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Low TEMPERATUREBONDI NG ELECTRONI C ADHESI VES Rel at ed

Applications This application clains priority to U S.
wee@viodiosthal Application No. 60/972,1 19, fil eRCT/US2008/075682

Sept enber 13, 2007, and which is herein incorporated

by reference in its entirety. Technical Field This

di scl osure relates to | ow tenperature bondi ng

el ect r oni &OXYREYPHRATURFBONOENGEIH GIRONIE ADEFSIVES

conducti ve adhesive such as ani sotropic conductive

adhesi ves. Background El ectroni c adhesives can be

useful in assenbling ﬂeﬁﬁédgﬁpﬁcﬁﬁﬁ{ss, and often

enabl e assenbly as we as estaplTsh electrical
conmagtdpphisatidalce@n pfibetyas 8150 Pasi ¢l Ameti@dfms. 69872,119,
that has the ability to establish nmultiple, discrete .

filogh Sepambes ! 3 A ednd whish brgtarriB incopReraipd By Feference in its entirety.

conmponents i s conmonly &efenr .tQ as an
ani sotropically conduct e. Such adhesives

of ten. ar.e, used rovide el ectrical connecti . . .

pet VOB e RN e i g SR BFesives, including
clestiRslly adrRiucVt AIhksiod 5IRAIaE ahisytrGRe dotatuciee athdsisesy e

conposition al so should provide a short bond tine,

adhere to a variety of sBaskgrauad, provi de a bondline
W t hout voids, have satisfactory shelf and storage
| i f &lectmuicradhesisisivan heugiylgh essembling elstiromc pattspeatofien enable
flexible circuit. and an el ectr.ical substrate. e
st S b b e By e Rl bt s s 4
adi@sBR the hadthy abRityenebtatithl ffilteel dikteote SRBM®ical connections between
ani sotropi cal ly conductive adhesive conpositions have

tweisletrigplcconmqaaips il coruaenlyi dazed ©sis48 apiverramipelly conductive
ad@SHeY %‘ﬁgﬁj a4V RS0 RGERE %SGchH %?&1&‘@&1%8%15&1%‘0&?&%1& between a

flexible circuit and an electrical substrate. An anisotropically conductive adhesive
composition also should provide a short bond time, adhere to a variety of substrates,
provide a bondline without voids, have satisfactory shelf and storage life, and maintain the
physical connection between a flexible circuit and an electrical substrate. The
anisotropically conductive adhesive composition should also be easy to manufacture and
use.

Some anisotropically conductive adhesive compositions have used
microencapsulated imidazoles as thermally activated curing agents. These anisotropically
conductive adhesive compositions typically have a shelf life of approximately one week at
room temperature. Such adhesive compositions are typically complicated to manufacture
because solvent needs to be removed without initiating the cure by the imidazole
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
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
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conducti ve adhesive conpositions typically have a
shelf life of approxi mtely one week at room

W@ 209p@ssasair e. Such adhesi ve conpositions are tBgIi/osdohs/075682
conplicated to manufacture because solvent needs to be
renoved without initiating the cure by the i mdazole
curatives. |If the solvent is not renmpved conpl et el

vispositn of teshinsaFrdsiniretrepispibssandaetsre agbesdee eaampasiioniandjog using a

cobl16 PRSRUSTD A0Sl s OB RE, YL PRt R o

Hoeenee highemwshusmn torusidat@ndragaire aloso sdleﬂm and tlh:eefa]:éhelsgeo n
ength of the n&d el ectri cal nents.

MBS PERSVST Shc-viscaty 1y e hiafol e coppig Sr?é‘&ﬂ%‘énay not

Wef ﬁl@léﬁﬁs‘iiragéj ?eshRm%Eiﬁ hb&] adh8liGRRehOSutsh8tel MoURZ Rinfrerdthire curatives
he viscosSity | hesive conposition prior to

cammrepmmlstedwth gw|f stdbelrtywoil the manufateung pracdshe bo ndl in e

Incr n evi scosity .of the uncur e nls |ca

con&’ Wg é?g AUSPTRPI S STRIE Y et e g F?gi U Rsink have
bedkug hMﬁHhQﬁ@m%@pﬁﬁﬁkﬂbW&ﬂ%h@%%uﬁehﬂ%ﬁ%&&@ﬂﬁ@f@hybﬁﬂwrnqor

are known nethods to reduce voids. However, higher

wegknosssiof jhesosystanas ias s e gk oEstrangcadbesioretea wit variety of
ﬂexﬁeﬁﬁﬁﬁﬁf | onger nanufacturing processes. Also, if the
%y is too high, the coating solution my not

vvet t he substrate, resultipQnid}vPoor adhesion to the

substrate. Lower tenperatUTe—CU¥at|ves can conprom se

bot Irhs BRkfos&t é@dddnﬁd’acﬂl@ﬁvésﬂﬁzef%ﬂiéf Aelod d?8 o P KBS N

Ot her types of anisotropic conductive adhesives wth
deﬁfrl@@l@sa@ﬂ(b}zﬁt aow ehme bomstimeyvat lpeericmpggbsesedith nnigegeally good
ol R B RS AL A AR TRl

adlakivet pﬂﬁ&ie&d@&ﬁied rﬂadk(boﬁcmitdih@ly\baﬂi @dsitalslt ptdlexhd¥ich and bond
circults. Summary The di scl osed el ectroni ¢ adhesi ves

relighilito @ifisn artelesilovrieebarlingtié [RvRsUFMBRERUESSenci es, and
yet palli@ V(‘ﬂ in %95 'élalggﬁﬁleh{ %0 aﬁﬁesh\%%hptog%ﬁ Qﬁlﬂfﬁﬁg WikiRture of a

uni vers a
maleimide terrmnated polyimide resin, a thermoplastic resin compatible with the

maleimide terminated polyimide resin, a thermally activated free radical curing agent, and
a liquid rubber. Other embodiments add one or more of a silane coupling agent, an
ethylenically unsaturated compound with acid functionality, electrically conductive
particles, and electrically conductive scrim.

In another embodiment, this disclosure provides a curable adhesive film, tape, or
sheet comprising the adhesive composition described above. In another embodiment, this
disclosure provides an electronic article comprising a flexible printed circuit and an
adhesive composition as described herein adhered to the flexible printed circuit.

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
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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adhesion and the desired reliability. In sone

enbodi nents, the disclosed el ectroni c adhesi ves
wW@e@vossd nproved tack concurrently with desiredl/esSpes75682

adhesi on and bond reliability, often while allow ng

bondi ng at | ower tenperatures. Provided in one

enbodi nent i s an adhesi ve conposition conprisin

herginqn the fisst agfichey (centasténg the ﬁ@ﬁ%ﬁtﬂ@wlepf@ﬁb@ ?ﬁf@@vrs esj |%i*f3 firgt article to
oL A5 S SPIRAL S L DEOTHLR B e,
therébdtveain, mﬂrmmgg algenthesiandERcirically doﬂdubmpatlﬁlzt}ermay be provided

e qﬁi nts add one or nore of a silane coupling
thrgy © a8 Bnhyl eni cal | y unsaturated conmpound with acid

fungi 9@@11& Bﬁloneedr%ré bﬁl@b&lﬁleﬁ%w&é ﬁé?en@ ﬁfvteht%ne&e s@&8rth in
el ectrically conductive scrim ot her enbodi nent,
thetdeberipdion diclwsur @ther tratudess oby eotﬂ,raanldl advadm jof ehefinyamtion will be

ta or .sheet ri.s t he adhesi 05|t|on
R e gt bty Ton MHTR L SHBB Rk B PR

di scl osure provides an electronic article conprising a

flexible printed circuit and an adhesi ve conposition

as descri bed herei n adleesiRd D&ciipdonl exi bl e printed

circuit. In another enbodi nent, this disclosure
pr oVThesoahsed esin’’ incahs ¢ omneibti softccowpen sipogedato heating above

roofél& )érlmk%lraﬁbp tr(lgglt gS&Q&%Htr?tBﬂl% r%%ﬁg gggljn\éfc&%g%gzyﬁen cooled to room

