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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

20 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

25 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
viscosity of the uncured anisotropically conductive adhesive composition and/or using a
curative that is operational at a lower temperature are known methods to reduce voids,

30 However, higher viscosity formulations require more solvent and therefore longer steps to

remove the solvent completely. Also, if the viscosity is too high, the coating solution may
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electrically conductive particles and/or scrim.

Other embodiments add a silane coupling agent and/or an ethylenically unsaturated
compound with acid functionality.

In another embodiment, this disclosure provides a curable adhesive film, tape, or
sheet comprising the adhesive composition described above. In another embodiment, this

20 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, the invention provides an electrical connection comprising

C 7 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
25 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
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

30 therebetween, and curing the adhesive.



WD 2008/ 011452 PCT/ US2007/ 073763 The details of one or nore enbodi nents of
the present invention are set forth in the description below O her
features, objects, and advantages of the invention will be apparent from
the description including the exanples and the clains. 5 Detailed
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Ver sam ne 5bend Ket@denSleiblgcircuits and electrical components without voids in the bondline,
which leads to stable and reliable electrical and adhesion properties. The adhesive

compositions of the invention allow the bonds to be formed at low temperatures and with

20 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.

The maleimide-terminated polyimide resins used in the compositions of the
C_ invention may be polyimides prepared from primary aliphatic diamines and dicarboxytic

dianydrides. Dicarboxylic dianhydrides that are useful in the maleimide-terminated

25 polyimide resins of the present invention are dianhydrides such as pyromelitic
dianhydride, tetracarboxylic dianhydride benzophenone, and tetracarboxylic dianhydride
butane. The polyimides of the present invention are prepared with excess primary aliphatic
amines to allow the end groups to be maleimide terminated. Primary aliphatic diamines
that are useful in the maleimide-terminated polyimide resins of the present invention are

30 diamines with ten or more carbon atoms. Such diamines are 1,10-decanediamine,
1,12-dodecadiamine and a C-36 primary diamine, such as Versamine 552 (Cognis Corp.,
Cincinnati, OH).
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of styrene and butadiene. Additional examples of thermoplastic resins which are
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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
20 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
C 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
25 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
copolymers of styrene and butadiene wherein the butadiene segment has been
hydrogenated.
Additional thermoplastic resins which are useful in the present invention are
30 triblock copolymers with a segment of styrene polymer, a segment of butadiene polymer
and a segment of methacrylate ester polymer. The thermoplastic resins useful in the

present invention include a polymer segment which includes a reactive double bond. The

4.
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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

20 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

25 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-
A-based epoxy acrylate (CN120 from Sartomer), partially acrylated bisphenol-A epoxy

30 diacrylate (Ebecryl 3605), and bisphenol-A epoxy diacrylates (Ebecryl 37XX Series)
(Ebecryl materials are from Cytec Industries).
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components in the adhesive compositions. Monomers, oligomers, and polymers of

unsatyrated 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,
20 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 of the invention at an amount (pbw) that does not
25 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,
30 gamma-methacryloxpropyl trimethoxy silane, gamma-aminopropyltrimethoxysilane, and
vinyltrimethoxysilane. These materials are especially useful for certain embodiments, e.g,
those intended for glass substrates, such as ITO-coated glass for LCD applications.
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are not limted. to.those sel ect 5 fromth 2l.oup .c Si st n%mof azds)_
conpounds ﬁz%s'ﬁ?g‘*tﬁrf@ GOST 'ZSBQWLW%?‘F’S’& Ti’?ﬁlﬂf‘g‘{}Fyam’Pen 01C acd);

2, 2" -azobi %fei‘o?(‘ilﬁh'%Ndh%%enﬁ?pé?&ﬁd%?ﬁﬁ?ﬁﬁ%xid@?’t’mbpmﬂde, cyclohexanone

4-4' - azobi s- (4-cyanopent andi ¢ aci er oxi des such as benzoyl peroxide,
cunyl per oxiethxide; glutarigacidipersxidsxlauwy] psyoxidt: bydmgenepergrade aydtepergtidesar i ¢ aci d

i de, | | ' h ' hyd i h
Port butyl SohP R ik Eaes AL SRENRREL Birbforo e bRASHENCR S perdfl °°
peracepi ¢ 1Riduhid PerbRzadeiddd; Potakdiurd peBulfAe a8 perdsterd Sichlsidabsproydd peresters

such as diisopropyl percarbonate. The electrically conductive particles
ug'ed may bePSE@HRPBRi ve particles such as carbon particles or netal
p

rticles of silyer ' . | ' . . al | adi um
i ron, tungsten, Tr{rl%Ieileggfeaﬁlm&ngwtyﬁ)%%rggg?d,&ig{)ﬁedéb{f&grgb%b@#@ec}lagr
particl es Idarlpheaaickd onmictal particied aftsélverpuapper gickel, guidittinp ginofplatinampduct i ve
coating of a _netal, alloy, or e like. Lt i S0 possible to use
non- conducpﬂW@B‘gr o I“E?gtﬁ% ’%"lﬁé‘%}%f 5@%&%‘9?» s@@%@?ﬁﬁi‘gﬁé’f Pf)‘g‘F €tyrene,
phenolysr €S| fteparddOnith 4 firfdde coVeking of Soutiflg Of a &ﬁﬁﬁ&%%@ﬂﬁgﬂﬁa&ﬁ‘e‘ﬁl!‘aﬂoygﬁ gl ass
beads, silica, graphite or a ceram c, whose surfaces have been covered with

a conduct ithelike dt 1srdso(pessible taussmondiconductivapariielestdfe@ polynasy suchesThe

el ectrical |, CONINE N FRld bGP reBh ool Wi, dorft N FbrBaRRRE Pk O

or glass beads, silica, graphite or a ceramic, whose surfaces have been covered with a
conductive coating (e.g., a metal, alloy, or the like).

