WD 2009/ 035958PCT/ US2008/ 075682 LOW TEMPERATURE BONDI NG ELECTRONI C

ADHESI VES Rel at ed Applications This application clains
priority wo2u9/68595Fr ovi si onal Application No. 60/972, 11®CTAfSR008d768Dt enber
13, 2007, and which is herein incorporated by reference in its entirety.
Technical Field This disclosure relates to | ow tenperature bondi ng
el ectroni ¢ adhesives, including electrically conductive adhesive such as
ani sot ropi ¢ conduct V@V IFHEFRAEERE BONDEY @ BRBCTRENIEARPHIYESadhesi ves can be
useful in assenbling electronic parts, and often enable assenbly as well as
establish electrical connections between the assenbled parts. An adhesive

that has the ability to establi gteaihiAfiRatiGhscrete el ectrical connections

between two el ectrical conponentsS 1S commonly referred to as an

ani sot r opi cal I phicaiidstidveaiadhipiriveo SUS PradkiosilvasplehianNare/umed of o
provi de el ectrical connection between a 15flexible circuit and an

el eck ri cdiled Serfemberel 3, 2007 and wihichgs bercinyinespergtadi byaclaHes ivds @Bip¥si ti on

al so should provide a short bond tjinge,, adhere to a variety of substrates,
provi de a bondlinc w thout voids,Jﬁ£h%E§bE$§¥actory shel f and storage life,
and mai ntain the physical ,connection between flexible gircuit d an
electrical substt dreoninedR S3praprediS Ethee RtV bl on
shoul d al g@thel9asydictiveamMmesae sutLastanthodBpR&onductive a@@IBeani sot ropi cal |y
conductive adhesive conpositions have used m croencapsul ated i m dazol cs as
thermal |y activated curing agents. Bdvkgeownd sotropi cally conductive
adhesi ve conpositions typically have a shelf |life of approxi mately one week
at tbom t enperBtdramic lhekivesdte dicweciobimposinnblmgssleatrenicyyarts.anidyficogpatilec at ed

t o manuf act ur.e 25becaus olvent.needs to be renmpyed wi thout initiating the
cure by eReiy Aazela car e ERteA et Bar FeheR L st it ol et ol y

f r om suchdagiiesihiens anPLsiityite BStablkRiigitipRNdiE@eldldectrital BshnS et BeeenboNdi Ng
operations. Voids in the bondline can reduce the reliability of the

el ect ri cdvoclnstiesel Pampenshisigycasmonkdeisaid & svarn wuiatiePichlly sefesiivh strengt h
of the boy gsqveel Ch Rl %Wgﬁ) DRNksRd to éroal;ale%Fe{g{ricrafa&g%g%t'o'nsneR{/%ﬁlraact ed, the

shel f 3019 nay be rTeduce ue to parti rel"ease e Tmdazolc. If the
Vi stPsi t yldxiblé biecuathirisinvte bt osistraten Aw dniotiopically ordactiaoadhesive t hen voi ds
may occur in the bondline. Increasing the W) 20091035958PCT/ US2008/ 075682
vi scosi t yoaiopifan glie sheatd armvids & disricamndying, Adres v ishedl sSHbsEdposi ti on

and/or u tﬁiﬁg‘gd@a SUR R4S Rl oidS h%Q@&eﬂfsfa%ﬁ?% Fll?etlf fhd eNBEC ltif%%rfﬁ%iﬂ{aﬁl €

known ne s to reduce voi ds. However, er viscostty fornulations
requi re mhyscslaoursttioabdtwder ndfearbde ¢iomuiteand marldcactalisubsgatpr beesses. Al so, if

the viscosity is too high, the .coating.solutiqgn not 5wet the substrate,
resulti nganf%q%%?ﬁya&%@g?%‘ﬁ AR oRes 9ulﬁ&é§5?'y@eteé%@rra%rmfae°ﬂ€a A ves
camgonprpi se both shelf stability and the manufacturing process.

O her types of anisotropic conductive adhesives with free-radical cure

resins have beéwmasangwpéopedlly porsludeye adheprovomipositoamshavenysdr at ure and f ast er
cures. One. of the j,0r .yeaknesses t hese . systens has.been.a | ack. . of
ctrong adnsGieBrRE RO R RS Taflltshy i BV el TueSSideph s

The di sclpagettiv aghdsri onidbieishy§icaNE h&RIEsHRITaIfO bf FpréxiffatclIendRenat
deficiencies, and yet allow short bond tines at |ower tenperatures with

uni ver sallPgmgeipacradre shush adhesivarompnesitioggaicdypigd|y qanplicptsd somenefupign ment s,
t .he%?' sclggde %1‘%&{1&1%5 Cobe ?Qfﬂ&zéd‘é&i%ﬁﬁ ilidleg APERYS hAfkiagRneuUr rently
W t desirable peel adnesi on an on

curatives. If the solvent is not removed completely from such adhesive compositions,

voids can result in the subsequent bonding operations. Voids in the bondline can reduce

the reliability of the electrical connection during use and can also reduce the adhesion

strength of the bonded electrical components. If solvent removal is protracted, the shelf

30 life may be reduced due to partial release of the imidazole. If the viscosity in the adhesive

composition prior to cure is too low, then voids may occur in the bondline. Increasing the



reliability, often while allow ng bonding at | ower tenperatures.

Provi ded in one enbodi nent is an adhesive conposition conprising a mxture
of a nal avoi2d®/389581 nat ed pol yi mi de resin, a thernopl asPC/use@s7s8npat i bl e
with the maleimde term nated polyimde resin, a thermally activated free
radi cal curing agent, and 20 a liquid rubber. Oher enbodi nents add one or
nore of a silane coupling agent, an ethylenically unsaturated conmpound wth
aci d functiscopisy ofthe uaused ppizairapycalip sendictive a@issive cpapositomians/@rciskigcal | v
conduct i b5 R/re'tﬁgt S peratlolngl QQC{&\K}QJ te ?paglrgg{étkno%' etﬁ%(%qg OSHLE VBIdQVI des a
curabl e adhesive fi ? or sheet conprising t hesive conposition
descri bedHaboxe. higher arsobimrfoﬁnﬂi@tﬁbmaqmretrhom sabdniseldabercforploagerdes an

el ectronic article conprisi | exi bl.e ted circuit and an adhesive
conposi t i BHURCHELRP B lan AF f&aw@fc%tyv ﬂagh (R FY3f1B8 5<?1flﬂ%alaw%ui t. In
anotfier el (BQkate tx@hﬁtmﬁ’% §Jo‘8§ Hiesidh QY 'tlf%es%bﬁfhtee' E&;/ér't&ﬂ*)erﬁﬁ%@tﬁﬁﬁ\%@
conprising a flexible printed circuit, an adhesive conposition according to
t he i nveriah eompamdsabotklskdf sthlpibity slhe matefagiuting proecss exi bl e printed
circuit adhered,to the Iec rical ubs rate wi t he,.adhesi ve ¢ osition
according to t(ﬁ@ litnéﬂ?%sn‘% OO tropié Con‘f"r‘f et IEHHPWFBZ &ﬁhﬁﬂgﬁfﬂe rteﬁ-i“%mp

di scl osurReRELest88 il®UBOE préVid@lowae Riniybratufel dng tfaddrdutde Ok o t&e@lﬁya@l
at-tide conprising BrOV|d|ng an adhesi ve conposition as descri bed

20091035958RATSHSATSLOYSeBL hitehash i lagk afiserong pditesigntty e Made vatetaet i ng t he
secde arexﬁ%lgclrul he adhesive on the first article to forman assenbly
wherein t f8rticle and the second article have the adhesive

t her ebet ween, and curing the adhesi nughﬁgtrlcally conductive pat hways may
be provided through the adhesive. 5 ils of one or nore enbodi nents

of the presentTH &M@ BlceHEnis @&hé‘sﬂ%& BvdrBorh & Bndl@s@bicRifitRkRoW. C her
features, objects, and advantage the invention will be apparent from

the descrdeficicorics.nod weti allgwt the adpllr@g aloover anpsratines withamaycrssdly Reedr i pti on
10" Ther no astlc SI i tha ofte n_exposed.to heating
above roo %%%%}a ngQE%J@ﬂggcf (ﬁ§n§m§qﬁeﬁgcgﬁﬂﬁgﬁgOngbndlt|on
whens cool aadeglwsrmwmé ﬁﬂmﬁfzéﬁ tucleconcurrentTyPafth ﬂe@ﬁébl@qjeghédheélﬁb‘ﬂﬁd p&ans parts

of a resin_conponent per ght of the total ampunt of nal ei m de term nated
pol yi mi dechigslity, ofteey lh)é*fm%b%an&aféevafﬁra&enwp@tw& h the 15nal ei ni de

functi onal iy ‘trFugs uL R bl Sl KRR At SRRl brln 20t €
fr ee- r adimabindde tongiragentolyimide resiAl 4 thetmdydasicatsn b@hpattblmdhftheed by the

term "about he recitatiaon. of numerical ranges en ints includes al
number s sra‘ﬂgl&ﬁga tepninafed qupamfeafﬁa@ %@egnaﬂyla%atsd %e rfa(?g%i cyring agent, 2113 2. 75,
3, 380, ﬂaqﬁ&‘ﬁlb@ler GRIhanbgheshii8ds Qﬂ?@&sthﬂeQﬁ% sﬁle ﬁﬁﬁ h'géni’ apan be used

to provide a bond between flexible circuits and electrical conponents

wi t hout \edliydenicallytuneatboual dommounthivath dcabfusctiamaktyableetrianlty caidietivice

el ectrical and ad si.an rties. .The adhesive conpositions allow the
bonds tolﬁgm%%¥ﬁ% SHIFY %gﬁﬁgpﬁéﬁ?@s and with short bonding tines. The

fornul ations qf, :06@cOEmbETiReRMIRAIINRMuSe flovides a RLASRMUIhEIVERI, AhOYET CONE
the 25linitations of short shelf life and voids in the bondlinc. In

addi t i on,she¢teomprsini viee athapve Fempestiasf dogertheduboenladingtar embodimignt this
desbg abl il osuretolgrggg Ld éneémt nefpaI%EIe c%&@nts %”%eﬂex%b‘f% ?ﬂﬁt@d él%m tl.%{go %d' ments,

making algnmen easi er ‘an
mal ci m dexdhééﬁ‘l?@ ébaﬁﬁﬁltmlayldeso@l@ed askeimsadised to ﬂletmltﬂ@ﬁﬁﬁ@d tirans may be