tenSpébshfcate wWith the flexible printed circuit adhered to
the electrical substrate with the adhesive conposition
acc ond‘tSri:gr weighth é(plbm) arsrhpparts|of ayesin geperant pervod gt the total

this ure v thod for at
arngu]%t of| réla];élrm éee o gha d al?ﬁ}’ pjide res rrprhegrlno la%rc oresug cornpatlbﬁe with the

madinedl tyenia ooy eslyirnhiad résn dtﬁ?eﬂf}ﬁléiﬁdlﬂ@rtﬁbeflulfafbdtd@ﬁlpbhﬁ@t?vlth acid
article, contacting the second article to the adhesive

fungtioraliy {if pessens). cpwnlingragentainehtagimally apthrajed freriarlisak qusing agent.
fir o\l Iﬁfrﬁﬂeﬁ ﬁe%@%n{ ngdﬁﬁa% qheatr hga‘lal?oul?av ettlggltﬁﬁi) %‘cf'nﬁfﬁerlcal

there et ween curi ng sl ve ectrica
rango$blyl ciid po@ntpaic hidey &1 mmlbebre sqdj‘somedl &@dthin that range (c.g., 1 to 5 includes
1,1.5,2,2.75, 3, 3.80, 4, and 5).

The adhesive compositions advantageously can be used to provide a bond between
flexible circuits and electrical components without voids in the bondline, which leads to
stable and reliable electrical and adhesion properties. The adhesive compositions allow
the bonds to be formed at low temperatures and with short bonding times. The
formulations of one or more embodiments of the present invention overcome the
limitations of short shelf life and voids in the bondline. In addition, the adhesive
compositions of various embodiments exhibit desirable tack properties, even at room
temperature in some embodiments, making alignment and pretacking easier and more
effective.

The maleimide-terminated polyimide resins used in the compositions may be
polyimides prepared from primary aliphatic diamines and dicarboxylic dianydrides.
Dicarboxylic dianhydrides that are useful in the maleimide-terminated polyimide resins of

the present invention are dianhydrides such as pyromelitic dianhydride, tetracarboxylic
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t hrough t he adhesive. The details of one or nore
enbodi nents of the present invention are set forth in

WO bwdzsess i pti on bel ow. O her features, objectBCT/HS2H08/075682
advant ages of the invention will be apparent fromthe
descri ption including t he exanpl es and the cl ai ns.
Det ai | ed Description ' Thernngjastlc resin" neans

dlapbzdrrdeth%%owémr@n andasEpcaEh Qo @élaﬁlbycifecti:thwﬁ@wa%%olyl@aﬁﬁs of the
pre‘ésilgﬁ\;eﬂ{lgﬁ el Q&lﬂé gﬁ:)ex@egéj ﬁr?lgug/r eﬁ@h&t‘?c érﬁﬁe?{g aglogfa%e end

ondition coo o ToD rature
groms ghtbe th ](ebmd!): termmmasecb @rmmry)ﬁhphane shalmm@rthaxraemusqﬁdrm the
t of th tal annuntggf mal ei.m de ternj nat ed

e it 68 pf YIW&Y%%% by BrepeY iy cpiomaleidnengt wih ten or
motrggar’ﬂ@ﬂ thmsdguél?ﬂlghﬂ?cts aek p@b—ﬂhéﬂn@&aﬁﬁ% , 12%decad1armne and a C-

et hyl eni cal |l y unsat urated conpound aci d
36 punmaty dinmling, yuchi ds VIERSAMINE 558 uibegmg Cage;{ﬁmamuatl OH).

t he Ily.activated fre cal .curin nt. . All
o el B A RS R BRI Ry 6 e ket fp s 2004-

0225050t Bpb&afc SXariplBRs rﬁ%uﬁ@@@&ﬁn&ye@mﬁ%aés&hm% uﬁ@& in the
all nunbers subsuned within that ran 5

nvicptaerydre g’OLYSE”B4OQ§) POLAMSETRS00), gad P@%Y§§§a' EEQOO avwéable from
hesiv sick tageously can be used to
De%gnm%g %C&% ﬁké §8$¥g2|b|e circuits and

eI eqhe nm@élmmn@ﬁmaﬁea polylimidtresiDints beiprésbet ib @Hitdddhﬁﬁve
which leads to stable and reliable electrical and

COTRBPREEILY 2B rE Rt ofed leashe). ablsast jabaut3Onprdeast g 4Apbywer even
rnotég. glrn?(ﬂg%zeaﬁb%dﬁﬁenfté) e %@glyé O c?s%%ﬁﬂ&%?&ﬁaﬁ la{jle\é.\ﬁttagout 40 pbw

ations ‘of one or
an@hb@dhmnhhﬁ60@bmhﬁ%bm@sgmhuhnmﬂmt|on over come the

| %L?%@%T&%Hggﬁg{ls?qrogwggﬁlﬁ51 e a d v(i)el t%ISmlanted polyimide resins

which are useful in the disclosed compositions 1nc1ude thermoplastic resins which are
hydrophobic and are soluble in toluene. By compatible with maleimide-terminated
polyimide resins is meant that the thermoplastic resin and the maleimide-terminated
polyimide resin are both soluble together in the same solvent, which may be an aromatic
solvent. Examples of useful solvents include toluene and xylenes. Examples of
thermoplastic resins which are hydrophobic and soluble in toluene are block copolymers
of styrene and butadiene. Additional examples of thermoplastic resins which are
hydrophobic and soluble in toluene are block copolymers of styrene and isoprene. Other
examples of thermoplastic resins which are hydrophobic and soluble in toluene are block
copolymers of styrene and combinations of butadiene and isoprene. Styrene and butadiene
block copolymers that are useful in the present invention may be diblock copolymers
which contain a segment of styrene polymer and a segment of butadiene polymer
covalently bonded together. Styrene and butadiene block copolymers that are useful in the
present invention may be triblock copolymers which contain two segments of styrene
polymer and one segment of butadiene polymer, wherein each of the segments of styrene
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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conpositions of various enbodi nents exhi bit desirable
tack properties, even at roomtenperature in sone
we@iwddssyemt s, maki ng al i gnment and pret acki ng BEEU§2008/075682
and nore effective. The mal ei m de-term nated pol yi m de
resins used in the conpositions may be polyi m des
prepared fromprimary aliphatic diam nes and
copplyaets o% jiyreacandhyadicag whemintie butagdione searagin pay pasas
e useful in the naleimde-term nated polyimnde
hy&%g%ﬁ%£%f the present invention are di anhydri des such
as pyidoivahl theenaplatbyabinsdehich atehmeﬁat moky preselitamleyitdon aie

% zophenone, ﬁnd t et racar boxyl di anhydrid ane.
tr E’HFﬁr%l‘é@ 3FSCERENt S SYEHE HO Tt ¢ &gnaqn&og l%‘gi?@d’ob’mer
andM § n?éﬁ@ @Fﬁle@ﬁbt@%é’ el ﬂ%%érCTﬁéqhgﬁﬁoﬂl%tl‘@lrém Js@ﬁll aPghe

groups to be mareimde termnated. Primary aliphatic
predérgnmmyeagon h@iudaraqaodosménsbgmnnttwmchmicmdm @Ieeamvmcﬂcnﬂoieebbnd The

s of t r esent tion.are diamn
redfty i i e s b sGRE e ol N s RS ainul oy Bt with
thelmAIPmel8€ R 2l pifyimldclidsitl Qkleia el o Nadidily &ctivated@uring

primary di am ne, such as VERSAM NE 552 (Cognis Corp.,

processei nnati, OH). The mal ei m de-term nated pol yi m des

may R% et Edal%gle? 6P hg?ﬁq tl% rg ‘?ns €0 pa&g p%\?l%s 816 dnalelrmde

Specific exa

terﬁﬁlﬁﬂtedﬁkﬂylﬁﬁ@@ﬁe@nb ﬁhdhh% rbﬁﬂﬁiﬁail@lﬂe ag EKR@T(EETreéﬁi@ @vailable from
PCOLYSET 5000, and POLYSET 9000 avail abl e from Desi %ner
Krayen Belymss LG Eougigan ¥ igh as BRATGN&G1901X, KRATONDKX

22@ Q{Ig)ﬁ%l\f B mdié‘taﬁﬁ KROA YOI IR XLERIC. ?dlgﬁa]@ écg;z%%gtgh{?e

esi ve CO osition at an anount
exahplbeaStherauplsti8 Bssimtcompashlc abitiuhe 4G qpavde-tormi@vted polyimide

nor.e.. | n othe odi nents, the.adhesive co i o
reswayn%a&ﬁ %Yrﬁn%ﬁuﬁag?ég? -MRHRIGEY 116 TSSHRY SHAH 2 /Sﬁgﬁﬁim{ﬁw

AP%ngéNa%blE io$n Rﬁle\{ﬁani‘ngePﬁi%?de[bhlaTbW nopl astic resins
conpatible with the nmalé m de-term nated pol yi mi de

r esilhs thermoplastic resins may be present in the adhesive composition at an amount
that is at least about 30 pbw, at least about 40 pbw, or even more. In some embodiments,
the thermoplastic resin may be present in the adhesive composition at an amount greater
than 40 pbw and less than 65 pbw.

