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WD 2009/ 079216PCT/ US2008/ 085464 CONDUCTI VE ADHESI VE

PRECURSOR, METHOD OF USI NG THE SAME, AND ARTICLE 5
WBACKORAUND There are many applications in el eRCT/U81008/085464

assenblies that require electrically conductive

i nterconnects. Integrated circuit dies and stiffeners

often need to be grounded, 10and are commonly bonded

to substrates using conductive adhesives. Conductive

adhesi ve pastes are often used for these applications.

However, these pastes do not provide sufficient green

strengt h t CONDUQPFY FPAPHESIVERRECURSOR,
nmechani cal fixturing. Also, the pastes can squeeze out

duri ng MEFEON OF USING TEHIISWMB, ANDsARDIGLIEar ge
adhesive footprints. 15Conductive fil m adhesi ves have
al so been used for form ng conductive bonds, but
typically require die cutting, which is not

well -suited for short r j {ons, and which al so
typically generates suﬂﬁggﬁ?ﬂ%bf@ﬁ%ntities of
EXPIRSic\Lee ﬁl@.ﬁ? BpplROMRRY cRBiTHHE C RELA®NES BhbelRisdE8ctrically
descri bes a fl owabl e conducti ve adhesive (typically

CO@WCHYfamItf@OIIHh@E Imqtgrbt@d Blrsmh@@@l amtsttf@enalzstqﬂnn @ced to be grounded,
e rma Secur

an{ \%% c?%{g?qrrlﬂ%? nded.ﬁ]%ubg am)f%mgv/ 8onc%1ﬁ NS E{.}ihe%l?’%sv eéd%éiuctlve adhesive

pagéit bitealiscdanOihedd Apipliyatidat WHBWel diethevepsteh b mat @ovide
In one aspect, theéPresent di scl osure provides a

suffisicatignery areghieioihpld pbsERPSHrD IS Bleripnica) fixfuging2 6 lso,

thefhsB? cBELERL: Y i Ethodtiont b hER LA BRE ARLERBY, ke adhosive
1b&m@mBrad|cally polynerlzable (nmeth)acrylate, c) from

20 to per conductive fiber an

30df- PO 1zetf@mféhi%¥eé &gﬁ I G feigmia condistive Bonds, but
typ‘%ééﬁ’l?tréc[ﬂlﬂeadlé b’utﬁ n%evl}ﬂlaﬁ Iﬁﬁ%ll%hﬁé‘d fopRRS BRI af]pBﬁceRf%Elg &Rk which

by wei ght of onents a) to d) Is based t he total
alsmmj';gtﬁllycg‘encr@wp emmmahquanutlch) qf exp¥dsive scrap.

2009/ 079216PCT/ US2008/ 085464 e) an effective anount

of at least one thixotrope; f) an effective anmount of

photoinitiator for the agyuhMestryne free-radically

pol ymeri zabl e f Q}acrylate and
he present disclosure describes a flowable conductive adhesive (typically

printable) that can be B-staged using actinic radiation, and then thermally cured to
securely bond two substrates. The conductive adhesive provides electrical conductivity
between the two substrates.

In one aspect, the present disclosure provides a conductive adhesive precursor
comprising:

a) from 20 to 50 percent by weight of at least one polyepoxide,

b) from 20 to 50 percent by weight of at least one free-radically polymerizable

(meth)acrylate,

c) from 20 to 40 percent by weight of conductive fibers, and

d) from 2 to 10 percent by weight of conductive substantially spherical

particles, wherein the percent by weight of components a) to d) is based on the

total weight of components a) to d);
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g) an effective amount of thermal curative for the at

| east one pol yepoxi de. 51 n another aspect, the present
waele@eloeus e provi des a net hod of conductivel y PORTB2008/685464

first substrate to a second substrate conpri sing:

appl yi ng a conductive adhesive precursor to the first

substrate, the conductive adhesive Precursor

confti si Afcifegtivesmopnt oft kastyaiedbirotrppe:wei ght of at

| ea on ' T _bw:

wor oht of" ScHERAHCR L o AR AoF rile M RELRERLS Plically

( mepblyacrightde éncth)acrylate; andc) from 20 to 40 percent by

wei ght of conductive fibers, and. d) from2 .

to %8_ pefR EHECHY amuamfbtg?r_ﬂ@éﬁafam @étwé?aaﬁ?ﬁedmlxﬁpomde-
In Mﬁér'agﬁéctﬂl%élﬂeg:én? QiscOBGE ghﬂd&&% RahEEHE co@iﬁué’i@egmorﬁﬁng a first

each of  conponents a) to d) is 15based on the total
subsegHo actcondrspbyieit enarising: d) e) an

ef fective ampynt. of at.|east on hixotrppe, .f) a :

of £ BREV PG B GraRTR ortr By IS B o dgquctive
adiidsRe-pradieakbdyipRghyneri zabl e (nmeth)acrylate, and

g) an effective amount of thermal curative for the at

| east one) 20péloyebiel Wepercent by wickghe of atdeashpngpolyepoxide,
pol ymeri zing at | t ortion of t . least one
Prenradotart JopbTg ehepit bf hefthy RERyPh o7t BRGam
t he conduelyniteizaslbeattipacpyigeur sor into a B-staged
conductive adhesive precursor; contacting the_second

substrat & wi t Forthe) B-Ahpegeeat byiaiedt PLeondusies fgers, and
precursopy 250 £H { GerBint b§ ?Aaeﬁ%/@t()?%&dug@ve%fubgﬂaﬁﬁﬁfy spherical

| east one’ pol yepoxi de. anot her aspect,
t he presepatticitssehasiurtiee roant de sveaght af tachlof comppidnss aygo d) is

a first substrate bgonded tq@ a second substrate by a
conduct i V& &ﬁé@?%a?w&tegﬁ%mw@ aaaq@siye |
conprisipg a LeagtdRR RlRALS at MasforkaRRBGbpv e adhesive

precursor conprising: 30the conductive adhesive '
conpri si iy a reafftétor aprooduct intfatar fethdatlcist enabhesidially

precursor._conpri.si ng: from 20 to 50 percent by
hergnt - opoterde PHHAREBIPER de. v
2009/ 07921 6PCA US2QRB/8RPABE therntal emtadOe fo? tIROat PEISEST

by wei ght of at |east one free-radically polynerizable
( net h) acpglyapexide;

free-radically polymerizing at least a portion of the at least one free-radically
polymerizable (meth)acrylate to convert the conductive adhesive precursor into a B-staged
conductive adhesive precursor;

contacting the second substrate with the B-staged conductive adhesive precursor;
and

curing at least a portion of the at least one polyepoxide.

In yet another aspect, the present disclosure provides an article comprising a first
substrate bonded to a second substrate by a conductive adhesive, the conductive adhesive
comprising a reaction product of a conductive adhesive precursor comprising:
the conductive adhesive comprising a reaction product of a conductive adhesive precursor
comprising:

a) from 20 to 50 percent by weight of at least one polyepoxide,

.
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c) from20 to 40 percent by weight of conductive

fibers, and d) from2 to 10 percent by wei ght of
wauwsvamie al |y spherical conductive 5particl esSPCTAB2088/085464

the percent by wei ght of conponents a) to d) is based

on the total weight of conponents a) to d); e) an

effective ampunt_ of at | east one thixotrope;

ef f 8t | véromr%ﬁmﬁocﬂemqm by sctght poit leaseong frq*‘eﬁ’étcabﬁ golymerizable

fre Ly polymerizable (nmeth)acrylate; and
109)%3'51&"E g@%%lve amount of thermal curative for the at

| eas} onéropo:kq/mpﬁtmped&nt by welght of aexduetive féndbgdndrent s,

t he at ast_on adlc olyne i zabl.e

( mafih) aC?r}Qpla% fo ﬁbplﬁapqng ¥ vxgllg ggq%s@ﬁgal y sp%erlcal conductive
ggﬁf%feggﬁﬁéré{llneﬁ@p@@&t 8l \x}e??rﬁ bf 9&3 onents a % to d%ls based on the

pol y(nmeth)acrylate. In cert neMm I ment

conthialtvaightadltesipoeenty ®dadgor i s essentlally

solvent-fre In cert nbodl t he B-staged

conlict i 9B ﬁgﬁgﬁﬁygmﬁgﬁggi gg% In certain

enbegdi megh $ffeéthR ahloust ofslﬁﬁfafdr F618th@ Bﬁle&sﬁ! %n@ fesinglically

substrate conprise el ectronic device conponents.

