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WD 2008/ 002788 PCT/ US2007/ 071448 ADHESI VE COVPOSI Tl ON
COWPRI SI NG POLYHYDROXYETHER AND ORGANI C PARTI CLES, AND
WORIDBIOR 7880R CONNECTI NG  CI RCUI T BOARD USI NG THECSBBRZ80T071448
TECHNI CAL FI ELD The present invention relates to an
adhesi ve conposition prepared by dispersing organic

particles in a therﬁﬁplastic resin phase coanisin

a

polARIESEY Y GONEROJHHON COMPRININGRO R HYD OXYETHER

al k [ i nd i

ol P ORI PARTICHES RNBARES 5 ot EONRECTING

connecti ons sSUCHREIIKIOBOARD APING THHISAMBar d usi ng

the 10 sanme. BACKGROUND In the nethod for connecting

a fine pitch circuit, an ani sotropic conductive
TERIheRIAMEFAQNPr i sing an insul ating adhesive and a

predet erm ned anount of conductive 15 particles is

of t dihe peweht iMisenéinn ralstas wtdnreglhesewd composttive raenasat byogispersing

conductive adhesive, .a thernoplastic resi isclosed
ol hfsicn R Riobfrosl e BB w1 By yRaY yRRGh
cofBodBA i HHMkdX§ sitd Qfoupldi A dRBlcagdhFintBS dldcle, and a

soluble in a solvent and continuously maintain heat
methoghiabineking clagtronisspaiastieny sick apemineciyis # elraidioary wsieg the
smf nnection and reconnecting (repairing properties).

"is not necessary to cure the resin and therefore 20
bondi ng can be conducted by thermal contact bondi ng
within a short tine. However, since a resin structure

BAGKEBMOYAd of interlocking of |inear polymers, creep
OCCH § W&o R c&%&{e%{iﬁ‘%aé fihQ Fﬁ@n Lt PR éxﬁgotro%id“ﬁo%dﬁétﬁ%p
becones severe as the tenperature ihcreases, the

adlidsarropipasing an nesiating adhesiverandra preddi@atinadesnanaolfendfictive
the connecting,portion.. It is. effective.to rovi .
Pa‘i“ﬁES P sf*? én F@EF‘H%F TH 4 Ay @‘H“&?Oai’é%coc“rdgﬁé‘ieﬁ%gﬁme’ a

thd-BOPBERL 6B disEhe SR Rparlc@e BRAL¥ANIA PhntF®RLAHNK okai)
creep. However, such a resin generally has high

Noehzd 81 T1% yambelusedplTihe ghermhplasted resinrgsgulda in heoleéntend t

ol e R A ST A BB RYET R Romnction
andic@bni®lcas (repdiding popartiRE)0 It Biot hiedesdahto cure the resin and therefore
bonding can be conducted by thermal contact bonding within a short time. However,
since a resin structure is composed of interlocking of linear polymers, creep occurs when
an external force is applied. Since creep becomes severe as the temperature increases, the
thermoplastic resin is inferior in heat resistance of the connecting portion. It is effective to
provide the thermoplastic resin with a high glass transition temperature (Tg) so as to solve
the problem of creep. However, such a resin generally has high elasticity and applies
thermal stress on the circuit with the temperature change to cause problem such as
disconnection of the circuit. Also the resin having high elasticity has a problem that the
resin is peeled off when the external force is applied to the connecting portion because of
small peel strength for adhesion. Further problem of the thermoplastic resin is as follows.
That is, when pressure is released in the state where conductors are contacted with each
other by applying heat and pressure, the resin flows because of spring back of the

conductor and contact pressure can not be maintained, and thus good electrical connection
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resin is peeled off when the external force is applied

to the connecting portion because of small peel
waroosnea7ss f or adhesi on. Further probl em of thePCT/US2007/071448

thernoplastic resin is as follows. 30 That is, when

pressure is released in the state where conductors are

contacted with each _other b%>applying heat and
carppqt dg pbeainadh oy sedyerthis o cp el tyepGatuEIPRY de agRassl to the glass

# b
oo SRS T COTLAGhARLRIBUIE G20 R sy
ne@BO8Y 06 8idc RGOhUSIDOMREOTA £4Btactdmndingtwitiea odatlimigmegtharfism so as
solve this prob]e the tenperature nust be decreased
to qdppisugh adlermel cpiact wu%gg?a?é%wu MEgEs.orch RBOPdET,

exiRBLQL 8s FGEhFASH RWoth aNRnBEECTSUh&hahismIBE RIIBRainAE HRSIRAH Yortion at
to provide a bonder for thermal contact bonding wth a

a figedkdnmggratechani sm so as to conduct such a thermal
cont.act bondi ng operation.. Sonet | . such bonder i
e ahsTORt o RoBRSaF b iiring? BpnTaghcBiond KBl L3450
and Pdpah@k MRk itgd PaRnhe@sdicRes (K9kadtNo.a-309266 the technique using a
tenperature. As disclosed in Japanese Unexam ned

thepmesottingrigbiniic propesed (akd kawideNoused atinreg@o  Thaderagsgtimgaesin is
ex %ﬁ%ﬁ%ﬁ‘hﬁﬁ%ﬁ&&&@beﬁ’é‘u@e 'a?lﬁrteé-(aﬂné %fblﬁgf ﬁet%rk ig‘ Tg’r%lgea%gr’heat uring
% e techni que using a { errmsent Ing resin 1s pro osedp
and@thdrdfsrewrddplhyrdig ocbuad. Of @seither hihe, it RenfdEsintrepgrifi@piopertics
is 10 excellent in heat resistance because a .
beqaypeathisardinsngandl nebreibaxfarged af the desyy dyang coapgestiog and

the?&tqgret J&ﬁﬁ)?)ﬁ@ﬁt? oS £t e R HMbREE Yigtye el Sréﬂbgrg%aﬂggeljg@@g‘e strongly

is inferior In repairing propertié
requirce & i sepif assenbheg wectkonis céraporedtsaindttine thasiisproposed the

uring. connection a t herefore conponents c no
tochpigas SriBredn TrRRSYe nexsaR At E’PEE@PPP_ oN5 3285209
an® JdpRRGE nck &iHcl $dichNP IR a 84 LK Skhi)a%S @UHNRR0Y wherein it becomes
el ectroni c conmponents and thus there is proposed the

possble tectiepiinwethdi soblcosdaddingaparreemastearsinine dorRacient adhesive

Publ i,cat.i,on .(,Kokai . 3-292209 nd Japanese
corpfied TG St nsbing G < Chnelthe RaR MBS E puelien to some
extéherh thelsbVRRC BIEBSresRO2Ad BleBnic@tio RN @hdrmbbdtiin@resl ¥€iMe same in
by addi ng a thernoplastic resin to a conductive
d

thapa Huse-dincnsionplowsuonrds frped by theet quias dgeg eoniert besding, and

he@‘fﬁﬁ‘cﬁ%&ﬂa&t{&ﬁﬁf deEordits 3hér tﬁX‘@Ml Conth@ b%ﬁ&ﬁﬁ. WG W tlin is
he sol vent, ese resins and a conventi ofia

rerhdiggdmsied ¢dnngctingonti@t, ehet dasin S@udd remMoved upon reconnection to cause

poor connection. Therefore, the resin must be completely removed in the repairing step.

In case of using the thermosetting resin, since the resin must be cured with sufficient

heating during thermal contact bonding, the time required for bonding increases as

compared with the case of bonding using the thermoplastic resin.

SUMMARY

An object of the present invention is to provide an adhesive composition which can
exhibit high adhesion to a circuit board and also is capable of releasing the connection to
the circuit board connected and reconnecting the circuit board (repairing properties).

Another object of some embodiments of the present invention is to provide an adhesive
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20 that a three-dinensional network is formed by heat

curing during contact bonding, and heat fluidity
waele@snisd |y deteriorates after thermal contacRCT/US2007/071448

bondi ng. When such a resin is remained at the

connecting portion, the resin is not renoved upon

reconnection to cause poor connection. Therefore, the
corppasitioryBich gan elgppicelbesaaned piigeid bpards with relipkility mgthout

, Si ,
cof e e L ARE RIS 0! GRSt BRI oA ion
invéutiomg té pevidel ancolhtsaed sthende haying hgghthcatresistguiorathgf the
bondi ng i ncreases as conpared with the case of
adft?awawﬁglpa%lrlﬂ@o PFRERIBYIESEi ¢ resin. SUMMARY An

obj g6t pREchthSvRfiES ﬁ{&iudewr%%il&!@ing%sﬂ&ts?f ovi de an
adhesi ve conposition which can 0 exhibit high
adhébi on Andhesve cumposbmarcdmpnidingl so i s capabl e of

releasingrthe connection to the Ci“CUiﬁ,ﬁgﬁrd h .
connect elf) QRGO BEE I GEOUR ORI ROIRRATRY cther resins,
(repairi (ig) d¢mRuhl Baving anBRbREilyPRlods an@kin §81MBzole group in the
enbodi ment's of the present invention Is to provide an
modethitespie 2 WD 2008/ 002788 PCT/ US2007/ 071448
conposi t i ' n..el ically connect circuit
boar ds wklﬁﬂoiggk]%gqglﬁ%l?syw%%e jout cont ai ni ng conducti ve
par thecdoatent &t tht brgniat faeticleddl 60%. Bf wsighoran®dibagsaten thé weight
the present invention is to provide an adhesive
0f§Fﬁ@€%%NQ§QH&V§ﬁ@nhigh heat resistance using the
adhesi ve N s . td 1 an, 3
roCant Iyenres cmeRhighl S REERER (| MERG) Ay dndd
grofip-cad s hy polgbygrosy tthanresiorpntiagisnagy ofi¢ f drenic stmoeteral units (1)
mat i c- gr oup- cont ai ni ng pol yhydroxy ether resins,
“)@hﬁ) a conpound having an al koxysilyl group and an
i m dazole group in the nolecule, and 10 (iii) organic
[ erein the content of the organic
Ch%g?%?g#géﬂ?ghSOgbby wei ght or nore based on the weight
of the adhesive conposition.

ey
R R
—0 O O 0— CH,— CH—CH, —
|
! : O
(1)
R R OH



(2) The adhesive conposition described in (1), wherein
the aromati c- group-containing pol yhydroxy ether resin

w@uB/a92188 any one of chemical structural unitsPEI/PS2005071448
to (Il1l): Chemcal Formula 1 (I) RR -0 O CH2- CH CH2-
20RROH (Il) ~-o\N /] S\ / o-CH2- CHCH2- RR CH
3 WD 2008/ 002788 PCT/ US2007/071448 (111) R 0 C

(G- CH2- CcH CH2- R R OH R wherein R each i ndependent |y
represents hy,grogen or an al kyl group having 1 to 3
carbop _atons.| 5 (3) e adhesive conposition described
in ( erei n the pol\yhydro he resinis a

— rrpr‘i:S| n vé% e@he&ﬁzo structural
units tol (1117 Chemi cal F|ornu|a210(|')RR
-0 4-OICH2- - CH2- O Ar- O CH2- CHyHCH2-

wherein R each independently represents hydrogen or an alkyl group having 1 to 3

carbon atoms.
5 3) The adhesive composition described in (2), wherein the polyhydroxy ether

resin is a polymer comprising the following chemical structural units (I') to (IIT'):

Chemical Formula 2

10 @
R R
—0 O 0 0—CH,— CH—CH,— 0~ Ar — 0~ CH,— CH—CH,~
| |
R : OH OH
')
—0 0—CH,— CH CH,— 0—Ar —0—CH,— CH—CH,—
|
O
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RROHOH (Il1') -0 S&2 O CH2- CH CH2-
OA-OCH2-CHCH2- RROH OH 4 W 2008/002788
woeQDsB2807/ 071448 (111') R -0 PCT/US2007/071448

