THERMALLYB- STAGEABLE COMPGOSI TI ON FOR RAPI D ELECTRONI C
DEVI CE ASSEMBLY Techni cal Field [0001] This invention
wo 2i0apassgeneral |y to a B-stageabl e and t her maP¢T/US2007/086950
curabl e conposition and, in particular, to a
conposition that B-stages at a first |ow tenperature
and cures to a structural adhesive at higher
t enper at ur esSTHER1 Aoy 86 STAGEABLE € OMPOSIBIONx anpl e,
for attachi ForsSRAPHS MUtTRONICPEVACERASSEVMBLIANd fOr
attachi ng covers to sem conductor packages. Background
[0002] There is an increasing desire in the
el ectronics industry to_&dd]j@jjﬂﬂuf act uri ng costs in

o Fe" | RN BreRiaT g SRFaf Sl Baditts R ARk ehdule,

coﬁ?os’iﬁérﬁzﬁm DOpar8&I1&0 RAEI R osttiohah4tB-6d ésl a@lraSﬁrgrle temperature
tachi ng covers to sem conduct or packages. One

angreyrhptd, 2 sﬁmcaﬁal@éhwméﬂgl@bwemﬁur@@r ifb@ gpmposition is useful, for
exd o@‘p 158 5 aocﬂ*ng seﬁlﬁcon u edlge toX c esirls Y&P for Q&S rlllggeccotvers to

'onen wever, “known nateria
semfasﬁduccdrqﬁtka@eﬁ expensi ve due to such probl ens as
"sl unmpi ng" where adhesive flows beyond the target

application site, excessm@kg_;?gha fromdie cut filns,
and reduced throughput wi other materials due to

[0G0d] t i plleer¢ 13-anjipercasing dryire msid)ls clestramias indpgo0®]redure
1’11358%0 éll?lég :_%IP O% Iinge gcélgog [ Oa\S/SIGd n}b ergt(ijor}less ITYlleSreggﬁr)Tcp Eﬁg’l ltg I'[I'U.G m certaln

high8&iune @ss&hblyaipphyat@ﬁs Mh}é@%&hﬂmﬁg’iﬁe&m@érﬁﬁctﬂadic@% aztmers and
| east one of plurality of acid or acid anhydride
attgahiig GayRLs|to g@rwp%dlwﬁprup@gkagm f@eféme&odavv@&hﬁa% ECdii eqsts in

certalfy la%@lcaﬁoﬁshf‘s tﬁ% ﬁ%qeed}%ah&fwets 'E@ C&le %}p%ﬂgﬁ%y td; %ﬁleP ﬁgwever

or a er at ure,
knd e hizedrias ae trcfadiad aﬂdl Eepagen tdué OI such Ipadﬂlﬁnﬁmﬁsmepmg where
rmal |y tlvat ed cure, cataly

eSI or at
adhegivgdloavsdisss @A“ }%@éﬁrﬁ%t aRRA aﬁloaé%r?ége%w .Wﬁéteaf?or% dg?e% fiims, and
re&l@m&afg%@t witEME! MafeR8lsSGE %‘&uh&ﬂ@ﬁﬂ%e“&u%ng Stchs gher

han the tirst tenperature. [0004] In another aspect,
the present disclosure prg an adhesi ve
conposition for electroni %%S%ﬁibl y including a
[0008&ct | Die memdumtscloiurapfo@sdes an adindsaicrtongpopidbly Mrdlmbhe

Xy groups, is curable with a_plurality
aSSﬁm%Wrﬁasmg %?tggble SPevieatl 4P HEAAE! SRy oHs piftifgs having a

Ml%é‘-yf Ly gﬁurfah‘tﬁ(Hf 'a&{d%'r lab 4 aﬁﬁydrﬂ{% tﬁH{tfo@ﬁ? Blipd &#fits surface, or a
surgfcreaz;dﬁdpmqllsam ﬂ; praiee;g;sﬁ ti/le ggna‘lbk\é?wﬁpjure%gl% d? ;’tgoe\{e%gf;rs]t
ten?ﬁje%llt{lr%aglll(f) a{][’leatsp oenet oefr a%ermally activated cure agent for curable epoxy resins
or a thermally activated cure catalyst for curable epoxy resins which becomes active at a
second temperature, wherein the second temperature is higher than the first temperature.
[0004] In another aspect, the present disclosure provides an adhesive composition for
electronic assembly including a reaction product of a resin, containing polymerizable
epoxy groups, that is curable with a plurality of polymer particles, preferably having acid
or acid anhydride functionality on the surface of the particles, and a thermally activated

epoxy cure agent or an epoxy cure catalyst. For the purposed of this application, the term

“curable” includes viscosity increases resulting from either or both of a thermally induced
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"curabl e" includes viscosity increases resulting from

either or both of a thermally inducedchem cal reaction
waeseweBd i ng of one or nore conmponents of a NPRE/USWOTIYB6950

anot her conponent of the m xture upon heating above

anbi ent tenperature. [0005] In another aspect, the

present disclosure provides a nethod of assenbling
chepigpgreiios and swelliag ;9? PRt aonerc copweReits 9f Bmitturgdy, another

ive. In

Coégﬁkggﬁ%&gﬁﬁgﬁ%%%> éé ?éémgggg%q%gﬂgéconpl|shed
[0dep] M | ld ahether mpettpthp Ipmmlht&htaﬂbslur’et Iﬁbaldbs a)metlrodaxf lassambhng

by swel | ing, bet an _epoxy re | ural.it
Coraé@%ﬁ%qselgﬁamt@rvﬁgﬂ@a@mt 13£83%h Eﬂﬂﬁeg G eaé@ss/ based
adiRiFE @1'1 %ﬁé é(mf)@dlﬁl%ﬁt‘é ek tl?elrﬁ&QPB Lfhoe Tsh@‘ccB flﬁﬁh bg il B&ting to

I's fol by hermal cure at ~a hi ghe tenpeérature.
prdn@00 64 1ﬂt¢raetmm r@ntbmkprrtﬁfm\@,llut@ beteErp a1s EPAXYITSSiD fancﬂ helurality of

r esent d scl gsure.are usef.ul for rapid.electr
poREEER By IS Gt alinf vRe §g Paiive sHARETSY GRSy sfumping. The
the@@aerJ@fage MIIQ&JE@B? b AEr@AV&HS at LhiSBEN t@rﬁf)@iﬂﬁﬁr@ r
packages. The conpositions of the present disclosure

[0G8Y6é palmtspmaleamogimupgléﬁ‘ the dompesisienddithe peasentidasedosiye are useful for
rapV\(@el%gt tnl?g asas i) I Ve da%%ga %?n%se 1coCnC()iI ?tof 810855 gaYI%el‘S%Bg g&achmg
N Woaraioe 1t ard & a

co@y‘ﬁo&d&hﬁ\&dn@hctbﬁpaﬁksge@g dtic pbopotiais of ahd p'resefno ﬂlsemarfp he
UV radj ation, where the materials to be joined are

parél,salq{l@ usefpl syl opgrations i mhish theindssive desirablnisselored or

{ |
oLl B0t R PR AR oS of 390 Thidfs B-stoged
phatdtiesiivalyc forpasmplicdry IﬂUl’radahmt, Wbllefecthammlsyto be joined are

conpri si a_ curabl oxy yesin, . a plurality of .
OPYSBICy e .V@? i reauasd dias Hé hieRpcsiisttoB gEsab rggsm Riotgchepical
cusde acid or aC|d anhydri de functional groups on its

surface, or a surface which swells in the presence of
[000AE C dmabme ee;(bmi'ynm the, disdlosure @btesgo an faidhasive composition for

ratu t. one ctivate
clobGRE ARt o i ST aie H0Sn Jerftet BRI pepdigppyShfeles
haif bvVIddRAnEUf £pkiddRy ¥Bicid 6F ackd haBldeide BeMonf Shdips WhiigRurface,
becones active at a second tenperature higher than the
or ¢ pyrégce vdngleyverligrie the ressaero fdh eerabls epexy tehia, #fi s @bovig Erst,
te%e?athl%egncﬁﬁ 1@&%? géggé%ntﬁg]%ﬁlb'?‘gﬁ;%&i éllrr(% Elée%n‘? %}S gllfa%tle eé)oxz resins

or 8 &&ﬁﬁdll}sadtﬁfhtedtc&re Qakul e foracyirab0dqPoix § € sid \elluel@ be@n S active at a
circuit or device; and_an adhesive _conpositign

SCCRBA &R I gher dhandheifies teameraiiss {7 fﬁra% cypedigisats) e
dlS gﬁt‘%' Rovigdien ats&‘fn‘tflﬂl E&‘gpﬁﬁfgg g gﬁs‘? @gbsﬁﬁgs %%qﬁaﬂo‘?nprlse an

onic circults an esi ve contains
elecmmdu ctrewieorpkvidecd eesond hidbstatheshick nelyesohmirisahi ylectronic circuit

i nterconnects the circuits o] enbodi nent the .
or deyfiess pRban: 6‘5-&?8@? fPlaﬁosr@O%d&erleash i %qdrsgfonéi&ﬂg%W%?Sé)pnonaﬂy
whRat, &heh O Bfifst ikt scbSNP /LA HEEarb efcRfrEnit R &3 M Sfhesive

t he 'second substrate and subsequent|ly heated to a

contains conductive particles, the adhesive electrically interconnects the circuits. In some
embodiments, the adhesive composition is applied to a first substrate, heated to a first
temperature before application of the second substrate and subsequently heated to a

second, higher temperature to complete the cure of the adhesive.



second, higher tenperature to conplete the cure of the
adhesi ve. [ 0008] In sone enbodi nents, the disclosure

WO 20080888¢ 0 a nmet hod of assenbly conprisi ng previ/ubaeg7/¢86950
substrate and an adherent, applying the adhesive
conposition to one of said substrate and said
adherent, heating said Fplled adhesi ve conposition to

[00981 i r ol spagsELRdImaaLs, IM@WW@I%H@@W@@%&W@IM
t e
00121 gﬁél}% @g)vgdg %gl:&{%lfrgfr% anEi th tdﬁﬁerg{t éédp@)ﬂ hggéssge composition to
one ofmmsmﬂosmte tind saié edlancht, aghe said emiedatihamvet @)nipmsttlbe Ito a
advance t he ﬁure of the adhesi.ve co osi%i her
firsd (sRRfir #htse Soolingdh Al NG CQMBYSIHREy BRIy Bt e“[nébb
pre;%sgrﬁ%ﬁﬁﬁtadh&i’\%' Ho?r{é)ogl'tﬁﬁ ee[n'd%at%cg@l@ ‘%Mﬁve%n%@?ﬁ%h Y&a
conposition which be B-stage ui ckl'y and
scoondl luglem té¢nypaatdronhifetthcalathvans e ﬂ@rcuqmof:tﬂae adlssivielopmpbsition. In
ni ¢, COMPo ent such as.die attach or lid

