WO 2006/ 110634 PCT/ US2006/ 013273 Connection Method of Conductive Articles,
and Electric or Electronic Conponent wth Parts Connected by the Connection
Met hod Field The present invention relates to a nmethod of connecting
conductive traces that are 5 fornmed on a substrate. Background In an

el ectric OFO@Medtd6dNi c conponent, a mul ti-conductor i rPCITSEHcAIBIUral ity of
conductors, or traces, are arranged on a nenber is connected to other

mul ti-conductor. For exanple, when a circuit board having vari ous

el ectroni ¢ RAnkGioRMEREE I CHRNRAVe AP, mﬁ%ﬁdyr"ﬂﬂetﬁ%ﬂ‘ﬁﬁmﬁbﬂeﬁw t board,
nul tipl e conductive traces are fornmed on the one and the other circuit

boards, respectively, vHyPanthCennpctediryithpSompectipp Mathad - conductors are
respectlvely connected to each other to connect the two circuit boards.
Various cggggction nethods such as sol dering, conpression connection,
connection using a connector, or the like, are considered for connection of
such a mnul t| 1§h@mgtmmnhonmm a niathadef epmmegtagresnduntive esesrtiatarpody  of
electglc ! 0 g&% a% apparatus has becone thinner and smaller, width and
Separatio ]gF 8n ors have becone increasingly snmall, and existing
connection nmeans are not optimal. Sunmary One aspect of the invention

provi des @ackgitonad e conprising a erxibIe substrate 20 having at | east one

conductive trace on its s ace exten rom,a fi.rs nd,.to.a second end
et et ot Gt o ek oompenagh & Sl A paicE AR of oof T qur od

to form ar@onﬁcﬁﬁ bl ks, GRIIMABEIIVR atlﬁézﬁ&?{k Bnidcfed to ShEGHII-doRddeBrconnect ed at
the first end of the substrate and a second circuit to be connected at the

second end'op¢xample, Stiprse pizauét boardchawing serions gleetinic peeh eatkpgedoheredrisfi rst and
secongd endg cteE ?o%:i%’rﬁ%? Eﬁﬁt%o%%ﬁh@le cgﬁdﬁﬁ%%icé{se e formEQ Hﬂ%ﬂg%ﬁ? agpnductive ,‘

partlcles pect of the invention provi des & et conpri sing
provi di ng the ditlwrstrcmflbcmdsmespesum laadtavd'rmdipngioas of teamnltiocradodordact | ve trace

on its surface; disposj ortlon the at,least one trace a
heat - cur aﬁFs@egyﬁ@sﬁo ec{ceggﬁ) PPthS Oﬁﬂlérf‘eﬁ W? CIQH%BQ"F 2 conposition
conpri ses condWatibwseopsctibe methndsuuely asholigrise, sefpreskichtoghdeib® having at | east
30 one trace; aligning corresponding traces or} the first_ and second
subst r at escon%FﬁHOIb‘@H'tﬁ an(@nn%‘mr or the like, are considered for connection of such a multi-
15 conductor. However, in recent years, as the main body of electric and electronic apparatus
has become thinner and smaller, width and separation of conductors have become

increasingly small, and existing connection means are not optimal.

Summary
One aspect of the invention provides an article comprising a flexible substrate
20 having at least one conductive trace on its surface extending from a first end to a second
end of the substrate, wherein said at least one conductive trace is configured to form an (
electrical connection between a first cirenit to be connected at the first end of the substrate
and a second circuit to be connected at the second end of the substrate, and
a heat-curable adhesive on the first and second ends of the substrate wherein the adhesive
25 comprises conductive particles.
Another aspect of the invention provides a method comprising providing a first
flexible substrate having at least one conductive trace on its surface; disposing on a
portion of the at least one trace a heat-curable adhesive composition wherein the adhesive
composition comprises conductive particles; providing a second substrate having at least

30 one trace; aligning corresponding traces on the first and second substrates; and bonding



WD 2006/ 110634 PCT/ US2006/ 013273 the first and second substrates under
application of heat and pressure to bring the corresponding traces into

el ectrical contact and flow and cure the adhesive around the traces, at a
tenperature | r than the nmelting point of the conductiy O her
features any(g%%{hltogjges of the invention wll be appar erﬁ&('#%%%ﬁ%r’f ol | owi ng
5 drawi ngs, detailed description, and clains. Brief Description of the
Drawings Fig. | is a view useful for explaining plating of non-corrosive

met al per f othefickt emd secombiubstotes voderapplicettdrbdichest ant! presomeltodiriog thed a rigi d

mul ti-conductor; FEig. 2 i.S a,vje sef.ul for | ai.ni for i of
roughness o%or@g?? #&agesd?toglec{ﬁmﬁ%%@lﬁbapg ﬂ%ﬂ’l aﬁé@ el rt]laeua@g%sl;veuag&%néﬁge die; Fig.
3 is a vi ewratz§ath tehgierabiep losien thag tHeanshind st oftheaohdigdidtr&estul ti - conduct or
havi ng roughness forned thereon; Fig. 4 is a view useful for explaining

di nrensi ons of the roughness,formed on.the conducgtors; Fi g. IS a view
Showi ng o f | exi HPGer TS eohetaneres Ahb Ay enioe e ikt dom e fisvien i -
which: 5(A) bfwhpY] RWilBS I&EERdn! AW dail@l direction of the conductor, and (B)
is a view as seen fromthe direction perpendicular to the axis of the

conductor; _Fig. 6 is a viewshowing a roller lamnator; 20 Fig. 7 is a view
useful for BxiefBessripgionpbthedlra®ings nosition ali gnment using a nicroscope;
Fig. 8 is a vievwgshpu LR BT et st RE UG- O AR nfbedl beiesmed

mul ti-conduct orwﬁ% ?}gﬁg%ﬁgegggt#@n; Igltljgz.1 g ?s a Vi ew g%(t)wi'png&glesgflderi ng

i ron for tenpadncor dfedidkibly;muldsondugtor 4181 4 Bgid muiltewonduetbyl for expl ai ning full

bonding; Fig. 11.is,a view.s ing two rdaid nmulti-conductors . interconnected
wth a1 ex bl e Pt e eehutee b ahlhasbidol e bR dhiaiupibfag

Qi- scl ogur e Aexibleanilti-oo®luampeaditg Odiet he present invention provides a
connecti on netho ich.is capapl e of reliably, cqonnectjng narrow and
mniaturi zed co g\é\{]}s\;&evnfvy use ,forgg ) né.lctors og : ﬂemer}e m n-co%ductor

having roughness formed thereon;

Fig. 4 is a view useful for explaining dimensions of the roughness formed on the
conductors;
15 Fig. 5 is a view showing a flexible multi-conductor having adhesive laminated
thereon, in which:
(A) is a view as seen from axial direction of the conductor, and
(B) is a view as seen from the direction perpendicular to the axis of the conductor;
Fig. 6 is a view showing a roller laminator;
20 Fig. 7 is a view useful for explaining procedure of position alignment using a
microscope;
{: Fig. 8 is a view showing a flexible multi-conductor and a rigid multi-conductor
aligned in position;
Fig. 9 is a view showing a soldering iron for temporary bonding;
25 Fig. 10 is a view useful for explaining full bonding;
Fig. 11 is a view showing two rigid multi-conductors interconnected with a flexible

multi-conductor in a mobile telephone set.

Detailed Disclosure
At least one aspect of the present invention provides a connection method which is

30 capable of reliably connecting narrow and minjaturized conductive traces, and which



WO 2006/ 110634 PCT/ US2006/ 013273 permts repair work to be carried out
easily. At |east one aspect of the present invention, in association with
above-descri bed connection nethod, provides an electric or electronic

devi ce connected by this connection nethod. 5 The substrates of the present
i nvention \%Xo(ﬁfﬁ’(ﬁsfi ngle traces, but typically wll HﬁY[?szﬁ’osﬁis%aal ity of
conductive traces, or conductors, arranged on its surface, and are
generally referred to as "multi-conductors.” Milti-conductors include
printed circuit boards in general (rigid circuit board, flexible circuit
boar d) andeapitsepairsvesk tnberatriediontessilyy on a surface of a device. A

mul ti - conduct or, " L CU Lo s W ect two

ot her nulti-coﬁéE%%ggé%Qgﬁgﬁﬁgghggggéfggﬁéﬁﬁ&gmaﬁ@égahgpa?ﬁggﬁﬂgﬁe aspect of
t he met hodoundectidri rsethord; prvidemapelentiicdeslstiper depaswdnateaddy this comegtanr  of
conductive traces. The conductive traces are connected by netallic bonding
or by neéﬁ%ﬁiCal or physical contact between netals, and surroundi ng
portiens are cgRgQbbedesuf thdiRakentdnveatibemadgs isingle thides! bikttyfcatigriil st r ong
connection can be_ realized. By using a heat 15 curabl e adhesive, such as a

heat cur aﬁ}a?ée R qficew“eﬁvﬁ%c?ﬁ, H’gcoéﬁ‘tﬁtﬁﬁé‘gf’%ﬂ?é ORdlastface, gy resin,
di sconnectd.on, Ec%%d fd’d%"‘ﬁﬁhi-%dﬁ&&s ML colicors BRLAE pAREQBRuShed easily.