0-CH2-CH CH2- O Ar-0-CH2-CH CH2- R OH OH wherein R each
i ndependently represents hydrogen or an al kyl group
having 1 to 3 5 carbon atonms, and Ar represents a
(k) val ent aromati c-containing group. (4) The adhesive
conposition gescribed in any one of (1) to (3),
wher ei-n—{ he |conpopad havi ng an al koxysilyl group and
[ he sol.gcube_ i~ _epfesanted v _ py
orégrgﬁ{l§§:(%0 é%e&fcgl aﬂ H CH,
i ON—X4 Si (OR3) QR43_a) n m wher di n
m represent szaq i nteger of 1, 2 6H 3, n represents dl
i nt egef >, R2 15 independently represents
hydr ogen oksgn brgani c group, for exanple, alkyl group
having 1 to 20 carbon atons, p represents 0, 1 or 2, q
represents 1,R 2 or 3, R3 and R4 independently
represent anal kyl group having 1 to 3 carbon atons,
provi ded that one of R3s may be a covalent bond to X
form ng.a_ring.includi Si, thereby R3 acting as .a .
o r SeereinB oY e Pl i ool i gipgfiing 1 o 3
cmﬂ&@ﬂﬁnﬁ?Mﬁﬂﬂrﬁ%ﬁﬁhﬁsﬁGh%gm@%bﬁﬁﬂcﬂbﬁﬁﬁﬁm?%oﬂﬁ'Ch group
may be substituted or unsubstituted, which can be
| i n€ar , Ehgﬁ@hﬁ@@e@pmpy@itip@ described in any one of (1) to (3), wherein the
compound having an alkoxysilyl group and an imidazole group in the molecule is
represented by the following general formula (IV):

Chemical Formula 3

R,
NN X—F i (0RY) R4y,

wherein m represents an integer of 1, 2 or 3, n represents an integer of 1, 2 or 3, R?
independently represents hydrogen or an organic group, for example, alkyl group having
1 to 20 carbon atoms, p represents 0, 1 or 2, q represents 1, 2 or 3, R* and R?
independently represent an alkyl group having 1 to 3 carbon atoms, provided that one of
R’s may be a covalent bond to X forming a ring including Si, thereby R* acting as a direct
bond to a linking group X, and X is an organic group having from 3 to 12 carbon atoms,
which group may be substituted or unsubstituted, which can be linear, branched or cyclic,
and which may contain an ether linkage, and X may also include reaction products of
general formula (IV) with another molecule of general formula (IV), such that X includes
an alkoxysilyl group and imidazole group.

(5) The adhesive composition described in any one of (1) to (4), further

comprising an epoxy resin.
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and which may contain an ether |inkage, and X may al so

i ncl ude reaction products of general formula (1V)
wawraGkoea1es her nol ecul e of general fornula (IV)PCBEUSI07/071448

that X includes an al koxysilyl group and i m dazol e

group. (5) The adhesi ve conposition descri bed in any

one of ( to (4), further 25 conprising an ep

resf dlynr sorPgstimrdysasbebm apy paggf (1)d (SDh@herem the

Om%gEﬁ%aﬁﬁwEggggﬁégbaﬂcggscr|bed in any one of (1) to

erern organic particles are acrylic
par {(T)cl exr rnétlﬁ))d forroeh hadorf connewiod e tvaren adirgiestbstorte comprising a

tween a fir substrate. conpri d ctor .and
cony USIOF gRd 2 $eA98 é&lfsgateoq?amr@}nrgga Cé)na i dhegPetho SO s the steps

of ﬁl@&f)&én?% g aﬁﬂ&)lv%tc%ﬁﬁ)os@oﬁgf 51%1 @1{ '1% (%P@et%&?ffﬂe‘fﬁst substrate

conposition of any one of bet ween the first
and thesteaadeubsiat dnal @@b@lﬁgjhm bmt plas&mrfa mlmbr@l:mtbwnn‘@ctrthatonductor

o BRG0P Eo  RRE i

pre84iRs bétdletn BHH bAdUBRIAL @i N a contact pressure between
both conductors. (8) The nethod described in (7),

whef®i n tThe nfethosltdeseribsd rila(7é whergist the fiesd selptrategs obtained by
Swo%? EﬁﬁégﬁlgggogﬁﬁgM~ t@&%nm%ughen|ng treat nent.

con connection and repalrlng

bet y@en a hethsd f@w@ﬁﬂm@reconﬁwmnlaﬁd Apalingrtuednas firstdibstrate
a second substrate conpri si a conductor, the nethod

ComBrRS & Corflucte. ardepisoeid ﬁ“ﬁﬁfé?’%% BXNIESIBE& comfiyeiartie method
co@gﬁg%lﬁfe'tsﬁéés??ﬁﬁérjpgﬁ {2 ARY%si R nHosiibh ded 1b(3€1n any one of (1)

I rst “substrate and the secon
to @n tetayzph vhenfiystwabbtraa dnpthe sseond suibratdverdedpylying loanb@atpressure,
strate

d f th i
et COUACtIRS EaTduCBE b e e BT v R ot Quprefith e seAnd

su‘t%%f%%ﬁ @ Sondlc8t RAS LEIUERE, BAMRAGIthOBonMebich R § h&ﬁng Afd
further reconnecting both conductors. (10) The neth

ﬁHd@S6mpb@wﬁngb@®ywn¢MEm@|n the first substrate is
? Fégﬁﬁdg Bg me‘?lyo%J dee(s:ct:rﬁb% n % ngrgllillct ¢ If”nrstt Quitalt 9h§tg{nrég by
subjecting the conductor to a roughening treatment.

(11) A structure which is conductor-connected by the method described in any
one of (7) to (10).

The adhesive composition of the present invention exhibits high adhesion to a
copper foil or polyimide by thermal contact bonding within a short time. Also the
adhesive composition has high Tg and is excellent in heat resistance. Therefore, the
adhesive composition of the present invention is suited for connecting a flexible wiring
board with the other substrate, for example, a glass substrate without containing
conductive particles.

The adhesive composition of the present invention has plastic fluidity based on
organic particles contained in the adhesive composition. Therefore, the adhesive
composition does not flow and can keep the connection as long as large stress is not

applied after the connection, and also can exhibit fluidity of the adhesive composition by

applying comparatively large stress to the connecting portion. As a result, the adhesive
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20 (11) A structure which is conductor-connected by

the nmet hod described in any one of (7) to (10). The
W@elw8e02788 conposi ti on of the present inventi onPERESNTE71448

hi gh adhesion to a copper foil or polyimde by

thermal contact bonding within a short tinme. Al so the

adhesi ve conposition has high Tg and is excellent in
compenitiorels b HE sapableciiaelgpsing thy sopmchom aderaconnecting operation

an&%wﬁ%chh%f}eﬁ{qlﬁézﬁrbo@%ﬁé nt invention is suited for

connecti n e Wwring board with the other
substrate, for exanple, a glass substrate w thout

i LT bRSrIPTINEb Y B RREeToEin SAFRGBTRENS

1 uirdE besBRSSENRBN well 48R HE & ibkd 'bﬁ SvayYFHR BAwidy t he

adhesi ve conposition. Therefore, e adhesive 30
cmbodipesist burthepresem atvehtigwisanot limtad kespecifitenbod meaitts dascribed
heiad l.ong as large stress is not applied after the

CIEBBHELti on, and al so can exhibit fluidity of the

adhgsk Y& SRERBAIPbEIAON BYthe PRALM iRGenEiBARBMPF L] onk BF BRdre
stress to the connecting portion. As a result, the

ORI AT Q¥D-CB WD N POENY RS SIRCTySWS2(0 "ﬂl/cgmnwgi havmg an
alk§0m§ %Eouﬁ gnﬁI ? 11%1121 0'15 I‘O%? k& E{e rnc?l 1*1(? a%Q% 11‘2 grgatﬂﬁ: particles,

a con i ng operati

whl‘eﬁﬁoﬂlﬂeohﬂeﬁ’gof(theo@aﬁﬂc rpgrtmessﬁesm%&@)we@ﬁwlrrﬁ@based on the weight
DESCRI PTI ON OF THE _PREFERRED EMBODI MENTS 5 The pr.esent
of heehestwrropimopitinBw The mges e sgniRf thagdhssive gemposition of the

e 0 TRLTED BB R RES500L cHOUEBRARD s

as ieykd pafitles, .thﬁearadhlesmnded by phssd ofanthaindphstip ragecintaining an
i nventi on conpri se i

arogR P BT ”Emém&—&&ﬂ? sty BRsn Berghes wsoposition

corfthing o@gaﬁfermﬁm& iRayd mvmeée@lb@a Kﬁ%ﬂﬁ' hy Int@E Q1R RAADarticles
i mdazole group in the nolecule, and (iii) organic

incpeases aniddgks adhghiere édmpohieorcdoss ent flow betraiso phaphysical interaction

e b 00 B ST e R S s
capBlast ¥ ente ARP O iphly 61Bal GhtefadBon between particles is applied, fluidity is
exhibited. Such fluidity is referred to as plastic flow or Bingham plasticity. Because of
such special rheological properties, the adhesive composition of the present invention has
a feature that creep hardly occurs. Since comparatively high pressure is applied to the
conductor in the step of connecting conductors by thermal contact bonding, the adhesive
composition is easily pushed away by plastic flow and connection between conductors is
attained in the adhesive composition. After the completion of the contact bonding
operation, the fluidity decreases and therefore connection retention of the adhesive
composition is secured.

As the organic particles which exert the above effects, there can be used particles
made of acrylic resin, styrene-butadiene-based resin, styrene-butadiene-acrylic resin,
melamine resin, melamine-isocyanurate adduct, polyimide, silicone resin, polyetherimide,
polyethersulfone, polyester, polycarbonate, polyether ether ketone, polybenzoimidazole,

polyallylate, liquid crystal polymer, olefinic resin and ethylene-acrylic copolymer, and the
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present invention conprises organic particles, and
preferably elastic organic particles such as acrylic
w@0080ed78%, whi ch are surrounded by a phase of PGI/US2007/071448
t hernmopl astic resin containing an 15
aromati c- group-contai ni ng pol yhydroxy ether resin.
When t he adhesi ve conposition contains organic '
panyigletsizs e adjusted tel Guvonvos lepssandimselgrakboupnm ordess. The organic
po S DA TR BB o PSR it do v

cxqeRyS16 dcréadt elaged inbdulubet the @ihddpfetcoflpesitibn. Th&EfodE, they hardly
conparatively small stress. On the other hand, when

apply thoasmal grgpaiy the yeingurites ageetie norya cBhe qnpuat atthe erganic
. ‘ . o e . e
roBERUEEERA 6165 BB S bl o 1 s soprosion

Tht bowuarofBhagrgamic phasics éd prgferdddy deloe abbut 3096 by syeéght dhsed on the
r heol ogi cal. properties, the_adhesive canposition of ,
adheyiye ﬁPg’«?@ﬁﬁo‘En B iRt o e Q2gam EPATHElES Ert%%ﬁnﬂg rtff gpsulting
coﬁ%&s‘i‘t"i&l dos %Stee;&l‘i’é'fpﬁlﬁﬁic' YRbYy NOBMPSRSHARE, WRerARPhinGEnt is too

to the conductor 1n the step of connecting conductors
larpyy thdwesuttihg edhesiac tompodiiomeant v semihekdat ecsistonpasd tsisometimes

. 1§ easil ushed, a | astic flow and connection
HEB&FWEéﬁl%ﬁ%ﬁﬂﬁ@%@gﬁg%ﬂgéﬁgl ined in the adhesive
COMPREdeh @b orPhihi€ haltidfes COMBHASH Aic @bsih Beht&iaMoaGtaromatic-group-
bondi ng operation, the fluidity decreases and ,
contpiaingf ol eydenxyethar sesit, ethaeht seoyesas atbidendhprgbend. The aromatic-
C I 1. [ cu or ' rticl i ch
o GNP Bo BRI  Epthhe
compskiti®f baraiisel of higheshds, tradbiyib e fenfrudtacdi (FaR - Dids&drd, @&l dlomatic-
styrene-but adj ene-acrylic resin, 30 nelamne resin, .
SrovptoRaEDg BRlY Y oraeticgncontaps apy aneief the feliawjag chemical