4l ec% 9
othgt eRRATIRISAISPF 51 W%?%&ﬂﬁ% HOBUEr devi ce assenbly
[000DF at TiRMreschORY M oAb AL AEH E5: ANIhBEVARSBEIRSIGH which can

the invention will be apparent fromthe follow n

be Bettegodamicksand giticionthoand which allevs fasruikchssamedle pgtlnetromc
co%lﬁoenesgsg\s&?cgsalsj é@éﬁ%{%ﬁcﬁ); fén %i:hpolé)%fc' élg}ésr %ngs%mlcno\rllﬁnétloro Gevice assembly
opérhlieist r at ed enbodi ment or every inplenentation of the
[mﬁresent di scl osure. The figures and the detail ed

01 | QbR RN GHF§ASeD DBt AR YanEan anllpe aRipiffop the

ol P A SRS RR T M TERGD S AR, DR ffomary of
principlee pStheeneintioadsclasw kbt titeidedro dederibd ciph itlh@radter m
“about". The recitation nunerical  rang y
em@ﬂ@gtﬁnh%evewcu @gergwowfﬁ%w@% dsgloserewiin ?lﬁwteﬁ gpd the
detraﬁ&g&se tébn thg-t fbﬁo@ nhd¥6 baeRladly e%erﬁphf%ce%mﬁ%ref@rre(ﬁ 80,
4, [0012] Adhesive resins can”be applied
ennbndlmens lgmgubmplmamplds dpensidigreindhesi ve printing, or

using fil m adhesives Wey i.n-.line dispensing is
i nefficient and expen§££¥—g§%§—8£gﬁ%le because it
[O(IIQ:FGS Al BBmb6rs hBebaXark AGsudh RIRE BE initali @A), the tdrie about”. The
tiple bond | ocations. Mdreover, to facilitate

recifpliqreefsiumericaloiengdsdyrradnointsengludessillmsinmhgss subpuemeskwithin that
n e esi IS [ a di spensabl e
ra T o B R e S TR e S A Sl 3 he B n to £1 ow
[001eY ondAditsiverégistah bappplicity @i s%@uenﬁhlsdlsﬂ@ﬁ@l\mg a&theswe
"slunping”.. In addition to contrlbutlng to. slunp
PriphRg. PR EHDS fIlR 2ghestigsy BRVSY sralp-Hngr sRensingiy 1élt3ffk9|‘*?§lt 61’#1
exﬁtetﬁglvgrf%@e Qb&?ﬂs&? ta%g i %'tcy d¥x AENEE 951}4% hBa OYthe multiple
rappi ng re vent rappe nt may
bommtocarmnse l\z!me(d\ser ao fmllrtetevdl@enmg klem thhacal erahy adsidzonakt

Anot her usef
1nclude SO Vents to re%uce resin viscosity to a dispensable range. This lowered viscosity

allows the resin to flow beyond the original application site, also known as “slumping”. In
addition to contributing to slumping, the inclusion of solvents may impose limitations on
the area which can be effectively adhered with out trapping residual solvent. Such trapped
solvent may introduce voids or otherwise weaken the eventual bond. Another useful
method of applying adhesive is screen or stencil printing, where adhesive is applied

through a stencil so that the adhesive is applied in the desired position or positions. Screen
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nmet hod of applying adhesive is screen or stenci

printing, where adhesive is applied through a stenci
W@ 00BhH68¢ he adhesive is applied in the desireRCT/US2007/086950

position or positions. Screenprinting allows

si mul t aneous application to nultiple bond sites, so it

is | ess expensive and nore conducive to high- volune
Prifyée# EsusInAGENCRBTANPYcatian tp meuldpls hend pifry: SoS¢ isdes expensive and

I S

o bt REMaT e Mh Ao RRE R L pheorife > bl prining

carpalsmple)dldergom“mttn@ affbpnd gltqi};rhebhtsﬂshdmyn@tqtioh iextilb4 liquid when

. Wi th e tec ues. .| deal Iy he conposition.shou
iCRBrEe o o PR eKgSHn ngyrob 3 silb gt gere tﬁ?hlmtfq%gl'feaﬂy,
theaéa)ﬁlﬂogﬁoh 'sff(ﬁlld Q@le WHE %&Nleﬁbgts@i%@ﬁ l%lte%cfl oroﬁéa‘?l‘n@hg LA ke, be

ot her prob urab
qumrhbyl Brstageabild nocaverdcqh_lrdpmg ragd n’dmupl@btemSL agl b @048} offhise, to

educe sl unpi i S by thlckenlng the resin
malitig i Eeh Sring TR UekEoL) urpi g or o B St agi ng" t he
[O(ﬁGPeSI Ve W td“redﬁ’&t%rhﬁlﬁg 'Iﬁ?%y tﬁlo&%ﬁﬂg figh re¥ QIfer &@Ibé«ﬁ@ﬁhg to avoid
i s renoved by exposur e to a specified thermal regine,

Sluamg,l ot rlaxsta@l@ thewbhesvg teagi- rignth wivemel Bpvtagingandeiseelvent is

rentl(h Iatbg gosu? eg tgr%é ttlberrglgl:] g 1%% r, gﬁ& ! Vloﬁe? éfJS]:) %kﬁagmg, where

U\haleﬁlolﬂ%e IIlghltSs@drce fﬂ@Mﬁﬁé@ & cuKMOWwactidien I”(Hﬂck&r tht agﬂnﬁ@sm@n prior to
inefficient because it takes time, which increases

contafidnaénal GURGECHYE deemipcHalomeyer. keowin Hesnildgrsepinggs ng

ing mgﬁlblecﬁﬁe ﬁt%ﬁ ?%ﬁe‘ %w\flq a%as%g %anagfuﬁ gbﬁg aﬁlﬂ%a{r] R to

een practical for fany e ectrlca asse
undgsptd slatiporsas velkas, ingedeiy woidsf ansldiv (Bastdgmg tes abtdeci practical

carriers . and attachi covers to onduct or . .
for asZ rical gssg @?@gﬁ%ﬁt% as%qliéﬁbfag%f‘é‘ﬁfoﬁq%\?@ﬁfi}csﬁo carriers
ancpat@a\ehfi@%oa&s@&mbaf&uemeaaagéso M GORE %hﬁ)b&ﬁlne%tﬂﬁétﬁiés%nt
of thermally curable epoxy resins and poly

mVpamIl ptloesiemm @cthe&sze fcomponfioncreyisizhi mvstote\pé hemally curable
.on, adyant ageousl y
cpGSaESiEY i By el PHERTY e e HEP ke If e
embb@RicBtsathe Prest il @itioh RavantaRbMly ulsstreEseld it but limited
heating to an internedi ate tenperature to mnim ze

thegm&lrﬁplm@ Qrasdh epmpoutioniedrapidlyBréages Afitrdcating ol angnigrmediate
eli]?itgll%etg tns ﬁ%gg ﬁﬁ&éﬁf&ﬁﬁ&%}lgﬁﬁ% cglot\x;k%lhg) &k cgﬂlp?ete cur1n§ at a higher

oret

rﬁpﬂﬁe&ﬁr&nilﬂcﬁhhg tHeudlégtroaler @ehpohtntse b€ a@ﬁﬁh@tﬁdl‘ﬂ%ﬁtrs thet do@nposition is
present inventjon provides for fast assenbly of

Sutéra@&lﬁlrhoﬁ}”a Wit AP cmboaimeats, ﬁxetp&%q%@%wm@é%%% fgr fast
assgfn%ﬁr ('ifcélé‘c"f’lroﬁicecroap%ﬁgntétsha‘fgg ﬁ&cﬁ‘l‘ﬂgl@%ﬁl&ﬁ Jﬁ:%p cﬁ&ntg WL REs and

packages ereby 1 ncreasi ng over produ

attathirigodosncyto s¢didtdductar padimgese tiinoehynieotegsing brecrall productlon
fCOHDOSItlon of the present invention disclosure can be
cffifisN%¥ed onto an adherent or a substrate in a

[0RYU¢detarBR BRI &) theldd8TpositiBR of HERRSIchi @PertRnB&I&Hre can
toanlmermM|MetemmrMUre I n sonme enbodi nents,

be prinfed obtsl dneagdbdrent or a substrate in a predetermined pattern. Then, the

composition is heated to an intermediate temperature. In some embodiments, it is believed

that this initial heating primarily promotes the reaction between the resin and the acid

functional groups on the surface of the polymeric particles yet without significantly

activating the thermal catalyst and that a limited number of available acid functional
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that this initial heating primarily pronotes the

reacti on between the resin and the acid functiona
WQreap®ween t he surface of the polyneric parti cPEBUYDT/086950

wi t hout significantly activating the thermal catalyst

and that a |imted nunber of available acid

functional surface groups on_ the ymer particles
surfacgigraups 8 thepplpmenparticleslipgts the earﬁ‘@rOeﬁ cpreyf dhepreral system to

Y

thel s VR B PR Allore R en s BB AR betwecy thg gpory
resacard tge atip graups bhehsuirfaacsast thd pdlimeno pymielcs incpeastd the escosity

increases the_viscosity of the conposition to B-st

of G EORBRYBET 9 Britass ticeamnositignsp ﬂawé Ay remaingg the predetcmined
pattir§ A6 SHS &@&d@ﬁ&ﬁ@ rtﬂenﬂaﬂ%I MfeEd ﬁﬂ&ﬁﬁ% 9&{1&%& ah&Bbdid B-

i nduced swel |'i ng contributes to the desired Bstage
stagtnmceaS@nl ISOPBISYC @Eint Iyllldl poa’unlgl Te Bestged gomporetidd: picfogady also is

f t Kk
sorfy Bl ot RS £ v aiurrd ¢ ST R ansRE foyabifgr the
aﬂ%@ hﬂkﬁﬁd&ﬂﬁnﬁwﬁﬁﬁqa%HEakQ%f&ﬁﬁ1@@fe reaction to
ectively conplete. [0015] I n sonme enbodi nents, the

[OQ:IéihposIrﬂtSD@lﬁ cofborimeeny, deaompgsision 06 ﬂm@r@&@nbdls@@wrgcompﬂses a
llquld%ﬁméy Feel%x%ln{ Iﬁhé‘ BO o{rlllt aﬁ)le g{gq%%ezgmér \ & g??Fona artlcFe w1th acid

fuﬂch@naﬂiﬂy Bﬂ@l& sﬁaffat:eh@f tpapﬁﬂn@lesan affic iVt eﬁlbumfaﬁﬁmallgfactavated
thermal ly activated epoxy cure agent or an effective
CPRNYOURE 285t @ amfastle ymaettiof atlamaPy Ryt atrdepeny sy sotalyst.