3]
As shown in FiId. , the superi rrpose:d area Is the area where a pair of
mul ti - condwetds megendrd] (righl cuicuit beazd, Iflepibisd:iviit boaehahnd oirdits proddded directlyf t he

present invention wlJl .no .deseribed i etail wth reference to 20
Pbpended dRAneHER oL drift AmBoRGi S bF s SmePhchol AR

mul t i roconduatieert Svof dtliciraohltbyormlastan giunkyasa delvice ahd & yoed. conductors on a
substrate nenber, such as, far ex le,. rigid multj-conductors formed by

arr angi ng pon%letaﬁtr_ BB?PF%t&fﬁi? I’Efﬁﬁlogquiﬁdf H‘V%HIS’EPF%‘_ s EReTimReted 1Ay Ol ect 1 oni ¢
parts, fl exahdof cofdubtive tRBEI TR Qh8udtivt FRds B cBhinedRd b theMNIBIRHRE or B @
flexible film and the like. Flexible 25 nmulti-conductors include so-called

f1 exi bl e boesharical vrphypicelsenctibgivesn metdlscand syeowsling Fogions gegrcopresteddhinect i ons
such as ¢ ect i Lol [ , =540 . bl e

mul ti-con ufg;tft3 %#%?&O@E%‘(’)éh%de%?@ﬁwo ggg?{glﬁgjo%#?pféggi HCP g?&lg%h(ﬁgdtf | exi bl e
mul t i 1conduetbleradhdsive, aohdug ha surabie eomspolssibn adregining caprclaétand modifiéd exi bl e

substrate may be dj.gitated i.e., the substrate between tf nd..porti ons of
She t nd vi Sty e ittob el Eotoeion (PSR GOk s Pt Ompaad S Such t ha
the indi vi fyshows MEGCI QR sQperiiRsdtittdalis §:0AFk GileFe AN f Adld-LoRRatbesf | exibility

to conformto the conductors on_a second nulti-conductor when they
10, 20 are overlapped with each other.

Aspects of the present invention will now be described in detail with reference to
20 appended drawings showing embodiments thereof.

There are various multi-conductors formed by arranging a plurality of conductors
on a substrate member, such as, for example, rigid multi-conductors formed by arranging
conductors directly on a rigid substrate for packaging electronic parts, flexible multi-
conductors formed by arranging conductors on a flexible film, and the like. Fiexible

25 multi-conductors include so-called flexible boards. The present invention can be used for
various connections such as connection of rigid multi-conductors, connection of flexible
multi-conductors, or connection of a rigid multi-conductor and a flexible multi-conductor.

The conductors on a substrate, particularly a flexible substrate may be digitated,
i.e., the substrate between the end portions of the individual conductors may be slit or

30 otherwise separated, such that the individual conductors on one multi-conductor have
additional flexibility to conform to the conductors on a second multi-conductor when they

are joined together. This may be particularly suitable for an embodiment in which one



are joined together. This may be particularly suitable for an enbodi nent in
whi ch one 3 WD 2006/ 110634 PCT/ US2006/ 013273 nulti-conductor is rigid and
one is flexible. If the traces on the flexible nulti-conductor are

digitated, they will be able to conformto the traces o Lo
mul ti -condu%’f)&?;?m\}wﬁ%h will allow for a better connect i'ﬁg#f)’gzet{o{sl\fgnggvst he

i ndi vi dual superi nposed traces. The connection of multi-conductors will be
described with respect to connection of 5 a rigid nulti-conductor- and a

fl exi bl e muhulfi-comhwdior isgizidandaome éxBanhle . If Bevireeeson the flexiblemndtirsdnydugtont ed, t he
connection . i B 0 LRat | 4f | exi .higid
substrates a%:é/lp%ge‘i’ r&gig&l %g%]élﬁgtoocgogfo ﬁéﬁlggfﬁ%co gfri'%ﬁ%ﬁ ni‘ﬁé cgrlkjc@gttggg‘fhé%l to be
connect ed willyllbw foradettaf cohhetismbawear thainfifviduahduperimpesed ahcesA f 1 exi bl e

mul ti-conductor _10 and a ri.gid. nulti-conductor 20 are shown in Fig. 1. 10
The 11 oxi bl e muithe seBfe oS olisoodureR Tl e foss B Togreb EBmatgt o 12
made of a GOREKGH-YRIIRHSH A exPUCHUIBToANRRP B AlabidYe. IWABYRH at a
specified spacing on a flexible resin film1ll, and the ri

id
mul ti - condystvirusRGtated, thercopuection methpdiisanitable fof anyoethbinagion Qgﬂex;ﬂddend)f a
nmetal, such.a r. all chfi in n rigid
fesin’ subsirBeSiRah R el ordid BRANE cBhae bR, i e SRER R sBa 3 |
carried outmaytemdds of Rerphe, ordiffederphmdtedal.t hogr aphi ¢ nethod, or the like. A

non-corrosive netal .l.ayer. may, then be forped on these conductqrs. as the
out er nost | ayer e@ﬂ%\‘;’d“i}ﬁ&‘ﬁ%@%}%{b ”Fﬁé‘ @W‘"@Pﬁ’t‘%‘é‘@cﬁ’iﬁ r"élﬁh - 22 is
about 15 t 0 BRULibIZRAHBon@REAMOY forRéd FAMMMENIQ of dehdaftdr of me@nstuct or 22 are

made equal to_each other and is a fewtens pmto about 100 pm and the
spaci ng i s «@hdustive metgrielesnsh as & eonpblloy amnged at 2 specifipdspacingorshidendle n a

sonewhat e i i ' - osi ve
retal | ayer R AR E T REARA Syl houchor 2D el EEESRRAG SRRLEETIOS T,
not | i m t ednide of hingetaisutiost. a chppérallny talrenged at £ specifisd wgacing\oara, rigidrefibexi bl e
mul ti - conduct qQr d/or a.igid nmulti-condyctor .20 _can he_i rsed in a
non | cor r oSTbeHetla PIEFRER RS TsHbRY SRR H G |t B P PG 1 and
pl at edsnon-gampRshyLphdoliikigadphlcAd@hsd, d5the BRe.ar e respectively formed on the
surface of the conductors 12, 22. Thickness of the plated layer 13, 23 is

about 0.1 to abduromcosrogiye metal {gyer mej thembeformpden thesegopdusiarynsehe
ST 7N . . ) .
milti-con L{ﬁlieg o%g?.ﬁpgftﬁe Eéxﬂh&P{}‘:JHglaﬁégggg&’tﬁﬁ%nd&%miB%g%%&%&ﬂt%ﬁmﬁor rosive

nmetal | ayer respective ereon are’s ough an
exanpl e of X0-&mlahe didih pf dvndadtogl 2raet bOchndacotzete thadeedquabd eadhstier and

is a few tens pm to about 100 pm, and the spacing is also a few tens um to about 100 pm.
20 These are shown In a somewhat exaggerated manner in Fig. 1.
The aforementioned non-corrosive metal layer is usually formed by a plating
method, although formation is not limited to this method. To form the non-corrosive layer,
{ a flexible multi-conductor 10 and/or a rigid multi-conductor 20 can be immersed in a non-
corrosive metal plating bath 30 shown in the center in Fig. 1, and plated non-corrosive
25 metal layers 13, 23 are respectively formed on the surface of the conductors 12, 22.
Thickness of the plated layer 13, 23 is about 0.1 to about 0.5 um.
At the bottom of Fig. 1, a flexible multi-conductor 10 and a rigid multi-conductor
20 with plated non-corrosive metal layer 13, 23, respectively, adhered thereon are shown.
Although an example of so-called dip-brazing method has been described above,
30 other plating method, for example, electrolytic plating or electroless plating, may be used.
As the non-corrosive metal for constituting the ontermost layer of the conducior,

suitable metals include gold, silver, palladium, platinum, tin, and alloys thereof may be

4



30 other plating nethod, for exanple, electrolytic plating or electroless
pl ati ng, may be used. As the non-corrosive netal for constituting the
outernost | ayer of the conductor, suitable nmetals include gold, silver,
pal l adium platinum tin, and alloys thereof nmay be 4 WO 2006/ 110634