Liquid rubbers compatible with the maleimide-terminated polyimide resins which
are useful in the disclosed compositions include functionalized liquid rubbers. More
specifically, functionalized liquid rubbers such as polybutadienes or polyisoprenes
functionalized with acrylate, methacrylate, diacrylate, dimethacrylate, or maleic anhydride
and copolymers such as polybutadiene-styrene. Currently commercial liquid rubber
materials can be used, such as, RICACRYL 3100, a low functionality (mostly di
functional) methacrylated polybutadiene, molecular weight (Mn) 6000 and RICACRYL
3500, a high functionality (mostly penta functional) methacrylated polybutadiene
molecular weight (Mn) 6000, both from Sartomer Co. Exton, PA; CN 303 polybutadiene
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 184MAG, a low
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whi ch are useful in the disclosed conpositions include
t hernopl astic resins which are hydrophobic and are
W@ 00008558 n t ol uene. By conpatible with PCT/US2008/075682
mal ei m de-term nated polyimde resins is nmeant that
the thernoplastic resin and the nal ei m de-terninated
imde resin are both soluble together in the sane

m%%ﬂuéé melghk/npldhu%@%étyéﬁﬁleépbwﬁme& fugstionahiecd with msleis agydride
(ab%fi?(%% maiQk i clﬁlde \%A‘gg \5\1}% Cﬁﬁ?w% ¢ lfoﬁ g%OE)éﬁd‘Rh@éN

her nmop are I c’and
ISSﬂMUBl@kwmnmhkubne@qup@bbmkmempﬁMymmﬁﬁz@ﬁwﬁhnmﬁn@mﬁmdﬁde

but adi e Addi tional . exanp er iC resins
(abghf Efyo & elﬁ?%} aal%aqadmglﬂculﬁr wef t?% g% all Biogek
Saﬁ&ﬁ&‘ mr&h&fsuﬁam5 ﬁg&df}ﬁﬂbé@ﬁ’@fuﬁé‘ §1IR @bﬁ‘ear lo%ﬁ%bﬁ% @Elght

t hernopl astic resin are hydrophobi ¢ and sol ub
poliymopehe émstianaizbi veth rcdpio Iayhmirsiecﬁaqut 9?/cemelescrmhhydrlde) having a

ol Pt B e SR Y Rerus” By PR v i it
po]@[s@?ﬁ:’ﬁé (AoveN hicBiacRBte %cﬂbﬁl@%a@ﬁ%‘ﬁ MBEE@&MEI%H‘[ of about

contain a segnent of styrene polyner and a segnment of

19@1!93 el @E@q&oa mm%@uhﬂr aeighy n@ﬁw@@datwbg@lmepren@(a)bp@tn?e
meﬂl g Eér.]{% HCBOE IR}Q avmfgo r%lo%/ec 61|5 OCII%E of% abﬁutufff‘) I@%I‘ﬁriguraray

v ent copo
Cbcnmmakmybwnpaﬁgnents of styrene polyner and one
segnent of butadi ene ynmer, wherein each of th

segi@@ﬁ@@ﬂbfth@swwgwgua ryWéferwew aredpsludesip ey aﬁ@ﬁafewfﬁ@ent to

|
proy R BERTE e Bl P HERALS LGPy e (R AR RIS IECHR during
aligmmese nhd assemblyi, ontilroayedos doheakicdpohaldrbeforcodursipy Mandiquid
nd bu adi ene erei n.the butadi ene se a
m@%m&zg R Ateent lﬁ’ﬂw- g CQUERASHISBI 25 aR pra P%%Ffﬁés ﬁﬂpwgout 30
pbR! Beld® @bt 20N 1B BE&SRNbelbPBBL! Ddr @{7&1 k& 2h @&lﬁe embodiments,

copolymers wth a segment of styrene pol yner,
thedegnenibbof migpibaplicesnd ipthic ydkesiaenngposidignehan ajﬁount greater than 3

pbwéﬁg?sslkghﬁéﬁ§$er pol yner. The thernoplastic resins

An ethylenically-unsaturated oligomer, which may be a liquid acrylic oligomer,
also can be included in these adhesive compositions. These liquid acrylates can provide
tackiness to a layer of an adhesive composition coated onto a substrate such as a release
liner. Generally, such materials are included in an amount sufficient to provide room
temperature tackiness such that the adhesive remains where placed during alignment and
assembly, until cured or mechanically held before curing. This adhesion level in some
embodiments is sufficient to label the adhesive composition as pressure sensitive at room
temperature. Generally the tack level is low in most embodiments; for example, even
below about 1 N/cm. Preferably, such materials are included in an amount up to about 20
pbw. In other embodiments, this amount is at least about 5 pbw, and in some
embodiments about 8 to 12 pbw. In other embodiments, the amount is limited to about 20
pbw to prevent incompatibility with the overall composition. Useful materials in this
category include, for example, acrylic oligomers, polyester-acrylates, urethane-acrylates,

and epoxy-acrylates. Commercial materials include, for example, difunctional bisphenol-
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present invention include a polynmer segnment which

i ncludes a reactive double bond. The reactive double
wh2ed03395¢ he one pol yner segnent of the ther mroRCEES1008/075682

resin may react with the mal ei m de term nated

polyim de resin during the free radically activated

curing process. Representative exanﬁles of

A-based pRpIYaSTYlte r(@éﬁ Q fr@@h%?atqﬂtﬂrb paitieHy eeralated kisficael-A cpoxy

I
e BT, AR ECR R O S bR LA IS B FAARRIRMBLR 3P, frxx
Seities) SEBBECRYX, mstatihls ase mmdqmmlieg) KRATON DKX 222CS,
KRATON 116K, . an DKX- 410CS. Additi onal _
repﬁééléi% hg rﬁweeteila ﬁg@%@ﬁwt‘fﬁ%@ frIpPoeds @ itheag|dyidnctionality is
mca B %dlm&n&ﬁ&ﬁer& Qﬁ B'ﬁie?s' Qﬂdjﬁolgﬁéfmﬁé %tfg@élﬂé Hﬂsqgﬁratlon and
resins 1 nclude styr ne- but adi ehe- netha rylate resins

acid detrtiasal8BM AFX233 and SBM AFX123, avallable from
Phi | a A, The er.no Iast

I
7 e FITD s el e EF R it S pUUERE B PG, Gy oxamle
0, [RihsafiPHEd adifidicomPodidslseabis @ ?&%l pHOspHAvY m@ﬁo(h%ﬂﬁﬁcrﬁlates,

about 40 pbw, or even nore. In sone enbodi nents

glycrot plwph@t: ddnmé@aqryha’@y lb@irwéﬁvh fmeth)aghydate fhes HEMA)

ph?ﬁ%ﬂyt% s'éﬁmet%c%?oxg n{)(n%eiﬂafwry%x?%rop%S%hos%%gte
blS((ﬂieﬁi)mIﬁR’XS'ﬁffOﬁylf) @h@?@h@@l Mbﬁﬁndﬂl)i@ﬂbﬂﬁ)pwymy @ih@slﬂﬁ%ﬁ ul

in the disclosed conpositions include functionalize

(methpgrdontsrermiiosNie bt pexloxyhexyhinbosieg. i(%fa)acryloxyoctyl

P PR URARERE DB SRR TLRIRR Py ROV RS eS

bis({ln&d’[)yctratoayded:iylmﬂlbqﬂm;d aﬁmoladbnﬂ’aieﬂiaCry&nh phbsiptiae,aainﬂic acid di-
or EBRHHER IS géﬁﬁrggtbﬁﬁﬁé%teiﬁd%qu 71§ P gr@i%%%
poBfhald SAERy (RLaBacrflat@Wol AR Sd, (ORI Iedh)&lirylated
polycarboxyl-polyphosphonic acid, poly(meth)acrylated polysulfonate,
poly(meth)acrylated polyboric acid, and the like, may be used as components in the
adhesive compositions. Monomers, oligomers, and polymers of unsaturated carbonic
acids such as (meth)acrylic acids, aromatic (meth)acrylated acids (e.g., methacrylated
trimellitic acids) also can be used.