[Od&%glG] W%tr <fet| gﬁt‘fet toQ tag &ﬂ%ﬁﬁtl{egﬁéﬁnﬂﬁs&tkﬂ dtLJEFosure there

sent 1nve { osur e I's no particula
is ld perti@tlardimizgionan go@sasnt cmwte$xhxb1tanhldhemveaactlad hedisve

action and is c atihle with the intende for
corgpa ?‘éfltﬂélileelélﬁng%)ldse ?%‘é’WPQ le, %ﬁ“@’ﬁ‘b&%ﬁsﬁ’f&&y R&DPHEresin

ha\'}ﬁ’l\? twWé of@lBFe tftlﬁafdnap@@{lpéﬁlﬂ%éfe% ﬁ’a[v%{gai ﬁr*%le)éuﬁ?vv'e[%@t 8f less
ecul ar wei ght of | ess than 5,000, nore preferab

y
thanes@0; marc @fe%ﬂﬂy &ms tien 35099, carbe ueedaﬁplt exanipild, brfonétomal epoxy

TR VB BB PRy B
epSHGRsiAS sacPRENEHcn6li YR A pRRY ¥sir A& eﬂcr@m navélhie §1§8xy resin, or

novol ak epoxy resin, or am ne epoxy resins, can be
amipgePOXY FesEdfan bsrisedidn eddiripy, genoialy ooy nelyfunstignal epoxy

resﬁﬁ?ﬁ%{et{og}%lé‘ §0nt£]1% ge%8¥§9 ke%m% oﬂltdaah@gag;ﬁi)egg}[es{ %Sclaﬁ] Be u?ergid These

can OXy resli

epcﬂ@yrebﬁs hae ﬁe als@ﬁﬂoﬁr orlifl combatiéds ciM&o of ntdt\@clwrmﬁilrtﬁpes or
chem cal types or nol ecul ar wei ght ranges. [0017] In
nméﬁﬁﬁwéﬁﬁﬁﬂﬁﬁgﬁ%s of the present i nvention di scl osure,

[O(@E’Tnpl BS0RE ¢ ‘rf’@@fn[hec' e%nt %ﬁgﬁﬁoﬂ 8@&1@%&5 '&hfﬁgfes of curing

are not n1te rides
agatsfoo upaky;, reansjlmhreln,di)ut arecrmt‘ﬂlnut@dSo aEl(bar{hblélsde{sf amine compounds,

itahle cu atal ysts far ins include
and oDt FuBaY dorr T out e o eagalfyy B gy falgs include
imARAAsh | QRIS PRGNV R WE@?&BNQ&?&% 'éu%ine[s Oﬂldjcﬁ]ate&aw %ﬁﬂﬁﬁu)fn salts.
preferred embodi nent of the conposi tions of
[0dBEs e praverghit preferred embodiment of the compositions of the present invention
disclosure comprises at least one epoxy resin, an anhydride curing agent, an optional
imidazole-based catalyst, interactive polymeric particles and other ingredients as desired.

In some embodiments, the composition will comprise at least about 30 wt %, preferably at

least about 50 weight percent (wt %) of epoxy resin. In other embodiments, the
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di scl osure conprises at |east one epoxy resin, an
anhydri de curing agent, an optional im dazol e-based

W@ 220080986 | nteractive polyneric particles andP@r/lig2007/086950
ingredients as desired. In sone enbodi nents, the
conposition will conprise at |east about 30 wt %
preferably at |east about 50 melght percent (wt 9% of

coigpestior Wil pmrise Gergre EBGaPHENT &t Yt Heperpissing p@iﬁer@\blv below

TS, DR AESHS 500 LBt o

wt Uhereforipbsitticasnabwiut BO adt %)ommﬂlyéﬁde&turingagbntabm othe? wt
lﬂg referabl at. .| east about 30 wt @6of an /jéﬁ?
g tsathe KOMDPtiOR Hal OB HogRPLs thangboyp B4 Pl anhydride
cuﬁMén{t/geﬁPmrﬂréFcr gr PGS HOR Oa&pp%tof 1R W bp@sRi‘ona'Tn those
dride curing agent and preferably I ow about
emh/bdlmeofs 1t1 Mélldmrmdwtu@medl the chtolyst @miyudcsaritast alvDuNﬂIOd twt %,
catal yst. ¢ ri ses
oriri R R bBudly Pk ot SR Ro ol S St i G e gecatyst
coﬁlﬁﬁse@ %691@(% tHa@bohts Rt NEsE tﬁ@@&ﬁpdﬁﬁ[ﬁrﬁ Fretfélr@bl‘}%bé}hd’ré tthan about
nprises no nore than about w %o

10 c\ér%o@h@ inggractpye@bbmadsicypaniéslero d@sCt‘lh@shlnﬁ@aj@r derilpelony, comprise
frorn aeooup B:“ afg G}t %o a%Bﬁ)oié‘/ WE % ocf tﬁg Eotrh s%Ic'dn % ecsﬁ< Ee%d 'tlb}s fu’t will

ater tail rmnab

ap]g&b@blﬁe thh thd e%tqfrop(hﬁoﬁmﬁtﬁé iv&mars coﬁ)p@né‘ﬂfé $Ho@Ml rcflcdthhs
art will appreciate that the exact proportions of the

mogen]ag %1%%§%ﬁ?t§@h6mfdh? wrjoss muiypdly Fegcsiy g cgmponents as well
as m%'n%&lﬁm@?gga n‘péoé?& ol fBald ﬁMﬁJ{)or{dh \éacro ?gﬁnﬂ?ﬂk’f@' include

reacti ve nents as we ani ca
optpmmb ﬁﬂtﬂsﬁ@scd)eﬁy medifians, ichierdns) dnd &'dil&iucﬁwqapm’ud‘,lle@m sorely amounts as

ude opt i fillers, viscosity nodifiers,
de% g%ﬁéﬁi ntg dé@ﬁgﬁEPPve partlcles in such anounts as

[oe$i r el ufiab a&&ﬁ fbtnth@ RASY, RAR S s%fécte[i%?}naﬁp Qarious curing

curing agent for the epoxy resin may be sel ected from
agengmnyhichriowsll suowm fpragent ssinkicthcarte Guedtivek frovhe émxy can

incf R haSTEtEBt fost P BsErb ket Rk Ry icdbUraCe B ber Rblecule

sudh 8 N phend1d HexyHhy @Hﬂ%xﬂﬁfem&obﬁ&l@l ﬁ@vo’ié&%sﬁ§ having a low
bi sphenol A, trineth phenol, pheno

degiow of pUYymedzation rRIPKiT eé ofr bmivégi pleenofic poingnandi phanelisyesins
avafﬂ%%' |\ lzehle ?Jag$H£r}{é §Fe &h E%% 8 16&15'”@5?@@ @&ﬂh&ﬂedh%h{l&al Co.,

I'ns "aval | abl e 'un

LtcB)‘;‘ (Hiatﬁbltéﬁ)lﬂ)QHita&hl apan Sae@dwﬂﬁincL Ohiscadedwdln Netﬁetrldnds) and
Hi tanol 4010 (H tachi Ltd.), Scadg formlL-9

Meglpdon 75 #\Q&(ﬁ@mfghﬁ@ymcw WEIFMVé Haby %&&)@eql@wr%m (Japan
Reﬁlg)gcg Eh%mgﬁ}h 0? di@é %V@iég@fﬁl Le[dg%yﬁ%cg’%m%@% (JI-)O)Jos'%Ioatsu Kogyo

Col tldd.); aad@rgaln‘xlaamdb@ﬁd(afml)amhMes sudkogyti@dic anhydtide; and
he%@ ul %gygﬁa@r %tfﬂ(.jw %[?1 L{g ﬁ@l&/ﬁi}rj@g pay?’orghl i‘plg larlllg:ydride,
meﬁ%ﬁﬁaﬁ%’&ﬁ@ @Bﬁg@lléu‘émﬁﬁrb)’lﬁ?dl% afy E}Q&Féhlh'c tah%ycﬁf&é%%f it oregoing

met hyl nadi’c aci'd, dodecyl sucéini c anhydr i
curgirg Qgeaﬁdphﬁnahhyﬁded@ec(ﬁ‘caﬂﬁphefn@t egj@ilangresins) are desirable in

imparting ease of molding and humidity resistance to the inventive composition and
because of non-toxicity and relatively low cost. The curing agent used herein is not limited
to a single type and mixtures of two or more types may be used depending on their curing

ability.



curing agents, phenolic resins (specifically phenol

novol ac resins) are desirable in inparting ease of
wordodmgsand humi dity resistance to the i nvent P@ZEUS2007/086950

conposition and because of non-toxicity and rel atively

| ow cost. The curing agent used herein is not |limted

to_a single type and m xtures of two or nore types nay .
[0038] us ebhegaipias aRery ey kerbsed ieanyi degirethameyny depepanlg oppyeparticular

uri ¢ . . ' '

i AP ar R of kst {RAEY pARSHY SEiLATDHA epoxy resin (pbw)
moa¢rpiefidrald atlcadt@bsit Safbout Inlothardnsboldymanes, et cupingtakient is provided

. epoxy resin (pbw, e preferably at | east abgut 5
in BRI R B a%%wﬂﬁ@ﬁ?& mpf?epre%ﬁb?agb%l@w o0 pbw. Less than

1 pRE QY e rinD aggﬁilégﬁ e RERERT Ror ChAM AR Wve O MOSMQO cure
pref erabl y bel ow about 50 pbw. Less than 1 part of the

wherens myratent 0¢ partdoe thie Edringudgent an beamsiamgnti¢ed, require a longer

L ti iti t . t han.100
s P BB AR S5 R et S A TRR e SO Gled o
pr@ubt@n&gg{pdoirgﬁygﬁ@qp%@ﬂf&g because .the epoxy resin is

diluted therewith, and/or result in cured products

[0G&11 h Josempieydodinenyy, opiierdles im{dgagle palisnderormeives, and
cof BT Ror BRLOT RIS « sRRE TafulB B SRT by Bt cpoy

be
adiadtveniregréfalrys t alysefl Ulustritivaatddptd ineRdy ploaRiishidesles MZ-A,
are preferred catalysts. Illustrative catalysts

MALY goe PHZ o ki Predugts) androlxpenboupd imidagplgs mighr.as Intalimer 7004

t\S [ 1 e
TS 68 R AP A A Gl PSRl st about .01 v
%, ipinc farrab ydy dehistneebotit 0.6 ovtph iof e catmpbeisioh. Bbathitr dnfdtiment8pthe

eferably at | east about O. % of the conposition.
Cat%(s 1S FPHERES ?bq%fé “étaod% é?%t COE‘%PH&PP%&Q@@%:%%WTG than
abddiag v@bgut 5 wt % of the conposition, preferably no
nore than about 10 vt % [0022] In sonme enbodi nents,
[002R¢ pdihynee cprotlingdngs theawilyrgeraeiracléuneingoral funytionlityhen the

urface of .the particles,. which particles in so
S ST 4 R Y e i et B S s A g frameters of ess
thafll 190 @i croR! Srefsral Yesh @28 100k crbAOmbi<ChrofRtrabiPleSs than 10 micron.
preferably less than 10 mcron. Preferably in sone

Predergblyi inseme cmbpdimeatst thelpegiceshaversgan diametarelasedr diage): 1
. j , | . ; .
mig B e B ardEE LB R B, KRBTt o gyerege iz

of leesthah DaAM2rdn Mg FR01t iFRY corBpsHition Whigh doegaas iffoivaimodthle Rvhereas
does not fl ow snoot h| }/ whereas particulates with an

pargigalates avithapnt gverage gpiislesnzeRieore i 10anisians sy adugrsely affect

theqﬂeflﬁﬁﬁﬁjt a,neafoftl?&tch%,tti@teﬂmcg %? itﬂei atdlﬂesq{;@sg@{eﬂﬁrln some embodiments,
c m | n sone

aracteristics of the adhesive syst
thegrabtodésnmamy bg hdrhegaqnand whilem othgr doebodonagethoy snagtticl of aicore-shell