PCT/ US20060Y @189 118634used. Use of these material s perni tPETASRWHIBAEse joints
such as those forned by cold welding, friction welding, and diffusion
bonding to be realized. However, since in the connection nethod of the

present | GaNSO0 0.0 BRI e BUSONOAS IRt h KOBaldBriBlIRl qiconduct or's,

solid phase joint is not re U|re ors may sufflce
to 5 for nwaldmgnﬁgtmn weldi rdumi@d@ndln@tos@ca&leeté Bowdies smoningbe i on, a solid

phase jOInt | h other. In
friction BOMGY nn otdroasorPresgn“&t?ng%)l )é%g%aes e app‘%js g%ﬁgs tér @%%fe a solid
phase j oi Bdsnduaibﬁm sopdcpha:se dodhtyts n@trrecgﬁfed)mfe@maetrofmhﬂmors pay buffice t4 i s

formed on _t he conduct 12 of the flexible rmulti-copductor .10. This is done
for assur {98 %99E0CHAH ?""Hﬁel‘éﬁs’ 1P fgPuER grtion, 2 SBPQ phase jqighm I’é

nul ti - congigt@to rlﬂawébnht& cSREtEEO EacR dHaf. Hiﬁcﬁdn%qdlﬁgIlﬁ&asoﬁenduct or 20 to

be perforned |ater. ghe is a view useful for explaining the formation of
non-fl at pibrationmay be applie éo prometets selidphas joimsnduct or  10. The fl exi bl e

mul ti - conduct 0{&[1 %Opljlefﬁl.raikﬁri, gxﬁ]éﬁlﬁos 31'?0%&& gyf}tﬂﬁ IQ% fo?rﬁ%cﬂ;n % 90nd?lctb s pressed

agai nst a noul usi‘ons t he Ape of ~semcircul ar
cyl i nder aﬁefﬂ:eﬂaﬁmesrilﬂ@-cdmdusmlm Hiigis d3nd for assmnrg\mhesbmmmgnbﬁthbhe flexible

mul ti - conduct or non: f | at ort| on 14 f descri hed above,
The Y QOtrﬁ%'?CIS} ff?a‘;fh‘ﬁf‘ehﬂ‘ﬂgl E’L‘l‘p‘t%f’ﬁifl &?c?ﬁn‘g'?t“ﬁg?élﬁ‘hﬁéﬂgdm Bt angul ar,
round, sqdedd@ctor 26 © be‘p'bﬁrorﬁﬁaﬁtéramogﬁg a ﬂ@ﬁr uScH HedPlaindihe Ydrehariced

netal -to-netal contact because they allow the adhe5| ve to be nore easily

di spl aced opr-8ah pegtionddreondhrflexilemuktispndegtorddi dbe flexpble mylt-eonguctont) ifon- f | at
ortion 1 t, depth,

B wi dt pioP SRR IR BRI FET bR pdal Ehe 1D i WickBronsliony . cep

mul ti - condiidn the shape ef &cmlﬂuprlafce!hmhr aefomr@d@i‘debheldnoﬁxgm tta yiow showingl4 wi | | be

descr] bed n he n flat portion 14

is ptlgef er élbeleﬂ}xgax;‘w}'ﬁn-cgnﬁ??orgg ggqugﬁglpaﬁ&onﬂﬁgomeg%ﬁscrbb © aIE’%Wabout 10),

and if H ThaPromlslﬁhslr@ayamhy siifibleGhgleGuth ﬁqgrafmda&e@mg&m Pofd, équereconcavi ty
of the non-flat portion 14 |§1Preferabl equal to the conductor height H x
e

(about 0. 2to Shemswilat porgpos cap delpo provide @O%ﬁle@ toguetal sppfast begosethey Spacing L
bet ween cqiGalelhRsiRito bBoRBsify Blpided fhRBethbel fhe Rkl S6aR: YogRUal to the

The size of the non-flat portion 14 will depend on such factors as the size of the
20 height, depth, and width of the conductive traces, the planned use for the multi-conductors,
etc. A preferable size of the non-flat portion 14 will be described next with reference to
Fig. 4.
Width R of the non-flat portion 14 is preferably equal to the conductor height H x .
{(about 0.5 to about 10), and if H =20 um, R is about 10 to about 200 pm.
25 Depth D of the concavity of the non-flat portion 14 is preferably equal to the
conductor height H x (about 0.2 to about 0.8), and if H=20 pm, D is 5 about 100 ym.
Spacing L between concavities of the non-flat portion 14 is preferably equal to the
conductor height H x (0.5 to about 10), and if H=20 pm, L is about 10 to about 200 pm.
The optional non-corrosive metal (which is not shown in Figs. 2, 3, and 4) may be
30 added at this time.
Then, an adhesive is attached to at least one of the multi-conductors in the area in

which the conductors to be superimposed are contained. Several additional characteristics

5



conductor height Hx (0.5 to about 10), and if H= 20 pm L is about 10 to
about 200 pm The optional non-corrosive netal (which is not shown in Figs.
2, 3, and 4) may be 30 added at this tine. Then, an adhesive is attached to
at least one of the nulti-conductors in the area in whj LR isductors to
be superi np‘SQéﬁPﬁﬂP’é“com ai ned. Several additional characteristics 5 WO
2006/ 110634 PCT/ US2006/ 013273 are desirable for the adhesive used in the
present invention. These characteristics are considered below First, the
fl exi bl e make desizabhelfog tieradAddivameed ih ¢herpregenk inventibn. cTirdelciapacte?Btiarage al i gned i n
position so that the correspondi ng conductors are properly superinposed. If
the 5 adheé"PK}sé&é?é;‘?e’gc?vi"s tackiness, it may be difficult and tine-consumng to
separate the t wgirsiibefexibRAGIUE LI 16 BLd 166 Hadl i ¥Biduci RO bre afibydef or e,

t he adhesive preferably exhibits Ilittle or no tackiness during position

al i gnment , ik pesitignsso that thegorrespandies eandpeors prraorerly shpeyinmosssk df @eabl e to

tenporari l : ¢ | : Wl

ol 1 B onadfaRe st athdll e i bJ aiRARNES e tohfithe 1 Apela P vy

pr ef er abl y nhfltiertdubtcrstotcanéat aliganegrbertord Therefood, teladhgsiveynefyrablfyteghibliei ng
heated for _.a_.short period.. Next, hqQt press-bonding is performed. That is,
whil o bei ndtiearmedadkiness firng paviion Fhgpiest GRS BT STRRE e i gi d

mul ti - conduct or ﬂ&g@fﬁﬁ%ﬁ%&ﬁﬁb{&&%ﬂiﬁhﬁ?ﬁb&ﬁ%e ARG multﬁ&cﬁﬁiﬁct&nlde{hﬂ

conductors contact each other. In sone enbodiments, the netals preferably

f orm sol i d thhagid multreendypier Hoaspisredinppsition Bureitreghandhegiunpieteradly by t he hot
press .15 b ' : m’ggi'ﬁ | | royed, or short

Ci rcuil ing%}’ Baﬁﬁelﬂ&slr@%gbﬁglgpﬁuggkon enegg%lbgﬁg%‘{degm%?gel}ogﬁ%h?ﬁe bubbl es under
gi gh hum dity. Teus hoi freissondiesispatfbrmedh Thattik oviaki vemp beated) thpdhixiblon does not

ener at e bubhl.es n.heat ed.. t.he ot her ,hand, in, the init,.al ate of the
hot press- %ﬁhicﬂﬁ ,ucfoﬁ&p a?ét,%e 5@%”&?@’("%‘%‘1@” ZFSW ﬂf%sﬁ%’etf’%'g]ﬁré? &laflmfa desi red
that the caagbacdohe ciidabesticoigctichaiothdie Ib¢onsd enetiodingehtsOthe nfedals gefetdbiyn 11 can

penetrate thr o;g_h the | ayer of the adhesive conpositign so that conductors
may cone i rfpEn sdidRbete iwndRnehtteeythany. If Prbblesdire pwsratadibytheehat grastct i on

oot weaq t Nayhtias! it HelilbdoactARMHERRhirdPorithrdyE. drsrflirdiing magAaguCt or 20

happens to fail); esl ve conpaosition preferably perm hi's
connect i on glacellse th odensaticned wates i the bubbtes ahdehighdpaiidityortios dtish as

repl acerent ot 51 Bl Zheile o bios SALUE! Shed® REbIGhLlaconauct or 20

has been co
On the other hand, in the initial state of the hot press-bonding, that is, at relatively

low temperature, 1t is desired that the conductors projecting from the substrate 21 or the
20 film 11 can penetrate through the layer of the adhesive composition so that conductors
may come into contact with each other.
In addition, if the connection between the flexible multi-conductor 10 and the rigid
( multi-conductor 20 happens to fail, the adhesive composition preferably permits this
connection to be disconnected easily, and after repair work such as replacement of either
25 the multi-conductor 10 or the multi-conductor 20 has been completed, permits the
connection to be restored. Therefore, the adhesive composition is preferably permits the
conrection to be easily disconnected and easily restored again. In other words, the
adhesive is removable and reworkable. In this context, “removable” means the adhesive
can be heated and softened such that the bonded articles can be separated and
30 “reworkable” means the adhesive can be heated and softened after the articles are
separated such that the previously bonded articles can be rebonded, or bonded to different
articles.



