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ANl SOTROPI C CONDUCTI VE ADHESI VE COVPOSI TI ONS CROSS
REFERENCE TO RELATEDAPPLI CATI ON Thi s appl i cation

wolairmsidithe benefit of U. S. Provi sional Patent PCT/US2006/043198

Application No. 60/739,569, filed Novenber 23, 2005,
the disclosure of which is incorporated by reference
her ei n ANISOFROPICT COND FETFVE AR ESCE COMFOSITIONS
invention relates to anisotropically conductive
adhesi ves and adhesive conpositions. An adhesive that

has t he abjl,i 0..est.abli t , c
el ectri cal b\,uF.S?$c]é de&mm

conmponents is commonly referred to as

ani sdiisARpledtion ckame ﬁétbev@f_ltazfﬂégi Rre.vi_sisgglﬂ’aé@ﬁ éplieasion No.
o0 S84 AP PR e PfLE L0l SIPRRRAER by rtrence

hersin'itcptirefyn ani sotropically conductive adhesive
conposition should al so provide a short bond tine,

adhere to a variety of substrates, provide a bondline

W t hout voids, have satisfa torX hel f and storage

life, and maintain the ph?gﬁgﬁp E@nnection bet ween a

f 1 exiTipk @regbrtGidehtian thlabs B BfsbirbsiddllySssBehdtieadhdsiRs and adhesive
ani sotropically conductive adhesive conposition should
camposippenseasy to manufacture and use. Sone

ani sqt r opi cal conducti.ve adhesive.cqnmppesitions, have
sed T SRR VTR I o BT RL HHU ARG ¢ SRRt
coftdeM BhsEdtedehithe eREBTIhBeonIitRSHs A UohRhé1P k&Falréd/to as an
conducti ve adhesi ve conpositions typica qIai/i have a

)

agisetrépi¢allyeconductipp adheisivat Shigh athesiveseite tpicalipmsed to provide

. h ad ' . iti . icall
ISR Saiop St deri e GOTAT n sBPEisRlShellie B Ve
ahROBYREhIN coR@ikive RilcsAE icBBipbdiBortsHofldtso f18vidBa@RS@bénd time,

curatives.
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. Voids in the bondline may also result from
a too low of a viscosity in the adhesive composition prior to cure. Increasing the viscosity

of the uncured anisotropically conductive adhesive composition and/or utilizing a curative
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If the solvent is not renoved conpletely from such
adhesi ve conpositions, voids can result in the

weurbw@quasnt bondi ng operations. Voids in the beadituSzme043198

can reduce the reliability of the electrica
connection during use and can al so reduce the adhesion

ttat Isespgiakiond] at heoviee RaesbraliRGkd kdin SeBeN®Ntduce vbids, However,
solvent renoval is protracted, the shelf |life may be

higserigsasiiy Eormulasians feabire motessobvent andiberefoirel pngtrestepydd thanove

i.n.1.he bondl.ine,my..al so result fro to0Q. | ow of a
sob B8 BT B e o§lhisces bithh g brgine0gtBap fray not wer
tHeREbAAK, Reultihg iN p6ciedhésyorPbo thdQubd&b. IQFver temperature curatives can
ani sot r opi cal conducti ve adhesi ve conposition and/ or

camproniserfypthashelf stabilits thd thei rangyfastwingqmedesat  a | ower
tenperature are known nethods to reduce voi ds.

However, higher viscosity fornulations require nore

solvent and therefore | onggimsheps to renove the

sol vent conpletely. Also, if the viscosity is too

hi ghln ¢reeendwdinery, the inyentoon prayidesodn adhesivheomspisgionatogyprising a

resulting i oor adhesion to the substrate. .Lower
b hgeitat thob iR LA het oo e S TGRSR & Core shell
o3 RE ol h 65 JFRHE RS R B OE ed SIS e ing

ohe enbodi nént, the 1 nvention proVvides an adhesive
electnipaldi ¢dndnctoempartickisng a m xture of : a multifunctional

gl ycjdyl _ethe oxy .resin;. pheng resin; . ..
Sor elnsdetier ﬁ@i'i)g%ﬁﬁwzﬂ\f mlpﬁq%epﬁyw@% @ﬁ%f%@@?%w B comprising
R ek 3Gl d curing agent; and electrically
cgﬁguc‘zgiaé\?lg%gart?\é e\g. I n anot her enbodi nent, the
i nveht arothep embodiesng thelinahition adhvedds weuphst alheovefiing comgprising
t%g adhesi ve conppsition above. |In another enbodi nent,
the e S FHOMIR9RItiSR 809 ¥8es a curabl e adhesive film

COMDL Sofitkr bABoARAS G TAMIBAR Dhdyi R 2ARRVSmpk Rind MU
enbo |ngntf ?%% ?%Ventign pro??&gs g %gbeng%h%%ising %
adhesiab fitm ad tesnventibh bmadinet. he i nventi on on a liner.

In another embodiment, the invention provides a flexible circuit comprising a
flexible printed circuit and an adhesive composition according to the invention adhered to

the flexible printed circuit.

Detailed Description
“Thermoplastic resin” means a resin that softens when exposed to heat and returns
to its original condition when cooled to room temperature.

“Parts by weight ” (pbw) means parts of a resin component per weight of the total
amount of multifunctional glycidyl ether epoxy resin, phenoxy resin, core-shell polymer,
thermoplastic resin (if present), and thermally activated curing agents.

The adhesive compositions of the invention advantageously provide bonds between
flexible circuits and electrical components without voids in the bondline, which leads to

stable and reliable electrical and adhesion properties.
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I n anot her enbodi ment, the invention provides a
flexible circuit conprising a flexible printed circuit

wanaaaai@ashesi ve conposition according to the PAVAIS2I06/M43198

adhered to the flexible printed circuit. Detailed
Description "Thernopl astic resin” nmeans a resin that

sof t hs funanatixpos & fréseSaier®of ot &b $hel @nitdtfons of short shelf
origi nal condition when cooled to roomtenperature.