Mat @piymegzwiel(meth}ﬁ@ﬂsdatac@@r ding to the present
dis osur e ereome forenent.i o n
Condtios 1 o AYRLEATuh0S: ALALS MM CRF HSRULE I FerRkice.

Conahcdriavecrabibdmichs, At aCldiss Ohe ﬁaar&zﬁcadllyqj@@ﬁﬁﬁckable
stencil ed, or screen printed onto a 20substrate, then

(meghjacadalg comPEsné Festaie monagmsthiacedaa aad pllsad@hesi ve
poﬁ;&rﬁ&ﬂ f}ga 3&&&@%9@64@&&9{@8 Eold(Reivd Q(ﬁl%%lv?}:)recursor is

esi ve eca e pri nted su
essthtiidlyosohweat-gtaninredanesnindieare tiwB-seapdd tomductie adiesive
adhesj ve during the chment of t
Precuatistacky. 4y ptaingabo @weeﬁ fhg figstsyl QW@I&F %dttﬁ ¢ 56581 Bypstrate

COﬁbﬁﬁéléﬁroﬂﬁddev%tdoﬁﬁl@@hérﬁs, heat. Moreover since it is
possi ble to apply the conductive adhesi ve precursor

onl Mmmiea@&netéd@jacce@ﬁr@tocthmpﬂaeem dduloedcovcrsumn the
essen oi.ned c ndu tlve

oo S P L o R S e e adp P e B NS pt fxmple, the

coﬂ‘dﬁ@h&e Ldmative prligbesantiealigieneod, JibkcilegseH stcfe@ﬁ prlnted onto a
construction is two substrates with conductive

subsiratcathes Bsstegnddp yordiiethe downbleshodichiye gdhndive IDERSUFSOE i 2,
typl&tng ﬁéﬂg&l eel) o%%ﬂ%&{g}r a%héﬁ‘%'{leec?écé{le t%% ﬁ%é%drgﬁ%s‘n%te}ﬂ R8s

sCl osure are

coﬁd%rsion fedoeds squae BN eTEBNbE thAd&mtxagﬁﬁug |the attachrnent of the
conducti ve adhesi ve precursors accordi ng
Se%pé%@ﬂuca%wbé%@r@ewl@@hﬂSathclé%ie‘&th AP @érpa%é@rwad,fqnﬂpa%lkv heat.

M&% % }fbgee%sa %d[ M @l ly wh
iy SB5 T4 Peory bSB0RP ek K AERS Rl Hbumprany phe
ne@jeﬂmmrefpocranl’uegbmmeahdue\tdn\emeyltlalﬂy d:lﬂmnetedugh fill er

levels.to still allo etrtinofatlnlc:n%nﬂ

exartpf &in o Bieetiby iR )Cah Qi cho Lt gferpEpost-cure cyele
tha®BbhpRtes the cure. The resulting construction is two substrates with conductive
surfaces strongly adhered and showing good electrical interconnection. Conductive
adhesives according to the present disclosure are typically isotropic, although this is not a
requirement.

Advantageously, conductive adhesive precursors according to the present

disclosure contain specific conductive fillers (for example, fibers and substantially
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t hi ckness of the printed or dispensed conductive

adhesi ve precursor. This enables photocuring, if
waele®oozidie of the free-radically pol ymeri zabl e PCT/US2008/085464

conmponents (for exanple, 5(neth)acry|ates). As used

herei n, unless otherw se specified "conductive" means

electrlcally conducti ve; "tacky" neans slig )
spheaiselsnagiécley thyt A dor ltlalécqr@ue%wty oW 6?@%&5”%1%’@@ tgstill

alld?\g?eﬁét %OH%? ctlgxcgq Fﬁpé’)?%l%nlpg% 9&%&?@%@\8&9& a(t’i%h'tﬁ]tgugh the e]ptlre

&ri al ers t rope
thiekresd ﬁi‘thabl‘lﬂ\hd ohdspabtesonductive adawars plkeblyrssﬁ [ ifh‘iee’nabtes

T R T AT —

@n&%g§gﬂQ%§ The details of one or nore
ts are set forth in the acconpanying draw ng
andAdescdhmmomnlbﬁlomh@rw&ehptcﬂﬁ@htures obj ects, and

adva es W ent fron1the 15descr|pt|on and

dr avx?%'a ctiven glqap%%le%ﬁgg& SNSRI EF DESCRI PTI ON OF
THE"RBAWNans slightlyFddesive brs%lﬁnrﬁﬁ ek,

cross-sectional side view of an exenplary article

ac c otheiotigpe omofm@ aagdditive gped thempa uretranyde lagoeting marial; and
DETNhll“xEla’o eII‘E o tl(,l?\l p{o(;)e{tﬁ 093 rrllgatgergatl W 1061‘1 n%gles ft to reversdbly

pr ecursor accor resen | SC osur e T ncl

stiffer @hhﬁke@nmmmdsngamklememw\tﬁnd; @ﬁpgfmratg&an&h& manipulation
cur abl e conponents conpri se at |east one pol yepoxide
to ghfasato ¢ daweblepensis@eyr adi cal |y pol yreri zabl e

( metr) ag{a}{é é‘f She St URBHdiRh 'aﬁl?‘ c%tl?ﬁgﬁ fif b accolgné)an%in% drawing

"pol yepoxi de" neans a comnpoun S nore t
and pepeyiptisrobgiow U@Iﬁarlfeq])miey, ebgectsdersd advahtages willdse spparept fom the

alicyclic and aro oxi des. Exanpl es of
de%%@?éma%ﬁﬁqgﬂﬂgs Hg%ﬂ%&g i ncl ude nonomeric
alicyclic polyepOX|des oligoneric alicyclic

pol yepoxi des, and pol yneric alicyclic pol yepoxi des.
30Exenpl ar y BRI DESC&IBITHGI\b@Fde}iEﬂRlAWMorrer s

I(gggﬁjﬁd ogy Qé%ﬁggo)e;)éqa% Car he \lﬁg\%veo ali lé')‘(:er}nﬁal‘y artidle according to

on@b)%wmﬂl@lk&mna@abméyl ate (for exanple, as
ERL- 4221" from Dow Chemi cal Co., Mdland, M) and

3, 4- epoxy- 2- net hyl cycl ohexyl net hyl 3, 4- epoxy- 2-

nmet hyl cycl ohexanecyﬁ%%ﬁg%lzé:&ﬂyﬁwl et her of

cycl ohexanedi net hano or ~exa HELOXY 107"

f r o@ohigxdtian a%&e@ir&c}ﬂrﬁﬂﬁﬁﬂc@ﬁilﬁg to(ﬂ% prebets dischdsurcdfidlude curable
hy drogenated bi sphenol A di cid et her (for
COTBRAD! seind gendyntipR EXMPELS. f rﬁu ‘F%?Pogﬁ’été |081HP§156 at least one

pol?gﬁcfyl&aérﬁi) at least one fkgeetfaﬁ caffy cﬂ?ﬁeﬁzaﬂ)‘?&

for exa nDno aromat | c po epoxides,
ol i demsed heramothatterm nmllwpmde'dmsansamﬂ)nnmﬂuydrﬁrait has more than one

SRR R S R T
polyepoxides.

Examples of useful alicyclic polyepoxides include monomeric alicyclic
polyepoxides, oligomeric alicyclic polyepoxides, and polymeric alicyclic polyepoxides.
Exemplary useful alicyclic polyepoxides monomers include
epoxycyclohexanecarboxylates such as, for example, 3,4-epoxycyclohexylmethyl 3,4-

epoxycyclohexanecarboxylate (for example, as "ERL-4221" from Dow Chemical Co.,

-4 -



10

15

20

25

30

such as bi sphenol A-type resins and their derivatives;
epoxy cresol -novol ac resins; 10Bi sphenol -F resins and

WO b@o079e¢ | vati ves; epoxy phenol - novol ac resi nBCT/HR2H08/085464
gl ycidyl esters of aromatic carboxylic acids (for
exanpl e, phthalic acid diglycidyl ester, isophthalic
acid diglycidyl ester, trinellitic acid trlg%ycidyl

Midlends Mg 3odrepmat 3-nethylarsiaherdmetiyl y dranpkyest er ), and
rnemc}?f& efogl%( ﬁgé@g&l%g@%#@gétéeﬁ?’%kﬁﬁ%%g@&al?%h& (for example,
as rﬂb]lﬂlmm(lld@'Sfrhmvaoﬁ Beecidlgdéehctiasdlg ratlumabus, BIPDNEnd f or

hy e il ek Hs] S8t el bl P RO g4 e

Hégkgrégg%h @héaﬁ%b Ity Chemicals; and aromatic
po yepoxi des haV| g the trade designations "DER",

" DEN'seful @non@xlalpplyepomdﬁl\ilndlaaé fomcdmlDEl\lnmgth)enc arminatlc

%%yeiﬁEX". avai | 3 fqr ex on1Dom1Ch q -

po @ %ngnéeélﬁtar%fﬂé PEYEPs° é‘nﬁi’o[}’ﬁé%r?{orfl% 1Py cpox1des.