connection to be restored. Therefore, the adhesive conposition is preferably
permts the connection to be easily disconnected and easily restored again.
In other words, the adhesive is renovable and reworkable. In this context,
"renovabl e" neans the adhesive can be heated and softened such that the
bonded ar W&00&11068 be separated and 30 "rewor kabl e" REANSZWHY3ITdhesi ve can
be heated and softened after the articles are separated such that the

previ ously bonded articles can be rebonded, or bonded to different

articles. 6 WOs2Q@Gkid sﬁ@ﬂﬂéﬁ%@ﬁ)@s%&%@ser&@d?&;ﬂﬁ%&ﬁs S @ENRSL tion that

satisfies above-described requirenents is the heat ‘curabl e adhesive of the
present i Auable pdhssivaef the presenginzentiopo At leavioneemborimens of the beattspibleadhesi ve of
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| east one tesuifton ivhremniubstqueriky beﬁghemdﬁm Hlid taualdhﬁetﬂeasbomamboélnienmf tleont ai ns

capro] actgne nodi fied. epoxy resin ment. of the

heat - tur aglf'ag" %ﬁlggpﬁengPmpﬁ%mt?pé:g@ﬁps F%@ﬁi&%@c}ﬁ@% egoﬁﬂ??flal | i ne phase. For
exanpl e, the CAYREAbLhd EEJINAGE of Y héPBirable aitBive bpthk pRSeriBfehticathas €POXY
resin (hereinafter referred to as "nodified epoxy resin") as a nmain

conponent 2 epiallingpliase; Ber pBRYy theeraliinpehesamay pnsain exprelestonsimedified: o t he
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eat -cur a?ﬁ%@?ﬂi%i&%ﬁgﬂﬁ%@%& I m&&iﬁ@&'gp&p ?e%xxf”?gﬁ dtngB%%Eéﬁp lefiC gl astic

propertie |'e adhesi ve. ares eat curable
adhesi ve enddifisdtepoxyohsis impartewhbbélembﬂlm'@rm@hnahgura‘dnddltd:eiveb@mmsmdnes| ve

capahjlit on _heati grdi nar [ esy t.he nodifi epoxy
resi ﬁbf or%nﬁéj%uﬂpa&ﬁmﬁ ? vﬁko'iéﬁstﬁ arden lg% %B%gé/ Fmﬁ]éISP%%e dﬁﬁeﬁes\ﬂ?ﬁ%ﬁ net wor k
S;LUC'[ ur e hegnorable atiedajve exhﬂm&r dohesﬁ!(.jnfw&l befors tﬁmaghgg ahé déwh:]ici)plél ﬁcﬁiesﬁ&lf abl e

adhesi ve conpgsitio 1 ordance with_an ect of t pr esent

i nvention® Igg@ ??qgeh‘“@ %Wégqxﬁre%sﬂ’ﬁﬁwgﬁpéﬁﬂ?’ﬂ)’ﬁ% orgf. typically
about 100 &Héaﬁh% a%aﬂ@ﬁbdﬂ%cﬁﬁsﬁfa@ﬂ 8- &Q%ionap&t&&k%@dﬁ: ad Wppyand nore

preferably about 500 to about 3, dified epoxy resi N havi ng such an
epoxy equiimpdrisiephasivestiensgh ©itkd heyt caw@iq aslbesive dogipogtiempl e, from Dai cel

Chemgal | ”dugf] dckSrdartdd Wfﬂr}g%.%pehrb?g# rp?ﬁs%ﬁ}%%nﬁé Pﬁé‘h%%{m&eé%r X Ryin20 The

heat - curabl e adhesive conposi resent I nven erably
cont ai ns  has ¢m@ek equiviiianit nf;t@gmﬂy aboAt ls(lﬂ)itbalndw910&&,lpr¢*fadblglah@nag@tmtabmst rrel am ne

/I isocyan id ad her gi te eferred.to al sp .as, "nelam ne /
i socyanur gcd Qcﬁna RBHPI® quo 5%8 ip@% I\%Pé o FROXY BTN AEE SHShed
nodi fied %ﬁ@ﬁdky%ﬁﬁi‘vﬂenﬂﬁﬁ&fm&heﬂ&ﬂlﬁiﬂaﬂﬁolé, for example, from Daicel Chemical

Industries Co. under the tradename of PLACCEL G series.

20 The heat-curable adhesive composition of the present invention preferably contains

a tack-reducing agent. A suitable tack-reducing agent is melamine / isocyanuric acid
adduct (herein after referred to also as "melamine / isocyanuric acid complex™), in
combination with the above-described modified epoxy resin. Useful melamine /
isocyanuric acid complex is commercially available, for example, from Nissan Chemical
25 Industries Co. under the tradename of MC-600, and is effective for strengthening of the
heat-curable adhesive composition, reduction of tackiness of the heat-curable adhesive
composition before heat curing due to development of thixotropy, and suppression of
moisture absorption and fluidity of the heat-curable adhesive composition. In view of
prevention of embrittlement after hardening without impairing the effects as described
30 above, the heat-curable adhesive composition may contain melamine / isocyanuric acid
complex in an amount of typically in the range of about 1 to about 200 parts by weight,
preferably in the range of about 2 to about 100 parts by weight, and more preferably in the



I socyanuric acid conplex is commercially available, for exanple, from N ssan
Chem cal' 25 Industries Co. under the tradename of MC-600, and is effective
for strengthening of the heat-curable adhesive conposition, reduction of
tacki ness of the heat-curabl e adhesive conposition befqr i ng due
to devel opngrﬂm?ﬁm?ﬁﬁ?xotropy, and suppression of noi St%lc llgg@%lpp?fson and
fluidity of the heat-curabl e adhesive conposition. In view of prevention of
enbrittlement after hardening without inpairing the effects as described 30
above, t he rirgabf shoutbiceabadifspante by weighs rdlatir torh§0 pots byiweight bfmbdiEed

I socyanuric_acid. conplex in an anount of typically in the range of about |
to about 268°PAFTR by weight, preferably in the range of about 2 to about

100 parts by weiTebheat-adbigadiesive ebapaition mdy fuler CoM@nZRRHRIAAR Iésin for
PCT/ US2006/.013273 range of about 3 to about 50 parts by weight, relative to
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shape. In accordance with_ at |east one aspect of the present _invention,

. pr .
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‘hi s range,__phenox Ln can be.effectively co- .dissolved.wth the

i or esai o RO PY Saveh b BEMES pihisiige, el Sesif RETR SRR ot 1 e
epoxy resi ndidsblvsd Witk tHeaddresaid @bdiSedefors redh. OB AEdnheOBlcedie bfthef f ectively 15

prevent ed. Phepoxy resin entangles wth above-described hardened product of
the nodif i%‘éfhgifé‘??"if e fromythe ?é&gaé}%ﬁgﬁswcem@%%qwbﬁﬁﬁ%ﬂw and t her mal

resi stance 1pkvehile PRGRLy fesinaRlaBgRARRR biye CRIRBS hdrhed FHITHARE thegood T epair

performance after connection can be obtained. Further, the heat-curable
adhesi ve conpdifi¢d spory reaip te mereabayltimate cobrsiva atréngth andithermabxesistanasdéhendent | y

eferred | duEr Ty oo BOGHP SRRk uned SRE R BRR e s ieBer i ¢ ot
parti cul ar |y obtained.
Further, the heat-curable adhesive composition may contain, in combination with
20 or independently of the above-described phenoxy resin, a second epoxy resin (hereinafter
referred 1o simply as "epoxy resin®), as required. This epoxy resin is not particularly
limited as long as it does not depart from the scope of the invention, and for example,
( bisphenol A epoxy resin, bisphenol F epoxy resin, bisphenol A diglycidy! ether type epoxy
resin, phenol novolac type epoxy resin, cresol novolac type epoxy resin, fluolene epoxy
15 resin, glycidyl amine epoxy resin, aliphatic epoxy resin, brominated epoxy resin,
fluorinated epoxy resin, etc, may be used. These epoxy resins are, like the modified epoxy
resin, cosoluble with phenoxy resin, and exhibit little bleeding from the heat-curable
adhesive composition. Especially when the heat-curable adhesive composition contain
preferably about 50 to about 200 parts by weight, and more preferably about 60 to about
10 140 parts by weight of the second epoxy resin relative to 100 parts by weight of the
modified epoxy resin, thermal resistance can be advantageously improved.