Iifpenid oighyinihe Bepdline Bbwynwdmhrpmts §h®forlau jeisof the present

PR e eal bl el e Bl B o2 Bl tmmergyy and hat e

ifis®Rible inGB¢ EniShEIpicallgleyiRictivd BS0E baabdsstidnBsitil tHel lhtent imidazole
presentL and thernmally activated curing agents. The

CHIpHES M@Hs @@hﬁb@@ disselves abp terhperatnxerftabout 128VEnThgletentinyidazole

de han bet ween f. ircuits .a el ect
o RTae R RE hee g b e F s e e P LD e, Tn
ati@itish, aR¢ Breddifl 11{\%hi16’tbin€lu€13§§$dré SR A1¢mad Be® b@Prisingly eliminates
erties. The formul ati ons of the present I nventT on
vovbfgumtmmlh ¢hd haridingt iroeess wherst dy incadpetated at fdevahdf at deasisabout

i.n.th I|n l.n so enbodi nents, the formnul ati ons
18fdetsﬁgbl E’g ?W\?@ﬁwgﬁ PRI F 68 ent i ni dazol e
cur atspéemcté&%peg of ﬁﬁlﬂf%cu%halfg‘?%}l QIR Eﬁ&grrgsxﬁ’@l?sem% the

are insoluble in the anisotropically conductive
Camtlwﬁlw of dimpprs et orventinni ihclude bibdre not limitethtootliglycidyl ethers of

e ts .an hen solves at a tenperature of
% er‘aeld?ﬂ[é‘freﬂfblﬂﬁﬁea%l Ie curatives provide a
| ar g@x% E@%Fué@ﬁﬂqlqu}'tlﬁﬁﬁtlﬁﬁl glg T §HH BX}aﬂ:glnb PIRE RBkTycidyl

shel I n addition, ent [ ventlon
ethers| Qf dbwhalcﬂ @y mcBide] Hut pmlnptrhm;tedi hathase havihg thegtagde des1gnatlons

|im.nate tlon n th bondi n rocess
EPO e%l%@ripg?gtaea 325, ayailalifomRegpinfign Ber By ABBGES B ucts,
HesbhaPX YDA R! §3 ﬁ%ﬁ&'? %sﬁ‘ﬁ' eﬂﬁhaﬂ?@ﬁ%ﬁﬂbo@@ﬁfn@éﬁ €bmpany,
Specific exa nctional glycidyl ether
Mpibmgi Mé;sandsARnSbDMTE GrY 6(]0)6 GYMEAS] dnddBy 2600 tdsmspavadabie from

\} nﬁg}rj rg\fr}stgrnl\}%de, but are not limted to, diglycidyl

Examples of useful multifunctional glycidyl ether epoxy resins that are diglycidyl
ethers of bisphenol F include, but are not limited to those having the trade designations
EPON Resin 862 resin, available from Resolution Performance Products, Houston, TX;
and ARALDITE GY 281, GY 282, GY 285, PY 306, and PY 307 resins, available from
Huntsman Chemical, East Lansing, MI.

The multifunctional glycidyl ether epoxy resin is present in the adhesive
compositions of the invention at an amount from about 20 to about 65 pbw. In other
embodiments, the multifunctional glycidyl ether epoxy resin is present in the adhesive
compositions from about 30 to about 60 pbw. Other adhesive compositions of the
invention may contain any amount or any range of amount between 20 and 65 pbw
multifunctional glycidyl ether epoxy.

Other useful multifunctional glycidyl ether epoxy resins include those epoxy resins

having more than 2 glycidyl groups on average within a molecule. Specific examples of
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bi sphenol A and di gl ycidyl ethers of bisphenol F.
Exanpl es of useful multifunctional glycidyl ether
wepener@si ns that are diglycidyl ethers of bi ppnasei06H43198
i nclude, but are not limted to, those having the
trade designati ons EPON Resins 825, 826, and 828,
theevgly diayil eghek epoRyResia intlideminerifnoti o gRendl 86k1418type epoxy resins
Houston, TX; D.E.R 330, 331, and 332 resins,
(swhesiaed & Yepenenhwnaimalak witowpishiarohydria sresol novolakapoxy resin,

, Y esHNs, .
oA Bl oSO en iRl A, R AR R BRI B
migefunbtiondl gl EidvicstherRpbx Bleyiak heludetitRe cPRGEsihEBaviSy the trade
that are_diglycidyl ethers of bispheno I ncl ude, ~ but
dgsignatigns PN D30 GPONO6, RBONHI41 FEON; 1936 FRGNGRARiS0REON
SEEPr T S St eble BB RER ek PR b s cfouston, T
tBDENPYsefi8Lof Epbx? 8insPHvad@ble RRIDEW CemiéRSVBand MI; and

avai | abl e from Hunt sman Chem cal, East Lansing, M.
TARE TR 561 dndnEACERE B 5 EyaiydysinevhidablefionyHundshan Chemical, East
i/ rsqserig in the adhesive conpositions of the invention
ged Ir‘munt from about 20 to about 65 pbw. In other

embodhFRAtFundtdRaBIY &ib I PR redh Yishly ha§ b @éoﬁ%ﬁ%alen’[

resin is present in the adhesive conpositions Trom
wekght of Bomtaboutddltio 6gowh AN, iDother embidrients, Tampbsiitli761ts about

t he i nvention cont ai r _any. range
330. o B RS ShRrent HAS AL b Bep Gty e Hercge
bR onBlith SRcIERONYm 13 faewp, useful mul ti functi onal

gl yci dyl ether epoxy resins include those epoxy resins

havi ige noeehelhpolyRegofithe dyesery imigptorois temieal ygepoliy mbi partécle
TR SRS 6y PN B S e R o
tHRARKY chRJoMEN&STRY &lﬁ@sﬁ&ﬁpdg?/méﬁﬁ‘iﬁé &ﬁreﬁhﬁ@@ﬁticﬁ%‘éﬁ{pgiﬁﬁs a core

wi th epi chl’orohydrin) cres novol ak epoxy resin,
phass phlyneh that isevublbdry @plyxyer ped i sisell fhrsepilpsenthat is non-rubbery

pgl(})lrrng?. rIﬁ iagclﬁ{igh, tveaéhleﬂ t%)lhgse non-rubbery polymer has carboxylic acid functional
groups in the polymer. As an example, the core phase rubbery polymer may be cross-
linked acrylic rubber, polybutadiene-styrene rubber, and silicone rubber. The shell phase
non-rubbery polymer preferably has a softening point of 60 to 150°C . An example of
core-shell polymer that has a core phase polymer that is a rubbery polymer and a shell
phase polymer that is a non-rubbery and that has carboxylic acid functional groups on the
shell phase non-rubbery polymer has the trade designation ZEON F-351, a product
manufactured by Nippon Zeon Co. Ltd, JP. The core shell polymer is present in the
compositions of the invention at levels of about 15 to about 30 pbw, and in other
embodiments, from about 20 to about 25 pbw. Other adhesive compositions of the
invention may contain any amount or any range of amount between 15 and 30 pbw core
shell polymer.

