHoT B A8 Hhekhédted to 225 °C at
2mL0% u&’ ()-9' "10% u& ()-  9%r10% u& ()-$@0% u& ()-SF"10% u& () -

10% u& () - Ziek3t DOTCUSer (indte, AiPheliday 25 LOf6r Q&ninhite0 Thilprofild-riimiiss the
lo%u& ()-710% u& ()-5110% u& ()-Y cxi K-K "10% u&' () - lo%u& ()-3

"10% u&' () lempsetu® qopditipgsgngselilerselowoyen.() - - 10% u&' ()-"z*yi K- K

21006 us: {) -y | el KETTALE R b B FoBb o0 B () s 3 00 & (-3

"10% u& ()-° 310% u& ()-310% u& ()-|!!bC 10% u 10%@& ()-" 10%@& () -
F910%& ()- 10%@& () -
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10-u 10-u 10-usL< 10% u& ()-!"1 ##bt $$dELC 10% u Y" 10%@&' () -

10%@& ()-yZ" 109%@% ()- 10%@& ()- @O%E ()- Y" 1093 () - $%6 %&U&&J' dELC

10% u- " 10%@d1/)+541 10%@& () - PCT/US01/20734
C*FL0%@R () - & " 10%ER () - 98 10%@ () - #GLOY%@ ()-J' 1" (1 (((((dE:/ 10@ 10@&<
10%@&' ()-7Z 10%@& ()-9610%@& ()- 4G 10%@& ()- 2 10%@ ()-31G

10%@& ()- (((((3)))xY:/ 10@! 10%T& ()-! 109g&: () - 3" 109%F& () - |

“nl0%a& ()-3"910%& ()-L109%& ()- 10@ - dE:/ 10@!10%& ()-|
T1090& ()- "109%& ()-1 9T109H& ()- "1094& ()-I

109@& ()-.!/1111"2b2c2d2dE TEx2RpIchNd. | 1PoREntWeaht Lo & () - 5s! 10%T& () - |
310967& ()-("10967& ()- Y ' 1P9F& () -U2e2t 2223333

.10Tf 10%& () - Y" 10%& ()-," %e%&aevr——:e%&—ej%l-&e%&—(— -L10%& () -
10T3333333zX6:/ 10! oomowww&e&%-——_m&e -1
10988& () -, ! Hy10%b& ()-! 1wk (P- 3314%55vA6aR: /097

+10! 002! 10%& ()-0"! 10%& () -1 $410%& ()-("1098& ()-sl 9 10%& ()-!IS,
10%ucu& ()-66, 7777777dYNG 10! @O510b 10b 14.67

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 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 RDAZ2 thermal analyzer
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 héurs.

The composition tested and the time required for the complex viscosity of each

sample to double in value are given below in Table II.

Table I
Example No. Composition Time (sec)
Sa 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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About 0.2 g of 1:1 blends by weight of purified EPON 828 and a hydroxyl
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
mim) 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

A 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 of a hydroxyl containing
was placed directly on the purified EPON 828/THFDA blend andgthe 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 IIT
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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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 EPON 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 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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10-u+s! 10% u& () -| |EPON 828 50.0 35.71 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
cycloaliphatic epoxy resin ERL 4221E contains no hydroxyl moieties, it is far
more sensitive to acid and is more susceptible to gelation. |

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

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 about 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 nlam). Four (4) die
were bonded onto a single board. Each die was placed in such a way that the InPb burﬁps
made contact with the FR4 circuit board. The adhesives were cured at 200 °C for 30

H
minutes in a forced-air oven.

The die shear strengths (')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
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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;
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assembly of claim 3, or the method of claim 4, wherein the hydroiyl 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.

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

acetylacetonate, copper benzoate, and combinations thereof.

10.  The adhesive composition of claim 2, wherein the comI‘)osition 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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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‘[hcxahydro—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 temperature of 225 °C at a rate of 90 °C/minute

and then held isothermal for 2 minutes.

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