In implementing the present invention, bisphenol A diglycidyl ether type epoxy



limted as long as it does not depart fromthe scope of the invention, and
for exanple, bisphenol A epoxy resin, bisphenol F epoxy resin, bisphénol A
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resin, thermal resistan ageous | rrpe1 enmenting
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2006/ 110634, PCT/#JS%O%S‘l 13273 geai n (a?q(ar inafter also referred to as
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t he rangetraflecappbf D& R.3320f curing agent can be broadened and condition for

curing can be de relativel entle. Such di.gl.yci dyl ether_type epoxy
r esi Hgi s commef'didng %eﬁﬂ?ﬂ%d@?&?(ﬁe @?ﬁﬂﬁ’l‘b@? ac*hgﬁ%‘/ﬁ ‘ﬁ&éoéﬂgﬂocfaﬁ“ﬁ%fapan) Co.
under thethetduﬁﬂ%fba&ﬁm@ffﬂi@-n&adﬁiqd%ﬁaxyrkﬁnénd:t_hé s BnAERRY rd¥RY TPe adlled to the
heat - cur abl e adhesi ve conpasition to facilitate the curing reaction of the

modi fied EpERStof EsicHriRgrechidnatgapivalady bmjted esdppg asthpdeshistetieshtade of the
Curing ag@Blined BAY inRAN bEHipRdveheht omeﬁﬂal@ési&%ga tﬁérfew&uﬂﬁémsﬂvéf fect can

be obtai ned. , In view of inprovenent of ermal resistance, the

heat - cur alshmpesitiraghayeontgsnystative toolP0pasts boweightrof theghedifisdeepoyy 268 apdir t s by

wei ght of .the nodified, epo esin. and 1 h essa econd. epoxy resin,
ot Bh Ty Bl pisB SRR st Splaff ol iBoR 3P TR BPSERCBEHERY Y o' anout
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wei ght, of a _curing_ agent. Exanples of useful curjng_agent include, but are

C , \ g nc
not |i mi t &teighd of a gusingeacent, Exgmpleeefiuseiylqugng agpptinrlyde. but ag aetdmited to.cat i oni ¢

pol yner Z%}%{Egglg% g%}igm aﬁﬁpggaaq{cga&eﬁ@eeuam%mﬁmﬁ%%nd, etc. In

parti cul ar, e can
imidazole compound, hydrazine compound, etc. In particular, dicyanamide can be

20 mentioned as a promising curing agent from the viewpoint of thermal stability at room
temperature. With respect to diglycidyl ether type epoxy resin, alicyclic polyamine,
polyamide, amideamine and modification thereof may be preferably used.

About 25 to about 90 parts by weight of organic particles may be added to 100
parts by weight of the heat-curable adhesive composition to obtain a resin, which has

25 suppressed foaming property and allows good penetration of conductors through the
adhesive composition. Such a resin exhibits plastic flow characteristics. That is, when a
stress exceeding the yield stress is applied, it flows plastically, but it deforms elastically in
response to external force not greater than the yield stress. When protrusions of conductor
are pressed against this resin with relatively high pressure, a resin possessing such

30 property flows to permit the conductor to penetrate through it. However, when water
vapor pressure resulting from water content of the substrate is applied on the resin upon

heating, the resin flows and produces almast no bubbles.



20 nentioned as a prom sing curing agent fromthe viewpoint of thernmnal
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conducti ve gileed, pclipoppannitie] aml the likg b netd egide aghras gafien inekidt opar ti cl es,

molten nmetal particles, or particles in which a net has been coated on a
pol yner nucarhétﬁgmmr?élfce‘?xi‘dfr‘.’r‘%ﬁ CEB?I’EREE’L“F § %Sicﬂrgggglr?ﬁ%%‘? HEVBE a singl e
materigl, SpHYm@s. SudkRhAicles ﬁ:ta? be madé biBbre M e nARPRAE SuchHs 8 kElderREradehe | i ke,
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non- et al s 18yrEland sithenp mstallsl e arn-setallimete t Theeondnehve parieles msikespperical cl es
may be nmade, Qf I - 1ih fagﬁ ' lL.der . sy face. |.aver and
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t hat
diameters may typically be about 5 pm, about 4 pm, or about 2 pm on the lower end and

20 about-30 pm, about 20 pm, or about 6 pm on the upper end, and generally shouid be less
than the thickness of the adhesive layer. Conductive particles contained in adhesive
compositions of the invention may be randomly dispersed therein or may be arranged in a

( uniform array of desired configuration.
Conductive particles may be added to the adhesive to form an anisotropic

25 conductive film (ACF), which provides conductivity in the Z-axis direction. Conductive
particles may also be added for other reasons such as to enhance thermal conductivity, to
provide grounding, to provide EMI shielding, or to provide conductivity in all 3
dimensions of the adhesive; i.e., to provide an isotropically-conductive adhesive.

The amount of conductive particles in the adhesive may also vary depending on the

30 desired function of the particles. If the conductive particles are added to form an ACF, an
amount sufficient to establish electrical contact between opposing conductive elements,

when adhered together by the adhesive, should be added, If the conductive particles are

10



does not cause short circuiting with the neighboring circuits. The range of
particle dianmeters may typically be about 5 m about 4 m or about 2 mon
the lower end and 20 about-30 m about 20 m or about 6 mon the upper end,
and generally should be less than the thickness of the adhesive | ayer.
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may be randonly dispersed therein or may be arranged in a wuniformarray of
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t hey are I‘OVI concen Ions ra om a 1%to
about 15%eh§endmbmmromﬂlagdoﬂmndnﬂuttotsal voI urme of the conposi tion. The
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of the flexibl %3 Vg% -cpppiyctor {Qhaying he pdhesiveitd®or 20, The

adhesi ve rfa&nbﬁ:jaﬁﬁﬂﬁfeﬁﬁlama@nﬁke&aﬁabbﬁnmdamuftﬁ*rm&hgwm}ﬁmvw&d or it

may be coated in liquid form The area covered by the attached adhesive 10
need not b‘éeqﬁ“?ﬁl?@d@@cqwf%ﬁn@tqﬁé%ﬁ&é@rﬁsawﬁ?‘f&sﬁ%@rﬁ@ﬁi@e no probl em

even jif trtﬁ’re@tfoﬁ@%p? Isgg%omaam%f&ee rh@frw@ %aweﬁ&%uﬁﬂ gﬁh&fo&sﬂ@g Sis a

Vi ew ShOWI ng t tl-con ng t esive 1n the

f or m of draﬂhésmeriaﬁeheThlddnbgpotf&madhﬁtsw la@r Hbisabo8 0.21t0 abdwd 25 thROtME. Fig. 5(A)
is aview.a nfro axi, al t he ucgtor. 12, and Fig. 5(B)
is a view 1%?5%1152}3 e J9ndng fﬁ@diﬁﬁbaﬁ“ 2 é f@gyaqﬁm tomttﬂéb%t(gg of the
conduct or |12 RelR HERRLIUEBEAL té-?ooq?ﬂ?ﬁﬁ.s t he

Fig. 6 is a view showing a roller laminator 50 which thermally laminates the

20 adhesive in the form of dry film onto the flexible multi-conductor 10, and which
comprises a pair of rollers 51 and unshown heating device.

As shown in F ig. 7, the flexible multi~conductor 10 having the adhesive attached
thereto is aligned in position using a microscope 60. In this embodiment, the flexible
multi-conductor 10 is moved, as shown in Fig. 8, with the adhesive layer 15 facing

25 downwards on the rigid multi-conductor 20, and is aligned such that corresponding
conductors of the conductor 12 of the flexible multi-conductor 10 and the conductor 22 of
the rigid multi-conductor 20 are brought into the same position. This position alignment is
performed at room temperature, and since the adhesive preferably exhibits little to no
tackiness at room temperature, sticking of conductors does not occur and the position

30 alignment can be performed smoothly.

After the position alignment has been completed, preferably, a minimum heating of,
for example, about 120 °C to about 150 °C for about 1 second, is performed by a soldering

11



adhesi ve | ayer. Thickness of the adhesive |layer 15 is about 0.2 to about 2.5
tinmes the height of the conductor and is about 5 to about 200 m preferably
about 10 to about 50 pm and nore preferably about 10 to about 20 m Fig. 6
is a viewshowing a roller [amnator 50 which thermally |am nates the 20
adhesive in_the faorm of dry filmonto the flexible nultl 10 and
whi ch conp?té@gﬂﬁm%% rollers 51 and unshown heatlng §E9#§EB

in Fig. 7, the erX|bIe nultl-conductor 10 havi ng the adhesive attached

thereto is aligned in position using a mcroscope 60. In this enbodi nent,
the flexi bligon Stshomw&;gt%rThm thesadhesieeiexhibits sAsksinassiand fiedlexdle ppltih t he

adnes ve | a8 1036 8 A% AOMUBEAT0N hiSatd bd uiied o sARAHGHDT 20, and

is aligned such that cor uctors o 12 of the
flexible rtuﬂempemnlydmndemlrto t@chanhbrtsblélatmhﬂucﬂmpla@ﬂlcnfno lbhger ltakgs piace

mul ti - conduct or i nt sarre 05| tion
alignment is éﬁ?@%ﬁ’g’ ‘fir‘tctoéﬂﬁ thﬁflgld ‘?C')Pc“ IEH Ehé’é:i 725
preferably @fﬁbbﬂahtysoohu&tds%tcelbs@abotaaaﬂélmsfﬁesaiboﬁ&@rﬁtctr@ mtwfuust i cking of
conductors does not occur and the position 30 alignment can be perfornmed

snoot hl y. Apressrbopdiag) dég- tliodtha slevgheneing thegesuljad ﬁﬂbmqﬁrt@pémg ajgrefbopd®l y, a

