WD 02/ 20686 PCT/ US01/ 28141 THERMOCURABLE ELECTROCONDUCTI VE ADHESI VE SHEET,
CONNECT!I ON STRUCTURE AND CONNECTI ON METHOD USI NG THE SAME 5 FI ELD OF THE

| NVENTI OWadhB2qe8esent invention relates to a thernocurabl BCT/US01/28141

el ectroconducti ve adhesive sheet and nore particularly to a thernocurable
el ectroconducti ve adhesive sheet useful for connecting wiring patterns of
an electrical circuit. 10 BACKGROUND OF THE | NVENTI ON Connections that are
mechani cal | y, THERVIMDCYR ABIEALEECTROGCONDI @Dl CEARHESIVESHEEThen

el ectrically connectin large_circuit, gr i ri i ring board,
or electricall yCW&Tﬁ%V %gwgmé%ﬁlfﬁggf@%@ﬁmﬁﬁfﬂ 0 a heat

rel easing plate, a housing, or ?gﬁ\ld}i’[‘ﬁES}!ﬁ{[En recent years, decreases in
wei ght and the miniaturization of electronic apparatus have resulted in

el ectrical circuits that are densely integrated with electronic parts.
Generally, the electrical cirgu ctrical apparatus through
t he ése_ of high frequency si%ﬁ)sﬁgmmﬁgﬁ@ﬁquency_ si gnal s however,
are easily af fEgtQdsdy ifehSsn flated R & BeMhd itabiB ¥let©Sddhtudtive Q&N RONSet
operation of the electrical apparatus. In order to 20 elimnate the effects

of such rasdseores hirsicalardy tora ghesmeairable ofleqttpsordustive iadhesiva plagt usefyl for
required whi cct[1 u%ﬁhééa&e{}ﬁé 6‘9&%&%&&3&? ﬂrwft and reliably forned elctri cal
8 I nduc )

. CONT . .
connect i on Of WoT stance. ive adhesives and netal foil tapes
are typical electroconductive materials suitable for use in connecting
wiring patterns of an electrical circuit V\/nenﬁ} hgTsi ze and 25 weight of an

el eé?ron! C apparatus nust BALRRGROEY &F TIJIEF%I Il5<l;h.1ent Lai d- Cpen
Publ i cati on I-%d(g]%&ﬁ&fs%ﬂééﬁ&méaﬂniagﬁ@ﬁé&aﬁﬁgﬁatde&?daﬁy SRR FURLEad | on No.

Hei 1-309206 ose an el ectroconducti ve adhesi ve agent conpri sing
t her nocurwlineslectidéatlyiconuditinp adangel victiity grquading @l pesital wirthigdperdsed. The
el ectroconductive adhesive agent is provided with condyctivi by thermally
curing t e%ahlﬁé?f’ﬂ%ﬁpﬁﬂlné‘c PR PHR QF“?)‘PE‘%%‘%&& %ﬁeaﬁelf?a@m@rﬂtl%& e%/he
conduct i g, paktdqh&fKd Nt o contact with one another. The conductive
particles are generally connected through point-contact. -1

15 In recent years, decreases in weight and the miniaturization of electronic apparatus

have resulted in electrical circuits that are densely integrated with electronic parts.
Generally, the electrical circuit controls the electrical apparatus through the use of high
frequency signals. These high frequency signals however, are easily affected by external
noise which may result in erroneous operation of the electrical apparatus. In order to
20 eliminate the effects of such noise, shielding or grounding of the electrical circuit is
required which usually includes an easily and reliably formed elctrical connection of low
resistance.
Conductive adhesives and metal foil tapes are typical electroconductive materials
suitable for use in connecting wiring patterns of an electrical circuit when the size and
25 weight of an electronic apparatus must be considered.
| Japanese Patent Laid-Open Publication No. Hei 1-113480 and Japanese Patent
Laid-Open Publication No. Hei 1-309206 disclose an electroconductive adhesive agent
comprising thermocurable resin in which conductive particles are dispersed. The
electroconductive adhesive agent is provided with conductivity by thermally curing the
30 thermocurable resin under pressure so as to bring the conductive particles into contact with

one another. The conductive particles are generally connected through point-contact.



WO 02/ 20686 PCT/US01/28141 That is, the conductive particles are
electrically connected with one another with extrenely narrow contact
surface ave@ax206Bhh such a case, conductivity of the el ectrpCcDUdUSIMe
adhesive is adversely affected by changes in environnment and poor
instability. Additionally, it is difficult to thermally 5 cure the resin
under pressure using standard equi pnment such as an oven. Furthernore, in
order t o Hppisythsrcesduntioe ppertictes acosieditallyeontstedt withend anethenfwithher mal curi ng

a specific jig, is required. .These factors conplicate manufacturing

pr ocefssese.xujﬁﬁng]é'tnraiﬂé’éi‘f &’é‘ﬁi’fg?gfa&g,ﬂqaﬁcl udi ng such an el ectroconductive
adhesi ve agentyy saéf 4 €4se, ddnaitRAGRIrEFe] ethDosARICETE MHeKive NCIRBRES affacte@nt act
resi stance at the contact points, as well 10 as subseguent increases in

heat gendrahanges inkeyirennent gied poasdnstability u Addiionply.dpis IdifEigult tothemeallyy e

ner base (% PRE-Tndee POty iRlne AL sStaeftBFt 4 W ofFR R ERRABGEY T

t hi cknessor@ér tb Bpply pesteurettd e doatet pdists axthe eifR! of thérival eurtheCadpegi@iogipds e
excess heat. For _example, if 100 watts of power or higher is continuously
appl i ed ti6quired- dihssq faptoreemmdicelegRaUSICAEIEIYO%SIN- 15 an el ect roconducti ve
Fher ear ound ar2°acd LR HRRrnAhRe Ayl AN EIQT ARG Eag et oo

pr essur e-fs@n prdblams adbestcd evithheatadsam @atdeyresisanpostate céntact peingd, ad well and a
prez&ure-sensi tive adhesive layer. In the case of an enbossed netal foil

t ap&! wherds SERRSAWRI dncreasey iny enpratignyed adates efegirie aBierbiy 2eplifdex 20 parts,
t he hol | r r &7 id dve
QF%&Q&Y%MI@H&?%@? ?&nﬂﬂﬁﬁn?ﬂﬁg@% npl&t@@ vwithGR&HH ﬁn%%\ﬁdlé 4n

adhesive Tayer i'n or orm-elec tact directly wth a
conduct i viecraaiedn drectontadtifurfaon ateh yip to & eertdobxtont, bowmerex, thathicknassefiled | eabl e

and t hus eaai | ) (Iileforme , S tilhat dreI ati ve[l w d caqnt act ﬁur% area can
be reliabi%} ‘Eﬁﬁ%’ﬁ' HEHS G eﬁleB’e th c@%ﬁ%&‘?%ﬁfeﬁs ﬁ?att ST TR W tape is
nore st abkfisadF poREPS 18EhoMi Pordtidabusdf afplied oy eledaacdonhedtion Fnehatty\saich

adhesi ve. 25 However, In the case of ‘a netal foil tape, the .

pr eb%ur e-anehrsirorenstugtiveadhesive.Jpele hegtdn senerated toghe axiest thet the elostriealipare
pressure-sensitive adhesi;v t and is inferior in thermal stability and
nechanicé m???%%g?ﬁ?g ﬁgygg%%ggoule heat produced when large electric

currents are appletfdoil aips es 4 behdiefivd préRindessehsiti sepdtiesive slidepbasidatly adher end.
Due to the limtations of conductive adhesiyves and netal foil tapes as

di scusseconposeshfiraneta] foik %ﬁ@d?@%éﬁ?rﬁé@%ﬁiﬁn%dh@ﬁ&? lagen Indbgeaseal b carry
large el ee%ﬁo'sged(iﬂétﬁlefahstafer Whdr¥ BleGRLth¥oil layer is embossed to have hollow convex

20 parts, the hollow convex parts need to push and tear the pressure-sensitive adhesive layer
in order to form electric contact directly with a conductive adherend. Additionally, the
hollow convex parts are malleable and thus easily deformed, so that relatively wide
contact surface area can be reliably obtained. As a result, conductivity of the metal foil
tape is more stable as conipared with that of the above described conductive adhesive.

25 However, in the case of a metal foil tape, the pressure-sensitive adhesive layer
generally contains an acrylic type pressure-sensitive adhesive agent and is inferior in
thermal stability and mechanical strength. Thus, the Joule heat produced when large
electric currents are applied cause the metal foils to separate from the adherend.

Due to the limitations of conductive adhesives and metal foil tapes as discussed

30 above, electrical connections that are required to carry large electric currents are typically
formed by welding or mechanical caulking, as disclosed in Japanese Patent Examined

Publication No. Hei 7-16090 (1995), which involves complicated processes.
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formed by wel ding or nechanical caul king, as disclosed in Japanese Pat ent
Exam ned Publication No. Hei 7-16090 (1995), which involves conplicated
processew0 0220685 02/ 20686 PCT/ US01/ 28141 The present i nvRaTUSN/Bi415 t O

sol ve the above-descri bed problens and provides a sinple process for

produci ng a thernocurabl e el ectroconductive adhesi ve sheet capabl e of
formng electrical connections with |ow resistance and nechani cal, thernmal,
and el ect ri cal Thegiredent invgntioh BulvkdAsRYvdOke ThiFctNYEREI Qb Hlms pndprentdes avent i on
provi des a thernocurabl e el ectroconductiye adhesi ve sheet whijich jncl.udes a
Sheet - f or PRI EAfFRE S8 PO ORadCTPT R A e P o8 e s e ARt @PaE o back
surface, ﬁE;ﬁin?!&le%&R%ﬁ boReb PR itk 186l staiteldnd nhdcAMicA UhbReR, Ad ddi@ical

el ectroconductive 10 | ayer where a convex part raised toward the front
surface ditaldldtyi on is forned on the electroconductive |ayer. The adhesive
Iayeg i s conposed of a thernocurabl e adhesive agent. The convex part of

t he el ectroconductive | ayer passes through the adhesive |ayer and contacts
wi th an adherend when the agihRBV®Y @y¥aiE BNVHNEI®GN t o t he adherend by
pressing and heating. 15 Furthernore, the present invention_ is to provide a
t her mocur abl e Hieduesestianention Rravidesmibsmecuigbetleciracendyctive adhesivg shéfdet form
of an el £r i e i g i rface, an
adhosi ve 1o RAasyh shfes KaEe A ORle 10 1RSI St el Lo