The phenoxy resin used in the compositions of the invention is a high molecular

weight copolymer of bisphenol A and epichlorohydrin and contains no epoxy groups.
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mul tifunctional glycidyl ether epoxy resins include

t hose epoxy resins having the trade designati ons EPON
woQe/osERON 160, EPON 164, EPON 1031, EPON SU- BPCT/USEBONY3198

SU- 3, and EPON SU-8, avail able from Resol ution

Perf ormance Products, Houston, TX; the "DEN' series of

Gopaxyreiatls Iaﬂalab&\/;mleh@@ @sihi§ DiTDe hosh Ravlis@ihe tivie H@di‘gha%ns PKHB,
and TACTI X 756, and TACTI X 556 epoxy resin, availab
P RigHHs R R Qe aeqins avaiiable §ami Ingherm Roclﬂélll SC. The phenoxy

h
B A el AR e B ORI s v
ab@@h othér @htEimeny (ﬁ%lrrﬂﬁﬂhﬁ 25 td svuebeplw.1 Ofhek le?e@%tcom ositions

350, and in other enbodinments fromabout 170 to abou

o g, inyemtigh Say SeNteiRcANy PEICHT ROy X§ngenf emiovridiebvsen 20 and 45 pbw
hé}gl udeSIfrom 1.5 to 10. The core-shell polyner of the

pp L&EAT nvention is typically a polymer particle

conpr dﬁrbﬂﬂt ,@hdrinblastRA1ERIeridSr hOI§mieND Rlsirs AE&ful AHe a
second polyner as a shell surrounding the inner core

apisvtyonieally Toadustive adiesive cpmpgsigonsate filve famingesins and in some

b0y BT« i B PP as e thpoplic esins

iR Ae tHORGEM-BRSMITRE matdtaANMEL 198 meliify S| SBRAREthermoplastic
non-rubbery pol yner has carboxylic acid functional

rfgsrrtsmsqlublc iresobesintsraseh asstraly deodarap| (EHEF) hemc‘ehb’betbﬂdee (MEK)

.0 I inked bbe
e I b U CRpGRIES PUBEEF cbaeresiope iy HEBRH bli gliovs
tiehédd RNpeRy Rerdhl %ﬁplﬁ@cﬁdﬁ@ﬁﬁ tPb& §cﬁ{f§@ kst Q@tﬁo@t phase

softening point of 60 to . An exanpl-e of
Smaraémgh onlipitingpmpleaof ﬂamapla&bmeeqnmmmgdhmhambtansﬁcs and

bb ] d hel h I hat .
sy o ey St gl s e e Sere T e Al Fesins
afd ﬁ&nﬁacqemhb et ;o witha s g&eﬁe 5MHQ%\YenBQﬁ YOBE 2MAgnd Jﬁnore than

trade designation ZEON F-351, a product manufactured
ohy theimpeastizedigo@eric ditlynieic fekie it preparsigstht adiwsivewomipssitions.

pres %ﬂé tﬂe?mct)lglgstic resin may be present in the adhesive compositions of the
invention at an amount from 0 to about 20 pbw. In other embodiments, the adhesive
compositions of the invention contain from about 1 to about 10 pbw thermoplastic resin.
Other embodiments of the adhesive compositioris of the invention may contain any amount
or any range of amount between 0 and 20 pbw thermoplastic resin.

The compositions of the present invention contain one or more thermally activated
curing agents. The function of the thermally activated curing agents in the compositions of
the invention is to accelerate curing of the epoxy resin. Useful thermally activated curing
agents are those that promote epoxy homopolymerization as well as the coreaction of the
phenoxy resin with the multifunctional glycidy! ether epoxy resin. Additionally, useful
thermally activated curing agents are latent, that is nonreactive, at ambient temperature
conditions, but are activated to accelerate epoxy cure reactions when heated above a
temperature of 120°C or greater. Thermally activated curing agents include substituted

imidazoles, such as 2-[beta-[2’-methylimidazolyl-(1°)}]-ethyl-4.6-diamino-s-triazine
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conpositions of the invention at |evels of about 15 to

about 30 pbw, and in other enbodi nents, from about 20
woaoamewt13 25 pbw. O her adhesive conpositions BETHISE006/043198

i nvention may contain any anount or any range of

amount between 15 and 30 pbw core shell polynmer. The
(AMERR) 2,4 diainin oSS’ ihethylimidarodys(l t)j-othg1-otridziR isocyanurate adduct

invention is a hi nol ecul ar wei ght copol ymer o

CBISoHAGR profd e Rfsctn remant Sbbend e o
I SR SO

trefeition MkiaEsalesiniitexty af IngibhA1d amBubstiEhemimRacKed;ishdh as 1-
SC. The phenoxy resin is present in the conpositions
ot AR YN 2P eqraplsx o bersplimidagolebC » 480, 1-benzyl-2-

S CRe o v AN e T B e A et
OB 60 84ZBIINAND; BTHL0 FREIRRNCrhRNY Acifatel QUi aBSHYRE Bpoxy

20 and.4ﬁgpbm1phenoxy resin. If present, thernoplastic
resins gamEciusdegnetplomidazplatesrsash aszine ihidhzalate aindcopper imidazolate.