In another embodiment, this disclosure provides an electrical connection

comprising a flexible printed circuit, an adhesive composition according to the invention,
and an electrical substrate with the flexible printed circuit adhered to the electrical
30 substrate with the adhesive composition according to the invention.
In yet another embodiment, this disclosure provides method for attaching a first

article to a second article comprising providing an adhesive composition as described
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30pol yim dcs prepared fromprimary aliphatic diam ncs and di carboxylic

di anydridcs. Dicarboxylic dianhydrides that are useful in the

mal ei m dewoepiwesstsed pol yi m de resins of the present i nPEMUSRIVSATTHS2

di anhydri des such as pyronelitic dianhydride, tetracarboxylic WO
20091035958PCT/ US2008/ 075682 di anhydri de benzophenone, and tetracarboxylic
di anhydri dc butane. The pol yi m des of the]{)resent i nvention are prepared

with excdsgippn ﬁﬁ@fs‘faﬁ!fflﬁlﬁa‘fqn&acﬁﬁg Hesseeendartiggita Hie adhesivgrantps firsy agicle to

mal el m de, 1 engl, ‘Bgr wﬁ’ refRRRY fidd BRRAE 4 tﬂ% g&&ﬂ&ﬁm{‘cm{w@'ﬂf‘e HEEGiWl Tn the

mal ci m de- ternlnate yi mde resins of resent 1nvention arc diamncs
W th ten therehstoren, aad bmmgﬂhe adhesBuc mlehnmmllpccsnarmv& pitfiwdecane de aravided

1, 12- dode adlgqéye and a G 36 primary diam ne, such as VERSAM NE 552

( Cogni s MbeeHrati, o). The mal ei m de-term nated pol yi m des
may be prepar efhARiARYEbhOG bR diboafidis BPRRBRR0n IARGIibh Gl RIS _Of
mal ci m de-term nated polyimdes that are usable in the invention arc POLY
SET 4000, the@tsyrigion &000, Cdnat (E0LreSED) @60 ondadviahtapéseoffthomvttioeswiner

Mol ecul es, I nc San Di ego, CA). .. The , mal eim de-t erm nat ed pol yi m de
osi ' maoPBECRs BRI e ieondadingd AR AR Kak  amount of "at | east
20, at |east about 30, at |east about 40 pbw, or even nore. In other

enbodi ments, the adhesive conposition nay contain at |east about 40 pbw and
| ess than about 60 pbw of this poétyiled Desdrfiion. | 5Thernopl astic resins
conpatible wth the nmal ei m de-term nated pol yi m de resins which arc usefu
in the discIo§§&ﬁnmmﬂm$mtﬁmmgmbmsMUﬂ@ntm%sﬂ&n&a@mh@xpﬁsdnshmmmghb@me

hydr ophobi c nd arc s ene. .By c

ol e ot adopmAn R GO R iR o Rt St Erihir lighiodgemc ¢ esi n
and the rfgllnﬁé@ug@ term nat ed polyimde resin are both soluble together in
the same solvent, which may be an aromatic 20sol vent. Exanples of useful
sol vents i ncl iierts by weight 3 ﬁIdDWh@m@@aﬁEﬁﬁm@@sm@fponmmW@bt picthe é@iﬂns

whi ch are, h {in aellr(%n(?entd i ata ly1rn1 smq Alogl bt OICk 0 Oa}lgle 1tht
styrene anc Iene “addi 't 'on &P exaﬁ‘p? oﬁm}ﬁ lsn%elS Ct PH'ESiNs' Whi ¢

ar elhydr Qﬁdﬂeﬂmlae eneirReddyaldmide I%Qhuﬁflﬁhﬂé@lcﬂlyo@ﬂ%aﬁl@@@d yorepcundfwith ysiene and
i soprene. O her exanples of thernoplastic resins which arc hydrophobic and
sol ubl e ifHn¢tiomakiydifprescp) ow@rp s ageHt %ﬁl@ﬂl@ffﬂmcyw%fraﬁaadwﬁﬁwﬂs& J85AE  of
but adi ene and oC re
useful in the %liggéﬁ%}giaﬁe\%&n 1:3(%0 d?r%c/h Wg%brﬁp%l?gctoplg g%&éﬂﬁéc d:ntltgegfncta gl n a
segrment abngsspyeneépgiots ymeudeant nambegrsabiunadd voittiia chae nengp ¢¢.y e o 6 dvciident | y

bonded toget h tyrene . a ut adi ene bl ock copolyners that are useful in
the pr eselntef ¥ gv%ﬁg %ﬁ Sﬁhfr aé‘gsltgrl bl ock copol ymers which contain two segments
of s¢yrene 30 fQl a)d[’f@sﬁv@&ﬂn&%ﬁw%@Q&%ﬂ%ag@&us%“&&%e%@d ggﬁ%%% a DIEHEMRfach of

t he segnments of styrene pol yner are coval ently bond to the segnent of
but adi endlqxdily meeuits Addictectival cosmymemte vathdubutiddinghebdidbiok, wlupolopdetos t hat

are useful .in the .pres b bl pck . ..
S0091035kECdSIBIEF B s E b rmEreTes: frondSixuconeasiioonalater ei n

t he but adhependzedBE it st Wfénﬁbmm@@aﬁmﬁh short bondfiihéQNEe t her nopl asti ¢
resins which are useful in the present invention are triblock copol yners
with a sefgﬁ@ﬁﬂtms otope eneoprotybrstiments sbthewriescaf inpuntigaiorasopsitharer 5and a
segpent qgf 1%0*11?8{%10%5%&“?& ﬁnd%’o'l&ﬂ”% the E&dlﬁlhegﬂ%’vﬁ%nt 3 HE dﬁgglé‘es useful in

t he™present 1 nvention i ncl ud nmer ~segnen ich i ncludes a reactive
doubl e bapehpodifiens @f&falrﬂouﬁeﬁb@tﬁhﬁnﬂ@@ﬂ&b[tmetl%l@mek ppy s, segaedbmof the
thernoplastic resin may react with the maleinmde term nated polyimdc resin
during t HeMperagirg Hgiors q@%&ﬂ?%t%ﬂ%@h%@gwﬁ? YrystackipRepy @ SBA AT ve
exanpl es gf. ti\er nopl astic resins conpatible mnth the mal ei m de term nated
polylnlde resins include resins avail able as "KRATON' resins available from
I Crat on Pol ynéFhelrhdleinkiderstrmimateDhol giutte @sink GChATIOhd€ah9thkXionKRATON DKX

222CS KRA O\I 11 16K, nd KRAT 10CS. Addij.tional. repr ntative
exatpl es repeEsk WP@&M&@W@@WH@%@ f Bl dicoer m nat ed
pol yi m d%&%@%l{bsdlhﬂ}ﬁz'dkig@s BhddreN&ruh A BRRRE AR Y& Pﬁol?ﬁﬁh@%s&%%@ as
SBM AFX233 and 'SBM AFX123, available from Arkema I nc. adel phia, PA.

the present invention are dlanhydrldes such as pyromelitic dlanhydrlde, tetracarboxylic
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The thernoplastic resins may be present in the adhesive conposition at an
anpunt that is at |east about 30 pbw, at |east about 40 pbw, or even nore.
In sone ewbadivissdss, the thernoplastic resin may be pre®€EmtusRevsionwsadhesi ve
conposition at an anount greater 20than 40 pbw and | ess than 65 pbw.

Li quid rubbers conpatible with the nalei mde-termn nated polyinde resins
whi ch are useful in the disclosed conpositions include functionalized

liquid rubydwdridabenaophraent.iapdtqtpcabareic datvitee dbrtpegiTde pabbridss etids as

| ybut Y f h | at
P T R S e R L e
poIybutadyemg{ebym&ﬂann&nbﬁmmhkyjmmnngmhpmhwhhqnnﬂsﬂmbbenmﬂhtemhals can be

used, such as Rl CACRYL, 3100,. . a | ow functionalit | i tional)
met hacr yI B EIdeTSrBRass Rbwmideresiag ngf*e\nérsgﬁ&lnmyﬁl)m(ﬂ émr Péﬂ%&em 3500,
a high fL}H&fe'c%%h'awns( Rk | dYanRa s @fef1L!bc&éc%b%'w)rnlﬁatlbﬁfaade%acﬁgrn&%'a‘ABldtCad' ene

mol ecul ar wei ght (Wh) 6000, both from Sartomner . A,
poIybutadKEmenaﬁdmmmnhaudymaVERsﬁdAEﬂESﬁH«bQMwbﬂnad(mnmnmnaGEDlate both
from Sart oner

1MAL0 | t
funet s anat oo et R S arred s ARGRAA R0 ocul ar
vei ght  alyas0S00ecRlcGRMnAES MAfhaldiml v B 20094085958 RETALS 2098075682

mol ecul ar wei ght "pol ybut adi ene- st¥rene copol ynmer fiunctionalized with

mal ei ¢ anhwntlpa@re( YU BESAORE ROLY 8RR YEP9.cayl Hﬁ&vYSTgT 200 edabladropei ght of

abo nol ecul ar wei ght pol ybut adi ene
func |ona a?%ﬁgNBkﬁuna1e?N%an §g()g%b(about 17% mal ei ¢ anhydride) having a

mol ecul ar wei gitic radlciatigerteradfed Iailizmﬁd@mﬁsﬁw l@srﬁﬁ’ésenﬁtﬂ tht adliddBic sui t abl e
l'iquid rubbers include LIR 403, a_|ow nol ecul ar mel pol yi sopr ene
f unct i onOPHeRtiaR eham#ne oaamyw POt (eapihouidg, r‘i‘ﬁ eért@ba v &) eﬁea\n ng a

mol ecul ar, %bﬁh@lt etﬁp@dfﬁlegt? qgg S%ir!réglvjegg 8511[1 fotlel At lé/ﬁ?f Mkt 40

nethacryla pol yi soprene cry ate function 1ty) hal |ng a
rml ecul aranﬂ&eghltandboatb@hpbvsleﬂfhﬁhpcﬁyudmllﬁe?ﬁﬁ a | ow nol ecul ar wei ght

cryl at ed pol |so rene (about t hacr te functj aI| having a
Ul ar wei g'ﬂr rgeDlatis e %bpat@fq with g %rrg rlEginaig @%zeseapang