| ayer, arnshcheudsthesidvem ddaydve Byal dpptiedon thedrdna sk fn of deelaftrotheluctive

el ect roconduct.i ve | ayer where convex part raised toward the front surface
di rﬁ(iti ona¥H gvherene ﬁ%@%rtﬁﬁf‘idatf’&’ efrg a?%g‘ri?élé% 1%{?W8€8n Herection are
for med 0%1%&&% dcﬁeﬁwra%dw%'a\ag_%sixlféwér-is IR REDESA MR rhaNREbIE SdKelRBOSed of a

t her nocur abl e adhesi ve” agent. e convex parts of the electroconductive
| ayer pasgenthrUeghnvdxepaaiddfebe vlectreppeductine layenparstsshrough theradhesivelagerd when
t he adhesi ve | ayer .l.s adhere o t.he adherend .b r essi nd ating. 25
BRY R DEGERBTREA MG St BRRLs TP Rt n SRy D8 BerdRtstiPet oy
under st oqfedsthotRBRkAIRat i on of the follow ng detailed description of

vari ous enbodiments of the invention in connection with the acconpanying
dr ald ngs, i n Wfrdkarmore, the present invention is to provide a thermocurable electroconductive

adhesive sheet which includes a sheet form of an electroconductive layer having a front
surface and a back surface, an adhesive layer applied on the front surface of the
electroconductive layer, and an adhesive layer applied on the back surface of the
electroconductive layer where a convex part raised toward the front surface direction and a
20 convex part raised toward the back surface direction are formed on the electroconductive
layer. The adhesive layer is composed of a thermocurable adhesive agent. The convex
parts of the electroconductive layer pass through the adhesive layer and contacts with an

adherend when the adhesive layer is adhered to the adherend by pressing and heating.

25 BRIEF DESCRIPTION OF THE DRAWINGS
The invention may be more completely understood in consideration of the
following detailed description of various embodiments of the invention in connection with
the accompanying drawings, in which:
Fig. 1 is a cross-sectional view of one example of a thermocurable
30 electroconductive adhesive sheet of the present invention.
Fig. 2 shows the plan view of one example of a thermocurable electroconductive

adhesive sheet of the present invention.



Fig. 1 is a cross-sectional view of one exanple of a thernocurable 30

el ectroconducti ve adhesi ve sheet of the present invention. Fig. 2 shows the
pl an vi ew@h2/20886 exanpl e of a thernocurabl e el ect roconducPCr@soizshasi ve
sheet of ‘the present invention. -3 WO 02/20686 PCT/US01/28141 Fig. 3 is a
fl ow di agram schematically showi ng the attachnent to an adherend of a

t hernocur abl e el ectroconducti ve adhesi ve sheet of the present invention
wher e the convig. 3 parfilew disgranh echanhtisillyshbaingrthastachmenen apradbereyd ofe si de
of the conductive. | r. Fig,. 4 i's .a crosszsectional vi.ew of connection
ot r uot ur ABGRIRBRD s on ik pdlpele ShPLOLRE RIS BRIRERIET W dE V& s heet
of the presgahd tRWAAEIRlayé He fitmled oft ohlyWMediRUTING Ssnlaasmld 16wk Y show ng
the nmethod for formng the electric connection by a thernocurable

el ect r oconductliget sdh@essvascionabviens ofiatrenprcsion strugtuiedprmeshusingspl anat i on of
Nunbgrin 1 (0 nduct.| | ayer ' S| Jayer, 3
Therﬁocu%g%%?cgﬁé%terlécg%%aﬁg C{tl\k;éég%hgg%gis%egt éﬂé&p :rbéqglﬁt,lh%%ﬁ? %l] ected part, 5,5
Adherend. 15 Ri3 &8 a fivey ditigemt kehematicalyshewlng thomedoddusfommiligfthe aleeteios and
alternative forns, specifics thereof have been shown by way of exanple in
the drawi 9§8ecing bivia thennocugbleglpirogondicey adhesive shagh ol thg Prrserf denEPBod,
however, that the intention is not tolimt the invention to the

particul ar enbodi nents described. On the contrary, the intention is to 20
cover al | Exphatiafion af Namberingiui val ents, and alternatives falling within the
spirjt and scope of __ the invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Thr &ighout t hel Fi gurledrocondiglive Iyt e qui val ent el ements are assi gned t he
same referenceynunb@lesiv@apdt h respect to Figure 1, which is a
cross-sectional view of an ‘exanple of a thernocurable el ectroconductive
adhesi ve sheet3 of tHernpoewebie clastreerndueiivetabesive sheet,

4,4'  Projected part,
5,5  Adherend.

15
While the invention is amenable to various modifications and alternative forms,
specifics thereof have been shown by way of example in the drawings and will be
described in detail. It should be understood, however, that the intention is not to limit the
invention to the particular embodiments described. On the contrary, the intention is to

20 cover all modifications, equivalents, and alternatives falling within the spirit and scope of

the invention.
DETAILED DESCRIPTION OF THE INVENTION
Throughout the Figures, similar or equivalent elements are assigned the same
reference number.

25 - With respect to Figure 1, which is a cross-sectional view of an example of a
thermocurable electroconductive adhesive sheet of the present invention, the
thermocurable electroconductive adhesive sheet includes an electroconductive layer 3, an
adhesive layer 2 formed on the front surface of the electroconductive layer, and an
adhesive layer 2' formed on the back surface of the electroconductive layer. The

30 electroconductive layer 1 is a sheet form of a conductive material and has a front surface

and a back surface.



t her nocur abl e el ectroconducti ve adhesi ve sheet includes an

el ectroconductive layer 3, an adhesive |layer 2 fornmed on the front surface
of the elvabtrawenductive | ayer, and an adhesive |ayer 2'P€DURE®RSON t he
back surface of the electroconductive |ayer. The 30 el ectroconductive |ayer
1 is a sheet formof a conductive material and has a front surface and a
back surface. -4 WO 02/20686 PCT/USO1/ 28141 The thickness of the

el ect r oconductTheghichyess ofithe eletipcondoviixednydrtmaysvaypiemaivenit fsrgenerally o 2, 000

m preferably f 30 to 1,000.m .and e preferably 50 tq 50 If the
el bt r ocditd P QP ayerPrrEkmly S e d 0P hrhrior Fharegsaly 30 Tavod e

[ ILATLY 19 [neldéiroBh RELF0C PRGN YA RUE RS bAoA bl o HERIAIof Yo S1 1 eSS
whi ch can be e ectlveyaplleg to the contact points 1571 tede. In
contr ast ,eléctrothreluetieclayecdretintand ¢hd Ayamt bstrass tihichikoan $6 effedtivelseappliban

T TR A RN
thi cknes S[h%fcerttﬂﬁl ‘?é'o\ég é%g)ré Sﬁ%igﬁ')( ﬁ@éoﬂlets tﬂ&i fﬁgg ‘é{léﬂﬁeﬁsé ?ﬂatssu?é' {sfr?n?éé?ed‘)f the

el ect roconducti ve layer el r abi o attain a suf I ent
adhesi on tstloselgtabihardhe ddhetihelayectaske adhefemdm ng cont act between the

e AR R GEE L R TN g 1T
20, oG o APty Ry RGN SRy, ©

raise the Tront
surti@ce dheieedse imfaming contavtebetvpantthelelectddsonducticd 1ayemh ruatl theedlaekd Gwot f ace
direction are . forned on the conduyctive |ayer 1. The plan shape of the
convex pappwnimF Gﬁsﬁr@[y@me 981Yeé§¥err?8¢%§a&%tm‘gvleﬁeorbtﬂ#@wﬁm ygonal , or
| attice T, | C Vi r 0] i i pl an
shape. THAOSpY S ke B SORTIARE) fo 10 RROLERKL Rimcoh Bofh LEH0A |
factors. Jdfdtie elest@ephductivBaygsef ul m ni num and nmaxi mum hei ghts of the convex
parts are generally 20 related to the surface_ roughness of the adherend.

The hei ght of A Rempet jated tayredihe fpah srdcedinsgiéaeandiaronies@arti sur f ace
uskneesuale bl adhgepd e oSl o oARIER BRe1, [ gps Lhan
and t he tshepenafahe edrlvex hecismoc partdadiily esadhelsindenshieatbuid pdlygbnal ber
Bl o O L N el B SL A Ol iSSP | SPOu!
The size of the convex parts may vary depending on a variety of factors. For
example, the useful minimum and maximum heights of the convex parts are generally
20 related to the surface roughness of the adherend. The height of the convex part should
generally exceed the maximum surface roughness of the adherend. If the height of the
convex part is less than the surface roughness of the adherend then contact between the
adherend and the thermocurable electroconductive adhesive sheet tends to be unstable.
Additionally, however, the height of the convex part should generally not exceed the
25 maximum surface roughness of the adherend by such a great degree that great pressures
are required in order to make the desired connection. If the height of the convex part
greatly exceeds the maximum surface roughness of the adherend then excess pressures
may be required to deform the convex part in order to create the desired connection with
an appropriate contact surface area. The size of convex parts 4, 4' are generally from 1 to
30 2,000 pm in height and from 10 to 20,000 pm in average diameter. In the case of using a
1-ton or less press machine and a usual adherend, the proper height and the average

diameter are from 10 to 200 pm and from 100 to 2,000 pm.