20 The electrically conductive particles are found 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

Q 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

25 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
compositions of the invention.

In other embodiments, the adhesive composition of this disclosure also can be used
for adhesives conductive through the thickness as well as in the plane, also called isotropic

30 adhesives. Any known means for achieving isotropic conductive adhesives, such as the
inclusion of conductive scrim, carbon fibers, and/or elongated particles, can be used. Of

course, loading the adhesive with particles, fibers, and/or scrim can reduce adhesion to
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spherical, ellipsoidal, cylindrical, flakes, needle, whisker, platelet,

aggl onerate, crystal, acicular). The particle may have a slightly rough or
spi ked surface. The shape of the electrically conductive particles is not
particularly limted but a nearly spherical shape is preferred in sone
enbodi ment WOTHN8/08138% ce of shape is typically dependent R{IGIS2007873763 r heol ogy
of the selected resin conponents and ease of processing of the final
resin/particle mx. Conbinations of particle shapes, sizes, and hardness

may be used i.n th cOo sitions of the invention.. ln other, enpodi nents, the
Rdhest ve coION BPEFIS bR pAieaIvE chsBettipns pLEAouR Siodugs of G LA Ryes
conduct i ve 15 Hasifabld @nktdtAD 88RIsavhiNPrdvidifig Hebirkhle alicaion levdlsso called

i sotropic 30 adhesives. Any known neans for achieving isotropic conductive

adhesi ves, such Ths mean paticlesizie off thsfcondnetive partiddessused may yanytsisperfdingeonghe and/ or
el ongated particles,., can, be used. OF cours oading t adhesi ve.w th
particles, ﬁ%h@&%@%@‘{#‘a %%P%}q’g%ee?éb&f?g’c%ﬁﬁkgﬁ%é?sg%edr}sec%{bgélﬁ%}: %‘411452
PCT/ USR007/ R}4mpRe3if thedldctiode i s 58risrombtds Ga)ent Ut spariobdtivedajaéntvar i ous
enbodi nents of this disclosure allow desirable conductivity |levels while

provi di ng dlesirpdesiie 5@ umdthabis. the glergodemmiteh il Of nom) ¢ mepmpasticle Sige of ahout 3
conducti ve | v . E}gé.u@lg w dth and the
spaci ng bettag%%dt?hgﬁaﬁﬁgégﬁﬁmgl gg%/ur“ggglg use p?@ﬁ%@ﬁﬁ%&’?%&%& or 5 exanpl e,
i f the el ecdompdsition ditwhicls ars@ispesedomidectsye panticlea mithtahmean pacticlegsidean Wee n

adj acent electrodes i,s. 50 gm (that is, the electrode pitch is. 100 , a nean
ar 11 ol e S iTEEBoR IEmRIDle afgensB SSerogHRY condiG phararteistay Bl T an

ani soypopi %u}l%a}égfﬁéveﬂﬂnﬁ%h&@ BRRitH beRAth AdjabenPBlebtfbdd) Talindki Base, SEE Sed

conductive par! es wth a nean particle size in this range, it is
pg'ssi bl e t dhapitdheofghe eledtspdesused facrmeptionbetuesn; thetvwehircut sebsirates will ehi | e al so
1

adequat e i t ciycuiting.bet.we adji agcent electrodes. In
nost cases%R%%‘\{g@h%ugmﬂl%ftﬁ%]ﬁ%meqmg%‘%%ﬁe% %%43%1"% Ve(?%ﬁﬁie:eétw’l on between
the two ci regefiefabblil $he rahgsofabbit 246 abbut A0 mdbabikter) If e BRUMall&Bar0ibout he nmean
particle size of the conductive particles is _preferably in the range of

about 2 to Qab@yﬂleﬂgla)/rp:é burigd ig pgs m the ﬁh@@typdaﬁwf%cﬁﬁwséﬁaswm ﬁ“éﬂt‘iﬁ?ﬂ % grn, they
127 DA el TR T P06 U 055, W i IR bt 00 25
produce shaifcuiting betwetn adjadeat vleshrodesdj acent el ectrodes. The anpunt of the
conductive partl g Gioastof the Conduav parioles addsl iy viny deptding on the arca 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)
20 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
25 or vol.%) is usually at least about 0.1, in other embodiments at least about 0.5, 1, or even
at least about 5. In other embodiments, the amount of conductive particles is below about
30, below about 20, below about 10, or even lower (again, all in vol.%). In one presently
preferred embodiment, this amount ranges from about 0.5 to about 10 vol.%,
Adjuvants may optionally be added to the compositions such as colorants,
30 antioxidants, flow agents, bodying agents, flatting agents, inert fillers, binders, fungicides,
bactericides, surfactants, plasticizers, and other additives known to those skilled in the art.



t he el ectrodes used and the nean particle size of the conductive particles.
A satisfactory connection can usually be achieved with a few (for exanple,
about 2 to about 10) 20 conductive particles present per electrode. For even
| ower electrical resistance, the conductive particles may be included in

t he conposiWD@MsH148bout 10 to about 300 per el ectr ode.PCIAES2807IFFTO3 of
conductive particles with respect to the total volune of the dry

conposition (that is w thout solvent) mnus the conductive particles (all in

vol ume percggnt 2 r val. % .js usuall t as bout Q.1,.in other
enbod nont <TRy op it fse kel miSecfye, folns Hfes baititmti i Sty ey
enbodi ment SThebd\QljavaRtsf pedsertOfe dgded i al drhéiink bfFfSctive fdiehdvarbliwn pudpbse.del ow
about 20, bel ow about 10, or even Iovverﬂgagal n, all in vol.%. 1n one

presently pref ehypicalliboadhetive compasiion ebtheinventierewilk benelvgpirated ogtotap about