Gbneral|¥NmE@%§meﬁﬂHhﬂeﬁﬁpg§&i&ﬁ&ﬁﬁhﬁb§nﬁhﬁb%ﬂﬁﬁ%ﬁ@@ﬂéHmﬁQw%ﬂﬁHﬁ
sufficient to provide roomtenperature tackiness such that the adhesive

remai ns Vitydraphpbiaeed adusolubde @l tolpane Ay md)aabbem&i maleimidictterminadd or

nmechani cal | d before The qui d. 15 ber., ma nt in the
Rhes ve TOGHBBE £ri5h g b tiah Bk shetPalfereui e e i TBe JEwRh & ow about
20, bel owonagiide t8in aREbAWsaBBMtoRth@lin E¥&AMk 86K ent] WhiRaehatibRAtS, t he
l'iquid rubber may be present in the adhesive conposrtlon at an anount

gredl er tsebignB Egbmplenal needel sohvants 1sclpdndoluape aadhyiylensisc Exkpiplenebt ur at ed .
Ol'goner’h&@léﬂmﬂ@&mﬂﬁvﬁn&lﬁ%bﬂ&%@ﬂ%&bﬁn@&h&ﬁgﬁ{rhﬁ%@bﬁﬂdSﬁ@a%%lpgﬁépded In

t hese adhesrv oSsit1 ons uid acr es can provi cki ness

to a |l ayaf s@lfre@l’and(ﬂil&ﬁilene Mﬂnmarex@ﬁlpm@tfﬁ@n@aplast& @ubmvhame@ uch as a
rel ease liner. GEneraII%%,such materials are included i n an anpunt
suf fi ci erdtydiephgbisyind solublsin fdwsnerasg boek eepralymes of sijege ppdtsoprrac ddthesi ve

remai ns I Y I
nechanlcggﬁ&ﬁ(gPgﬁ%ng@éﬁgﬂF?%%gﬂgﬁghaggﬁé@? g§8lmgﬁh§g%§&%%gg(mglnents
is Buffi ouoenllynteos cbfesltmbnet el cadivesitves of)lnmameﬂa o isproree Syuene apdbatadione at
roomte ture rall ck level is |ow enbodi ments; for
exanpl 0. B eI B A ?@#’dﬁwt PPIEP Hye tloeee%%ﬁé{@# BOXPETY nel uded
in an ampgty b'éht&lﬁ a%@%r%nt?f@ si%é’ﬁe ﬂo'i‘yrﬁérrhﬁﬂ a& Qﬂt@%ﬁdleh@bélyﬂ@mt is at

| east about 5 pbw, and in sorne enbodi nents about to 12 pbw. In other

enbodi ne mosalentlfbebmrbd rcrtgeﬂ@r | Styrenedint butadsut bRok Somiwnm thatevemseful in the
i nconpati bil i m%th e%ov akl HBPSItI eﬂu naterl i in this
cat egor y TRHEPUHECIIME e £8P§)V rso‘?’ki“glbﬁ%lr AN SCRRTTHS Y%t es,
ur etMane-Reyri¢rahg dne Qé'%neﬁll@ ORButaGiENd A8IoSicr, GORBFEINGhE of B SEdnings oMEyruste, T or
exanpl e, difunctional bisphenol -
polymer are covalently bonded to the segment of butadiene polymer. Additional styrene

and butadiene block copolymers that are useful in the present invention may be block
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WO 20091035958PCT/ US2008/ 075682 A- based epoxy acrylatc (CN120 from
Sartonctr), partially acryl atcd bi sphenol - A epoxy diacryl ate (EBECRYL 3605),
and bi sph0abedn3sysexy di acryl ates (EBECRYL 37XX Seri es) PCEBSOR%I075682 er i al s
are fromCytec Industries). As used herein, ethylenically unsaturated
conpounds with acid functionality is 5Smeant to include nononers, oligoners,
and pol ymers having cthylenic unsaturation and acid functlonallty

Et hyl eni capPPyymersseftstiranceandduisiensaehapgin pholutediengregmertdias ©gen nel ude, for
exanpl e, gaturated acidic conpounds such as glycerol phosphate
nnno(netﬁﬁa’f%Pate gl ycerol phosphate di (nmeth)acryl ates, hydroxyet hyl
(et h)acryl at eAdId-m@la,l tHdiEivBy lastdphaspivaich sire tcsi(l ﬁmm)mnmommhmyé )

h hat I h hat bi th J I
Phosphat GHOBEERRLTRYACIN DFTEPORTARD: BHBEARARSImETHet RyHLiegr Ry Ly
phosphat y,qhi g %&w&mﬁ% MQ@P&VIBI RBPSRB %&mo%l%ﬁ&ﬁe@lﬁﬁ MI&BIMR%&’ !

phosphat e, bis((neth)acryloxyoctyl)  phosphate h) acryl oxydecyl
phosphatqnaan@WﬂEKmyaduwi@gwgecyk%HEMOEbhhnmﬂuﬁapnemawtdnddnbomhdmylate
phosphat e, Jtrl 5or, tri-nmethac acr Ia ed

Bl ool drttak afIRGPG fubnpue Py aEEFERNG bt Merair Bo 6 R eRDr at ed
DOIY(nEthh@ﬁﬁkﬁm&m&&hﬁnmawbU@HﬁMB}é@f&Mﬁ@ﬁﬂeB@&%@ﬁhﬂ?&Mﬁwﬁ&IMﬂﬂ?sphonlC
acid, poly(meth)acrylated polysul fonatc, poly(neth)acrylated polyboric
aC|d andredsss.| i ke, may be used as conponents in the adhesi ve conpositions.

ol i rhoni. 0] uch as
ﬁﬂeacryl|cq§%E%§nm§Y%%ﬁ§h %%?K%E£€ (ml %?ﬁ%ﬂ?%vgﬁfg%gﬁhgﬁpélated
t rimelli ttegniagtcd dlyahislo ré&said 1bﬁudlé$ﬁ@1ns §fazﬁtalbfd as ‘(KZI@KTDG)BIS r&finseivaitgafoml |y
unsat ur at ed conpound with acid functionalit resent wh”ggxgre usef ul

in the cdeistui kARG %&C{Iﬁ@sﬁﬁnegéwuqhwmﬁﬁm KRATON

i T T S W&%@%ﬁ%‘l@%‘wﬁ AR e e

et hyl eni cabiplesiog dteunepleshoaesrmmmnilsatnbiet xhltladiednélmmde cmmlinatad paljinpdese nt
may_ . be used in e adhesi ve.conposition at. an th S not
und&si r adFyny Belag Sftyaf‘éleiwaéh%e%etﬁm lae,rgsipt aichiz I@MI* 3@ &1@5535 5 pbw,
and in 5QQFXPﬂdeMﬁ%ﬂ;§mﬁyhk&ﬁ§huﬁQQH&dQ 94,pQ- 03, 0.05, 1, or even nore.
30Coupl i ng agents conpatible wth, or part|C|pat|ng in, a free-radical

curing reacti drheh¢rimophestiotdsars rmyrﬁmmnsmdhe adticsivie mmposutimn &l aweingamt be

gamma. mor BAt 8 GRS BUE o ABt noyer s 0 PR So08hoRRb S RN ROGOBr B s s2

gama- netthaieth &N tRRYin hialyMRtpIXH 8 ith@dtiesive composition at an amount greater
ganmma- am nopr opyl tri met hoxysi I ane, and vi nyl trinet hoxysil ane. ese

natéﬁlaI§h§¥@)é@®é@¢h¥$ﬂwu§émbW'for certain enbodi ments, e.g, those

i ntended for q_fﬁ‘% i &ﬁ)l{i}peﬂ éo%pea%blesvvﬁlpth%ﬁﬂgilg %18@4@&1% r{%ge(zi I%éﬂﬁﬁdef 1%E1nL' %wh

appl i cations. i ve conmposition

at an anu@tsdnilah thédlﬁd]kﬁseti(@oﬂlbositlm& 1@&1\&1;16 ﬁmdtldnfah@&d‘lli‘dim& ersméﬁz, from
about 0.01 phw to 1.0 pbw. For. exanp good results for coated gl ass
substr at é@eﬁﬁ&a s @111&1916%’&6@)11@‘?%%“5 Suich 35 Elxhyrdisngsior pebAsPPTaRSr mal

| ni tiatorg, gl e \I;’i'tﬁ te”ﬁIet ahﬂ&%@fcﬂ’yl&@%&eﬁﬁ' ﬁﬁét@dorfrﬁé?ﬁ; taIIl?yéﬂfdQUp

consi sting of azo conpo s suc azo-bi si'sobutyronitr
2, 225 azobind-copabuitisrsatieas plepbthaéer(editpﬂeemyCulrrenthmma)mermal liquid rubber

4-4'-azobis-. -cyano t anoi c s such.as benz per oxi de,
cumy! - perBRFAES CHaR PR Ber AR Y B eR bR RATOHRI BRI SIS S ut ar o ac! d
per oxi de:fuIl@cIHhQM Ime@l@ic?ﬂht@@ pol@%ﬁk’a@ﬁﬁ@ rﬁ’(ﬂé&ﬂér%lglﬁxgﬁﬁ %@O@Xﬁcijﬁﬁ&QRITLas
tert-butyl hydroperoxi'de and cunmene hydroperoxide, peracids such
per acet i 3500, a high functionality (mostly penta functional) methacrylated polybutadiene

molecular weight (Mn) 6000, both from Sartomer Co. Exton, PA; CN 303 polybutadiene

30 dimethacrylate and CN 307 polybutadiene diacrylate, both from Sartomer; RICON
131MA10, a low molecular weight polybutadiene functionalized with maleic anhydride

(about 10% maleic anhydride) molecular weight about 5000, RICON 184MAG6, a low

-5-



acid and perbenzoic acid, potassium persulfate, and peresters such as

di i sopropyl percarbonate. |SElectrically conductive particles my be useful
in the adhoxwW3swBAPosi ti ons di scl osed. Electrically cordiaiSeaos/opms2i cl es
such as carbon particles or nmetal particles of silver, copper, nickel,
gold, tin, zinc, platinum palladium iron, tungsten, nolybdenum alloys
thereof, solder, or the like, or particles prepared with a surface covering
or coati rgelesulyr weiaktrolybpeadienststgnaosoralymear dinctignaligd vath mplgic gnRgdridean pe
used. [t @Ghap ohSmBRESIR IS S 000 AAPIHGLI B RbY ShaSIeN POl YT
such as pol yethylene, polys yren%, phenol resSin, epoxy resin, acryl resin
or benzogubaiveai he lowe snalgcutar vedigle pobdathdicns ifirictianal gred phithtreal ek aahydridem c,

ith duct i f ' . . 0., ti. f , all ,
or the 1Ry e ianaadide Aot Sttt gl Pered T QISR abi o1 n &
variety of,@hapestil 6ty sui‘%@l%ﬁhﬁ'id f@bers SAHRINRARS3, o Gy HOM LR Weidh: 2kes,