-5-



25 maxi mum surface roughness of the adherend by such a great degree that
great pressures are required in order to nmake the desired connection. |f

t he hei giwoot2a6Be convex part greatly exceeds the maxi MUPCHUSHIASE1
roughness of the adherend then excess pressures nmay be required to deform
the convex part in order to create the desired connection with an
appropriate contact surface area. The size of convex parts 4, 4' are
general |y fr dfhekonge3par®,4)0repicferady ghtlowndf the oonve8 pexds 26 hoownthey aver age

di ter. In th f [ 1-t | hi |
adher end °2F RS AFIOBHET s et tna eyl When helfoahandex B 4 Breleh B9 200 m
and 1 oma06: izt 090 1B adiSrHOARKRDREBrIRGT U0 L AR oG B 5 4

4' are preferably hollow. If the convex parts are hollow, they can be
def or ned adb¢rand ¢an yacesasd dug to sechadefermation anghessistore elihe olevisie coanactionr e

coniaot i fute EF RGP Allnsthlit b BRSNS tof S i PR, 1e

def or mat ilﬁt@a%ﬁﬂng,etﬁéaélﬁfw@orpsftaﬁib@o@hbéﬁﬂdré‘asé@nnec'[i on 5 can further be
| owered. Furthernore, since the hollow convex parts are easily deforned,

like a springAlthriekshmesyeopartiadi andithe elspirorondytiveleyen! i Pty t he
convex p?ﬁﬁl?%d‘elin gg%vlg% éolﬁge)?ga‘?&tarré)x?&'}géf ittty %o %@M ¢S rms rlcﬁqgre{r%gﬁgg @ﬁlnl% formed

in Fig. X parts are not restricted to suc ong as
t hey can bbeughbimel ghitad¢tntiecttyowithdte ddéat@conductivé member. ueihtmomeibe conwes

er. Further rmﬁ.e. the copvex.10 art.aesare not limted to one,for each

me :
sur fhce ﬁaﬁ%?‘re{&l"b igHitefite gnefor g At Ararglaty OFCB?I_H@E PRHS BRE P&ur f ace or
both surfeedSihdes stifadd b%{lﬁ%}ﬁaeém&ttﬁ{thé/ae&@egilad&ﬁyé pyer MahiSrvhlfBmone

anot her so as to have as many contacts as possible wth an adherend. Fig. 2
shows t henphasthet svasad heveeasewanysioetaofs aa posseblemathraabidberehdct r oconduct i ve

adhesi ve sheet_.of, the esent. i nventi on. luralit f projected.parts 6,
5 and & pl ar g3 hone Ty Db sstl s rtants of o imgeal el SRR o
prescri begdhdsifeahiad of tROpre&P RREAG. L2 p_ILﬁ'ﬁit%L of ?ﬁ)}{&i‘edﬁﬁfﬂé %, 6'"ind A plurality

el ectroconductive layer. In this enbodinment, the convex parts nearest to
onelfanot lérecesretpatie 7pf afcacgddrlyn frdmed ebpresetibed infeivelssorrespondiag éaths t hat a

I | i f f d i I ducti , th
Ut orval SoRsiBRN S R SRRy B0, ARG B o b p i ||

from 20t ofidad@hetFoimithel frojebied hid RryRtSrdi@ioneen convex parts are |ess than
the mnimumlimt, the force applied to the contact points decreases and it

tends to becor thi gase that & plusrlidy pheaiyes parts are formed in the electroconductive
layer, the intervals between the convex parts may vary, however they are generally from

20 0.01 to 20 mm. If the intervals between convex parts are less than the minimum limit, the
force applied to the contact points decreases and it tends to become difficult to eliminate
and pierce the adhesive layer, whereas if the intervals between convex parts are greater
than the maximum limit, efficiency of the electric (or thermal) conduction tends to
decrease.

25 In the case where the adherend is a high frequency wave printed wiring board such
as a microwave printed circuit board, the intervals between convex parts should be half the
wavelength of the high frequency wave, or shorter. If the intervals between convex parts
are longer than half the wavelength of the high frequency wave, the conductive regions
surrounding the non-contact parts work as antennae resulting in problematic noise

30 production.

The materials for the above described electroconductive layer and convex parts

may vary. However, when electric conductivity and thermal conductivity is considered, a
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and pierce the adhesive layer, whereas if the intervals between convex
parts are greater than the maximumlimt, efficiency of the electric (or

t her mal ) wonzizmsgé on tends to decrease. 25 In the case wheewustisatdher end
is a high frequency wave printed wiring board such as a mcrowave printed
circuit board, the intervals between convex parts should be half the

wavel ength of the high frequency wave, or shorter. If the intervals between
convex pand¢fsrablrdedtmegaductihalayéranfl coheexearslaesngbde afmethlesuoh ghirbm.equency

wave, the, cgnductive regions urroundi ng t non- tact parts work as

nt ennae SPUDER iRy SO BB CHCE R 98 SRaUCE B RS SR al 5 1 or

t he above|dasciidiadhenRetsmeanusdstivR Beby&h AMsh GONEAYy RaTE Brinte@WiNAg Y.
However, when electric conductivity and thermal conductivity is considered,

a -6 WObozrbawgehertElagsing pirge drboxpridfeanetpl genefally ppssesasielongafioniagder and

ol s numobiG BaBERss A bR pReRal ifha ool Bl KRGl ERpmerdpll i

and/ or t higs ek tleo e epRessd KR plaste deforhitdh dfieaeabsyed@val 3ri nt ed
wiring board and a heat releasing plate or box. The netal generally

possesse$adhorgampbshednihis alleixt for incyeaspralipes Ppignaneat cortct, 3Viddhe | y
processed i 4ioja sheet such as a foil. Furthernore, in the case that the
convex parts are hollow, plastic deformation of the enbossed netal is

easi | y acconplGCaiped irohharsl ahdrhimum dre prefarcedaastald, foahsets prodecinptient cont act,

w th the _adherend, er,. iron, and alumnumare preferred netals for use
in oduei%oswu%wﬁ@t SrecrBEat ey e g GeBSHFae Bl A iniget . They
ar e consigeihalhyo e BkaeRIHGudQE adiddfclhas %P%ngﬁx%%hﬁt_ iRl Efoh Gk ARV e

adhesi ve sheet of the present invention in ter elr economc cost.

Foi | s of ettromibcos- dods of the dbonetdedssrimlymeétel sphayttecplated withgottl, tinj spldesol der
silver, zinc, nickel .or.the |ike. The adhesive |ayer is nade of a
thernocuﬁﬁ%ﬁfrezﬁ&ﬁ’ééfe\llgr@ﬁ . Preferred 15 thernocurabl e adhesives are, for

exanpl e, a thenpREHEMR BydreSmBdSOMPRSIhdRMtIOMRENE Bgent.t PRf&GRII oW ng
conponents and havi ng su%stantl ally no tack; (1) epoxy resin, (2) a curing

ageht f otharmeceyebleyadhesives arcaifel ekdnplsha tpxyroeuselhle resRecomposiiosfcontaming ox y
. ttl?e foli'l%vv?ﬁjgr ci:orrllgpo%gref‘trs] tanc'i ﬁav%‘%‘é‘ ssu%dstalt%ﬁaﬁ]ye% ga&«% (Wépo@)fesin, (2) a curing
agent for the epoxy resin, and (3) phenoxy resin.
Reaction of the epoxy resin with the curing agent is caused by heating but may
take place at ambient temperature to form a cured product with a three-dimensional net

20 structure. In this case, the cured epoxy resin possesses excellent heat resistance and
cohesive strength when force is applied to the adhesive layer in order to adhere adherends
to each other. As a result, unlike the metal foil tape previously described, the adhesive
layer is rarely separated from adherends even if Joule heat is generated by electric
connection between the adherends.

25 The epoxy resin may vary as long as it can provide an adhesive layer with high
heat resistance and agglomeration force. Such an epoxy resin includes, for example,
bisphenol A type epoxy resin, bisphenol F type epoxy resin, phenol novolak type epoxy
resin, cresol novolak type epoxy resin, fluorene epoxy resin, glycidylamine resin, aliphatic
epoxy resin, brominated epoxy resin, fluorinated epoxy resin, and the like.

30 The above described epoxy resin is generally present in the composition in an
amount of 5 weight % to 80 weight %. Weight % as used herein is based on the total

weight of the composition. If the amount of the epoxy resin is lower than about 5 weight
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take place at anbient tenperature to forma cured product with a

t hree-di nensional net 20 structure. In this case, the cured epoxy resin
possessewerv#icBent heat resi stance and cohesi ve strengt hr@h@rRofasI4e is
applied to the adhesive layer in order to adhere adherends to each other.
As a result, unlike the netal foil tape previously described, the adhesive
| ayer is rarely separated from adherends even if Joule heat is generated by
electric %mbmmBsbkmnebﬁmmeempoﬁémmﬁmé$Enﬁsma§5“mheaeﬂdMymnemﬁmfﬁmy vary as

long as it can provide an adhesiye layer with hi heat .resi st ance and
aggl oner aetHOB?ﬁrefs&léélgq‘@ﬁ@ﬂ ‘gégf ﬂ?eeé%ﬁm%tqr‘i?a‘ggﬂe FYPP %Skté R ‘}at °bi sphenol
A type epR¥iasesidihe Bhapmal tefidd thRR fﬁi@@xwrefe@@dm 109%@1&'%@&5@%@& YP6f epoxy
resin, cresol novolak type epoxy resin, fluorene epoxy resin, glycidylamne

resin, althpkpaxyaesinpomysenty)t ecmpmlmn ed epoxy resin, fluorinated epoxy

oresont 1 1 neEbBea R Bt RS- LRSHR ISR skl bR Ght o

Wi ght % casnpesiéidn b redction svithabeebaxy redie at ahisibnt di\lelegli'fed @efmpdwtuﬁe@mrhs i tion.
If the anpbunt of the epoxy resin is |ower than about 5 wel -7 \\D

02/ 20686 NS @ZPNE Y TVELY a%m& asit cpe flegpalic@irs herEPOSHipn 3¢ 3?8@@%@1}%% 0
decrease,g Sfeec%ﬁng Bg ?ﬁﬁﬁ,%r S ank (}hg an%ﬂﬁﬁé/wégél%lﬂié %eﬁi AR anhRffeaPouUt
ce o S on t he

80% the cohesive e conpositl crease a

conposi t i dicyaneaditle} inibiezol,labation Bﬁl@'ﬁferlaﬁiqn, cafdlysvyei Iykitazifet conffdune aghthe % of

t he _epoxy.resin is _prese nt |n he. conposi tion curing agent is further
addd¥ t o'l tl‘iﬁ’eil@(?ﬁ@éﬁafm s peeferplesifceyt hag rﬂéermﬁbstahz@w;%gqqm SRR Eact i on