m ni num hea f 0

second, is %)delrIg ?)érart[toaae%y a s %??nr?g% % %\%Q%@b%‘ﬁi‘%‘gg% @%%@88@23273
iron 70 as sinduator 1§ ald ¢he 18sid ﬂuﬁm;ontlb:ﬂorawtwmevmoemadamm ehelcdthere ds aand t he
flexible nmulti- conductor |d mul t have been
ali gned in B¢ fhrec'fﬂn(ﬁ’rcg" 1 é’gﬂlﬁ:}%‘{b ‘Vmﬁh gadpers Héﬁ%ﬁﬂ tg’b?]t ®relative
di spl agenenfigif euliRbeRiuctoPX®se B8y cohbgutdd, Q%ésbb@ndii&ﬁi%!peﬁ&ﬁﬁﬂ%ﬁr 16k@, and the
rigid multi -conduct or 20 that have been 5 tenporarily bonded as descri bed

bove are t¢iiongheith smphgationod plrapeyicrbation tp rremete ﬁlqﬁtmés@ldswthfg . Fig. 10

i's a view s f 80 is
used to per &%%?%3@%&%@2 Ulker] CottiorRirRRhelRiIeks BeheitlyShodt 160 REons ©
fl exi bl e muRi0 °C fooalbuti oy abbot Mcmﬂde Hitgnpbratudetis higlem dubdating fifke cloeger,nt o

contact with each other result, the nduct of the flexible

mul t i - condutf GFIEEenduEof H@Sc@rfﬂiﬁf A;ﬁncfﬁée%r%ra}sg]owmdrl or 20
are st{ongl ¥ spérnesicbihe oBﬁﬁe%ﬁmbﬂnﬁﬁhﬁgaeloﬁtaﬁﬁﬂf PieBsnth foRdas atloReslx mbt@t ionally
with application of ultrasonic vibration to pronote friction welding or the

applicati onahmﬁltH] ed®71iPe. current. Condition of the heating is generally about

ﬁ?ghé(r) SPOEE ati G(i)CI}d]l;fgtE\{ }bouieééafé é%idecp to%e ad%esn(racc (a?trieast aportlor? gpt%r at ufle s

reside between one or more conductors 11, 21 of the multi-conductors 10, 20. Ifa

sufficient amount of conductive particles are added to the adhesive to form an

20 anisotropically conductive adhesive, the particles will provide electrical connection
between individual opposing conductors 11 and 21. Additionally, if such as anisotropic
adhesive is used, the conductors 11, 21 need not have non-flat portions.

(__' In the present invention, when failure such as deviation of position, etc. arises or

when the connected multi-conductor 10 or iO becomes defective, the connection can be

25 easily released by heating at a relatively low teroperature of 250 °C or lower. The
disconnected multi-conductor 10 or 20 can be easily connected again by hot press-bonding
under the conditions as described above.

Thus, it can be appreciated that aspects of the present invention may be used to

mechanically bond a first substrate to a second substrate. More specifically, aspects may

30 be used to make electrical connections between conductors on a first substrate and
conductors on a second substrate by providing direct interconnection of the conductors on

either individual substrate.
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the nulti-conductor 10 or 20 nmay be damaged, and if tenperature is |ower or
heating tinme 15 is shorter, effective connection nmay not be obtained. ' '
Pressing force is about 2 x 102 to about 10 x 102 kPa. |If conductive
particles are added to the adhesive, at |east a portion of themw Il reside
bet ween orW0aMsiAsd conductors 11, 21 of the nulti-coREEAS0E0BET3 20. If a
sufficient anount of conductive particles are added to the adhesive to form
an 20 ani sotropically conductive adhesive, the particles will provide

el ectrical ConAelhRR uBelieeRuhiEl Yipdtiale BPROSINA fTANELO6 Bepl and 21.

Additionally, 1f “"such as anisotropic” adhesive Is us e conductors 11,
21 need nestalilisly elegtnenl fnterconpestiondaiveen eletthenlly conduntive padeen 4 olip owkhen fail ure

such as deyi at | 0 sition..ekLc.. arjses when t cqnnect ed

i 11 - congtie a6 ? o Bgtal aa il pBd oS B Bl B SIRRERREE o5 easiry
rel eased by afleatitonlt (Athuding @ ISa{artv@ir§ bddy)y atpeinfed et anf, inddfn €n 6%idt ower . The
di sconnect ed nul%%-conductogﬁﬁo or 20 .can be easily conqected agai n by hot
pr ess? bon & TRY-cogipridass; ¢elass With othshelectically sonduplats ks er eloghgal i ¢ can be

appr eci at gfe L HRkciRRMEGIesn AbcthifiBIyRbARRHe thA¥EdH 4 MY dRYit RR d88callP

mechani cally bond a first substiate to a second substrate. Nore

speci f i calepyductispaotsonagpconddler sirepited prigedreikaitdbards iCcedated@lasaand/ons bet ween
conduct or j n . ) strate by

or ovi di ng HET ay ey LRl AR AR R R R 7L
subst r at e.eletRicMy R0ELiTd O34 0PSOk MRRIQmC G BAYS or Bstwapes plinted ¢itduitst rat i ve

exanpl es, .aspects of e ipventiqgn be, used to help establish electrical
interlg:onné?ei“ﬁ&ﬂ peE ang EE‘ESF#E’QF P{}R%CHFF&U&&F‘Q?BI‘?}%@ lﬁee’rﬁ“ﬁhpr a chip
nodul e andpgicaGds iaf pdrta¥leCRibbsEd, u&pﬁl{t&aq@spt@%oalgﬁtéb@ kééabﬁads,\mﬁhe' n the
substrate may be a flex circuit (including a Smart rd bod;@%), a printed

circuit boateens, dispaya fhath glawand plestiq), cehphensatrersorpl digital asvistgnta @PAM+ h ot her
| betrical f _ _ 2 . .
electrica pla or& @glgH@a}&éeRécﬁ@ﬁ% enly m%b:?ﬁéaﬁé& i llm f%gﬁ,r zfl{‘ﬁéﬂelsoéa}?n{h?&é"’ee“

el ectri cal éo uctlv’.etrace on a ex circl electri¢
conduct i vdot porialls elostramios salsnlbitdrs, evatabes, cadids, enging comttod dnits, awithe likoar d,

| TO goat ed..gl.as and/ or lass with. other.electrically.conductive traces;
or eﬁgct ri égIl?isiqwégracc(?ﬂlﬁgléetrﬁg%ﬁﬁ%gﬁeeﬁggww °8!?‘€IP$ B%FF‘P%/"‘ %ﬁ%@?epg@ets?taces on two
printed cimguit boards or between a printed circuit 10 board and a ground

pl ane. These kinds of electrical] jnterconnections find use in such

appl i cati ons aSthsephiey. deaBiires andpsivartages ghihisriaveation arp fustherifnpaied by,
keyboar ds, 4 ﬁﬂ&bing examples, but the particular materials and amounts thereof recited in these
examples, as well as other conditions and details, should not be construed to unduly limit

20 this invention.

Examples

Specific examples of connection of the flexible multi-conductor and the rigid
multi-conductor and result of the performance test will be described below.
1. Connection of a rigid circuit board (PCB) (rigid multi-conductor) and a flexible printed

25 circuit board (FPC) (flexible multi-conductor).

PCB : substrate: glass cloth based epoxy resin printed board as defined in JIS C6484
(thickness 0.4 mm), height of conductors : gold / nickel / copper = 0.3 pm /5 pm / 18 um,
L/8 (width of linear conductor / separation between linear conductors) = 100 um / 100 pm,
number of circuits (number of linear conductors) : 50.

30 FPC : substrate: polyimide (KAPTON manufactured by DuPont Co.) (thickness 25 pm),
height of conductors :gold / nickel / copper = 0.3 um / 1.5 pm / 18 pm, L/S (width of

13



screens, displays (both glass and plastic), cell phones, personal digital
assi stants (PDAs), pagers, Smart Cards, Radi o Frequency ldentification
(RFI D) Tags Smart Labels, antennae for portable electronics, calculators,
wat ches, \?b?ﬁf 16gl ne control units, and the |ike. 15pfi/@s20dchodtions a
conponent o & Eresent i nvention belng used in a nobile tel ephone set
100. O her objects, features, and advantages of this invention are further
illustrated by the fol | ow ng exanples, but the particular materials and
amount s thémea;'fconcb@ton: éstpmﬁtmmb;ei@eenémmoe@uctcas) Ol pr 514 e rnuehisepk | ons and
details, shoul on nduly limt 20 this invention.