@
needl e, whisker, platelet, agglonerate, crystal, acicular). The particle
may have mlgbapgérel fynctonghzadrwigpinkled: sy fiade(abdite} s mapec athydhde)diasotgd cal | y

conductive particl.es is. not ti rly limted but, a nearl pheri cal
chape.i s Tr LT EER o SoRE 2sBE GRS By R b R R I ot oty
dependentpoia@ipréftQabdif 8l BEHa @Y latcTBn &RNEGHE§ Havi@S b holQURP BRI oRSbuease of
processing of the final resireparticle 30m x. Conbi nations of particle

shapes, si9986,andiC RBF.drlewnelagultyeviglicmethaarilatedipobilisspeancdalinas Bve

co Siti . 91035958PCT/ US2008/ 075682 er enhodi ment s,
e G anediBeer M Bt RTSY RV e g R PLabous 4. GBS BFRSR oo s
conduct i Weo.mhd.olighyd, hepahhi ckness as well as in the plane, also called

i sotropi c adhesives. Any known neans for achieving isotropic_conductive
adhesi ves, sudpenggliyntheaaliqud ribber pafctiats aroiaiuded B aneraeunt peficiept ®onduct i ve
particle i : i ct I fi . e] ongat ed
Par 1 ol od oS i Rty Rl ERRMEILL Sich (R ATIAER Sl DA e pREA By 20
fibers, ahghoentsekliasscndry,radlicecddhmstlanidatly Walklibetse suldsd. r Bicdsquidhe
adhesive c osi tions of. variqus. enbodi nents of this disclosure allow
desi s abl é‘u@a'?%aa?atmwnt /Bt adhgRig EOBPOVTN ﬁga_nci’é%quf“h@%lsi’a SHBH Phvel s.
The nean bRt ZE), Bkl ot NP URIdW B RBB L diCves 1S e B dhovidgRENdi ng
on the 10el ectrode wi dth and the spacing between the adjacent el ectrodes
used for tbohgedtrilder nfagbe gxaamt ie thd édhehiee edrepasttomhent wh dmountsgrfcmther det er s
(gm and tbhe ) aCitﬂ%ngEtt\)Neen adj acent electrodes is 50 gm(that is, the

el ect rodd pt Nt P°™), a mean particle size of about 3 to about 20

p. mis appropragb@ylcBitalpiunginghtcd dlisShb0 Rintdl ty BONHy&iH ave i@ digshwe
conposition in which are di spersed conductive particles with a nmean

par 20 cl e ajozanibg inglpded|imihasgadhastveicempeytipns d'hese bawd avelates| day psatidest act ory
conducti ve G C L.Std cs il e . p i

circuiti ntgc@get%\g/\goe&nﬁg%ﬁs%{caénatd e Weec‘for%éjzoglstl.%gl%ﬁ&r%r%§{1%caasg1§§t,?ﬂés Fdr}“%eﬁ? %g%%slet ch of
t he el ectlinedeSenseltl, kach @awriels hiinclgtdupen dnteint WificichiCtoiprodddiorat es W | |
be from about 50 to about 1000 I.tm .the nean particle size of the

conduct i VeMpairturefagkingss syelothar s pghgshyerrpmaing ngereonlagadaiving atignmggnd 40

m cr onet : @g@ﬂ . . ried in
pits in ﬁ%gené 1%,01%11?1 %lg%g S)IF ac ea!nt atljlg rﬁ?@s@?ﬁ%ﬁ%&% ?ﬁ%ﬁ%ﬁ’%&%é‘ﬁ%&%’ ive

par 23 cl esmtaddnérfts ishvefficaene td hbglehe adimuitve 40mpogitidthaypromyrd ensitivoat roomt

circuit design fre(e}\dom gutﬁ to incie sed |ikelihood to produce short
circuiti A5 BEE bt rOst A £ ek dets B8 in s g PR SATRIBGER ve
parti cl es,aAdeshuaINAAT YroeR8RILIG Aftclifg 1A i8Au8Ed AL fheg) fest sped and

the nmean particle size of the conductive particles. A satisfactory
connect i abvcaln atlsughibpdivecnse Hiigymoumiis &t least ebout 6 pbwe sadvipl emeabout 2 to

bout 10 duct i ticl t . el de. For. |
ol ot ri oIl HERTRi0 0% bER o B ERGE p B S Sahi S ¥ fefiE R R e
conpsi tighiy dtpréR@tincdMphttbirYanith BRQvBRI BhpetifietleUsdtilnetcARwthiof

conductive particles with respect to the total volunme of the dry
conposi t itegephacluie fof exgawic, goivlie plipomeinurelydstereeivdnies viashaparacivdates (al |

in vol une ol~ 9% 15 Ly east t |

enbodi monts ey essdfeeep ottt et R B SEY es AR b (2568 07 562
at | east about 5. In other enbodi ments, the anobunt of conductive particles
i s bel ow about 30, bel ow about 20, bel ow about 10, or even | ower (again,
all invol.%. In one presently prefertfed enbodi ment, this anobunt ranges

fromabout 0.5 to about 10 vol.% Adjuvants optionally may be added to the
conpositions such as col orants,



5antioxi dants, flow agents, bodying agents, flatting agents, inert fillers,
bi nders, fungicides, bactericides, surfactants, plasticizers, and ot her
addi ti veswRnroewn3swst hose skilled in the art They can bePalras2@siozieanti al |y
unreactive, such as fillers both inorganic and organic. These adjuvants, if
present, arc added in an anmount effective for their art known purpose.

Typi cal | t he adhesive conposition wll be solvent coated onto a rel ease

| i ner an¥4@ew§é@0&awkaf 120 feaam Saitoraen) i naphiadlycasrlpfad DisRECNQMACHIONE fi | m
can be a t S%HH? e | ] KGa e for the
anisotrog?%% $(g§% uct,ééﬁgaﬂggﬁﬂggﬁﬁgé%??ﬁé@g?ﬁ5%§$?§F%ﬁ% %7inents
her ei n i SSdries)EBHREY la ntosriatcdre dionbEytae érduatrick)exi bl e printed circuit and a

substrat e havipg chi.ng _connecting el ectrodes, for ex | e those found in
a flat panel d@%ﬁ%@@eﬁ%?ﬁhyg%m HNETATBIFE Cﬁavowsw&ba%igf%ﬂn_ ¥ fSexi bl e
pringed |4k fFibld@RRnBmBEs! Bltiﬁlffné%é,raﬁlk! ngmg fhvihg &E@Eﬁ%ﬁmﬁit%ﬁ@ﬁ gnPrinted

circuit. Oher applications include fli attachnent of sem conduct or

chi ps t o acatfuoctsonahifynt ed circuit substrates and interconnections between
two flexible pnted circujts or an onbj natjons. t hereof Sui.table
Substrat es. usaririegsaf Birhbtad brErbets Repaak pgionaRapy uR gl o
exanpl e, @BMﬁldﬂMﬁled%@ﬂReéom&%ﬁmMﬁhaggﬁi@ero[\bﬁ‘d‘sﬁhate ﬂﬁin@%m&hﬁbi(yﬂﬁié@, silver),
gl ass, various polyneric 20t hernopl astic or thernoset filnms (for exanple,

pol yet hy| @yesral ehesithateadicmesh)aptybaies. by dredygilaylymicyacrelatedeigdlEMA) y pr opyl ene,

| yet hyl | yii 1 | 1.ul osi h | 1 ul tate,
el e R R T S, R e AT Sy
requi r ed dig(mga)agngetypadpydphasshatd) isaimdiacifoxy ieoptotynghaagens, used wil |

vary dependi ng on the Eartlcular ol ymeri zabl e conposition used and the
Y

25desi r edMgPpRGTERKY Y YbPhaspatp st kesth ey Ipmdatd) Phasphatadmetyagyoexody! heat

to cure t bt d i i i.0 i i bar bonders,

ovens, hJﬂsﬂﬁgggg&“ﬁgﬁﬁﬁﬁﬁﬁgg&ﬂg)?gﬂﬂﬁg%’Qﬁ%ﬁﬁ%ﬁﬁ%yﬁggiﬁg?Qﬁ?ﬁ?omave

sour ces, tasitné¢thmchyildogrdecyl) phosphats,araprotavhodim@hdcsylatelphogphaes cinde avdhosi ti on

Q6! Lot et o rarmehisaflar ol (BRI raBsao! Beelbicotcish dO NG A e Emor At ur o

se e J erature

bel ow ab 2 : : i | ow about 5

seconds ?g?%rﬁg)gglgtag{(rii)g(}ﬂg%ér}gj?bgﬂ%\%{vpg%%%%&%%%gggig ’ %lggﬂ%h){aib%tggl ow about

2000 R o e e T op px  priodl o s: YO
e a si.ve conposition o .pr.esen

b ool oourBIGEIFaE P RoR s g A i e AR Bt s Coufbartst Bl Boar 10,

bel ow abaidheive QRhMRBOUMonomBER| OMeARAYtand poBim@Y 8Murdsad@tREd carBoré her
enbodi nents, the adhesive conposition of the present disclosure is curable

usi My a bl suehpeimatipeylicyoidy, apanaiv (asduecrobed dsisls doeabsthacndoed bel ow
about 14Q,. | ow about 120, or even | ower. In some
enbodine&?ggﬁp%gkgggggé3%9%%%%§Sition of the present disclosure is stable
at room t enperSyetifie ckamprs of e@gleni@bidyitindati@ek cordpourdasith o GincHomeeks, at

| east about 3 or 4 weeks, or even longer. O course, redupina t he
t enper at uf Brepebnvhigh pictuspipd Hiathe campapois o5k presgat nyeptedsiaclufie tshel f 1 fe.
In sone i i R0k . ol 1 provi de
about f03?9g2%2§9%§y%%%?g§§9ﬁ?%éﬁﬁggr00n¥%%%%§fa§ﬁ%g&gﬁﬁmggggg?g@?ggétiVe
enogh t d70ufrem Gytatycutl ABOIEONERSH 7 (frorbdlvgnisy cycl e with a maxi num
adhesi ve tenperature af about 150C. The di.scl osed. adhesi ve

conposi tions cdl %@%&%&W%HWW%B@WH& G URGLIRRPI Y, 1T BRECHePAbd

i nvol ves @t ifsaf i 1A adhdsiveTbnPblitih &t dlarRo R G tRditdos! &t%ﬁ@sﬁﬂaﬁlyﬂ?tard

| Sprovi di ng the adhesive conposition as described herein on thé first

articl e, thoerac¢imenfortchempleca fedchurt focibeut Dphwenddhesihe embeditrvetsfat keast articl e
to form an ats(fﬁgtbl%3 mrﬁi n the first article and the second article have
the adhesiV&' therebetwden,® aNd €Gf9 ng the adhesive. Heat and pressure
typsgal |y are usiptinphabdhtd &SnpitibEOl#R R paeikRdhFR) b FrecEh@iciIrARhE raheMbLes,
such as liquid crystal display conponents, can be selected for one of these
articles ic|0gh e icp@pPran(s, ofﬁﬁﬂéhm@@twm algo biebeiseduifrpmplep snckusdedict ed for the
ot her artj r , i ! I rein are
used to pravie SRS I RRAR, unRRAGY PRR LSRR o' 1 T
vari ous enbodi ments, the disclosed adhesives have sufficient tack to adhere

to the target surface at roomtenperature to allow the backing or liner to
be easily renoved. -/-



25For exanple, a pre-tacking nethod can be used to attach the adhesive to a
circuit to be joined, either by hand or by using autonmated equi pnent. In
sonme enmbodDreRIWESsISBIi M ted heating and/or |imted pressuPETASPONSH7H8SI I abl e.
In one enbodi nent, a three-step procedure can be used, such as tacking the
filmto one substrate (i.e., pre-tacking), renoving the release liner, and
then bonding the first substrate to the second substrate. 30M croel ectronic
devi ces cBRTRHPICHREY FdFonyd Eimpthoxt HiengdsaunaemBORpsitiinsHoxysikar cadd

i ncl ude, : I I C U i i sych as
170 o 20 imsb O T PI00EE s 0o PRAN el 3 Rl oS P
chi p, fl ekodelietepdddfoedlasd substirdtesy suchi asdTOtpdveated glat or, LEDdp@idagonexanpl es
i ncl ude bondi sem conductor die tq.glass, chip, circuit board, etc.