W th the Q?)y resin at ambient or elevated tenperatures. The curing agent
may vary as l'ong as it can thermally cure the conposition as described
above. Suit ablle awing ragermjﬂagmlsralhyqueﬂﬁat inftloa cmsiﬁoe at atevahfrom .1 peightir i ng

agent, agj dri an am de, 1m daz cation pol rrerization
catal yst Jedo ROTEE U6 oo BRARBAMRLL el dP P e o iiyantlie HeeliTh 8

prefer ab'd%nﬁio@ﬁ%n' the h@ﬁltfh@%ﬂﬁbmﬁé@@nh& to¥padkess H@ﬁfﬂcﬁ!ﬁpﬁ&ﬁhé&%ewhér@é&@f The
curing agent a%@nera y present in the conposition at a level fromo0.1

wei tht  ameons ﬂm bight weight Yo dfdhescuringraganios present imthieghmpositipntthe desitefing
o9 | RGFN s e o BRRRR PR S O RSB BB S s o
t he curi Rgeigig@nlof te dakias afdént iTpredgt.conposi tion, the desired
The phenoxy resin is typically a thermoplastic resin having a chain structure,
generally has a weight average molecular weight of 2,000 to 2,000,000 or a number
20 average molecular weight of 1,000 to 1,000,000, and an epoxy equivalent weight of 500 to
500,000, and can provide the composition with a proper shape (for example a film).
Furthermore, the phenoxy resin has a structure similar to the above described epoxy resin
both of which are compatable with each other. The composition can be formed into an
adhesive film. It is preferred that the phenoxy resin is used with a bisphenol A type epoxy
25 resin or a fluorene epoxy resin since these resins are extremely compatable with the
phenoxy resin..
The adhesive layer preferably has a minimum storage shear elastic modulus (G") of
100,000 Pa or lower, or 10 to 100,000 Pa to limit flow out of the resin. Such an adhesive
layer easily allows the convex parts to penetrate the layer itself and provide electric
30 connection with a low resistance between adherends. Such an adhesive layer provides

these properties when a pressure of 60 to 260°C and IOf1 to 5 x 107 Pa is applied.



properties of the cured conposition tend to deteriorate. Preferably, 0.5
weight %to 10 weight % of the curing agent is present. The phenoxy resin
is typi cavoyzzaesher nopl asti c resin having a chain structupeT/usgesesial | y has
a wei ght average nol ecul ar wei ght of 2,000 to 2,000,000 or a nunber 20

aver age nol ecul ar wei ght of 1,000 to 1,000,000, and an epoxy equi val ent

wei ght of 500 to 500,000, and can provide the conposition with a proper
shape (for ex aﬁfﬁhenﬂniiﬂdnmttmagﬁlsh@dnelraﬂ’dxr modilheeyphedsmbput 3,000 highst ruct ure

imlar to the .abov bot h of h t abl
Wi th oacHPIGtHGHS newed S atst R as Bt Bt lopengli iV tes e T
i s preferggh &gt ddRIRNENAX Yhik 8SdciTidafion RN hé Mhifinfing PAGE oy fh)épe epoxy

25 resin or a fluorene epoxy resin since t hese resins are extrenel
conpat abl elygstoreasired upihg n@tyyam@s\nwosnyméa%mﬁmt eeparaiyetfopexsinnla Bas a

To" 186 oA RAE g3 Rhectadtal Co Wit Mkttt ihiteafd Rl flie B0 8L 2D

al | ows thﬁ"(ﬂmm/@iﬁef)@ﬂiﬁl‘ﬁgtﬂaﬁvléﬁi&ﬁsfroﬁEQStrﬁtﬁ‘sdcé(ﬂecﬁudn&ﬁGffI—ﬁmd provide electric
30 connection with a | ow resistance between adherends. Such an adhesive

| ayer provi desThaathstvelegpanay swlugedisneplgmidesasia ipyplagpot e 2ROy 8HE 0104 to 5

x 107 Pa j, P 1 h or age

shear el as %ugpﬁo@%%b%ldgf%(@égﬁéﬁcﬁ}qofg%épggg}%ég ]ﬁ%}ﬁh%?}eeéglﬁ’%?é&* %%jed in

order f oreﬂgh&eﬁmglplemqsanéh dspahphedioay ethe)eolaasihed by e rdaasien of The st or age

she elatlc erdIu ( in this specification nmeans 1.ni pum yal ue
ﬂ@ u‘%ﬂ z%ff BlePXydPTE o off Il;;fr'i Ig/l?%tl%é?l{li/mﬁﬂg &F‘%ﬁrﬁ’%&ﬁ\éar at us

( for exangHL. ‘f)hetBQﬁréskn ei%ﬁ%h!:@\? t tﬂerﬁ?&'gh&%/%ﬂﬁ t 'Théé? %yhr@@ré’[ﬁ‘eﬂ & Wthh

tenperature’is 1hcreas rom o60C to 26 an” angul ar
vel ocity thé aﬁov%&iesaﬂieééhlo(dméaqdéamy stofictdre Iﬂzmtroéﬁhwdaldheslymptweﬂlerha@t
i i i esin.in in o i nclud

i ncl ude bi snal ei lgli (fe of .the. e x.r?sm F

bi Sl o RS HHERF DR RRo Bt Adekire i PRl P8RS | ety
of super eng'@ﬁ@ﬁtﬂ&ré%hﬁﬁ%'o@ﬁlp%biﬁ@n 8SeshRt FAAY HePi¥pREDSF does PBE @oBRE by a
reaction of 10 fluorenebi sphendol and epoxy resin, or other thernoplastic

resihs nethe Kesingd effestn opthrquessht invéndiophe paryositios qmntanmn@getsu@r vm th the
phenoxy resin. the a SC i bed

e i iplhE B AN R R il o il erollS r 0D el fide
resi st anc@siff ortthélr askher tegeth@weith Huiirid Senheybserdtfbefoaslipshye | ayer with

wat er-pr Otg;rrr]l?osclslrable adhesive layer. Furthermore, a thermocurable resin including ethylene-
glycidyl methacrylate copolymer as a main component is suitable for use in high humidity
20 conditions owing to its low water absorptivity.
In the above described thermocurablé electroconductive adhesive sheet, the convex
parts and the adhesive layer are formed on both surfaces of the conductive layer, however
they may be formed on only one side. Fig. 3 shows the cross-sectional view of such a
thermocurable electroconductive adhesive sheet.
25 The thermocurable electroconductive adhesive sheet of the present invention can
| be prepared by any conventional technique including that described below.
Adhesive layers suitable for use in the present invention include those produced as
describe below. A thermocurable adhesive agent is prepared by mixing an epoxy resin, a
phenoxy resin, and a curing agent together. The resulting thermocurable adhesive agent is
30 dissolved in a solvent to obtain a coating solution. The solvent may vary as long as it can
dissolve the thermocurable adhesive agent. Preferably, the solvent includes methyl ethyl

ketone (MEK), is volatile at low temperatures, and possesses low toxicity.
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Unl ess the resulting conposition does not fulfill the purposes or does not
produce 15 the desired effects of the present invention, a conposition
cont ai ni wonw2®8ch thernoplastic resin as descri bed aboveChusowasi4ll y

cont ai ning epoxy resin, bisnaleimde resin, or their mxture together with
a curing agent may be used for form ng the thernocurabl e adhesive | ayer.
Furthernore, a thernocurable resin including ethylene- glycidyl

met hacryl at e cofiel aprescrived amoantofdongatieg solirgorsigiappliddetofone suaeeiofiahi gh

hum dity 20 condi,t.ions omng. to i.ts |ow water absorptivity. In_the .above
doscr | bed PHETTIRIFED ROEPEEH St P et BroRL vt o e RB e ¢
and the agbesivf drRUSF a prclifidBapeatuROlbToiH bh a8RSi1RIlajdie AFRNhdGédulttnd ayer,
however they may be formed on onFy one side. Fig. 3 shows the

cr oss- secidhevivg layerdoseraraied from the Bebsiraiedit Bmdbered ée oroerdredusurfages efthesi ve
sheet. 25 The th ur,ahbl e el ec cand Lve. adhesi v eet ,of..1 pr esent
vent i orcoditNBEAT B R BRI ORRATC A KSR RRERRY SRR o ek P
descri bedapptbdit thddb@bic €e lagyedsl dletit abl e for use in the present invention
i ncl ude those produced as describe bel ow. A thernocurabl e adhesive agent

i s prepared byEmbossing teeatragiiiscaraed eut og thejlamyinated hady;tp forgniie SoRyaxingS agent
t oget her . i t her, A1 a j i - din a
o vent 15 pyratye B DETIRRHE LG EURRE 1AR b Mbsellidll ARRUEC T
can di ssthé vmbbdsingt theaimationa bt easidt esi relatiagle rhsilyPriat adtebilvy layehmag alsvent

i ncl ydes net hyl et hyl et on MEK),. Jg volatile at | ow tenperatures, and
posdBssesPFEaL _xetcynguféwﬁﬁ%_éinz%;@s%_t CPPEROAFS I PONUGE 18T | bed
amount of enﬁﬁlf‘ssig? fbAtRRn OF bitiePRoteS irARPLAE G hAnL BAdSUD oBffecPiheAnGliBIE at €,

which is subjected to a release freatment as commonly known to one of skill
in the adl¢ctrocondustiviy adhdsiat sheepriosech @het drenpdhatandg a flux fagenhcantamiltgesi ve

| ayer. After the resultjn adhesi.ve | ayer. is separated fr.omthe substrate,
17 TS adHEnBaDegRRtt (e REte Lot s ToghRiuarys ifEle Pedhra n
l'am nat ed bOdWhe%ﬁdﬁ&%'l%&r%%glﬂe's_@ﬁhrﬁ@&irﬁo advemul ReislisRcioho applied to the
conductive layer and dried. Enbossing treatnent is carried out on the

| amlhat edcopuuaignication gyith eneeanothey bx a peeanssuch as tighing afiguadhiesion oiher . At t hat
time, si n%ﬁ t.‘r)el adhesive | ayer has substantially no tack, the enbossing
treat ment®C8N D& Carried out relatively easily. An adhesive |ayer may also
10 be adher ed A gorreetiGOselutiirt V€ tHedy&ent iftveMfios [shbh@ i FiRY @XinkRidesa Wer e

previ ousl X f or med b¥ ) ) )
thermocurable €lectroconductive adhesive sheet 3, adhesive - layers 2, 2', and adherends 5,