. rimde, polyethersulfone, polyester,
el RahAe s

ycar pol yet her et her ketone,
pol ybenzoi m dazol e, polyallylate, liquid crystal
Chp@ldahBérmuds @f i nic resin and et hyl ene-acrylic
copol ynmer, and the 7 WD 2008/ 002788 PCT/ US2007/ 071448
@particle size is adjusted to 10 mor less, and
preferably 5 mor less. The organic particles are
Racrylic pBrticles made of an acrylic resin.
Acrylic partlicles dofnot excessively increase elastic
nodul us @ hE adhg g conposition. Therefore, they
q e dtress in the vicinity of the
ffe amount of the organi c

O_CHZ_CH—CHZ_

OH

(D

|
R R OH
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5 particles is preferably at |east about 50% by wei ght

based on the adhesive conposition. The anmount of the
woe@anirsparticles is preferably bel ow about 9BOb/b§2007/071448

wei ght based on the adhesive conposition. Wen the

anmount of the organic particles is too small, the

resulting conposition does not exhibit plastlc
(IP| ui dity. On the other hand, when the anobunt is too

| arge, the rQ§uIt|ng adheS|ve conposition can not

secur g _h resi st ance and is sonetines 10

i nsu i n ad strengt h.
—HE @ gantl c %{'Ih_g{}lﬂopl astic resin
r-hg an| ar ons -group- co talnlng pol yhydr oxy

et her nesi wWhi ch slerves as a bigyder, is present. The
@ contfai ni ng pol yhydroxy ether resin can

ar omat Rc-
enhance hea 5i st ance of the adhesive conposition
because of hNgh glass transition tenperature (TQ).
Therefore, the aromatic 15 group-containing
pol yhydroxy et her resin contains any one of the
foll owi ng chemcal structural units (1) to (I111):
Chemical Formula 4 20 (1) RR-0 0-CH2-CHCH2- RR OH
('l wheiSRZabh fadepen@bhtGHR preRerfts @fdlro@enV@ 28008/ @ip8Bving 1 to 3
PCT/ US2007/ 071448 (1I1) R -0 CO -CHCHR- R/ I R
carppp atoms, more specifically, the polyhydroxy ether resin is a polymer composed of the

following chemical structural units (I') to (IIT'):

Chemical Formula 5

@)
I
L
qu\fo CH,— CH CH,— 0—Ar—0—CH,—CH—CH,—
o
(Ir)

-@— —@o CH,— CH CHy— 0— Ar — 0 —CH,— CH—CH,—
|
OH
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Y R wherein R each independently represents hydrogen
or an al kyl group having 1 to 3 5 carbon atons, nore
wepweea7stal | y, the pol yhydroxy ether resin i s BCPUS200E071448
conposed of the followi ng chem cal structural units
(I') to (I'l1"): Chemcal Formula 5 10 (I') RR I -0
OCH- IHCH2- OA-OCH2-1 HCH2- OHOH R R (II1M)
(o s O CH2-CH CH2- O- Ar-0-CH2-CH CH2- R R OH OH 9
WO 2008/ 002788 PCT/ US2007/ 071448 (l111') R -0 0O- CHz-
CH CH2-0- Aré -CH2-CH-CH2- ROHOH Y R whereln R
nt

each epnesent s hydrogen or an al ky

—gr 1 CHi okl — Gl OArArE}Qr‘e@i’Qm@‘l CH,—
a div ardmatic up- contalnlng group. For

exanpl e Ar ig( biphernlyl or alkyli gne di phenyl, whi chyy
optionaRly

tuteRd with one or

wherein R each independently represents hydrogen or an alkyl group having 1 to 3
carbon atoms, and Ar represents a divalent aromatic-group-containing group. For
example, Ar is biphenyl or alkylidene diphenyl, which optionally substituted with one or
more inert substituent such as an alkyl group having 1 to 3 carbon atoms. In other words,
Ar is an aromatic residue derived from a biphenol or bisphenol, i.e., OH-Ar-OH is a
biphenol or bisphenol, wherein Ar is optionally substituted with one or more inert group
such as an alkyl group having 1 to 3 carbon atom.

The aromatic-group-containing polyhydroxy ether resin has a rigid structure.
Since the adhesive composition contains organic particles such as acrylic particles as the
main component, the entire adhesive composition does not have excessively large elastic
modulus and hardly applies thermal stress to the conductor in the vicinity of the
connecting portion.

The polyhydroxy ether resin preferably has a weight average molecular weight
(Mw) within a range from 10,000 to 5,000,000. When the molecular weight is too low,
the connection of the joining portion is sometimes released. On the other hand, when the
molecular weight is too high, it is impossible to obtain fluidity of the adhesive
composition, which is suited to conduct the thermal contact bonding operation. The
weight average molecular weight (Mw) is measured by gel permeation chromatography
(GPC) (based on polystyrene standards).

In general, the aromatic polyhydroxy ether resin can be produced in the following
manner.

A dihydric phenol from which chemical structures (I) to (III) are derived (for
example, 4,4'-(9-fluonylidene)diphenol in case of (I)) is mixed with an aromatic diglycidyl
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nore inert substituent such as an al kyl group having 1
to 3 carbon atons. In other words, Ar is an aromatic

w0 2®sdossgier i ved from a bi phenol or bi sphenol ,PCT/ES2007/071448
OH Ar-OH is a biphenol or bisphenol, wherein Ar is
optionally substituted with one or nore inert group 10
such as an_al kyl group haV|n8 1 to 3 carbon atom The

cthgy Bienp e ghkalipredntraerel niglpoyiylnr ox § betheay! diglypidykegher in an
ap@'gﬁlllﬁ% gol%t{tléﬁ&%s C cloﬁ!@%%né RS %ggb%édvvgltl‘lf RORRs! tl"!hQIF a catalyst

tal ns organi eésS sucn as acr IC p rt
solagort ﬂaddeﬂor’themi’pﬁmemﬂlovtddd)yethé re‘aetlad{weth isiing to obtaln an

conposi tion does n ave excessively large elastic
qﬁ%lﬁraﬁ%upa%ﬁﬂamamy?y;agmw hEPHal stress to the

CONGYE b @esive cBh\?oéﬁhGﬁ Bf th¥ pPdschBvehPior @BRERE aRBmpound having an
portion. The polyhydroxy ether resin preferably has a

alkeey iyt gmvp raden [midem]t groupei getmoledudy. Misilhmnol gaoupeprgéduced by
000 . th I ' [
g BB TSt SR oI SSRRHEHHoRbr Pk <h O
grovPEthdRBrat EbLASRMerctl of B OBt Q@ﬁp Batd arhgn- %1'6@;8 containing
nol ecul ar wei ght is too high, i's inmpossib

polybydiony thar wiinycpyesankrs la/onh@mmﬂé smt@r@ﬁﬁb)m tHdnAlsprepmipounds
hav1ﬁ%§1 lé{l&neo(ij g}o%ﬁ%gtrl] ge%%{ tﬁtfh %n%'ﬁﬁ&x{lﬁ‘ 011 org%r?ca%cc\?g(f 18%{3)%&1%51

mecBani@ashi¢ ethcbive gslhlppﬁﬁmeaﬂ ﬂhs @rdsh{tﬁmagﬁ fgahy a hGhidal bond at
(based on po“% tyrene standards). eneral t he
th@dfl@?fﬁ@q betyaen thy afkssivcsoprwpsifign ppd Ehﬁr"f‘d B defingeheinpal contact

bolldife bl LAt B &?la)dﬁe’%lcs% dﬁyﬂﬁaa%oggfﬁ@ dfft%lggzr)%&ﬁﬁ

ca structurtes are
haang@aphpxykil4! groBp hhdiamimiddare gldlup e thel mmlncdﬁsmvﬁf as(al cajalyst

i s mxed omatic diglycid
fors BB g e oLEOnn o TR e ol A s eghnism.
al ka'hb G@rﬁﬁo@id%k}ﬁ@% acﬂkcgdyyl 1%y$upe$nlaea&1 191'ida%ofé' gce&epm the
di gl ycidyl ether in an appropriate solvent such as
modsealeok eemwn@démdh@f@gmwnwad formadt (IMy. Then, a
catal yst solution is added to the solution, follomed

by .t reaction with stirring to obtain an
Chﬁ%&ﬁﬂ?@@yg?éup-containing pol yhydroxy ether resin.
(R,
N M—TX—E 51 0RY Re,., ),

wherein m represents an integer of 1, 2 or 3, n represents an integer of 1, 2 or 3, R’
independently represents hydrogen or an organic group, for example, alkyl group having
1 to 20 carbon atoms, p represents 0, 1 or 2, q represents 1, 2 or 3, R* and R?
independently represent an alkyl group having 1 to 3 carbon atoms, provided that one of
R’s may be a covalent bond to X forming a ring including Si, thereby R* acting as a direct
bond to a linking group X, and X is an organic group having from 3 to 12 carbon atoms,
which group may be substituted or unsubstituted, which can be linear, branched or cyclic,
and which may contain an ether linkage, and X may also include reaction products of

general formula (IV) with another molecule of general formula (IV), such that X includes
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5 The adhesi ve conposition of the present invention
contains a conpound having an al koxysilyl group and
W@eoosvxisy ol e group in the nol ecul e. A sil anol PQr/osqe07/071448
produced by hydrolysis of the al koxysilyl group
easily forns a coval ent bond, together wth an OH
group of the surface of an adherend or an OH group_of
an plkexyyilyhgioup apd Buidacdagwivni dge coppouddiaying ast Bleaxypibdigioup
an({ g[p fn?iﬁ Zg)tlg gr(?gﬁ lt?ﬁl%rﬂl(ﬁgéul ?‘4 é‘ﬁrne(% 1{5%& II’I tﬂe i#éséﬁt 111@11‘&811 18
npoun aving a SI ‘anol group can re
deﬁrlbed ,donodxanipilg dmblpane%e ¢ordampet PasucPubdicatiec{karkiagMo. 7-68256.
t he_adhesi v osition of the presen; |nvent|on

0

f or MOTS Seasithellzi hp PRGN HaNine Aoy 504N Aidazole
arddhg fiMRoicaPesl #d @n and the adherend during therma

contact bonding and can exhibit very high adhesi on.

The i m dazol e group of the conmpound having an
ChamnkakFeintuld 7gr oup and an i m dazole group in the

nol ecul e serves as a catal yst 15 for the reaction of
Rzthe silanol group and therefore can pronote this

chanism The conpound having an al koxysilyl group
n N imdazole group in the nolecule is represented

gal fgrnu Ia (1'V): Chem
|=o|q\’1nru'f@mf g‘dHo%\@% §F(b? 1\59 X4¥g'}  (OR3) Q?43c_‘(%l)n
whq@eln represents an i nt eger of 1, 2 or 3, n
represents an integer of 1, 2 or 3, R2 independently
represents hydrogen or an organic group, for exanple,
al kyl group having 25 1 to 20 carbon atons, p
Rrepresents 0, Iﬁ , q represents 1, 2 or 3, R3 and
epen ok gﬁﬂkgresent an al kyl group having 1 to
it ons, pro ed that one of R3s may be a
e nd to X h]hg a ring including Si¢yp
eby R3 g_ s a direct bond to a linking group
X, Mnd X is a a ic group having from3 to 12
car bon atdﬁg/p/ h group may be substituted or
unsubsti t nmhldﬂ c@n pbe linear, branched or
cyclic, 30 and which may contain an ether |inkage, and
X may al so include reaction products of

RZII

NS NCH,CHCH,0 (CH,) ,Si (OR®” ) - R¢” -,
\j// ! ,
R2 ? R2

| (VID)
R o R 0),0 Si (CH) 300H2(I:HCH2N/%N

OH Rzll

wherein R? is hydrogen or an alkyl group having 1 to 20 carbon atoms, R is
hydrogen, vinyl group or an alkyl group having 1 to 3 carbon atoms, R* and R* are
independently an alkyl group having 1 to 3 carbon atoms, and n'is 1 to 3.