10 vol . % | ' : f such as

col orant s, S ES fEleef 64 BRI koS UG ke e SABROS L Bl et s
inert il eadhereth tondl@urbstraté andihe ilideremotric tAetypivalies forthe arisotepicslly

pl astici zers, .and ot he di tives known to,those skilled in the artf. -8 WO

J a .
2008/ 011452°0p@49I8 8BhpFIVEY deppribed iR Syriaiy FmbRdimeris hereip &t 9P dfg 3 CamPEiont i ve,
such as 11! Bebd o NIO B RERtiFcid QAR Soard, FH33EmARIhOE Rivhd if b fIBF eSent
are added in an anount ective for their art kno purpose. Typically, the
adhesi ve copapelsdisplayn Qthert dpplicationsinclude flipchip bacholentofisemizanddtorhips & rel ease

| iner and used as. ransfer adhesive filmsuch that t hesive film can
be'5. adner oYPrLS B ST PSP BRSSPy S D e oy G PIEE for  he
ani sot1popi Caicuits oY embinkBoddRasdfy Sitsls GibktRsk dsBfuf &Y prévile Afibiesbrmet s
herein is to provide a connection between a flexible printed circuit and a

cgr cui t boainyentios inckydgnfor exantde andtaletfer examales aluminugn geppesicagmyn, zocher
a

plicatio | J J nchi C \ 3 | vari ous
printed ci @ﬁ%@’c@%g%ar aiug’smg%a?él%gb%ﬁgn@gh%%%%b&&g%@@&g%g&titﬁg e printed
10 ci (r]I cuit s(_f@*lrexamplfegptrrjaétmﬁéﬂeaa&phthﬂmgflasﬁﬁzbc} pﬂyﬁnﬂmkir'rda,tmyplnqgfﬂ%ﬂe, to
provide articles of the .invention include, for exa , metals or
exanpl e, al RRAYSHEHgnee ﬁ'é‘flfle)cglﬁﬁ'r Eﬁﬁ““fﬁ’ﬁelﬂﬁoﬂ?%ﬂ@ Jas g@{‘ﬁqse AFEAte M sil ver),

gl ass,jsvari ; oL plastic or thernoset filnms (for exanple,
15 @6§1d@9€)eyh%cﬁlt bO&ALN

pol yet hyl en€ tere ate, pliasticized polyvinyl chloride, polypropylene,
pol yet hyl ene, pdrlheiamoudedf hepReqyireddorpulyserizetidr anddbs weount afthe awringHgentl ose

acetate, and it 0%y dsdind o the SarfiGitir ol akidatie composition used and the
desired application of the polymerized product. Suitable sources of heat to cure the

compositions of the invention include induction heating coils, hot bar bonders, ovens, hot
20 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

N

seconds using a temperature below about 200°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

25 temperature below about 170°C. In other embodiments, the adhesive composition of the
present disclosure is curable using a bond time (in seconds) of below about 10, below
about 8, below about 5, or even faster. In other embodiments, the adhesive composition of
the present disclosure is curable using a bond temperature (°C) of below about 200, below
about 175, below about 170, below about 150, or even lower.

30 In some embodiments, the adhesive 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
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The amount of heat required for polynerization and the anount of the curing
agent - used will vary depending on the particular polynerizable conposition
used and the desired application of the polynerized product. Suitable
sources of heat to cure the conpositions of the invention include induction
heati ng coiWQ200881148r bonders, ovens, hot 20 plates, hP&T/UHINIOTNE sour ces
i ncl udi ng | asers, mcrowave sources, and the like. In sonme enbodi nents, the
adhesi ve conposition of the present disclosure is curable in a rimne/

t enper at ur g6, i nation,se .£d froma bond ti bel ow about . 10 econds
using a te%e@g‘%%ﬂrnécr%ag? 8‘&%{%@{]&- (fﬂ?legmggﬁﬁm?tﬁ'@e B@%’MF 3?}'8?331t*§n§8€0nds
using a t qnpdisalostre pheidewbaitdiir walEof statagedifd anboin tildphatueyvundietidre 10
seconds using a 25 tenperature bel ow about. 170C. In o_tEer enbodi ments, the
adhesi ve cdRisEYe enoyeh i curein abgpicldsseonds g banding aysle sithaaymeximamaghesiveond ti me
(in seconds) I ocl0, below about 8, bel ow about 5, or even
faster. In%%?‘%?%r%\ggﬁnngg?g t he adhesive conposition of the present

di scl oSure is cUheadz aghesivermprpokitiont dar b esedtin any Kiownahethad. dior akbaugle, 208, bel ow

bout 175, b t 170, bel . t 150 ] J, . .30
oo ment helbdtingelRearg e R BECHERRS b pocoR Bl COmPriang BroYiERe s ot mbi o
at room t ergiRieimpbflioths dedafed AR onlint ARk e, {Rling R UbcoRd WRRES. 2

¢
| east about 3 or weeks, or even | onger. course, reducing the

t enper at ur do theqadhesive ancthe Brsh articls t¢ &iyman assemblyovheein/thx fissaticleTnd 82007/ 073763

25C) can ingrease.the shelf . lLi.fe, |n sone embodi nents, .t he.adhesive
conmositi onbeg arieiq g M dduetyEingre R oY af Pne S dheniiel AT SRS fe
room fenperighicdlly aadrasell e¥ithah©ani ici entbodidienGh Bletrotic@levidesahatitas fiQuideconds in
a bonding cycle with a maxi nrum adhesi ve tenperature of about 150C. 5 These
hesi ve comptd idispigy sompeneats, cands selsctathipr Rao ofthesstartisdes wble crenitfy) sich one
thod inv . . 1N | ) cla: ' L.SI Ng
pr ovi di ng. thEoLie GRE T sBlccied i 4R dihd oBicl, GraSRR Mo ek Borfiiion
article, calischmstd hgeinhe: wed tnproeide eletteical tcomhiuaicatidrelsstweencthe adielef.i rst articl e