T TN G T S
aciMighdlipRBRIh @RI RCAET Bhe PORMRS paflcidBHGpically more readily available for
reaction with the epoxy resin, in some embodiments, acid or acid anhydride groups which
are initially below the surface of the particle may become available for reaction with the
epoxy groups of the epoxy resin upon mild heating. For the purpose of this application
acid or acid anhydride groups which become available at the surface of the particles may

be considered to be available at the surface of the particles.
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acid groups on the surface of the polynmer particle are

typically nore readily avail able for reaction with the
W@pWRY76e86i n, i n sone enbodi nents, acid or aciBCT/US2007/086950

anhydri de groups which are initially bel ow the surface

of the particle nay becone available for reaction wth

t he epoxy rogg1 of the epoxy resin upon mld heatin

9.
[0028} t hEhrpug isofPPliRRtionasASH eBCTIRC BiRcicdy mald ihgating will refer
B e e
reatctien Beuwéacme @bo;t}h&smamti itled &x$d pI0Q2Bnhildrideigroaps adsbeisted with the
apFIic tion unhrgs otqg e specified, mld heatln%
Pari}d) supfagasr oSy cHe BRFOSICIENG GOxY Fyspgor to cifect a
coth BRGSO Bt 60 sbv%lh% sﬁfffcﬁe%@ fo 1tn@reh§é' thé HsBoRyrerd cal
reacti on between the epoxy resin and the aC|d or acid
corapdsytaoni e dpsivalps lexskioc ﬂ@t%dtagﬁ t n sohee qmwaindumbIeS the ﬁrst

sur f aces. art| es in esence
g B G iR o by BB Rpiidh & betyinl WSS SRostiS ncrcases
prib€RGHHREuRAGD 8 Webstiaftd 18 Ybrhé 6mBBdintchtsl ek aRRIckiMble to store the

viscosity of the conposition to a desirabl e level for

adheyveRoBPAgjEON atrprémﬁew alyeid 89 He ninsotherleboidinegnts it would be protect
the a%ﬁ'gs%\rfe%a éol'ﬁrlp:osvﬁon fro Seolsﬁge tS %I%ﬁé:)eratures ag eeaﬁ:) ?%b Eoprlor to

apﬁwahmcaithe Bubis@ra®@. %bstrgtaérﬁperhﬂnresusmbeelmdthm Atssconid! higher
may be desirable to store the adhesive conposition at
tenener%@qeov\h albsuecoeuE.to pignidicartly WiERIR FRIAHEQN PetwagLthg cpexy resin

t
L e Y R R SRR
combmasabtiereat.eln s'BhE: efrmh’cslimérﬁsmhﬂ’ @inpematwt lat wbheh ltiosvethesive
than.a second, her tenperature whi h'sncssar
cornpoNfiofhi-darid ‘yﬂ AT A f‘é*@%%gﬁ
tenﬁfe%atﬁreaa@ A hidhane H&He@ﬂfe %eﬁl%m%n & %ﬂag&m& [ e 1%§st t'hM@ElS’olﬁn 120°C.
I'm dazol e or other catalyst, or a combi nation thereof

It Wil @mpprwmb@mmnﬁsqf stdilemttbfnme that theespatifiphuingieratines associated

« tion, eater .t han.
wi e s e RS anar il v r et kopSaftr Bt os hiisity,
dep/&!ﬂki Glpoh E}% @@ﬁe&u ¥én @Sdf'falsPéblﬁ§ ciBb&dig@aeofMhé Eorﬁﬁosmons of

| ess than about 1200C. It w be appreci at ed ose

thegpvegiion ang thetivepesties aftihe metesiaksge b bp@deﬁmﬁébea@djgjeﬂle
coﬁggs?t%nattfehdﬁq‘ﬁrteﬁce% ll;]eqwgg{ t{ﬂg ﬁrit lo%ftef {e%%!’t&te ue{n% tPQ Qe%ond higher

nper a nece

tengiepa e mmcgrenéﬂaﬂy (12 eumhqaht XPOROORIThS fiddt t@m&@ﬁﬁteﬁs Sufficient to
enbodi nent of the conpositigns of the invention and

pradyee Hedhatpgs adhegive %@%ﬁ@lﬁ%ﬂé adgnpemgy Rd y fyal cure
me?fliiaplgstrrﬁ Gf H%cﬁatﬁ?sn&”so TRYShE 'e&'Bocél‘h{%ﬁtsd{ﬁ of £ %@ﬁﬁ H%%Lé!&eaﬂe khe

ower tenperature an e secon
tentpengrercand e seicbid, hexher ahip;crdml&e sl fbetahbasteakqwszﬂ@ proferably at

th fi enqer at is s ient .to e the
leapy b@&aﬁ%@ﬁ% wﬁ?ﬁaﬁptsg ﬁiﬂfg rEBeDRFR RS S fenerature and
thetsléé‘orfd' H@heﬁt‘éﬁl cIREDARI BELS hld&'@ﬂﬁﬁﬁb&i’f%()% rbr%f%%ly no more than
enbodi ment s, he di fference between the first

abaus HPRC atfithedifetnoh betsscw H, firki, irivear terepryanet andghevidepndydrigher
temﬁeraturaesig to%bs?ﬁ'I t11 1% mdy & Eecuﬁt%o }Illrn?tt the onset of the higher temperature
cure reaction or reactions. If the difference between the first, lower temperature and the
second, higher temperature is too large, the energy demands of the overall process may be

undesirably high and damage to one or both of the materials to be joined may result. In
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| east about 300C. In other enbodinents, the difference
between the first tenperature and the second, higher
wa 2per@saure will be no nore than about 500C, PCT/US2007/086950
preferably no nore than about 400C. If the difference
between the first, |ower tenperature and the second,
hi gher tenperature is too small, it may be difficult
some cmppdimeptsethg yeeond ghigh¢rdempeyriare wehbregrsttgr Bag gpaut 115°C,
[ (R =) j I NeT c e
iRy b AR PRPC, 1h olitP bbd e T et Hlahe
tentpengrercatilirte nosgreaer thar giaut 1 5i° Ce pexferybigtewanescrahart deut 140°C.

verall process e.undesi rably high and danage .to
04" ornsBie pﬁ?fe%fﬁgfﬁg?démﬁgﬁssﬁl? gnﬁléhf%i% EYCrRSFIPRISHiE 2
relé&ﬂ%ﬁ’%o@%bﬁ%%% ﬁr§tQQn€e?§t%@conma%@tﬁ thEBR&IM MeGetion that

e greater than abo 15C, preferably dgreater
mitidjninatseses tH30Osity nf i mexin. e Mbodiate lyss|owdrdirsgic o oithis

hi gher tenperature w.l]. be.no greater than.about :
el ol PG SIS EoAG 1 riedeart AR TAH0G SLREOE Bytbesgyions so
that fhe ARG IR @Bk Rdn 8B JIB Bh tack{t BlnkdshAhmEdIB VB ftcf iHifal

mechanismis a relativel %/ slow reaction at the first
heatingpe e dirsirtempaatyes. dut which eesnos faldy enye netdlct latsn timgaat a second,
nigh ety o SRR B B8 44 SERF e ho®sghor i Bt Bron Sl et
befoan@urgRrietobpletel 36 86e gmBYEiRientshdB-Rgged @nipdisitiodtpéeferably is

both reactions sqg that the adhesive conposition js )
tacky shqupbdo Aald thasubptraiepd pdhcieridn Rlaes Juryig B themma) gire without

i fi , re, t i€

B
at 4 enped,ighce fenglckawiengkes iatieadtabodtitel salbstprafembind least about

0230051 clreoheh RS e QGG ReRp More than about 0.73
ho®RAP@RIstdoRA, REREGEAP N uES ptf@&lawyg{a)qﬁ&% théh aﬁ%lﬁfjl 5 'Fll%urs, to

&
substrate and adherent in place’during the therma
compicts, wlilewingtade@atd tirme git&mowml aating toermbreghatrthémgs adequate

cotfgdontrecR et sn T ek Mite. rag T ipEDe R pofte
emBOdihentsP IRk e il Yhethal RBSEMBYRUbWE: 2ol Ulghet RnfPeR@ires may be
enbodi nents, the final thermal cure requires no nore
acqentghlegliguen desm8blsour s at the second, hi gher
t , . . )
TP A o R B PG TR0 i

thel@dirh §ipatticl@nis Wse tHahalic 4vadaiele icfoadRbcesnligatttRetpoxy resin. In
bet ween the adhesive conmposition, the substrate, and

thospgmBerhgicais 1t 19 Rreisehie BbBaTHHMRISPORY APUPS 19 4t groups be at least
10{121?”%%refe&’a{bﬁfy b URS 284 Lgb tﬁa‘?&f%ﬂlg\/&g '1&5{350: I._[fthe available acid

eratures nmay be accepta I'e or n daesira
furfc@02Bity [srtos biph, thetvexiin pEsting maty lvercaoedamrelpcifdt @y kv, dee resin

functionali .associated with the pol.yner particles js, .
may ot aghicys spHleich) Xseapen disoRytaeh i -%ﬁ%qstl P}nglﬂier the desired

apltﬂ%ﬁan ESsiitbns! T RS EmBEhRLh@ERAL §¢idifﬁ%dti%nﬂft§frﬁdga&l I{i"ovided as

hat the ratio of epoxy groups to acid groups be a
thel agakanhydridg. Imshescprbod madaitsy that anhgdisde @6uns shanld prositle

eqlﬁ{fglgr%ra%lq groglgs ilnea%ﬁ}ox?ncl)aitgly tlllef rat[igse in%\llc%l[eld%%loge. acid
[0026] In some embodiments, it is believed that simple swelling of the polymeric
particles by the epoxy resin at mildly elevated temperatures contributes to the viscosity

increase normally attained by chemical B-staging of the resin and may be sufficient to
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functionality is too high, the resin system my cure

prematurely. If it is too low, the resin may not
wa@elsewsssuf fi ci ent viscosity in the B-stage tRCT/US2007/086950

m ni m ze slunping under the desired application

conditions. In sonme enbodi nents, the acid

functionality nmay be provided as the acid anhydri de.
replgeecheraicabionginre e iseasey dvkspdingdecgppisps [s polp@ments where

o FR ML A, AU BTN e

pantlsleb atd thveght tdid rd;at@‘r:bﬂo&hs d@rbe m[gnxﬁf:h bhmigpadtginisativeen the
ticl b t | dl