Ex@MPMB} ardhatit gﬁpgébil&sk’f@cl@@er B8 PblyRl cARBIheRtof pbmly@@é phenols
0

I n an anount rom 20 to 40 percent by weight,

sucrhmélmhpmqiaﬁ typeiresiegangribein derpfativ ey apREy CtT@SO@*BOmiﬁQ:@mS
Bls%er?{\ﬁ ‘élhs in‘dc’ elr%rlvr«!l][ ‘,'}5? §ﬁjento? 8V01?.C reglnts adld %ﬁl%)'l esters

one p yepox one 1ree-

of Pohae I’carbak)jrlfb a(cmt(h)@@ambm phthglretic digheidyi bmsls 1sopmlahc acid
conductive supstantially. spherical particles.

dighyqihd epige tmallitic agid t’flﬁléfﬂﬁiﬁfesé?fr A Rgomplfitie ﬁ@dat@tragéséﬁédyl ester),
and gﬁxtﬁl%ls YRS ¢Qnirferél lg g#’éﬁﬁ%% a{r&naﬁ]ce%cﬁ&g%%f&ek YI?CIIHG for

esi ve precursor suc t can I'cien
exaropledhbdse aleviad opolgemikiden ga\bngw thelhieidoeesigtidtent WBON" (for example,

"SR aT o FOL 08 W01 € PR Gl T ERB Her-1079),

avzg}é%[ét fdrxéxa&pr% ﬁaaﬁqqe%@o@sw{mtymﬂebl&% %ﬁ& afdd@ﬁcw%pgﬂaes
formul ation and curing variab

ha‘tlyg theatddg deggpeione NDERY, '\Ml\ﬁq hﬁomaheifs ”BENe‘tB 86mntdrIéEN 439"),
0 ht o h condu t ive ecursor.

and QoA haviilaplec frSRTORE! b B ChoMfabbRs de o)
i nclTuget Redt@né PoIFEHIAES 18 ﬁb@es@ﬁﬁﬁ aﬁ WtV SronER@ RS @ perént by
useful curing agents include boron trifluoride

werghitdyeigdly Buarmint ¢hbirons Qg e perre. it wo ghinand more typically in

o GSIaR B o e O et e B B MG s Dl or e

at lohs3 Ofic pﬂﬂyﬁ@j}m wit l)aaﬁbhé frec-@dtfically polymerizable (meth)acrylate,
2, 2- bi s(4-am nophenyl ) propane; aliphatic and aromatic

cm%@hlﬁtweaf W&rﬁnﬁégn@%ﬁe alsbstaﬁlaalbé%%wé particles.
% RILIAREARYE AHEASE cubdeHR J@Iﬂtﬂg 'a@@ﬁﬁ Ohe p@l@/gpomde is

d am ne curing agents s
inchateden dicaohgucivaialladsive ﬁremmoAsmcthhaIdUcm]sbeasuﬁﬁcwntly cured to
Cheni cal s, under

deyleé(g? ﬁﬁéqququldg)%m o%q\‘ﬁg«o s(upétlrat%sx he t Lg %%@Aﬁffﬁﬁive amount of
the%%§l7o%ratlve"\m@tlylt6\|§t 18814 min @ AN ﬁ‘Ee Birdike ﬁm@ﬁﬁ vf/ﬂlo m

Aj i ni not o, Japan under the trade designation "
nec(dsmrllsexqmdlue to fohb BURE amhNe@ ingavediablag,| LOURES WBB@ﬂy 10 percent by

imd | d
weighy SFESH e T BS e Brab b e BB sy X T AR Bof T o,
i ne U@@P&@ﬁieﬁﬁalmuﬁaﬁi@é ﬁ)r@h&ﬁ(ﬂ%eﬁ%ﬁid@@s') atcBlde RMALIVRE 8nd base

such as, for exanpl e, adi pohydrazine; 10guani di nes,
curgfiees. dxampls obwseinl @iring ageniprinchide hoeam taiflieridmepmplexes such as,

for% %@;ﬁ? igﬁé“ﬁgg%lﬁﬁ %ﬁ@?g’g?@% BORAmERUTRN &, KU AR, bis(4-
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The at | east one free-radically polynerizable

(meth)acryl ate conpri ses one or nore
woremwopneth) acryl at e(s) and/ or pol y(net h) acryl aR@(/E$20089685464

used herein, the term"(neth)acryl" enconpasses both

nmet hacryl and/or acryl. For exanple, a

15p olwgrreth acrylate may have only acryl ate groups
amggipheipishieRsy M{%a@m@b@nylb@h%r s Faminsmhaeyirepase;

f

ah@ﬂ]lglc ﬁqﬁ;{ Igl?)a é:%{@ﬁ aQIlI'iH Sélglrl )2/1? f?t‘%(%lktﬂb dgg&h?lg?ﬁ&%%ﬁ&lamlne,
ﬂueveamphmmeprmﬂomchﬁhyhm(nmhh])@aggnlts&tueh aQthye:l canmetcimtly available

| at e,. and acryljc est f, . .
fro H{Pé? ¢ a;n éFkteaﬁsqlé ML@# fl%%ﬁnéisb rpds desigations 2
ARG eﬂa @@AN@&Q@NE%B% Y AR AENE 2014", and
conbi nat i ns theréof. Included in'this latter class of
"ANGRAM)TEE Qﬁlﬂl”d apé frensAjamlelobmtJyﬂ)an(umltnhﬂlad:naﬁd: d@s&gnahelx JAJICURE"

(rof R v GURE Uiy PR LR R it Ry RER S, for

exe(rﬁiﬁte hhaayhatagolc aRd 2 dodieeito-6- MBI RATNdasRyl-(1')-cthyl-s-triazine

eful free- radical ly oy%rrerlzable
he}rﬁklwﬁl(rmém}@nuc_l@laﬁﬂlé@latﬁeh ezmcrsmucleﬁ&rfw exampleg adipohydrazine;

gu?tmlc)ﬁ? glrlﬁ _as, 19 ygrrregm%lf tﬁ%%%%t%pll tuaruln %}{g 8109519(9 e

(cydbélanRihy) alBo yb@hﬁnlyﬂﬁmaﬂsﬂlmyl) ta&hki combinations thereof.
tetra(neth)acr and uret hane and epox

| at
di ( HBERY lﬁéﬁtypﬁ%(fégﬁfdl%]ﬂé}ob’wa tﬁn@ﬂuml@%/etqoa@éises one or more

mq‘ﬁé@é%@tﬁh%%%(g EJD %E%%P{@%g%% 5A from % éﬁgc ure,

"(nSnlyaoe]" &ﬁAQH@Mes 6 n{ctlarcryd xadript ecryl’ GNr tRANDPlcfa om
S%%kt }mr Co., % PA, ~and conbi nati gns ﬁher eof
poky, 93 aeylpty may SR8 AChOHIC Sroups Gl mgiagy afic groups, or a
comel nﬁﬁr@r{ b?&%l@ter&‘ﬁﬂ HAMRIH1 a6 %Yd@% e(s) and
poly(nmeth)acrylate(s) i's used. In sone enbodinents,
t he Usclmé frﬁ@:d&(h@llﬂy)popohqrrmbheMOétHéuhmcmlaW yichtde( o) ceameple,

P E LD b6 95 BReis sadir BBich KBRS rstors of

no el s \AeoRb R Ml HQ fronh Bou@X asRbsut 12 cRbBA Stones i RSAIENOE moicty,
adhesive), although this is not a reczw rement. The at

ang gergbinghinnsftheseofy é@ﬁlééﬁdl ip this laiepelassatfl (methneariaestsrs atcdutyl
(rn%t% a{%hﬁgtg %ex&pﬁyﬁg&wg 2oéth%l[1?}®l %1%?&12 e&c%?ghle%acrylate