The amount of the compound having an alkoxysilyl group and an imidazole group

in the molecule may be the amount which is effective to catalyze the reaction such as
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general formula (1V) with another nol ecul e of genera

formula (IV), such that X includes 11 WO 2008/002788
wOeQNBB2807/ 071448 an al koxysilyl group and i PECTHEWDE071448

group. The compound havi ng an al koxysilyl group and

an i m dazole group in the nolecule, which can be used

in the present invention, is described, for exanp

reactiory afthp sdanolgua g aulyﬂ»st oRexpople %@vuabﬁut(%m. %% iwzs weight
baseri%ﬁ%l?e%vF gp{ & RO g&ﬂes J‘nﬁﬁomgg'r? conpound having an

kKoxysi roup azole 5 group in the
nol étasl bmsu&medlﬁatof)vhan bm@buﬁémmmlﬂed iR2he dme dompound, the

reag GO o RN NREERE <J TS pyiSjcers csmponn e e
cat%%s c%ntQmed iln Mnal( g’maunt \Bg %&1}%@%1?'@ %ﬁ%@l? §oﬁta1n)ed in the
cor@mindoynqmum_eﬂ_sf uwo( gmps cB@ﬁ@Zh}t—l@thMMNs @hv RPobability and thus the
reaction can not occur efficiently. A large amount of the catalyst may be added so as to
increase the reaction efficiency. However, characteristics of the adhesive composition
deteriorate. Therefore, when both groups are contained in the same compound, the
reaction can be conducted with high efficiency using a small amount of the catalyst.

The adhesive composition of the present invention may further contain an epoxy
resin in any amount as long as repairing properties do not deteriorate. Since the epoxy
resin is a thermosetting resin, there is a possibility that a three-dimensional structure is
formed and repairing properties deteriorate. However, since the epoxy resin has chemical
structures (I) to (IIT) and high compatibility, the system of the thermoplastic component
containing an aromatic polyhydroxy ether resin and the epoxy resin forms one phase, and
the phase has very high glass transition temperature (Tg). In such a system, molecular
mobility of the epoxy group is extremely suppressed and the reaction does not proceed
substantially at room temperature. Such a phenomenon has been studied by Gillham and
his associates (as for the details, refer to, for example, G. Wisanrakkit and J.K. Gillham,
J. Applied Polym. Sci., Vol. 41, 2885 to 2929, 1990). Therefore, when the epoxy resin is
added to the adhesive composition of the present invention, a part of the epoxy resin is
reacted by the catalytic action due to the compound having an imidazole group during
thermal contact bonding. However, when the thermal contact bonding time is short, a
three-dimensional structure is not formed and repairing properties do not deteriorate. The
partial reaction of the epoxy resin forms a hydrogen bond between the OH group produced
by ring-opening of the epoxy group and the adherend and therefore contributes to further
improvement of adhesion.

As the epoxy resin, for example, there can be used polycaprolactone-modified
epoxy resin, bisphenol A type epoxy resin, bisphenol F type epoxy resin, bisphenol A
diglycidyl ether type epoxy resin, phenol novolak type epoxy resin, cresol novolak type
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15 wherein R2 is hydrogen or an al kyl group having 1
to 20 carbon atonms, R2" is hydrogen, vinyl group or
w@eooahdazss group having 1 to 3 carbon at ons, R3PCHHS20RA(71448
are independently an al kyl group having 1 to 3 carbon
atons, and n' is 1 to 3. The anmpbunt of the conmpound
havi ng an al koxysilyl group and an i m dazole group_ in
CPRYYCHBI TBeQiene GpaYsy KRSIn, BBy Cilyd arMnaiRsie Halipgated gnoxy irgasn. thgominated
- - ' ich as 12 WO 2008/ 002788
epé@#ﬁ%ﬁ%ﬁ%bﬁ%?%%%g&kgg5%#?0n of the silanol group and
may liberdef Prmaxamplepairihg ropatiteytof €heQlalhtivdonypyositmingthe amount
ggsed on the i%&% of the afhe ivg coggo ition. It is
of g FBPHeicat HRARS &N V8 og it pecdea t PN GO PO A
Samgr CRERAMNNhe ARG ivd @Rk #i3n REINEREhNBTEntHnQUR %Olétaiél other

occurs noré efficiently. %lnce thi's conpound as th
comperainyss tExampbasribatefadclide eorspainds baroumn{lyx viesact¢rintis dor

roups.are. separately contai ned i.n.the conpound,
pred KRG PRI T BLiER dh oG it nS SHHAR s
praReBRIhy i cdiBfhidcfitSiaddie acldaq®PIT N SR Bes, QuEHE accelerators for
efficienfly. A large anmount of the catal yst nay be

an geriedesn. deyandianigeddif90, eiganic agicthydrmzedep. aniaes preanic
cart YR ont BT BRicRhe s Rlint Ao 1O RS at o R IRBAML T ne

I N The agle’eceonposition of the pideiitdacdntion doaymdiexeadsthe taddition of
with high efficiency using a snmall| anmount, of the )
condyicHY/Rarticlyh dubpicEsille cornine 8P covHIcHYC patclss.e Edhesive
Coﬁlﬁ%s?@(;ﬂ IR sE idvG iof OH @nfled rﬂheeéb%}{ctgf &5thE fleXib A Wiring
anount as ng as repairing properties do not
boatdtegen diitatoataisi mcevnthaiveparticlest dfiinfactsis paittioelanp advantapgous

resin, there i.s,.a possipility.that a three-di nensi on
begaipquiogfydrepd of P@JP?@&C%@C% &g lgetﬁrcsailmvsgamcfes can be
predeh8l PEARL 8f cdIAVEHRS wirtlsMobrds REHERRYYpilcESI N has

chem cal 15 structures (1) to (I11) and high

conpéat edhdsivieycomphsitiey of mpodscntiiavantion sepbasiiiably used for

cof BERR LGt Bt Ry Pl e Ry Tk s

coBpAsifg hasndRtoy, prGul gl ps coirbthd A 8BxibRIPiehabeh Willdinother
In such a system nolecular nobility of the epoxy . )
subsfraigromprisiog e fyctar, picerkegitoaic speré of Bigdreseht igpension, there is

pr&ﬁ&ed&rtﬁ&ﬁ&ﬂj Eorsbg &Jc@cﬂtcloﬁ!aécﬁaﬂ%eﬁ%gfnﬁtfﬁ%‘f \ggrﬂ{gevoa%‘gd?nﬁising a
phenonenon has been studi ed by haman

conductor and a flexible substrate, the conductor being optionally subjected to a
roughening treatment, and a second substrate comprising a conductor, the method
comprising the steps of interposing the adhesive composition of the present invention
between the flexible wiring board and the second substrate and applying heat and pressure,
thereby to contact the conductor of the flexible wiring board with the conductor of the
second substrate and to maintain a contact pressure between both conductors. When the
adhesive composition of the present invention is used, it is possible to exhibit repairing
properties wherein the connection between conductors and then the connection is released
with heating and furthermore conductors are reconnected.

The flexible wiring board is not specifically limited, but is usually obtained by

forming a conductor wiring made of a copper foil on a polyimide substrate. Examples of
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20 his associates (as for the details, refer to, for

exanple, G Wsanrakkit and J.K. Gllham J. Applied
walopmv278ci ., Vol . 41, 2885 to 2929, 1990). TheCEU087/071448

when the epoxy resin is added to the adhesive

conmposi tion of the present invention, a part of the

epoxy resin is reacted the catagﬁﬁlc action due to

therseorowpeaielinglade ﬁl@lctaprlm Wi koagd dlepitdeipiingd Wity bagrd, glass
sd%ﬁﬁ%@&hc ﬁﬂﬂéﬁﬁmu wever, when the thermal contact

ng tine ort, a 25 three-di nensiona
st r oat um&ium)r mothefftemtmjw&h@ boepthéami inguiplycpeatile ef cahmecting by

not . det ate art| re ction of the e
sulpesing te B %WWdPB%j@H HrBSH ORETERE GG Ve partcles in

thooafdﬁgéi&eé’omﬁaénfo‘nn THERERLA tﬁ£t thO €orRIREY h%ﬁ% Hle%ﬁ'gt{elﬂ@d surface
adherend and therefore contributes to

1s danhy oorgaett wosh thedivadidor. toAs coheccéguloxdys the scpugheniiog treatment, there

o By e L RO B S TP sk o
etcﬁin%%}ﬁﬂ@ﬂmé: clo¢RBlyEP Pla¥inf @Rl H@n&é&t@l}@fé@latﬁtg) Gf Bihysedabitbatments

er ty e epoxy resin, phenol novol ak type epoxy
(for exdmpple droelgbhomtttaémetﬁy prad tdasvige. Jodisitiog Mvihgsand paper, and

ernB?r n%é%%%ﬁé&%%édﬁlm%eﬂﬁé ¥netﬁ§>¥1ﬁt m]‘eéﬁllg{l%ntg P 81)%105)6‘ th%

am ne-resi

ro@hemedrmteeb ofthexynduetir ik meﬁréﬂlyjﬁéatétabyedomyslynespllemng or
In order to maintain repalrlng propertles of th

clegplatic Plating HpBg Metdhsuch e 2aldplintsilves andpuckeh oégfcqr@@g i such a
meid Bﬁc@&?ﬁﬁéﬁg@‘ﬁgﬁlmtl@ Spalrt?ﬁés Qgﬁgtdudsga tﬁ@ ﬁta?e‘Fﬁ?édsY gan be
necessary, t

conpositi he'si ve conposi tion
renadrkdtie rqaiuese Mfuchravenhéaion ttsatmseﬁﬂlyt apiphedtohthe connection of a glass

co e a s..there i de co ounds havi n
Sutfsrra Uéﬁfgfoaélﬂgﬁ cg?@ mlayspﬁa%%ﬁlﬁﬁm tt’éi giia elegirolgpinescence
ilayiUsith AFlcKiBRI Ithnt&het aqgl Ha)gr@gsqﬂéesthés%rsﬁbﬁgu@tsar@generauy
I‘ ust revent ive et y enedi am net etraacetic acid

bom@@mﬂ) a losoh ﬂé}flbbageeratfcmnw@wam@bmm drbscdmgs Imqessary to
epo resin andi am

rerf )y iepiriat Song REEOR By RS bt B s Enedy dhgion i

paipiel M LSSI Btaiased ﬁ@&bﬁbl@ & PAEBASeniNe AR Sondbdlion portion with
i socyanates. The adhesive conposition of the present

heatingent ito Fecamest epaneaisudéith the inderseiobnicsire elepmatiemies of the
dlsgﬁ&t én %lgcstrod?rhﬁtclp éﬁ fagia%gp byne? A r%lc&t%lyrlf%c&g&(au G cé(s% of making a

trial of attaining the same pixels as that of a large-sized display using a middle-sized
display or a small-sized display, the electrode pitch on the glass panel decreases to 50 um
or less. In such a case, when the connection is conducted using an adhesive composition
containing conductive particles, the danger of short circuit between electrodes caused by
conductive particles increases. Therefore, the connection method using the adhesive
composition of the present invention without requiring conductive particles is extremely
useful means.