to forman assenhl erein the first article and thg .second article have
e tnealva®t b oicteltaEaRe dayits copFRplaRAdoise sadas Adiesive STPOSBES ur & 10

typi cably &afigidss®holdab, . ¢ Nexalicai bcRREFtoRABRE B uit Fél&%,tsfeﬁﬁﬂoﬁd&%%i ces,
such as liquid crystal display conponents, can be_se’l ected for one of these
articles whli¢,shipi ecirauittbogrd, etag hnd otherfekamples mclude beriding/semicondudtercdietd f or t he

ot her arti Cg'lz?s’s, c%?%fr@di!ﬁlda:&,%. adhesi ve conpositions

In some embodiments, the adhesive compositions after curing and aging for 1000
hours at 85°C/85% relative humidity maintain stable adhesion levels (as measured by peel
20 testing) and maintain low electrical resistance.
Advantages of this invention are further illustrated by the following examples, and
the particular materials and amounts thereof recited in these examples, as well as other
( conditions and details, should not be construed to unduly limit this invention. All
materials are commercially available or known to those skilled in the art unless otherwise
25 stated or apparent.
Examples
In the test methods and examples below, the sample dimensions are approximate.
Materials were available from chemical supply houses such as Aldrich, Milwaukee, W1,
Sigma-Aldrich, St. Louis, MO, or also as specified below. All material percentages below

30 are reported in weight percent.
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di scl osed herein are used to provide electrical comrunication between the
articles. Mcroelectronic devices contenplated for use with the adhesive
conpositions 15 disclosed include, e.g., flex circuits bonded to anot her
flex circuit, glass, sem conductor die, chip, circuit board, etc., and

ot her exanpW@x008/31452le bondi ng sem conductor the to gl SE/USBI773763 r cui t
board, etc. In sonme enbodi nents, the adhesive conpositions after curing and
aging for 1000 hours at 85C/85% relative humdity nmaintain stabl e adhesion
| evel s (as,Fe red by peel 20 testing) and nmaintain | ow el ectrical
resistancesJﬁggﬁﬂﬁﬁges of this invention are further illustrated by the
foll ow ng ep@MRUB&ionrNd C the particular materials and anounts ther eof
recited in these exanples, as well as other conditions and details, should

not be consYtripeef adbesivecfilm/(S|mummby 26 mms) were ent fram larggr samplgs efrgagh edhgsive

commerci al | y.avail able o e 11| Lo the t unl.ess ot herw se
25 stated of?lma\’é a?szvgetfﬁ@agﬁgqg%é 'Fsﬁa?(ﬁ%oqd% ﬁ@?"ﬁe&gg’l’%ﬂ?g}%ﬁ?@?" bel ow, the
sanpl e5di nEndiugRFinaladeouted(I TOcoated) st Bibairses\cTiR differehtapped of Alexweteem cal

supply houses such as Aldrich, MIwauke i gma-Aldrich, St. Louis, MO

h e, W, Sigm
or al so as {pediesivetyps pobimidaflex faypdeblefromdiexihie Girawt Beghgolosss Iag.e report ed

I n wei ght ‘- 237 hods Peel
Adhesi on S’ILOI?I F‘%ggﬁg?‘s’m@\?? Pﬁnﬁ}%@%ﬁ%@%ﬁcﬁ% {r%trg’eéig?ﬁgﬁ%m %r ger
sanpl es of HymehflaxiMerhivieis desdrived Achtyai-Mgerfadhesiveespitastuncofpalgmibdetand bond
three different typ f flex circuits.to | ndi Tin | de- coat ed
(170 coat ecboogrrcl” T fercirl ssvnies wrpmendsieo g0 cpleielies wiha. (1)
adhesijge-t YMﬁ:r@.]%_ﬁrM(mUM%)ﬁlsE h&a¢ boRder (MakbRid e ThéW @nywhﬁuﬁtéméb., IRpARRY, 0gi es,
Inc., Mnneapolis, (2) 3M Brand Adhesivel ess” Flexible Grcuits, (3)
?ny Cheni @A?wmpéwmmnwﬁm degreercCentigiade apyessurevd 3 MPaandadondi vel ess
structure of polyj m de a C er foil. The fd I rcult | es. wer e
bonded <o ¢3¢ S Retifteq Hie bGRRESEmAIE were 1R S0 Rt st RERRGRnERH e
(M croJoi n INSTROM Y2V et Testiriubgtadédwith MTSRENE Wosoftwah), buth takaifiblear
tenperature_ of 300 degrees Centigrade, a pressure of 3 MPa and a bond

from MTS Systems Corp., Eden Prairie, MN, The tensile tester was fitted with a 22.7 kg

15 load cell, and a 90 degree peel test fixture. The peel rate was 25 mm/minute. The peak

peel force value was recorded. One to three replicates were tested for each test
composition. The peak peel force values of the replicates were averaged and are reported
below in Table 2.

20 Electrical Resistance Test
Adhesive films samples (5 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
C bonded using a MicroJoin 4000 pulse heat bonder with a pressure of 3MPa and a bar
temperature and a bonding time set to achieve the same bondline temperature, measured
25 with a thermocouple, as achieved in the preparation of the peel adhesion test samples.
The 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
30 Switching matrix; Integra Series Switch/Control Module Model 7001, available
from Keithley Instruments, Inc.
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time of 10 seconds. The bonded sanples were tested for 90 degree peel
adhesi-on using an | NSTRON 1122 Tensile Tester upgraded with MI'S RENEW
software, both available from MIS Systens Corp., Eden Prairie, M\, The
tensile tester was fitted with a 22.7 kg 15 load cell, and a 90 degree peel
test fixturwO20088138%1 rate was 25 mMi m nute. The peak REIAIS206508T63/al ue was
recorded. One to three replicates were tested for each test conposition.
The peak peel force values of the replicates were averaged and are reported