Specific examples of ethylenically unsaturated compound with acid functionality,
if present, which are useful in the compositions of the present invention include 6-
methacryloyloxyhexyl phosphate and acid funtionalized acrylic resins such as EBECRYL
170 (from Cytec) and PHOTOMER 4173 (from Cognis).

The ethylenically unsaturated compounds with acid functionality, if present, may
be used in the adhesive composition at an amount (pbw) that does not undesirably retard
the cure time, for example, a level up to about 5 pbw, and in some embodiments at least
about 0.01, 0.03, 0.05, 1, or even more.

Coupling agents compatible with, or participating in, a free-radical curing reaction
with the other components of this invention also can be used. Examples include a

mercapto silane system, acrylic systems, gamma-mercapto propyltrimethoxysilane,
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functional) nethacryl ated pol ybut adi ene, nol ecul ar
wei ght (M) 6000 and RI CACRYL 3500, a high
WO wemsesml ity (nostly penta functional) net haRClUs20e81075682
pol ybut adi ene nol ecul ar wei ght (M1) 6000, both from
Sartomer Co. Exton, PA; CN 303 pol ybut adi ene
di met hacryl ate and CN 307 polybutad|ene di acryl ate,
gapERHMethenty QA PHopHF M caoNi a1, EVIME annpRiRPYETBethppysilane, and

t
vind B RGHALE SHLG b QI ATl for TR Snbodiments, e g
thoae lirgdsﬁdtedgmtglaﬁ @?ﬁ)stra%b Gaoih 38 mq)a?anb?gm fltec HCE? ap:];xtﬁ'ﬁgittns.
ut adl . ene-s ren r uncti onal.l.ze W .
o ﬁ?e caylipg ragafé gﬁw%ﬁanﬁg's afheSIyR ROMPPUUIN MR dFpugt that is
up 'i@lllfo%‘ B ?megﬁcgﬁtotﬁ’é‘r eﬂﬁ)%Hfme%%o Cron?isdufd @gﬂbgvscg |!yt‘)113bw aFor

l'ow nol écufl ar wei ght pol ybut adi ene functionalized wth
example,l good mépplts fatecob@mb glass Jtsktrates may uamhy)dnd 962 phavi ng a
f about 2500, from Sart .
et Frles PPt fira®r PR P plscHR FBT R gae sofected
frolDifYe @@%hﬁﬁtlr&ﬁﬁib cBRbYitRRuENS £ pAes-bRNBbS ﬁﬁﬂnt‘ﬁlé Rimethyl
mal ei ¢ anhydri (about 3% mal ei c anhydrl de) having a

2 M@@&mabutmteg hto-bis-(dipbenyl 280mme). UeH poshis-#t-Lyapopentanoic acid);
porlR LRSIy YD1 nIIBLIRCLA AT P! M SORESAE (AP Bcanone

acryl ate

pet@&ldabglutanl: A0AGeraxidt, lz!ﬁro".ﬂ:f)eroa;ldepbl\ydfﬁgéiﬁpﬂr@sﬁdmwgfmﬁ)eromdes
nmet hacryl at ed pol yi soprene (about 3 nethacryl ate
sughascert-§il hydrpperavids @%C%@@émda?pem% pergeidg peslpas peracetic

w3 KBRSl 0 JBE 0Py,

petcarbanatanount sufficient to provide roomtenper ature

tac ess_such_ that the adhesive ns_wher e Iaced
dur ﬁf@ trigafly SpRdnctxmpersiss mgy pe ua?ﬁlﬁn thm@&w ColpGsitions

dls%%@ rEl@@chEle‘@o’n@u&ﬁife%aﬁlc@éérshHgas HSor patidics 6&9&@%&?@6{65 of
be present In t he adhesive CO”pOSltlon at an anount

siltenatoppst, b@kdv\g@iddm Z86, plotnurhapadhadiabig ion 20ngdhet, owlybdenum,
all%??gﬁ %Hgmlgeerl 81y\{hg 0r5partlcliesepreeprglrede with a surface%%vermg or coating
of a conductive coating of a metal, alloy, or the like, can be used. It also is possible to use
non-conductive particles of a polymer such as polyethylene, polystyrene, phenol resin,
epoxy resin, acryl resin or benzoguanamine resin, or glass beads, silica, graphite or a
ceramic, with conductive surface coatings (e.g., coating(s) of metal(s), alloy(s), or the
like).

Useful electrically conductive particles are available in a variety of shapes (e.g.,
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
mix. Combinations of particle shapes, sizes, and hardness may be used in the disclosed

adhesive compositions.
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the liquid rubber may be present in the adhesive
conposition at an anobunt greater than 3 pbw and | ess
W@ bwe/03Bspbw. An et hyl eni cal | y-unsat urat ed ol | BOIES2008/075682
which may be a liquid acrylic oligoner, also can be
i ncluded in these adhesive conpositions. These liquid
acrggates can provi de tackiness to a |ayer of an

adhbsiher ¥ebRsbartts dhc adwsid compesiton abdisrditdosyircHsagnde used
forira%hgs‘fi\%é chhéﬂfcrﬁve gfﬁ’?%haﬁlg ﬁliclﬁ%gpasrw&%s' iﬁltﬁ’% @%}Ee 'aﬁ‘c‘slcgg&fjisotropic

n an anount su ent to provide room eératur
adlicanks.nAasyg ksoweh ntchad for hehiadhg Sotwrepit eomducs vovaditesivps, aaedas

. durjng alignnment and. assenbly, until cured .or . :
mCﬁ@éwgﬁh%mw%dal@d%fei@gl Y icARduciny Bagliedngsiprgksonductive
seir), SOV AP0 qh&y@p&éngaﬁe@%ﬁﬁaeg, R be Bsdd@RSH colifd€, loading the

adhesi ve corfiposition as presslre sensitive at room
adliestvperitt parecleGébersair dyortskemt @o kedusv etlhdsgnl towaripusnmbstrates.

di ts: .f. I bel ) t 1IN )
ThERRSaEPyPouliShs SARBPSprubafRems of HiaaS bl e drsirebte
cor&tﬁwﬁ@itﬁi@%&% whdle I@EWidihg dedihR®le a_ﬁi'l’f@ﬁé’ﬁ eeks, t hi s anount

is at |east about 5 w, and in sone enbodi nents about

8 t dhe mephperticly sircraditheetydustineagticlesused monirvery depending on the
ele{%!r? et Vt%h o a?ndatgg Eﬁgacgn%Tl%gv\évleeitnﬁgg .Elgj\égegl% a]:egt?r?g e?ll e'aaf)flolr 'ccti%teﬁtliosn. For

e overa C S in

exdmapledgothy dldrelode :idth & Sexmasiphetersa@id)lahé tied Spg@inE bstween adjacent
pol yester-acryl ates, urethane-acr gl ates, and
eleé‘rrg@iey

Iut ymdihes is, herpirstrefapitareis PP 4my. ¢ Meppticlesize of about 3
o ETBL i, SpASFEETR, B mlcam i RESTEpRR e o,
corapasityordinachiyh ateeli{pEBECRYIdUS6G5partielns with sphenqlartilegpoxin this
rangp O FORSRTIB (S BT G PAYACToRY ST TRG P Etenetics WRILS also
G LY ORI ARGt e, i
thegmh po therectrodesvised fert dophentioo batvesnh tircatwoonrcaridulbstiates will be
froinua Cotu![ & oI ailbto}/lf 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
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
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.