5' formed thereon. The adhesive layers 2, 2, are adhered to the adherends 5, 5' and convex
20 parts 4, 4' of the conductive layer 1 penetrate the adhesive layers 2, 2' and are brought into
contact with the adherends 5, 5'. As a result, if the adherends have conductivity, electric
connection with low resistance among them can be formed by the thermocurable
electroconductive adhesive sheet.
Fig. 5 is a flow diagram schematically showing the method for forming the electric
25 connection by a thermocurable electroconductive adhesive sheet of the present invention.
At first, as shown in Fig. 5(a), adherends 5, 5' are arranged on the adhesive layers
of the thermocurable electroconductive adhesive sheet 3.
Next, as shown in Fig. 5(b), a prescribed degree of pressure is applied between the
adherends while the adhesive layers of the thermocurable electroconductive adhesive sheet
30 3 are heated together with the adherends 5, 5'. The adhesive layers 2, 2' are softened and
the convex parts 4, 4' of the conductive layer 1 eliminate and penetrate the adhesive layers

2, 2' and are brought into contact with the adherends 5, 5'.
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enbossing treatnment. Furthernore, in the case of using solder to connect

t hernocurabl e el ectroconductive adhesive sheets to each other or an

adher eandyo a2/fde8x agent containing rosin may be applied poTURE/SwIf ace of
the conductive layer in order to facilitate conection. The conductive

| ayer may be separated into several regions having no 15 conmuni cation with
one another by a neans such as etching after adhesion of the adhesive

| ayer. A conndtessore is furtict apgliedfio thmpletebsatiterd the edidsom layshotwthé n Fig. 4,

i ncl udes t her.mpcurabl e el ect.rocon ive ive,sheet 3 hesi ve.

| ayers 2,"%]2 eren t&égga‘ﬁ‘ﬁ%%ﬁa s gs shog/m ip grééc\s ﬁﬁ?ﬂ% imerjit Sﬁﬂsﬁﬁ%}gﬁiﬁf ayers 2,

2,' are %H@éx%{sq hae aeN6W e §p end ﬁm@dﬁ@d@f@ﬂﬁ@d(lifﬁle%ﬁﬁéd fressfire t8f the

conductive | ayer Egnetrate t he adhesi ve |l ayers 2, 2' are brought into
ad

cont act wiherpaseltlee £ @rpdscostacting thﬁsdla@rweismAts a refulty the adb¢ravesihdet danve

conducti vi t onnection w.th | St hem can be
Formba byriide frdrksolpscil i ofordiibibs o8y bl BTG R W, °75 7e &
f1ow di agidbsresdshdiBEdessdry thé Hdheking ldybe et teofkrther hdad b Bétnﬁfé&:l}ed:@etﬁei c 25
connection by a thernocurabl e el ectroconductive adhesive sheet of the
present ithaBioen@hle adhesive.r st as shown in Fig. 5(a), adherends 5, 5 are
arranged on t | ayie t t& ctive
Rhosive sheetis CREH Mtz ¥ e BnditErc ISR MR ERNEAUE S S ORAPRC

pr essur e meltedppl beddénebw\qgmym@aur@db@hlgnds 10vd 160,000cAm@hbstiveen theyer s of the
t her jocur abl e el ectrocon qqﬁ;' ve adhesive sheet , 30 3 are heat.ed togeﬁ her

wi t K0t he QB RS 4 angt the aqherepdp asy’ vgumla%oge,znthz caggy thatppraging mateaidl ¢ he
convex paflisad sokfé&, tﬁ{z,zmeaﬁar A by 1@%0& fblalB AL ﬁkﬁ&gﬁ%&%éﬁ‘&% t he

adhesi ve layers roug 0 contact wt e adherends 5,
5. -10 WonGZ/ 20686 tRCndstivedsyed ind Peadberems, txafing {ihendiappbldedng) of
voi ds

| et I dh th I to t dh ts 5, .5 i th
o e G ex by, £ Rt TrodpaucllE et MBS dRlSHT R mi R LB o bRy 1 o 4
4 are holih@ropdiy dd;BuBdhPRAdErALC A0 ARMNDYN BenciApbl AALREEESUT @ Lo

i ncrease the 'surface area contacting the adherends. resul t;
adhtsi ve mcbmt]ummﬁy ef d«emcwrremteb@twaeu thfcnﬂmecx barts 4uidt &ndl thwadlmeﬂsls a nﬁ'e and
excel | en stabl ween,.t he adhere | neﬁessaré 2 4;\ Cgﬁ'll ve
layers eyt P pich et Rl 10 BERATEENIS ulve RE Skt pri
adhesi ve.adherents 5, 5'.
Examples
20 Hereinafter, the present invention will be described according to the following

examples, however the present invention is not restricted to those examples. In the
examples, the terms “parts” and “%” are by weight based on the total weight of the

composition, unless otherwise stated.

25 Examples 1-4
Preparation of Adhesive Laver

As shown in Table 1, phenoxy resin (YP 50S available from Tohto Kasei K.K.),
epoxy resin (DER 332 available from Dow Chemical Co.), and a dicyanodiamide-based

curing agent (DICY) were blended to prepare thermocurable adhesive agents. These
30 thermocurable adhesive agents were then dissolved in a solvent mixture of methyl ethyl

ketone (MEK) and methanol (MeOH) to obtain coating solutions.
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The convex parts 4, 4' of the conductive l|ayer, and the adherends 5, 5',
may be nelted and bonded by applying current as high as 10 to 100, 000 Anps
bet ween tWeodesonvex parts 4, 4' and the adherends 5, 5' pCFustilmsi4t0ore, in
the case that a brazing material such as solder, tin, zinc, alumnum | ow
melting point netal or the |like exists between the convex parts of the
conductive | ayer and the adherents, brazing (including soldering) of the
convex parts 4, 4' of the conductiveT%hkdr and the adherents 5, 5 may be

carried out by either pr erature used for heating
and bondi ng or appl yi ng a ng%ﬁﬁﬁgggm%?n & ric current between
the conveX parts 4, 4" and hele . 01 ans
results ima firm connec |(])3tr)1(aﬁgf\clj\le %éamrpnnvpx nﬁ?(?mp % é’%?%{hlag
adherents @hmﬁmyrExﬁﬁples 209}breinafte@0 t he presem] |nventldn wil| be

descri bed ordrng to the foltownyg—exgnptes,howeyver the present
i nventi on %é’oﬁ}ﬁfespbstrl cted t3 thos® exardles. In th&) exafmpl es the|terns

"parts” anqlcy{hmﬁgﬁl&y wei ghtg jgased | on theyt ot al wquy;t of |they g1
conposi t i ¢pr—unt-ess—othepwise—stated—25—FExanptes—1-4-—Prep; pr-at+on—of
Adhesi ve lM'EK As shown jn Table 1, phenb@@ resjin ( MP050S Avai 18Dl e from
Toht o Kase .), epoxy resphn (DER 332 ,avai [ abl'e T om DoWw Ch |61ca| Co.),

and a di cyano 'am' de- has d (‘uri ng agent DICY)! were bl ended t o prephre

t her nocur, dhe qé 30 thernncurab e adheshVWEﬁ ts wer e
then, di 5 ;ﬁ et it e e% SR

met hanol 9631 ?jm%ll r?ﬁfgiyeqwlfa a4 PCT/ USOl/ 28141
Tabl e 1 Conposition of Coatl ng Sol ution (Parts) Exanpl e 1 Exanpl e 2 Exanpl e

G Sl RS g3h el P o SOBRY G5 By okt o

poly(ethylene terephthalate) (PET) film (50 um thickness), that was pretreated with

silicone for separation, and dried for 20 minutes at 100°C to obtain a 30 um thick adhesive

10 layer.

Measurement of Elasticity of Adhesive Layer

After the adhesive layer was separated from the PET film, the storage shear elastic
modulus (G') was measured as described below. The storage shear elastic modulus (G")

15 was measured using a dynamic viscoelasticity measurement apparatus (RDA II available
from Rheometrics Co.) while increasing the temperature from 60°C to 260°C at 5°C/min
under an angular velocity of 6.28 rad/sec. Table 2 shows the minimum value (G'pi,) of the
storage shear elastic modulus from 60°C to 260°C for each adhesive layer and the storage
shear elastic modulus (G'max 280°c) at 260°C.

20

Preparation of Thermocurable Electroconductive Adhesive Sheet

Adhesive layers were formed on surfaces of both sides of a cold-rolled copper foil

(SPCC-SB available from Nippon Seihaku K.K.), which was a conductive layer having a

thickness of 35 pm. The two adhesive layers were then adhered to tﬁe cold-rolled copper

25 foil by pressure applied by rollers heated at 100°C to obtain a laminated body. In order to
obtain a thermocurable electroconductive adhesive sheet, the obtained laminated body was

then embossed to form convex parts and concave parts (diameter of 1.5 mm, height of
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MeOH 40 40 40 40 a YP 50S avail able from Tohto Kasei K K. ; nunber average
nol ecul ar weight of 11,800 5 b DER 332 avail able from Dow Chem cal Co.;
epoxy eqweat/zwss wei ght of 174 Next, a prescribed anount PET/@®salRStaati ng
solution was applied to one surface of a poly(ethylene terephthal ate)
(PET) film (50 mthickness), that was pretreated with silicone for
separation, and dried for 20 m nutes at 100C to obtain a 30 pmthick
adhesi ve 0.20nh,apddistivea 9fi nepniringfcof exspartsidty 5 ofm)Atindsg » ecpetiires uilf eer t he
adhesi ve gg er. ﬁjas separated fromthe PET film the storage shear elastic
nodul us (S %’“\)\E\ 8dasured as described bel ow. The stor age shear elastic
nmodulus (G ) 15 was neasured using a dynam c viscoel asticity nmeasurenent
apparatus (RDA Il available from Rheonetrics Co.) while increasing the

t enper at dosmpdempBOonnegtionBiticigre5¢/ ni n - under an angul ar vel ocity of 6.28

rad/sec. Tabl e;2.shpws th 1 g val G.mn). af . the Fol§ ar
iast i modul (S aeRaL Fat R MR difrtoda TolirgBeq iefer B BT L
shear el adposedmtidithsurfdces ttke #BENGIurdle 2ROkocodudtive palicaiveGhedfand the

Ther nocur abl e El ectroconducti ve Adhesive Sheet Adhesive |ayers were forned
on sur f adesligng brstyivas ssadwishechbetwpen @ pair ekpluwpmar shegishavingpdockmsa 0hi | abl e
fromNi p Seq | . i i t hi ckness
of '35 m TRETT I Binibelimbis dEtfilodiB RARHEKE A SUERMAAT e | o
copper 2%hehtei tfotd hqure isarr eveappl 5626 wyile aplyng a pesswed oA x 1008 twolsthinai n a

| anj pated body. In order to obtain a thernocurable el ectroconductive

adhesi ve 8 100 SEUCTHIS ai ned | ani nat ed body was then enmbossed to form
convex parts and concave parts (dianmeter of 1.5 mm height of -12 WO

02/ 20686 PCT/ US01/28141 0.2 mm and distance of nei ghboring convex parts d
= 5 nmm), Measuregneat p£Redistance and didhesion Steénpitin of GorFegtiorPStriatmmgat i on  of

Connection Strycture Next., adherends nade of the above descr.i bed
col d-rol | ed_cohieborefsoibreRr e g Sy bEaPiE R CEPREESR! ¢ he
t her mocur,gbhgufl s%ét%%&’_@&lﬂé‘d !o%oﬁﬁ&ﬁﬁér&ﬁré@@%. @_’ﬂge $dded thesstht i ng body was

sandwi ched between a pair of al um num sheets having a thickness of
temperature, resistance between the two adherends was measured and the measured value

was defined as initial resistance. Successively, the resulting connection structure was
floated on a treatment bath of melted solder at 260°C for 1 minute and then cooled to room
temperature, 30°C. Upon cooling, the resistance between both adherends was measured in
the same manner as described above and the measured value was defined as final
20 resistance.