below in Table 2 .20 El ectric St e T dhesi ve [i les (5 mm
by 25 nun) ver o PEEPSTLGRE OOk PE PR Gut fole e Crowt hesk TR 3 7o 0
and correspuogdé, MNFR-4 circuit test boards. The sanples were C bonded using
a McroJdoin 4000 pul se heat bonder with a pressure of 3MPa and a bar

t enper at ur e and P4 sefimare d.abYHBV {Nationgl Instrrespds, Amstins J@8 bondl i ne t enperat ure,
measured 25 w HAsE achieved in the preparation of the peel
adhesi on test samsatlaces. '%R‘Eﬁé‘gﬁ@éﬁ resi stance of the bonded sanpl es was

det er nfned usi n@efisekcobplivice{eols).2,000asur enent techni que using the follow ng
conponent s/ setti ng%:p Power source/voltnmeter: Mdel 236 Source-Measure Unit,
avai | abl e from Tegiberdedisamples werrliced i the probestafien 4ad 15 meaasrmgRis WHE ng

mat rix: | ntgar ﬁ%pﬁm F UvER0E b, W&EE&{ ’-@g] [ 810w F OM
Kei t hl ey I nst rs)#e%%s, e, 11 V\% 2005 14 %%%sa%% 0 g%%& Eroobe
station: Crcuit Check PCB-PET, available from G rcuit Check Inc, Mple
G ove, M\ Poigoftware: LabVIEW (National Instrunents, Austin, TX) Test

current: 100 ml]ianps, (M), 5 Sense c liance (volts): 2,000 T bonded
sanpl gé were pl a"t@’&‘ﬁﬁbéq%g"ﬁ?b‘ﬁ‘@gé g@,m citémrfﬁ%f‘éﬁ?‘%n%lﬁt’élg\ﬂgie t aken on
each sanpl yeahfGoidy WeAGstesht ihhESsy, JRASKEERESs'aTew $RAN voids Wereldbgerl@P! €s

b€l ow. Voids 10 A visual observation using about 40X magnification was
used. A r atinsgmeodf the taessnanddomeians we veidp memaabserived.near |y every trace, 2 nmeans
a few small voids were observed
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in sone of the traces, and 3 nmeans no voids were observed. -12 WO
2008/ 011452 PCTI US2007/ 073763 WMaterials Used Trade Designation/ Source
Description Material CN 120 Sartoner Conpany, Epoxy - Acrylate xto PA) SBM
AFX233 Arkema Inc., Styrene-Butadi ene-Methyl nethacrylate (Philadel phia, PA)
bl ock copolwoeesBBIMENFX123 Arkema | nc., Styrene-Butadi emreTiis26ozlorgshacryl ate
bl ock copol ynmer Luperox A75 Arkema Inc., 75% benzoyl peroxide in water

Z- 6030 Dow Corning Corp., 3 - nethacryloyl propyltriethoxysiliane (Mdi and
M) Pol yset. 4000 Desi.gner Mol ecules Inc., Mleimde term nated polyimde
resin (SaMM) (-4000 ww C Pol yset 9000 Desi gner Mol ecul es I nc.

Mal ei m de m l
Pol yners | ene- Bﬁ% ene Styrene (Hou[s)ton bI ock
CcO Ol nmer ot . Tl Clllll ul f uc l\I crt ot LIIVV 222& Kl £t ot rUI fer s
LLE S%/yre e- but Qme-styre OmMPIYL| yimer B ABKEN | nChe?n Cor p. ,
Solid phemnpox L Hi ZD_QLLeQ_Lndus.t.u_es_l_nc_,_Abld
functi gnal acS%Me&Fé(Z Bvest Pat Akemgdnc.\)) 7iGmenedBatadiene-Mpthyimethactylate o 7%
gol d- coat ¢d _ni ckel parti c] es(Philadélphin PAINY)| blockrcopelymenn si ze 8 m Exahpl es
SBM AFX123 Arkema Inc., Styrene-Butadiene-Methylmethacrylate
block copolymer
Luperox A75 Arkema Inc., 75% benzoyl peroxide in water
Z-6030 Dow Corning Corp., | 3 - methacryloylpropyltriethoxysiliane
(Midland, MI)
Polyset 4000 Designer Molecules Inc., { Maleimide terminated polyimide resin
(San Diego, CA) (~4000 MW)
( Polyset 9000 Designer Molecules Inc. | Maleimide terminated polyimide resin
- (~9000 MW)
Kraton FG1901X Kraton Polymers LLC, | Styrene-Ethylene-Butylene-Styrene
(Houston, TX) block copolymer with grafted maleic
anhydride
Kraton DKX 222CS | Kraton Polymers LLC | Styrene-butadiene-styrene block
copolymer
InChemRez PKHH InChem Corp., Solid phenoxy resin
(Rock Hill, SC)
Ebecryl 170 Cytec Industries Inc., | Acid functional acrylate
(West Patterson, NJ)
TGNMS8-NiC JCI USA Inc., White 7% gold-coated nickel particles,
(Plains, NY) average mean size § ym
Examples
(, The following adhesive coating solutions were prepared and were used to prepare

5 films by the general procedure 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

10 coated solution was dried for 7 minutes in a forced air oven set at 65°C. The dried
adhesive film thickness was about 40 pm.
An ethylenically unsaturated compound with acid functionality,
6-Methacryloxyhexyl Phosphate (MHP), was prepared as follows. 6-Hydroxyhexyl
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The foll ow ng adhesi ve coating solutions were prepared and were used to
prepare 5 films by the general procedure as follows, The conponents |isted
in the table below were conbined in a small jar and m xed with an air
driven mxer fitted with a high shear blade for approximately five m nutes.
The sol uti RORISOHEEssed by placing the jar in a vacuumCTABAMIETITEX anbi ent
tenperature until bubbling stopped. The degassed solution was spread on a
silicone treated pol yet hyl ene terepht hal ate (PET) filmusing a knife coater.