1s05a§>r @edh)abyy 1€ idgbyl (metdadiplae, hn/cpdidzabjzb(mem)mylafmunt of
from25 to 35 percent by weight, based on_ the conbin
t ot MS@%frewadéqaﬂf/welmeq@%}@tmbﬁ@ew%ﬁ@& ingdudegfor Pé%@@le 1,6-
Y] t
ro R RS Ab BT AR RN ARE 2 Ben oo
di(sptigadrglate, partaergzﬂheml tAn(mbthectylate, anfowethamf and epoxy

iR e ga: Bdes Ak AP ERBC RId e

"EBHORSITVE P GEBE@RYL%@@” thatEBECRANL %@Yﬁ&n@@ﬁtﬁaﬁcme
cured to B:stage (that i's, sufficiently cured that

Smird, Getofang ACU( fomexamplet "G 1A fwa) S@Im;n@rdhdwtomd’A and
recursor upon phot opol yneri zati on. Hence,
coft TR EF

ective anmount of photoinitiator" refers

to aypicemdsta o@nmlﬁuuaﬁmfﬂ@amadléamy pbiEndHABleSRord{MkhYacrylate(s)
wil | necessanli/ ary due to fornulation and curing
I8 us

and; pely@netbicrybaie(s tlwpmalemboslmlq%éhecféwrawamep@lbrmenzable
[
(BB AR Rl V] B gy B Rl b AP GO g
photoinitiators are used in total anount s of about
0.001 to about 4 percent by'ﬁeight based on the total
wei ght of the conductive adhesive precursor, while
hi gher nol ecul ar wei ght photoinitiators are used in
total anmounts of about
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0.1 percent to about 8 percent by wei ght based on the

total weight of the conductive 20adhesi ve precursor.
wai@borozphot oi nitiators include, for exanple, PCT/US2008/085464

substituted acet ophenones such as

2, 2-di net hoxy- 2- phenyl acet ophenone; benzoin ethers

such as _benzoin nmethyl ether and substituted benzoin
CO@UﬁEY%a@@&Iﬁe RECCHITPEEPICNHEI [ PE¢SHEe; SR 9dhgsire), although this
is tg@&gﬁ% such as 2- nethyl - 2- hydroxyproplophenpne

enzophenone and its derivatives; phosphine oxides;

25padhy aEeleast opy ﬁéemdld:allatpmﬂmermabﬂec(rmﬁi)myllata:ns ptehattéohn

Many sef phot oi ni |ators are onner0|ally vallam
amPHEHAFdEH g@éﬂ EQJB%C%@ ymgféxtaﬁlﬁﬁliv NS B g; 3. 10 040

perb&RHLP t Mﬁ ranbq %&l&emtarnaﬂ?oﬂ?ﬁ ﬁ&ﬁtZ'SciQ%S pkﬁmlgh‘c

(for "exa
baS‘eti W&REnBﬁ@d totéd ebighit m&amﬁbpommmmm ongffime-

I "D R.1173", "D MBF", . "D R TPO' ..

rod B e e 3 o oot M HOYS e bGP MEL) tbomBfely

sphEetifakitcs. f rom Sartoner Co., Exton, PA The
conductive components i ncl ude conductive fibers and

conductffopBvesubeuef petpipitierder thalat [sastiang fiss-radipydly curable
(rngt%g cqugtg %sllgp deciJ %2‘[9? % O(?u?td{\@ed' a%glvg 8%%{“1'1% 1|r é’u%hftlllag W ande®

suf?ﬂeieg’ﬂil cuileyl b Badtzigé (that ansidfivigndly odred thamit Qﬁlltsﬁftéﬁbut not melt if
percent b and nore typlcall i n,an anount of

hegtedrihogo ctme a&@ﬁ%%vresvswp@mp oloRelancHRA it Huiesithe term

" " I t

off %% BT oRbiohIuBl e BASD P REHONMEREH (Fnu ! ThEBReise
amoom¢ltne¢essﬁﬁhybmr§sduean dormanaicet andeusing stdatidsabihityit is typically 10

rical rt| Ies i tahl e.condyctive fj ber
peﬁcr%et I e 986&@1 F? Ioes! wrghd of Hie 9emdyqiye 2fsive precursor.
Tyfn%ﬁm}s tld)\)éértMol@&h%éi@%ho@cﬁm‘ﬁhﬁﬁsoﬁg ﬁb&ﬁﬁ%ﬁ%ﬁ&ﬁu&@ about 0.001
cm’, typically bel ow about 4 O cm Exanple

to dmmdﬂ: pricert Hyi wegkt hased ondtheftotblewsigbf ofctbmdmﬂtuctv@ a@tms

f
g S g O oG EBhora iR ARt i it it of abous
0. l%r&ﬁlemdt O PeroBE ibhy W dightHael ol hakdti Wkt Athd@nductive
fibers, such as by introducing a
adl@qgwglmj@qumory i mparting agent to a natural or synthetic
lpcn)lt g'ﬁ%gul Pﬁétg‘rﬁf.fﬁ%%lsgncl <¥ev Ig&f %%ﬁ?feagdbggml%t a% toBﬁé o'ngg §ih as

2, 20¥intseioaly-20pladnly igctoplicnohfl et € cheAt Jublg as bamtzolnanmyladther and
fiber or netal plating onto a non-netal fiber core.

Su%ﬂmd lzﬂnamnr?&l@rfwucma@ é?ls?lﬁé!l%]élﬁélset%p%‘éﬁmuﬁﬁ@k@a -ketols such as 2-
me?kf}{? En dr&%pgcﬁﬂéop}%ﬁggeu b&?ﬂaohggda ﬁ?‘gi}% ﬁg Pélti\%qagrvé% fphosphlne oxides;

poleeWhaﬂonﬁﬁhers at @snbimaiond ¢hocartb Munygisefphpliatoinglasss are

col el Sl AT Sk PR REYO ook 8 CEARLGH D Tarryiou,

&f 'u'ﬂ@érsthe R4y @éslg\ﬁhﬁ&% kR BACGRAt é’iéahﬁbleg OiIE’GA@UR}ﬂ 1§41,
fibers plated with gold, nylon fibers coated with

"IRGWEIURA 6Ard" TBRIGAYRE 4P dding I”H%@AfZUfBér 07" and GXARPICAR" (for

ex8iis TIOBROOYT [ o SPCUN TS 7 GBRTG TR dPOp g DAROCUR

26%), an@iﬁﬂ&l tB¢ WadedRlgnbliBieYESCACUREE fidna Bat&as Gd. eEiton PA.
fi copper fiber, silver fiber, al umi num fi ber, and

c onﬁ‘uhﬁ S0NEEVE preRRAIRNts (e oeenipgity cdibopomdirendugsive substantially

al so be used. As used herein the term
SP@%@E@?%%?R3||y spherical particles" refers to

regul arly shaped, rounded particles that resenble

spheres. The conductive subsgantially spherica

25particles are present in an anount of from2 to 10

percent by weight, typically in an anount of from2 to

8 percent by weight, and nore typically in an anount

of from2 to 5 percent by weight, based on the

conblned total weight of the at |east one pol yepoxi de,

oy Y
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30Exanpl es of conductive substantially spherica

particles include netal spheres such as al um num
woRz@Rer92190l d, copper, or silver, and coated CPEPER2008/085464

ni ckel, polynmeric, or glass spheres coated with

conductive coatings such as alum num gold, silver,

copper, or WD _2009/079216PCT/ US2008/ 085464 ni cke

Al sdhgsesdyicting Bbers Bestniptenkinap K ?%%@m%n@ &P percent by weight,

oL TP TR 20014 LU 0 U
amGontchdTirdn 24 tee? p&racrads WeE:'g&f’inh&isecSomfhecmm’niﬁredltaﬂal Welght of the at
le electrically con

avai l a u arti |ncI
ea&f&m@&e@emﬁ? Ak asg%ﬁeffeésfag%l Y By elfl%a&ﬁq (e e te conductive
fibd kz‘&fdf oon&gctﬁi@ @u@s!tein‘ﬁ%ﬂ\tz)?@ﬁefri%gl Igllr@ciés 5spheres (f or’

exanpl e, S-3000- SBMM' from Potters

I nd Ssttatble sc)ndquvmﬁilvratz inghsle ofrtipdly doy fibvemsighsh lmwinigad hutk

sph cal arti al . so be ed. |
roKATY PO Bk T e E S ES  Sm cymisalty o sbout 4 uo-
cm2 HRQRIPYR BICEAMICEOE HbAS Gl bk Lot ddRARIRS Bibtals such as, for

di scl osure include an effective amount of at |east one
examplgatopppre alupsnus.cd vire ped goldt andmltogs thetaof veordnstire fibers can
alsng% é)is'epalre‘?iut}c fl’l}log(?,:lﬁ N gl%aﬁ%albylnglggttmé} %tr))esrg sSHapgttI?%/ Brlo?hilctng/g a
coﬁdmeuelsﬁﬁﬁparahg Yot tod mmesoﬂ dy@céit pelynpabi &aipds) by