In soms enbodi MSROSP IR bl irpthsiadhesie QMROPItION Af MyIBAMI ARty £ or

10005 hourg, @t,8rG FhavlahliRbihdEeibdlifbiy, ﬁ‘@}h%iﬂtr@).@l_t@%ﬁ) PORGR! ¢3! evel's (as

nmeasured by peel 5testing) and maintain |low el ectrical resistance.
Advant agesampley gpadugsulsnbochateiglassofibsthates mayventaromd 4@ fhw.t her il l ustrated

by the foll ow exanpl es nd the .particul.ar materi.al nd, anmount s .t her eof
Cecited in ¢ hdoarmreeu B8 ellniie by frofete AL shout
not be cansih iedodscotihy of b8 donundN duchBt enLabHidsdbusRomBile] @mlethyl

avai l abl e or known to those skilled in the art 10unl ess ot herw se stated or

appar ent .2, eaakb-espbutyrate, azprbig-(sepheazk methang db4asrgbexdraypeepebtanoiw, acidye
sa e di nsi ons ,ar e appr,oxi mat e, terials e avai | | e m chem cal
Sy OTEAAA N PLSAPEN KT RO DI EYILLAL SclbRBRE™ o2

or al so geraad€dlbaiowid Mrbxidatigtitosd pdpexias myaaesn beooidealiyeirdfiepadst ed i n
wei ght percent. Test Methods Peel Adhesion Strips of adhesive film (2 nm by
25 mm weeh eyiertfushhydraperoxiderand eymepe Bydapoosidadstasidstsurtyds pIpSEFve il m

sanpl es : I t f of its to

" um TR G R 2 SR bl Rt b RS r RSP L R RSB S ent. ¢ ypes
of flex werearbdnide. adhesi ve-type polyimde flex (available from Fl exible
Crcuit Technaol ogi.e | ng.,. M nneapol i s, 2) 3N Brand Adhesi vel ess
Flelble G rcfﬁl_{ﬂ ricyll)coagiivemaric |mmg§% ,zw%wwescoa@@éw%d as a
two- | ayerqi@hiesi ERLEREIP LEMRILHTEpRHiclBOlich T €8b8R Yardiek@BPRctal BhrkiclcIBE 1 €x
circuit sanples were bonded to the I TO coated glass with a Unit& pul se heat

bonder ( Milyers hoppedmickl, @otdp tin, Moy patinam, GAjadwirohran, bagstermpelybdeame,of 300C,
a pressure of .3 a d a,bond tine.of 10 seconds. The bonded sanples were
bt eq 1 MO8y AT B BEar RS PO HGrHEoRACE AT RN o S S ERST PP Eot or
upgr aded oatdanMicavRepaMoSIHat M@ e all B3 bR tHer ) MhPeIed ENBIEIS PossibRdBMse
Prairie, MN. The tensile 30tester was fitted with a 22.7 Jf(ﬁxel oad cell, and

a 980 degriwa-geaeyctive particicstod g @olymprs speleds nodyashylens, Bolypironemiceol 1THe, peak

peel forc or . e i S.

009103598800 OeHB G52k &5 ot P KOS B LRI RS R ot pea
peel f or cerandbueish edndubtvy @pfac€ addingyy €, @aah@ged aadi(ar slldyepost@d bel ow in
the tables. Electrical Resistance Test 5Adhesive filns sanples (2 mm by 25

nm wer e lik&d to bond 200 (tmpitch gold
Useful electrically conductive particles are available in a variety of shapes (e.g.,

25 spherical, ellipsoidal, cylindrical, flakes, needle, whisker, platelet, agglomerate, crystal,
acicular). The particle may have a slightly rough or spiked surface. The shape of the
electrically conductive particles is not particularly limited but a nearly spherical shape is
preferred in some embodiments. The choice of shape is typically dependent upon the
rheology of the selected resin components and ease of processing of the final resin/particle

30 mix. Combinations of particle shapes, sizes, and hardness may be used in the disclosed

adhesive compositions.



adhesive-less flex circuits and corresponding FR-4 circuit test boards. The
sanpl es were bonded using a Unit& pul se heat bonder with a pressure of 3
MPa and awbapowssgser at ure and a bonding tine set to achiPETAISRINS/03HAR

bondl i nc tenperature, neasured with a thernocouple, as achieved in the
preparation of the peel adhesion test sanples. The 10El ectrical resistance
of the bonded sanpl es was determ ned using a 4-Point Kelvin Measurenent

t echni que usi g otlise cmepdigynthg thesBemetosIIOsition g ghis disclosurpglgacan be used
source/ v I b] | ey
el une‘r)]ﬂtois ?%es %ﬁg@@%ﬁggﬁ%ﬁ%& L€ wHhla %m fﬁ%%ia!n@ rrgot éaﬁl)‘%m%’é gf&
Series Svudheshn&e@o mnydinomduéaas I’Edndaehlewl@lsotmpm doabh«&w]:&ﬂhmdéaﬂutch hey

I nstruments, lnc. atlo Crcuit ChekP PET av |Iable
from G r difteastetg vpine 1%<§P%0 Igvacal neopeidiyeaagitedes OBW/ CREAUCHNGI

I nstg umarht:ﬁm E48bA ﬁberl@nd@%ion%gtreﬂ Qlttlclels crﬁ‘nlﬂe'ﬂéﬁ’ @F&)ur%oﬁf%ﬁ tﬁ@”pl i ance
(volts): bonded l'es were placed in thé probe station,

and 15 n@db@mmnh game]ree fitzke ra,n«Hnr sarh cgareplie. adhbgomtoevaiges sfbstritese

nmeasur e S. re or ) he. t abl es  bel 30, WO )
20091035 &5@?% ’5061%?% YHt%? FH‘l%gdlﬂéeél Gfr@éé“%?ﬁ’éf/e MRSy ce
Descr i pt i @RdbddRERRN By HIRTRIdITles BEnE olesRaNxige A-174 Moment i ve
Performance Materials Inc., Wlton, CT Si*est A-174,

gamma- et hacr yltexypeanapytiale $1ﬁ%t3f1ﬂj)‘é yendugtisc POLVISETS®O0EY vary depending on the

10 electrode width and the spacing between the adjacent electrodes used for connection. For
example, if the electrode width is 50 micrometers (um) and the spacing between adjacent
electrodes is 50 um (that is, the electrode pitch is 100 um), a mean particle size of about 3
to about 20 um is appropriate. By using an anisotropically conductive adhesive
composition in which are dispersed conductive particles with a mean particle size in this

15 range, it is possible to achieve fully satisfactory conductive characteristics while also
adequately preventing short circuiting between adjacent electrodes. In most cases, since
the pitch of the electrodes used for connection between the two circuit substrates will be
from about 50 to about 1000 um, the mean particle size of the conductive particles is
preferably in the range of about 2 to about 40 micrometers. If they are smaller than about

20 2 um, they may be buried in pits in the electrode surface thus losing their function as
conductive particles, and if they are larger about 40 um, they may tend to limit circuit
design freedom due to increased likelihood to produce short circuiting between adjacent
electrodes.

The amount of the conductive particles added may vary depending on the area of

25 the electrodes used and the mean particle size of the conductive particles. A satisfactory
connection can usually be achieved with a few (for example, about 2 to about 10)
conductive particles present per electrode. For even lower electrical resistance, the
conductive particles may be included in the composition at about 10 to about 300 per
electrode.

30 The amount of conductive particles with respect to the total volume of the dry
composition (that is without solvent) minus the conductive particles (all in volume percent

or vol.%) is usually at least about 0.1, in other embodiments at least about 0.5, 1, or even

9.



DM Mal eim de term nated polyimde resin (-5000 MW, 50% solids in toluene
KRATON DKX 222CS Kraton Pol yners Styrene-butadi ene-styrene bl ock copol yner,
di ssol veawato®@ss%8l i ds i n t ol uene EBECRYL 171 Cytee SurCads:@gmcicatti es

Inc., Snyrna, Ceorgia Methacrylate functionalized nodified phosphoric acid
ester SR833s Sartoner Tricycl odecane di net hanol diacrylate. VAMAC G Dupont,
W | m ngton, DE Ethglene/nethyl acryl ate copolynmer with | ow concentration of

aci d funct jqsszabontS. dinsafbneabodimenst, dagranent ghognslyriierspaidacrbelog gout
Sart ' ' i functi.onal
ol ybut ad tSlbHIEPLOMRLLLY SoRPHA. Xy eI SR P EPIath B sy,

f unct i onglrefeyred ombodiyhepe i afuomatramggea fjonmeiduad syb abed 1poloy bt adi ene

nol ecul ar wei . (M) 6000, CN 303 rt oner Pol ybut adi ene di net hacryl ate CN
307 Sart oner g@csju\(Iants) opt?onally rnay%e adc?e% to the cornpos%{ubons such as colorants, y

5 antioxidants, flow agents, bodying agents, flatting agents, inert fillers, binders, fungicides,

bactericides, surfactants, plasticizers, and other additives known to those skilled in the art.
They can be also substantially unreactive, such as fillers both inorganic and organic.
These adjuvants, if present, are added in an amount effective for their art known purpose.
Typically, the adhesive composition will be solvent coated onto a release liner and
10 used as a transfer adhesive film such that the adhesive film can be adhered to a substrate
and the liner removed. A typical use for the anisotropically conductive adhesives
described in certain embodiments herein is to provide a connection between a flexible
printed circuit and a substrate having matching connecting electrodes, for example those
found in a flat panel display. Similar connections may be made between a flexible printed
15 circuit and a printed circuit board or another flexible printed circuit. Other applications
include flipchip attachment of semiconductor chips to various printed circuit substrates
and interconnections between two flexible printed circuits or any combinations thereof.
Suitable substrates useful to provide articles include, for example, metals (for example,
aluminum, copper, cadmium, zinc, nickel, gold, platinum, silver), glass, various polymeric
20 thermoplastic or thermoset films (for example, polyethylene terephthalate, plasticized
polyvinyl chloride, polypropylene, polyethylene, polyimide), ceramics, cellulosics, such as
cellulose acetate, and epoxides (e.g., circuit boards such as FR-4).
The amount of heat required for polymerization and the amount of the curing agent
used will vary depending on the particular polymerizable composition used and the
25 desired application of the polymerized product. Suitable sources of heat to cure the
compositions include induction heating coils, hot bar bonders, ovens, hot plates, heat guns,
IR sources including lasers, microwave sources, and the like.
In some embodiments, the adhesive composition of the present disclosure is
curable in a time/ temperature combination selected from a bond time below about 10
30 seconds using a temperature below about 200°C or even below about 170 or 150°C, a
bond time below about 5 seconds using a temperature below about 200°C, and a bond time

below about 10 seconds using a temperature below about 150°C. In other embodiments,
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200 Degussa CdnpomPicsbatiaways, thidhdhesive composition of the present disclosure is stable
at room temperature for at least about 1 week, at least about 2 weeks, at least about 3 or 4
weeks, or even longer. Of course, reducing the temperature from room temperature (about
25°C) can increase the shelf life. In some embodiments, the adhesive compositions of

10 this disclosure provide about four weeks of storage life at room temperature and yet are
reactive enough to cure in about 10 seconds in a bonding cycle with a maximum adhesive
temperature of about 150°C.