In a roughening treatment of the surface of the conductor, surface roughness (Rz)
is preferably adjusted within a range from 1 to 10. Rz is more preferably from 3 to 10 in
view of connection stability. Rz is referred to as ten-point average roughness which is the

sum of the average height of the highest 5 peaks measured from the mean line and the
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conposition of the present invention can connect the
conductor of the flexible wiring board even if it

W@ 098/202188 no conductive particles. This fact iBCT/US2007/071448
particul arly advant ageous 15 because short circuit of
adj acent conductor wiring due to conductive particles
can be prevented in case of connecting wring boards

aveipgrdaptiepiohe despestihe vadpesmeasutcdfus the apangfnetip ghe evaluation
1eng{he£1%'l% défﬂ}’e%'%{) bQ TheagR @Ecc%%ﬁ%{%' s wSGb 1T P6o4 conduct or
onnecting a first Bsirate onprising a conductor
and a second substrate conprising a conductor,

rticuylarly for connecting a flexible wiring boar d
Exgﬁwhtﬁgother 20 substrate conprising a conductor.

ACC A hAGerttOn R i8S RAE hoWTbe tddGeribeg B§ WayidP ¢ GAthHIR. HLREVE, it
is provided a nethod for conductof connectlon bet ween’
shaalld bexindsrgoad thanthctvome dxanripryicfithginacntmordd etwrot amblc a
&§3%£ gr #bstrate t he conductor being optionally
OIS ¥t ed™'88a  roughening treatnent, and a second
1. subghﬁahgﬁﬁggprlsing a conductor, the nethod

conprising the stePs of |nterp05|ng t he adhesi ve
Polybrigresyetharicwr (RIABLor esent invention 25 between the

fle I t
app %/u%ﬁ%le &1%1 g&gﬁg rS‘)EPgethQr W%S 5&8@%5128@ {]ht% af@tl(%{"ﬁ% method.
confiug d)ﬂter@épatrhiﬂe fflhﬁé(d:(plll@ewvﬁtmgreﬁua lcdnddnbdt, 100Bg of
conductor of the second substrate and to mmintain

fluprshelisrh eﬁ?@éuﬂétﬂ@éﬂ%@@ﬁ)dﬁ&eﬁolé o diheygeh dtgllwa_cldyl cther
PS8 SERFRSh L 0l ARG YRR Bk 4%y
equihdewt h74)ed 300ged tydohdxehoveencre chalged andstham dohpletelyt fissolved

connection |s released 30 wth heating gnd furthernore .
at 0 Y BIGS R B i SR UG At 16 2 Gy GlolherapRngsqlution

(6. %(% ; Oe1 ptﬁ%f{ri n%}ghds Mink Sk altitld 4 8p\5r)§9% lé{wQ&’B Pé‘a‘%‘ﬂg at

g a o r Wi ring made of ‘a cop

1507C for PO hyuRiveelestibsig @neinudisBNPA @sol@dular MlgMDOf the resulting
2008/ 002788 PCT/ US2007/ 071448 the second substrate
polyer wde mergirer By BrteEmSation s§raseeiap i €18 () vethptefraioturan

(TI%‘)’ éonlgaogluct n ?@%f‘%‘s P &l A % M&é b eular

e con e W ring boar
wesiht €Viyt) wapach[)@O afd a:wn@hca\ier@ehyoleaﬂh] vea ghtr{lyIw)owidt,000.

28!15‘ B\é\ﬁfqnsg]élrngg)%ryﬁlé(lfi%%yl tep ?esmV\ePH}Eolg tis a? 1())0 glr?llep fla{]VQng the following

repeating unit.
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5 the adhesive conposition. The reason is that the
conduct or havi ng the roughened surface is easily
weoowsaeaesl wi th the conductor to be connect ed. P@BUS19087/071448
roughening treatnent, there can be enpl oyed chem ca
treatnments (for exanple, blacking treatnent of copper
soft _etching, anodizing, electrolytic plating and
Chewia] Bemnpdd §ti ¢ plating) or physical treatnents (for
exanple, liquid honing treatnent, sand bl asting,
pol i shing wt paper, and 10 enbossing treatnent
of pushing hard getal with irregularity to the
surface). The reughened surface of the conductor is
preferably treatég hy nonel ectrolytic plating or
el ectrolytic plaﬁ?ngcusing netals such as gold, tin,
silver and nickelss According to such a nethod, since
expensi ve conducEr ve particles are not used, the
material cost cagd be remarkably reduced. Such a
connection is usefully applied to the connection of a

gl ass 15 bstratje used for liquid crystal displays,
pl asma {di organi c el ectrol um nescence (EL)
di spl ay 3 Xi bl e printed wiring board. Since
t hese su zre generally bonded with a | ot of
flexible substyate printed wiring boards, it becones

necessarj gpai r when poor connection occurs. The

connectijon of the~present invention is particularly
usef ul & @ possi bl e to peel and renove the
connect ith 20 heating and to reconnect
conmponeRn WthYthe increase of picture el enent
nunber of the dilsplay, an electrode pitch on a glass
panel has recentﬁ? decreased. In case of making a
trial of attainiég the sane pixels as that of a

| ar ge- si zed di spFay using a mddle-sized display or a
smal | -si zed dispggy,zghe el ectrode pitch on the gl ass
panel decreases £0—5@ m or less. In such a case, when
t he connecti on iéwconducted usi ng an adhesi ve
conmposition 25 céntai ni ng conductive particles, the
danger of short djrcuit between el ectrodes caused by
conductive partigles increases. Therefore, the
connection nethod using the adhesive conposition of
the present in ion wi thout requiring conductive
particles is e ely wuseful neans. In a roughening
treatnment of t face of the conductor, surface
roughness (Rz) _ 30 ig preferably adjusted within a
range from1l t%9_10.FRz is nore preferably from3 to 10
in

PHE1
0
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vi ew of connection stability. Rz is referred to as

ten- poi nt average roughness which is the sumof the
waresagsshei ght of the highest 5 peaks neasur eRCT/D82907/071448

the nmean line and the 15 WD 2008/ 002788

PCT/ US2007/ 071448 average depth of the deepest five

val |l eys neasured fromthe nean line in the eval uation
Polybpidroryether resin B1ENed to be neasured according to JI'S

D oo Bty e X OMPC R SREALIAYESEHA, WPs007A30:

avahbMHﬁnhﬁbhmdéastGodthﬂWasmepae@re exenplary of t he
|nv are nqt to be onsi der d s limting,
%5% TReTige & W t%%%&ly@eﬁ@f WE YbRiEDpasyed by GPC
(baﬁws)ﬁ FRISRL R0 cARkargl ot Ay 00X Y nE hBIShy C%;%y SRt eI PAt2PY o
he fol I'owm ng net [iter separable f
pobqwrppedgﬂwﬁhﬂawmgﬁmuxnn@nmmnser 100 g of
f 1 uor enebi sphenol (4, 4" -fluorenylidene)di phenol), 100
g of bisphenol A diglycidyl ether (DER332 (trade
name): epoxy resin available from Dow Chem cal Japan
Ltd., epoxy -equivalent: 174) and 300 g of
cycl ohexanone were charged and then conpletely
di ssol ved 15 at 150C. While stirring this solution
using a screw, 16.1 g of a cycl ohexanone sol ution
(6.2% by weight) of triphenyl phosphi ne was added
dropw se, followed by heating at 150C for 10 hours
while stirring continuously. A nolecular weight of the
resulting polyner was neasured by gel perneation
chromat ography (GPC) with tetrahydrofuran (THF)
sol ution using polystyrene standards. As a result, a
nunber average nol ecul ar 20 wei ght (M) was 24, 000 and
a wei ght average nol ecul ar wei ght (Myv) was 96, 000. The
resul ting pol yhydroxy ether resin (PHEl) is a polymer
having the following repeating unit. 16
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WD 2008/ 002788 PCT/ US2007/ 071448 Chemcal Fornmula 8 U
U-O ONU UO v Mf+) CL 17 WD 2008/ 002788
WEINsB2807/ 071448 Pol yhydr oxyet her resin ( PHE2)/US2007/071448
Pol yhydr oxyet her conpri sing bi sphenol A and bi sphenol
S-epoxy (YPSO07A30: available from Tohto Kasei Co.,
Ltd. L was prepared. This polyner has a wei ght average
ChggicatFommulai ght (My) as nmeasured by GPC 5 (based on
pol ystyrene standards) of 40,000. The pol yhydroxy
et her resi HE2) is a polymer having the follow ng
repeating unit. 18 WO 2008/ 002788 PCT/ US2007/ 071448
Chenmical Fobmula 9 U U-0 =U
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N v)y, NU U-O NUMMU<--)-U W20, 'l J 19 WO
2008/ 002788 PCT/ US2007/ 071448 Pol yhydr oxyet her resin
W@ RdB8)2788 pol yhydroxy et her resin (PHE3), whi cPCTIHS2087/071448
repeating unit and al so has a nunber average
nol ecul ar wei ght (M) as neasured by GPC (based on
ol ystyrene standards) of 14,500 and a wei ght average
POE‘BV%@E&Y%WGT\KES%WHEM of 39,000, was 5 prepared. 20 WO

2008 QAARRRoERNHRER0 (P03} FRich RS TrGRh LM AR A% AT

number average molecular weight (Mn) as measured by GPC (based on polystyrene
standards) of 14,500 and a weight average molecular weight (Mw) of 39,000, was
prepared.
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PCT/ US2007/ 071448 Pol yhydr oxyet her resin (PHE4) A
wpologhgxisoxy et her resin (PHE4), which has thePCT/US2007/071448

followi ng repeating unit and al so has a nunber

aver age nol ecul ar wei ght (M) as neasured by GPC

(based on pol ystyrene standards) of 14,000 and a
ChogicghForavds d¢e nol ecul ar wei ght (Mi) of 38,000, was 5

prepared. 22 WD 2008/ 002788 PCT/ US2007/ 071448

Chem'ttallFohrruIa 117U-0 riUMMUU ~U\ U W= _

Z o 23
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WO 2008/ 002788 PCT/ US2007/ 071448 Pol yhydr oxyet her

resin (PHE5) A pol yhydroxy ether resin (PHE5), which
wha®sniesss ol | owi ng repeating unit and al so haBCHEUS2007/071448

nunber average nol ecul ar wei ght (Myv) as neasured by

GPC (based on pol ystyrene standards) of 47,500, was

repared, 5 Chemcal Formula 12 O OO0 i NU U-0O N
Po hy@oxvthﬁrufwn@fdﬁ“)a 24 WD 2008/ 002788

par (10100 i st PAED. RRIS §% DR EPE Espsypit ond oo

hasaa/amﬂlbdfrlaeerage owldohnmwaight Heday aGaopared)byvePE€ (sedlon polystyrene
stangarégs of (ﬁ OBO and a weight average molecular weight (Mw) of 38,000, was
prepared.
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As an additional conponent, the follow ng epoxy resins
were used. YD128: avail able from Tohto Kasei Co.,

wQ@s/0068poOxXy equi val ent: 180 (A02: PCT/US2007/071448
pol ycapr ol act one-nodi fi ed epoxy resin avail able from
Dai cel Chemical Industries, Ltd., epoxy equival ent:

1350 10 As catalysts, the foll ow ngs were used.
ChrmppabBernglg |y ci doxypropyl tri met hoxysi | ane (avail abl e

fromSH NETSU CHEM CAL CO., LTD.) 2M:

2-methylim e 15 1S 1000: i m dazol esil ane

avai |l abl e Trom NI KKO MATERI ALS Co., Ltd. 1MLOOO:

i m dazol esi | afe avail abl e from NI KKO MATERI ALS Co.

Ltd. KE604: dosin avail able from Arakawa Chenica

I ndustries, L&d—3ther conponent 20 YP50S: phenoxy

resin avail able from Tohto Kasei Co., Ltd. 2.

Preparati on of5 adhesi ve conposition An adhesive

conposition pitepared according to the fornul ation

shown in Tabl¥ 1 was dissolved and dispersed in a

sol vent m xtufe of 500 g of tetrahydrofuran (THF) and

25 20 g of pe nol and then a filmlike adhesive was

prepared us kni fe coater. 25 WO 2008/ 002788

PCT/ US2007/ 8 ¢c.) NN ¢c.) O0OOO0O0O0O0OO0OO0OO
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has a number average molecular weight (Mw) as measured by GPC (based on polystyrene

standards) of 47,500, was prepared.
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Measur enment

Organic particles
As organic particles, acryl particles (EXL2314: PARALOID EXL™ available

from Rohm and Haas Company) were used.