. after application of the conductive adhesive precursor

incogposati\gIaetrlapasticlaninienthe @Bé& anslugibyq filpganmay plso drdorapad by
HBBY,

e g e S S TS Bl o 2 Bl pReinp XIS iy meta

fibtroeel Sictal pbmmg tiatfites itchake cappat,| nadiel cublzd'e ISlltzehsg(ﬂd gedladium,

de3|gn tion "CAB-O.SI L' ston
TR F T gﬁﬁﬂeaﬁo& b 0ot (g include
cat%gﬁ) rgrgpﬂltréd?%sr b@@estgs SR othGay MY e materials. WXchB1dP netal-plated

requi red he  conductive adhésive precursors may
fibkny nmdiede mdmﬂ@ila‘uedmanbﬂn ﬁlmm mloleye(lfyrbaneéitarrmaeed Wik goltdhanryhc

ﬁbgra (PE t%cgwug ent b elrst ﬁ??ile&]r gn a@éﬁ(ﬁ? ggat%clogl%ss bers

(fofr @)@dﬂlplé afsecaJMengroIqu SODVER! @(DA$EDSEIGE@§9 FIBWR SF82TF20"
ments, thernoplastic Folyners non- conducti ve

f1r0f1[1r t@rglndgﬁaeg, orallopEeigsl PAYy Bypemilary metal fibopjinclide stainless steel
ﬁbglo %%J& fi y sﬁ’&er E?&g rgﬂl%g{lllltﬂ ffblgF aﬁ&’ g?ﬁﬁﬁ%ﬂ&nﬁﬁ%ﬁéﬁ V& mbinations

ofl:(bﬂdiubtl\td’lﬁbe&lmuylblsb(bealséﬂ nor armunt (for exanpl e, Iess
t han about 20 Eercent b¥ wei ght). Advant agequsly, the

condddsed/kergigrbeioya sy Flahlx sphisFigal @@@@#@Snﬁaﬁer@ éo tegularly
e
shipBl TR e PR RRELR ARIXE Th O Rt O BByl spherica
pal*ticeks eret prasdnymsazml apgnin+ 6f freth eafipeomnt by weit, tgssallyhamn
about. one_pegcent t ot ht of olvent The
amﬂ%ﬁ e 2Rk Grdendin e @V@mgt@ R donaAn oy a%ﬁ Ztos
ﬁt% bds8@bn F[l?ea&)trﬂﬁfﬁed%{alﬂ wRldhebr ®e ﬁpfégﬁ 8 pbRapoxide, at
are present) added for the purpose of solvating at
lealsteg@tfr®aﬁélcdﬁy pdlemeerblminngh)e orypon ennductif e &ibers, and conductive
Ies i ncl ude toluene, heptane, ethyl

It
“ﬂgggggiéﬂﬂﬁgfﬂﬁpﬁé ket one, acetone, and m xtures

t heEgehpRObH c@ﬁ&f‘chlv@ @ubstalﬁﬁaltp;omﬁ&al\partmeimm& metal spheres
precursor is typically prepared fromits constituent

sughagstaduryigi g nigk logeld ngaposra Pt $HYer.rigd cedthdh Pepnst. nickel, polymeric, or
gla@g(%mglre% ’co%gﬁlwl oﬁlh!tétlgg bo{t&%@ﬁ%lrgsuagﬁerﬁ%}lmfg I%éillvq ,§Qppet, or
polyepOX|de and/or MD 2009/079216PCT/U82008/O85464
free-radically polynerlzable (meth)acrylates (for
exanple, up to about 80 C) to facilitate m xi ng.
Conducti ve adhesive precursors according to the
present disclosure can be used to conductively bond a
first substrate to a second substrate. Typically, in
such a process a SConductlve adhe3|ve precursor

o N a e r
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di spensed, stenciled, or screen printed) to a
typically conductive portion of the first substrate

W@ t@p/oeracpl e, a portion of a circuit trace). HEBEUS2008/085464
conductive adhesive precursor is then exposed to
actinic radiation (for exanple, ultraviolet and/or
visible Ii%ht) t hat deconposes at |east a portion of

nickple fblﬁ%tl%ﬁ i sbofantplly Shgded spldpypsticlontichas bpditpeallgys in
gt SORRASHY LS L A0 M o Bimic
Caaadal rEx(ampmmcommemﬂlwm;latﬁle Eleeomam eonduotive pmdctlelmnomde

ure nerc | anps, | ase flash
Coqdéﬁagg RSP Rarren e doa Derahtie ko Bl 4 Silkrsoated glass
spHPAt tex‘!ﬂ.‘fnbf% Ssh%@Nﬁﬁﬁgle@ ERNE46H0 ‘S@l\mhﬁ%hlvfeotters Indystries).

precursor; and the combination is heated (for exanple,
in é?nmlmam))nunﬂ@mdu@nm subsmma(ltv @phﬂwamzﬂmlea AR alan be used
t enper at.ur e o suff|C|e eB%5cure the

et e AR M S G

to e (f)%@intsdim&sh?é @8lude an effedNVe Q¥R GTaY le%k)tfdheah& 0 As used
article is shown in Fig. 1, wherein an article 0 has

herejn, srmggfisetivetasnound' means rag%uﬁ“um;@ Kpantity thag the CQOWP pelgpsive
precuteng ra§3 d}}égeve %eplr%(:“s %pne CF a&inl tﬁ ?(:jsséc'nlﬂ%fl rfgiu%%ahes%olwgﬁe]r gphcatlon

ctl

aftéﬂ arpphczam &@mﬁdctmmahm&ee@ear@rb@ adgisktate Tth@xotropes are well
anot her by conductive adhesive 130 according to
knoyya ¥uthe agfi ad aw @e widely coppier@a b}h@waslalﬂﬁt Eé@@gleﬁa98%@ble

thlgmaﬁ%e%h%ﬂhg grlelaﬁéd ahd {1 ubfel il&gs gj 2 3%0%? Q%lfa@feetﬁlder the

e conducti ve. np es of use u strates
tradendésigimticm) P@ABe(DtSeILbfroei @ddiot Qi ofl Bestor SMAS, or uedea i teade

e AR B ey M DSt Set GeHRaavant ages

of Wﬁlfe 1t S&JuRRHI 1R BbRIuEHd aﬁﬁlresﬂvé f‘é%ﬁrrséits%ybﬂlrth&econtaln minor
followng non-lIimting exanples, but the particular

amoaite (foaksanapld, lassobart gbouh20 pctf:errtémweeght) of erteegenore additive(s)

th tail
s BuRs S B R TR arer G ary i afetipp & nchpelar
sulsbtrafel P Use pigdRENAMREESY lastic polynkdith, 898 -RhaRStWe FRleROkRior

all parts, percentages, ratios, etc. in the Exanples
CO@M@%@B@ﬁﬁest of the speC|f|cat|on are by weight.