The disclosed adhesive compositions can be used in any known method. For
example, one method involves attaching a first article to a second article comprising

15 providing the adhesive composition as described herein on the first article, contacting the
second article to the adhesive on the first article to form an assembly wherein the first
article and the second article have the adhesive therebetween, and curing the adhesive.
Heat and pressure typically are used with the anisotropic embodiments. Electronic
devices, such as liquid crystal display components, can be selected for one of these articles

20 while circuitry, such as flexible circuitry, is selected for the other article. Generally, the
adhesive compositions disclosed herein are used to provide electrical communication
between the articles.

In various embodiments, the disclosed adhesives have sufficient tack to adhere to
the target surface at room temperature to allow the backing or liner to be easily removed.

25 For example, a pre-tacking method can be used to attach the adhesive to a circuit to be
joined, either by hand or by using automated equipment. In some embodiments, limited
heating and/or limited pressure may be desirable. In one embodiment, a three-step
procedure can be used, such as tacking the film to one substrate (i.c., pre-tacking),
removing the release liner, and then bonding the first substrate to the second substrate.

30 Microelectronic devices contemplated for use with the adhesive compositions

disclosed include, e.g., flex circuits bonded to another flex circuit, glass such as ITO
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Test Methods
Peel Adhesion
Strips of adhesive film (2 mm by 25 mm) were cut from larger samples of each

20 adhesive film. Adhesive film samples were used to bond three different types of flex
circuits to Indium-Tin Oxide-coated (ITO-coated) glass substrates. The different types of
flex were: (1) adhesive-type polyimide flex (available from Flexible Circuit Technologies,
Inc., Minneapolis, MN) (2) 3M Brand Adhesiveless Flexible Circuits, (3) Sony Chemical
HYPERFLEX, which is described as a two-layer adhesiveless structure of polyimide and

25 copper foil. The flex circuit samples were bonded to the ITO-coated glass with a Unitek
pulse heat bonder (Miyachi Unitek Corp., Monrovia, CA) with a bar temperature of
300°C, a pressure of 3 MPa and a bond time of 10 seconds. The bonded samples were
tested for 90 degree peel adhesion using an Instron 1122 Tensile Tester upgraded with
MTS Renew software, both from MTS Systems Corp., Eden Prairie, MN. The tensile

30 tester was fitted with a 22.7 kg load cell, and a 90 degree peel test fixture. The peel rate

was 50 mm/minute. The peak peel force value was recorded. One to three replicates were
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5forced air oven at 50C for 5 mnutes yielding filns having a thickness of
40 Rm Table 3. Exanple Content Exanple WMaterial 11 12 13 14 CE-2 POLYSET
5000 6.56W0.26@/6B558 8. 00 6.56 SR833s 1.50 1.50 1.50 1.5@CT/USQOOKBATHEN 222
13.80 10.47 13.47 11.67 21.60

tested for each test composition. The peak peel force values of the replicates were

averaged and are reported below in the tables.

Electrical Resistance Test
5 Adhesive films samples (2 mm by 25 mm) were used to bond 200 um pitch gold
adhesive-less flex circuits and corresponding FR-4 circuit test boards. The samples were
bonded using a Unitek pulse heat bonder with a pressure of 3 MPa and a bar temperature
and a bonding time set to achieve the same bondline temperature, measured with a
thermocouple, as achieved in the preparation of the peel adhesion test samples. The
10 Electrical resistance of the bonded samples was determined using a 4-Point Kelvin
Measurement technique using the following components/settings:
Power source/voltmeter: Model 236 Source-Measure Unit, available from Keithley
Instruments, Inc., Cleveland, OH
Switching matrix: Integra Series Switch/Control Module Model 7001, available
15 from Keithley Instruments, Inc.
Probe station: Circuit Check PCB-PET, available from Circuit Check Inc, Maple
Grove, MN
PC software: LabVIEW (National Instruments, Austin, TX)
Test current: 1 milliamp (mA)
20 Sense compliance (volts): 0.20
The bonded samples were placed in the probe station, and 15 measurements were

taken on each sample. The average of these measurements is reported in the tables below.

25

30
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VAVAC G 7.80 7.80 4.80 4.80 0.00 EBECRYL 171 0.10 0.10 0.10 0.10 0.10 A-174

0.02 0.02 0.02 0.02 0.02 Benzoyl Peroxide 0.10 0.10 0.10 0.10 0.10 AEROCSIL

200 0. 23 W02809032880. 23 PCT/US2008/075682
Materials Used
5
Trade Name/ Source Description
Material
LUPEROX 98 Arkema Inc. Benzoyl peroxide
A-174 Momentive Performance | Silquest A-174, gamma-
Materials Inc., Wilton, | methacryloxypropyltrimethoxysilane
CT
POLYSET 5000 DMI Maleimide terminated polyimide resin
(~5000 MW), 50% solids in toluene
KRATON DKX Kraton Polymers Styrene-butadiene-styrene block
222CS copolymer, dissolved at 30% solids in

toluene

EBECRYL 171

Cytec Surface Specialties
Inc., Smyrna, Georgia

Methacrylate functionalized modified
phosphoric acid ester

SR833s

Sartomer

Tricyclodecane dimethanol diacrylate.

VAMAC G

Dupont, Wilmington, DE

Ethylene/methyl acrylate copolymer
with low concentration of acid
functionality dissolved in toluene at
30% solids

RICACRYL 3100

Sartomer

Low functionality (mostly di
functional) methacrylated
polybutadiene, molecular weight (Mn)
6000

RICACRYL 3500

Sartomer

High functionality (mostly penta
functional) methacrylated
polybutadiene molecular weight (Mn)
6000.

CN 303

Sartomer

Polybutadiene dimethacrylate

CN 307

Sartomer

Polybutadiene diacrylate

RICON 131MA10

Sartomer

Low molecular weight polybutadiene
functionalized with Maleic Anhydride.
(about 10% maleic anhydride)
molecular weight about 5000.
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styrene copolymer functionalized with
Maleic Anhydride.(about 6% maleic
anhydride) molecular weight about
9900.

bLew rieiséuldriwdightid ybitadient- Py

bak

RICON 156MA17

Sartomer

Low molecular weight polybutadiene
functionalized with Maleic Anhydride.
(about 17% maleic anhydride)
molecular weight about 2500.

LIR 403 Kuraray Co. Ltd., Low molecular weight polyisoprene
Tokyo, Japan functionalized with maleic anhydride
(about 3% maleic anhydride) molecular
weight about 25000.

UcC 105 Kuraray Low molecular weight methacrylated
polyisoprene (about 5 methacrylate
functionality) molecular weight about
19000.

UC 203 Kuraray Low molecular weight methacrylated
polyisoprene (about 3 methacrylate
functionality). Molecular weight about
33000

AEROSIL 200 Degussa Corp. Hydrophilic fumed silica with a
Piscataway, NJ specific surface area of 200 m*/g
Particles I JCIUSA, 22 GNR 3.8 — EH: Gold/nickel coated
White Plains, NY benzoguanine plastic particle, average
particle size 3.8 um
Particles 11 JCIUSA 7 GNR 8: 7% gold-coated nickel
particles, average mean size 8§ um
Particles 111 JCIUSA 13 GNR10-MX 13% gold nickel

coated plastic particles, average mean
size 10 um

Examples 1-10 and Comparative Example 1 (CE-1):

The adhesive solutions were prepared and were used to prepare films as follows.

The components listed in the table below were combined in a small jar and mixed with an

air driven mixer fitted with a high shear blade for approximately five minutes. The

solution was degassed by placing the jar in a vacuum chamber at ambient temperature

until bubbling stopped. The degassed solution was spread on a silicone treated

polyethylene terephthalate (PET) film using a knife coater. The coated solution was dried
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119 119 124 125 135 Peel 140C Bond 1229 1248 1221 1278 630 Peel 160C Bond
1115 1329 1447 1382 629 Peel 170C Bond 943 1215 1389 1255 735 WO
20091035986RWM/I3B808/ 075682 As in Exanpl es 1-10, PChaISe@s0r3682 of
Exanpl es 11-14 show that the addition of liquid rubber according to the
present invention increases both tack and peel adhesion and al so decreases
the peak exotherm tenperature, which allows bonding at |ower tenperatures
and shor tfer 5 pripges mEdapsday oMsn s¢f a4 A8 (Cohradrird adbeEyafipn ehigkneepyay
The adhe 'gg%%pﬁﬁtions were prepared and used to prepare filns as in
Exanpl es I- 10, ekxcept using the conponents listed in Table 5 and then
coating onto HAmy @aedseorh Eremples il niroagh hd bk hedataeedlyGaateectdftadkms wer e t hen
dried in a forced air oven at 50C for 5 mnute ielding filnms having a
t hi cknes scog*pa@g{ toy omparative Exarine 1. 'Fable 2 IEl‘?)elow) S o¥vs peE(l:L exgotherrn ternperaturg
5 measured by DSC and 90 peel adhesion measured after using the ACF Examples to bond
flex circuit to ITO-coated glass under the bonding conditions as follows: 150°C for 10 sec
at 3 MPa, 160°C for 10 sec at 3MPa, and 170°C for 10 sec at 3 MPa.
In Table 2, “n/a” means a property was not measured. The results demonstrated
simultaneous improvement in room temperature tack, lower curing exotherm temperature,
10 and increased peel adhesion between flex circuit and ITO coated glass, by adding

functionalized liquid rubbers to the composition according to the present invention.

