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Along with the increasingly smaller size of electronic devices, recently the
interconnect patterns of the above-mentioned circuit boards or boards have become higher
in density. When using an ACF to form electrical connections between circuit boards or

30 boards having such higher density interconnect patterns, the pitch between conductors
becomes extremely small, so the conductive particles may short-circuit adjoining

conductors on the same circuit boards or boards. Further, the conductive particles include
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NCA is used to formelectrical connections between conductors 2 on the FPC
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W th epoxy covered by a thin filmof a cross-linked polynmer. By using such
a material, an extrenely excellent storage stability can be achi eved.
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imidazole). Japanese Patent No. 3449904 describes a resin composition comprised mainly

of trimethylol propane triacrylate, a bisphenol F type epoxy resin precursor, and a latent
30 curing agent (microencapsulated imidazole). Japanese Patent No. 3883214 describes a

resin composition comprised of an acrylic resin, epoxy resin, silica particles, and a latent

curing agent (microencapsulated imidazole). Japanese Patent Publication (A) No. 5-32799
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10 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The nonconducti ve
adhesi ve conposition of the present disclosure is characterized by the
poi nt of wogamsiesbastic fine particles being included aaa/ush@semseihavi ng
filmformability even if not dissolving a polymer material in a solvent and
incorporating it in I Sthe conposition. This filmformability is mainly
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whi ch exigivnvsAR®havi or where 30t he apparent viscosity beconmes smaller if
the stress acting on it becones |arger. For exanple, in one enbodi nent of
the present diSeiBesredisgperc poxides pngnemduieagdapsiye 3lm a@peting he appar ent

Vi scosity r r e 6 roabl : r€e the WO
2009/ 05196%%@7]"1§’Esjazg%a§%8%g%%%§%%easﬁlé ﬁ?at{%gcgﬁgg ?é&lrﬂfeaggljo?%%lé;%lag}esftﬁlreess of
78. 0 kPa.paByclessiMg agefappé partivielsisdiofgpsragimaaclilxiribeles@t Thd®int isrfermdd by

t her noconpr essi.on bonding, the viscosity of the parts of the adhesive film
el ekl ri cagRieairhelthe prpapkkelastpdie Paitislest hat is, the parts where stress is
appl i ed great qt, [ Ve fi J: i g from
et veon {he Sassdacr somment ¥ihy phelfh AURRLIC e i oRAR Ak BRECILCIRSY

r esi st andesndadedos 4Dao @ at¥dDusthen ticlselid baneht. Bt anpdret smbbdinengiamaserdl es

may form_that is, at sectio bet ween adj 0i ni ng. conductors_ on.a circuit
board or 'BBRPY a&ﬁ?_é%téﬁ% Herse p &ﬁ&r@&ﬁm&q;&%twrfﬁl_etmg?%eﬁgv?ye%ws@%&%f_ B&ones
smal | er, télﬁ{)&laﬁll‘é/ bSIEQS IHu¥thef, iI]E b&cPARGHiNEnth,) d MheRaBiindiap %qlsthhgﬁﬁfa’ce

outflow of the adhesive filmfromthose sections beconmes smaller, and as a
restdt t hd thoonganic elastod fisd partiClbosibial excledmnyerdgppsiessdthe organic elf$ie fine
above-nenti oned deschggtion S Ptrued as disclosing all of

ul d. not .be con
he. enbodithiramey TEHEE 5P EeRl Be L APE PATRRAT | of the advant ages or
ef fects rel atimgthkR ih BtRresMatingin$ Gh® Sk curlieadehemaPbe dh ShdaPsHLERIW | | be
explained in further detail by the follow ng drawi ngs and detail ed
descri pt iqnng ggentred fierqpeansutsted quring egent iy laclugpencapsulBedisoidiantnt of the
present di Scl i, i GBI ARRILE ShORM GoBIANLd88. A IARCANINEII e
adhesi ve COWPOSI I'én consi s !ng esse_n |a_ y O a_ eal-curapnle epoxy resin,
a | 24 ent Bodilidofagaitity Of g€ nehasdd & 100MCoPASKIET BS]. OF10BNiAM%ET A
particle size of approximately 1 pmor |ess, and a sol vent capabl e of
di sper si racastied ot e mwleeduec It anmshqsgmbodineant, tirhnencanducsivd adhdasive fdahesi ve

iti 20h filmf N i f t ai ni. I
ot ort al TOREERIRAPPHON diseoinn: afindd 8 rrg (2an SRR N Bl Rrle n used i n
the presepicodinsd PSHhLstRME @ad al/d Dendal WRaiRTatd)NEF HPARIRLERSELH 1B0NdhRg and

bonds the FPC-"and circuit board. Further, thée heat-curable epoxy resin also
functi ona aiesaofiakikPa of 4 tithes or Gary ccvadhastasurdd a1e 0QEr andcd esess of The kRahesi ve

conposition or adhesive filmof the present disclosure. 25The heat-curable
ep% r ednd fHehy eiﬂﬁ?%iﬁ%%raeg]@ﬁfataﬁgﬁn U BE LA FAY HIRPRTARTRIN 2e1RSXy TRESEn
known i”aﬁﬁ%ﬁ)fﬁﬁ@@f&@hnﬁ&ﬁﬂ&%ré&ﬂ as expl ai ned above, in order to function
as a binder of the organic elastic fine particles, it is preferably liquid
at ordinary tenperature. Such a heat-curable epoxy resin preferably has a
viscosity at 25C before curing of approxinmately 0.1 Pas or nore, nore
preferably approximately 0.5 Pa-s or npye, still nore preferably
30approximately | Pas or nore. Further, the viscosity at 25C before curing

is preferably approximately 200 Pa.s or |ess, nore preferably approxi mately
150 Pas or less, still nore



preferably approximately 100 Pas or |ess. The viscosity of the heat-curable
epoxy resin may be neasured using for exanple a Brookfield rotary

Vi scomet ewo0 2009/051984s such an epoxy resin |iquid at ordi RETUSL@sPEsYa¢ ur e,

bi sphenol type epoxy resins having an average nol ecul ar wei ght of
approximately 200 to appr oxi mately 500 derived 5from epichl orohydrin and

bi sphenol A, F, AD, etc.; epoxy novolac resins derived from epichlorohydrin
and phenol novidIrdemerrecthe gesiser sissiosere nayResamerhed of plecisaly cCen@setie havi ng
skel et on g two
o mor o oTper st bORaNGRRE A PR ol A prob e R AR GBI eSO

bi phenyl ,codlipeiédé Opantudioartcprovided iMitarcontheeay) Jeaatl (anwf It]ne:cﬁqaneboani@xy

conmpounds havipg .two or 10more alicyclic epoxy group cule and
m xt ur es WM& 4BCTPIC pEPEdicgRY Doy Hacae AAgnEEd lydlig d Eﬁ%&q ﬁlﬂr& cril

exanpl e, a%Bb&Q&%veéP&%%rét%ﬁB%ﬂﬁ'cnéuﬂt M&Frds QRO ¥ Yatf %%M%!re%ﬁ‘ihg thelifi’l@t Q{deq,
Japan Epoxy Resin) 8 (bi sphenol A type, epoxy equival énts: 184 to 194
Wog, Tohtsecdtalsmichit bEmdsbamxzeEP@(h?ch(tbe aqntnendﬂctﬁe@#@%wefdpan plpekyo &etsi n) ,

EXA7015 drated bi spheno P408 i ent d| ene type,
raant 155 i eRe B R e St Bofhen BeepnauSieaedigind Sl

(lact one diRdithbsds P8 EMricARONn &4 ltlieVéiJnaﬁlét&s or OROridsOcidARBodemhd thai cel
Chem cal Industry), Celloxide gal icyclic type, Daicel Chem cal |ndustry),

etc. may doaduyrsers o thecbecomsesizgulit Qilf\démd@%@tﬂ cmr@ﬂledlreattmatﬁf: eswtreginscl osur e
toge¢ Rg'r “dg o pH IS Fih %Pet%gnt sch{éﬁre@% i %shaglaetolic%uon?cb e%lc%pﬁ’éiﬁdmg%{r?ﬁb[“ xed
sel ect ed Hoyrd chetri@lly s&hildcRd byrthé fisovamictes) $h d@dmﬁ@odlmént@fam);bxesdnhe type,
structure, and nol ecul ar wei ght of the resin, the required bonding
char act erdisslosste, fierlecionisgicyirarsne flak hasel dilay.he type and cont ent of the
organic el asti Iy y@cﬁm ﬁ‘gﬁ? tionis
used in the fo}ﬁlﬁ]{ho?%eoﬁg%én%ﬁﬁmlﬁﬁgpe}% eglqlg'%l %6(:1{321“8 t he %12%713 i m (for
exanpl e, dohextiry dsbényially of ) hedt- cﬁ‘ﬁ@ila/épmgymm eXatopd @ring hgert povpenit chktid he
heat curabl e epoxy resin may be approximately 2 w% or nore with respect to
t hel 3ol i dinegitteshes foantaf‘i@fa&%m@?ﬂ?élz&ﬂ%ﬁlérpﬁ%elydrltm &F kst gsplygitrat el y 5
wt % or r 9 t her, the
cont ent | oPTHHCBE sl ShE R aRE LU AR rcid THE Kol R s B " o6 or 1 ess
W t h respenhalfilityteven sdthout coatzireng a pblyhtee nadtiras dmml@ecdmmssoluenn pr ef erably
approxi mately 50 wt % 300r | ess, nore preferably approximately 30 wt % or
| ess. The |l atent curing agent used in the present disclosure does not
exhi bit oygal bESYRACOICOF TIOE DFBANENGRE progression of the curing of the
heat - cur abl e epoxy resin included WO 2009/051980PCT/1JS2008/ 078936 in the
adh2&i ve conpddiG il ana bteraldiiesiseetidnial vmexytof@rmhomaﬂﬂekéxh@mlaedlclequlmardmen

heat ed exhibjt ity and t t | intoth
daci rea 180G REHRRE by B0t F R g s Bneainen e BRVSOER " 1 tho present

di sclosure, i mld;amd £latdridirgssLsdetiontal VitWUAaqRE aReRIBIASiRedBl-@%t board

am nei m de, (g[:l) amne, tertiary am ne, 5al kylurea, or other am ne
conpoundsind paifl ghctiically Aenichis using di moneendyebadhssisnd ni xt ures of two
or nore of theg 0 n; at ent
curing agents, |mgz%zgdl C%égnsg gtgonal \rlllew Oﬁﬁg&ggﬁtgﬁ Xir%lg r?ntg‘?“%“?%e |Am dazol e
| at 2ht cWndrggasagemi%wcfﬁdauyleoﬁﬂketedmlsﬁgzmo@cd@l&leme zcdhésm@wagleraﬁﬁodbnw@n in
this technl cal field, for exanple, adducts of im dazolc conpounds and
10epoxy rie&n jsthe kg ts‘i}l‘éfﬁireﬁpdazol e conpounds, imdazole, 2-methyl inidazole,
2-ethylim daz

i m dazol e, 2- gt%gnﬁszl&)%%? ﬁ fl%rosgoég gg‘g%tﬂﬁy fqacﬁl’l ééﬁé&%%tmr%gg‘yéb

ment i onecidhesive ﬁlnFufettfmbmhmpnttaf tmlbmmedbolbkm'e he contradi ct or y

characteristi tor st abilit ast rabpli i S OSSI bl e
Co bee an encaiCupaben B yeagmlehn it el hxnds o thernobiea

lat git  CUupkdichAGERE c@hed core covered by a pol yuret hane-based, pol yester-
based, or other polyner substance or an Ni, Cu, or other metal thin film

etc as the | atldft 6euwrd phptegyenit ofof flexhle prle@émrcw badrd sharmocompgsiguch
encapsul abto?lge(ﬂljsrhilgngsggpqnOfEXenclaqsul ated imdazole is preferably used.
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As this encapsul ated i m dazole, an im dazol e-based | atent curing agent
conpri sed 20of an i m dazol e conpound adducted by urea or an isocyanate
conpound woaodunstgser nor e encapsul ated by bl ocking its s®BCTAS2008K78986

i socyanate conmpound or an i m dazol e-based | atent curing agent conprised of
an i m dazol e conpound adducted by an epoxy conpound and furthernore
encapsul ated by blocking its surface by an isocyanate conpound may be
nent i oned. Spe%ﬁf- pb & 4 photegsapheadanibeable Repted sitsuitikagd thqpmopgipaiesrien
HXA3042H 5%(A§ Y HXA3792, Novacure HX3748,
Novacur e%@%ﬁs\{%\%ﬁn lrg a@gﬁf‘l %%g{&(r?eé HX3088, Novacure HX3741,
Novacur e HX3744G. Novaplor ehowid i@ rélatibnsigdiectyerdbahppdtageiscohignmndahs) , etc.