ABBREVER O TR P G AER £ OssatR o] Ht%%cufson s
geiirallyl @dslreblaso llrﬁﬁﬁﬁé-@(olﬁﬁ;@o a nkinen dohdamt &Dﬁé}ta@hﬁl@@ less than about 20

Chem cals, Tarry NY, ACR2 Ali phatic urethane
pergeridpyyeghs)- édaaqt%aﬁ%sl&sth@ emEeRYIe ghesve ey iy Rregursor may be

forﬁﬂﬂit@c?@s ég&‘ﬁaﬁil tsﬂ)l@ént-f%&%p@ﬂen %albcﬁbgof solvent. As used herein, the

term "essentially solvent-free" means containing less than about one percent by total

weight of solvent. The term "solvent" refers collectively to any volatile organic
compound(s) (not reactive with other components that are present) added for the purpose
of solvating at least some of the remaining components of a composition. Examples
include toluene, heptane, ethyl acetate, methyl ethyl ketone, acetone, and mixtures thereof.
In practice, the conductive adhesive precursor is typically prepared from its
constituent parts using a conventional mixing technique, for example, gentle rolling, roller

milling, or ball milling. In some cases, it may be useful to heat the polyepoxide and/or

-9.-
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SI LVER COATED GLASS FI BER, powder resistivity 3.5
nmohm cm nean particle size (length) = 130

worR@poneier s, avail abl e as "CONDUCT- O FI L SF8 RAFRS82008/085464
fromPotters Industries, Valley Forge, PA. CFIL Silver
coated solid glass spheres, average particle size = 41
m croneters, avail abl e as "CONDUCT-O FI L S3000- S3M

fregweshs eyt robyraerizaliied methiacryletar (foopraraplpi yhigabeut® Ka to facilitate

nn%ﬁ%'”g agent avail abl e as "ANCAM NE 2441" fromAir
roducts and Chemicals, Allentown, PA EP1
di f ﬂhﬁdlilcmivalad]h)ésis«m}ﬁmlrso@d apbriih®iochy fresentdécloged can be used to

resin, epoxide e val ent wei ght =
coads%mfgz% éﬁr%%bﬂtratﬂ ‘g aégconé%dxrt@fs-- Ty g sH a process a
co%@ﬁb@é&ﬂém@@ gf@cﬁﬁblsacc @®he ?Pésetﬁ’ HEsbfds&g is %Pop?'led (for example,

b1 sphenol pi chl orohydrin derived |iqu
dispersscdh, st@pdﬁd e seqer pradted)ito wey gbally=coh@otive (pogiwqqf the first

su‘t%ﬁ‘g{% ( Q& : egar%%légg IBO 93 Sgg %:I‘gf_—;%trﬁﬁega EE?.] g(?nodrl?lCtIIVe aﬁeswe precursor is
thefV R Pb$ed k@ LA EFdMhtid R { foY @Qarhpla Lumaxa@@xyncﬂ@fsmbleq%m tHa
equi val ent wei ght = 180- g/eq, avai |l abl e as" EPI CLON

de@waposéy Areadai peipoef th@lphatmlm@wém@m@sesmrmwmn of the at
leagtoonegmeﬁﬁ%%y&ee qeﬂct 9 1er5§ :Hlf 5!11 a%gﬁﬁ f9%c?uc ac?ne%r%e %recursor

eC]UI va ent wel

Soancad J)f&*@ltlﬁlcaﬁdlﬁtl?&ﬂ\[ﬁﬁﬂ for exnnhﬂegu@w ﬁﬁ@ﬁhﬁirthygh pressure mercury
Chem cal s, purified. FUVBI L hydr ophobj ¢ funed silica,
lanapg |ap el a0 d shen flashdamps diexfetdie gpeand sHbstatReRrquEht piggpeontact

wil B PSR et R BB BB o TMnaco® hosted(for

exa‘kﬂlﬁl&llﬁ-aﬂﬁw&n) utrdbesunygitiods dﬁoneidmy;bla,mm@am} temperature) to sufficiently

|nob t ro henone, avail able as. "
Cuﬁert‘%ﬁgp%y e%. IpYE 2 %%PWOBWIV&% %R%WEIE%BEMd second

sulls&dtc@ parts), 1.4 parts of ACR2, 19 parts of EP1l, 15
parts of EP2 were 5conbined by mxing (rolling in a
pI asi eacem@tatry el)C.h dlndbd srtiniexis slnaawn/\ia@ igddedhedcin ap arti'CE 100 has

ﬁrsg gpl? grwg‘f lLl 1n§r§§ar tfg gaY,v{CfE C%?duﬁ 1ng e{nﬁntnfl)él- tﬁgrepl?] atéd second

su&ﬁﬁterllzbuﬁaing@hfﬁﬁm B ik eshdatikiBMs BRI KD ARRGEAEEThd Gsst and
Hamm Germany as "DAC 600 FVZ EEDM XER"' operating at

sec,@ncb Qubsérgiss atd hﬂméecb@me ivianather by pepdueibra adbissive | Hagearding to the
présAmeidslin 1.

While any substrates may be used, typically at least a portion of the substrates will
be conductive. Examples of useful substrates include components of electronic devices
(for example, integrated circuits, LEDS, sockets), flex circuitry, and printed circuit boards.

Objects and advantages of this disclosure are further illustrated by the following
non-limiting examples, but the particular materials and amounts thereof recited in these
examples, as well as other conditions and, details, should not be construed to unduly limit

this disclosure.

EXAMPLES
Unless otherwise noted, all parts, percentages, ratios, etc. in the Examples and the

rest of the specification are by weight.

-10-
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pol yester fi
resulting in
m cronet ers)
as a print b
wer e passed

n 1 was stencil printed onto: a 2 ml

i ckness polyimde filmwth copper

n plated with gold resulting in SaepUS2008/085464
gol d- pl ated side of a gold-plated PET

Im (3 ml (80 mcronmeters) thickness),

Sanple (b), using a 3 mls (80

thick netal stencil and an al um num pl ate

| ade. T-'XELE@]%:’?;(?‘# ltAhﬁO‘N§ nt ed adhesi ves

two 15tines t gh an ultraviolet (W)

ABBRIpV FAIBIOM

Al t her sbur g
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t he spectrun

U Systens | anp, nodeESERIFIFONequi pped

pheppxsiethyd Beriate availablges dGEFEEXPA" from Ciba
i re [y e UVA region of

N AT P A

e printed

ACBIposi ti on
For Sanpl es
bonded to an

1A ligtchtib @cahanctdakylatet dalilabls as BEBEGB&A) 8804" from
(6) and (b)_ the B-s aged(%ghesive was then
it Hies, 2

C .I U coat €
R
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prepared by
pl astic bott
250 parts of
Conposi tion

difunctional DispREFRPA
conbi ning with m x

|
| aopxidsequiakenew GENACHES- | D eisareilatic ACEEPON 828"

T8 SR SRRy Cnchichns, FRUGHR PRIARIRY

bereSs
éﬁﬁ&%t&%ﬁ%érfvﬁ@ 2q121h PBLy resin,

EPBconbi ned in
centri fugal
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per mnute r
resultant m

Wi e 8ot S e yiet 6oy &l dé e ddiqii ddHoRS rébsd, RPoxdde
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XT Ur €, or 2 m nutes

EpPgsi ng a cent
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separately p

raifph@adl AveyRhlotonAkin @OHvEMEquRPERIRIV r &R doxide
1&%% rpnlﬁloA gﬁgtoinitiator solution(%%s

respaatat Peight 3 1601 90g/onavhilandad EPKIFAN 840" from

whi ch was th
centrifugal
at 1900 rpm

and PlI, heat il 951éﬁ£ r ﬁg%ﬁanutes to partially
l'iquefy it. _ pp?%is pho Oihttiat or solution (2.6
EPparts) was clonfuidgsoxrtdin dordvdd fsth kficRlordlgdHAShd bRphehol F,.

en mxed at rpmfor 2 m nutes usi

ripREide camadcBOOCBlZ SPEETIVERER VI
"ESH R $CRTRAR Lo pifificd.

ng a
Je AEERRYN 862"

FUMSIL

hydrophobic fumed silica, available under the trade designation

"AEROSIL R 202" from Evonik Industries AG, Essen, Germany.
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15Four fornmul ati ons were prepared as shown in Table 1
(bel ow). TABLE 1 EXAMPLE FORMULATI ON COWPCSI Tl ON 3,

WQawe7RHK L, parts CFI B, parts COVPARATI VE EXAMPL/ESA0085464
71 0 29 COVPARATI VE EXAMPLE B B 71 29 0 EXAMPLE 2 C

PI photoinitiator (CAS No. 119313-12-1; 2-benzyl-2-dimethylamino-4-
morpholinobutyrophenone, available as "IRGACURE 369" from Ciba
Specialty , Tarrytown, NY)

EXAMPLE 1

ACRI1 (27.6 parts), 1.4 parts of ACR2, 19 parts of EP1, 15 parts of EP2 were
combined by mixing (rolling in a plastic bottle). To this mixture was added 4.6 parts of
FUMSIL, 26.1 parts of CFIB, 3.3 parts of CFIL, 5.7 parts of CUR, and 0.3 parts of PI,
with mixing in a centrifugal mixer marketed by Hauschild Engineering, Hamm, Germany
as "DAC 600 FVZ SPEEDMIXER" operating at 2700 revolutions per minute (rpm) rpm
resulting in Composition 1.