) bR e RO B L R g n o
efled¥98 dmiéGht) OTHRAN APPARR e @ b @0 0é8 dan bERResehieh BRRLASA i6 the

resins include those sem -crystalline materials that
rgnge ef fremtabayt bis aboyt 105hw ansl ia otles embpinsmiscirone sbowg 1dp @bout 7
ol yble in sglvqgts.suchtas tﬁtrah dr of ur an THF? or ¢
PRt AP KA KA OB TBRY: TN FIRAPR BFIeRHR 4 Aoyt or range o
ameRabetickh 1 ¥indM1 b Rbivhe epoxy resin used. This
conpatibility allows the blend of epoxy resin and

t her whptlasirically emidnctive pedickesluseshmay be tonducticapariiiesswich as
ing, Nonlim.ti | f t lastic, .
o 8T REUHES r o ke S Porkr. ok G RR Bkt R,
pAIMBIH, 1189, tuly _Et'éﬁ,%&%de%ﬁﬁn?%&der%@iﬂ{qué?éf }%ﬁclleft%ydréclpby

anq met hacryl’i ¢ resins, and novol ac resins. i's al so
cavering thet swefase ofibesspattivles withaerndoetivtecoatiag of dinetabiorghe like. It is

o B e e paPT RS BiHcer Ve RORphEREh sRgoN a e

polystyrene, phenol resin, epoxy resin, acryl resin or benzoguanamine resin, or glass beads,

silica, graphite or a ceramic, whose surfaces have been covered with a conductive coating
of a metal or the like.

The electrically conductive particles are found in a variety of shapes (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 usually
preferred. 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 compositions of the invention.

The mean particle size of the conductive particles used may vary depending on the
electrode width and the spacing between the adjacent electrodes used for connection. For

example, if the electrode width is 50 micrometers and the spacing between adjacent
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The thernoplastic resin may be present in the adhesive
conpositions of the invention at an anount fromO to
wahoroe®A3 pbw. | n ot her enbodi nents, the adhesPe®/US2006/043198
conpositions of the invention contain fromabout 1 to
about 10 pbw thernoplastic resin. O her enbodi nents of

eldreodstie S0 wecromeRes(tlidt &) theectioge HifShen 1l DO thidBMetRd)! /hfdan
any anount or any range of anount between 0 and 20 pbw

Peritape Afabpet 3 legibaut cwnﬁ@rg iit anpreprigte. tBﬁeu:pn@gte nt

t h tivated
bR SRR RS B SyioY Rk st B Ehrnetive
patticlddGvitdembsn haitidld 8iz6 AMPRSahsD RSs fhssibietol a@Mi%% £0K safisfactory

to accel erate curing of the epoxy resin. Use

copdiciing Pharastaristies whilealso n@qa@tempse\@néng ﬂwgtacucluamg between

@@F%ﬁ gfelct(gﬁc?e)é%/ II{] %gts)%ﬁ%%g;tgr}éef ﬁrl}l\?atfthg\elﬁ%troad%s useed for connection

betdeh NGl cpoad selswaled il 8¢ B‘éfn HBX30 1H&BbH: 1000 m1crometers the
Addi tionally, useful thermally activated curing agents

nzgae phdickersize afiisg canductomrpartcldsieprefrabdyrini tntrange of about 2 to about

“hEERRERITE UHR e SEBPEHS RIS LY e bysied inpits
it BRREICALW Sirfite 410 fosy MER Alefion IS\ @Bt p%ﬁdlééa&rﬁfjif they are

curing agents include substituted i m dazol'es, such
lggérmdtat-402nicnamndtgrs] thieyl enap ltanid-t¢ piddpeeshoyt onzﬂ:uﬁmglbatwerm adJ acent

-tﬁi%zine_(ZNZ-A), o
®at ni no- 6 6[ 2" - met hyl i m dazol yl - (|

) 1 - ehB¥hoanttdr 'tl?ezédﬁﬁuétﬁfé%ﬁfb%"s %H@e(ﬁﬁ%“%ry @MUY on BS area of
provi ded by the Shik npany, JP

th, Geatiiogérauspd end thazodap parttblesrdifiibe ¢am|dscthl’®qnaauﬂes A satisfactory
Addi ti onal t r.ma a ated ur| nts for e y
cpetior Gast Gtk e R 6% o xSt o wbotP )
cbﬁﬁ&ﬁ%@f;&hé%ﬁ%&% %éﬁél'éc%‘édé npdaz el I%%ver SHEhicaBredistance, the
met hyl 1’ m daz Cconpl ex,
candwetivyparticldamay bé irCl(dRds) e cbﬁ@p&h@lbﬁ@byht-mto about 300 per

Ireﬁ%‘{l i m dazol e/ Cu(NGB)2 . H20,
Syl i mi dazol e/ Zn( NO 3) 2 . H20, 1-

et hyi H?éngﬁ‘lﬁ%'f oM garﬁcleé"%@h ré:sb&q kd Yoe tgﬁﬁ{}cﬂﬁllnl: Y)f the

activated curing agent epoxy resins can include
cnmpedltlorrmdmz theadomduyctae qalartaies .6} muahlymlﬂml 6l1ab @abautd 0% by volume,
azol ate. The thermally activ (?t ed. cur

ing ﬁrtem@@a%@%ﬁhowtﬂ St*REbAiHE e duhpard in ghe ceppedjments, about

1 to about 5% by volume.

In one embodiment of the invention, an adhesive composition comprises a
multifunctional glycidyl ether epoxy resin, a phenoxy resin, a core-shell polymer, a
thermally activated curing agent, and electrically conductive particles. In this
embodiment, core-shell polymers with a core phase polymer that is a rubbery polymer and
a shell phase polymer that is non-rubbery and that has carboxylic acid functional groups on
the shell phase non-rubbery polymer are desirable to use in the adhesive composition.

Adjuvants may optionally be added to the compositions such as colorants,
antioxidants, flow agents, bodying agents, flatting agents, silane coupling agents, inert

fillers, binders, blowing agents, fungicides, bactericides, surfactants, plasticizers, and other
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effective amount. Thermally activated curing agent can

be present in an anount in the range of from about 1
woaoawewti3 10 pbw and in ot her enbodi nents fronPabmstood/ 043198

to about 7 pbw. Thermally activated curing agent may

al so be present in any anount or range of anounts

atiditineselmodvnan thok® skitled inkhe ag) gy ¢amdel ¥sorabsugially @nreactive, such
particles used may be conductive particles such_ as
a%félfl% ROPeinigabie gnéproraical hpseradiweets, iSpresentyase addsdppen amount