The 10 | ut d f f t at
55, The arTeneeRk SSDESE IRChS el (OB e Bas o meme A D R By
unsat ur at edn & Qe BIsecWiflabk efuiighel mwmhm&asm&aﬂehimaﬁéwlt@ewwmgdﬁh%phat e

(MHP), was prepared as fol I ows. 6-Hydroxyhexyl -13 WO 2008/01145
PCT/ US2007 /20 intpdbe flagk: Fascsolis diod wag heatedp 90°C, abwhish semneratire i iwsobd g, 8. 46

mot,  Si gma- il ith cYRfuBLAGH H}Bﬁe%ﬁs“f&"% a%dry Etgllslfds?%ét‘%%?ﬂeﬂ@ d with a

rrechanl cal Stirrer and a marrow OW Nng ask. The
sol i d 8l ol fatewdidnyttmtylsted Bdtoxyadluedei (BHT) 2 g, Qlrlemel) hnd inethsaylickcidrel t ed.

Wth continy st| t ol sulfcnlc acid ¢r st 18. 95 0.11
mot) 5 fol I ‘{ﬁﬂlé)ﬁaﬁg g?@ RS Ve eppiipusd EfSh%B“’Eﬂ‘I t) and
met hacryl i Qm"i’é:\!ra@umﬁWaﬁp%eg us1§g‘ﬂa$ \Wiér)aspl’fﬁ&tfbﬁﬂlﬁfrm&% el Bachlhalflhog Was

continued for 5 h during which™ tine vacuum was applied using tap water
aspi rator fregctign timenTheheatwasf tumed offind khel reaction mixtnrgaeasicooled tomeomThe heat was

d of f and th Th
i Scous 1§ daneeriea TREGERE il obf e Fbe SASReT il P Elap bR E i 0
twicel§2 Xt (2240 bil)] foreweddy washirig@ithvivhier (@i 240 L), mﬂﬁﬁmmlth and fl nal I'y

with C 100 nlL of saturated NaC aqueous sol ution. The obtained oil was dried

i ng anhyd08mel of\satusited Nn@lﬁquwapléla%ﬂwé@mwpﬂlwaﬁ dripbpsingankiydui 067 g
g)r Zdzgt 0/()vva g(r)rregﬁ %ong% taﬁﬂ%gh%@g}xﬁ?}ﬁ? 20%9%459\79 curfgl@dﬁ)ogﬁ%gxane)
Chem cal chasthaiwite zagellow oilbh Thizdedibed® paodukt/sasfornidnl dordgatitati-y8%xfhexyl
mo0) and ek RERER R oYIPHeYa5D CRESR char izt oA S T BN E N T
(0 50 for 15 | e . o T R kg0 c¢ bat D

met hacryl at(@7%.66g. (863 lgpl)md mhthylmmldom@isgo md.) iroa 1 biflask equipped withtshacr yl at e,
along with r{ugc amce{fe Elqgrcl{nﬁer 2e a slﬂnr Od’llﬁe fI&K was cooled in an ice bath (0-5°C) for 15

minutes. With continuous stirring, 6-hydroxyhexyl methacrylate (962.82 g, which

contained 3.78 mol of the mono-methacrylate, along with its dimethacrylate by-product as
20 described above) was added to the flask slowly over 2 h. After complete addition, the
mixture was stirred in the ice bath for 1 h then at room temperature for 2 h, BHT (500
mg) was added, and then the temperature was raised to reflux (40-41°C) for 45 minutes.
The heat was turned off and the mixture was allowed to cool to room temperature. The
solvent was removed under vacuum to afford 1085 g (95.5%) of 6-Methacryloxyhexyl
25 Phosphate (MHP-B) as a yellow oil. Chemical characterization was by NMR analysis.
In the table below, when a material is followed by a solvent, it was 25% of the
material mixed with 75% solvent. For example, “SBM AFX233/ MEK” means 25 weight
percent SBM AFX233 in 75 weight % methyl ethyl ketone.
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20 descri bed above) was added to the flask slowy over 2 h. After conplete

addi tion,
tenperature for 2 h. BHT (500
raised to reflux (40-41C) for 45 m nutes.

t he

m Xt ur e waswvekésmedst o cool

under vacuumto afford 1085 g (95.5% of 6-Methacryl oxyhexyl

to roomtenperature.