Furthermore, one of the adherends was peeled from the connection structure at
50 mm per minute to measure 180° p?,el adhesion strength.

Table 2 shows the initial resistance, the final resistance, and the 180° peel adhesion

strength of the connection structure of each example.

25
Table 2

Example 1 | Example 2 | Example 3 | Example 4
G'min (Pa) 1.48x10° |3.00x10° |3.26x10° |7.00x 10
G'max 260°c (Pa) 147x10* | 1.60x10° |1.60x 10 |2.54 x10°
Adhesion strength (kgf/cm?) 1.084 0.649 0.541 0.491 -
Initial resistance (ohm) <0.1 <0.1 <0.1 <0.1
Resistance after treatment with | 5.4 10.5 <0.1 <0.1
solder (ohm)
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1 mm The thernocurable el ectroconductive adhesive sheet and the adherends
were heated for 2 hours in an oven at 150C while applying a pressure of 5
x 105 Pawoonbiegdé n a 10 connection structure. MeasurenenPCDUSHESIHL ance
and Adhesion Strength of Connection Structure The above descri bed
connection structure was separated fromthe pair of the alum num sheets
and cooled to roomtenperature, 30C. Once cooled to room 15 tenperature,
re5|standﬁgmﬂﬂ__en the two adherends was measured and the neasured val ue
was defi ) reifstan |vely, the resulting connection
struct ur e g3 ¥of nelted sol der at 260C for 1
minute and thqﬂ tﬁ@@k 1 Oanréaﬁggwé RIBA PnicRAGs 0P inf Al pidfarcd fifthe

resi stance between both adherends was neasured he same nmanner

descr i bedandsonamnanas Extempiesalstordeckcept thet thasoatief Bmieﬂomwasf prahred @ccroe@ngt ance.
Furt ernDr sz of the adherends was peeled fromthe connection structure
at §@P nute to nmeasure 180 peel adhesion strength. Table 2 shows
t he |n|t|al resi stance, the final resistance, and the 180 peel adhesion
strength of the connection structure pgfepch exanple. 25 Table 2 Exanple 1
Exanple 2_Exanple 3 Exanple 4 G mn (Pa) 1.48 x 103 3.00 x 103 3.26 x 103
7.00 x 102 G nmax ZGOOCCQR@bnéﬁ47 x 104 1.60 105 @O@@Oﬁuépéx@054 X [L06
Adhesi on S;.“C:".gth (kgf/uur_} 1-084—0-—649-0-541--049% FHattal—reststante
(ohn) <0.phemoxyregin® <0.1 Resi stance after tleatment with 5.4 10.5 <P, 1
<0.1 sol r 13 WO 02/ 20686 PCT7US01/ 28141 Exa 5 Preparat] on of
Adhesi ve E)% néx?rr} AnFI astic Mydulus In this exanple, anm;::rlﬁpqi e Ipm/pr
havi ng a bbbg%ﬂ@ﬁ@ of 30 m was prepared in the same mannér as Exanples 1

to 4 except that the coatiyng SsofutTonm was prepared accor gi_n
%romlnated epoxy resin’ < P ('15 °

- A v £ AN

30% ethyl acetate solution of poly(nBA/PEA)° 10
30% MEK sol of antimony pentoxide’ 10
dicyanidiamide 1.5
TDI-Urea® 0.1
MEK 80
MeOH 35
EtOH 15

2 YP 55 available from Tohto Kasei K.K.
10 ® PKHM 30 available from Phenoxy Associate Co.
°YD 128 available from Tohto Kasei K.K.; epoxy equivalentweight of 180
4 YDB 400 available from Tohto Kasei K.K.
© 30% ethyl acetate solution of n-butyl acrylate/phenoxyethyl acrylate = 50/50 (weight
rat1o) copolymer
15 f AME 130 available from Nissan Chemical Industries, Ltd
& Amicure UR 2T available from Amicron Chem. Co.

Measurement of Elastic Modulus of Adhesive Layer

Elastic modulus of the adhesive layer was measured in the same manner as
20 Examples 1 to 4, the G'yin, and G'maxz60ec Were found to be 2400 Pa and 160,000 Pa,

respectively.
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5 to Table 3. Table 3 Conponent Conposition (part) phenoxy resina 55
phenoxy resin 15 epoxy resin' 15 Brom nated epoxy resind 15 30% et hyl
acet at e 300 02/2@86 of pol y(nBA/ PEA)e 10 30% MEK sol of ant paDogoimsmtioxi def
10 dicyanidiamde 1.5 TD -Ueag 0.1 MEK 80 .MeOH 35 EtOH 15 a YP 55
avai | abl e from Tohto Kasei K K. 10 b PKHM 30 avail abl e from Phenoxy
Associate Co. ¢ YD 128 avai l abI e from Tohto Kasei K K. ; epoxy

equi val enPrgpargtion off 35 " rvcrﬁh etht 0 Kasel K K e 30%

t hyl t at it f t | ate = 50/ 50
Cnl gne o ot o 'Onﬁgﬂblﬁ@ée#{f%%gcr o RSP AR P B v s

| ndustri eg, dehérﬂoed%em cure UR 2T avail abl e from Am cron Chem Co.
Measurenent of Elastic Mdul us of Adhesive Layer Elastic nodulus of the
adheS| ve | ayerAwappaideis (i eapdpefiverayesh seailehlerimdenibe trade maaerpf €suD-31% 4, the

res pect | ve?rg#ﬁﬁﬁ%%zg%q %%%H%/’Cj%gfﬁ%g%ﬁﬁ%% égrgetllgtgge 8&%8?0%05(1:%r abl e

El ectroc ollredzmgt 4 agthdiie s man, Bhé esmpdied bhesrveg phddhLigl £ihd Gadinofi0.8inva

adhesi ve sheet of this exarrpl e was prepared as described bel ow.
and a height of 0.075 mm (hereinafter, referred to as an embossed surface). The copper

foil was exposed to a 5% MEK solution of rosin (KE 604 available from Arakawa
Kagaku K. K.). The embossed surface was then dried to remove MEK.

10 After the above described adhesive layer was separated from the PET film, The
copper foil was then laminated on an adhesive layer, prepared on a PET film as described
above, so that the embossed surface was adhered to the adhesive layer. The adhesive
layer and the copper foil were then laminated by pressing them with rollers heated at
120°C to obtain a thermocurable electroconductive adhesive sheet as shown in Fig. 3.

15

Formation of Connection Structure

After the above described thermocurable electroconductive adhesive sheet was cut
into a rectangular shape having a width of 10 mm and a length of 70 mm an adherend was
laminated onto the adhesive laﬁfer. The adherend, a tin plated-copper foil (width of

20 13 mm, length of 30 mm, and thickness of 2 mm), was laminated onto the adhesive layer
with a 60% tin/40% lead solder foil (width of 5 mm, length of 10 mm, and thickness of
0.1 mm). The tin-plated copper is available under the trade name of C 1110P from
Test Piece Co. and was standardized according to JIS (the J apanese Industrial Standards)
H 3100. ’

25 A pressure of 5 x 10° Pa was applied to the thermocurable electroconductive
adhesive sheet and the tin-plated copper foil at 210°C for 60 seconds. The solder foil
melted, and was sealed between the thermocurable electroconductive adhesive sheet and
the tin-plated copper foil. The thermocurable electroconductive adhesive sheet was
thermally bonded to the tin-plated copper foil through a contact surface area measured as

30 10 x 20 mm’,

The adhesive layer was cured to obtain a connectién structure when the

thermocurable electroconductive adhesive sheet, together with the solder foil and the
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A copper foil (a conductive |ayer), available under the trade nane of
TCu-0-35 5 from Fukuda Ki nzoku Hakufun K K., was enbossed wth a square
| atti ce padovzee8each side having a length of 1.8 mn, anBCTOSpsed of
convex parts having a line width of 0.3 mm and a height of 0.075 mMm
(hereinafter, referred to as an enbossed surface). The copper foil was
exposed to a 5% MEK solution of rosin (KE 604 avail able from Arakawa Kagaku
K. K.). Then-plirdeoppersoilf washasted inhonvelr atd 016 farénimpes without 2pplinger t he
above des‘%h r%gqu a}ghem ve | ayer was separated fromthe PET film The copper
foil was én-1'amnated on an adhesive | ayer, prepared on a PET film as
descri bed above, so that the enbossed surface was adhered to the adhesive
| ayer. The adhe5| ve Iayer and the copper f0|I were then Iam nat ed by
pressi ng YASaRueL BepLalance ang: /s gth of Conmectian Strpefarapcur abl e
el ectr oconduct of
Conngctl on St r%éést%ﬁ%g}? ttvééerpenﬁ ‘E@@Oﬁﬁg%‘%g@@g I?}Il (gteg E%r??r%éﬁtp g?b!{)ﬁ%tcﬁ&f‘
el ect r ocosidwtt¢ wes adhased eAs Hesetibavaaboseitthe aditecend Waqiea]legtﬁﬂom thehape havi ng a
width of 10 mmand a |ength of 70.nm an adherend o ated onto the
Nihes ve {Bon iyt COTHn tet P Bt Coppere g0t PEadiossugteths
I engt h of TROrefBlan@st thOLEHHREHSH gfucaummlsvaambmna%@ﬂsm%e ddiesigsihesi ve
| ayer with a 60%tin/40% | ead sol der foil (w dth of mm |ength of 10 mm
and t hi ckyiessgthgte showm imfablerhe tin-pl at ed copper is aval | abl e under the
trajiﬁ name of C 111 OP from Test Piece Co. and was standardi zed accordi ng
S (the Japanese Industrial Standards) H 3100. 25 A pressure of 5 x
106 Pa was applied to the thernocurabfs#iet ect roconducti ve adhesive sheet
and the tin-plated copper foil at 210C for 60 seconds The solder foi
mel ted, dnd wSazmpleaiI(ed be{ we®esishaed NeidpeR)y abl e Adlesionsaongh tgiivem)adnesi ve
sheet an the—ti+n=ptatedicopper—foiri—The thetnocurable—et-ectrocondurti ve
adhesi ve |sheet wds thermally bonddeéf% 0 the tin- pl at ed C(Qp(ﬁ'er foil through
a contact} surface area neasured as ;g0 10x20m®. The adhggjne |ayer was

cured to lebtain-a—connection-struct nrn whenthe thermpcurable

el ectrocgnducti vé adhesi ve sheet, t202jet her with the sol ddr3X oil and the
-15 WO 0277/ ZUng PCI/TUSOL/ 28141
verage 2.02 1.07