may be nenti onefd. N0th t hat Novacure is a product conprised of encapsul ated
i m dazol €Mt ?Jré%ltc_- B§PaHI%Sepoxy 1 esi n mxed together by a certain ratio.
30Fug t her, as #I@‘?S%‘Aﬁl%t BRsafs hteRliofhi) NGwaIEME a}é@dr&ﬁv‘?&ﬂsi%ﬂd%ﬁﬂw' n the
present disclosure, ah am ne-%ased | atent curing agent known - in this
t echni calrafeiagt thaayoune of YiEstROME BBIASOPCT/ 1JS2008/ 078936 i ncl uded. A

pol yam ne (for | e, . H4070S, 373 1S, etqg.,. ACR), tertiar m ne
(Faba0s, ARy FIGh RO SHETF G S aiph i the psBied of sy of i st

nMent i onedegistance bet@nGOMEEB1E pAhtcti REchibbeRl aﬁ&'%laﬁ&gb(ﬂig@.nt may be _
approximately 1 wt% or nore with respect to the weight of the heat curing
epoxy resin, grlef8b &b ¢irqust diggseoxiserawbencal@ulgitms the contant acsisiwice. pref er abl y
IS ﬂfproxi mately 15 wt% or nore. Further, the content of the latent curing
agent may be approximately 50 wt% or less with respect to the weight of the
heat - cur abE A HED DEKRIRTIQNE TN BR BPER REDEVMBIODIRENTS0 or | ess, nore
preferably approximately 21 wt% or |ess. Here, when using a comrercially

avai | abl e mi xttheaopgongduriys adhgsizxg Fempesfian ofdhe preserd disgloswe iveharasgerizgént |

not e that " : g ! AL adi he ratio of
the | at enbtyt t@ﬁP?ﬁg&a‘gg%%@%%‘%@iﬁ’:@a?ﬁl&ﬁ%ﬁdﬁ%g‘cf‘%@ﬁ@& %%(ét%g,rhg%g?el on the

t ot al weifgimalikitytehren ifinot diseoloihg tatpeymeatmaenAdlh e sapextyand @siorpaoratgreadinent and
oth heat - cur abl. e epgx esin jngredients. Fyrther, the higher the

rea _ion_tﬁ? AR YL e Equahg% RoeiEbgipTg! %ﬁre%a&p%?ﬂmqr%adnﬁ he
compost 1 e e e e Perer
the curi rgspeTongibhioesseiddasicint gettickasriabicdi byt thin dolstusrins@octedaisi dsinoytaat  as
high | evels a ossiple, the.reactio tart tenperatur f the latent

curt ng. agahte TuBryR e ar hgt BELAEF By Rafh s sEB Sebnahe Rishat nor e

pr ef er abl yschRprO Mol Bhyr VHRBEWAE ufBarig thd st f&)@&‘onﬂiﬁ‘%?a FiBAGS h@ReiliREL so a
tengéarature of the latent curing agent is preferably approxi mately 200C or
| es30 norselvsnetsed abilipsdypruskiarmehang mae@ldyuticadisg upspesing ksmio tealetanbn
start te t. i act i o) .ature) is
et ned ArpharhE, BL kit AC, SO0 AR E AR ERERRL 1T

t enper at wdtessvd@niisphaifl theprateat distibeurammdithe nohc@rlneiat ddbssiof filmeat becones

1/2 that of the peak intersects the_haseline.in a DSC (differential scan
cal ori metenaredpsiee Becampedtioher Wwaliiciently ebebitine Rerformadsss inberemyy

t enper at o@sefsgegrﬂpfr £t C Pg; b Bhafls, BQPMdNateGE NG cﬁ%ii%&tg%lﬁ%rﬁ]é‘ur@a&?ﬁk The

25cur abl € epoxy resin a enf curing agent as a tes
or gahi ¢ dicasturmgfat the tiyag ofi lclatisg,and if ¢xtenedyr supetiesinstoragegstaildiyt i city at

ordinary tenperature. For ex l.e, the organic polymer formng. the fine
particl o5 has HTGFALE PRHSEL B BEtrD 'GP dppPERPIFE NS Th840C o r oom
tenper at Ufa@tidldy foAREE thel MshcBAARAYE a@l@SLifm i ﬁ}%%etél't glseessed in the

SO0

present disclosure have small particle sizes, when renoving the
sol vent iohetagigeided by theeosnd loé siapding belpysartas ermpscudoplapiiqBuidan theoheléent statd t o
l,

d.f a film If ticl hze qf the.fi icl i
O0ue R Tete PRt cas Pialobalad R} HSnG ThES sald STHRoPAPIMRHES  ng
congict i Qle BEanee Rise I ebehss snv¥lle? QB¢ Ok BRRGTdnlid ek QA 883 For

example, in one embodiment of the present disclosure, when measuring the viscosity at

100°C, the apparent viscosity measured at a stress of 46.8 kPa was four times or more the
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beconmes hi gher. Wen electrically connecting two conductors, the organic
elastic fine particles present between the conductors have to be excl uded
from bet weenoadsisonduct ors or el se be positioned at | o®ariusp@sOEI36
affecting the electrical contacts of the conductors. A conductor surface
typically has a surface roughness of approximately | to approximately 52 um
or so. If the organic elastic fine particles have an average particle size
of appro@ﬁﬁteewswsxﬁwasqr@%@a%@ﬁwf&%k%ﬂww 3 élyarip@dedingserhrdecesses in
t he cond S t arts and

t he chanctih((=§1’fxgl¥r # ﬁeat eb'ﬁ![hﬁ rslgl(égllrgogléﬁ th% ?%!ﬁéé{ &q\aﬁe%ﬁatr{cso%g uctors
becomes ladhevive fﬂlmeeleémcﬁly ¢dmaeau%rth@eormbﬁors;ﬂmtmﬂmmfts ihercotiganisc el astic
fine partic]. f used. in the present dISCé sure is t @%f IIy 10apprOX|nater

1 um or |4B4C %rﬁétﬁbrbsmryeSalﬁw%kher?&@sW Ing isgfasiby e TroR Betyieet teabl y

apprsvx' MRl YetOhs Gadar@l&&néa@é&me%ﬁswh srﬁanﬁc&ﬁa&@fesfsta%@sséah%effbﬂﬁedp6@&' cles
have an average particle size of typically approximtely O .1 mor nore,
pr ef er abltye aimprhmdnwpahywmeﬂ@ alnbldqblmn@r fomnrmam,eefteccak»hybap/pmxdijnnm@ y 0.3

gm or nore. ai.ne eelast|C|ty of the
organi ¢ <RadS PRAG R EPERSF oo ses Tetrag np 5ot Elarcid R g h and

f1 exi bil 'He)éoﬂléélﬁhaﬂ%g $BYhd Migcdsitl BF ﬂﬁcadh&@vemmpfs thd1BtalRY eh[gh@{ oI Bethat

| east the surface of the organic elastic fine particles 1s preferably room
t enper at wadbesdye files Gomtbess seetednsbaptrgest el Py and aap resolt thenfermetiasr ofalits f or mi ng
t he 107 92 u%bfelsg‘gtf)esdcl n e%al’tl cles is roomtenperature or |ess (when the
organic el'agt ¢ B icles are conprised of a plurality of materials).
20The materi alﬁlefabbm-ﬁ@nﬁmeld des@iption shdbeld hbChd domstrinal dsi didcsimy #1 ¢fahe exanpl e

wel | known in the technical field of shock nodifiers. For exanple, acryl,

met hy| metdRodimenteeiiha area-ditjoserrand ahaifyhgadvantages or effects relating to'the

acryl ate I ns,

2571 ooy AT LCRSTESH, PR JR0Gk B ve SR ALBEH nAREIA 78l

acryl oni tfblld)xemgtanmgemcbqintdtimdeiesmptienéorcthppin;pm of iHugtatinppagjiicgdol yst yr ene
t hese Xt ures mer all oys may be 25nentioned. \Wen used

(HPS),

forrf ipent ob HSE PNt S‘ag %e present disclosure, the materi al
formng the Sufﬁe%fré‘seﬁf dibd16s1RE PRV s ﬁhéﬁédn@luétid%%dﬁésﬁ&é éﬁnﬁ%sﬂfoﬁfc%ﬁgirbg

i ncludes an acrylic resin, nore preferably all materials formng the

or gani ¢ elssaatipldy 6f mbeqwutalbtcl apoxy nasingdéatemt cannghg@t,rqasgamc ¢hadtenfinche or gani c

elastic fine icles are conprised of.a plyrality of materials This is
because (HERG e ERaSPrtcie aproeiaedyoruar i ent s aehyrichiei n
30are SUQﬁ’rdﬁs%rersiI& tfld §f§%ﬁ§%@dshb Fi¥e Warttlfalerseq“ RRGonbéhd@c S é(ﬁ@§1v@6’(§f9ﬁcfsﬁﬂ)_n"“ th

other materia such an acrylic resin, for exanple, a radical
pol 3rer i Zab tﬁérmfmmmbdrty |em11 1] mph@naal(lmgtatpp&onqurmteﬂafdmolwm ora grvent,

acrylic-based .copol yner, including a polyfuncti

2005 081980PCTIEIS3UUBHYY 888 TRt Tl DS dRElosEquropaL e dimece

pol ymer i za&hf 6RPRITON B&Ydm% And85RIS SRS BRC hiEEikaf RARE NafrtheRdhCat-

pol yneri zabl ¢ nononer capable of copolynerizing wth a (rret h)acryl ate
mononer . msabdmmwé@m @J@@ @l@tl@nwwdmder% &, orgnc elpstrrpline pasti¢led ingbe y| at e,

" pr byl RN Al BSTE Ao hS BRU iRk at e, see-butyl acrylate,
n- hexyl 5acry ex I~ acr - oCt acryl ate, isooctyl

acryjate, i sommeaa@rrytblabpoxmﬁﬁ@lyéd Aachy p@bent dts-cmmlmatyahhladé yihyadmxy
n- nonyl met hacryl ate, n- deq%ﬁémat hacryl ate, |auryl nethacrylate, etc.