éﬂtmlfortggllrg{tk%dengﬁl#pg pl ati num palladium i ron,

ungsten Sol der or the |like, or particles

prepdypidaldy, theoadbedivdcdsosiionforeie: iaterida a1l Bakbivehtas hot-melt
with a conductive coating of a nmetal or the like. It

cwe(bmste agd@@e Bingr angd uﬁgtéamﬁarcs&mdb%wéﬂ@eﬁwh dlagthegidhesive film

ot Fes g PRuRR T Ber ) SR e R isoropically

chRRictive ﬁheﬂbé&,&’fés&ﬁﬁd $eredd Isit6 9rovﬂfemnh&:t1@ﬁ betvieRh alekible
whose surfaces have been covered with a conductive

pniat ichiguibanden eiesuiitiboand, favexammidle thoph éoxmldenarﬂiat:paneydlsplay Other
condagct ive.parti

PRISRHY; PPRULations IPFIBQ%ﬁH)é? ip %@&Fﬂw Oégqlp a#'«}ggéélgl%(f)% Slgag §3 various

pMHﬂe& ¢BEuit Mb@ﬁﬁksea{nd 1%@09%1@?1@196&5%5&@ flexdlb 91411@& Xircuits or any
The particle may have a slightly rough or spik

cembihaidens théreofs iapable fsuhstretee Iumﬁnlrto paiviide aa'tntrldmﬁthv @vention

| es | not ? ticul |imted but nea .
ey foc RerlsgerS Ut SAmge s 0ppth s SRt iy nickel, gold,
pﬁaﬁﬁﬁ&% $ifveh)y Plasaddrioud mﬁaﬁaﬁnct&%rhﬂaﬁetmﬁ@ tﬁgyxagﬁpm he
sel ected resin conponents and ease of processing of

pollyreﬂlf/lenaterm&aiﬂt@ aviastlmlml palxvinGehtsiridas padyrgopiflensa poiyethglene),

sha har dness y he us d.in
oGBSt RIS o P (AR e el Eporaden (hBbs patsyy e
of tige &1%6&1&%‘6‘%&& raﬁﬁﬂea %Iep%mﬁ&?zaﬁ&yaﬁeﬁw aﬁ%&%@tﬁ@c@ﬂxg agent
the el ectrode w dth and the 'spaci ng between the
usedj witlenty édpending de theymeiiculaypolyoremizetle ompMoremdphéthe desired

T AN L TR
oﬁtglgﬁﬁvehﬁon fdfid8 ik fiQfieaBthk €1, BothAP boAdet0 H%ﬂ%,rﬁat’pleﬁes, heat
guns, IR sources including lasers, microwave sources, and the like.

Advantages of this invention are further illustrated by the following examples, but
the particular materials and amounts thereof recited in these examples, as well as other
conditions and details, should not be construed to unduly limit this invention. All
materials are commercially available or known to those skilled in the art unless otherwise
stated or apparent.

Examples

In the test methods and examples below, the sample dimensions are approximate.
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particle size of about 3 to about 20 mcroneters is
appropriate. By using an anisotropically conductive

wadhggicwa3 conposi tion in which are di spersed ceQumwsi0s©43198

particles with a mean particle size in this range, it

is possible to achieve fully satisfactory conductive
characteristics while al s‘estadgum ely preventing short
circuiting between adjacent electrodes. In nost cases,
Edectidealt Resigfppeth of the el ectrodes used for connection

bet the . | ' t L L. Jbe fro o
Do 9880 54 LY BB iR AR BB e
having hel cade et ineee @il bi& kel SvepeepRE,abtaind dfrérh Fldxdilg Eircuit
of about 2 to about 40 microneters. If they are
Teehaiolagiestineipetsted: Minnepralis N s rernexedrfegm b dribig pea set at

sh RS otk WORADE T GamBis R eTad, Wik Epd Bl qilg et pating and o
hEi2ROGnoAOMEr tiéh 18 ERARLEFSS Ad ARYoRYic e PIoRE SEHHCA the film

ort circuiting between adjacent el ectrodes.
campesitioroto tetesterbwatuat ifrom phint sanh@s thatiHatia ey ondoth sides of the

ependi n the area of t | ect d, t
il s dieast N e e A B SO SRS 5 Bt s scked o the
TR RSH B YoRABRRE! AR By REp AGL YRl Bty

exanpl €, about 2 to about 10) conductive
ep@apped hies The esesd sapgle Blnewhs wohemed-trthe vdge dfdeflexible circuit to

el ect.ri cal. resi stance, t conductive particles na e,
Forich R BoR I s AR i e s Gr b B eaged withou
dR&5bBL S £ R BondR8h L REyiconductive particles with

respect to the total volune of the conposition m nus
t he A& d6dus twidebypaé tincloag by d . Ausuathick Fadaurint®l draui balduvith the

S T B R T PR G B 2, B
NRRPYS: 5%%1?%&0%% %m 4 Gy &venadt 58t 9fe hﬂﬁ/ﬂgxible circuit

I'nvention, an adhesive- conposition conprises
laminate was placed on the circuit board making sure that each trace of the film/flexible

circuit laminate was aligned properly with each trace of the printed circuit board and rolled
down with a roller to ensure smooth application and eliminate any entrapped air. A strip,
approximately 50 mm long, of the FujiPoly Sarcon 20GTR thermally conductive rubber,
available from FujiPoly America Corporation, Carteret, NJ, was laid over the bond area of
the joined sample.

A MicroJoin 4000 pulse heat bonder, manufactured by MicroJoin Inc. (now
Miyachi Unitek Corporation, Monrovia, CA) with a 2 mm wide thermode was used to
make the bond. The bonder was set to achieve a measured temperature of 160 °C
(thermocouple) in the bond line for 10 seconds and a pressure of 2 MPa. The resultant
connection area for each trace was 100 micrometers by 2 mm. The bonded samples were
aged for about 16 hours at ambient conditions.