Electrification of Connection Structure

Next, the connection structure of this example was connected in series to an AC
15 power source of 100 V and an incandescent electric bulb (375 W RH) through an electric
lead wire to form an electric circuit. Electric current was applied between the conductive
layer and the adherend for 30 minutes. The conductive layer and the adherend did not
undergo a significant temperature increase (5°C or higher) at the contact point with the
electric lead wire.
20

Example 6
Formation of Adhesive Layer and Measurement of Elastic Modulus

In this example, an adhesive layer having a thickness of 30 um was prepared in the
same manner as Examples 1 to 4 except that the coating solution was prepared according
25 to Table 5.
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tin-plated copper foil, was heated in an oven at 150C for 2 hours w thout
applying external force. Measurenent of Resistance and Adhesion Strength
of Conneow®om@8¢ uct ure 5 Resi stance between the conducti peTUaysiand t he
adherend of the connection structure was nmeasured. As described above, the
adherend was peeled fromthe connection structure at 50 nmper mnute in
order to neasure 180 peel adhesion strength. The resistance of the
connecti on st rlihetelastic ofoduhisof theadhtsivedayertvwes m@Guse glso dnlheshma magneengt h

are shown in Tapble 4., 10, Iabl e.4,Sanpl e No. Resis e I eg Adhesi on
ot rengt h 3 KFPERS T 14,3 Cang8d Cradtte, el 5as G 3 Wil T, LT, "00°3 67
El ectri fir%E&tMIny Connection Structure Next, the connection structure of
this exanple was connected in series to an AC 15 power source of 100 V and
an i ncandescent electric bulb (375 WRH) through an electric lead wire to
formMman electric circuit. Electric ciliebleft was applied between the

conduct i pe—tayer—and—the—adherend—for—30—mnptes—The—conductivetayer and

the adhefend did not uRE®PERFIA signi ficant tprper &URROSitin(BYER (5C or

hi gher) pf, 1.8 fpact point with the electr|c Iead wregg, 20 Exanpl e| 6
For mtio%&p&@—b@a@w—eﬂem of Elastic—Mdulus tna—thi

exanpl e, | goxgdésdei ve | ayer having a thickness|of 30 um wd€ prepared ih the
same nman

er_as txanraige%tJ, to 4 excent that tThg coating S%I ution was
pr epar ed| ROSY IR odEcd ithpejyeapeolaciane™ wo 02/ bosge PCT/ US81/ 28141 Th
el astic mpgygletts1 géetgtggolaqwgfy&y@gwp]gms neagured al so ipp the sanme manner

1%

Dicyanodiamide Y 2.91
MEK 100
MeOH 40

2 YP 508 available from Tohto Kasei K.K.; number average molecular weight of 11,800
® DER 332 available from Dow Chemical Japan Co.
° PLACCEL G402 available from Daicel Kagaku K.K.; epoxy equivalent weight of 1,350
10 4 30% ethyl acetate solution of n-butyl acrylate/phenoxyethyl acrylate = 50/50 (weight
ratio) copolymer

Preparation of Thermocurable Eleciroconductive Adhesive Sheet and Formation of

Connection Structure

15 The thermocurable electroconductive adhesive sheet of this example was prepared
in the same manner as Examples 5 except that the above described adhesive layer was
used.

After the thermocurable electroconductive adhesive sheet of this example was cut

into a rectangular shape having a width of 25 mm and a length of 70 mm, a galvanized

20 iron sheet was directly adhered to the copper foil of the sheet. After that, a pressure of 5x

- 10° Pa was applied between the thermocurable electroconductive adhesive sheet and the

galvanized iron sheet at 150°C. The adhesive layer was cured to obtain a connection

structure.

25 Measurement of Resistance and Adhesion Strength of Connection Structure

Next, resistance between the conductive layer and the adherend of the connection

structure of this example was measured. Also, as described above, the adherend was
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as Exanples 1 to 4, and G,,,;,,

1.03 x 10" Pa, respectively. 5 Table 5 Conponent Conposition (parts)
phenoxy me@bnz2064® epoxy resinb 30 epoxy resin nodified w€US01/28141
pol ycaprol actonec 30 30% ethyl acetate solution of poly(nBA/PEA)d 20
Di cyanodianide 2.91 MEK 100 MeOH 40 a YP 50S avail able from Tohto Kasei
K. K.; nunber average nol ecul ar weight of 11,800 b DER 332 avail able from
Dow Chemmatedimpame@onn@tmsmﬁtre@u@@nmacn ralpiute tb mosasDeil 667 pachgdiesion. K. ;

epoxy eqU|vaI ht of ¢1350 0 d 30% e ace ate ol,ytd on, of .

ot yt - sF ey OnbresingS of die SRncshde it Rty RGN AS BR8N Sbor
Pr epar at i sdReddén Sl sEdVeinE#td 6.0conduct i ve AdheS| ve Sheet and For
of Connection Structure 15 The thernocurabl e el ectroconductive adhesive

sheet of this exanple was prepared in the sane manner as Exanples 5
t hat> t he above described adhesive IaﬂbbEth used. After the thernocu

el ect r ocopduetive—aghestyve—sheet—of thirs—examte_was Hto—=a

r ect angul pPa@RkedNo-hhvi Repidiange sele gnilbehmim and Adhepigh ﬁtr@TgtIT(i(&@t?m)a
gal vani zed 20 jron sheet was djkectly adheried to the cgpper foil of t
sheet. Af ' =Y,

t her nocurfabl e 21 ect f oconduct i veOadhesi ve sheet and t he0.6al vani zed i1
sheet at [I50C7, The pdhéesive layer was cured to obtain onnection
structurel_25 %\/Easu enent of R%gl stance and Adhesi on Strength of- Coni
Struct ur el Nexieragees| st ance bet wgen the conductive | ayep.sand the adher
t he conneetton—structure—of—this—exanpre was neastred—Arso,—as—desc

above,

10

15

20

25

t he adherend was -17

Electrification of Connection Structure

An electric current was applied to the connection structure of this example in the
same manner as Example 5. The conductive layer and the adherend did not undergo a
significant temperature increase (5°C or higher) at the contact point with the electric lead

wire.

Comparative Example 1

Preparation of Thermocurable Electroconductive Adhesive Sheet

In this comparative example, 5% of gold-plated polymer conductive particles
(Bright 20 GNR 4,6-EH available from Nippon Kagaku Kogyo K.K.) were dispersed in
the coating solution. An adhesive layer having a thickness of 35 um was prepared in the
same manner as Example 5 except using the resulting coating solution, which was then

used to prepare a thermocurable electroconductive adhesive sheet.

Formation of Connection Structure

Adherends, which are respectively a rolled copper foil and a tin-plated copper foil
having a thickness of 35 um, were disposed respectively on both side surfaces of the
thermocurable electroconductive adhesive sheet. Then, a pressure of 2 x 107 Pa was
applied between the rolled copper foil and the tin-plated copper foil at 150°C for 2 hours

to form a connection structure. In this case, the thermocurable electroconductive adhesive

-18-
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WO 02/ 20686 PCT/ US01/ 28141 peeled fromthe connection structure at 50 mm
per mnute to neasure 180 peel adhesion strength. The resistance of the
connect i omo92/2088¢ ure of this exanple and the 180 peel adkebiUso/Sti41engt h
are shown in Table 6. 5 Table 6 Sanple No. Resistance value (mlliohm
Adhesion strength (kgf/cm 1 1.5 0.42 2 1.0 0.61 3 0.8 0.51 Average 1.1
0.51 Electrification of Connection Structure An electric current was

appl i ed tshe¢thveasdondetaridpressed tocthe tis-pidted enppeesodrapddo the roRed cappaefottanner as
Exanpl conduct i er and, t herend did not undergo a 10
signi fi cah’ioulggﬁﬁgwﬁﬁﬁ”ﬁéﬁ%??%ﬁlgﬁsuf?@sgﬁ dgh®) at the contact point with
the electric lead wre. Conparative Exanple 1 Preparation of Thernocurable
El ect roconducti ve Adhe5| ve Sheet 15 In th| S corrpar atiye exarrpl e, 5% of

gol d- pl atMeasyeamyens pf B Ciala AALFIOR PE ! giiiechon BIMEres.- EH avai | abl e
from Ni ppon Kagak ﬁ‘ KE on. An
adhenam ve | aye?ﬂﬁeé% ir%glégk’ IC %gl\ég&g djéf@B%f\?\ggnh @Eﬁaf?@é&a%? ]Eé} fgl{ghfr:%fermnner
as Exarrplde;nﬁecemneﬁﬁctumi afghit bempastivd exagnploats mgaswddu tAlsm, thevtin-phatahs t hen
used to pr re a %ﬂler nncuiga%lte | ect roconducti ve g(ghea ve sheet. 20

For mat i or’fo %ﬁi’:ﬂ’ﬁ’é s pselel dioi the AQRRICHAR Strudhie @h FﬂéﬂP%fsz@élfqt\?a y a

rolled coppRhre @0 g@él%ﬁesﬁdn%h@h%the‘Th@?&?s%[no@ 8F the BAYdCHBN &rﬁ&hﬂé‘ﬂl‘%ﬁ of 35

m were di sposed reéspectively on both side surfaces of the thernocurable
el ect r oc mothpetative eaaihplslanétm%@f peétladhgsicn srength areshofvnin Xabl7/. Pa was 25

i ed bet Lh d f d the.t ed.
TBOK For 5 hodrsAfABhe Sute BRREeRb e S PyLies BtetpRindl g R S
t her nocurqphel ﬂ°€%f DEOME wathbiappRRES bMemal fhRoe\WReP R vk §RR s bt wmaes 141

at 150°C. The connection resistance was measured as 1 ohm or higher.