may
be menti dRul knqe it thes teghni Webu%ﬁépk?%ﬂlah‘&‘fﬂ’ élwd?wafwe%@pwy adifent e
pol yrror 20t F e BN nPIALES i BTt By S RS Al "k, 2"
acet at e, matl@uralilykpestesin (piefarabryams Iaezdscoatﬁmm PC befacd él;rirgtqfrappmx1mately
i sobutyl ene etc. may be nentjoned. The p %f uncti onal nononer becones the
cross | ik t FRys ﬁbﬁ}% e pwéer?lﬂvapa@alr%iﬂqu Pyagemore poll 10E3 Pkt used o0
contt o r Y rticles
durthg produinasheh AR AR e e e S R e e
for exanpipgrox@thitglyedtegiaicalledd] hort fr}eabyy @fi}ﬁomdia%ﬂ}h%@lﬁ@gblyl%ﬁ)d still more
15di (et h)acryl ate, triethyl eneglycol di(meth)acrylate, 1,6-hexanedi ol
di (meth)acrylate, trinmethylol propane di(nmeth)acrylate, and other .
di (nmeth)acryl ates; trimethylol propane tri(neth)acrylate, ethylene oxide
nodi fied trimethylol propane tri(neth)acrylate, pentaerithritol
tri(meth)acrylate, and other tri(nmeth)acrylates may be nentioned. Further,
as the other polyfunctional nononers, pentaerythritol tetra(neth)acrylate,
20di pentaerythritol hexa(neth)acrylate, allyl (neth)acrylate, diallyl
pht hal ate, diallyl malatc,



diallyl fumarate, diallyl succinate, triallyl isocyanulate, and other di-
or triallyl conpounds, divinyl benzene, divinyl adipate, butadiene, and

ot her di woybossmgsounds etc. may be nentioned. These polPgfTarseansonsBe
nononers may be used conbined in two or nore types. By suspension

pol ymeri zation or enul sion pol ynerization of the above 25conpounds, fine
particles can be obtai ned. The organic elastic fine ?articles may

al so be gyclermbheprredmatebhH)0 Pa g pelesse| istiscosithef thaheqteneblaeporygesithel |
parts an . i signed to have a Tg
hi gher tﬂ%ﬁfﬁf%gﬁﬁ&iﬁwI éggggga%%?Fg&ﬂ§ﬁﬁ£#ﬁ§9?%F§%€?ﬁd of core-shell type
el astic fine payduchlaespotihesihdiquiiptoodieapachperatic, dsphaiohtype@poxy resins
concentration of stress er eupon_t he 30forn5§bfiln1is gi ve nkexi ility,
whi | e t ha¥gIan aygiage Mokt veisht o arnserimambe 20y i BREran sl i

partscl esfrorﬁ@gi*cﬂﬁrcﬁi Hﬁ%ﬁ@gishhédbl af FLRP, E‘Jcﬂ%]é&%f fdvolRSeMhd ferfvReRRRE tO the
I be ex d WO

sol vent and heat-curabl e epoxy resin can ected to rise.

2009/ 051 IpRErHILHBR0ME//hz8d 36 volac or crAsol aneolexanaphtbalofic ype hpegresishel | t ype
elastic fine partjcles crylic-based core-shell type elastic fine

parti ol edNnERREsHoRS FitdneFanhels rnser TRl drn o BPp b ABe M a0e and

pol yf uncth&Raiydidnanese, %@‘éid&‘l bihcs hRd bth@ﬁ%l&@id‘}pgi’@ﬁpssiﬁch Wphchym xed nononer
contai ning a (‘net'h)acrylate and pol yfunctional nononer which is graft
5copol yneh¢hegpert@cnder oiicsinglecelf; alisyclioiyec ppexyscomppunds g wed. | n one
exapple of th resent disclosur f.ar. exanpl he types.an nts of
Ehe et MyetA RIS R BlsiGt SRt bPiseuR wEiBMR St B S ARFE MO F B he
copol ynmermiobdrided. Specifieully, forick SmplasSEsicdg BPR2 & pfasehaeA &fpeé, epok9C t o
approximately -30C and the shell parts _have a Tg of approximtely -30C to
appr oxi medEvplentso 20 gpaskaparEpery Resing, YDA fhisphepalabitynet gposy cqpiplgstsi ¢ fine
particle f ok 4 | & f.unct i onal
ronomer iy B T RS e K B T A e 1 Ut e
ot her radiXAl0polhyderdddatphenston oper DI@Ep EBH @8 Sofdicyolopbytadicnziypg Adahh t he

abo ( h) acr yl no r ma incl re part /or shell part.
_FurI'fﬁer F@%ﬁ%?ﬁ@??@ﬁ)ﬂﬁﬂa ac bt BTG ?ﬁm&éﬁf _(166%%&03{%&@9{@9 be
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core-shel | t | astic fine particles ch core-shell type elastic
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cor o snel 1 sen SREPLOTEIAL AR KGR NPE o filed R BRNGARE e BE TS,
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cont ent  QfypEkEmACH W/, @ &Rkré, tndrt PRABABE/ HhRX ihSckeBUeOH or bR, adh@st,ve film
can be inproved in heat resistance and Creep resistance. For exanple, the
cont ent dhe edrderd of thei heaetwshle epdiynussipanayi bl approxapatsly Ghwi'opr et vith 30 wt %

or nbre with 2009/ 051980, [/ 1JS2008/ 078936 r t to the soljd,content
o The adkier R DR R RO adieS R R PaR R BRE b o SR I o o
pr ef@r ablgr |@&Rphew preferibyy SprokifaRly 3OWEs, orWssher, the content of the
organic elastic fine particles may be approxinmately 95 wt% or less with

respect to thelhsdpicat @omeagentapcd ldheprsait discloswisslort nesrexhibtensybaly y
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curing epoxy resin, organic elastic fine particles, and | atent curing agent
and, in other words, is the weight of tfie ingredients after removing the
solvent fromthe adhesive conposition.



The sol vent capabl e of dispersing the above-nentioned organic elastic fine
10particles nay be suitably selected so as to give the desired | evel of

di sper si omoiznosastwpndance with the polarity of the surfa®eTiuse@Biorsyaé groups
of organic elastic fine particles, the type of polynmer form ng the organic
el astic fine particles, and the average particle size of the organic
elastic fine particles, but this solvent preferably does not dissolve the

| at ent cubithrpdhgere commsiionedradhesivy fslaes oadiganyiemperatune byt whett Begsd ity of

t he organi¢: e i gl C I riing the change
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t he exotherm c peak of the m xture. By 25using the above eval uation net hod,
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bei used for an adhesi ve .co Siti i.n.accaorgdance W he targeted
appli cat ie%ﬂp.(y ffssgltsh gsss 8?&/5@9 ;gzoflngégom xoégrrlg?’é@%ﬁ%h%%mt 811 ﬁ%l%%,z&ﬁ’ex ane, heptane,
octane, cyehohaikRnsc, Dpropl hiedidinetl, Qcddben smiddzels ahehaiytlirmidagslc, &t pieshsl- et hyl
acet at e, isoPropyJ acetate, butyl acetate, isoanyl acetate, isobutyl

acet at e, ‘aRgthyl Haidagode. apd 4anethphinudazelegamy be mosEINEEnt s may be menti oned.
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relatively low boiling point solvent and enabl es easy drying at the tine of
fi | m 5f oroweing egent ©6 theprencaf dsdbtuye. Usrehg Stikk coomt@ated ofirinhegentl vent ,
considering th@x%FSLéedIVisciSiH& of .t he adhesi ve conposition, should be
the anourf#syaisidBr¢Grieds BIsErabidSthe organic el astic fine particles.
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wei ght of solid content of the adhesive conposition is preferable, while
apptbxi nefanympbigolggpmpoumhidduelcd by usta argndsacyantis eompasid ead futhepuetcher |
the conte t..1 r r r 0X| | y wei ght
o 1 oss. pHRpistooba TR SuReEbELR RetRRRHRRE Yot R AR b

adhesi ve latenpasingia@ént comipasqt & ariatdayo Rpprpoundhdiugtcd®Y apapbsy ympainght or

| ess. A polyner material dissolved .in a suitable solvent nay be added to

t he 15norfgifuitarmees aRsTaied Boblgekeng ity purtacs by @RSy B GCHRRAUEH MAYDS | | m
formabi | i . a J i Rk ? tgﬁ@ﬁ F#ﬁ%"' conpri sed
of a thefﬁ%gfgg%i%m%gg?gyg%r %%@ﬁ%urabfg%?g§$%ﬁ némﬁV?ﬁﬁ% |s:¥€gﬁﬁica
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Such a eri al i.ca i S i room rature o aver age
ol ocul anvaee g Bobete s a0t nd bR a KRB Sbr s Bads Mo e
20exanpl qaxp@mtanymade%lymhﬂtasep@hwfcﬁrs?%ﬂ@ maRVeYhdhtideed. PRIty Bidf adi ene,

pol ypropyl ene, polyethyl ene, styrene-butadi ené-styrene copol yner,

pol yacet afgvageieyivi pydduptutoynmaiscd plienehpyulgstybimidedoloanslor legae-cvmablsepoxypsisinam de,
acrylonitri%&-buﬁgdgene ﬁoFouyner, acrylonitrile- butadi ene-nethacrylic
aci d copdl'{REFOECHEF Y 8PP f4 Dyt adi ene- st yrene copol ymer, pol yvi nyl

acet@t e, nyl orfurthky a8 AR-dnSARLERE | SORVUYIAR bgerd b @N@nibdtiktemahs pisane bl ock
25 copol yner, and these m xtures or polyner alloy may be nentioned.