Epoxy resin
As an additional component, the following epoxy resins were used.
YD128: available from Tohto Kasei Co., Ltd., epoxy equivalent: 180
G402: polycaprolactone-modified epoxy resin available from Daicel Chemical

Industries, Ltd., epoxy equivalent: 1350

As catalysts, the followings were used.

KBM403: 3-glycidoxypropyltrimethoxysilane (available from SHIN-ETSU
CHEMICAL CO., LTD.)

2MI: 2-methylimidazole

IS1000: imidazolesilane available from NIKKO MATERIALS Co., Ltd.

IM1000: imidazolesilane available from NIKKO MATERIALS Co., Ltd.

KE604: rosin available from Arakawa Chemical Industries, Ltd.

Other component

YP50S: phenoxy resin available from Tohto Kasei Co., Ltd.

2. Preparation of adhesive composition
An adhesive composition prepared according to the formulation shown in Table 1
was dissolved and dispersed in a solvent mixture of 500 g of tetrahydrofuran (THF) and

20 g of methanol and then a film-like adhesive was prepared using a knife coater.
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3.1. Measurenent of dynam c mechani cal anal ysis (DVA)

Dynam ¢ mechani cal analysis (DVMA) of the resulting
W@elw8e02788 conposi ti on was conducted usi ng RSAPCT/DSZHO7/071448

nane) of Rheonetrics Co. Sanple size for nmeasuring DVA

5 was 30 x 5 x 0.06 nmB. The neasurenent was conduct ed

at a stretch node under the conditions of a frequency

of 1 Hz and an anplitude of 0.5%strain while raising

tenperatyre—pby 56— Storage—elastie—rwodulus E and
llgss| el astic nodul us E} were |(dete¢rm ped |and|gl ass
tiragsi tipon tenperatiure (g£Tg) was deterfined as the
t eratjure|at |whijch aSpeak of tan 6/ = BYE" |is
aftai ned. 10 3.2. Measyxement |of peel | strlength An
gdhesi ve| fillmwas pl aced on a |2 mnthjck |glass epoxy
(FRA—and—arottedTcopperfoirt—(thicgness—35 m or
pel yim de (thickness: 25 m KaptonTM panuf actured by
¢, Bont (Co. ) was, pllacedst@eregn, and phey weie bonded
by Ehernpl gont act [bond®ng| at 15 200d under pressure
gl 3| MPa for 20| seconds. The ¢nd port|on |of the copper
floeH+er—pelyir-de—wastpeetedf+remthetest—i ece t hus
gbt ai ned and the | oad when|theg copper|foill or
del ¥ @i A€ wag peel e afsa_ (Bt e i S0 (@i _yhi | e
1 (21 HE 3 BEel2and|e oic O hass BB HGeE|t o
d€t eTHi Nz a|Bee| LsT|FengthT|AdRES IR THEtNE copper foi l
gs used |herein {s a totjal |vallue of ap anchon effect
xertedby penetratingrtherresinmintorrregularity of
tlhe copper 20 fpil jand|an | ntegrnolecu|ar |for¢ce and a
fegl cal | bond pf oduced |Befveen the .adhesijve and the
dhér end. Regar di ng adh®ston tlo pol yi i de, n¢ anchor

ffect ils obtai ned because|the polyimdeg has snooth
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Table 2. 28 WD 2008/ 002788 PCT/ US2007/ 071448 Table 2:
Tg and adhesive force of conposition of Table 1 Tg
w@z@B/oer78engt h to pol yimide Peel strength to Ba/US2007/071448

(NNcm copper foil (Ncnm Exanple 1 133 6.4 17.9

Exanple 2 130 3.2 6.6 Exanple 3 132 5.1 11.4 Exanple

4 164 4.3 8.9 Exanple 5 105 8.2 10.6 Exanple 6 90

5.0 17.3 Exanple 7 106 6.2 13.0 Exanple 8 121 5.5

11.8 _Exanple 9 127 5 2 11 2 Exanple 10 135 2.5 5.4
Exangle 11 108 3.8 9.9 [Conparative Exanple 1 164 0.6

3.7 eo@)arative Exanplle 2|164 0.7 4.2 Conparative
Exarrp%gs'lm' 0./4 3|{4 |Conparative Exanple 4 135 1.0
5.0 @Jrrparative Exanplie 5|83 5.0 13.0 In case of both
Exangl es|and| Corpar ati ve Exanpl es, sufficient adhesion
to thHe copper floil [was| attlai ned. However, in
Corrpalghu ve [EXangl es, adhegion to the polyimde 5 is
extrgmeeRy .| o STBeref orle, regarding the polyimde, it
. < < .
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an internol ecul ar force and a chem cal bond produced
bet ween t he adhesi ve and the adherend is | ow. Al though
wo@09/06218¢ m dazol e i s contained in Conparati vePENHSJIDE071448
1, whereas, an al koxysilyl group and an epoxy group
are contained in Conparative Exanple 3, no effect is
exerted. Although the conmpound containing an imdazole
3. andMasurgmerlonpound cont ai ni ng an aI koxyS| 'yl group

3.187 ENEERALALR! of 85!&1{’&' Tﬂ&,q’]]ahllaal% Exanpl e 2, no

ef fect was not xert t was u o be |n'portant

to mfaamtuerne@nnmalmaytsm(DMA)am therdak ok e dhyestuepcoarpbsiaion was
Sl| rou in a ecul e. 008/ Q02788 .
comtesietispue Y i nemel b RHEEHS G (st NGa 1§ euring DMA
Wa§ g g<t‘5e>g L3 AR d ﬁé ﬁﬁ%aéﬁr r{j}&ff :y\gg %aﬁdc%edg a@{rét&:ﬁ] ﬂ}]okag?flger the

C)” having a |ne w dt mmand a pit
corilionyraf acffnqpencfyl ofg Hz aEPANDXpadeo il Brstraln whildradsid?2a m
thick cop attern formed 5 thereon was prepared.
temppeaatygg a£ ﬁorﬁa%elé%rm?d%ﬂé\nﬁ IQsaslasti¢ podplupEd Were h

eGSR a5 RLM 8D IR G STURRLH B (A
whadhch pdakf washre /Bl idntaideiuri c acid (100 g/L) at room

tenperature for one mnute to forma 0.045 mthick
gol d plati ng on the surface by nonelectrolytic plating

( Au; 10 Method 2 of roughening
32con ue(]:El f?fgjeelbﬁtr%n%trl nted wiring board (FPC) having

a l iAﬁh&ad%bsitfdﬁﬁbﬁ was pladed @ng 2 anrpitiiick glaks efdx¥ (ARA) and a rolled
conprising a ESPANEX base material with a 12 hi ck

copsp Frat (thigkness: P Sfsphergpol yipadadhickitess: goaparieaptont hgnanufactured by
Dub rn]ft %Sﬁvgas Ezﬂ%d GRIPRSH atp(f’llthteg : ng“‘@d@ﬁ‘ ¥§[Elfe?\lngl¥co'h{a%?f)&%mg at

oni ng proces sprayi

2009@ @ideE pREQIrO bNY MIRMBF 3 sd¢tofllN MBheQind ok tididTahe Eapbi ﬂﬁl or
di spersed therein at high speed), washed, soft-etched

pokyimide avps agelediromsibF (st pisce BunpbiRimcd gnd teiload wb@sﬁhp faprer foil
or ég%xmlgg vx)as peeqedc’ ut a ra{e ot 595 rgl/n(un W { L&laln{ammg a peel a121gle of 90° was

averaged to determine a peel strength. Adhesion to the copper foil as used herein is a total
value of an anchor effect exerted by penetrating the resin into irregularity of the copper
foil and an intermolecular force and a chemical bond produced between the adhesive and
the adherend. Regarding adhesion to polyimide, no anchor effect is obtained because the
polyimide has smooth surface. Therefore, adhesion is considered to be adhesion due to an
intermolecular force and a chemical bond produced between the adhesive and the

adherend.
4, Results

The measurement results of Examples and Comparative Examples are shown in

Table 2.
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and then washed with sulfuric acid (100 g/L) at room
tenperature for one mnute to form a 0.050 mthick
wq@olod/ogd78t i ng on the surface by nonel ectrol yti BCPUSRDTION1448
(Au: 1.2 g/L, pH= 20 7.2). Method 3 of roughening
conductor A flexible printed wiring board (FPC) havi ng
aline wwdth of 0.1 mmand a pitch of
conpri si ndgakle Raﬂiwd@éé@wﬁaﬁom QafICOWPtJﬁUﬁn Q@T%hli‘? hi ck
copper patterm formed 25 thefeonm was prepared. |1
surface of the copper pEtern Beelstrengtigleenkynidsy pe%(l)m:?%éﬁm
treating the surfgce f6» 10/ to 120 ®eswmonds wi t|h (Iﬁ/cm)
mxture of mxing ratios of i1 of a sotutior
obt ai h&dmply Idi | uting alddft etching dgent, enpl at e 179
E-462 (tr nanme) [fro [tex Tnc. to 50 m'L,
sol ut i @B?al ned hy dm’ ting H2SO4 (989 to 14 - 20%6
m/ L, sol utign ai ned by dilauting H202 (359
to E@(QQI&@%/I The qﬁ?% ace \/\nquuhjsgfrt pg to ()( ﬁ'4
nonel exbhpbyti c nidkel jphating and then subjectled t®y

olpoectrol vt o ANl A Al A+ e RO \AD- 2002/ NN27QQ
CT COUU T Ul yll \v3 uul \¥ | 'u.l AT ||u- N VI ZUUUT UUZTUU

PCT/ U$2aﬁ171/e671448 Conneégtion of FPC8dth indiumtino.6
oxXi de (1 TO deposi leu gl ass pubstrate AT adhesive fitm

(thi ckrasele69 m) was nat ed on FPC-&t 200C gnd t HéA
the resulting [am nat contact-bonded on an I T
(1500Ee?m]3!18605ited al ajg substrate (6"% 6 x 0. m‘r%o

at a @gllﬁplggnperatue qh, 210C, a pressyre of 5. 5 Mpaq g

and a contact bhondilng 5 tinelof 5 seconds. Connection
resi stexagplc bet ween ITO@md a| conduct gr2 was neasiur ed 1lpy

a—feur—termnal—petentieretrerethodeofreasuring—=
voltaﬁmnhye Hppl yi ng anlidfectric current using |3 |ine$
(T tine s used for etectricrcurrent,_ & tine 15 used

for nB¥WsHy a vdltadl® and 1 line 3% used for both?
el ectric rrent and v E%age In FPC p 6attern he 37

r SOUPPENS RN iln TdBTe 3l For corbhrison, using

tI@gm T8 8MahpRbI or) mogel and an 10 g sotropic 49
conductive fiIm (CRI120ES) manufactured by Sony )

Caefbsalie Exampeniat ijon, 16£0nt act bondigyy was conduct exl

At A ~nAAal toannar At iy A ~F 10N A Ny ncoiira ~Ff 2 IE ANhao
At A pCClr\ C C“’JC' at yr © Ui LOU y A P' COooSUuUrl © Ul J.[J IVpCl

afdmparagweriixampledondi ng 183 ne pf 10 secldhds. The |resuli@

are snowT 1T the Sgme tabte. [ After
Comparative Example 5 83 5.0 13.0

In case of both Examples and Comparative Examples, sufficient adhesion to the
copper foil was attained. However, in Comparative Examples, adhesion to the polyimide
is extremely low. Therefore, regarding the polyimide, it is considered that adhesion due to
an intermolecular force and a chemical bond produced between the adhesive and the
adherend is low. Although only an imidazole is contained in Comparative Example 1,
whereas, an alkoxysilyl group and an epoxy group are contained in Comparative
Example 3, no effect is exerted. Although the compound containing an imidazole and the
compound containing an alkoxysilyl group are separately contained in Comparative
Example 2, no effect was not exerted. It was found to be important to use the compound

having an imidazole group and an alkoxysilyl group in a molecule.
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peeling off FPC by pushing the |ITO deposited gl ass
substrate to a hot plate at 200C, repairing was

weowduea7ssl by reconnecting using the above nmetPOOUSBA7/071448
WD 2008/ 002788 PCT/ US2007/071448 1) 0 0 oc oc -~ ON

110 O\ ¢c~c¢c'!' 1 1 000000 -~v.) oc NOOOOO
OO0 NO'C'C OUU 7t mMNOO ~, ~,M~,~OO
5.0 olonmetootes) o0U O ~ OO O U r--~ --- NM--~NMV?