Electrical resistance of the bonded samples was determined using a 4-Point Kelvin

Measurement technique using the following components/settings:
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mul tifunctional glycidyl ether epoxy resin, a phenoxy

resin, a core-shell polyner, a thermally activated
wouningi@agent, and el ectrically conductive par PCTIUS3006/043198

In this enbodi ment, core-shell polyners with a core

phase polynmer that is a rubbery polyner and a shel

phas®opet ysoercetviodtineted AONOdEIDRSE YSaREe-MeakurBaBnit, available from
oxylic acid functiona roups on the shell phase

car I
Kﬁ@ﬁEVJﬁﬁ@ﬂFHEQhVﬁéﬁeﬁﬂ@KH@gfrabIe to use in the
adhegi [t ' tiQnal l .
adde§w§h§ggﬂ %gisﬁpoglﬁ %%rg\?se}iés{uc ﬁ%}geé%t?@rl\gﬁ?@? MO(PG? 7001, available
Ao KetihttgThstrurthémyyIagent s, bodyi ng agents, flatting
agents, silane coupling agents, inert fillers,
bi nd&Fabe satOni T §irawié fheck FERdIEd, @eeilablsaemrCinduiteGheck Inc, Maple
C{srﬁ%f tants, plasticizers, and otheradditives known to

ose skilled in the art. They can be al so

subsPanjoi@laley=vapeany/i ve, such as fillers both
inorganic and organi c. These adjuvants, if present,

are addetren 2H0Gmdlismpefidlcti ve for their art known
pur pese. Typi.cal | he esi ve conposition of the
i nve FW%ﬁO&&PFmﬁéxg%évg%@ﬂgr hot-melt coated onto a
rel eass. MelQfratlB desitiflde 220000 ICHASS er adhesive film

such that the adhesive filmcan be adhered to a

substrate and the liner renoved. A typical use for the

ani st ropi cal | onduct i ve, adhesi ves descri herei n

o't o PR fSTRaE el B e Se B e €0 prbegons were
tdkleh 6Hkhchafafhpe. Ci rcui t board, for exanple those found

in a flat panel display. Qther potential applications

i ncl Gue ekample vigs pleced ttore heat ahd bmpalityagetolédd dhamber set at 85 °C

chi to.vari ous | nt cjrcujt bst.r and

s Speviiarirony RENeEHet 0P 208w p P Ead s bonded sampte
R ORI IRE AIDEREL cqp O, ST RRUILE For g east o
hbws asd thep tatedfot elearitdlaesigxmaplThe reablisnara wiywicbgdperin Table 4.
cadm um zinc, nickel, gold, platinum silver), glass,
various thernoplastic or thernoset films (for exanple,

9@2*%§%Q§%p%ngﬁg§phthalate, pl astici zed pol yvi nyl

ol ypropyl ene, pol yethyl ene), ceram cs,
cel | Bondddesampdasoteraprepedet a dseribiatbate for aest mefiodi“Bkstrical
(circuit boards).

Resistance”.

The bonded samples were tested for 90 degree peel adhesion using an INSTRON
1122 Tensile Tester upgraded with MTS RENEW software, available from MTS Systems
Corporation, Eden Prairie, MN, fitted with a 50 1b. Load cell, and a 90 degree peel test
fixture. The peel rate was 25 mm/minute. The peak peel value was recorded in grams
force per centimeter (g¢/cm). One to three replicates were tested for each test composition.
The peak peel values of the replicates were averaged and reported as the peak peel value
for each composition.

The following examples were conducted using the materials shown in Table 1

below.

-10-
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The amount of heat required for polynerization and the

anount of the curing agent used will vary dependi ng on
woheo7pardid cul ar pol ynmeri zabl e conposi ti on usedramnaStdee/043198

desired application of the polynerized product.

Sui t abl e sources of heat to cure the conpositions of

Bowd lineVgp)idagandencl ude i nduction heating coils, hot bar

bond v | at es | R sources. .

el dr ol BBl e LS b 0T 0y e B Bicctrica

RAgantexg The ®bndift Sreh dY €4uhi seimpRWasfesthmhRl ukink WS tO13eds

by the foll owi ng exanpl es, but the particular

steetoaniprabeopa mdah®li? ot 2(¥anegsifiagiont ¥eids and pibbles were counted and

exanpl es, ,as wel |l as ot her nditi.ons .and details

TR R Bt By APl 1 GH VAP T e B Pl T iy every bond

1B/ R + A0 voitk br FSbEds Rbfnfin@ng @FTRMehdthoesavai | abl e or

known to those skilled in the art unless otherw se

stated or apparent. Exanples In the test nethods and

(gxangies bel ow, the sanple di nensions are
BPAb%i mat e. Test Met hods El ectrical Resistance A 28 mm

Wi de Y f8RoWiNy | SAfpRY WéereNboalIBt ﬁﬁiﬁ%ttfﬂé ety SHBWE in Table 1
flexible circuit having 101 traces that were gold over

briowk e
Technol ogi es | ncor porated;, M nneapolis,

over copper

obtained fromFlexible Crcuit

MN, was

renoved froma drying oven set at 80 OC. The traces
were 100 mcroneters in w difymth 100 m croneter

spacing and a height of no greater than 18
mi |c Temie Tesgnathm/ appr oxi mahely 30 nm I'ong siyeififfont he
fill m copresalti on tjo be tested was cut froma film

s3
of
fi
W

| m wasFggicked tdg
th.aroller to €

e that ad a
o renpved-and-the e

't ner on both sid

of the fiIlm One

tha
-Ae

ES

Nibppot V.eoni Gdrapariyr

g%&g’ J?iT?.Ot h appl

vnocad <cidae onf
posed-si-de—of
Cebte: bipsy biltedragrylic

0 ngd . .
&%Eér the .gm%l ifﬁmr%tlonal

ellimnate any entr The expess 3%a
wgs trinmed to thg edge of the fl ex|pdpmeihybuithacrylate
copolymer
PARALOQOID Rohm and Haas Co., Core: polybutadiene-styrene
EXL 2691 Philadelphia, PA rubber, shell:
polymethylmethacrylate
PARALOID EXL. | Rohm and Haas Co., Core: polybutyl acrylate
2314 Philadelphia, PA rubber, shell:
polymethylmethacrylate
GENIOPERL P23 | Wacker-Chemie, Core: silicone rubber, shell:
Munich, DE epoxy functional
polymethylmethacrylate

copolymer

-11-
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forma filmflexible circuit

| am na

te. The remaini ng

liner was carefully renoved w thout disturbing the

woizbomwoeons to the f

lexible circuit.