Furt her, dsslasiee, peamineghased btengsiing 4aspt kearfpindhis terdnignblield maythiconed t ypes
of epoxy resin having an average nol ecul ar wei ght of 1000 or nore and solid
at ordinary tenperature may be nentioned. However, the types and anounts of
the pol yner material and solvent for dissolving the polynmer material are
desirably determined so that the sol vepg does not



30reduce the latency of the latent curing agent to an unpreferable |evel.
The anopunt of the polynmer material included in the adhesive conposition is
pr ef er ablwoapprisxisnately 0.1 w% to approxi mately 5 w Y%Pairtus20089p96¢ to t he
total solid content of the adhesive conposition. The adhesive conposition
not including any polymer material is nost preferable. In this way, the
adhesi ve conposition of the present disclosure does not substantially

requi re dngudsdet peive@inedforfesample, Rr4Qi08at il Laric-aAE B ieHarga®88| vi ng such
a materi gky t ' t | - d by such a
sol vent Z(nhé 8?%% Ag@[ddrg; gﬁ gat g%]i %}{Aﬁ?heﬁgﬁéﬁ%{g’ ?l?r@ggg'r?#zw%ﬂgﬁge hesi ze

conposi ti on ofTHehwnfneskht laés cliisgiageniapy buapprekintase 1otPeor mdet witives et c.

added to it in accordance wWth need. The. adhesi ve conposi tion of the
hoh ok

present dP¥CFOSIReVREH! pldhp e GRERE RPN ¢IRE DO §ARPOXBPULYil0 e

part4cl ey nﬁtﬁé,tm&‘érp?&%ﬁbf‘ypi%g fo&hdlely 184D olGHbiNFuRBENthe BRRNES YENT USI NG

for exanple a high 'speed mx‘? etc. 3fhe order 1n which the different

: n?r e?i ed&gnming(atgfer;mnhﬁlf mtoxmaatﬂ}cg] ‘g‘r% %or ldsmtﬁdes_pbctltto tle xperigh!ter{ftﬁhet Ihet t
atent cyrin en rom pei anpage C nical mXxLn e laten

cari ng agErrEsIE Forur B S0 BRSSP S b oRBEd e e xampl 6.
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pul veri ze them before m xi ng. . The nonconductive adhesive filmof the

present ditb¥hsaiorisabieppdy reap megcHonts obiheg theBighebe iigien satadhesi ve

conposi ti i [ : u " I t he
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subst r at ehe stosigk stabiley vf thatadikspel cpegpbeitioh, winle the potortted reattionastaret hyl ene or
oth resin filmagiven a rel ease_property, stainless steel sheets .covered
by :{]e_s e_tF%‘E?rﬁt“F?’l%i*F‘sf%Sté’E e e B0 paliere bymléaﬁé&ﬁ %ﬁ@f}&s@ estoapeEriiEty at
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coater, screen printing, etc. The solid content and anmount coated may be 25
adj ust ed typicilbr prefeastily aysprofinekate S8 €S onfofe, hore fieterady upmbximeyelhé00€hoved by
heating using ap oven, hot plate, etc. to tenperature at. which the | atent
curing ad¥moTg Phrthes: ths cgacijd @?ﬂﬁ%?peé%awqug?e @&a} BRSNS PEIEEaBY | ess.

The nonc : ] ;%@ei [ g IS LS bgt.antial ly
conpri segl%g#b&gﬂl%tgl t- cu?aogfegg’é%%yerfge@?lg%gﬁ%g% Eggltﬁ%g?lé lr?g?eggeﬁ?é gltl?ld organic
el a®di c freaeio8Gpatrttmptratirodf tha lavercageg pamt (atieatkinztempéraappriodefimddaelsy | p. m
or | ess. Wien renovi ? t he solvent fromthe adhesi ve conposition, the
organi c lGEIRCTATRE g?frml@lVé‘?f%g@rt@g%&%ﬂt%%b‘;?m@e@ﬁfwlidg SORHEC The

heat - cur aphde BROXIURES! Bk yiBh 8P RI bhAAA SRALESNEBENCHR sl the _
2009/ 051980PCT/ 1JS2008/078936 the aggregated organic elastic fine particles
and f unctliaseimeas ad i ierefitoal scdrecaborgaeten cetvasbianddi wieenpmmg <D8€ .wikkur t her ,
the latent curi nt?l@a ent, as.explained above, is present in the éi }émwithout
i npai ri nd R IRIE AyPerees fromireom tapparayieai 0 dF N HYAE BRUSEES O%? Adfresi ve
filsg of & o e [ggﬁg hsglasyempgat cured in a state w thout
applﬁr? cat iqgln bg%(@%gé?eessg%?e&a?% obs r%%gdtsaﬁna Iégtser f|% cross-section by a

scanni ng el ectTherorgince clsstapienc phinteclgraart $ina pprtiales hgving ictastidity #b@inatyar e parts

wh th i | astic, fj ticl tached . he ti f
cutt ng TREPdaneS: (R Her Gy PuPes R e s Thr GUFELes B BHERy Co ¢ he
left of tt%sﬁ%ﬁ?té?ﬁ%&&qrer dSbPxFhatBlysh @t ol:8&hitdRpdrRutd@ thigfd 1fHeom the

center of the right end) arc cross-sections of the cut organic elastic fine
parti cl ergah¢ tlestichienepmart desayppe ar tha grdsoi dsdosarehavheme U pedicépozes, seesi n

phase. Fromthis fiqure, it.is |earped that the organjc_.elastic fine
bar 0 of esirggragup i P ves incBse il deneissedipostion. thefige Rechn L ve
adhesi ve Jfobldphi¥ayd Bsms M FlADIHhS Bh@ieleat el oF thdHitdkReBSes Bil#ge, tAOHIRhape in
accordance with the thicknesses of the conductors to be electrically

connect edlatygss beromex dgwptraindithe prsoidilty odmhdfiting ¢paduetain bdteecnpmndictaisspl ay,

to electrically connect an IS FPC and circuit board, the nonconductive
adhesive fil mdesireably has a thickness of for exanple approximately 5 ktm
to approximately 1 nm preferably approximately 10 ktmto approxi mately 200
j.tm nore preferably approximately 20 j.imto approximately 50 gm The
nonconducti ve adhesive filmof the present disclosure preferably has a
nodul us of elasticity of a value neasured at 100C of approximtely |Ix 10-3
times or nore



20 the val ue neasured at roomtenperature (25C), nore preferably
approximately 1.5x10-1 tinmes or nore it. Further, the nonconductive

adhesi ve Wol2no9psedser abl y has a nodul us of el asticity of paTasbes/om®asur ed at
100C of approximately 5x | 0-2 tinmes or |ess the value neasured at room
tenperature (25C), nore preferably approximately 1.5x10-2 times or |ess.
The above-nenti oned nodul us of elasticity can be determ ned by neasuring
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nonconducti ve adhesive filmof the present disclosure using organic elastic
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t hettocorpPesangalyblowe oi dessmieferabdurpsoamataly 9.8 en oy lest, maie preéerabliiduct i ve

adhesive filmi enbodi ne f the present. disclosur i.ving one
exarp! o, orrpal e SIS ey B MR SR R AT BB e 8% EES Losva
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but al so pseudopl asticity as explained later in the seCtion on apparent
vi scosi t yof th&matetihleformyigrat éeastitbe nofrcondthetdrganiadhssi fue ffarticiesos ptdierablyesent

di scl osure includes organic elastic fin icles, |t. have a behavi or
Wher e an "PHEIEASHINA PhiEs EG Peads T AR ngls i PR Siar on
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t he presen% di scl osure has an apparent viscosity q, defined by g=cs/(dy/dt)

(wher e, iDarticlesrpse apppiisediof gipdwaliytof mageriads)t he shear stress, and dy/dt is
t hesshear str g | ue. r . 100 tre of 46.8
kPaz(zf pref er :if)}{%yr{l?[%ﬁ?}elg fotz)t%?éﬁ)‘?uec}{;% f%ﬁglég?%%%vfgﬁ% %ﬁhcéeassager ﬁog%égﬂﬁ]ﬁd@gnd stress
78. 0 kPa,knobhén picatbetmadl Yickl dfishesk aodifiorse Fobugantffic tdehd, molytaphasilael ty, if
usi ng the nonconductive adhesive filmof the present disclagsure, at the
time of tHENBECORIFRSIIPOH M Hgic-SHeNepoxXipnitEk; sepalymchragd wiher asabiei ¢ fine

particle €0 ) |1
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f or mat i orcopdlyaier, Higibinhpest papstirens (piSe.smddhdsn niik@rsec tpoymser bHOyser@ay be

adj ol ni ng conduct Qrs on e . circui.t board.or hoard where there are no
conduct oradioned. Risgp it 01 flﬁé‘dﬁ%%_%eo“ri’é%ﬁﬂs}t% A fiSfIATEE Phe present
di scl osurg,t6@4 fH8niRE AUGSEcCYERe WHdalRWadke IR partRRk YedttradlySaalydng t he

| at ent curing agent and possibly inpairing its 30l atency, "so has superi or
st orage sicghiciresiy, roorpeasfertbly alhmatetals feming Hel orpame olastisclinevertaderesi ve film
The nonconductive adhesive.filmof th resent disclosure.preferably has a
low ra dnapgei SrafoEandEnrh i Pemora i a oS R B sty

appr oxi nejfehaterddp THR i2 B0MOSHIGORETY dda2AR8/RAARERGnéladiap MicOxyTRI @i 120%
of the initial flowrate, nore preferably approximately 90%to

appddxi merepypenionyhdispersebiinowithaespegii tp fa splycabgamaarrsavith oder mpteriply. t he
fol |l owi ng enmbogi : I ye [ i :

di scl osure i sg%%{?ﬁtﬁg ag g??%%??%d%%glﬁ%ﬁ’g?p gag égg{eegl\%ég%elghéo%;aﬁggl{n%ﬁgmﬁi nt ed
circuit bo@idh)edlyGle pooymead amactylicdadiicdéopbBnasidncduding & polyfloraosal pr ovi ded
wi th conductors, then is heated and pressed together with the flexible
printed circuit board and circuit boarg, At this tine, the nonconductive
adhesive fil mbetween the conductors of the flexible printed circuit board
and the conductors of the circuit board is renoved and el ectri cal
connections arc forned between the conductors of 10the flexible printed
circuit board and the conductors of the circuit board. At the sane tine,
the heat-curable epoxy resin is cured and the flexible printed circuit
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15present disclosure is hot lamnated with the FPC at for exanple 80 to
120C using a roller lamnator etc. so as to contact the surface of the FPC
wher e t hewoonadustasns are arranged. Next, for exanple, tireTdiSe@siorssbeard i s
pl aced on the stage of the pul se heat bonder or ceram c heat bonder with
the surface with the conductors facing upward, the FPC is noved over it
with the surface with the nonconducti ve adhesive filmstacked on it facing
20downwarBonoael ieyriccneynpe The tdicgl palyperablomoneraciaBY. éhrsAMHIYy

conduct or; ession
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vi bration to the adhesive film pres ress ed parts, so the
vi scosi t yn-décyt haylpsr hooctyd nipthacensd, It-oorbdlrrietlmcwmh,en desybwmthaofylithdaaghesi ve
fllmfrombEtwee thec ductors t .acilitated Furthe i n accordance
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30or may be arranged between the circuit boards or boards at the tinme of
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board. rnatiyv ncon dh ition of the present
di sz‘r: osure %gtebeﬁ%yfan&%eﬁ 4coa ed orf Syx}\ﬂ? b%g %fgeegg% 1‘3%?8%@/“6 ‘8936 t he
FPC or CITHélpotlyfb@c&fdﬂal ﬂﬁoﬁ(hﬂeﬂbeqd}thds tht 3t sdinking Golntdofshe abtatneddi rectly form

a filmon the circuit board or board. The nonconducti ve adhesive film
or noncorfgieicrRascdenpelin ae@wdttq entiol then@pfﬁf%rslblﬁtagalpg@raé%mé can be used

t | ect o P
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have a Tg higher than the Tg of the core part. By using this kind of core-shell type elastic
fine particles, the low Tg core parts act as points of concentration of stress, whereupon the
30 formed film is given flexibility, while the shell parts control the undesirable agglomeration

of fine particles, so the dispersability of the fine particles with respect to the solvent and

heat-curable epoxy resin can be expected to rise.
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entire suphaxématlyt Be°(bamp1br(vmmm1§0éd my&&hctlﬂ-@hiﬁmdlmbﬂﬁﬁdf film