M{}@@,Wﬁ{fé\gmic&m%ro MMMMMMMMGCId Cd U '~ W

A flexible printed wiring board (FPC) having a line width of 0.1 mm and a pitch of
0.2 mm, comprising a ESPANEX base material with a 12 um thick copper pattern formed
thereon was prepared. The surface of the copper pattern was soft-etched with an aqueous
solution containing sodium persulfate (100 g/L) and sulfuric acid (18 g/L) at 25°C for
2 minutes, and then washed with sulfuric acid (100 g/L) at room temperature for one
minute to form a 0.045 pum thick gold plating on the surface by nonelectrolytic plating
(Au: 1.2 g/L, pH=17.2).

Method 2 of roughening conductor

A flexible printed wiring board (FPC) having a line width of 0.1 mm and a pitch of
0.2 mm, comprising a ESPANEX base material with a 12 um thick copper pattern formed
thereon was prepared. The surface of the copper pattern was physically treated by liquid
honing processing (treatment of spraying water containing several microns of silicone
carbide dispersed therein at high speed), washed, soft-etched with an aqueous solution
containing sodium persulfate (100 g/L) and sulfuric acid (18 g/L) at 25°C for 2 minutes,
and then washed with sulfuric acid (100 g/L) at room temperature for one minute to form
a 0.050 um thick gold plating on the surface by nonelectrolytic plating (Au: 1.2 g/L, pH =
7.2).

Method 3 of roughening conductor

A flexible printed wiring board (FPC) having a line width of 0.1 mm and a pitch of
0.04 mm, comprising a Kapton base material with a 12 um thick copper pattern formed
thereon was prepared. The surface of the copper pattern was roughened by treating the
surface for 10 to 120 seconds with a mixture of mixing ratios of 1:1:1 of a solution
obtained by diluting a soft etching agent, emplate E-462 (trade name) from Meltex Inc. to
50 m/L, a solution obtained by diluting H,SO4 (98%) to 10 - 200 mL/L, and a solution
obtained by diluting H,O, (35%) to 30 - 70 mL/L. The surface was subjected to
nonelectrolytic nickel plating and then subjected to electrolytic gold plating.
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waeenshessed that, in Table 3, the anpbunt of acP@l/US2007/071448
particles is I ess than 50% by wei ght, the adhesive
conposition of Conparative Exanple 4 is insufficient
in plastic flow and therefore connection could not be
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res@Rglard sEOWh ACTaOBAFBHcIrpRiseh, ubmgIBE MMlSevalRfbe éiddeNand an
resi stance between | TO and a conductor was neasured
anipgtrepi¢ eandueéyasfilay (CPr%tZQF@i BBt RGtercby Sody Shemicabiforpgration,
lectric

cmﬁact\f)on(%lfg Waﬁeor?cp CL ag 19851( Fefné)g{atur og 3% g ¢ pr%sur% g%? 5 Mpa and

I'S use

a cbStabtIRMdIn@ tinfEESIY dcbghdd. Bk ¢@&aRs a@RHovkn il e shidic e After
for both electric current and voltage) in FPC pattern.

pecting of €ER( b3 pastang theuhOi depTitsideglass sepstatsi te adobplatsvat 200°C,
tion res .St ance bet n FPC
rerp et care el Cenlttits OB Hh " ReMEE” 1T and

| TO deposited gl ass, using adhesive film (thickness: 9

m
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20 of Exanple 6 Roughness Rz of N plating Connection

Connection resistance after resistance aging (at
woeEsowY8s or copper foil (m thickness (m (iPCT/USA0)7/071448

500 hours) 0.33 3 not connected 0.39 1.5 not

connected 1.99 3 0.6 23 2.04 1.5 0.6 14 3.83 3 1.3

2.1 4.67 1.5 2.1 5.1 33 WO 2008/002788

PCT/ US2007/ 071448 Tabl e 5: Connection resistance (i))

bet ween FPC (conductor w dt h/ conductor spacing = 20/ 20

(mMm_ and I TO deposited glass, using adhesive film
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of Exanple 6 Roughness Rz of N plating Connection

Connection resistance after resistance aging (at
woeEsowY8s or copper foil (m thickness (m (iPCT/USA0)7/071448

500 hours) 0.33 3 not connected 0.39 1.5 not

connected 1.99 3 0.31.4 2.041.50.325 3.83 3 O 5

0.7 4.67 1.5 1.8 14 As is apparent fromthe abov

r esdflip §0nsn<ter¢tdetéah§sT%% 3, the ampuntofarisi pertislep We@dh@ﬂeé(i% by
weiht e IHRLEE EL Bt SO AR IR RGR AT Belont B hstic low
and thictdfade coasicsidbmnadd inst dbéamidngdd. when t he roughness Rz

foil 1.99 d. st abl
conhBei Bp e copteinis iEhalbicET Y Ko ahasgTHg s cach
ha\tlﬁg B ihmts @dzg bhdvalRer A & @Bl vahe RIRL. d'l"hé’ rdﬁgﬁﬂess (Rz)

t he roughness of the copper foil is about 3.
wad Be@amedetinga tluée-ﬁﬁa@mmonhl Ig)lnasmtaepwﬁacmluapn gndasnarﬁmleﬂﬁwstem

3 ' esi ve. co Si Ie 3 was

(ﬁ @%?&iﬁ@@m@@ﬂufym&%g’ s[%éog%@;' subst rate
CONMBLESHAE ndut G MG N1 &YV (t{%}g k%ld@,'otf@fﬁclé}feSSO 1% Maﬁ& d Bd) and
lines (conductor thickness: 18 m conductor wd

theB.gbldwphatedi tThe Millhohiverfilat (tiigknews: Ohou} ofHZb(aWple?G&&B (D@ﬂﬂistﬁd on
PCT/ US2007/ 071448 rougheni ng treat nent, <0.5m
FPGr7d 28€ ashipen dicagpulin @W%@t%&b@m% on 3y Y @500 A)

-de@ogpe 1 s%éltl‘t?s[crgter@w & g 085 ! hlnin nafelgscl %e%er%tn}e (ﬁ I\ng(tr‘ a pressure of

5.50Mp4 afd a beisdtdendisf; fighcCoTT13 5t €onds. ndaﬁne(cﬁﬁn 283Q}ance between ITO
manuf act ured by Osaki Engi neeri ng Conpany. Durin

and p AeTCtop red integsured b g iferirFeBnigslmolatiomstsanethod @9 measuring a
Volb%%gaynagi}ﬁln@eﬁlsé’lgﬁgc LERE ru@ﬁlg qu}neW hf?elg %séad’]%r glegﬁ%tcﬂ%nt, 1

line is used for measuring a voltage, and 1 line is used for both electric current and

voltage) in FPC pattern. The results are shown in Table 4 to Table 6 below.

Table 4: Connection resistance (Q2) between FPC (conductor width/conductor spacing
= 15/25 (um/pum) and ITO deposited glass, using adhesive film (thickness: 9 um)

of Example 6
Roughness Rz of Ni plating Conpection Conpection resistance after
. . resistance aging (at 60°C/90% for

copper foil (um) thickness (um) (initial) 500 hours)

0.33 3 not connected

0.39 1.5 not connected

1.99 3 0.6 23

2.04 1.5 0.6 14

3.83 3 1.3 2.1

4.67 1.5 2.1 5.1
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time was 15 seconds. By bonding FPC with the gl ass
epoxy W ring board as described above, an electric
W@ 20081002788 her ei n t he connection at 51 points iBCEUS2007/071448
serial configuration was formed. The el ectrical
resi stance of this circuit was nmeasured. The
measurenent was conducted in the case where a load is
Taplgtd: ppinpepniresistaeced O heatdcadPidrcendigtor tdthgroadectaispacing
wher e= FPD) (isn/fuat) apddTY depositcl elsaasingedhesiee filbafthickness: 9 um)

appl if@Exbmpiche connecting portion (the

EDf‘Ie Fnl rlarl har\l/ h\l 1Qﬂ to fhe ci Ao

f\

state where

f t ha ml ass

QBQé]Yne%‘éJR% bf at

ﬁ%er at( re of

e). N'P\falaﬁﬁg ob

R,

T, OCT

t afATIgtiohe
wagepstarasd i
el atinitéabhuni

L TTCT

Cmnpi:%p[on resmtance after

n amoipeh0°4Y9¢o for
dity of0BEMrand

t he S Ur enen

t was gonduct

edoBddnREctE&RC

h | apse of

) 1 4
e 1T SoUr t S

Taolal = 4 O
aprc r U I

I.Illb‘ \IUUI b) 'S SITTUOWT T11

bel oW:39Af t er Heat sHotk was| 18! 8RR dd, t he

resi gt@nce vallue was3nmeasur ed Fopn heat| shock, a0
Sanplie. j 5 atfgwed t stan eS[ hathat -55C for
30 m2n94r es_ | trangf erred tn aaQé th at 12 Qver

about3.&0 secords angl then |is al (D.@vved tlo stand fodr 30
m nut at 125C (t hll oper ation onstiftutes 1 i| E) .
l:llrfhnrnr‘nrn tthe cnnr‘n e isltranstferred!to a test ath

at -55C over about 30 seconds and the sane operation

5 Tagl%%c rdo%%gct?o%q\éﬁ 5 cfeggag% e%n FE%e(k&?cﬁfclso %ﬂ&t%/coﬁgucfo Eﬁpacmg

10 bet 43k BB 71 EED AP el e Sl gBickncss: o
val u@f&xamp ing time in the case PCis not bent,
Sing_adhesi ve [conposi ti o € :
A U L g e
2. @pBerdfol (0m) 2 1@hibkness ( ;BnX )0

3 1 35 \WH 200870027388 /||c 071 Ta (l)(?hQP-rS
J. L IS VT UJU | A\

Corr el 333 on beteen desi st aﬁ@@ov@mﬁéi dnd testing tine

in theygase FPQ is Qent, not connected
1.99 3 0.3 1.4
2.04 1.5 0.3 25
3.83 3 0.5 0.7
4.67 1.5 1.8 14

As is apparent from the above results, it becomes possible to satisfactorily connect
10 by subjecting the surface of the copper foil to a roughening treatment. It is also found that
good initial resistance is obtained when the roughness Rz of the copper foil is 1.99 um or
more and stable connection is obtained by subjecting to an aging treatment at high

temperature and high humidity when the roughness Rz of the copper foil is about 3.8 um.