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.
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Et hyl eni cal | y unsaturated conpounds with acid

functionality include, for exanple, a,b-unsaturated
w@eiodgsosonpounds such as gl ycerol phosphate PCT/US2008/075682

nono( net h) acryl ates, glycerol phosphate

di (nmet h)acryl ates, hydroxyethyl (nmeth)acrylate (e.g

HEMA) phosphates, bis((neth)acryl oxyethyl) phosphate

at ]@Qm%qa})t ac iy o8y S@b@@‘p)enﬁh@@ Fwuat of conductive particles is below about
30 bde%\% gﬁ(%\ﬂ?aclgéf V9 XY tqey&) evRR Gc\ﬁéﬁg%ﬂn all in vol.%). In one presently

acryl oxy) pr opyl oxy
pre(fmdfﬁrﬂmwmwyMMOLmh mgla@fr&m about 0.5 to about 10 vol.%.

?Imi nlgztglg faoéi% %a%g%eo%dﬁﬁg réactoglposnlons such as colorants,
ant%ﬁ&a(nrfgehh Mk oM ?E—%ya' EntR h@éﬂﬁ?ﬁ&nts inert fillers, binders, fungicides,

yacry xydecy sp at e,
ba@mgﬁﬁmmmhﬁammepmydeay$pn@h&sph@h@wmdmpmnn@dtmmdﬂﬂedHﬂheaﬂ
net h h t t
T pat e PrAPRaD Beristiernyher i bufirorgeriar eraanic

Thak! ddjuviafils Yiff pRisBitast i dddeid aRQnoBd &€ Fdttheir art known purpose.
polﬁﬁnﬁth acrylated pol y(neth)acrylic acid,

pol Jymselhy, des 3dhgsize cmp%tmtbmllybe q@b\reylpmmm e reledsg liner and
use[()io s {T%tspe} g&{ 1vetfefrg; {%ﬁh Mfa%‘ L %Hﬁ‘es?\?ebfﬂton é/agl(';[)%tata}lgr%d ¥0 9 gl(?ostrate
PO OI‘I C aCI may De used as

an@ﬂimmeﬁfmfovbm nhepiaglngs ifpreh € aiipaopidatif Sonddeeios Rl sives
ol i gomers,  and pol ymers of unsaturated carbonic acids

desgtibed mscertaiaranadinents hefeings fo RrovidaR CONPIREPR PadYegn aleyible
prlﬁfeéHQﬁrc& £ a@ipec frﬂ@‘fl‘éyﬁr}%ﬁjgagchgﬁé éBF]th/ téﬂl% eclzgtl‘f 09@5), & X8mpRthose

I C eXa
foundsah lﬂaapmbl diophpp.uBthitdrtchnaetiond mag be ondé beétyeen & flexible printed

resent, . ch are useful in_the conpositions of the .
Clrg‘P @é*rﬂpriln%eftﬂf%tmaﬁﬁ?r&al@th@r Afepledy dégﬁcaszyﬁ)ébanapphcaﬂons
in e B%%}?@amnéﬁ{ &k deHitdnal@bt &ﬁﬁs @Qfaﬁbhs%oﬁtﬁéd BiScuiUEBstrates

170 (from Cytec) 4173 (from
anCognt@inectidng b@tvm,ehewo dlakibje pmstat drattedr @Immmbld@lqms thercof.

sufE it e Py ida PUTRSRSLT p ey R Rar B sypmte
aludIh@s] dopbly cd@hidhd zinc, nickel, gold, platinum, silver), glass, various polymeric
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
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
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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the cure time, for exanple, a level up to about 5 pbw,

and in sonme enbodi nents at | east about 0.01, 0.03,
wW@2®5/035058 or even nore. Coupling agents conpatP@i/ES2008/075682

with, or participating in, a free-radical curing

reaction with the other conponents of this invention

al so can be used. Exanples include a nercapto silane
th%@@yﬁ cq;@pqﬂtm@ ogcgy@ ERgent éléﬁlﬁﬁlrﬁiﬁ’ Q}]é?]:tl@usmg a bond time (in

sec{gglgﬁélf%gloqpib%ﬁf(}/@ 'bel%%a‘t%ﬁ%em Xl BARY octhl!tt 3, Pr even faster.

hox ané, ganmma- anmi nopr opyl £t net hoxys
In aﬂhelr Mnlmdlﬂtlbmtﬁethél @ddyeswle aomposities ef ﬁhﬁ'{)ﬁfSBl&kﬁSC&fS&re 1s curable using

o DR GRS ) S B 3P babeSn ShPUA LY. Peloftiost A Delow
ab(gitEI§§ ﬂe%w%@%tQQ@ldr%%ﬂB%r The coupling agents nay be

used in the adhesive conposition at an amount that is
up iTosaboenbdlipbns, thaddhasivetchepostrbodf tire presentfdismhosure is stable

bout O. F | e, d t
ot g emaefied el RetrisloPil gy FAS bafi 3, R, S35t ou 3 or 4
webRaBPERS IQﬁcﬁdﬂs ofF uburkl@EdRing thé tdndfePdtorel fsth Hsbn Ridtpefdt@re (about

not limted to those selected fromthe group
25%ormgn sndreage dfe s@zkﬁ ligy n@mergbm@mggts the adhesive compositions of

thlidlﬁclgsure Erowdc'e a ‘%’ fol n%vteé S oef stqga%e [fh X{p rhoorn ﬁemﬁeliahure a1)1d yet are

1 S-1 SO azo-

reaéuée erdu@btScrd 1rﬁaf[ﬁiiloﬂ)@§kioaﬁ@d i® adondjng d?@le@b(lﬂdie&aﬁmﬁhn aghesive
benzoyl perOX|de cunmyl peroxide, tert-butyl peroxide,
tengReEateicet ahoHd SBeroxi de, gl utaric acid peroxi de,

| aurgy 'dm&%&%%f%bdﬂ%sw? g&gﬁ&%ng LB Qfeg if Xﬁ%ﬁ&ﬁmﬁieﬁﬁﬁ. For
such as ter utyl er oxi de and cunene
exdnyele o:pmrrmeth@tbqnvpleeaatadhmg ucirstestige tae etdoad artticte mmabrising
oGRS T2 e S5 s e APBRET B i SRR L5 i e

scdoRB dHfAd t\’)thPQ([Hehl% B tHEPNrsPAiHRES Wi dh ILEMRIRARYYE the first
conpositions disclosed. Electrically conductive

artplr andehe sceond hrtigls feare berndbesive tlembeioreensndicupag theaidbssive.
ni ckel

Hegt;a[nl%igala%lqe%%e t}lplgﬂ%’ d(ra H@eéit \gﬁh tk%g]:ngsﬂ Lo, ogl%ien%l . aélieg][yorlrllic
devices, such as liquid crystal display components, can be selected for one of these articles
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.