Comparative Example 2

15 Formation of Connection Structure

In this comparative example, an electroconductive pressure sensitive adhesive
sheet (#1245 available from Sumitomo 3M Co.) which bears a copper foil having a square
lattice pattern on a front surface, formed by embossing treatment, was closely adhered to a
rolled copper foil having a thickness of 35 um. In this case, the electroconductive
20 pressure-sensitive adhesive sheet was closely adhered to the rolled copper foil through a

contact surface area measured as 25 x 25 mm” and formed a connection structure.

Measurement of Resistance and Adhesion Strength of Connection Structure

Next, resistance between those two copper foils of the connection structure of this
25 comparative example was measured. Also, the rolled copper foil was peeled from the
connection structure at 50 mm per minute to measure 180° peel adhesion strength. The
resistance of the connection structure of this example and the 180° peel adhesion strength

are shown in Table 7.
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sheet was bonded and pressed to the tin-plated copper foil and to the

roll ed copper foil through a contact surface area neasured as 10 x 20 mm?2.
Measur enavid 0m206Resi st ance and Adhesi on Strength of ConnecpCDOS@r28uat ure 5
The, resistance between the rolled copper foil and the tin-plated copper
foil of the <connection structure of this conparative exanpl e was neasured.
Al so, the tin-plated rolled copper foil was peeled fromthe connection
structure at 50 _mm per m nut e to. neéﬁﬂwe7l80 peel adhesion strength. The
resi st ance—of—the—connectton—structure—ofrthts \,un%)t attve—exanptre—and t he
180 peel adhesion strength are shown in TabR@ﬂﬁw“&@'SUbstantlaIIy t hg sane
experiment was conduct ed ex¢epitialgesistangei ng WX CEH Hi ed| AdbesiamtsteBglt |f or 2
hours wit hout applyi ng ext el nal (niilichen)af t er Knanhnwressed flgf/ch)m nute at
150C. The §onnec.loE resi STance wags neasufed as 6 ohmor nlgnFo
Conpar at i eEsafBled | et i on2of ConhectiodVStructlure [n'Phis
conparatlveog%@@ﬁb@Ex@ﬁ?@Qe(trocogd@ctive pressyﬂp senS|t|ve aghe5|ve
sheet (#1245—avaitabtefrom Sumtono—3MCo)—whi-ch—bears—a—copper—fotl
having a square lattice pattern on a front surface, fornmed by enbossing
treat mentExamgsle ¢l osel y adhered to a rolled copper foil having a thickness
of 35 m In this case, the el ectroconductive 20 pressure-sensitive adhesive
sheet waéﬂéﬁﬁééﬁﬁiéﬂhered to the rolled copper foil through a contact

surface area ngg; gﬁﬁ

Nbasﬁr ement esl's ‘é%gd eé ﬁ?ggt%gn g{r en %?aq@%ﬁ%%: g%%fr‘éﬁ% ure
Next, resplatediof fiehaveena t}ﬁaaﬁsst 01 00q R BY pfe@slhg thein Wtk agoen heazéd N2eecuct ure
of this 25 conparative exanple was neasured. Also, the rolled copper foil

was peel el nalding dieewasyyassed to fommame gervaxeagthasmemheight ofBAurzands neasur e
180 peel adhesion strength. .The resistan e ection structure of
Chis oxarffiaeahar 158 B8 b e SarbSRst v Pang o 18 S URERRR. Bibie 7 . 20
WO 02/ 2068&ctiiedhdudiité Zitéite sHeabhevidg Reisk sf Iﬂl&; 80 @frh&¥as loBtdinedl Theshé&tance

120C/ 24 H Adhesion strength (mlli ohn}) i ohm (kgf/c
1 was put on a tin-plated copper sheet (C1110 )used in Example 5 so that the convex part

contacted the sheet, and was bonded and pressed at 150°C for 20 seconds.

The resulting connection body was sandwiched between electrodes of a National
resistance welding apparatus (YR-080SRF-7) and electric current was applied between the
tin-plated copper foil and the tin plating foil (set in a memory 65) to weld the convex part

15 and the tin-plated copper sheet.

Without applying external force to the connection body, resin was cured by heating
at 150°C for 2 hours.

Resistance between the tin-plated copper and the tin-plated iron of the connection
body was measured at 30°C, and measured as 1.6 milliohm.

20
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Conparative Exanple 1 5 10 1.0 Conparative Exanple 2 200 500 0.5 Exanple
7 Electric Wlding 5 The adhesive | ayer described in Exanple 5 was

| am nat edvon2/z20686i n | ayer of a tin- plated iron foil havi pgr/asetmsekness of
100 m by pressing themwtih a roll heated to 120C. A nolding die was
pressed to formone convex part having a height of 30 mand a dianeter of
1.5 mmso that the convex part was formed on the tin plate surface. An

el ectroconducti ve adhesi ve sheet havi@lgims size of 13 x 30 nm was obt ai ned.
The sheet 10 was put on a tin-plated copper sheet (C 1110P) used in Exanple
5, so that the convex part contacted the sheet, and was bonded and pressed

at 150C for 201.secoldsrmbbgrableeWctibsthdactinredhesive heeyconasisiantiveeen

bet ween el ectrodes .of a National resistance wel ding apparatus

( YR- 080 SHitectocantnchyelayes having 3 Gont syefaceng)a kagk petamsernd anadhesive Jayelt ed
copper foilm: j t I ] 1%{1%"65) to weld the
convgx pgdrﬂrphail.'gngﬁ?ﬁ%%‘%—%@%téelgdt%gé)@%u{éﬂg %. %l out appl yi ng external
force to the connect¢amwedbpaly raisedsowardabe fromtesdribee diemtiomiy fomhedl@OBef or 2
hour s. Re%i tanc(ﬁlaget ween the tin-plated copper and the tin-plated iron of
the conneRtiBRonNMSHYS REE: measured at 30C, and measured as 1.6 milliohm. 20

-20 WD 02/ 20686 PCThbiSiHekA81drkr i<IcdigiBedlof AhtRRITROW Albk&vEhast magonduct i ve

adhesi ve sheet conprising a sheet form electroconductive |ayer having a
front surface and dhbeevespaftatthe devtroaondadtieslayer fasses thrsugipibt adbsbie t he

R T e e e A R TR

| ayer, theasagheshyediedmell is conposed of a thernocurabl e adhesive agent,
and the convex part of the el ectroconductive |ayer passes through the
adhesive 10 |ayer and contacts an adherend when the adhesive |ayer is

adhered wi th pyessi g, 30dcurable electroconductive adhesive sheet comprising a sheet form
electroconductive layer having a front surface and a back surface, an adhesive layer
15 applied on the front surface of the electroconductive layer, and an adhesive layer applied
on the back surface of the electroconductive layer, wherein:
a convex part raised toward the front surface direction, and a convex part
raised toward the back surface direction are formed on the electroconductive layer,
the adhesive layer is composed of a thermocurable adhesive agent, and
20 the convex part of the electroconductive layer passes through the adhesive
layer and contacts an adherend when the adhesive layer is adhered with pressing and

heating to the adherend.

3. A connection structure comprising the thermocurable electroconductive
25 adhesive sheet of claim 1, and an adherend placed on the adhesive layer of the
thermocurable electroconductive adhesive sheet, wherein:
the adhesive layer adheres to the adherend, and
the convex part of the electroconductive layer passes through the adhesive
layer and contacts the adherend.
30
4, The connection structure according to claim 3, wherein the adherend and

the convex part are bonded by welding or soldering.
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heating to the adherend. 2. A thernocurable el ectroconductive adhesive
sheet conprising a sheet form el ectroconductive |ayer having a front
surface amadoza2deeck surface, an adhesive |ayer 15 applied pPoTAURE/fB14nt
surface of the el ectroconductive |ayer, and an adhesive |ayer applied on

t he back surface of the el ectroconductive |ayer, wherein: a convex part
raised toward the front surface direction, and a convex part raised toward
t he back surfa%e di Aeoniestingpeockssroonyprismgtthestepseaft r oconducti ve | ayer, the

adhesive layer is c osed of t her moeur abl.e adhesive agen and 20 the
Convex part of the BrUgE rbagiatid ke RaYERe el LR GulRi e ahesi ve

| ayer andelesrvicagdustiad adigipieehett whelgint e adhesi ve | ayer is adhered with
pressing and heating to the adherend. 3. A connection structure_conprising
the thernocurabl e ehg8pg eents pger ofthethpmgapeablydegtragpnduciverpdhesiygd an
adhegend @%@pg&ion the adhesive layer of the thernocurable

el ectrocondutti ve adhesive sheet, wherein: the adhesive |ayer adheres to

t he adherend, and tdpplyngypmssypabétwoén thheheahmectmblehdtrotandactiaydhegiasses

t hrough the ad Y | aye d_contacts t.he adherend. 3Q 4. The, connection
struct ur esq’ﬁ?:tcaé‘pg}?%ﬁﬁ‘%e“gr ‘é’ﬁlﬁﬁ%%,’ thitrapExPartis H}fgﬁé‘? B HHH%E% the é‘]-}teéW\%x part
are bondegydanWRbath&idnOhdIkdfder i ng. -21 WO 02/20686 PCT/ US01/28141 5. A
connecting process conprising the steps of: placing an adherend on the
adhesive | ayer of the thernocurable electroconductive adhesive sheet of
claim1l1; heating the adhesive |ayer of the thernocurable el ectroconductive
adhesive 5 sheet; and applying pressure between the thernocurable

el ectroconducti ve adhesive sheet and the adherend, whereby the convex part
is made to pass through the adhesive |ayer and contact the adherend. -22
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