SO P ) Iel(’:aéglf}?t@g éfgﬁp? 18 notﬂi?F‘é CrQnP@E%%ﬂtst Qrfe%?l%‘?rg’é%aélon asa

fuﬂ&ﬂBﬁrBf { ggﬁattlﬁ"e neds e &Hﬁéﬁlﬁl@hts %éﬁﬁﬁgé er%f 2 1B tF&Sitidn

sufficient toreplace chem cal ction as
termmeatuuesn dsa Itayga ofcthe Bsitagy hretiastcs may ba destbiobh Merome

re s desi.rabl e or at.e
emfiafiGaBofie sHBRr vRESH heES 0% RTalart e pRGcliS it the
B-{thuhting é’ce]? fhaky Dle @t @ekritRant thE rASF GScRfty MRk &de Blie to chemical
m smat ch between the solubility paranmeter of the
reagen atdh@sar@m@nmh@uﬁt: hés iz theeseeftthe afid funstipogl partpldsoswellable
palff‘ %le 1 enbgt oggnoés%n% ehta% g ﬁgﬁet sh%ﬁ’ rﬁ_p d' rﬁ tﬁel:ssrb] swﬁléable
embadilg@nfsf adifh@r Bﬂ@/ﬁﬁ@@ ghRps hard ot 6P pf&é’nt bﬁsv@&ﬁﬁg’ #@bheis shifficient
sone enbodj nents, the rate of viscosity increase due
to {greatgeYipGoRKy &t 2 nisduliaveli b etherpmbhadiment apogbigggion of reactive
sity
fu&ﬁ@ﬁdl gﬁg ﬂtf%é( éﬁ@ren Q%cg ﬁa‘effg%ﬁahﬁﬁuééaewfe@n%srg%ﬂé e’

I ncre se t1on

Actexpeigtforrthe phposas dftids egrdeatidn, ttll&eteﬁn i“B-dtapgeatacvioal or simply
«phartjcl swel . abl e part honD enous _or
BREECh G Sidss Yore GHB FRRD MBIROIEY TR e HEEe SRRIFaBIcs below the

finSNERPcARREure A8 St erﬁ%&fﬁ%h‘t@ esugﬁ QHQ&SI?%&&GE&Q& ub¥$h brief heating
present if swelling alone is sufficient to increase

arosubgasialy itrovasibisef ul 1 evel . In other embodiments, a

i nat i t ti |
BT Ao pEfRgle § Fr 0o r FHREBR b sk Bissgoxy eroups
of A GeNIEl bitBIhk acldQrodf3®nRHE RASRE 0P thelpattsclanmkiop @Ivvbﬂ’ﬂﬂg of iR
term"B-stage reaction" or sinply "B-stage" inclu
pasjickss eausey therpdhesaeecomiiositian te §16Fase Movisdesaiay. i Hle @erease in
w&%@h%l%ﬁu&% %’YhE Q&hes d%% %8{1&1 Ee%{EE’r?sre%Ee Suy Mhﬁﬂﬂ@
e I'ment's, suc VI SCO creases upon

prdde@tringd priftcd lpbs&ranﬁlhﬁlhﬁzyng glnmpﬁlrgShtﬁome e{rﬂ&ﬂ‘ﬁheﬂﬁmme viscosity
_initial heating to a first tenperature, a reaction
InchRRs RGN h%@n%mﬁrsgrm@rste@per@%e IS IG3staTg g of @pegnitude, and

pre%%f%’lﬁsdt fé'asttt% o%&grg Qpﬁag{l?%ig,e[g l‘tﬂ!lﬁﬁll tfid Vi%@&js/l rat ﬁl‘@%ﬁ)hh%on

e particles cause esl ve composition
tenpecate@s dt isalsoipscfosed in. somtveembudireasethantheiviscosiyt i mcrease be self-
shoul d b such t hat hge adhesi ve co ounﬁ
lingagtithes ISy (SRRRCFA Yo HE2P S8t BY St e pitit ¢ b B gy fure does

notBrBitY #bRAscSthd IREAGy off theSQMR 8RR @b{/@ﬂlttﬁ@ Btﬁé‘ge thus showing a
VISCOSIty I ncrease upon heatlng toa first

plateamrpe p gtal o€ vissosally Visetane atthe fipyt d@npanaturfa\glrmph wdrepreahzdl one order

of magnitude below the viscosity attained when the second, higher temperature cure is

activated. Without being bound by theory, it is believed that the limited amount of

available acid and/or anhydride functionality and/or the limited swellable volume provided
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preferably at |east two orders of magnitude, higher
than the viscosity at the application tenperature. It
WO 20080m08pr ef erred in some enbodi ments that thBCT/US2007/086950
viscosity increase be selflimting at the first
tenperature. That is, continued heating at the | ower
tenperature does not greatly increase the viscosity of
by theepleahpofi nart&%esagwﬁ@is ihp éeléhgtﬂa@w@mgy HHEHISHat mtemperature
Vi alrsthe first
deRQnggF&%E ﬁ‘i%?%%?égﬁﬁﬁﬂfﬁﬁgW%?ﬂ%ﬁ of magni t ude
[00@8 ow Inhac %n&odmnetny, thd dcicied cmhpdsslmdtmmmdemajthumt@bmﬁller to
E ure cure i.s aét vat ed. thoué bei ng bou q¥
PretVﬁ%t& gadhepive sopapsitno m@ﬁ% YR RGPS AeGTRINGY application
fod?%ﬁ"ﬂtlb%mr@ R Wé)%ﬁ‘l@%ﬁ’ Ea@ﬂ@ﬁ c&&dg‘é@ ahd ﬁﬁﬁl gpaﬁ&d t 'Yheaiﬂfﬂa@ 5 lication
t limted I'1abl e vol unme provi d y the plural
foatppring amayi ted Ieﬁerlp@d(w pelededahm &oaiefaskannhly operaossc ds Bome

t b th t. whi
el AP R o Serr Dyt S kel b Vb gSahapg which
it KBS MRy d8kited, ARoRLHIAE MY BsSAPRGPettion. | ACEAGTc 6f a

thlxotroplc filler to prevent the adhesive conposition
thlmtmnlesagmbm@ﬂb@;l@rﬁdlhm@ W@@étt@nmf ﬂmramnt inyemtiagns a silicone-

tre?tgg g]{? rl %Bclpa?sggﬁggstff p of?orﬁ ?SFl ?‘%Jatggrglp%argy NJ). In

a P IO
ond &nb&ﬁﬁfeﬁte chetvocigist @r&ﬁtﬁ@b of ﬂlGSh)ﬂSIBtr@ﬁS epdit yn tpedRdsivans.
In sone. enbodlne ts, it is desirable that such a deca

corg iRk jah|cpst ab@eta% %rlﬁ@r%fp@ély8?déea§h%>@ét Wi dhangthepas
| I 0
en B3 4 o500t o Y HADOHE 480, ASEEN gy ot 15
prdféreblgdioessre ehanaibposi@®on of the present invention is a
silica, such as AEROSI ava

[0@195; © egé@gta%l;%tloleq;grrg%blbea@ﬁ;na )to 1nph1d8ﬁé)athwayl fJor gectrlcal

cofiRAsh PBRken tHREINGEA N dREY &BSEA88 1 RbmE REBLRINGLY, &R @nductive
agent in the adhesive conposition is at |east about

partivdes arecenpley el fabthgirdherimab sendabiovity. 3%soina canbotiments, conductive

. odi nent , e wei percent a of the thi.xotropic .
per B ey D rpsed Bt THE RO F Sl S0P Rt Mn X D Bigrore. in
sorh& ambaditehts L du BRI dTeY ars BrERda&PRtd S8 bMPSsitibt batBE printing.

be desirable to include a pathway for electrica

In ersreiokadimpntpdthieeandpeiey cagredesire predentHbes thssydghtecraentage of
the c%qﬁ gg%gﬂﬁ?egtv&lthlﬁ P\% adfl q\lfjecéol fh%ht % gt lgefst %Oqlt 1%, preferably at

therr erna con

leaEﬂ'db@dﬂ BN ancdiGutlodieendahé iw@igﬁs pd?f&@’nt@% deEdcdrﬂuctlve particles
provi de both el ectrical and thermal conducti vit

in ﬂﬂﬁ aflgshicecompRsisighaT BIppYH FBAt GoretBayrhout %%%paﬁefqr%hlé §o more
thafl'a %oﬁlnlb eﬁxa{n%lgs §%ﬁ88&%3aahic?é§ Mﬁ&?ﬁﬁg BE iy Sd 1ﬂghe ddhesive

one e di ment e conductive partitles ar
coppestent include sul‘tdn{eovmre@ gtasspmmdm agb agfAgl giessdénﬂmmirmalas by

| es hg |ve conposition is at |east

Po ﬁéi‘f‘ff@ esyiceﬁ ir‘ll(la%(l )Pr%? ast about 5% In anot her
[0036Podi PRNMondb B8 R HANM; RE! £EPHRESMATontEnRBRIUGHIN ive

pairticles in the adhesive conposition,” if present, is
pantigtes saheastdaehonglogides20 ety peftetetsif yilvey, eapper, nickel, gold, tin, zing,
platinum, palladium, iron, tungsten, molybdenum, solder or the like. In some
embodiments, it is possible to use non-conductive particles of a polymer such as
polyethylene, polystyrene, phenol resin, epoxide resin, acryl resin or benzoguanamine

resin, or glass beads, silica, graphite or a ceramic, whose surfaces have been covered, at
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t han about 10% Exanples of conductive particles which
may be used in the adhesive conposition include

w@a 2008076680 Ver ed gl ass particles such as Ag/ gl aBGST/4S2007/086950
m croneters by Potters Industries Inc. (Valley Forge,
PA). [0030] The conductive particles used may be
comonl y enpl oyed conductive particles such as carbon

leaptrartiadlvewithra cepeuativp &pating of ¢ ragtalqrithelike eiopiieh contain dispersed

witlhFHeh coffhdvekiflordl N, Pl ati num pal | adium iron,
tungsten, ﬁ enum sol der or the like. In some

UXBﬁ@OdVﬁﬁnﬂaxnuﬂbkﬁnmﬂmSBbm@cksaﬁ&ﬁ@ﬂdﬂeﬂﬁﬂdﬂﬁﬁyuﬁﬂmpes

articles of a uch p e | ene,
<Sp§6m%te}1.1@ﬁ@al ﬁﬁ@w%f af faksr. %%i%« “3@%5? el agglpmpils, frystal.
ac19ﬁla\ge’T¥1@ %Hﬁf&%@;ﬁhév%sa' sn1 os I g%% sﬁiﬁ@&'%rfa%b | 'Tﬁé‘shape of the

graphite or Ceram c, rfaces have been
electmeldse cbndatthm’thiasrns inaf particudatshlimited n@umblmeomazftpartg:le
a.metal ,or the |i ich co a|n