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.
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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al l oys thereof, solder, or the like, or particles
prepared with a surface covering or coating of a

W@ uwdugwss/e coating of a netal, alloy, or the PCRES2008075682
be used. It also is possible to use non-conductive
particles of a polymer such as polyethyl ene,
pol ystyrene, phenol resin, epoxy resin, acryl resin or

p %ﬁ%@@%ﬁn%ﬁ*ﬁﬂﬁ@l%@r die, ehipgflelic panked 01r§111|t%<arcugtrb&5m £, and
r
ot PR AT e B dfy RGN SV B85 AR RO SnBiets
el et san@aérhyodimontycthe udlq@bzletcbnipestlamwf&v aufigbrel dgmgfor 1000
hOR\lil‘g |ra‘|[ g%oﬁ/ @i‘%{a rquql\gqilgémd&%gm ar.]i%r I % Sslllﬁril %o Is Zzlls measured by peel
tesiﬂ@' a‘i’iﬁ‘%ﬁaﬁﬁtﬁm IBGVV&éc%hoal ?é%is@a!ﬁlc@r) The parti C' e may have

[1Tghtly rough or spiked surface. The shape of the
el eéstdlvaluagdspf cenolucnbodiments of:ﬂhssnvaltinotarqo@rﬂlblciuhardtqd by the

ol &5l and B s R G s SR RE G e hese

exABHN e Mell P Qthet henditienlang Yct@afls, sheulg abesd @fstr@sd 48 unduly
conponents and ease of processing of the fina

limiterg. n b aratdriglsearpriogmmerstidl el labls obknqyar to thpss skHigdes the art

and y be used in the disclosed
unlsétsﬂwo rWISG Staﬁ&{g %pigrr?g?l n ot her enbodi nents, the

adheS|ve conp05|t|on of t g ﬂ éclosure al so can be
used for adhesives conduc rough the thickness as

vel iin &8 tésd nicid dBhAd 8xandl SObIaW | 86 sdrifit HaRtBioRd RRSIppRSkimate.
Any known neans for achlevumallsotroplc conductive

Maé@ttﬁéswwswalédmfra@ dhamicshsinply havseswichre Al draai M:}lwﬁukee WI,

a tiyg, Rarti
siFallRvet LebRtE ) {8a P hokf bioy, ANEEBadtsagpees betow ar
reppaed ircWeight gaagenpe used. O course, Ioading t he
adhesive with particles, fibers, and/or scrimcan

reduce adhesion to various substrates. The adhesi ve
Tbﬁﬁﬂﬂ g>|ons of various enmbodi nents of this disclosure

al 'ow desirable conductivity levels while providing
Peclesdhasinne adhesi on | evel s.

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 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
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
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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The nmean particle size of the conductive particles

used may vary depending on the electrode width and the
WG pmeosrysbhet ween t he adj acent el ectrodes used PEGF/US2008/075682

connection. For exanple, if the electrode width is 50

m croneters (nmm and the spaci ng between adj acent

el ectrodes is 50 mm (that is, the electrode pitch is
testeddongach test prraposiin: i heacak pecl dorcarsues of therepbeties were

avégg%ééisanﬁﬁpé 1%2%1%%@& Beloin Hl%itE'&?é?‘” ani sotropi cal I'y

uctive esive conposition in which are di spersed
conductive particles wwth a nean particle size in this
it is possible to achieve fully satisfactory

range, |
Eﬂ%%ﬂ%ﬂé???&“&ﬁ&kﬁ%teristips whil e al so adequately
Pr eVeREdi NI BN atn ot Wirh i) shekhyRen Adl aFestd 200 um pitch gold

el ectrodes. In cases, since the pitch of
adlgspetlesdls cuseits $norcocwspoadingdiR-Y eingmie test brairdsaol heisemples were

suhst r at w. || be from.abo 50 to a 100 t he
oot rysF et SR RHh aneieh Fe 3P TP e P tehpShaure
and®h 8bRIiAb b isBt th ABhiIEANES s@he BBRHIncZerhferaidflincAblired with a

m croneters. If they are snmaller than about 2 mm they

theprmgcayeldy as aabdkvied iptheprenaratioa ofithecpacbethesign test samess The
| OSi t hel.r net. | nducti ve. part. cl . if

e bRk ofHOERER o RV R Rl thg o Foroifisin

Mdaklirethcht tdéii @i Jsingabefolduengd corhpuiiceasedings:kel i hood to
produce short circuiting between adjacent. el ectrodes.

The Pawsissurest valimetaroMedel 130eSqyaser Mepaise Hatetyatalle figmKeithley
InAGRERLI NG el Lhgqahpa of the el ectrodes used and the

nean parti'cle size of the conductive particles. A
sat Ssfitabingmyatiixainegta Sanics Switabi(aintryl kiedale Nedok A0, tahaitable

few (for exanpl e, about 2 to about 10) conductive
ﬁﬁﬁﬁ@$@ﬁ@§n ngﬁﬁ%lﬁér el ectrode. For even | ower

el e@%&ﬂeg@dﬁoﬁfgirah@@ﬁ&k R PEAN UG TH M SR Tl Gk @%eéﬁg%lcc)pﬁaple

i ncluded in e conposition af about 10 to about
Grper, MV ect r ode.

PC software: LabVIEW (National Instruments, Austin, TX)

Test current: 1 milliamp (mA)

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.
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The amount of conductive particles with respect to the

total volume of the dry conposition (that is wthout
WG 009081958 m nus t he conductive particles (all PCI/USI0081€75682

percent or vol.% is usually at |least about 0.1, in

ot her enbodi ments at | east about 0.5, 1, or evenat

| east about 5. In other enbodi nents, the anount of

conductive particles is bel ow about 30, bel ow about

20, bel ow about 10, or even lower (again, all in

vol.% . In one presently preferred enbodi nent, this

anount ranges fromabout 0.5 to about 10 vol . %

Adj.uvants optionally nmay be added to the conpositions
Materplsdésedo) orant's, antioxidants, flow agents, bodying

agents, flattlng agents, i nert fiIIers binders
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NMBRImidb €erathesd pdyimide resin
tesearvivig Sb‘VJ‘s%'hds in toluene

KXY
con ve ad
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orinted cirecy

AR

nesi ves d
3rOV|de a connectid

and a substrate

i rﬁtgr%h

%H{aafae rene block
E[ Al 4i&d Veg P%(Fb 3 solids in
Q

EBRABNL h el
flat panel di
between a fle

:Qv?eé gusfacq Speciligig
s plngy., Sneyrev.l Georgienn
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8yrn dlsé§
]Ill n¢1 et chi ng

1 Methady keis Bpdpnalized modified

ddoppesicrrgid dster nade

it and a printed

ci r"\Rf38s boar d
O her applica
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or andartemef | exi bl
ions include flipg
chips to various p

el'mayiclodechne idimpethanol diacrylate.
hi p attachment of
rinted circuit

sybg¥agat @s an

0 Diupé: Wamfegioh ODE

bethyeedmewy hdrgdtddopolymer

printed circults or any conbi nat|iwmsidwhesRehtratiodioradide
substrates useful to provide artHﬁh&ﬁmhﬂ@hﬂgﬁh@ﬁ%imhwnem
exanple met al s (for exanple ?'9ﬂ%“§H1 opper
7 A A T e P s S g v
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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thernoplastic or thernoset filns (for exanple,

pol yet hyl ene terephthal at e,
w@kioonsess pol ypropyl ene,
cel I ul osi cs,
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bW ab@ukyadl Oapm@conds
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t he present di scl
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fusétivghaBzddenipemaleio enhydride

dPRABS, MARIAHMEEH NS molecular

QS4B dbduCrsndb! € usi ng

|rre WEL secog bet
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I n ot her enbodi nents, the adhesi [\ yl rfg%n Iiae payiace
present disclpsure is curable us ger‘r‘ﬁg’lr @éabout
(0CQ) of bhel o about 200, hel ow 1'—20 hpl ow ahout