Exanpl es eC| fql %eiaﬂ%i‘ aféogﬁu%%rﬁﬁegtl on of the flexible multi-conductor
and the ri g:L @rotruglohs are darthed bartheantfatead WP ofcuit beppsesidgonmiice t est vv| Il be

mil 1+ concilBF 65 KDad & e BRES i Ribetnstaeck F i Soisaren o8 P oxi bl o

mul ti-gond Qhd h EQEE ubstrate: glass cloth based epoxy resin printed
board as dgﬁ ’ned ?1 SP%6484 (thickness 0.4 mm), height of conductors :

gold / nic I&béssf pmsmpﬂcr lcadbfslomkgf, SvitnIinedr$rotyusions Serpanidatutar &f FRG ciganit. conduct or

/| separati J&%’ cgnduct %i?%) = 100 m/ 100 m nunber of circuits
(nunber of I i ﬁ@’ﬂ 8’63 §1)V COBPIY FpC - substrate: pol yinide ( KAPTON
manuf act ur ed byOamgeﬁﬁomo}m(lﬁmamgm%s@&d%dprebﬁwhﬁm@ﬁt oird 1 gold /
ni ckel / cop m /[ m L/S (width of 13 2006/ 110634

PCT/ uszooa/ceatsctma silipone dreated Refiethyleny texsphthalateiBRDdmwardhdried @30 conduct or s)
= 100,/ 10Q.0 P’L&ifgfagﬂ atQp °€1td SM?IB%D%E#HJQE@IRMB phgdyctors): 50, 2.
or nme C y

Protru5|ons are on the surface 0 I'rcu pressing to a die.
Die : SKD - 11 (as def i delbde il NRak MatddidDebmpositioss bfthe adhesive 8 | | near concavities

t pitch 286 —5—pm—apd—herght—30-—mPress——press—under—oad—ef—4066- kof
with |line %'HEJ?BHOI}\Q.— I|[\L~Lnrh cular—t.8 Pr epar ationiof the
adhesi ve ‘nnpnciﬁpéqsf“nrmnm tian th\ﬂhﬂﬁﬁﬁﬁﬂb 1 _was m_Lxe_d_a_nEﬂ_p_Le_pa,[ ed at
room tenperat ur elDERME coated on a sj| FeeMydesikeat ed pol yet hyl e
terepht hallat e ( PESH02 i | m__and Pebicaptolachong@odifedrenony essiti n) an_ovéh at 100 C to
obtai n an|adhesEX&-I31Ikm of 25 pm Patitlkes okaveds polymer 80

DICY Dicyandiamide 2.9
MeOH Methanol 40
THF Tetrahydrofuran 550
MC600 Melamine / isocyanuric acid adduct 20

Phenoxy resin : YP50S, manufactured by Tohto Kasei Co., number averaged molecular
weight : 11,800.

15 Epoxy resin : DER 332, manufactured by Dow Chemical Japan Co., epoxy equivalent of

| 174
¢ Polycaprolactone modified epoxy resin : PLACCEL G402, manufacture by DAICEL

Chemical Industries Co., epoxy equivalent of 1350.
Acrylic particles having glycidy! functional group : EXL 2314, KUREHA PARALOID

20 EXL, manufactured by Kureha Chemical Industry Co.
DICY : dicyandiamide : CG - NA, manufactored by PTI Japan Co.
Melamine / isocyanuric acid adduct : MC - 600, manufactured by Nissan Chemical
Industries Co.
4. Lamination of adhesive film

5 The adhesive was placed on the surface of the circuit of FPC after protrusions were

formed, and was laminated with a hot press at 120 °C.
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Table 1 Raw material conposition of the adhesive Trade Designation Materi al
YP50S Phenoxy resin 30 DER332 Epoxy resin 34 G 402 Pol ycaprol actone

nodi fied epoxy resin 30 EXL-2314 Particles of acrylic polynmer 80 DICY

D cyandiam de 2.9 MOH Met hanol 40 THE Tetrahydrofuran 550 MC600 Mel am ne
/ i socyani0 Wogtp@4adduct 20 Phenoxy resin : YP50S, nBRUVE¥PHE by Tohto
Kasei Co., nunber averaged nol ecular weight : 11,800. 15 Epoxy resin : DER
332, manufactured by Dow Chemi cal Japan Co., epoxy equivalent of 174

Pol ycapr o4, agésmﬂg@qbém@ﬂc@ﬁ@e%nr esin : PLACCEL (402, manufacture by DAI CEL
Chem cal Industries ., epoxy equival ent of 1350. Acryl i c particles having
gl yci dyl functh WFPWBVGW@@@SYQWWFWI@AW@@ECW XL, manuf act ured

by Kurehaafga&g%ml:d Feﬁlaaaérxhquamﬁ m%eﬁ%ﬁ#ﬁ% J@Eﬂctg@_fcuﬁgﬁg raffRNUf actured

by PTI Japan am ne / 1socyanuric acld , manuf act ured
by Ni ssanscliddetd. cal | ndustries Co. 4. Lamination of adhesive film!5 The

adhesi ve was I rcui,t of FPC after protrusions
wereSS f or ned, &ﬁ‘ﬁe'\ﬁang%m n;ﬁ*éﬁéﬁfﬂ?m g‘%r SPEREs ot 120 €. 14 WD 2006/ 110634
PCT/ US2006/ Olaﬁggamuﬁteﬂ@mmresﬁaﬁ)cett el ectrical connection FPC prepared above

w th adhesive | am natgd t hereon was. connected to aforenenti oned PCB under
the | oad of 207mRbed Jpag Magrelearrdavith & beatenat 5 °Cowi ng tenperature schedul e. 5

Hel d at agtRLRRY Pﬁﬁéﬁeﬂenﬂ&@o&e%oﬂeﬁﬁﬁﬁcefor 5 seconds Maxi mumtenperature
of 200 C

Value of connection resistance between PCB and FPC circuits was measured by
10 four terminal method using a milliohmmeter, It was confirmed that the substrate and all
the circuits of FPC were connected with resistance of 1 2 or less, and that the connection
had the environmental resistance under following conditions. This value includes wiring
resistance beyond the four terminal measurement. Results are shown in Table 2 below.
Table 2. Value of resistance before and after environmental test (C2)

Initial value After heat cycle” Initial value | After hygro-thermal aging”
0.090 0.091 0.091 0.091

15
1) Heat cycle : -40 °C/ 30 minutes <-> 80 °C/ 30 minutes , 500 cycles
2) Hygro-thermal aging : 60 °C/ 90% RH, 500 hours
7. Simple disconnection
Force was applied while heating on a heater at 150 °C to the electrical connection
20 formed by the method as described above. With this method, the connection could be
released without causing any damage to PCB or FPC.
8. Repair performance
The resin sealing connection as described before was again performed on the
electrical connection released with the above-described method, and connection resistance
15 was measured to obtain following resuits. No change was observed in the resistance
values after re-connection, and thus good repair performance was confirmed.

Table 3. Value of resistance before and after repair

Initial value When connected again after disconnection
0.089 0.088

15



Applied |oad was rel eased with a heater at 145 C. 6. Result of neasurenent
of connection resistance Value of connection resistance betwen PCB and FPC
circuits was neasured by 10 four term nal nethod using a mlliohnmeter.

was confirnmed that the substrate and all the circuits /ﬁg@ £ connect ed
with resi st WRA%FAP4 ho or |ess, and that the connectio%CT 0%«3 3

envi ronnent al resistance under follow ng conditions. This val ue includes
wiring resistance beyond the four term nal neasurenent. Results are shown

in Table 2 mgbmchgﬁgge 2. Val ue of resistance before and after
t est

envi ronment a (S2) Initial value After heat cycle') .Initial value

After hygr [Tagling” Qergpo 0_091 091 Larcd) Heat cycle : -40
g 30 nBﬁeQxﬁﬁa{Hoﬁ Ma) poagg% Sherc ,

S ey-ete =o—t+hertal aging
60 G 90 FESS00 noLPEEIPEy Boipl ¢ i sconifber on |EOM KSR Fappt 140 whi| 6
heating on| BER& er REpdbQedinto the el er34ical dawveChémioal 1 20 fqrmed by the
met hod as Gi@ﬁl bed apg 9:%)r3ﬁcg$ellﬂé<ﬁ)§éﬁep%dortneé?a‘?%ﬁ‘““On coulld be

rel eased w thout causg anmage Repai r per|/f ormance The

resi n seal -ng-connectd nYQQ descri-bed -before wa —again nnrfnrrmr on t he

el ectri cal | BRha# i ohAesilie relymenparticleshe] Shove- ddderehadzhemisahod. |and

connecti on| pESY St anc 3d1c9ﬁ1cy@ﬁd¢reasured I ®9obt ai n Pf'lquépaw ng resulits. No
change wasi{i ved ] CRid pes aft tion, and thus
good r epai rﬁ]?%ﬁ or m1§@ﬁ‘%ng§s rﬁmﬁ% gld abl e 3. %{I}S{ I;imrglgy stjance before
and after L-_?_EE-LL—LQLJ P qeci_ed_ag&_n_ai_t_er_dl_see«rnection
0. 089 0.08pTHES WO 206&rhdyeRrnPCT/ US20p87013273  Propheti c Exanpl e
Desi gnat i ohpivater i al | keahstg Source YPHAH Phenaxy resin 30 Totq Kasei K K
R332 Epoxy resimm 34 Dow Chemical— G 402 Potycaprotactone-modifi ed 30
I cel

The above materials are stirred until there is a imiform mixture of the components.
To this mixture is added an amount of conductive particles (e.g., JCI 7GNM-Ni Au-coated
5 nickel particles) sufficient to give conductivity only in the Z-direction of a dried film of
the above adhesive. This amount will vary depending on the conduetive particle chosen
and the thickness of the resulting film (a typical thickness for the dried film is in the 40-80
microns range). To make the film, the adhesive mixture is coated onto a suitable release
liner in an amount that is sufficient to give the desired dried film thickness. The resulting
10 coated backing is then dried for 30 minutes at 100°C. The adhesive film can be heat-
treated for 1-2 hours at 150°C to lightly crosslink it. An important characteristic of the
resulting matenial is that it behaves as a solid below a characteristic yield stress and a fluid
above it. Bonding with the film is conducted with sufficient heat and pressure to cause the
adhesive to flow. The conductive particles dispersed in the adhesive can contact the
15 adherents under such bonding conditions. Re-work is accomplished by re-heating the
bonded parts to a temperature that is sufficient to soften the adhesive so the parts can be

easily separated.