Sh%ef ﬁ?zﬁs’taﬂg AR EBR IR %“%?ﬂﬂ%ﬂ\%’?pof 8% 9 ilerﬁﬂé’emon In some

emBb&iedchtsC e c¥n GRAGH phittiéRs PRy tHaGE 88 a@err@gead{&hét@pér%aﬂeﬂthan about 4
varleté of shapes gherlcal el I'i psoi dal

migrphi prelicrabdy grepicnthes abeutd@imaicranhils keher cpbadisicats, the conductive

pal%ggl gﬁtrl‘%%g an %\é%ﬁc'%t) ?Al%%?t% ﬁou Iaea%elé Ehgn%]f&ﬁlﬁrﬁ)lrﬁlc?o n’Blyetfeﬁgbly no

greetee @Halhl 16ahicyorC Amgh e kéweeal particl Cllypss dndl coaibindiohd tigkedl ity be
limted. Conbinations of particle shapes, sizes

and
selpgipdibrssd opie 1 uss applicatioh eFactp saghras snialbray pad the hardness of
|
the SR 0% ach e ROy BENOCTERL S PATCEORLELIYS foragiven
apgllvation.4 micron, preferably greater than about 10
n er. enbodi nents, the _conductive particles
[OOE% a‘%é‘“‘gtﬁ’da‘{}&d%ré‘%"r frdp e hesRnE  ghelpet i gpmpgnent is
als%?d’x@dibd Whigh ﬁfcﬁﬁlley pfb@l(ﬁﬁ§§ﬁ %heﬁﬁ@ BorhBodfiG] Qftnprfitys Af Spoxy
several particle types and conbi nations thereof may be
rmmemeUSGGmb&swdlmphﬂﬁEyeﬁpduserpmptksamﬁwddyﬁamngagd

such .as taII r rdn the substrate
furg el of B ot BB Lt L BRI td vpl EpE et e Taprmaly
actiwRRIScutObatdy gl Mﬁirhnadﬁﬁky eakia@bnt o @R 3gdxy rui®tNBYstOproviding a
adhering a substrate to an adherent in an electrica

subsgrisoprenidingaaadherpreppyens thhpdhesivacpupestiph eniodhngbaate,
suc%da!g%grl p‘ﬁ%nﬁg,ﬁﬁﬁﬁhfr 'h8£{ %?[HP Eékf'es{%ﬁ cé‘l%Pgﬁ%%’ to q‘%ﬁ Ve b fHerdaSe in

cura

visposfyeagdying Iﬂ&vadmgreacuodhé wgamln@ a&hestv)e o@fnpbhnaoﬁ wrnﬁauewﬁfg the
the particle, a thernmally activated cure

en
CPRNYSEHAIY (hegmelivatreat chigherdampsrpare sofhat tha S\%ﬁ&fw it afhered to the
adlgeg L I@gorﬁéqetﬁf?&&i cfrtdl tfe ’Basgﬁée Satdhes‘?\;eolg 'aﬁb&)gd ﬂ) cool before applying

ubstrat e; prOV| I'ng an rent; applying t
theadheshite thorgpasng ladimsryletcompbatlsm bebile art ethelsamlbndamelhiy the heating

B DL ST 05, e o o
em%gﬁiﬁ{eﬁﬁtm tvx%lélﬂﬁe 'irﬁ&%etd'ldﬂgcc%liﬂﬂg%{e}ﬁs 6RRASH hhOFeendBhd that the
dlfferen(ilva\ldl pa%es of a faster, lower temperature B-stage cure process and a slower, final
high temperature cure process may be selected such that a significant window exists
during which the assembly operations may be carried out. If conductive particles are
present, an electrical and/or thermal connection between the substrate and the adherent is

established after initial heating of the adhesive composition and applying the adherent to
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epoxy resin to thermally cure at a higher tenperature
so that the substrate is adhered to the adherent. In
wa s/ 0EsRodi nents, the B-staged adhesive is al POIES20DT086950
cool before applying the adherent to the resulting
adhesi ve conposition while in other enbodinents the
heating process i s paused or even continued throughout
theradacsheneqrpsiione 9 adhﬂ@@dﬁ@p&hﬁ oEssadeainsrthopukskatchproviding
een
¢ C*) fg%lﬁgo?ﬁétﬁ%gﬁe%g 4‘) er e e&d §1rag[?%e§5r{§@ctwet st @?sb | ower
[038rperBiculectBn&t Agenldyioé tlﬁl‘me‘&ﬁﬁ'&n&ﬁﬂmﬂ cah bweerade biyaay known

el ucF b g e RN G L0 o R BB
2065621h IS’Y AB]Y 3L PABT 50 4R P%?élfsbﬁgt EQUHOV&JefvelC %%%g)io‘sﬁ%on of

particies are present, an electri cal ‘
theqwessetiny artidnatande mrlnt@d Busbgtd &t prewend utlti\@lraulh shummting, g0 provide

ta hed afte al . heat of t adh
sulfEIABERieET iR Sabi ML ERE AL St SSE AL gt s
[003@POSFihalBN optitifal ﬁ@i’&ﬁ&ﬂi such ak aRiftiantd hRISI8skcagahtt Mow
t he substrate rOV|d|ng a conductive path between

ad@bvmadtepl@@ymmﬁs 1g7p.cand hdheseandpremiotess pay OF eddes, to lpo@Bposition in
S f . the. . pr nventlon can
thebrag Je a%Butqpbfwékl r{z %T% Xtt ﬁwt /h of tﬁ ggr%p(%% Net hod
[00Bis$Cl @ﬁﬁapﬁmcuﬁmﬂﬁﬁé QARRIBES fﬁé\/lﬁﬂ’eﬁhﬁoﬁis iilthe 44Scmbly and
2005/ 0270757, and U.S. Patent 6,940,408 Ferguson et
projgctiopgfsgaicondusior dgHises i injcgratest Cifavds preasgmstlaradonithip packages
to @%[Ecpﬁle Qﬁé éﬁdegectg’c ﬁtﬁ&%g?ﬁegtl&{se[}{%{o f%}g‘ﬁ“?é &R.?h@ envué)nrnent.
l"'unping, to provi e sufticient green strength, and to
Oncetahod @ packedgny ardintdgrgedcisuitspgoally itdhelcrtic moucases of bonding

thesﬁﬁ? anJcP f‘?(')rlléﬂro? @?%Qfagaémagﬁwtecgh 215%95 u@fgwaﬁmckage is often

refEt'?&P’Joodglé R kh@&dSackd. adhe N R IMBEEIShER4d k1’1‘?1me the bond
added to the conposition in the range of about 0.0

padpancthadmuare &ingtbotlat tottheinponteads drilead. ﬁt[gaﬁ,’aﬁ]thﬂeed frarne and the
i | he adhesi ve .of 't he |nven n is.
aic BBk ERY. S Sondy Ber g AraspSudig cb Mt pon g ratial "rhe Brocess
of bordesl b Qe ©ithEpdddfe G¥tRe RAE FRKI i@ typitall tabddmNRBERBESlacing the
to protect the die and electrical interconnections

diercige alayer olghe etiechgatetial esush wb.rfoneremple, @n adhgstveod thy invention,

thaP REHIh Deevidls b{}&lg&ﬁ%ﬁlf%th% a&cﬁ{e tTl%ecﬁg g%}c'l%dt&ﬂl g&gﬁoe R&malty

processes

condratvd toaﬁaeb@@bwmfdvcgwhaztnce rheafdlemhoﬂ, anaei@gc& rh&y not be
often referred to as a mcro | eaded package. After the
clegirigall s coigleEYe-t o the | ead frame, the bond pads on the

[O(%féj3 arg s¥h seag%Pp?&ﬁggs tﬂ% Jcﬁgsﬂl@%?dnsﬁgo?lsrrﬁg %és %‘i’leg (g%n orary

t he | die
substraehaamg aclegegesdladh@ad cirnlease oeaxaams,l]jea%magm ey exglosurhea first

rocess of bonding.the die t add e, of the |ead
torq B ERRETAP 1y TS OUBAENG @ﬁﬂ@dow papal%@ o] @hbirae o be
joifRdH Qn@héa%@tﬁ Ok ol hht ACpIRhEE tRomAsE th@Sure Bpfhe adhesive
exanpl e, an adhesive of the invention, that has been

COm@evWQUSIy pl aced onto the paddl e. The die attach
[O(ﬁ% ert I?llsoglae %dltnrl]eenccsn%llel Ahesive composition may further comprise
conductive particles. The conductive particles, if present, may be electrically conductive,

thermally conductive or both electrically and thermally conductive. The conductive
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conductive to thereby enabl e and/ or enhance heat
di ssi pation, and may or may not be electrically
wa@andooisseve. [ 0036] I n sone applications, the BCHESI00E086950
conposition may be applied to a tenporary substrate
havi ng a degree of adhesive rel ease character, be
B-staged by exposure to a first tenperature,
parficles SfayrcPEyprisea Mixfuresel C@Gé@thmdeffftr@nta@rt}Cé%d@amgah%?%td
o Osqtlog%cond substrate to be joined, and heated to a
second, hi gher tenperature to con‘pl ete the cure of the
[088hesi Msomo rphein s, tl{e()a(dlﬁégwd corssicdrdoagirisesy plurdlineof
adhesi ve. f0$ﬁ05|t|on ma, éﬁfr conpr se c nduc ive
PolYgIHiF PREISIeS PRENG BRI L f1 é‘nE}é T ecfP’é%tlonF‘ ity g @ﬁ?ur 4tgy Insome

em@@dlﬁ{eﬁ%t fHe GRld df a@ﬁnﬁﬂ9&ﬂd’eeﬁun&t%r n%,l dthé Qﬁ}@éé%to'f‘ﬂ?e lymeric

el'ectrically and’ thernal ducti ve.
pam:lohsl potvildes few ¢ri a(cide@umwi/emtﬂrpm tls@paxquanmlelt@prowded by the

conducti ve. dlfferent rti s havj fere
oGBS {Sie Th S BroPdnte R T g al A Pob e Mamislsive o
mcaR FR@iSIctdifNcte PR b&ES0at Ol Whidtontand aboRAlOYHBICIoRs. In some
TI]gartl cles having acid or acid anhydride functionality

pdifrteatsy the mhfrahfe@f pplymesiesagieisdiape sudaceticlagiag bgswollen by
expaosPtde 8 nllgey d]prolxd esn} thf'irgP olwldstrXerg%ergtuFe 30121% S‘elrn%oﬁlm %ts the

poltyh&ﬁc tpbﬂlc&@cmy ey lamaloe atig aphydﬂdéemn&wnhlln@ ofnuh@bmface in
g Kaet;esm I'n some enbodi nents, the plurality of
addjbiow ipehqing pgllaple upen EROSHTGIRARC gRENY Tt alch BFrbtcgiperature. In

furﬁl%'f WhaGh ﬁ%ﬁfﬁt th gﬁur%tg ?Eu&ﬂ%n%?gﬂ clék 81[1189 artibfds Favmg

sone e r| c partic
acil@s acid suhfdcie fmﬂmtmhahrtyy)nbleelsmfalcmﬂal;paenxcpmw\reélable upbe
epoxy resin at a first, lower tenmperature. In some

CXRATBISHP ARHEROXY FHE M6t KA CIMEC341 i cl es may have acid or

[OO@@H d aphydkicAofitgtd, Qf[badu'rltng a@fhtloireler adﬁé’sﬁfl@&ﬁnﬁﬁltlon is selected
addi tion to being swel [ abl e“upon exposure to the epoxy

fromesiidhardtydadés, peiinet @nme)uads,l red phanofiacompounsiyb bufoment s,

he plurality of pol i t i ncl »

ermp et Berafrage BT ahe SREVE R BRI P RGeS fam iggjdezoles.

imiBz3106ilfs, i de@ﬁﬁﬁvé@ﬁﬂer@@ﬂ torGdre amsn| At} Rt ammonium salts.
osure to the epoxy resin at a first tenperature.