143JC B8} ow ab
I n sone enbod
present di scl
at | east abou

but  130Kutsedyow abou
ments, the adhesi
bsure i s stable at
1 week, at | east

tLOL’QUleWlaéthhlt gwdracrylated
@%ﬁm@i@t(iamutdfmuhecrylate
rfonetidanehifyer Bolkoalat ereight about
3000 2 weeks, at

heagisiapoet 3

reduci ng the
25C) can incr

Or DYURBKSCorp! €ve
en‘qul% {éwggflqpm ro

base t life

HyR088(ic fifthe COMESRIth a
%’e&ﬁg@&rﬁ?@ten%& dé rrentlﬁtg/ g

sone €

T, AUEEET Ve

,UleUbIJ&i PRR of
White Plains, NY

22 GNR 3.8 — EH: Gold/nickel coated
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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this disclosure provide about four weeks of storage
life at roomtenperature and yet are reactive enough
W@ 20000858 n about 10 seconds in a bondi ng cyclBCT$1008(075682
maxi mum adhesi ve tenperature of about 1500C. The
di scl osed adhesi ve conpositions can be used in any
known net hod. For exanp one_met hod i nvol ves
forgy mH%lFﬁSn@ a 40TCPg 3if e §6¢ rltéq & dhseleigh @dbgshiedilm thickness was
%ﬂ n%lng provi di ng the adhesive conposition as
es ed herein on the first article, contacting the
sec ﬁndls avited frent Bxandeat thesughel Oodll hddemfrkedlty imrtdsed eack o

form an assenbl wher ei n first ticle, and_ t he
COBBRBRHIP GPNPRPEYHEERIRJ- Jt&E]és% Gl éL%‘B%P%éﬁOthﬁﬁH temperature
meﬁé’lfréc[‘gy pRe: ?ﬁ‘lqr%ﬁil%ﬁadh'é@@ﬁ n%gglrpd @@e?lﬁ@ﬁ’lgttﬂé)A@?l B %4n®I& to bond

used with the sotropi ¢ enbodi nents. "El ectronic
flexl eucmew,ITQﬂmtaisglassqmdct tbe bsmctnhg chnsigicang as fotpoe hi®C for 10 sec

at §Rbendo PS8 L ERec el LI RERGLT0 e SMELL Lot et 1 or

t heoTlgE 2afd/ ét’CIIn@ans@%} @yl Was ol encasite®i YEe results demonstrated
conp05|t|ons di scl osed herein are used to provide

singili@aequs gmbrayemeninin ¢eem demprsatwesstack, rh@N%rrwrlcg ex0th¢rm temperature,
ancY L ¥e%(§:]eid epne?P (ﬂle nTbét’w ! Itll %eg Itcfcl’r&%lﬁac'nd‘[jl a’?ed ﬁ?ssg%y ac%dlng

fuﬂcﬂ@mlizedimqt’uatruﬂﬂ%ri 163 tﬁé bmpdsﬁte)nbae&mdﬁ@ t@ thd prossht Indrefdtéon.
easily renoved. For exanple, a pre-tacking nethod can
be used to attach the adhesive to a circuit to be
joined, either by hand or by using automated
equi pnent. I n sone enbodi nents, |limted heating and/or
limted pressure may be desirable. In one enbodinent,
a three-step procedure can be used, such as tacking
the filmto one substrate (i.e., pre-tacking),
renmoving the rel ease liner, and then bonding the first
substrate to the second substrate. M croel ectronic
devi ces contenplated for use with the adhesive
conposi tions
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di scl osed include, e.g., flex circuits bonded to
another flex circuit, glass such as | TOpatterned
W@L®e93598%m conduct or die, chip, flexible prine@&US2008/075682
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Inc., Mnneapolis, MN) (2) 3M Brand Adhesi vel ess
Flexible Crcuits, (3) Sony Chem cal HYPERFLEX, which
WO 200d03988 bed as a two-| ayer adhesivel ess st r uR@UD£2008/075682
pol yi m de and copper foil. The flex circuit sanples
were bonded to the ITO coated glass with a Unitek

pul se heat bonder (M yachi Unitek Corp., Mnrovia, CA)
\?‘P‘Ii’ll\esd Inkd andeperpar ative ByampeddClr2)r essure of 3 MPa
and
oot ia e oG dOcTRRARCund g ROSICERS FRIELFR ks 1
1 O,]fIkZé.’pt'ﬁemglth@co'FEl&nﬁnts l]lﬁ’@dald ddbleidtand Mica deetiegostofPBarckase liner
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nged| fg% WS | en dried in a
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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
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.

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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fromKeithley Instruments, Inc. Probe station: Crcuit

Check PCB-PET, available fromGrcuit Check Inc, Maple
W@2@9035980\ PC sof tware: LabVlI EW (National | nstPURESR088/075682

Austin, TX) Test current: 1 mllianmp (m) Sense

conpliance (volts): 0.20 The bonded sanples were

pl aced in the probe station, and 15 neasurenents were

t akéy o fixamples 4a0pihe resmits ohfxmmpes bt-1¢ ey that the addition of
BT o AR R

alsd kecragioe thc\peals oxath¢ransmperacurprvelpali eldovanicbndargeat sveer t o

repare filnms as follows. The conmponents listed in the
te‘ﬁ%ﬁ@%é’i‘%w%wm@onbi ned in a small jar and nixed

| A \ ' ' i_.&h a high shear
E"E’{T?'J"esq? A Qn@CbHﬁfirmM)%JIhf)fe%d(Cﬂ 8}

or approxinmately five mnutes. The sol ution was
degdss edhdsyepblutipngweieer¢rared amdaisvd toupmaparh didbgas mtExamples 1-
anbi ent . t erature until. hubbl.ing stopped. Th :
1035858 ditrudB Grostchlad st in 20 APy CBARE ppEdEdselease liner
usiR@h Xatfb¥bane cskRPinhial@t ehehREEY if b Fdrtatpdingven dBOIE for 5
coater. The coated solution was driedfor 5 mnutes in

miputepyiekdehgfilmsdhaamegethickness @620 uThe dri ed adhesive film

t hi gkne t mm__Fi |l s ed, fr Ex e

1SRG RDs SR AR SRy S e BEELp LR bAIF e plten
of OINIASB 080  metrimsaitpisdnd., Stfadpseill2, OHghehe papdingeaks removed

exot herm t enper at ure neasur ed by 90 peel

frogithe ansnexpesia thescapndadhgalv e gde ﬁét?ssqg&aegg%%pé@d formydin.
A TS 5 158 B0 08 opic
thelA08Capoindliibseicdoatn BMRand. dihd 1thé¢0@6s fdied bAcls expoaing3he ACF
attqwfglg@ Eﬂl, tgla Z?&h Zap?e’ég @Eléezata éﬁ%ﬂé{ %ﬁ{) %gspcﬁarlrtn};eaﬂ@? thre](grtlstrurnent 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
(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.
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ng
es

nd

results are in rans

4 show that the addition of |iquid rubber
acqor @xagplo { havaagsPedl (gnvent i Eiampfler eqsescriad Peet gok
ang—peel—adhesi-on—andal-se—decreases—therpeak—exethern
t enper at whi ch ald ows bandi ng ; | ower

15 5.8 3.9
15 5.2 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.

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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tenperatures and shorter tinme. Exanples 15-18 and

Conparative Exanple 3 (CE-3): The adhesive sol utions
wawene/oprospar ed and used to prepare filnms as i nPENHSPDEE75682

1- 10, except using the conponents listed in Table 5

and then coating onto PET release liner using a knife

coater. Coated filns were then dried in a forced air

Oxiflretpatad (BBOcoptsd) mlygstasselstigtes) dhagypeiof fsx mayi adgesive-type

' 3 ' . . f
rob LRS00 L AL Cub ey A IRR.LT o, S GRIBRTNY
Thé MASSir@a0an(plassteraendarts thalT.Q-cGttebpegastdrivath Obitaknpulse heat

t he paper.liner was_renoved om the tape, expaqsi
boidig 09@@65@%@@%?% D@?%%Vléfc‘%i‘é(ﬂ‘égjé?t r atogﬁb%, a
pre;sﬁrgnui(v AR and dhdifiS: SXRIRLAIK ARHSRL QRO ERRHTHINR

CF) coating face down was applied to the 4
belbaper ahar teupbretird o8B, haredsurd he1MiPagmdimsd pimd ed 0 seconds

RS TP TR A g ehOR BB o0 ce

peddbihesRA usinb e N8| Indigkt SKNEExtSh@dt QG gBNBlarhO RnbiRy ©ftet QUTS
renove the Tiner fromthe one inch (25.4 cnm w de A

Symmﬁﬂo@-rﬂﬁde@rﬂraiﬁie(wﬁ‘i)c Hhe doraile éedTeo wag figed piB asﬁ;ﬂfOf\hl@@c} cell, and
. 2 i
R L R S

wastecrdedC Thaacad agelvp ellicite i ctvasstddios @eahNdst,cotpdsition. The peak
peel i ng speed was, 12 inches (30.5 cm per mnute, peel
pedl dprse vinyes ol Fapdigatehwiieaivsragebprd arg figportcq @Ploiﬁ’e‘@ITa%lfs&
a snooth fluid renoval of the liner and the average
force for renoval was neasured. The dwell tinme all owed
Tabled]. fxampaphtent o establ i sh equilibrium Three pulls
fromthe sane exanple—aterial—wererecorded——and

reported in the table bel ow. B¥amplegher tack

f or nu| Mate@id exhi bijt edo hi ghexo | ijnen1relleage. Tablxs 5.