15 Connection of FPC with glass epoxy wiring board
The 30 um thick adhesive composition of Example 3 was interposed between a
glass epoxy (FR4) substrate comprising a conductor having a pitch of 0.2 mm and 51 lines

(conductor thickness: 18 um, conductor width: 0.1 mm, with Ni/Au plating, without
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usi ng adhesi ve conposition of Exanple 3 No.l No.2 No.3
Initial 2.6 2.9 2.9 21 hours 2.6 2.9 2.8 138 hours
WQR23880982. 9 210 hours 2.7 3.0 3.0 300 hour sPQI/USB®NDV071448
3.0 Table 9: Test of resistance value in the case FPC
is bent (aging at 85C/85%, using 5 adhesive
conposition of Exanple 4 No.1 No. 2 No. 4 No. 4 No. 5
royghpnipg fregmeng Rz <30.5 1gn)ongd FPC qonaprisng an BSRANEX (gisgnptegial
2. 230 hour.s 3.0 029 00 urs
W"i?«? FopPY Pptign @éﬁlgrﬁotg‘}ci‘n%“ffgz&né agvig! fzdj gm%‘éﬁ?dea P%Ch of
0. 2Trﬁﬁ1t fcﬁfovxfeﬁf’dgsthé}ﬁﬁﬁ cHRAHBohdIng 16ns BSBmIPSordSr {lﬁeﬁ 0(6)heat
shock usi ng adhesi ve conposition

magxfanires by Qeaki Englne@mgoCornpem Durig, coBtact hrinding, a @a@lrnurn

3. 2.9 3.0 .3.0.. 100 3.
b iefipostiyS gbipdying MeaHEd SRngisuz) a3 sy Esontast bpnging
tlm% vaasll% s'eEoﬂQ@S ByWéRdink G with tlfeaé%s %Eoﬁ%}ﬁﬁfgtﬂo%fh £f dkBbed

the glass epoxy wiring board, sdtisfactory
ab@@nma@lmtan cirewit bersh thi neehoafiomatLft] rointe igheniehepnfiguration was

fo L / @Esgﬁ%?ff&ilé %qued&%flls mrcm?%ay%r)legsqge%{ Oﬂge?nSlgasurement was

conducted in the case where a load is not applied to the connecting portion (the state
where FPC is not bent) and the case where a load is applied to the connecting portion (the
state where FPC is folded back by 180° to the side of the glass epoxy substrate). After
obtaining the initial measured value, the sample was placed in an oven at a temperature of
85°C and a relative humidity of 85% and the measurement was conducted after each lapse
of time (hours). The results are shown in Table 7 to 9 below. After heat shock was
conducted, the resistance value was measured. For heat shock, a sample is allowed to
stand in a test bath at -55°C for 30 minutes, is transferred to a test bath at 125°C over
about 30 seconds, and then is allowed to stand for 30 minutes at 125°C (this operation
constitutes 1 cycle). Furthermore, the sample is transferred to a test bath at -55°C over
about 30 seconds and the same operation described above is repeated. The resistance

values, measured after heat shock, are shown in Table 10 below.

Table 7: Correlation between resistance value and testing time in the case PC is not bent,
using adhesive composition of Example 3

No. 1 No. 2 No. 3
Initial 2.9 29 2.9
21 hours 29 3.0 2.9
138 hours 29 3.0 3.0
210 hours 3.0 3.0 3.0
300 hours 3.0 3.1 3.1
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Cainms 1. An adhesive conposition conprising:
nore aromati c- gr oup- cont ai ni ng pol yhydr oxy et her

or

(i)

one

WO 28062786 (ii) a conpound having an al koxysi | BCT/GS0P071448
and an i m dazole group in the
wherein the content of the organic

organi c

articles is 50% by wei

particles,

ght or

nol ecul e,

nore based on the wei

and (iii)

ght

Taple & Keorepdpiiogibpbvesaipdyraeanluc pod sestirg medn di gpse FPC s bent,
conpasingiadhesaiccemefiontionof Exampie, wherein the

aromat i g-group-_coptai i g pot yhﬁdr OXy [ettier resin
containg any one of cH¥hilcal |striitairal| unfs3(1)| to
(rery: 15 jjical | For all (I)»®& RO-CH-GHCH- R
ROH (IHh—6-Se2pc2cHeR2—RROH-37WO
2008/ 0027881 @IS USR0072871448 (129) R| 0 C2.8
0- G- O Gl R O 2.9 2.9
210 hours 2.7 3.0 3.0
300 hours 2.7 3.0 3.0
Table 9: Test of resistance value in the case FPC is bent (aging at 85°C/85%), using
adhesive composition of Example 4
No. 1 No. 2 No. 4 No. 4 No. 5
Initial 3.1 32 3.0 3.0 29
110 hours 3.1 32 3.0 3.0 29
230 hours 3.1 3.3 3.0 3.0 29
300 hours 3.1 3.3 3.0 3.0 29
560 hours 3.1 3.4 3.0 3.0 29

Table 10: Test of resistance value in the case FPC is bent (heat shock at -55°C/125%)),
using adhesive composition of Example 4

No. 1 No. 2 No. 4 No. 4 No. 5
Initial 3.0 3.0 2.9 3.0 3.0
100 cycles 32 3.1 3.0 3.1 32
200 cycles 32 32 3.1 3.1 32
500 cycles 32 32 3.1 3.1 3.1

It was found that, in case of connection of FPC with the glass epoxy wiring board,

36

satisfactory connection can be obtained without a roughening treatment of the conductor.
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R wherein each R i ndependently represents hydrogen or

an al kyl group having 1 to 3 carbon atons. 5 3. The
W@ew8802788 conposi ti on according to claim2, weCEUSRIDNE 1448

pol yhydroxy ether resin is a polyner consisting of

the follow ng chem cal structural units (1') to

(III')' Chem cal Formula 2 10 (I') RR -0
Clamsp- CH CH2- O Ar-O- CH2-CH CH2- ROH OH (I1') -0 S

OCH2-CHCH2- OAr-OCH2-CHCH2- RR OH OH 38 WO

2008/ 002788 PCT/ US2007/ 071448 (I I1") R I -0 C-9-
1. 0- CHAR-ddhle e dthpsitidn ColthpBbingH2 R R OH CH R wherein

each. R i ndependent | resents. h ogen or ap al kyl
grolf) hafhh @Olied?‘r%f)‘l'até‘ag YR C&’P’&H’é O’fyeifpgsréﬁ % a

di vahent 3 36BN ChA5RURr ARSLRIIN g‘ﬂ&u;%rﬁiuaql mﬁda&oleTé}@up in the
adheS| ve conposition accordi'ng to any one of clains 1
maeguB, amherei n t he
(i)  organic particles, wherein
the content of the organic particles is 50% by weight or more based on the weight

of the adhesive composition.

2. The adhesive composition according to claim 1, wherein the aromatic-group-
containing polyhydroxy ether resin contains any one of chemical structural units (I)

to (110):

Chemical Formula 1

)

OH

R R
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conpound havi ng an al koxysilyl group and an i m dazol e
group in the nolecule is represented by the foll ow ng
w@eoeened7sd ornul a (1V): 10 Chemi cal Fornula 3 (FR2)/USION/071448

X4 Si (OR3) QR43_a) n m wherein mrepresents an
integer of 1, 2 or 3, n represents an integer of 1, 2
or 3, R2 independently represents hydrogen or an
(HBrganic group, for exanple, alkyl group having 1 to 20
carbon atons, pp represents 0, 1 or 2, q represents 1,
2 or ? R4 15 i ndependently represent an al kyl

group ' : bon at , «Prqvided that one of
—RE5Re : bova @ Otig&B'TG'FTTB j a ring

i ncl ud-Ryg Si, |t her &by acting ap a direct bond to a
I'i nki ngl grou
3 to 1R car{Bon
or unsubsti

and! X is an orgagyc group having from
tonsR  which group may be substituted

, Which can be linear, branched or
cyclic, an Ich may contain an ether |inkage, and X
may al so include reaction products of 20 genera
formula (IV) Bi th another nol ecul e of general fornul a

(I such t X includes a | koxysi |yl .grou nd

i s Suh Blnadadn S Rres Bl BV Bt S Do g 1 103
carbOn afdynsone of clainms 1 to 4, further conprising an

epoxy resin. 39 WO 2008/ 002788 PCT/ US2007/071448 6.

The adhesi ve conposition according to any one of

ol ai " . Yol e
3 Goryie adnsRetombOSEE Rocbfing L ARM £ PR hEifoiiirony cther
res@DiR AGOLINXT chativarofahd folletvigudirhried etraoaqt wsitsn®) & GI1'):

conductor and a second substrate conprising a

conductor, the nethod conprising the steps of

i nt &hpeisehBormtde ddhesi ve conposition of any one of
Gﬁclains 1to 6 between the first substrate and the

second substrate and appl yi ng heat and pressure,

t hereby to Rontact thhe conductor of the first

substrate with the cionductor of the second substrate

e o e

0— CH,— CH—CH,— 0— Ar — 0 — CH,— CH~—CH,~
| |

OH OH

(Ir)

—0@» S0, —Q—O—CHZ—CH—CHZ— 0—Ar —0— CH,— CH—CH,—
| |
° . O O
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contact pressure between both conductors. 10 8. The

nmet hod according to claim?7, wherein the first
WGEa8Ne2a8%e i s obtained by subjecting the condRCr/U82000071448

a roughening treatnent. 9. A nethod for conductor

connection, and repairing, between a first substrate

15 conprising a conductor and a second substrate
(HEbnprising a conductor, the method conprising the

steps of interposing the adhesive conposition of any

one of cIaiw% 1to 6 between the first substrate and
bstra A in% heat and pressure,

act Bt GHpe O+ Agt0—CH,— CH—CH,—

at’e wi th theNgefductor of tlhe second substratle

and to|connegt both iconductors, gl easing the OH
connecRi on (#hi he® ing and 20 further reconnecting
bot h condu tch 10. The method according to claim?9,
wherein theRfst substrate is obtained by subjecting
t he conductort to a roughening treatnment. 25 11. A
structure whikch is conductor-connected by the nethod

of SNk eeac%fR f:llldgf)e%elﬁly }egre%gn'ts ﬁ}gdrogen or an alkyl group having 1 to 3

carbon atoms, and Ar represents a divalent aromatic-group-containing group.

4. The adhesive composition according to any one of claims 1 to 3, wherein the
compound having an alkoxysilyl group and an imidazole group in the molecule is

represented by the following general formula (IV):

Chemical Formula 3
),
Ny N X—F i (0RY) R4y,
m

wherein m represents an integer of 1, 2 or 3, n represents an integer of 1, 2 or 3, R?
independently represents hydrogen or an organic group, for example, alkyl group having
1 to 20 carbon atoms, p represents 0, 1 or 2, q represents 1, 2 or 3, R* and R*
independently represent an alkyl group having 1 to 3 carbon atoms, provided that one of
R’s may be a covalent bond to X forming a ring including Si, thereby R* acting as a direct
bond to a linking group X, and X is an organic group having from 3 to 12 carbon atoms,
which group may be substituted or unsubstituted, which can be linear, branched or cyclic,
and which may contain an ether linkage, and X may also include reaction products of
general formula (IV) with another molecule of general formula (IV), such that X includes

an alkoxysilyl group and imidazole group.

5. The adhesive composition according to any one of claims 1 to 4, further

comprising an epoxy resin.
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6. The adhesive composition according to any one of claims 1 to 5, wherein the

organic particles are acrylic particles.

7. A method for conductor connection between a first substrate comprising a
conductor and a second substrate comprising a conductor, the method comprising the steps
of interposing the adhesive composition of any one of claims 1 to 6 between the first
substrate and the second substrate and applying heat and pressure, thereby to contact the
conductor of the first substrate with the conductor of the second substrate and to maintain

contact pressure between both conductors.

8. The method according to claim 7, wherein the first substrate is obtained by

subjecting the conductor to a roughening treatment.

9. A method for conductor connection, and repairing, between a first substrate
comprising a conductor and a second substrate comprising a conductor, the method
comprising the steps of interposing the adhesive composition of any one of claims 1 to 6
between the first substrate and the second substrate and applying heat and pressure,
thereby to contact the conductor of the first substrate with the conductor of the second
substrate and to connect both conductors, releasing the connection while heating and

further reconnecting both conductors.

10. The method according to claim 9, wherein the first substrate is obtained by

subjecting the conductor to a roughening treatment.

11. A structure which is conductor-connected by the method of any one of claims 7

to 10.
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