[00[4@839] Injsame grrbodinpids, Hierrdbesivheoraprisch g thegaak reagtionpsoduct of
theaa%ﬂgﬁ{fev Sont J{Rga If&‘n?%i %ﬁhe%?kg GleS a(éihggls)&&%ﬂq%lt%%qg gi{ fegﬁs’;i "first
am ne Cco unds, an enol rc comnpoundas. n sone

tengpadicren figthet bRbedinicnd, thatadhdssie ingobitioadbmpiiviag the thermal
corrp05| tion is selected fromim dazol es, imdazole
reagten Rrodugidlgeompaists8 tlmvreé)@fﬂcktSe AR FRIA crphpdigsntsgthg thermal

rea?ﬁ@ﬁ gﬂgﬂﬂéﬁfo ﬁé@clﬁ Hesdd (%Hmﬂdgltﬁ)ﬂqg amg%ﬁﬁ%% 18

esive Cco rlse erna reacti on produ
cajtabke cfdheldrviecraampastidn um)nﬂreamr@tobhe meand hgelteh @mperature. In
sonf;}gI Qe%oc\{lrenegt% esnlngelnggn El%v? es lar(le %ssstern%ly n Wthh a first and a second
substrate are joined by an adhesive composition comprising a thermal reaction product
formed by heating the adhesive composition to a first temperature. In further
embodiments, the adhesive composition which has been heated to a first temperature and
used to join two substrates is heated to a second, higher temperature to further advance the
cure of the adhesive composition. In some embodiments, the adhesive composition is

allowed to cool after exposure to a first temperature before heating to a second, higher
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tenperature. In further enbodi nents, the adhesive

conposition conprising the thermal reaction product
W@b®8/0Dwspri ses conductive particles. I n some PCT/US2007/086950

enbodi nents, the thermal reaction product fornmed by

heati ng the adhesive conposition to a first

tenperature is capable of further thermal reaction

teneiuIgda complofthe eres dagiiker cbgEncntse Heerdhetiy ecomppsition is
. i i .
o fiRp STRASLIRALG hehilPid THRTIO0E PROVLEE 190 ATRE I irature for
a tiare saffiidsitve icosapotictvisgnsigonfthe sompositidnntaromgh arreativh botween
prodquct forned by heating the adhesiv oprposi tion to
thee S EP o PRt a&%&_hs PIyrality of pridor éﬁ%&aﬁ}%ﬁ{%}ﬂfjﬁ%ﬁwﬂonal
grdt%gg &by ﬁw&ﬁﬂ@%'ﬂo‘lﬁlﬁeﬁ’%ﬂaﬁ‘tﬁbl%ﬁ tf?@gﬁ &%@Bﬁgletcﬁra%%é‘e %Jt'ogg resin,

nperature and used to join two bstrates 1s
applping theatbadhdhhicghersubstrpe rad hegingohd aystinbly tadwsarsd, higber

cure of the adhesi,ve conposition. |In, some enbodj nent.s,. .
tongEtuh ol B DT o ARG Gk ERt SONEHE® SF €l Fomic bircuits
anEHRAFHESy L @néhidd dobHudtREPaFRIAI RhB8INOhE afiRsive REctrkaBy

second, highertenperature to conplete the cure. In

intgyepraiecisribvoeir witat 1 sankecrakiiteimpnis, tho APBERICIIDH COBPeSPl Pledl

t first sugstrate, heated to a first, |ower
Ser{l{éﬂ%%urcarlgﬁcelfag eld at that tenperature for a tine

[0 f i Clin8Binctetbodii@®s ehelifGenitios ASIHY ahcthbé of preparing an
conposition through a reaction between the curable
adhgsyRyoppesiHon Y ofgeEopic @pMbly cCORPATRg CIpbigmE curable epoxy
) o ) i i ‘
resfT XIS 0L AR Fic bR csHAPing 38 RMB o lor B ITARY of R oPSeid
anlgfaloy furesiongl ga@pls pinng stiffeccbhe suréecth evhécit svoalls sSmbstpreseace of the
apnd heating the assenbgplr% to a second, d?i ?her
curaRIGFEPRY TP UPOR RAGHRS Kb B Hrocsatuichind gt feast apgpfadhermylly
actBHRSI A SnfloR cBlaB i8Ry Fesfils/of Hithdmany althatAARNESEM Sy st for
contai ns ctonductive particles, wherein the adhesive
cublecpriycaising whithebacomagadttetahe sehond higlser témpesatme. In some

nbodi nent s he substrate is a conponent. of a .

furg G BRIt 5r (M AERgG. o wuaLpn S S G hBE A gty
partiod€ Nt SRedraddddasntd thehdiReivetoRp&Ras Mdy 88 pAPRREIY&ombining

conposition for electronic assenbly conmprising
thedpgrsilisnisgnd heatingtp @ fupidgmperasirqsutbcignt ip angrease gfe viscosity of the

TR j rti ' a .of I gt ,

co B Rt R S G et S S S0 a g Rl o acie
or &1 hatoRlridosuacs Huh@vaaMirb el GWwelshelling thdipolpmesiepaeicRE in the

the curabl e epoxy resin, upon heating to a first, K .
proseies Ot s ruEblasrpxytreyinali fugher erbosdimensp.the pomprsitiapds fepted to

a sC&Yng, lﬁgfgégtt% h Lra@i B R ERAKYHE %&E Ssiftn.@ thermally

activa e catalyst for curable epoxy resins which
[0(48¢ ome@bjactt andaditantagseefchd intenghe arct fertharidbsraged Gynthe following

sone .further epbaodi nents, the adhesive conposition. na
oGO BTGP Ts5e PUEE BEAORE PEr AaAta cnaust AIFTGR ested T hese
ex 0dia TRRf19s ofRE cARINESHS YR AN Sho 18 RoMBY c RS EBRMEELy limit
by conbi ning the ingredients and heating to a first

this exvpetfat ure sufficient to increase the viscosity of
t he

Examples
[0043] Example 1

[0044] An adhesive composition (in parts by weight) was prepared by mixing 27.5
parts EPON 828 (Resolution Performance Products LLC, Houston, TX); 27.5 parts EPON
-15-



conmposition through a reaction between the curable
epoxy resin and the plurality of acid or acid
wa@nligdrdesie surface functional groups or by swebdT/H§0DTIE86950
pol yneric particles in the presence of the curable
epoxy resin. In further enbodinents the conposition
is heated to a second her tenperature to further

862 (fresotuien Perpaaance Bﬁodup@ 47); &by detts Heloy 19dBariagSpednlty
t
Chb i, S HARRART R HER Bthcid dpI%) Al habibe b0 purificd by the
metfriderf il 20024002 27090 it ashlghl eh@ommacﬂ)ﬂ @t mmutehxeﬁle 23.0 parts
wel | as aqt her condltlons

ex | es,
Corgﬁgglﬁ) patfiskes E@ VipgA S 4rasy lipkefacylis I?HD@ eriffl @ 3Rl ot acia
I Qﬁﬁl
fuﬂcmhga{slltp\b/ c%%%@gl&t la{tQ yélEet% ?@3}&\?&%@&?& 6‘%&@3 p0 P ecpoarTeOkyo
JP under thie trigd@designption E 3 53(11\17 B26 RdRes GDUA carborPelatlo(Cramubian

Crmialy Mg Tor s B Ropg dRReoiTacdh foguge Corp.

Pls’éﬁhﬁéy,]l‘@]_b' dridex3 pavtsSPegdndkihyl-Ehail-aahsthylimfdazolEQbItEIARd as Curez

each of these epoxy resins having been purified

2E5§22i 6 friem Sbikolss Imsz@oqaa@,mmelqsnca hw@mregw@ag adhogiie was
steHcJ Pr%ltgd 1ncag !?‘ ‘iéneowé mm S%rlqo ‘?a[%‘lé(‘ Gc'%tg ?Jul%éﬁll?r% B&S‘ { tfo%rn aﬁheswe

de@ﬂwl Thecsﬁrn@cds Gvdré/Bedtdgea dly phalinget bhd)trm&tb aad yhplsig the adhesive to
opol yner_obt ai ned from Ni ppon Zeon Tokyo, JP,

2 (AR RE $0r G hedngnalioresyng B-stage q@h?fﬂ%e waversd foadhere
e ST S
shg:[’it $)mtmmyachﬁ&/)e goadl evetting. Pretssmple was then placed in an oven at 125°C

anoet zol e (.obtgi ned as
for i SV AN R E OISR RO HACIAgHAN Hlggp mages.
[00ABgel @om@atw—ghﬁalhﬁﬁyﬁl ng adhesi ve was stencil

printed nMmx 6 mmgrid pattern onto al um num
[O(bIéﬂweI sAn @luhomtm pdingd blewrmgiaruad:ctdec?m@rqamﬂ asglepmrbed in Example 1

B- st aged, b aC|n | .at.e and expqsing th
w39 gangty o BBE i St P oBusB P o s i not be
usddastihdult DA Bireb1¢ defoRsRSthY EosBgecHiS Efhet @ WiLcr&tPat 125°C for

al um num panels to glass slides which were placed on

ong heurdel persitheadhssive é&b%fgrew GampargtyyistExgpwiesfreahibged high flow and
oGS BARB L Bk TR GBS LERPL ARSI B o

the&dh@Sllty/EefdﬁCtﬁé sdmivetcaulﬂ&dsﬁ@@r p i mages. [0045]
rrpar ative Exanple A [0046] al um num panel bearjn

[0Q4¢/il nt thdxamgl %@%P%émffe@%aﬂlﬂi%é ﬁhﬁwest ARy &90d aﬁU&%ﬂlon after
I ty

thef‘ﬁ gldcrugés)' [ ﬁ%gégscgﬂgie&g 3’8 !Iﬁécih not \%&eﬁ Eﬂs%e é&h{nﬁﬁo& pt &%;&%ple bor

Coumpdesive &shyptef edthbntghredkeng thsighasslecal . The sanpl e was

[004%5 atlrio]{%%lcodfif%ations and alterations of this invention will become apparent to

those skilled in the art without departing from the scope and principles of this invention,
and it should be understood that this invention is not to be unduly limited to the illustrative
embodiments set forth hereinabove. All publications and patents are herein incorporated
by reference to the same extent as if each individual publication or patent was specifically

and individually indicated to be incorporated by reference.
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one hour to cure the adhesive as before. Conparative
Exanpl e A exhi bited high fl ow and undesirable

waledosonmsd on of the decal due to the wei ght ofP@TES2007/086950

gl ass slide and | owering of the viscosity before the
adhesi ve coul d B-stage. [0047] Both Exanple 1 and
Conpar ati ve Exanple A showed very good adhesion after

Claimsr el cure. The glass coul d not be rempved fromthe

[\

o

.l;