-16-



10First, tape (410B from 3M Conpany) was applied with hand pressure to the
pl aten of an I MASS 2000 (Instrunentors Inc., Strongsville, OH and the
paper |i o 20@20388ADVed fromthe tape, exposing the second/®dinssrws2 si de of
the tape. The coated formulation, with the exenplary ani sotropic conductive
film (ACF) coating face down was applied to the 410B tape and rubbed down
by hand. The liner was pul |l ed back exposing the ACF 15attached to the 410B
tape to generate a | eader that was clanped by the instrunment pull bar. The
peel test was started and the force to renove the liner fromthe one inch

(25.4 cm wide ACF Exangle terijal | (whijch renai ned on—the 410B surface)
was recorded. ‘5 o | BT MASE2 0~ pdl bt ester| was affli xed wth d 2 kg (5
Ib.) load cell|S[Th&|dlel tTpE| w8t Sat £ sqc, aver age el Al tieomas 10
seconds, the—peeHng—speed—was+i2+nrehes—26(34.5 cn) per Winuxeclpeel force
was reported in \grangs.| Sere.| the|liner Jreel wgs a snmootif flufdjrenoyal of
the |iner and |tdle averpge fg'@fi“f%ﬁ ge@)vg Snds rreasured.cT-haoodvg@I@ tinme
al | owed the|pedl| sanpl' e 1o BsFafliBhequi 0 bt ilum Thr ee |l L5 regnit he same
exanpl e mat erijal| werle_ recorded|and reponted in the tabl g berow| The| hi gher
tack formul atijons eXHRPIH edShEYFS| Rn& relegse. 25 (WD || cif of =
20091035958PCT/AUS2F)87 D75682 | Falt | 52| Btampie |Cont ent | BxapnBl| 8| ANekerial 15
16 17 18 CE{3 |PALYSHT Q00 6)56 d.56 6.%6 8.00 6.56 SR833s
O | O en SN O N O 2 Y en
Bl el =|gln e BES Qg s
w O —|= o|loldols< 2F w2 & 8l =
—
<
< § = ol | = A
Q
2122 Slgg|glglgl 8¢ | S| & =] =
~ O —| — olo|lo|lo|lo|—=| ~—
<
) g s ) ol ||
Nl E=J ! olalonole 8% = Nl ol n
) | N o5 —| ol —=lanl S @3 | —| o —
2lel o= oOloio|lolol~| X~ E
[
E o = ol Vo)
[ — Nl Ol N A
= < | —| N | —
o g s
| S| n olalolnlolo| K=
| O —| — olo|lo|lo|lo|—=| ~— Q& =8
<+| —|~| S|
2
(o] Qo
O S| olaonolel 83
N[ v g ol =lan Sl 27 ™~ -
- G| —| = ololoclolal—| o SIS KIL
)| | | \O| —
<o
O S| on SN O N O 2 o~ W .
vl el £o 2 €
e O —| — olo|lo|lo|lo| = O e O o | —
B = —| enf | en
_— O N n| Of
o -5 (@3 | — | —| —] —
O S| on SN O N O 2D N L~
Nl ez el £o ~ 8
~ O —| — oclolololol—~| Uoa o
s O o of s
o Nl »n| | v
- e - ) —| V| \O|
2
-] Q o = £
- O S| o olalonoe 8 S =
3 — O| —| — olo|lo|lo|lo|—| e g = S =t
g o ) [ :&-) ; éooo
S 3 o 5 s 5 5| @Al @
p A Q 2 > S| 0|0l 0
= ~ Zz |2 ,4 = = Slolo|o
= |EZ2 | .8% 2| Z| 5| < =2 5|2 8lS
| | 5> _|zlElc |2 ESlsl= 3 5 glElslsle
e gsggggﬁiegeg £l 83582
: = o - - v
= SIE R o ~4m S|« < £ 3 N &~
= =
= =
] ]
= =

-17-



1.50 1.50 1.50 1.50 1.50 KRATON 222 13.80 10.47 13.47 | 1.67 21.60 VAVAC G
7.80 7.80 4.80 4.80 0.00 EBECRYL 171 0.10 0.10 0.10 0.10 0.10 A-174 0.02
0. 02 0. O2W0.20®/3558 PCT/US2008/075682

Examples 11-14 and Comparative Example 2 (CE-2):
The adhesive solutions were prepared and used to prepare films as in Examples 1-
10, except using the components listed in Table 3 and then coating onto PET release liner
using a knife coater with the gap set to 6 mils (152 um). Coated films were then dried in a
5 forced air oven at 50°C for 5 minutes yielding films having a thickness of 40 um.

Table 3. Example Content

Example

Material 11 12 13 14 CE-2
POLYSET 5000 | 6.56 6.56 6.56 8.00 6.56
SR833s 1.50 1.50 1.50 1.50 1.50
KRATON 222 13.80 10.47 13.47 11.67 21.60
VAMAC G 7.80 7.80 4.80 4.80 0.00
EBECRYL 171 0.10 0.10 0.10 0.10 0.10
A-174 0.02 0.02 0.02 0.02 0.02
Benzoyl

Peroxide 0.10 0.10 0.10 0.10 0.10
AEROSIL 200 0.23 0.23 0.23 0.23 0.23
Particles 11 1.90 1.90 1.90 1.90 1.90
CN 303 0.00 1.00 1.00 1.00 0.00

Films coated from Examples 11-14 all had markedly increased tack compared to
CE-2, with the highest levels of tack in films from 12, 13, and 14 containing the liquid
10 rubber, CN 303 (Sartomer). Table 4 compares peak exotherm temperature measured by
DSC and 90 peel adhesion measured after using the ACF Examples to bond flex circuit to
PC board under the following bonding conditions: 140°C for 5 sec at 3MPa, 160°C for 5
sec at 3MPa, and 170°C for 7 sec at 3 MPa.

15 Table 4. Peak Exotherm and Peak Peel Force

Peel results are in grams (force) per cm.

Example
Test 11 12 13 14 CE-1
Peak exotherm (°C) 119 119 124 125 135
Peel 140°C Bond 1229 1248 1221 1278 630
Peel 160°C Bond 1115 1329 1447 1382 629
Peel 170°C Bond 943 1215 1389 1255 735
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Benzoyl Peroxide 0.10 0.10 0.10 0.10 0.10 AERCSIL 200 0.23 0.23 0.23 0.23
0.23 Particles | 0.50 0.50 0.50 0.50 0.50 CN 303 0.00 1.00 1.00 1.00 0.00
Tabl e 6. WOD0IRSS58t S PCT/US2008/075682

As in Examples 1-10, the results of Examples 11-14 show that the addition of
liquid rubber according to the present invention increases both tack and peel adhesion and
also decreases the peak exotherm temperature, which allows bonding at lower
temperatures and shorter time.

5 Examples 15-18 and Comparative Example 3 (CE-3):

The adhesive solutions were prepared and used to prepare films as in Examples 1-
10, except using the components listed in Table 5 and then coating onto PET release liner
using a knife coater. Coated films were then dried in a forced air oven at 50°C for 5
minutes yielding films having a thickness of 20 pm.

10 First, tape (410B from 3M Company) was applied with hand pressure to the platen
of an IMASS 2000 (Instrumentors Inc., Strongsville, OH) and the paper liner was removed
from the tape, exposing the second adhesive side of the tape. The coated formulation,
with the exemplary anisotropic conductive film (ACF) coating face down was applied to
the 410B tape and rubbed down by hand. The liner was pulled back exposing the ACF

15 attached to the 410B tape to generate a leader that was clamped by the instrument pull bar.
The peel test was started and the force to remove the liner from the one inch (25.4 cm)
wide ACF Example material (which remained on the 410B surface) was recorded.

The IMASS 2000 pull tester was affixed with a 2 kg (5 Ib.) load cell. The dwell
time was set at 4 sec, average peel time was 10 seconds, the peeling speed was 12 inches

20 (30.5 cm) per minute, peel force was reported in grams. Here, the liner peel was a smooth
fluid removal of the liner and the average force for removal was measured. The dwell
time allowed the peel sample to establish equilibrium. Three pulls from the same example
material were recorded and reported in the table below. The higher tack formulations
exhibited higher liner release.

25

-19-



The adhesive solutions were prepared and used to prepare filns as in

Exanpl es 1-10,

coat i ng oWDQOPEB5958| ease | iner using a knife coater.

t hi ckness of 25

film(2 nmby 25

Rm 10 Peel

20091035958PCT/ US2008/ 075682

substrat es.
fromFlexible G
circuit sanples
heat bonder (M
227C, a 5pressur
cure in Table 8
and bond tinme of
bonded sanpl es

Adhesi on | TQ PET

except using the conponents listed in Table 7 and then

CoatCedistoosogseszer e t hen
dried in a forced air oven at 50C for 5 mnutes yielding filnms having a
Strips of adhesive

mm) were cut fromlarger sanples of each adhesive film
Adhesi ve Ti}hl%ﬁsﬁﬁﬂnb@ G@ytentysed to bond fl ex circuits to IndiumTin

WO

5kN Ext ended Le

MN). The tensil g
degree peel
force val ue was
test conpositiof
aver aged and ar

Exanple Materi g

Ok de-coated (I JO- coated) pofyester
The type—ofFH-ex—was—aghesi*e ,*\e pelym-de—flexi (avail abl e
Maferialrechnol ogil8s, |1 nd6. M nHeapol i18. WNCE-The f ex
weriey Sondegh tio 6.8e || T@ swat ed.sgol lyesper (Widdp al Unitek pul se
%ﬁ%?3¥n|tek OrPSQ I"/bqrﬂyl A, %) WII@O barsf efrper ature of
abofrd—tt+erof—10—seconds—{Tor ests at 140C
WWN&Ha arl3'r8f9rrlrp|1g471r B 4h 8|I')(‘1‘,1 o Irré]:-éplr p of 1MPa,
VIOMEE6nds (|f oT.80egt 7.8 [170@0cur e4.Bd Tall.@) 8| bel ow). The
@Bﬁ%@[@?iqqﬁor @@Odf‘gr(ﬁ'ﬁ) p=eb‘1@dhes(i)‘q>@ ysigyg ap MIS | nsi ght
rame tensi| Ste T, ., £den Prairie,
%EZ er \Was 'Fl t _’é \ ‘ 1'0 625( ‘ngggligy ad U%! ! _ a% 10 a 90
t est Bfep%%ﬂre The peel nate was 50 nun/ m nute. The|peak peel
Petaxidted  Thrleel 46 tlwd. U eBlllcat e&1Qene @ ¥kt ed for each
L AFR@Spez00 peel 0.0dr ¢ce v ues0@B theo.e@pl|i ged¥es| were
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Table 6. Test Results
Example Average Peel (g) Example Average Peel (g)
15 5.9 18 5.1
15 5.8 18 3.9
15 52 18 4.7
16 8.9 CE-3 0.8
16 9.4 CE-3 1.0
16 10.2 CE-3 0.9
17 6.8
17 7.0
17 5.8

The adhesive solutions were prepared and used to prepare films as in Examples 1-10,

except using the components listed in Table 7 and then coating onto PET release liner

using a knife coater. Coated films were then dried in a forced air oven at 50°C for 5

minutes yielding films having a thickness of 25 pm.