Composition 1 was stencil printed onto: a 2 mil (0.05 mm) thickness polyimide
film with copper metallization plated with gold resulting in Sample (a), and the gold-
plated side of a gold-plated PET polyester film (3 mil (80 micrometers) thickness),
resulting in Sample (b), using a 3 mils (80 micrometers) thick metal stencil and an
aluminum plate as a print blade. The films with the printed adhesives were passed two
times through an ultraviolet (UV) lamp Fusion UV Systems lamp, model F300S, equipped
with an "H bulb" available from Fusion UV Systems, Gaithersburg, MD, to obtain a total

dose of 790 millijoules/ centimeter? (mJ/ crnz) in the UVA region of the spectrum.
After UV exposure, the printed Composition 1 had become tacky (that is, B-staged).

For Samples (a) and (b) the B-staged adhesive was then bonded to an indium-tin-oxide
(ITO)-coated side of an ITO-coated PET polyester film) (3 mils (0.08 mm) thickness) to
test conductivity of the adhesive after cure. The ITO-coated film was pressed for 10
seconds onto the adhesive in a Young Technology’s precision thermal press set at 25
pounds per square inch (0.2 MPa) and 55-65 °C. The samples were then placed between
two sheets of stainless steel and cured by placing in an oven set at 120 °C for 30 minutes.

Conductivity was tested by probing the two substrate surfaces and measuring
resistance through the adhesive using a model 731II multimeter marketed by Fluke
Corporation, Everett, WA. Both laminated cured samples had an electrical resistance of

1.7 ohms or less indicative of a good electrical interconnect.
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TABLE 1
EXAMPLE FORMULATION | COMPOSITION 3, CFIL, CFIB,
parts parts parts
COMPARATIVE A 71 0 29
EXAMPLE A
COMPARATIVE B 71 29 0
EXAMPLE B
EXAMPLE 2 C 71 3 26
COMPARATIVE D 23 77 0
EXAMPLE D

Each of the above formulations at rpm for 2 minutes using a centrifugal mixer
("DAC 600 FVZ SPEEDMIXER") operating at 2200 rpm. Formulations A, B, and C were
vacuum degassed while slowly stirring for about 10 min. Formulation D was vacuum

degassed without stirring for one hour.
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Replicate 1 Replicate 2 Replicate 3 Replicate 4
COVPARATI VE EXAMPLE A 1.88x 107 1.27x 107 2.1 7.00 x

WA WIOCBRIRARATI VE EXAMPLE B open open open openPE&XBIO0E085464
2 114.6 4.3 6.2 1.15 x 107 COVPARATI VE EXAMPLE C 8.4

Each formulation was stencil printed onto an interdigitated comb-patterned printed
circuit board using a surface insulation resistance test circuit defined by the solder mask
qualification board IPC-B-25A (see IPC-9201 Surface Insulation Resistance Handbook,
July 1996, IPC, Northbrook, IL) with nickel-gold top layer metallurgy having an area of
0.5 inch (2.5 ¢cm) by 1.25 inches (3.18 cm) made from stamped openings in 5.5 mils (130
micrometers) thick polyester film. The circuit pattern having an 0.5 millimeter line
spacing was tested. The dispensed patterns of each formulation were B-staged by
exposure to UV light using a Fusion UV Systems lamp, model F300S, equipped with an
"H bulb", and operated at a conveyor speed of 20 feet/minute (6.1 m/min). The ultraviolet
light dosage was measured using an energy meter ( "UV POWER PUCK" from EIT,

Sterling, VA) at 485.4 mJ/em? UV-A and 448.4 m)/cm? UV-B. The connection
resistance between the interdigitated patterns was measured with a model 73111 multimeter
from Fluke Corporation, Everett, WA. Four replicates were measured for each

formulation. Results are reported in Table 2 (below).

Table 2
EXAMPLE CONNECTION RESISTANCE, ohms
Replicate 1 | Replicate 2 | Replicate 3 | Replicate 4
COMPARATIVE
EXAMPLE A | 188%107 | 127x107 | 21 1 7.00x10*
COMPARATIVE
EXAMPLE B open open open open
EXAMPLE 2 114.6 4.3 6.2 115x 107
COMPARATIVE
EXAMPLE C 8.4 52 1.75 x 10 19.5

As can be seen in Table 2, Example 2 and Comparative example C gave
conductive B-staged compositions, thereby permitting testing (and potentially repair) of

the electrical connection prior to subjecting them to thermal curing.
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5.2 1.75 x 106 19.5 20As can be seen in Table 2,

Exanpl e 2 and Conparative exanple C gave conducti ve
w@2@vageds conposi tions, thereby permtting tesPCHSZ0881085464

potentially repair) of the electrical connection prior

to subjecting themto thermal curing. WO

2009/ 079216PCT/ US2008/ 085464 One set of B-stage

pri Pedeifdt-slagq Pirpd Beds tinguding thie of Bisttesh a@tteémiéyere placed
- e u
in Y0 PafoP FEARGRR 1387 0 Bt BLES cBinelfth feshfingo betwoen
thd infeedigitged patetnspaid racassrodagainpasiyre cepagad i Taid 3 dbdow).

reported in Table 3 (below). 5 Table 2 EXAMPLE

Connection Resistance, ohns Replicate 1 Replicate 2

COVPARATI VE EXAMPLE A 0.5 0.3 COVPARATI VE EXAMPLE B

open open EXAMPLE 2 0.5  Table2

EXAMPLE Connection Resistance, ohms
Replicate 1 Replicate 2
COMPARATIVE EXAMPLE A 0.5 0.3
COMPARATIVE EXAMPLE B open open
EXAMPLE 2 0.5 0.7
COMPARATIVE EXAMPLE C 0.1 0.1

The same pattern of each of Example 2 and Comparative Examples A-C was
stenciled onto bare polyester film. These patterns were also exposed to the
abovementioned UV light source. A second polyester film was placed over each of the
printed formulations and pressed together by applying pressure with a weighted roller (4.5
Ibs, (2.2 kg)). The two polyester films were then peeled apart to demonstrate the integrity
of the B-Staged film. In the case of Formulations Comparative Examples A and B, and
Example 2 the pattern was separated from the top polyester layer as a complete film
indicated sufficient UV treatment through the full thickness of the material. In the case of
Comparative Example C, the material did not cleanly separate from the top polyester layer
indicating incomplete UV treatment through the thickness of the material.

These results show that the formulations with the fiber fillers can provide a
consistent electrical connection after UV B-Stage while the formulations with only
spherical particles require very high loading level for consistent electrical connection.
Also, in the case of loading levels of 29 percent by weight the UV treatment allows for
complete exposure and full film characteristic formation through the 5.5 mil thickness
while in the case of the high spherical particle loading level (77 percent by weight), the
material exhibited poor stencil printing characteristics and the UV light exposure did not

allow for full film characteristic formation.
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0. 7 COWARATI VE EXAMPLE C 0.1 0.1 The sane pattern of
each of Exanple 2 and Conparative Exanples A-C was
waovemeid ed onto bare polyester film These peECT/E82988/085464
were al so exposed to the abovenenti oned UV |ight
source. A second pol yester filmwas placed over each
of the printed fornul ati ons and pressed together by
appMiriges peadisatiensging glteratiensgp iy disglopee Wik bscqrpeapparent to
L%ESt I
thols 1691 o IO AERaMER Rl M oo Il ple Rl (ROl Bl
sh(fu'ldl hat uhderdtbed thasthisafisdfasunwils abt md@tqi&mtdm@ehrﬁx@mw the
d 15Exanple 2 th ttern s se arated
ﬂhvsrrawet %bq%grﬁerﬁéﬁﬁ%a@}p ?%%1%@31656% icxpgples and
em'bH&ilhféﬁjés%‘iie gfégéﬂt&i BMval¥F Ha%ﬂ)tlé"?ﬁl& Wil tﬁE‘ Q&pE he tﬂeudléclosure
hi ckness the materi al he case of "Conparative
1ntﬁxhrm<b be @miteth enkydtyethe ellairg $si:t ﬁmh lidreanb yolkepar at e from
the top polyester |layer indicating inconplete W
treatment through the thickness of the material. These
results show that the fornulations with the fiber
fillers can provide a 20consistent electrica
connection after UV B-Stage while the fornul ati ons
with only spherical particles require very high
| oading |l evel for consistent electrical connection.
Al'so, in the case of |oading |levels of 29 percent by
wei ght the UV treatnent allows for conpl ete exposure
and full filmcharacteristic formation through the 5.5
m | thickness while in the case of the high spherica
particle | oading | evel (77 percent by weight), the
25mat eri al exhi bited poor stencil printing
characteristics and the UV |ight exposure did not
allow for full filmcharacteristic formation.
Various nodifications and alterations to this
di scl osure will becone apparent to those skilled in
the art wi thout departing fromthe scope and spirit of
this disclosure. It should be understood that this
di sclosure is not intended to be unduly limted by the
illustrative enbodi nents and exanples set forth herein
and that such exanples and 5enbodi nents are presented
by way of exanple only with the scope of the
di scl osure intended to be limted only by the clains
set forth herein as follows. WO
2009/ 079216PCT/ US2008/ 085464 What is clained is: 1. A
conducti ve adhesive precursor conprising: a)from20 to
50 percent by wei ght of at |east one pol yepoxi de,
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5b)from 20 to 50 percent by weight of at |east one