A 46 mm w 8eTg2006/043198

mmlong by 1.4 mmthick FR4 printed circuit board with

the same traces as the flexible circuit,

f rlomrMRD R pAbEeH/ C
Was I enpyRfaf rom a

rcuits IHI(:Ce Roch
drylng OVEén set

avai | abl e
pst er, York,
ht 80 0CTHEOR

fifmftexrble—TiTy

cijr cBligylisdy} ethemki
fijl M fleredihe circ

Ut tammate was
ng sure that each
uit |am nate was

oaced—onmthe
trace of the
al i gned properly

with e race of
roIIediﬁﬁa% th 4
and elim nate any
agproxi mately 50 n
thermal |y conducti

erica Corporatig

it he ted CIrcC
Respl Pn?@ CRAES
PrddRe Edugtbh, TR
m | ong,
ve rubber,
n, Carteret ,

avai |l ap
NJ,

of the Fu]

T T _hqar d and._ .
Digloeh issiot bisphesisl A
>é}5dxtde equivalent wei ht
gso i/ éSar con 20

Trom Fuji Pol y

vas | aid over the

oined sanple

AI\/

croJoin 4000 pul se

yBYGHEMREZRKEHr
de t her node was
wgs set to achi eve

An
o sy Rl 1 E
M
W

ad IA NN aoalh
ﬂn@h@m é}@rp J\Bmkow
q%gd &o make the

a neasured t enpe

(ISR A
L) 98 Bbsltindex @
r 20U <df/1086in0C

(ther Fcag |n the bond line for|10 seconds and a
pressure 0 The resul tant copnection area for
eadﬁMﬂhubEeRMQWBﬁo m croneters by 2| mm_The bonded

sampl egsNiaRaidged

canditions. Electr
sdnpl es was det ermi
Mgasur enent techni

et vRROH., IphiRour

i cal” resistance of
Flaps, %Yng a 4-Po
que using the fol

’7 ?{t] e% Egglcﬁégc?.ted nickel

partigdes, @yerage mean size 8
Wregeters

Sq ol Aot

| nst r Chielrigagehnc. ,

STPOWET Ssour ce/ Vo
t,

avail abl e from
Cl evel and, OH Sw

tmeter = Model 256
Kei t hl ey

tching matrix =

el A2 5

aV
Azine

h | dul
m”?ﬁfgﬁgPﬁégP%xgn?s

Chemicals Inc.

Allentown, PA

PoBEmidd% b2

methyhmldazoleyl-(l )) ethyl-

(D

s-triazine,

General Procedure for preparing films

In a closed vessel, the INCHEMREZ PKHJ resin was dissolved in the methyl ethyl

ketone (MEK) solvent. In an open vessel, core-shell polymer was dispersed into the

EPON 828 resin. In an open vessel these two solutions were combined and mixed to a

uniform dispersion (amounts of each given in Table 2 for each example.) Finally, the

CUREZOL 2 MZ Azine and the gold-coated Nickel particles (7GNMS8-Ni ) were added

and mixing was continued to provide a uniform dispersion for coating.

A 40-45 micrometer thick film was prepared by placing the adhesive composition
onto a release coated polyethylene terephthalate (PET) film liner, drawing the adhesive
composition past a knife edge, and then drying the coated adhesive composition in a forced

air oven at 70 °C for § minutes.

-12-
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Probe station = Grcuit Check PCB-PET, available from

Circuit Check Inc, Maple G ove, M PC software =
woabWlewiTest current = 100 m | lianps (ni A) SeREE/US2006/043198

conpliance (volts) = 2.000 Max. Measurabl e resistance

= 20.000 Onnms The bonded sanples were placed in the

pr oberhstfiink Gfre @sted i el Rl REBAIS, P& adicdloaNabRathe
sanpl e. One exanple was placed into a heat and

apRRArAIIce peeonding bl the tpst mathods owlinedabogs Thewedulgsvgm the testing are
rel at i ui-di (RH). After 100, 250, 500, and 1000

cﬁ%‘ ?éségegﬂ‘gngg%ﬂ%}%g'sanpl e was taken out of the chanber,
allowed to equilibrate to roomconditions for at | east

two hours and then tested for electrical resistance.

The results are shown bel owl'd#hleZabl e 4. 90 Degree Peel
Adhesi on Bonded sanpl es were prepared as descri bed

above for test method "El ectrical Resistance". The

; nt ML Vet © Tesl §d ERr4 Y§EA9ITBE sPECImAT @&hwgn Comp.
using an I{NSTRON 1122 Tensjl e Tester [upgraded W th S
RENEW sof tjwar e, | avai llabl e from MIS Systens| Ex.1 |Ex.2 |Ex.3
Corporait-gi—Fdep—Prati-es - IWN—f-H-t-eg-wWthR-—a-506—b;
F@ﬁg%%ia), 4rRq k890 dedree] Deel |Pdst |18 xt ured Theg"ﬁeel 9.6
rate was 4 I Nut €, JIne[ peak i ue S
recorded i:?'fg:narm forg'e8 per§)cent E%%te;ga( gf/écl:'\%. 0613 to 6.4
INOHEMREBI|i cates were testled fon each test
conpositiagn. The peak peel| val ues of |the rieplicates

e(géverag_ed_ and reported as the pegk peel val ue for
F35t () ORI 1T Oflg 5 3 4 4 0 0 0
PARALOID |0 0 0 0 0 0 0 4 0
EXL 2314 (g)

PARALOID |0 0 0 0 0 0 0 0 4
EXL 2691 (g)
GENIOPERL | 0 0 0 0 0 0 4 0 0
P23 (g)
CUREZOL 2085 |0.75 |[0.75 |0.85 |08 0.8 |08 0.8 0.8
MZ Azine (g)
7GNMS8-Ni 2.6 2.6 2.6 2.6 26 |26 |26 2.6 2.6
()
MEK (g) 15 15 15 15 15 15 15 15 15
Table 3

Example Electrical resistance | Peel Adhesion Bondline

‘ (mOhms) (gg/cm) (Appearance)
1 4.1 890 2
2 3.7 1030 5
3 3.3 ~ 640 4

13-
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The foll owm ng exanpl es were conducted using the
materials shown in Table 1 bel ow. Bond |ine Appearance
weanedi@anpl es were prepared as descri bed aboreTfuse006/043198

test nethod "

El ectrical Resis

tance".