deposited to Q.15 ,um Exapple 1 to Exanp 14 The corrp05|t|ons of the
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parti cl eaoalg&nmqabkan@qnmrtchmb& Wopabratemtm)g vaitidthe hbovn Catatin)esrylubs e
sutfici enritlél}/on?ctr 'ma ebc 1ncludcd a core part and/or shell part. Further, a plurality of core parts
with different compositions may be included in the core-shell type elastic fine particles. A
15 multilayer shell structure where the core part is covered by a shell part and that shell part
is covered by another shell part may also be given to the core-shell type elastic fine
particles.
Such core-shell type elastic fine particles may, for example, be produced by using
the conventionally known emulsion polymerization method, suspension polymerization
20 method, etc. When a plurality of types of monomers are included, random
copolymerization, block copolymerization, graft copolymerization, and any other suitable
copolymerization may be used. As the method for forming the core-shell structure, a
method known in this technical field may be used. For example, the above-explained
polymerization method may be used to form the particles of the core parts and a monomer
25 as explained above may be graft polymerized for forming the shell parts of those particles.
The graft polymerization of the shell parts may also be performed continuously by a
polymerization process the same as with the polymerization of the core parts.
The greater the content of the organic elastic fine particles, the higher the plastic
fluidity of the adhesive film, the film formability, and the strength as a film that are
30 possible. On the other hand, if the content of the organic elastic fine particles is reduced,

the adhesive film can be improved in heat resistance and creep resistance. For example,

the content of the organic elastic fine particles may be approximately 30 wt% or more with
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acet at e. wipt2e09/asisg, t he heat-curabl e epoxy resins and lPararstoosorsodg agents
were dissolved in these m xtures to prepare nonconductive adhesive
conpositions. These nonconductive adhesive conpositions were applied to
silicone- 5treated polyester filns using a knife coater and dried in an

oven set Teweggiodhs wlidgopicatelehe pehgsive samposidien, nigferahbrirprideicbettiesi ve
L, 68 ol P2 ek Lo ORI 012 01
| 4 G402 orRind8elaaloviemit palixclesim AP bO dppk8xithadddP 9 Foxit %eddr1&ss Hathles g cdtpGhExolid3 20
60 20 0 content of the adhesive composition, preferably approximately 80 wt% or less, more
5 preferably approximately 70 wt% or less. Here, the "solid content" indicates the total

weight of the heat curing epoxy resin, organic elastic fine particles, and latent curing agent

and, in other words, is the weight of the ingredients after removing the solvent from the

adhesive composition.

The solvent capable of dispersing the above-mentioned organic elastic fine

10 particles may be suitably selected so as to give the desired level of dispersion in
accordance with the polarity of the surface functional groups of organic elastic fine
particles, the type of polymer forming the organic elastic fine particles, and the average
particle size of the organic elastic fine particles, but this solvent preferably does not
dissolve the latent curing agent.

15 In selecting such a solvent, the dispersability of the organic elastic fine particles
can be evaluated by measuring the change in secondary particle size of the dispersed
particles over time using a particle size distribution measurement apparatus using the laser
diffraction scattering method as the measurement principle (for example, LS-230,
Beckman Coulter), a particle size distribution measurement apparatus using the dynamic

20 light scattering method as the measurement principle (for example, "Nanotrack UPA",
Nikkiso), etc. The ability of a solvent to dissolve a latent curing agent can be evaluated by
mixing the latent curing agent and solvent for evaluation of a suitable heat-curable epoxy
resin, allowing the mixture to stand for a predetermined time if necessary, then using a
DSC (differential scan calorimeter) to determine the exothermic peak of the mixture. By

25 using the above evaluation method, a person skilled in the art could suitably select a
solvent capable of being used for an adhesive composition in accordance with the targeted
application. As the solvent, for example, xylene, toluene, hexane, heptane, octane,
cyclohexane, or other hydrocarbons, dioxane and other ethers, ethyl acetate, isopropyl
acetate, butyl acetate, isoamyl acetate, isobutyl acetate, and other esters and other organic

30 solvents may be mentioned.

For example, when the organic elastic fine particles are acrylic core-shell type fine

particles and the latent curing agent is encapsulated imidazole covered by a
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urcthane-based material, as the above-mentioned solvent, ethyl acetate, isopropyl acetate,
butyl acetate, isoamyl acetate, isobutyl acetate, and other ester-based solvents are
preferably used since there is little adverse effect on the encapsulated imidazole. Ethyl
acetate is a relatively low boiling point solvent and enables easy drying at the time of film
formation, so is preferably used.

The content of the solvent, considering the desired viscosity of the adhesive
composition, should be the amount required for dispersing the organic elastic fine
particles. Approximately 100 parts by weight or more with respect to 100 parts by weight
of solid content of the adhesive composition is preferable, while approximately 200 parts
by weight or more is more preferable. Further, the content of the solvent is preferably
approximately 1000 parts by weight or less with respect to 100 parts by weight of solid
content of the adhesive composition, more preferably approximately 500 parts by weight
or less.

A polymer material dissolved in a suitable solvent may be added to the
nonconductive adhesive composition, for example to assist the film formability, as an
optional ingredient. The "polymer material” is comprised of a thermoplastic resin or
heat-curable resin known in this technical field and capable of giving an adhesive
composition a film formability. Such a material typically is solid at room temperature or
has an average molecular weight of 1000 or more. As such a thermoplastic resin, for
example, phenoxy, polyester, polyurethane, polyimide, polybutadiene, polypropylene,
polyethylene, styrene-butadiene-styrene copolymer, polyacetal, polyvinyl butyral, butyl
rubber, chloroprene rubber, polyamide, acrylonitrile-butadiene copolymer, acrylonitrile-
butadiene-methacrylic acid copolymer, acrylonitrile-butadiene-styrene copolymer,
polyvinyl acetate, nylon, styrene-isoprene copolymer, styrene-butylene-styrene block
copolymer, and these mixtures or polymer alloy may be mentioned. Further, as the
heat-curable resin, for example, the above-mentioned types of epoxy resin having an
average molecular weight of 1000 or more and solid at ordinary temperature may be
mentioned. However, the types and amounts of the polymer material and solvent for
dissolving the polymer material are desirably determined so that the solvent does not
reduce the latency of the latent curing agent to an unpreferable level. The amount of the
polymer material included in the adhesive composition is preferably approximately

0.1 wt% to approximately 5 wt% with respect to the total solid content of the adhesive
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composition. The adhesive composition not including any polymer material is most
preferable. In this way, the adhesive composition of the present disclosure does not
substantially require a polymer material for film formation and a solvent dissolving such a
material, so the latency of the late curing agent is not harmed by such a solvent and the
storage stability is superior. Further, the adhesive composition of the present disclosure
may further have other additives etc. added to it in accordance with need.

The adhesive composition of the present disclosure may be produced by mixing
the organic elastic fine particles, heat-curable epoxy resin, latent curing agent, and solvent
using for example a high speed mixer etc. The order in which the different ingredients are
mixed is not particularly limited, but to prevent the latent curing agent from being
damaged by the mechanical mixing, the latent curing agent is preferably added at the end
of the process. For example, the organic elastic fine particles may be dispersed in the
solvent, then the heat-curable epoxy resin and latent curing agent mixed in the dispersion
or the heat-curable epoxy resin may be premixed in the solvent, then the organic elastic
fine particles dispersed in the mixture and the latent curing agent added. When the
organic elastic fine particles secondarily aggregate, if necessary a beads mill etc. may be
used to pulverize them before mixing.

The nonconductive adhesive film of the present disclosure can be formed by
coating the nonconductive adhesive composition obtained in the above way on a substrate
then removing the solvent included in the adhesive composition to form a film. As the
substrate, a silicone-treated polyester film, a polytetrafluoroethylene or other resin film
given a release property, stainless steel sheets covered by these resin films, etc. may be
used. The nonconductive adhesive composition may be coated on the substrate using a
knife coater, bar coater, screen printing, etc. The solid content and amount coated may be
adjusted to form various thicknesses of film. The solvent may be removed by heating
using an oven, hot plate, etc. to a temperature at which the latent curing agent will not
activate, for example, approximately 100°C or less.

The nonconductive adhesive film of the present disclosure is substantially
comprised of a heat-curable epoxy resin, a latent curing agent, and organic elastic fine
particles of an average particle size of approximately 1 um or less. When removing the
solvent from the adhesive composition, the organic elastic fine particles aggregate

whereby a film is formed. The heat-curable epoxy resin is present in the spaces between
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YP50S film without impairing the latency. FIG. 4 is a photograph of a nonconductive adhesive
film of one example of the present disclosure heat cured in a state without application of
5 pressure and observed in lateral cross-section by a scanning electron microscope. The
parts appearing white in FIG. 4 are parts where the organic elastic fine particles have
detached at the time of cutting the adhesive film. The gray parts (in the figure, slightly to
the left of the center and rising at a slight incline to the left from the center of the right
end) are cross-sections of the cut organic elastic fine particles, while the parts appearing
10 black are the cured epoxy resin phase. From this figure, it is learned that the organic
elastic fine particles aggregate and form continuous phases.
The nonconductive adhesive film may be suitably selected in thickness, size, and
shape in accordance with the thicknesses of the conductors to be electrically connected.
As one example, in production of a general flat panel display, to electrically connect an
15 FPC and circuit board, the nonconductive adhesive film desireably has a thickness of for
example approximately 5 um to approximately 1 mm, preferably approximately 10 um to
approximately 200 um, more preferably approximately 20 um to approximately 50 um.
The nonconductive adhesive film of the present disclosure preferably has a
modulus of elasticity of a value measured at 100°C of approximately 1x10™ times or more
20 the value measured at room temperature (25°C), more preferably approximately 1.5x107
times or more it. Further, the nonconductive adhesive film preferably has a modulus of
clasticity of a value measured at 100°C of approximately 5x107 times or less the value
measured at room temperature (25°C), more preferably approximately 1.5x10 times or
less. The above-mentioned modulus of elasticity can be determined by measuring the
25 Young's modulus of the nonconductive adhesive film using the dynamic viscoelasticity
measurement method at a temperature where the adhesive film will not start to cure. The
conventional nonconductive adhesive film using a polymer material for film formation,
compared to the nonconductive adhesive film of the present disclosure, has a higher
modulus of elasticity at room temperature and a lower modulus of elasticity at the time of
30 heating, for example, at 100°C. The adhesive film of the present disclosure having a

modulus of elasticity within the above-mentioned range is believed to be distinctive to the
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20 D0 33E-a3tigitp &Fn0B8bAEHt8Nd@EHOFMIcBPE#MBC, so the film is believed to be given

strength and flexibility by the agglomeration of the organic elastic fine particles in the
adhesive film. Further, the modulus of elasticity at 100°C being in this range suggests that
the adhesive film is provided with not only the fluidity required for the target application,
but also pseudoplasticity as explained later in the section on apparent viscosity.

15 Further, since the nonconductive adhesive film of the present disclosure includes
organic elastic fine particles, it can have a behavior where an increase in the shear stress
leads to a drop in the apparent viscosity, that is, pseudoplasticity. The nonconductive
adhesive film of the present disclosure has an apparent viscosity 1, defined by n=c/(dy/dt)
(where, n is the apparent viscosity, o is the shear stress, and dy/dt is the shear strain rate),

20 of a value measured at 100°C and a stress of 46.8 kPa of preferably three or more times
the value measured at 100°C and stress 78.0 kPa, more preferably 4 times or more. Due to
this pseudoplasticity, if using the nonconductive adhesive film of the present disclosure, at
the time of thermocompression bonding, the epoxy resin and organic elastic fine particles
are casily discharged from between the conductors and a small contact resistance electrical

25 connection can be formed, while the formation of air bubbles can be suppressed in the
sections between adjoining conductors on the circuit board or board where there are no
conductors.