m xture was stirred in the ice bath for
f ng) was added,

The

1h

t hen at

room
and then the tenperature was
The heat was turned off and the

S BCTATS200MA 37632 MoV ed

25 Phosphat e

(MHP-B) as a yellow oil. Chem cal characterization was by NVR analysis. In
the tabl e below, when a material is foll owed byega solvent, it was 25% of the
material mxed with 75% sol vent Takigd. §°“ BMv AFX233/ MEK" means 25
wei ght ercent SBMAFXZ33 T h 7 one. - 14 WO ]
2008/ 011452 PCTI USP007/ 073763 %Wﬂc’rgg%gﬂ‘&%@%t @anpl e (or
Conpar at [ Coniponé®¥ £ ©5)] GnpoBerft 4L P 8 4 & § /7 8] 9810 ®L [cae (o)1 4 CEN 120
R - N R 2 1 SBM AFX233 | -- [-- -} --|-- -} #-]--
-- 4.56 | \MEK SBM M:X?"?/ SRR SR N N o t olluene|l SBM| AEX12 --
o U [ONI2® 94 [ 23 b «- |- = tbluche-DHX2220SF 44~ -| - |- |24 --
-- -- --[sBMTol ueng -- |[Lupefox A75 0O} 08 (.13 (0.13(0.13 0.1B 0.13 0.]13 0| 13
0.13 0. 1BABX2113/0. 08 --EHecryf 1#0 |- ~- -} —=-|-= |- =-[-= - -0.01 0.1 0. 1 456
MEK
SBM
AFX233/ SO I I SR I I I R I B I R
toluene
SBM
AFX123/ -l - - - =] -2 -] - |36 - | -
toluene
( DKX222 CS/ 9
) Toluene N - B - B - - - - - -
Luperox A75 | 0.08 | 0.13 { 0.13 1 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.08
Ebecryl 170 - -1l -1~ -=-1-1-101]101]01] -
MHP 0.06 -- (.05 - 0.1 0.1 0.1 0.1 - - 0.1 | 0.06
Z-6030 00210021002 0021{0021]0.0210.02]0.02]0.021¢0.02 0.06
Polyset 95000 2.4 4 498 6 4 4 4 4 4 4 -
Polyset4000 | - - N U N B B . - | - 4
Kraton
FG1901X/ 118 | 24 19.9 16 | 23.6 12 - - 23.6 - 236 -
toluene
InChemRez 10.8
PKHH/MEK | ~ | ~ | | | | |~~~ | | | ™ '
TGNMS-NiC 1 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1
Toluene 25 | 25252512525 25|25 |25 |25 | 25] -
Table 2. Peak Peel force, N/cm
Adhesive- Sony 3M Adhesiveless
type Chemical Flexible Circuit
polyimide Hyperflex
Example 1 13.18 23.15 14 .44
CE-1 14.64 5.49 6.77
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MHP 0.06 -- 0.05 -- 0.1 0.10.120.1----0.10.06 Z-6030 0.02 0.02 0.02
0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.06 Polyset 9000 2.4 4 4.98 6 4 4 4 4 4

4 -- Polyset 4000 -- -- -- -- -- -- -- -- -- -- 4 Kraton FG1901X/ 11.8 24
19.9 16 23.6 12 -- -- 23.6 -- 23.6 -- toluene InChenRez PKHH / MEK 10.8
7GNMB- Ni C WO 20984114521 6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1 TETWSHETHIIH3I2 5 2 5
2.5 2.52.52.52.52.52.52.5- CMK-=-- -- -- - oo -2 oo -- -- -- -- 509

Tabl e 2. Peak Peel force, N cm Adhesive- Sony 3M Adhesivel ess type Chem cal

Fl exi bl e G rcujit HerII 13, 1 44 CE-1 14.64
5 a5 o 97 5 hntgB bR aTEbLS wa Fleqm B Refistnisror Exgpiptet Masthlaloor, “ror o
and El ectri ¢al Resistiapag Seor| EBondline 1| VBa&id al | Bapediet BogfHetrital Bpnd Peel
Electrical [Tenp. Tenp.rdhy® [Resths. Resi stice | ( Resdld®X| "Rédistamacpnds)

20,6 %20 Tdble 4 Tdst ekl Cupdmel) | (et TRmTTBMBmetL () o

j*

>9. 8 <20 Tclb| e 4. Test Resul
Peel Force K \,L 1 I \.la.l |\|U217IOC| |v17%ﬁ ve=t €3S N u"'llg%cai t ai’i\do Vot
Example 1 240 150 10 >9.8 <20

Table 4. Test Results for Examples 2-11

Example Peel Force (N/cm) Peel Force Electrical
Number 3M Adhesive-less (N/cm) Resistance Voids
Flexible Circuits Hyperflex (millichms)
2 135 - 17.6 3
3 15.7 -= 11.9 3
¢ 4 10.1 - 21.6 2
) 5 15.0 -~ 8.1 3
6 12.9 15.1 7.8 3
7 12.9 129 6.5 3
8 11.4 14.5 4.5 3
9 20.1 -- 6.7 3
10 13.9 - 7.4 3
11 9.1 -- 10.2 2
5 In the tables above, “--” means a property was not measured. Generally, a peel

force of at least about 7 N/cm is desirable on two or more commonly-used substrates. In
some embodiments, a peel force of at least about 10 N/cm is desirable on two or more
commonly-used substrates.
Foreseeable modifications and alterations of this invention will be apparent to
C 10 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 disclosure

for illustrative purposes.
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Flexible CGrcuits Herfiez mlliohms 2 13.5 -- 17.6 3 3 15.7 -- 11.9 3 4
10.1 -- 21.6 2 515.0-- 813 6 12.9 15.1 7.8 3 7 12.9 12.9 6.5 3 8
11.4 14.5 453 9 20.1 -- 6.73 10 13.9 -- 7.4 3 11 9.1 -- 10.2 2 5 1In
the tabl es above, "-" neans a property was not neasured. Cenerally, a peel
force of at |east about 7 NNcmis desirable on two or nore commonl y-used
substrates. In sone enbodi nents, a peel force of at |east about 10 NNcmis
desirable on two or nore comonly-used substrates. Foreseeable

nodi fications and alterations of this invention will be apparent to C 10
those skilled in the art without departing fromthe scope and spirit of this
I nvention. This invention should not be restricted to the enbodi nents that
are set forth in this disclosure for illustrative purposes. -16 Wuat is
clained.is: : ]?ﬁ@d hesi ve conposition conprising a mxture of- a
naleinideiﬂgéﬁégi ggly|n1de resin; a thernoplastic resin conpatible with
t he mal i m de term nated pol yi m de resin; optionally, a silane coupling
agent; 10 dptiommdumnwmmnmbﬁham&ﬁquMgumﬁMMﬂdﬂexiconpound with acid

fimetionality; her acj i ate free radical curing agent; and
optionally, el eé AP¥cl es and/or scrim wherein the

taﬁﬁrei?b"eaiéhﬁoé.ﬁﬁ"%ﬁ cf%??n@mkgffﬁ‘ﬁnq?‘ﬁ%’“ﬁ%%%ﬁ%%%yﬁ@@% G one i s
ophonally, a silane coupling agent;
10 optionally, an ethylenically unsaturated compound with acid functionality;
a thermally activated free radical curing agent; and
optionally, electrically conductive particles and/or scrim,
wherein the thermoplastic resin comprises a block copolymer of styrene.