10

Peel Adhesion ITO/PET

Strips of adhesive film (2 mm by 25 mm) were cut from larger samples of each

adhesive film. Adhesive film samples were used to bond flex circuits to Indium-Tin
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SR833s 1.50 1.50 1.50 1.50 1.50 KRATON 222 17.6 17.6 17.6 17.6 17.6 VAMAC G
2.02 2.02 2.02 2.02 2.02 EBECRYL 171 0.10 0.10 0.10 0.10 0.10 A-174 0.02
0. 02 0. 02W0.20®/035958 PCT/US2008/075682

Oxide-coated (ITO-coated) polyester substrates. The type of flex was: adhesive-type
polyimide flex (available from Flexible Circuit Technologies, Inc., Minneapolis, MN).
The flex circuit samples were bonded to the ITO-coated polyester with a Unitek pulse heat
bonder (Miyachi Unitek Corp., Monrovia, CA) with a bar temperature of 227°C, a
5 pressure of 1 MPa and a bond time of 10 seconds (for tests at 140°C cure in Table 8

below) or a bar temperature of 280°C, a pressure of 1MPa, and bond time of 10 seconds
(for tests at 170°C cure in Table 8 below). The bonded samples were tested for 90 degree
peel adhesion using an MTS Insight SkN Extended Length frame tensile tester (MTS
Systems Corp., Eden Prairie, MN). The tensile tester was fitted with a 500N load cell, and

10 a 90 degree peel test fixture. The peel rate was 50 mm/minute. The peak peel force value
was recorded. Three to twelve replicates were tested for each test composition. The peak

peel force values of the replicates were averaged and are reported below in Table 8.

Table 7. Example Content

Example

Material 19 20 21 22 23

POLYSET 5000 6.56 6.56 6.56 6.56 6.56
SR833s 1.50 1.50 1.50 1.50 1.50
KRATON 222 17.6 17.6 17.6 17.6 17.6
VAMAC G 2.02 2.02 2.02 2.02 2.02
EBECRYL 171 0.10 0.10 0.10 0.10 0.10
A-174 0.02 0.02 0.02 0.02 0.02
Benzoyl

Peroxide 0.10 0.12 0.14 0.15 0.2
AEROSIL 200 0.23 0.23 0.23 0.23 0.23
Particles 111 0.40 0.40 0.40 0.40 0.40
CN 303 0.6 0.6 0.6 0.6 0.6

15
Table 8. Peak Exotherm and Peak Peel Force

Peel results are in grams (force) per cm.

Example
Test 19 20 21 22 23
Peak exotherm (°C) 126 125 122 121 120
Peel 140°C Bond 624 713 705 852 715
Peel 170°C Bond 922 1100 1092 986
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0.02 Benzoyl Peroxide 0.10 0.12 0.14 0.15 0.2 AERCSIL 200 0.23 0.23 0.23
0.23 0.23 Particles 111 0.40 0.40 0.40 0.40 0.40 CN 303 0.6 0.6 0.6 0.6 0.6
15 Tabl e 8O 2P@BsER0ot her m and Peak Peel Force Peel resulPC3/Use@s8ionseg ans
(force) per cm

Foreseeable modifications and alterations of this invention will be apparent to
those skilled in the art without departing from the scope and spirit of this invention. This
invention should not be restricted to the embodiments that are set forth in this application

for illustrative purposes.
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Exanmpl e Test 19 20 21 22 23 Peak exotherm (C) 126 125 122 121 120
Peel 140C Bond 624 713 705 852 715 Peel 170C Bond 922 1100 1092 986

1 Foreseeabl e nodifications and alterations of this invention will be
apparent to those skilled in the art wi thout departing fromthe scope
and spirit of this invention. This invention should not be restricted
to the enbodi nents that are set forth in this application for

11 ustrat e, RUROSE

1. An adhesive composition comprising a mixture of:
a maleimide terminated polyimide resin;
a thermoplastic resin compatible with the maleimide terminated polyimide resin;
a functionalized liquid rubber selected from polybutadienes or polyisoprenes
functionalized with acrylate, methacrylate, diacrylate, dimethacrylate, or maleic
anhydride, and copolymers of polybutadiene-styrene;
a thermally activated free radical curing agent; and optionally a silane coupling
agent; optionally an ethylenically unsaturated compound with an acid functionality;
optionally electrically conductive particles, or optionally an electrically conductive

scrim.

2. The adhesive composition of claim 1 wherein the maleimide terminated polyimide
resin comprises a reaction product of a primary aliphatic diamine with a tetracarboxylic

dianhydride followed by reaction with maleic anhydride.
3. The adhesive composition of claim 1 wherein the maleimide terminated polyimide
resin comprises a reaction product of a C-36 aliphatic diamine with a tetracarboxylic

dianhydride.

4. The adhesive composition of claim 1 further comprising an ethylenically-

unsaturated oligomer, which may be an acrylic oligomer.

5. The adhesive composition of claim 1 wherein the thermally activated curing agent

is benzoyl peroxide or lauroyl peroxide.
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What is clainmed is: 1. An adhesive conposition conprising a mxture of: a
mal eim de termnated polyimde resin; a thernoplastic resin conpatible with
t he mal eiwDaeoxmss9s8nat ed pol yi mi de resin; a functional i Ped/useepsiodsesubber

sel ected from pol ybut adi enes or pol yi soprenes functionalized with acrylate,
met hacryl ate, diacrylate, dinmethacrylate, or naleic anhydride, and

copol yners of pol ybutadi ene-styrene; a thermally activated free radi cal
curing adent; dppiyosrarnopitiongifichya loshgseingle adispive. dbist PEe. Pipvides a

et hyl eni I.at j it cid. f [ TR Lonal l'y
electric Hy%é%émﬁéf‘ %ele%bé)rc%? %%gtgl,dbag{rdtl t?’iqg?a‘{ogtyed% é?gﬁ?eﬁptéé’ft‘f@%g%ﬁducu ve
scrim  deasT h40°atines biveratesp bsdrtpeoincad] of hbova Ilgratmgree inthtdfgamplieevidihde

term nate | yji.mide resin conprises a reaction product of a primry

al i phat i &qﬁpg‘?ﬂﬁ‘r‘é@ Wt{l?\ﬁgertaéf‘?oggéqnmﬁec di anhydri de fol | owed by reaction
wi th mal eic anhydride. 3. The adhesive conposition of claim1l wherein the
mal ef mi de term nated pol yimide resin conprises a reaction product of a C 36
al i phatic diamne with a tetracarboxylic dianhydride. 4. The adhesive
conposi tion ofThsladhesive fampassronedefmdi witerein the ddhceimt ceiibyumpenkur at ed

ol i gomer, iCht”rﬁ% bte q?n%acrx(gcj oligonmer. 5. The adhesive conposition of
claim 1 WA&IR 'YRETTHE ?W{ ctivated curing agent is benzoyl peroxide or
| aur oyl peroxide. WD 20091035958PCT/ US2008/ 075682 6. The adhesive
conposition of claim1l wherein the adhesive, after curi n%, provi des a peel
force of &t | edsadhesiyodilglcempapingthqhgsitg cerspestOncfanE @ ficaabevaelagns.
tenpgrature of at least 140C and/ or a release |liner peel |evel of above 1
gram per inch of sanple width after bonding to the liner at room

t enper at .e. The adhesive/conThitmadslaid 1cwigoaithé elactaitall @indudtivetpartiiles t he
adhesi ve exhibits_a peak exotherm tenperature be] ow 140C. 8. An adhesive
film conpts %ﬁl?féefmmm@éqwlm&?t%C@ﬁteeﬁwgfﬁ@ﬁrwfpaft Sabove claims. 9.
The adhesi ve conposition of claim1l wherein the electrically conductive
particles are selected fromnetal particles and netal coated polyneric
particl esl0. 10A cérableradhtseveafiliesonyerising tne @dingsniesifreipimhe opitbradly weheafin teai m 1,
optionally whergin the 15adhesi.ve filmhas a i ckness of fromabout 5 to
obobt " TOGTHPEYCR bisct iR RS AT b etonhs s Sicly PREICAREERe. adnes: ve fi1m o
claim10 on a liner. 12. An electronic article conprising a flexible
printed circuit and the adhesive 20conposition according to claim1 adhered
to the flldxi blA tgpeicampuisiop thagurable adhesixelfilguaf ¢laamyidtcal a lsespl ay panel
conprising an | TO patterned gl ass adhered to the adhesive of claiml.

2514. The adhesive conposition of claiml having a shelf life of at |east
about 4 weeks &f cleednit SRR @iiprBing alffexibib priadbeftvieakdiipaghdsiven of claim1l
wherein the adhesive is curable at a tenperature selected from bel ow 175C,
bel v | sCMPFdoB arding bacclamp 1 adkeredripathe Jraiblorinteshgiesdiitt i on of claim 1
wherein the adhesive is curable at a

13. A liquid-crystal display panel comprising an ITO-patterned glass adhered to the

adhesive of claim 1.

25 14. The adhesive composition of claim 1 having a shelf life of at least about 4 weeks at

room temperature.

15. The adhesive composition of claim 1 wherein the adhesive is curable at a
temperature selected from below 175°C, below 150°C, and below 140°C.
30

16. The adhesive composition of claim 1 wherein the adhesive is curable at a
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st enperature bel ow 150C coupled with a bond tine selected from bel ow
10 seconds, bel ow 8 seconds, and bel ow 5 seconds. 17. A nethod for
attaching a first article to a second article conprising: providing
an adhesi ve conposition according to claiml on the first article;
contacting the second article to the adhesive on the first article to
forman assenbly wherein the first article and the second article

have the agheshyepdihgnehat c‘ﬁ?ﬁ[&d VAl GoHd't stetf%teﬂgfb?u?iéé)gﬁgllojsgconﬁp%elow

nmet hod of claim 17 erein e first article Is e circuit or
an LCD pahsdconds]end behev fisedonds.of cl ai m 17 wherein one of the first

article and the second article is a circuit and the other article is
an electronic device. 20. The nmethod of claim 17 further conprising

an el ectrizal paidhwdobataskiap atihe aftidst aaktdd Ltidneohhaigecond
article through the adhesive, wherein the adhesive includes .
el ectrical |y dupydiegiapadhesiveicempesibpmacserding taickaim lianghe {irstantiglect i ve

scrim contacting the second article to the adhesive on the first article to form an assembly

wherein the first article and the second article have the adhesive therebetween; and

curing the adhesive.

18. The method of claim 17 wherein the first article is a flexible circuit or an LCD

panel.

19. The method of claim 17 wherein one of the first article and the second article is a

circuit and the other article is an electronic device.
20.  The method of claim 17 further comprising an electrical pathway between the first

article and the second article through the adhesive, wherein the adhesive includes

electrically conductive particles and/or an electrically conductive scrim.
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