Further, the nonconductive adhesive film of the present disclosure can be produced
even without using a solvent dissolving the latent curing agent and possibly impairing its

30 latency, so has superior storage stability compared with a conventional nonconductive
adhesive film. The nonconductive adhesive film of the present disclosure preferably has a

flow rate after storage at room temperature for 2 weeks of preferably approximately 80%
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to approximately 120% of the initial flow rate, more preferably approximately 90% to
approximately 110%. This flow rate will be explained in detail in the following
embodiment.
The nonconductive adhesive film of the present disclosure is, during use, for
5 example placed between a flexible printed circuit board (FPC) provided with conductors
and a circuit board provided with conductors, then is heated and pressed together with the
flexible printed circuit board and circuit board. At this time, the nonconductive adhesive
film between the conductors of the flexible printed circuit board and the conductors of the
circuit board is removed and electrical connections are formed between the conductors of
10 the flexible printed circuit board and the conductors of the circuit board. At the same
time, the heat-curable epoxy resin is cured and the flexible printed circuit board and circuit
board are bonded.
An embodiment of the method of use of the nonconductive adhesive film of the
present disclosure will be explained below. The nonconductive adhesive film of the
15 present disclosure is hot laminated with the FPC at for example 80 to 120°C using a roller
laminator etc. so as to contact the surface of the FPC where the conductors are arranged.
Next, for example, the circuit board is placed on the stage of the pulse heat bonder or
ceramic heat bonder with the surface with the conductors facing upward, the FPC is
moved over it with the surface with the nonconductive adhesive film stacked on it facing
20 downward, and a microscope is used to position the corresponding conductors of the FPC
and circuit board. After this, thermocompression bonding is applied at a temperature of
150 to 200°C and a pressure of 1 to 10 MPa for 1 to 30 seconds. At this time, it is also
possible to apply ultrasonic waves to the press bonded parts to promote electrical
connection between the conductors. The ultrasonic waves assist the fusion bonding of the
25 conductor metals with each other and further give shear stress due to vibration to the
adhesive film present near the press bonded parts, so the viscosity of the parts is believed
to fall and the removal of the adhesive film from between the conductors to be facilitated.
Further, in accordance with need, post curing may also be performed. Further, the
nonconductive adhesive film may be used after being hot laminated with the circuit board
30 or may be arranged between the circuit boards or boards at the time of electrical
connection without being hot laminated to the FPC and circuit board. Alternatively, the

nonconductive adhesive composition of the present disclosure may be directly coated on
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Below, representative examples will be explained in detail, but it is clear to a
person skilled in the art that the following examples can be modified and changed within
the scope of the claims of the present application.

15 The materials used in this example were as follows:

HX3941HP (epoxy resin 65 wt%, curing agent 35 wt%), HXA3042HP (epoxy
resin 66 wt%, curing agent 34 wt%), HXA3922HP (epoxy resin 67 wt%, curing agent
33 wt%), HXA3792 (epoxy resin 65 wt%, curing agent 35 wt%) and HX3748 (epoxy resin
65 wt%, curing agent 35 wt%) are mixtures of microencapsulated latent curing agents and

20 heat-curable epoxy resins made by Asahi Kasei Chemicals.

EXL.2314 is core-shell type elastic fine particles having an acrylic rubber layer as
cores and an acrylic resin as shells and having a primary particle size of 100 to 600 nm
sold by Rohm and Haas Company under the brandname Paraloid®.

G402 is PLACCEL G (lactone-modified epoxy resin) made by Daicel Chemical

25 Industries.

YD128 is a bisphenol A type epoxy resin (epoxy equivalents 184 to 194) made by
Tohto Kasei.

1010 is a bisphenol A type epoxy resin (epoxy equivalents 3000 to 5000) made by
Japan Epoxy Resin.

30 YD170 is a bisphenol F type epoxy resin (epoxy equivalents 160 to 180) made by
Tohto Kasei.

YP50S is a phenoxy resin (brandname Pheno Tohto) made by Tohto Kasei.
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guanti t atwoebg/svsbuate the fluidity of the adhesive filPeTAIS20080789862 Of

t her noconpr essi on bondi ng, the 25foll ow ng procedure was followed to
nmeasure the flowrate (flowratio) and the shear creep Flow rate: A
filmof a thickness of 30 um was punched out into a disk shape of 6.1 mn$
Bet ween two glfasthen s JRC.gigidosnzed girpuil bodrdiand £ass bagrl usethia tglfs@psaraple
silicone gil¢ mgwg.ppl ied, then this disk shaped film sandw ched. This

| am nate was subjected to a 30force of 1370N for press bonding it at 180C
for 10 secondql) | n RERG $ enbodi nent, after WO 2009/ 051980PCT/ 1JS2008/ 078936
10 seconds, the filmtenperature reached an actually neasured val ue of
193C. The pr esséz%dﬁd@ﬂxﬁm substantially retained its circular shape and
onl y. becanme | grger. in dia r., so,the.val ue.of the neasured dianeter after
presss bondi ngq\é?t\?}’l%lea"léﬁ/mgﬁgﬁ?ﬁ%??’%a)’ tc?fllcgqr%%ﬁsgljups defined as the "fl ow

rate”. This flgwrdah&etd:Svile ise;yﬁ,ding&ccﬁgﬁ@ét%%h tihe ufd, witglicbiynRf hdifig 11 L)

at
Sthe tinme of thernobconpression bonding. Shear creep: Two polyimde filns
(t hi cknegste®nnédt mymber IDx30 nm2 were overlaid at their short sides. The
overlaid parts.were made | engths of 3, 5 nd 7 I he overl.ai.d parts
2 a whol b adHar GET Tk o BRnadmgte Yt Y s RGeS it o
t her nocorgfeessi @B Mendae wis 1s8@6s fhelcodndeE6R Pkt SAthamother Pée@aice | ap shear
test pieces. A 10load of 234 g was applied to the two sides of these test

pi et®s and t hd25hediP(@éf ormation of the bonded parts was neasured. During
t he rreasurerrenbiri e,tlg e&li%g&%ge as nmuch as possible the effect of the resin
curing and inc %a5| ﬁ% eV scosity, the neasurenment was conducted at 100C.

The apparent WigeAsl: bylynaidk (Biadid MBS &katgusalged from the shear strain
rate dy/dt=(shear rate)/(adhesive thickness), stress cs=(load )/ (area of

over | apped 15datetdonnects: widfbhi)Oappantendonuec pash 1 §0 pint aiintectonsear yeighe
above-nentioned nethod is shown in Table 6. Here, the adhesive thickness is
t he t hi ckifes®, gtereapacddedeyel fi | m bef ore the ther moconpressi on bondi ng.

FI 7 plots t . L.SCQSI fﬂil?g j C I; i r ect to
theGl 5am)unt of elﬁn[eéFc%éﬁ%s ‘}(llé%e& gstreidi o egh%%%rﬁ%{ (liec(ﬁlptgérjif:?glngs e%iﬁ—%trudgﬁgyst em
20cont ai rdiregti@ctoyd inen. Jhist wad 8sd antharcoammtioh paft wih anbHecoboardee, t he appar ent
viscosity nmeasured when the stress is 46.8 kPa is 4 to 10 tines greater

t han the appar(ght Wigtdguinisd eyt oad i n the case of 78.0 kPa. This shows

that a m xtur&;0f. 1%913¥L%§nﬁﬁfdﬁfﬁﬁ es and a heat-curabl e epoxy resin behaves
conpletely as a pseudoplastic 1iquid before heat curing.

Material: glass epoxy FR4
20 Interconnects: width 100 um, interconnect pitch 100 um, interconnect height
18 um, interconnect number 50
The interconnects were exposed from one short side of the FPC in the longitudinal
direction to 3 mm. This was used as the connection part with another board etc.
(4) Glass board
25 Size: 14 mmx14 mmx1.1 mm
One entire surface of the board was covered by an ITO vapor deposited film
deposited to 0.15 um
Example 1 to Example 14: The compositions of the nonconductive adhesive films
are shown in Table 1 and Table 2. Ethyl acetates of 250 to 450 parts by weight with
30 respect to 100 parts by weight of solid content were prepared. Next, core-shell type elastic

fine particles were placed in the ethyl acetates and the mixtures were sufficiently stirred at
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WO 2009/ 051980PCT/ US2008/ 078936 Tabl e 6. Apparent Viscosities of Adhesive
Filnms of Exanples Ito 5 and Reference Exanple (Unit: Pa-s) Core-shel

el astic fwoeopasiesel es (W% Viscosity a (46.8 kPa)/ a @T8/US200Bay8936 CY
(33.4 kPa) a (46.8 kPa) CY (78.0 kPa) Ex. 1 64 1.28E+05 1.04E+05 1.01E+05
10.3 Ex. 2 70 3.53E+05 5. 71E+05 1.81E+05 31.6 Ex. 3 60

room temperature using a high speed mixer to make the core-shell type particles
completely disperse in the ethyl acetate. After this, the heat-curable epoxy resins and
latent curing agents were dissolved in these mixtures to prepare nonconductive adhesive
compositions. These nonconductive adhesive compositions were applied to silicone-

5 treated polyester films using a knife coater and dried in an oven set to 100°C for 5 minutes

to prepare test use nonconductive adhesive films having thicknesses of 15 um and 30 pum.

Table 1. Compositions of Adhesive Films Including HX3941HP (Units: Parts by Weight)

HX3941HP EXL2314 G402 YDI128 Solvent
Ex. 1 18 64 18 0 400
Ex.2 15 70 15 0 450
Ex. 3 20 60 20 0 350
Ex. 4 25 50 25 0 300
Ex. 5 30 40 30 0 250
Ex. 6 14 64 22 0 400
Ex.7 10 64 26 0 400
Ex. 8 9 64 18 0 400
Ex.9 20 70 10 0 450
Ex. 10 18 64 0 18 400
10 Table 2. Compositions of Adhesive Films Including Encapsulated Imidazole Other Than
HX3941HP (Units: Parts by Weight)
Encapsulated EXL2314 G402 Solvent
imidazole*
Ex. 11 HXA3042HP 64 18 400
Ex. 12 HXA3922HP 64 18 400
Ex. 13 HXA3792 64 18 400
Ex. 14 HX3748 64 18 400

*All 18 parts by weight

Comparative Example: As a composition similar to the one described in Asai et al.,
15 J. Appl. Polym. Sci., Vol. 56, 769-777 (1995), the composition shown in Table 3 was used
to fabricate a nonconductive adhesive film. This composition was applied to a silicone-
treated polyester film using a knife coater and dried in an oven set to 100°C for 5 minutes
to prepare a nonconductive adhesive film of a comparative example of a thickness of
30 um.
20
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7. 11E+04 7. 89E+04 7. 96E+05 9.9 Ex. 4 50 1.05E+04 1. 55E+04 3. 40E+05 4.6 Ex.

5 40 3.8
1.2

OE+03 4. 25E+03 1. 00E+05 4. 2 Ref ex.