free-radically polynerizable (neth)acryl ate, c)
wo e@ai0221¢ 0 40 percent by wei ght of conducti veP€T/b82088/085464
and d) from2 to 10 percent by wei ght of

conductive substantially spherical particles, wherein

t he percent by weight of conponents a) to d) is based
Wi is Heimediist al - wei ght of conponents a) to d);

e) an effective amount of at |east one thixotrope; f)

an effective anount of photoinitiator for the at | east
1. oneAfdfomeluctad:iadhédiye ped:mmardombibimg( met h) acryl ate; and

n effect nount t her curative for.the at
’ ea§ onéroabi fgeent %5 W.?l%%ﬁ gp Udprshiens REYDIRESi ve
pregyrs oTroﬁf 2(53{0330"@6}@%‘{‘@? (N%i%':\t bhg lé‘ist bgaglc-RRRalY gtgl'yrnerizable

radi cally polynerizable )acryl ate conpri ses
Iea@mmbhenﬂMHo(neth)acrylate and at | east one

S?le r so?l) ac&% a40n1?q 6’? Q%ﬁ%gpggﬁd%@ ?q?’?gﬁsjél\i{ﬁ?ve

adhgsi ve fRHEZ W BPperbént ® %%E%Ht@!fbd&uﬁl@ﬂl%eﬁﬂostfaﬁ@ﬁl hé¥ical
nmet th of condugﬁsvel y Z ing a first substratyesﬁbto a

sec @m@cwb@waméh@mmm Sy gigR DA ppnpenegtsa) dofbia besoden the

adh Y recur irst substrate, the
con?f}%lt | vghta h‘éélﬁ%%engsr Eﬁrdi“or conprising: a) from 20

to %P pengeffecthy amiugh@fa@ﬂeaaﬁoﬂeanﬁbtr@p@ pol yepoxi de,
b) from20 to 50 percent b ght. of at | east one

f r edl r adre sffegfivissmpwat 9. Qém(ﬂﬁ@f Frdbs g4 legsonesiey-radisially

vo SBeERe IR BB Bt e ea o) from2 1o 10

per ggnt by cffedtpRtanmuntoitternial verat ubfir alnt dtdddstone polyepoxide.
spherical particles, wherein the percent by weight of
each of conponents a) to d) is based on the total

2. e Q‘BE c@ﬁdu%ﬁ@@&ﬁﬁﬁtvé pfkutsBr 80 olainf), vﬂ[br&flfﬂ?ecét'léfaﬁt éﬁ%

of | east one thi xotrope 5f)an ‘effective anount of
radlcmlhy|p@tmerfnglet(tmethaacryleagpnm@esf at denst arohi e d(ymeth)acrylate and at

1eaB L TBE ZAR) & (IRt h) acryl ate, and

3. The conductive adhesive precursor of claim 1 or 2, wherein the conductive

adhesive precursor is essentially solvent-free.

4. A method of conductively bonding a first substrate to a second substrate
comprising:
applying a conductive adhesive precursor to the first substrate, the conductive
adhesive precursor comprising:
a) from 20 to 50 percent by weight of at least one polyepoxide,
b) from 20 to 50 percent by weight of at least one free-radically
polymerizable (meth)acrylate,
c) from 20 to 40 percent by weight of conductive fibers, and
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g)an effective anount of thermal curative for the at
| east one pol yepoxide; free-radically polynerizing at
wo ewsp7R1porti on of the at | east one free-radiREl/U§2008/085464
10pol yneri zable (nmeth)acrylate to convert the
conductive adhesive precursor into a B-staged
conducti ve adhesrverrecursor contacting the second

subst rat &) wi t froph toelspererd by oveirhd of sendagiisiupstantially spherical
precurso artfé g &H&élﬁ%@fﬁ&@@% vk r@? N3 E&'ﬂ OquPﬁl?%l%ttS a)tod)is

| east on ye OXI hod of ¢
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(et h)acryl ate c rlses at st one
rono( et ﬁg/acr AR sHiettygmaun %é?é cagine thixotrope,

pol y(metlp) acr yj, @H@ctlv%odﬁqo-ﬁﬁﬁoﬂﬁftﬁ% O the Lr@l'eﬁ@t BnOFreradically

wherei n t'he conducti ve adhesi ve precursor
essentlapbbmsth@mﬁnﬂhﬁemdaeﬁmd met hod of any one of
clains 4

the f b
Second sébet r 4b ENEumsAriodne bl PR ff 47 ¥ 163Fone

conmponenbslyegsxidd. The method of any one of claims 4
to 7, wheréin the B-staqed conducti ve adhesive
pr edigesaticdlly nodargrizingat lggst aporr‘h@ln@f cherapddast ong feectriadisally

po]%ﬁr d%errb% gmetgpﬁggrqatte % 90 %19[(3 ldbgtgvreaatdﬁesqye @rs &Qgr%ﬁtto -staged

|vea

cofiR@tiid fthepik o grictirsof, a conductrve adhesrve precursor
conprising: a)from 20 to 5Q percent by wei ght of  at
| eaSentarEg he seepask rlaétraﬁw%@gﬁosrt@eeﬂ@mflwsz@é@smwwrsor
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ree radically polynerizable (nmeth)acrylate, <c¢) from
toridatpersc e portioy ofdicghicasf oneqotiepdkide. fi bers, and

5. The method of claim 4, wherein the at least one free-radically polymerizable
(meth)acrylate comprises at least one mono(meth)acrylate and at least one

poly(meth)acrylate.

6. The method of claim 4 or 5, wherein the conductive adhesive precursor is

essentially solvent-free.

7. The method of any one of claims 4 to 6, wherein the first substrate and the second

substrate comprise electronic device components.

8. The method of any one of claims 4 to 7, wherein the B-staged conductive adhesive

precursor is tacky.

9. An article comprising a first substrate bonded to a second substrate by a conductive
adhesive, the conductive adhesive comprising a reaction product of a conductive adhesive
precursor comprising:

a) from 20 to 50 percent by weight of at least one polyepoxide,
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wei ght of conponents a) to d); e) an effective anmount

of at least one thixotrope; f) an effective anmount of

initiator for the at |least one free-radically

pol )Wrer i 3981 0 Mpﬁf%ﬁ@ﬁ py seeht ahet lq_@gyrg;‘nfr%g—faé&ally golymerizable

th IQt rmal curative for the at | east one
polgl% ZJQ; %’10 The article of claim9, wherein the at

I eas) onérohrmatorzﬁrpe@@dnk by mighrref cmﬂbbt&w(ﬁ@dq)md:r yl ate

i se t one m)no nmet.h),acr te and at | east
one Eso| y? %30a mra?né by ygight o] Suh%@n ? Y SihericH Cepdichive
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igﬁ% g eﬁoé %BS ct:tlrv%ta%lo%gpg at ?eeasteoneectfnrxg{}loge; device
f) an effective amount of initiator for the at least one free-radically
polymerizable (meth)acrylate; and

2) an effective amount of thermal curative for the at least one polyepoxide.
10. The article of claim 9, wherein the at least one free-radically polymerizable
(meth)acrylate comprises at least one mono(meth)acrylate and at least one

poly(meth)acrylate.

11. The article of claim 9 or 10, wherein the conductive adhesive precursor is

essentially solvent-free.

12.  The article of any one of claims 9 to 11, wherein the first substrate and the second

substrate comprise electronic device components.
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