W

al um num panel of Exanpl e 1 or Conparative Exanple A

Wit reakln 00 Van
' rTDdIIA%I ca Si“éencs0 ap%é tfgl?g (?[Boﬁléc o g%?] Com%\%lélr?tgl on wil|l

becamaa;u?bgmest@ those skilled in the art w thout
departing om the scope and principles of this

i nvamuralify chnalynerig Iﬁ’éﬂﬂ%?%é“@ﬁ@él%@t@@ﬁ ofhat this

inventio

1) st r a Py 2o s 4B B Yorlde Tl iinbLrbilR on it gupface. or

publ i cat aeafacnchiplaswe¢lissn aliceprhemet of tha cmabbr@beyj rd3in at or

r ef etr)ence to the sane extent as if each individual

pubPPTEL] %rﬁttﬁmpﬁgflgﬁt was specifically and

i ndi,yd Syahd ¥nd HiE ﬁ@ﬁﬁﬂl}l&tlbﬁe& @%ra%p t%@&r?&ie epoxy resins or a

reference.Clains 1. hesi ve conposition for

eI edtermmhlyt acasf@,@dt@mye aat.ﬂirxﬂt ifeyi quegblacouy abdins \elpobx pegomgispetive at
luralit partl l.es havi n 0

ot "1 sa e Bre. MRt R Shian s Rp R et R e S

gr oupspepdtuiet S surface, or a surface which swells in

the presence of the curable epoxy resin at or above a

first tenperature; and at |east one of a thermally

. act Anadbesicacan@Egdnn acorrdmgrtablagn d doxherrcegipnisingrconductive

therg&llﬁ% activated cure catal yst for curabl e epoxy

resf ich becones active at a second tenperature,
wherein the second tenperature is higher than the

fi Tl JIREREL &’IH'TBC%IUO% ac@&dﬁ‘l‘éh@%la‘i’rﬁ 1S QBRI §a'1d)15‘lurahty of polymeric
“according to claim1 furthér conprising conductive

par partickes ha®: acikhozathdsihydrido iposonadlinom desudaewpiithe particles.
claim1l, wherein said pI urality of polymeric particles

have acjd.or acid.an functional.i t on the

- sur facidhgivg FRIRSSH Rt vhichdRegiy e { ecihpickiden
of %&hﬁhﬁlt%"ﬁﬁ iR sﬁrfta&eoiatﬁé HolQfnefie ?grtﬁﬁlﬁ%%\h&j& fewer acid
functionality on the surface of the polyneric

par tqwidsntp thomitbiespokgwguivalehd peeadadahyetht sutahrepphgresin.
epoxy equival ents provided by the curabl e epoxy resin.

. F53| u?‘%l a}%ggs%sself é:/ograﬁ%% SI t Mtf\%ﬁle&l@% tﬂg glurah%s gtL Igloglrlﬁgnc particles

has a mean particle dlarneter between about 0.1 micron and about 100 microns.

An adhesive composition according to claim 1, wherein said curing agent is

selected from acid anhydrides, amine compounds, and phenolic compounds.

An adhesive composition according to claim 1, wherein said curing catalyst is
selected from imidazoles, imidazole salts, and derivatives thereof, tertiary amines,

and quaternary ammonium salts.
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has a nmean particle dianeter between about 0.1 m cron
and about 100 m crons. 6. An adhesive conposition
w@e@sntiicsg to claim 1, wherein said curing agertT/US2007/086950
sel ected from acid anhydri des, am ne conpounds, and
phenol i ¢ conpounds. 7. An adhesive conposition
according to claiml, wherein said curing catalyst is
8. sel édradhcTyorampasiipadpedectianigsenblysampsisingind
der | ' r [ ]
i e Gluor b Ao b ERel, AT Rl ¥y HRking the
el ecomponittorase idaktya fiiemenipsrange. a t hermal reaction
product of the conposition of claim11 formed by
heati ng the conposition to at least a first
9. t enpét adhpse composition ghdainy 8 wherabdictthesmabfeagtioq proguct of the
whe i . | . . r i .
comsaaPeif SAALAEL 1 FRRNL SLRRBAME R rodelEh upqn heatpe 0.
r easddood tanp@natireatvhagirt the accoad ammpdratnyeas atgheethaniterfasn
the second tenperature is higher than the first
t enFEREEYPE: 10. The adhesive conposition of claim8
further conprising conductive particles. 11. An
IO.aSS?ﬂp laéfhe%%QF{n?bﬁﬂbn 8f élhﬁﬁ‘g .fﬁltﬁ& tc{)jﬁ ﬁsing\@n‘r‘dﬁcff@é’ %articles.
conprise an electronic circuit or device; a secon
substrate, which may conprise an electronic circuit or
11 devirgeissanitdly th@pashesi ve of claim 1 adhering the first
and second substrates; optionally wherein, when the
fi r 3firgREbY s M dUBYY PbRIEsCAN S EeRICICHRIIE OBATVES t s
and Lye t Al ti arti c - he
adnas RO SEEKS wBR A o RN oot ot B g gna
An dsselitdiye efooioin Badigring thd fiist agidesdndadubstratds; ch may
conpri.se _an el ectroni ircuit or device; a second . .
subSPHARAHY WhT < mtﬁ% g sogAnd BB R IghE clicirepiirgits and
deviie;dhahét édﬁ@aiﬁsd&ﬁl%lhé’t?ve(ﬁart?dlé&', MeBapdhar él&gri&aﬁl%z ihfef@hnects
and second substrates; optionally wherein, when’the
fir dte amditsecond substrates are electronic circuits
and t he adhesi ve contains conductive particles, the
adhgsi ve electrically interconnects the circuits. 13.
12.0 tFRGY CYEBEHB#Y conprising: providing the
gﬁgﬁg‘iﬁéftggﬁs@fherﬁeﬁpﬁt%}_htidhofﬁaﬁéorﬁlgt"i"ée@nje;lec%ﬁl‘é'cﬂ‘cﬁ‘lg oPdSHkstrate
a second substrate, which may comprise an electronic circuit or device; and

the adhesive of claim 8 adhering the first and second substrates;
optionally wherein, when the first and second substrates are electronic circuits and
the adhesive contains conductive particles, the adhesive electrically interconnects

the circuits.

13. A method for assembly comprising:
providing the adhesive composition of claim 1;
providing a substrate and an adherent;
applying said adhesive composition to one of said substrate and said adherent;
heating said applied adhesive composition to a first temperature; cooling said
adhesive composition; applying the other of said substrate and said adherent to
said heated adhesive composition; and
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appl yi ng sai d adhesi ve conposition to one of said
substrate and said adherent; heating said applied

W@a98/076686 conposition to a first tenperature; RBCDUS0G7/086950

14

15

conpodE

sai d adhesi ve conposition; applying the other of said
substrate and said adherent to said heated adhesive
conposi tion; andheating said adhesi ve conposition to a
secheriingsaiderdhesivecangposifionie p seepnd rieraperparcigrivrthgr adyance the
adhesi.v 0 By rei
7o Fite KR ARORESTH Lot BTt SRR orh RPREHAS idhor than
accdredimigetpeiahme.m 13, wherein said substrate is a
conmponent of a sem conductor package. 15. A nmethod for
assenbly conprising: providing the adhesiyve

%P@ Acording &9 ehrig 13 vaharein siegd subsiissa is grcempaec Af a
adh : [yi sai d adhesive conposition to one of
sai%ﬁgﬁgg??ggéﬁg%%eSaid adherent; applying the other
of said substrate and said adherent to said heated

adhasiyod BsHesniilpoomphiginfreat i ng sai d adhesi ve

conposition to a_second tenperature to further advance

t he PEYiding theragBesismnosinesition phskimi®on, wherein the

sec e [ ' .than the first
tengggg%ﬁggggghgﬁgwﬁéggh%%%&A met hod for assenbly
conppplginggaidpxdbesivh sognpiosizioadh esd vesatbsybsisitt kodisxd adherent;
claim1; providi substrate apd,_an adherent; .
appPRRHigedhs %thsrocﬁ%é}ﬁ%v%‘gﬁmﬂm FHOHEETD oot healgdpdhesive
subgihpbgidndngai d adherent; heating said applied

adhesi ve cpﬁpos[tion to a first tenperature; applying

t he hattingrsaidfadbedicc aulmisitmingo andeonditempathteraetotfuttioersidivahce the

heat ed hesj Ltion; d tinui heat.i f
oo BTSN TS ORRR - BB TS ST SR Grig DrEher than
highﬁgﬁ@p@ﬂm&aﬁﬂébf@hﬁﬁgﬂperature to further advance

the cure of the adhesive conposition. 17. A nethod
according to claim16, wherein said substrate is

16 compomethbd ddr aascsdly compugngr package. 18. A net hod for

17.

2 S g DS 00 LRt g, achesi ve
providing a substrate and an adherent;
applying said adhesive composition to one of said substrate and said adherent;
heating said applied adhesive composition to a first temperature;
applying the other of said substrate and said adherent to said heated adhesive
composition;
and continuing heating of said adhesive composition to a second temperature,
higher than the first temperature to further advance the cure of the adhesive

composition.

A method according to claim 16, wherein said substrate is component of a

semiconductor package.
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provi ding a substrate and an adherent; applying said
adhesi ve conposition to one of said substrate and said

WQ@awenansG heating sai d applied adhesive conmpoRCT/US2001/e86950

a first tenperature; applying the other of said
substrate and said adherent to said heated adhesive
conposition; and continuing heating of said adhesive

18 c orpodrthpd fortagseantd e smurisisgmper at ure, hi gher than the

19

20.

{1 ShoSGIPRILALNE Gre Aol S cdlyance the cure of the

adhesi ve Ttonposition. thod’ of preparing an
adhesiwding e spilssitei and aa adixrestt ng: conbi ning a curabl e

epoxy .resin; lLurality. of pol ri articles haying
at r%%lgltngéwé a@hg%vepmpoﬂsvw tpndef i nlbtsa sy _ﬁ%f ent;
f UnﬁEdt&%%laid%@BH&?acﬁfésﬂvE %oﬁ?&fi@(ﬁﬁt}o OfirsPreipblaffe Which

swells I'nt presence of the curable epoxy resin at

or apgyegdhd othsitoftseidpabsitate @d sundtadhierdne tostaidbinmtafadhesive
thermal |l y.activated cure agent for curable epoxy
resFW@p%¥“%%thernally activated cure catalyst for

cur ahd oAy HeBBM ST N £IMc10E B8R SosAIN ¥ Q sebond tSRFSAfre,
tenperature, wherein the second tenperature is higher

t hanighpethpi thetfirstetamperatute.do frther Fheangethesureodf the 9
further ¢ ri sing addi ng conductive particles and
heaf?ﬁgm%%gpconposition to a first tenperature
sufficient to increase the viscosity of the

CONMPOSEthbO Bf hRpAUG arPadh8dcE EQRpRBiMERMprRthgeur abl e
epoxy resin and the plurality of acid or acid

anhyembigingsueralie cpamycesional groups or by swelling the
pol X;S?erl?t?z R Eoéfﬁ/gleﬁé g{aﬁiﬁ%ell%a%ﬁgg L%éﬁ.o%fe ofhe curabl e

epoxy Tesrtn, sal Sive conposition to
a hi gher atpanples aif ucié ok acitl whhydidcativaioas! drbepscries sfface, or

t he adhesi ve conpositi on. )
a surface which swells in the presence of the curable epoxy resin at or
above a first temperature;
and at least one of a thermally activated cure agent for curable epoxy resins or a
thermally activated cure catalyst for curable epoxy resins which becomes active at
a second temperature, wherein the second temperature is higher than the first

temperature.

The method of claim 19 further comprising adding conductive particles and
heating the composition to a first temperature sufficient to increase the viscosity of
the composition through a reaction between the curable epoxy resin and the

plurality of acid or acid anhydride surface functional groups or by swelling the
polymeric particles in the presence of the curable epoxy resin; and heating said
adhesive composition to a higher temperature to further advance the cure of the

adhesive composition.
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