It will be appreciated by those of skill in the art that, in light of the present
disclosure, changes may be made to the embodiments disclosed herein without departing

20 from the spirit and scope of the present invention.
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.epoxy resin EXL-2314 Acrylic polyner particles 80 Kureha Chem cal D CY

di cyandj am de 2.9 PTI Japan M2600 Mel am ne/isocyanuric acid 20 N ssan

Chem cal conplex THE tetrahydrofuran 550 MOH net hanol 40 The above
‘materials are stirred until there is a uniformm xture of the conponents.
To this mxture is added an anount of conductive particles (e.g., JC
7TGNM NI Au-coated 5 nickel particles) sufficient to give conductivity only
in the Z-direction of a dried filmof the above adhesive. This anount wl|l
vary depen&&ﬁ%ﬁon t he conductive particle chosen and the thickness of the
resulting film(a typical thickness for the dried filmis in the 40-80

m crons range). ,lo K film the adhesive mxture is coated onto a
suitable r Ieas@L' |n8§°%ﬁ8§%éanount that is sufficient to give the desired

dried filmthiclknRsible aiibeuate&Wih'Fagle&ﬁ 008 2bidhcHa€ adior i8s $uifabe Bxteding or 30
m nutes at 100C._ The adhesive filmcan be heat- treated for 1-2 hours at

150C t o | i iom § fiest eadto ssecprd enshofithp Bitstinte, Wherehicais stdeastorsy cqnﬁgctli‘feéwet ing
and o 11 ui o Ayt f BB RERR3Gr3RteuF Pl S ABHARERLI R ol pchlne

heat and prgsteHd of e sGbdtiee drldea scrBib&iraugt th ®efchMécteling tieosResrd dndenfiiad ti cl es
di spersed in the adhesive can contact the 15 adherents under such bondi ng

condi ti ons sulléatgoptd i s acconpli shed by re-heating the bonded parts to a

o) Ty separ at od et i SEBlysiR AP BN od YR RERER g Reb e MRt R 02,

in light ofadkdipreontirides cotdaeiv@particleschanges may be nmade to the enbodi nents
-di scl osed herein without departing 20 fromthe spirit and scope of the

present invention. 16 Clains 1. An article conprising: a flexible substrate
havi ng at l.east Qne.. i C S . I first
end to a sez(':ond %%ngl?’ %? E@Efé\éﬁfgﬁj}%tcg’}n%\%ﬁ@,geﬁ ﬁnﬁgé?c&%aa?é\hgégg %gen%lfsg:gﬂr? uctive

trace is qefiéabledbsuatd o/ the Abataduesbie hdtkive andeptiofally)atsv@ad carchit r St
circuit to be connected at the first end of the substrate and a second

circuit to aached i thetseepngiendiod theciiexniele subptigte hynthe heat-curable adhesive.

3. An article of claim 2 wherein at least one of the first and second circuits forms a
portion of a device.
4. An article according to claim 1 wherein one or both of the first and second ends of

the substrate each have multipie traces.

5. An article according to claim 1 wherein one or both of the first and second ends of
( the at least one conductive trace are embossed.
6. An article according to claim 1 wherein the heat-curable adhesive has a crystalline

phase at room temperature.
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Substrate, and a heat-curabl e adhesive on the first and second ends of the
substrate wherein the adhesive conprises conductive particles. 2. An
-article of claiml further conprising a first circuit attached to the first
‘end of the flexible substrate by the heat-curabl e adhesive and, optionally,
a second circuit attached to the second end of the flexible substrate by

t he heat-curabl e adhesive. 3. An article of claim2 wherein at |east one of
the first gnd sgfoq% akrcuLts forns a portion of a device. 4. An article
accordi ng to cl &iMFToWAEFRI'R"8nhe or both of the first and second ends of

the substrate epflvidiaye fiFtt fléxitesibsasehavidg afleagtlonk ebRRE0Otradid¢h it claim 1
wherein one or both of the first and second ends of the at | east one

conduct i ve serfat€e are embossed. 6. An article according to claim1 wherein

t he heat-curabl . adhesi ve has a tal line  ph t qm tenperature. 17
7 A et hod conBisPeTREPH S egfftaltGhe Rbist bh b R Bl B AN o cas:
one conductghéfein tha@ahéivd édinpdsitidnaefiprideseadiatrearticigrortion of the at |east
one trace a heat-curabl e adhesive conposition wherein the adhesive

conmposi ti on conprdviding eseenndisuburatahaving edeaspprafiraiehg a second substrate
having at |east _pne trace: akigning correspandin races, on the first and
second substr at 3@@13%80%%?8P%83Fﬁ8‘%ﬁn&éf 5338“ %%%H‘ai S@f&?tef’aﬂnéls under
application of Readingt MiseatleCotdsubbiiteduidet aichRS PO Kbansnd pragafe tont 0
el ectrical contact and flow and cure the adhesive around the traces, at a

t enper at ur dringercorgsprnding tades inte clsetngal eohtachando@e and ture the adhesive 8. An
ticl di t laim.l t hqd i t i in th
Rdhesi ve | S dt &k 8o T el (e Fn M Refting Bole? o b Andnd S HRLG | o°

claim7 wherein one or both of the first and second substrates each have
multiple traces. 10. An article according to claim1l or a method according
to clai m 7 8wher éimartiple aceasdingdackimd aamethodagoordingtotlaipny wheteir @kovabl e

2Ingi ;ne\;\f)r\ifm%ale%fvﬁji%%?g“qﬁé‘g%ﬂi%lﬁ’ ac 1(:l)c;rtldvier%.lqm'go claiml1l or a nmethod according to

9. A method according to claim 7 wherein one or both of the first and second

substrates each have multiple traces.

10.  An article according to claim 1 or a method according to claim 7 wherein the

heat-curable adhesive is one or both of removable and reworkable.

11.  An article according to claim 1 or a method according to claim 7, wherein said heat
curable adhesive composition further contains a tack-reducing agent, the tack-reducing

agent optionally comprises a melamine/isocyanuric acid adduct.

12. A method according to claim 7 wherein the application of heat and pressure is

performed while applying one or both of ultrasonic vibration and current.

13.  An article according to claim 1 or a method according to claim 7 wherein the

heat-curable adhesive comprises a foam suppressant.

14.  Anarticle according to claim 1 or a method according to of claim 7 wherein said

heat-curable adhesive further comprises a phenoxy resin.
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curabl e adhesive conposition further contains a tack-reducing agent, the
tack-reducing agent optionally conprises a nelam ne/isocyanuric acid
adduct. 12. A nethod according to claim7 wherein the application of heat
‘and pressure is perforned while applying one or both of ultrasonic
vibration and current. 13. An article according to claim1 or a nethod
according to claim?7 wherein the heat-curable adhesive conprises a foam
suppressantys 14.54}; @fe %&@&&%{» otc‘l)alﬁlllql'm%r {3 safdl A1 B&‘Abﬁ%ﬁgﬁwg to of
claim?7 wher ein‘said heat-cura esive Rer conprises a phe

resin. 18 Jfﬁrthamomptmcslamndrqidxgd according to claim 14 wherein said
heat - cur abl e adhesive further conprises a second epoxy. 16. A nethod
according to claim7 wherein after the traces are aligned, and before the
adhesi ve i ur - t

i ncrease |tSl 56C t aclglmr?gﬁsgﬁ a@@%lﬁ%n‘“g% p‘éﬁfﬁ?@é}glh@e} ?13 Q%gégeﬁ-eaﬂbié;f %ﬁ&lbé%ﬁe@
accordi ng tadhedivd igcdretipthe hedt-cupalide bdtiesige Iiselaetatedgsufﬁtﬁerb@rtdeﬂlcréasreﬂs t&dkéhesgecond
substrates to nelt _the heat-curabl e adhesive such that the first and second
subst r at es tWhRoufideniytocyreits. A method according to claim 17 further
conprising re-bonding the first and second substrates by application of
heat and pressure. 19. An electronic article conprising the article of claim
1. 20. An arti cIkn@ihddl&b@ﬂdﬂ@%hﬁi@i%ﬁﬂﬁ& @ngeisingicating tHedoaded fisst ke xi bl e

circuit or a printed circuit board.
second substrates to melt the heat-curable adhesive such that the first and second

substrates can be separated.

18. A method according to claim 17 further comprising re-bonding the first and second

substrates by application of heat and pressure.
19.  An electronic article comprising the article of claim 1.

20.  An article of claim 19 wherein the electronic article is a flexible circuit or a printed

circuit board.
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