15 2 The adhesive composition of claim 1 wherein the block copolymer of styrene is
selected from block copolyjmers of styrene and butadiene; block copolymers of styrene
and isoprene; block copolymers of styrene and combinations of butadiene and isoprene;
diblock copolymers containing a segment of styrene polymer and a segment of butadiene
polymer bonded together; triblock copolymers with two segments of styrene polymer and

20 one segment of butadiene polymer; block copolymers of styrene and hydrogenated
butadiene; and triblock copolymers of styrene, butadiene and methacylate esters.

3. The adhesive composition of claim 2 wherein further comprising a polymer
segment which includes a reactive double bond.

25
4. 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.
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sel ected from bl ock copolyjners of styrene and butadi ene; bl ock copol yners
of styrene and isoprene; block copolyners of styrene and conbi nati ons of
but adi ene and i soprene; diblock copolynmers containing a segnent of styrene
pol ymer and a segnent of butadi ene polyner bonded together; triblock
copolynmers with two segnents of styrene polynmer and 20 one segnent of

but adi ene pol yner; bl ock copolyners of styrene and hydrogenated butadi ene;
and triblock copolynmers of styrene, butadiene and methacyl ate esters. 3. The
adhesi ve conp05|t|on of claim2 wherein further conpr|3|ng a pol yner

segment whi ch Thecadbesive eempegition oEclaigybwhersyhe makpiny emeuw%su ve

conposi ti Iy imde resin
conpri se%aotl OrgbﬁPH%EC?b%PBﬂﬁrorﬁlﬁﬁa%?T@&&ﬁf %@81 lam ne g\n th a
tetracarbmuyhﬂxmgMamm¢4dnde follomed by reaction mnth mal ei ¢ anhydride. -17
5. The adhesive conposition of claim1l wherein the maleimde term nated
polyim de resin conprises a reaction product of a C36 aliphatic diamne
wth & tet raom&an&é&&omp%ﬁhuﬂbfaﬁm P fifither il ve%ﬁaﬁ&@@t tion of claim
1 further conprising an ethylenically- unsaturated oligdonmer. 7. The adhesive
conposi t i wisatpfates gligomer.wherein the thermal |y activated curing agent is
benzoyl peroxide or |auroyl peroxide. 10 8. The adhesive conposition of
claim1l1 wherein the adhesive, after curing, provides a peel force of at

| east 10 N cmTHeadh&R@ doftpobitionofélaint P hefeitthe thefdsIBSictiQated P@ingkpenti M de
film adhesive-less polyimde film and FR-4 circuit board. 15 9. A curable
adhesi ve i Plﬂﬁob,”cﬂﬁm’iléfwrdﬂ'ﬂlﬁﬂm@ﬂ ve conposition of claim1l. 10. The

cur ab adhesive filmaccording to claim9 wherein the adhesive filmhas a

t hi ckness of from5 to 100 microneters. 20 11. A tape conprising the curable
adhesi ve §.i | mTHe adhedlvaébmsmohbﬁdaun 1 ¥herkin th aditesiva] afteacdring, proeiiepr i sing a

flexible pri dcr Ult e adhesiyve osit according to claim|
adher ed t%P?eﬂé’r‘Fq xai 1;9%5]/ eeiﬂeglmgtfmﬁﬁtlf hjﬂ‘FﬂV?:Wgt al displ ay
panel  C ORI NIAIR) a&lTer%Qésts%lﬁhﬁ{é%‘ﬂﬁ%ﬂrﬁﬁ 4tci}cﬁ1h€oard.

15 9. A curable adhesive film comprising the adhesive composition of claim 1.

10.  The curable adhesive film according to claim 9 wherein the adhesive film has a
thickness of from 5 to 100 micrometers.

20 11. A tape comprising the curable adhesive film of claim 9 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.

25 13.  Aliquid-crystal display panel comprising an ITO-coated glass adhered to the

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

room temperature.
30
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adhesive of claim1l. 14. The adhesive conposition of claiml having a shelf
life of at | east 4 weeks at roomtenperature. 30 -18 15. The adhesive
conposition of claiml wherein the adhesive is curable at a tenperature

sel ected from bel ow 200C, bel ow 170C, and bel ow 150C. 16. The adhesive
conposition of claim1l wherein the adhesive is curable at a 5 tenperature
bel ow 200C coupled with a bond tinme selected from bel ow 10 seconds, below 8
seconds, and below 5 seconds. 17. A nethod for attaching a first article to
a second article conprising: providing an adhesive conposition according to
cl ai m 1 oh5.t heThq adbesivg egnapasitionpf claim d deraiytheadhesivednenrableiatd e to t he

adhesi ve t i laﬁ I r i the first article
and the s%&?ﬁ%%%#@#% a@%eﬁg‘;eibggﬁé@(\%lé ?e‘:t’g%ie%/l\%gﬁ;gﬁdd;nd curing the
adhesive. 15 18. The nethod of claim 17 wherein the first article is a
flexible circuit or an LCD panel. 19. The nethqd of claim 17 wherein one of

the first 1@rti Eheadbgsive srmpastionef slaim d veherein the adhesiygiis curablegha ot her is an

el ectreni yzﬁ G o Eg.ﬁj A NP=] ﬁ,ﬁ&.ﬁ i1 ng an
el ect r?cafmg)gt vva;l?e%gltz\%@e% t e1 Ir s?bglg(lrttﬁ#l%%ég%%gnd t ngfsagrcgjr)l%%%&té’l cl e through
t he adhesbelew 8-st@onds, and below 5 seconds.

17. A method for attaching a first article to a second article comprising:
providing an adhesive composition according to claim 1 on the first article;
10 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.

15 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 is an electronic device.

20
20.  The method of claim 17 further comprising an electrical pathway between the first
article and the second article through the adhesive.
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