0 1.01E+03 1.15E+03 9. 39E+05

WO 2009453808 pl ot s the apparent viscosities neagaras2dosn7saspl es of
Exanple Ito 5 at 5100C and 46.8 kPa and the flow rates neasured by the

above-nentioned nethod with respect to the wei ght percentages of the

acrylic particles. Storage stability: Table 7 shows the initial flow

rates of sanples néadapedompotiten afyddhesiyeriiimpielicfirenpolixampict he 1 ow rates

neasur edafter—agi i anpy T ViTO o of =s0C. and RS for 1

week and . 3941 .P3 7HO§PGW %Lbﬂbat I%tﬁdgl Pe].?oﬁt%}%a. t—After Week
CRGLEXC | on 2 2 28 2 90 50

and 2 Week—AgHag—(%

10

15

20

Measurement of Young's modulus of adhesive film: The adhesive film of
Example 9 was measured for Young's modulus at the time when not yet cured and when
cured, without applying pressure, at 190°C for 10 seconds. The Young's modulus was
measured as follows: A dynamic viscoelasticity apparatus RSA made by Rheotrix was
used to measure the stored Young's modulus E' (Young's modulus with respect to stress of
same phase as strain in sinusoidal deformation) and the lost Young's modulus E" (Young's
modulus with respect to stress 90 degrees offset from phase of strain in sinusoidal
deformation) at ®=6.28 rad/sec. The measurement was performed in the tensile mode for
a film of a thickness of 60 um. Note that for the measurement samples, two of thicknesses
of 30 um were laminated and used for measurement as 60 um. The obtained results are
shown in Table 4 and FIG. 5. The adhesive film of Example 9 had a Young's modulus at
the time when not yet cured of 2.33x10° Pa at 20°C or not that much different from the
Young's modulus after curing. This shows that the adhesive film of Example 9 has
sufficient strength and flexibility even in the uncured state. Further, at the time of curing,
the 100°C Young's modulus was 9.64x10° Pa. It was suggested that the adhesive film of

Example 9 has fluidity controlled at the time of heating, that is, has pseudoplasticity.

Table 4. Young's Modulus of Adhesive Film of Example 9

Temperature (°C) Not yet cured (Pa) After curing at 190°C/10 sec
20 2.33E+08 3.98E+08
30 8.18E+07 3.57E+06
40 1.21E+07 2.86E+06
50 2.25E+06 1.60E+06
60 1.27E+06 5.22E+06
70 1.02E+06 9.18E+06
80 9.07E+05 3.38E+06
90 8.52E+05 2.36E+06
100 9.64E+05 2.08E+06
110 2.05E+06
120 2.08E+06
130 2.09E+06
140 2.09E+06
150 2.13E+06
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After 1 week After 2 weeks Ex. 1 213 206 208 Ex.2 200 195 195 Ex. 3
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Observation of appearance: On a glass board of 14x14 mm? having an ITO vapor
deposited film, an adhesive film of a thickness of 15 um and dimensions of 2x14 mm® was
placed. The FPC 1 was laid over the top of this, then the obtained laminate was
thermocompression bonded. The thermocompression bonding was performed using an
NA-75 made by Avionics, placing a 25 um thick PTFE film between the laminate and
NA-75 bonder head, and indirectly giving heat to the thermocompression bonding parts.
The heat of the bonder head was adjusted so that the bonding parts were heated to a
temperature of 180°C for 15 seconds. The pressure at the time of the thermocompression
bonding was 5 MPa. FIG. 6a and FIG. 6b are photographs showing a press bonded sample
when observed from the glass board side. FIG. 6a is a photograph of a sample of
Example 1, while FIG. 6b is a photograph of a sample of the comparative example. As
shown in FIG. 6b, in the comparative example, the backing (polyimide) of the FPC was
pushed at sections between adjoining conductors where no conductors are present. As a
result, a large number of air bubbles were formed in these sections. The amount of
deflection D of the polyimide was measured using a 3D noncontact surface shape
measurement system (MM520N-M100 model) made by Ryoka Systems. The results are
shown in Table 5. In Example 1, the amount of deflection D of the polyamide in the
sections between conductors is clearly small and as a result it is believed the air bubbles

become smaller.

Table 5. Amount of Deflection D of Adhesive Film of Example 1 (um)

No. 1 No. 2 No. 3 No. 4 No. 5 Average
Ex. 1 1.18 1.32 0.91 1.76 1.25 1.28
Ref. ex. 249 1.88 2.48 1.93 2.12 2.18

Evaluation of fluidity at time of thermocompression bonding: To quantitatively

evaluate the fluidity of the adhesive film at the time of thermocompression bonding, the

following procedure was followed to measure the flow rate (flow ratio) and the shear

creep.

Flow rate: A film of a thickness of 30 um was punched out into a disk shape of

6.1 mm¢. Between two glass boards of 30x30 mm? (thickness 1 mm), one drop of silicone

oil was applied, then this disk shaped film sandwiched. This laminate was subjected to a

force of 1370N for press bonding it at 180°C for 10 seconds. In this embodiment, after
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225 223 Ex. 8 238 Ex. 10 191 Ex. 11 213 Ex. 12 217 Ex. 13 224 220
217 Ex. 14 213 El ectrical connection of FPC and gl ass board: A FPC 1
havi ng a webowsesont er connect pattern shown in FIG 6aramdsacogloassse boar d
havi ng an | TO vapor deposited

10 seconds, the film temperature reached an actually measured value of 193°C. The press
bonded film substantially retained its circular shape and only became larger in diameter,
so the value of the measured diameter after press bonding divided by the initial diameter is
defined as the "flow rate”. This flow rate is believed to express the fluidity of the film at

5 the time of thermocompression bonding.

Shear creep: Two polyimide films (thickness 75 um) of 10x30 mm” were overlaid
at their short sides. The overlaid parts were made lengths of 3, 5, and 7 mm. In the
overlaid parts as a whole, adhesive films (thickness 30 um) were sandwiched. These were
thermocompression bonded at 100°C for 1 second so as to prepare lap shear test pieces. A

10 load of 234 g was applied to the two sides of these test pieces and the shear deformation of
the bonded parts was measured. During the measurement, to eliminate as much as
possible the effect of the resin curing and increasing the viscosity, the measurement was
conducted at 100°C. The apparent viscosity =c/(dy/dt) was calculated from the shear
strain rate dy/dt=(shear rate)/(adhesive thickness), stress c=(load )/(area of overlapped

15 part).

The apparent viscosity obtained using the above-mentioned method is shown in
Table 6. Here, the adhesive thickness is the thickness of the adhesive film before the
thermocompression bonding. FIG. 7 plots the apparent viscosity obtained by calculation
with respect to the amount of the elastic fine particles (acrylic particles). For a system

20 containing acrylic particles in an amount of 40 wt% or more, the apparent viscosity
measured when the stress is 46.8 kPa is 4 to 10 times greater than the apparent viscosity
measured in the case of 78.0 kPa. This shows that a mixture of acrylic particles and a

heat-curable epoxy resin behaves completely as a pseudoplastic liquid before heat curing.
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15fi Il mwere connected using the adhesive filmof each of Exanples 1 to 7,
Exanpl e 13, and the reference exanple. As shown in FIG 9a, a current was
appl i ed awo 20005vbt age change WD 2009/ 051980PCT/ 1JS2008T0A3@36794% of t he
contact parts was neasured. The connection parts of the FPC and the gl ass
board were overlaid by approximately 2 mm Between the overlaid parts, an
adhesive filmof a thickness of 15 ,amcut to 2x14 mm was sandw ched. A
pressure of Tabls onAaPHaat ispasitias oAddheriec Bdwe pbEyarpley e d At BelsTaae bonded
at 184C for 20 seconds. The 5nu Taitapds and 7 in FIG 9a are the
sanme as those shown in FIGS. 1 F%£§%ﬁ%ﬁgwélﬁl$ indicates ITO 1n the
circuit |di agram sha@wsiekliclFl G |9b, the cont adicos@gi st ance was ¢al@ekatpayl by

the apprioxi mati on |equas fiee: VIAVEF ﬁpé;nt%q%.’s%m?a?&%’mokw)l 13778.0 kPa)

(contact) xl . Tabl e ZrhQedhg change i'n the contagt resistange when aging

a sanpl q7aTEg gl Temer ature sl Tuillys (90C o fERRPy ) Furfgier the
L 111 ] (UCX Al C 1 WA '€ ) '"myge A | Vi T UT Al Ul L
g R S LONELYSTYE PR PR | T T IE,
cont act freststance—of—samplestpre ed—upader—v¥atri-ods—p S of A6
condi ti dns EXnb esyl t s¥™ " ol BT h ::7&9]'5—'—:)4 ﬁrg@JFQia hnﬁlﬂgrghti onh

hre sh
of FPC dnd Exgtd printet circiit! daild: [hé eEnfbct|i chtE+he| FPC 4MH ri g d
printed|[cirEwid board (#R4) was I &Hid3 usi AGSEMB3 f al | b0RE)et hod. 481 FPC 2
and a ri|gi 8efirknted cirouit boarld0(HERE) Wwendd5Sprépariedd. 3TBedconduct arxs of
the parts for 15connecting the FR4A and FPC were nade of a base of N plated
with gold. By connecting the FR4 and FPC conductors, a chain circuit
connect ed at F0G 8vkats Beepnrisntascesitics Measugtsbion sampleurt Exmaela 1 tediakt ance

val ug, c bhed w the . hulk resistance of the interconnects thepsel ves,

o abpr e ang b kPhdRa Bl BN hARGRa Py b e BB SRR oI Gt b ot 2
nm  and gedRBGbLAhOHei Btﬁ@?bé’i@?;hekBfﬂleghf@ﬂictpaﬂicfé@ﬂdUCt ors of the rigid printed
circuit 20board in advance. e connection parts of the FPC are overlaid by

2 mmwi th t he Yoiaestebidity: dables dowsiike mitiil Hopripigs efisanmleumeasyesdrty thad t he
et Con . o CHIE gt
ConOut o S PERELLAIE AL TR0 SRGles AARRSF R0 A5 R0 LAAR G uocd Lo

was pressediragatmst 3070 snd RAMYMer FRGcEhfl@2tw@ckd.ve heat and pressure so as
to eject the filmfrom between the conductors of the FPC and t he conductors
of the 25rigid printed circuit board and electrically connect the
conductors a ret. Sl R . gbd printed
circuit boargfdi§7?ﬂg&?yﬁézgphpﬁe(f%ggﬁ%@%ﬁ%?ggg%%ﬁdggﬁggggghkﬁggpressure
given to|this connection part Inesl 4 MPa. Thdicheatdekg Was peatet onvgels at | 180C
for 10 seécondsgxAjsanple prepaped by this nethgd was aged at mgghi gh
t enper at fire an@xhigh oM dir ty §&pC. RHGSY . |jgschange mtheggontact
30r esi st ance—at_that—t+nme—was Etvvu T Tabte qzltuuvclt o—to Hﬂbi'
QoNpPCT 2009/ 36 ARl A O INhAarn~A~c \

ConneCt| )n. \VA 2 09/ 05 L IJOUUT Ol ANIL T UUT T TAAUT © U, IQIIUCQ I—\I Gng VM’t h
Time in ;gnLacEEEgsLsLéumx;4ﬁ_j§Et_and_GLass_BgaLd_and rinted Crcuit|Board

(After 1000 HolXsSAging) AR(S?P) EPC/ d ass hoard AR(S72) FPC/ Print ed

&

circuit board Ex.61 191 179 185
Ex. 7 224 225 223
Ex. 8 238
Ex. 10 191
Ex. 11 213
Ex. 12 217
Ex. 13 224 220 217
Ex. 14 213

Electrical connection of FPC and glass board: A FPC 1 having a test use
interconnect pattern shown in FIG. 6a and a glass board having an ITO vapor deposited
15 film were connected using the adhesive film of each of Examples 1 to 7, Example 13, and

the reference example. As shown in FIG. 9a, a current was applied and the voltage change
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0.122 0.023 Ex. 2 0.346 0.042 Ex. 3 0.204 0.022 Ex. 4 0.237 0.067 Ex. 5
0.486 0.026 Ex. 6 0.140 0.009 Ex. 7 1.427 Ex. 13 0.464 Ref ex. 2.1(500
hours) WO 2009/0Fgd8he 9. Changes Along Wth Tinme in Cont act/URe@ssransee of
FPC and G ass Board Under 5Various Press Bondi ng Conditions Tenp.