Exanp| 8o Y000 | 6.56 | 656 | 6356 | 656 | 6.56
SR&33s 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-174 002 | 002 | 002 | 002 | 002
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

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

21-



Tabl e 6. Test Results The adhesive sol utions were

prepared and used to prepare filnms as in Exanpl es
waz2m9/03@s&ept using the conponents listed i n TedI/ES2008/075682

and then coating onto PET release |liner using a knife

coater. Coated filnms were then dried in a forced air

oven at 500C for 5 mnutes yielding filnms having

t hi ERFesecsblsrmodsfigationpard alpapiogis of thisroy prtongyil tﬁsap@ﬁrent to
ncRSRSRLY R P LA  SE Rl B AR Senion. T

inV\&ﬁﬁ‘l@l shoatt no bbeestridtédo the embiodimehs that are set forth in thls application
I.ndi um Ti nOxi de-coated (I TO coated) pol yester

foréﬂ%‘é‘iafléi?@érpoﬁe type of flex was: adhesive-type
pol yimde flex (available fromFlexible Crcuit
Technol ogies, Inc., Mnneapolis, MN). The flex circuit
sanpl es were bonded to the I TO coated pol yester with a
Uni t ek pul se heat bonder (M yachi Unitek Corp.,
Monrovia, CA) with a bar tenperature of 227C, a
pressure of 1 MPa and a bond tine of 10 seconds (for
tests at 1400C cure in Table 8 below) or a bar
tenperature of 2800C, a pressure of |IMPa, and bond
time of 10 seconds (for tests at 1700C cure in Table 8
bel ow). The bonded sanples were tested for 90 degree
peel adhesi on using an MIS I nsight 5kN Extended Length
frame tensile tester (MIS Systens Corp., Eden Prairie,
MN). The tensile tester was fitted with a 500N | oad
cell, and a 90 degree peel test fixture. The peel rate
was 50 mMi mi nute. The peak peel force val ue was
recorded. Three to twelve replicates were tested for
each test conposition. The peak peel force val ues of
the replicates were averaged and are reported below in
Table 8. Table 7. Exanple Content Table 8. Peak
Exot herm and Peak Peel Force
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Peel results are in granms (force) per cm Foreseeabl e
nodi fications and alterations of this invention wll
wheooapprsent to those skilled in the art w t hoRET/US2008/075682
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
Whakt isudsinetlive pur poses. What is clainmed is: 1. An
adhesi ve conposition conprising a mxture of: a
1. mal dinrAddesiveeampraited qoipyisimgdenixége of: a t her nopl astic
resin conpatible with the nmal ei mde term nated
pol yi m de .resin. i quid rubber; a thermally
bt PR S Bsingdhddetiod B8P genc: | and opt ] onal Iy
one LOhef®pRastt résiBédnamibeoMph tHednagientl¢ tedMinated polyimide resin;
et hyl eni cal | y unsat urated conpound with an aci§
f unédiaBifaubsf; and el ectrically conductive particles
and/ I ML Sl 0S4t | | .a]
aner iosT I Reifusd B AOAT R, SRRl S Mok of
conprilsescoaplimagdengn product of a primary aliphatic
di ami n ith a tetracarboxylic di anhydride followed by
r eaé? P@arilgwcﬁHy Hafagirated SARRP it an 4¢id fupptigaglify; and
COMPRSh AN cHdubhid Mridolthiflagctifie mal ei mi de
termnated polyimde resin conprises a reaction
product of a C-36 aliphatic dianine with a

2 LRSS AP e ORISR s potimic

et hyl eni cal | yunsaturated oligoner, which my be an )
reSHCGOPRRTESCH | Fg6het proguctpha paidnies phithagie dsaane Witk adetradagtiopylic
1 wherein the thermally activated curing agent
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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I's benzoyl peroxide or |auroyl peroxide.6. The
adhesi ve conposition of claim1l wherein the adhesive,
W@La0e03es8 i ng, provides a peel force of at | eaBET/LSIOL075682
g/cmafter bonding to I TO coated gl ass at a
tenperature of at |east 1400C and/ or a release |iner
peel level of above 1 gram per inch of sanple width )
6. af t dhc BdhfdivegomposiHan P? ¢lavm 4 vhepamihcadpesivy after cupingmyevides a
[ [ !
e FARE Y £ ISRTRR0 bl Ay Hop BT Y Sh R by Rt fire of
leadtnl 4880 @ad e afielemedareppedilarg] dhaboadhesin @eciaoipossampdaiwidth
of. any of the above clains, 9. The adhesive
aft%fdwggégt%h? T 81 I9PR (¥ IRAEIES N the el ectrically
conductive particles are selected fromnetal particles
and netal coated polyneric particles. 10. A curable
adhesive filmconprising the adhesive of claim1,
7. opt iTonathepivatrempositiomef eldine s iwherdin theradhesive axhilasngssek
emﬁ% fr%n1ab9q1 gltoz@p ut 100 micronmeters. 11. A tape
C ﬂﬁ}ﬁgﬂﬁﬁ{%ﬁg 8&?5 | € adhesive filmof claim10 on a
liner. 12. An electronic article conprising a flexible
printed circuit and the adhesive conposition according
8. to Angdhesivadieceapiivng the afheskyastomnesitian @f agy elcth ebove claims.
13. Aliquid-crystal display panel conprising an
| TO patterned gl ass adhered to the adhesive of claim
9. 1. TAc adlisivadbepbsidort ofidaisi 1 imdieredd thelchdcmichlipavhdigtiae particles
shelf |life of at |east abouyt 4 eks at roo
are;sglastef dtam meta] gartiplgs aa@aﬂjég#e%ateﬂﬁﬁ%@ml? a%ﬁleg]&m aim 1
wherein the adhesive is curable at a tenperature
sel ected from bel ow 175C, bel ow 1500C, and bel ow
10.1400CG:urdlge adtwsivadibesiowprismgpsadhicsine of clainail poptionklér wherein the

t h hesi i | t t . bel 1500C
ade M T SR SRaT By Rabee L BrBgue s a0
seconds,

11. A tape comprising the curable adhesive film of claim 10 on a liner.

12.  An electronic article comprising a flexible printed circuit and the adhesive

composition according to claim 1 adhered to the flexible printed circuit.

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

adhesive of claim 1.

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.

16. The adhesive composition of claim 1 wherein the adhesive is curable at a
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bel ow 8 seconds, and bel ow 5 seconds. 17. A nethod for
attaching a first article to a second article

W@ ups®shg: provi di ng an adhesi ve conpositi onPCT/US2008/075682
according to claim1 on the first article; contacting
the second article to the adhesive on the first
article to forman assenbléomherein the first article

tenppegatigekone MY Cagoupled aviffpi, bonddime sledded/ Bomhsiash £ reends,
beld &e}ch 4‘1?1&9*3%% 18. The nethod of claim 17
er el n rst ar eis aflexible circuit or an

LCD panel 19. The nethod of claim 17 wherein one of

the fir rticle and the. econd article is a circuit
andAtrlnr% 8@%& attgehing p dirgt artighe 10 eePhatliclg £oMPESIngn. The

Dat E%lcﬁﬁ g Gh aHBsikE cBﬁﬁPBﬁﬁcSn Q&Wlﬁgqiorkgalﬁpl &h ﬁfétﬁrktcaﬁ‘{lcle

way between the rst article and the second
art p@tit@cttnlgrtb@w_onm ertiabite shoalhesihepeihe firktearadh ésform an assembly
whlglf,je?l} md rst%lrt? égull ﬁlllelsgconangtlijc é ilavet e a&hesw %herenbetween 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 scrim.
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