of each sanple was exam ned using an O ynpus

The bondi ng area

aronm-ecros
Sf CUTIT T Uo Y

EXW%H\SI(?S and bub

E@E@ﬁié{%?&es‘c‘?ﬁﬁﬁ? >
A

¥rom1l to

1T
each

- I')I‘
T T

H Mline
{BBprace)

was given a r
4 in nearly eve

r44 bond trace t

9@02 no _voids._g

bubbl es

5 present in an

V3.4f the bond t

30@s. d os

The

sary

6 foll om ng exa

npies were cond

heo%d using the

Material s

! o Tabl
Corippn T Tabl

& ¢ Delow Tabl ¢

61gxner al

Pr ocgdur e

for

arin 11
Com 2

I EZ PKHJ

“n_was._di.c
LA L34 AT J

C%@-aént L

f tm—a—Ttosed v
sz;.ﬁvcd H—the—1re

9pen vessel ¢

g5er. The
bSIUI Clo:lyl

ch

o1

<&
g

Mg~ (VEK]
Wwas

di spersed into the EPON 828 ré'si n. In a

oTTCT

these two sol utions were conbined and m xed to a

uni f orm di spe

f
for each exanple.) Finall y?a@ﬁé

t he gol d- coat
added and m x

rsion (anount

ed Ni ckel
i ng was_continue

e
|
open vessel

each given in Table 2
CUREZOL 2 MZ Azine and

particles (7GNMB-N ) were

to provide a unifaorm

Hiaide $iElectfiat
was pr ¢Rasisanchy
a rel easen@oat gd pol

dosidlij nghgeA 1 AD-
pl agi nghautse a
e rergiverie

[T er,

edae

ha

d nawhgeg

t Bt ddhestive ¢

n Ay

15 Agpt2 e
jhediowé co

onpodidt i on

t ef2adi08 k
r@?b‘i"tﬁ on
E/8PRH)

f Aizgd 1000
ont purs

86 P¢/837RH

pastOa krlife 51

and t
MRS AR o1 TC

' thao ~
R—ar-y+Hg—tne—Ccoa

et—adhesi

Ve CTOMpOoSI

tion

in a forced air oven at 70 C for 8 mnutes. The fil nms

were tested f
and bondl i ne

out | Faresgeathomedifitagonsas

or electrical
appear ance

re
accor

si st ance,
ding to.th

peel
e.tes

adhesi on,

R EIRR N

those skilled in the art without departing from the scope and spirit of this invention. This

invention should not be restricted to the embodiments that are set forth in this application

for illustrative purposes.
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conpil ed below in Table 3. Table 2 Table 3Table 4

Foreseeabl e nodifications and alterations of this
wonverkias will be apparent to those skilled i RCThS2@6043198

wi t hout departing fromthe scope and spirit of this

invention. This invention should not be restricted to
V&Hﬁﬁ%ﬁ%ﬂgiﬂ?nts that are set forth in this application

for ritustrati ve purposes. \What is clainmed is: 1. An
adhesi ve conposition conprising a mxture of: a

mul tifunctjonal glycidyl ether epoxy_.resin; a phenoxy
Ly esi An adhespie COBRRTHOM MPRSINGHIEHPS My a core phase

POl YaehudBleftialEh LiPl@he POLYRER, and the shel | phase
pol ymer conpri si a’ non-rubbery pol yner having
Cﬁrb@mmhm&yaamﬂ functional groups; optionally, a
thernoplastic resin; a, thermally actjvated, curin
agent corgrshel EPRIKIEY CRNTFINEG$RE phase PRRPET 23k sheyl Phegg.polymer,
adhesj v, I3 ' er i :
et Ot S SRR Al coRisfieh RSBy pOfmich BVTRG Sétboylc
3. Thed agbesday grovpsrposi tion of claim 2 wherein the
thermal |y activated curing agent is activated when

heat emticabldxa temeephstigred® of 120 C or greater. 4. The
adhesj,ve Itkon. LM 2 wherein the thermally
acti%§F38&§ﬁ¥$§%£gggﬁﬁg%%hghé%bstituted i m dazol e.

electrically conductive particles.

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

is solid at room temperature.

3. The adhesive composition of claim 2 wherein the thermally activated curing agent

is activated when heated above a temperature of 120 °C or greater.

4. . The adhesive composition of claim 2 wherein the thermally activated curing agent

is a substituted imidazole.

5. The adhesive composition of claim 1 wherein the thermally activated curing agent
is 2-[beta-[2’-methylimidazolyl-(1°)}]-ethyl-4.6-diamino-s-triazine; 2,4-diamino-6-6[2’-
methylimidazolyl-(1°)]-ethyl-s-triazine isocyanurate adduct; and 4,5-diphenylimidazole or

combinations thereof.

6. The adhesive composition of claim 1 wherein the core-shell polymer is present in

the composition at a level of from about 15 pbw to about 30 pbw.

7. The adhesive composition of claim 1 wherein the core-shell polymer is present in

the composition at a level of from about 20 pbw to about 30 pbw.

-15-
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5. The adhesi ve conposition of claim1l wherein the
thermal |y activated curing agent is

wa2plo@mees1B 2' - met hyl i m dazol yl - (| PCT/US2006/043198
")}]-ethyl-4.6-diam no-s-triazine; 2,4-diamno-6-6[2'-
met hyli m dazolyl-(l '")]-ethyl-s-triazine isocyanurate
adduct; and 4, 5-di phenyl i m dazol e or conbi nati ons
thereof. 6. The adhesive conposition of claiml

8.wher £icirableadhsive filhetdmpiingthe adlesive esmposiiion ofhadaim 1.
conposition at a level of from about 15 pbw to about
30 pbw. 7. The adhesive conposition of claim1l wherein

9.t Ne AR S bEddneB0L il bod RRE &g&a\ﬁn 8 Gnbilath £ORRASH A has a

roma w to about 30 pbw. 8

thitth@k o€ frashdsivetd dbom Didnmick@hetgrst he adhesi ve
conposition of claim1l. 9. The curabl e adhesive film
according to claim8 wherein the adhesive filn1has a

ness_ of fr abhout rofeLers.

1dy o' KRR 3amg R s oty AR bE St BT
cIa|n18 on a liner. 11. A sheet conprising the curable
adhesive filmof claim8 on a liner, 12. A erX|bIe

1ici r cAvisheet oomprising he gurabloadbpavesiiheledaim § enadinghd t he
adhesi ve conposition according to claim1 adhered to
the flexible printed circuit.

12. A flexible circuit comprising a flexible printed circuit and the adhesive

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