AV of the contact parts was measured. The connection parts of the FPC and the glass
board were overlaid by approximately 2 mm. Between the overlaid parts, an adhesive film
of a thickness of 15 um cut to 2x14 mm was sandwiched. A pressure of 3.5 MPa was
applied and the assembly thermocompression bonded at 184°C for 20 seconds. The
5 numerals 1, 2, 4, and 7 in FIG. 9a are the same as those shown in FIGS. 1 to 3, while "9"
indicates ITO. In the circuit diagram shown in FIG. 9b, the contact resistance was
calculated by the approximation equation: V=AV=(R (contact)+R(conductor))xI=R
(contact)x]. Table 8 shows the change in the contact resistance when aging a sample at a
high temperature and high humidity (60°C, RH90%). Further, the adhesive film of
10 Example 1 was measured for change along with time of the contact resistance of samples
prepared under various press forming conditions. The results are shown in Table 9.
Electrical connection of FPC and rigid printed circuit board: The connection of the
FPC and rigid printed circuit board (FR4) was tested using the following method. An FPC
2 and a rigid printed circuit board (FR4) were prepared. The conductors of the parts for
15 connecting the FR4 and FPC were made of a base of Ni plated with gold. By connecting
the FR4 and FPC conductors, a chain circuit connected at 50 locations was formed. The
chain circuit had a resistance value, combined with the bulk resistance of the interconnects
themselves, of approximately 3Q2. An adhesive film of a thickness of 30 um, a width of
2 mm, and a length of 12 mm was laid over the conductors of the rigid printed circuit
20 board in advance. The connection parts of the FPC are overlaid by 2 mm with the
connection parts of the rigid printed circuit board and the conductors positioned with each
other, then a soldering iron was used to provisionally fasten it on the rigid printed circuit
board. A heat bonder was pressed against this from the FPC side to give heat and pressure
so as to ¢ject the film from between the conductors of the FPC and the conductors of the
25 rigid printed circuit board and electrically connect the conductors and so as to cure the
resin and bond the FPC and rigid printed circuit board. At the time of the
thermocompression bonding, the pressure given to this connection part was 4 MPa. The
heating was performed at 180°C for 10 seconds. A sample prepared by this method was
aged at a high temperature and high humidity (85°C, RH85%). The change in the contact

30 resistance at that time was shown in Table & converted to each connection.
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(C Pressure (MPa) Tine (sec) 300 hours 500 hours 850 hours 1150 hours 190
55 0.200 0.317 0.499 0.580 190 3 5 0.158 0.208 0.282 0.364 200 3 5 0.132
0. 241 0. 3X0 200973180 PCT/US2008/078936

Table 8. Changes Along With Time in Contact Resistance of FPC and Glass Board and
Printed Circuit Board (After 1000 Hours Aging)

AR(Q) AR(Q)
FPC/Glass board FPC/Printed circuit board
Ex. 1 0.122 0.023
Ex.2 0.346 0.042
Ex. 3 0.204 0.022
Ex. 4 0.237 0.067
Ex. 5 0.486 0.026
Ex. 6 0.140 0.009
Ex.7 1.427
Ex. 13 0.464
Ref. ex. 2.1 (500 hours)

Table 9. Changes Along With Time in Contact Resistance of FPC and Glass Board Under

5 Various Press Bonding Conditions
Temp. Pressure Time (sec) | 300 hours | 500 hours | 850 hours | 1150 hours

C) (MPa)

190 5 5 0.200 0.317 0.499 0.580
190 3 5 0.158 0.208 0.282 0.364
200 3 5 0.132 0.241 0.342 0.705
180 3 5 0.330 0.332 0.470 0.745
180 5 5 0.107 0.229 0.380 0.472
200 5 10 0.158 0.248 0.318 0.560
190 5 5 0.188 0.362 0.517 0.571
190 3 5 0.079 0.115 0.099 0.169
190 3 10 0.112 0.209 0.287 0.734

9.



-180 3 5 0.330 0.332 0.470 0.745 180 5 5 0.107 0.229 0.380 0.472 200 5
10 0. 158 0.248 0.318 0.560 190 5 5 0.188 0.362 0.517 0.571 190

Claims

1. A nonconductive adhesive film consisting essentially of
a heat-curable epoxy resin,
a latent curing agent, and
organic elastic fine particles of an average particle size of
1 um or less, wherein the film is formed by aggregation of said organic elastic fine

particles.

2. A nonconductive adhesive film as set forth in claim 1 wherein said organic

elastic fine particles are included at 40 to 90 wt% based on the solid content.

3. A nonconductive adhesive film as set forth in claim 1, wherein a material
forming at least the surface of said organic elastic fine particles has a Tg of room

temperature or less.

4, A nonconductive adhesive film as set forth in claim 1, wherein 2 material

forming at least the surface of said organic elastic fine particles includes an acrylic resin,

5. A nonconductive adhesive film as set forth in claim 1, wherein said

organic elastic fine particles include core-shell type elastic fine particles.

6. A nonconductive adhesive film as set forth in claim 1, wherein said latent

curing agent is an encapsulated curing agent.

7. A nonconductive adhesive film as set forth in claim 6, wherein said

encapsulated curing agent includes encapsulated imidazole.

8. A nonconductive adhesive film as set forth in claim 1, wherein said
nonconductive adhesive film has a modulus of elasticity of a value measured at 100°C of

1.5x10 to 1.5%107? times a value measured at room temperature.
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3 50.079 0.115 0.099 0.169 190 3 10 0.112 0.209 0.287 0.734 dCains 1. A
nonconducti ve adhesive filmconsisting essentially of a heat-curable epoxy
resin, a weatemosewsni ng agent, and organic elastic fine pamitiseéosd789Be an
average particle size of 1 pmor |less, wherein the filmis forned by
aggregation of said organic elastic fine particles. 2. A
nonconducti ve adhesive filmas set forth in claim1l wherein said organic
elastic fine parti chaencondustiveladbesivedilme sebfonth ipcormds sdicsin sa4d sol i d
content. .o, condulivdydiRRge RAYREL ¥Es a%h%§i\7i\/ cetosf'ti | mdaﬁnesdet;[ fgcg/g(i] /Atg(vgl%e% m 1,
wherein anatertar” ¥orm hg a T ERYPA e VSt ddk Yo" Sal d o gt ¢ Vel Ast i ¢

fine party gl@sppasn@id@sey, 5 PHBat §PRE Al dhAt #5hdaf§Bain rate), of fvalfe _
nonconducti ve adhesive filmas set forth in claiml1l, wherein a materi al

f onni ng atcdse@dtat { O Csandfaatiesodf 4ef kiPoofhmines ed metei acvdluammcgparddiat [168°C

i ncludes an acrylig resin. 5. A nonconductive adhesive filmas set
forth i n QA&iSHe S,Ofmé}@%ah said organic elastic fine particles include
core-shell type elastic fine particles. 6. A nonconductive adhesive
filmas set forth in claim1, wherein said latent curing agent is an
encapsul at ed clér i ngA agesenductive adhesive film as set forth in claim 1, wherein a flow rate

after storage at room temperature for 2 weeks is 90% to 110% of the initial flow rate.

10 11. A method of electrically connecting two circuit boards comprising the steps
of:
preparing a first and second circuit board, each comprised of a circuit board
provided with conductors, at least one of the circuit boards being a flexible printed circuit
board,
15 placing a nonconductive adhesive film as set forth in any one of claims 1 to
10 between said first and second circuit boards, and
heating and pressing said first and second circuit boards between which
said nonconductive adhesive film is placed so as to remove said nonconductive adhesive
film between said conductors of said first and second circuit boards to electrically connect
20 said conductors of said first circuit board and said conductors of said second circuit board

and so as to cure said heat-curable epoxy resin.

12.  An electronic device including circuit boards electrically connected by the
method as set forth in claim 11.
25
13. An electronic device as set forth in claim 12, wherein said electronic device

is a flat panel display.
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7. A nonconductive adhesive filmas set forth in claim®6, wherein
sai d encapsul ated curing agent includes encapsul ated i m dazol e.

8. A nonconductive adhesive filmas set forth in claiml1, wherein
sai d nonconductive adhesive filmhas a nodulus of elasticity of a

val ue neasured at 100C of 1.5x10-3 to 1.5x10-2 tinmes a val ue neasured
at roomtenperature. WD 2009/ 051980PCT/ 1JS2008/ 078936 9. A
nonconducti ve adhesifgofcohdnctive giesifoedniposition kansmting ewheradlyof sai d
nonconducti ve adhesi f S.a parent viscosity ij, defined by
n=a/ (cly/dt) (whereé%%aﬁénﬁhggx% B?ﬁ? viscosity, a a shear stress,
and dy/dt a shear stalatent cusih@pgenQf a val ue measured at 100C and a
stress of 46.8 kPa of 4.tines_or nuore val ue neasured a# | 00C 5and a
Strese of 780 kPa, Orgaic SR AiADRBHE LRI PYES BANCESVESE | m as sot
forthsin cf gnBrhessWigrein a flow rate after storage at room
tenperature for 2 weeks is 90%to 110% of the initial flow rate.

101 1. A net hod of el mMcmap@IQMmtsmggﬁatdmgmcr@@ﬂtrtc fino gartigles, wherein
conprisin [

cireu ¢ bod Ao hERTEkdneive conmposison b HEP R, oukh B G- RERAT
conduct or spolﬁheﬂmmataldmsoloéd mhgolwettcui t boar ds be| ng a flexible
printed circuit board, 15placing a nonconductive adhesive filmas set
forth in any one of clainms 1 to 10 between said first and second
circuit boards, and heati ng and pressing said first and
second circuit boards between which said nonconductive adhesive film
is placed so as to renove sai d nonconductive adhesive film between
said conductors of said first and second circuit boards to

el ectrically connect 20said conductors of said first circuit board
and said conductors of said second circuit board and so as to cure

sai d heat-curabl e epoxy resin. 12. An el ectronic device
including circuit boards electrically connected by the nethod as set
forth in claim1l. 25 13. An electronic device as set forth

in claim12, wherein said electronic device is a flat panel display.
14. A nonconducti ve adhesi ve conposition consisting essentially of a
heat - curabl e epoxy resin, a latent curing agent, organic elastic fine
particles of an average particle size of 51 gmor |ess, and

a solvent capable of dispersing said organic elastic fine particles,
wherei n the nonconductive adhesive conposition has filmformability
even W thout containing a polyner nmaterial dissolved in a solvent.
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