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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 eletrical 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 wexght 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 Jispersed. 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.
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A metal foil tape is a conductive pressure-sensitive adhesive sheet basically
composed of a metal foil and a pressure-sensitive adhesive layer. In the case of an
embossed metal foil tape where the metal foil layer is embossed to have hollow convex

20 parts, the hollow convex parts need io 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 compared with that of the above described conductive adhesive.

25 However, in the case of a metal foil tape, the pressure-sensitive adhesive layer
ge.ncraﬂy 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 cutrents 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 af.e 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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DEslgRI i FumemBrRé\vﬂ\{eNggsent 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 pfessing 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.




The invention may be nore conpl etely understood in consideration o? e;tFE 2005
followi ng detailed description of various enbodi nents of the inventio Bn
connect i | t he acconpanyi ng draw ngs, in which: Fig.

Cross- sec |§&r{%¢k8t\—'/i ew of one exanple of a thernocurable #—TIUSMIZSHI

el ectroconducti ve adhesive sheet of the present invention. Fig. 2 shows: the
pl an vi ew of one exarrpl e of a thernocurabl e el ectroconductive adhesive

sheet of the nve t| on. -3 22 2005 WO 02/ 20686 PCT/ US01/ 28141
Fig. 3is a fl e?gljf] P%H@F @ther?étaﬁhm%m@h@dh%e@dw%@her end

of a th n

I nventi ogﬁ%mﬁ%ﬁtﬁ Legelgégﬁi&g)%&&égggt gﬁ%%% siﬂ%g%g?]% r?i\%ﬁ?fn %t} &%&eﬁ é:fwgﬁ only
one si de pafts ik thecutiesive legret agdormdd ¢h ondy bse ﬁd@bﬂﬁl’ét&@@dch%{’d efi ew of a
connection str, uct ure formed using a _5 thernocurable el ect roconduct ive

adhesi ve sheetFigf4 tsr?ecr9$9e%eéh9nalmpf@¢pnnm@n gructire farmed uginggr am

h f th t t b
thormour anro ERB A skiniRe iR Phl e SRt Rt d ent 1 nventi on,
Expl anati on offipsser flévg didyrdm Etieeidtioslonshesdih %&e'rﬁéﬁﬁédfor?o&méﬂﬁeééé’tﬁcl ayer,

S

3 Thernocurabl e el ectroconducti ve adhesive eet , 4" Projected part,

5,5 Adh@pétmtwnbymhe@queahlmlemaqonduoswanéhrameeshec; of el resentiniehiiomt i ons
and alternative forns,: specifics thereof have been shown by way of exanple
in the draw ngs and wi II be described in detail. It should be understood,
however, Bxphinatibteof bh_ﬁ? is not tolimt the invention to the particular
enbodi rrents escri be he contrary, the intention is to 20 cover all
nodi® i cat i ons,1 eqU|Ela¢tmmdumlwet,er natives falling within the spirit and
scope of the | ve% n TAI LED DESCRI PTI ON OF THE | NVENTI ON Thr oughout

=
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4,4 Projected part,
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15

While the invention is amenable to various modifications and alternative forms,
speclﬁcs 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 mddiﬁcations, 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 Iajrer I is a sheet form of a conductive material and has a front surface
and a back surface.



ref erence nunber. 25 Wth respect to Figure 1, whichis a cross-setz‘tsi]ml 05
view of an.exanple of a thernocurable electroconductive adhesive gﬁ
the pres®@0¥#e8ntion, the thernocurable electroconducti PeTAMYNE sheet

i ncludes an el ectroconductive |ayer 3, an adhesive |ayer 2 forned on the
front surface of the electroconductive |ayer, and an adhesive |ayer 2'
formed on the back surface of the el ectroconductive |ayer. The 30

el ect r oconductTheahickyiess off theselectmbemductive layafmay eapchonaveeit imgepeially and has a

- front surface nd a back_syrface. WD 02/20686 2 2 FEB 2605 PCT/USO /28141
The t hi cdrmd to2.00Qdurpy prefer a0 tod QUQHem, quxam%erﬁbboeipéﬂ%?%

gener al | fr 1 to,2..00 pr.ef erab froam30 to 1. 000 [u nor e
pref er ab@thgﬁi)etc O%M“ﬁfwe ?afygﬁ;@ aﬁ@&?ﬁhﬁmwo}l@y@l’ ﬁ]ﬁglgéé%‘?@gﬁes S

t hi nner ; | G H %M&H

decl i nesteg% 0t eugtrlr%%% %@@ége@%ﬁﬁggﬁzﬁﬁ%}gﬁ\%%%wg 5to the
contfact potleteentast pointstie dimited. docdntmst; if the eledteocohdisttive tayarhasta thickhesser has a

t hi ckness__ t hicker, than about 2,000 E’m the rigidity becones tgo high_ and
i nt ense phiskesghan ahout 200 ey the Heidity decamesdpe Righerd wienss preseure Ay BAWEd { he

adherend, . The thi cknessyof. the Lve |ayers on both the back and front
surfacgs.t%f;loﬁﬁgagfé?"‘ggﬁ? %%hgﬁgﬁ@qxeeg)r}ﬁgﬁeré&gpends on their ability to attain
a sufficient mQﬁicRﬁeﬁfoEMdheﬁ*?&laﬁé@oh%ﬂfthéﬁﬁﬁcm&ﬁ-&ﬁ@%ﬁﬁ&w@ﬁth%ﬁ bet ween
t he el ectroconductive |ayer 1 and the adherend (not shown in Fig.)
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shape of prdferabyns/@x5Pamd, and momﬁrem.iﬁljz ¢OIted( pmi; &sd dre fhreekdanchotinyurfieees ound,
pol ygonal, or lattice shape. The typical convex parts are projections wth
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surface roughness of the adherend. |f the_ height of the
shape of the convex parts is not particularly restricted and may be round, polygonal, or
lattice shape. The typical convex parts are projections with a round plan shape.
The size of the convex parts may vary depending on a variéty 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 ther. contact between the
adherend and the thermocurable eleciroconductive 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 pum in height and from 10 to 20,000 um in average diameter. In the case of using a
1-ton or less press niachine and a usual adherend, the proper height and the average

diameter are from 10 to 200 pum and from 100 to 2,000 pm.
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In the case that a plurality of convex 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 prbblematic 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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the following components and having substantially no tack; (1) epoxy resin, (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 metai 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, flucrinated 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

-



15 t her nocur abl e adhesives are, for exanple, a thernocurable rﬁsbnﬁr. n
conposition containing the follow ng conponents and havi ng subst ant i a ﬂ@/ Lr%lj
tack; (1 esin, (2) a curing agent for the epoxy resin, and (3)
phenoxy }‘é@eﬁﬁ%action of the epoxy resin with the curi ng"‘?é"g’@ﬂ”%%“caused
by heating but may take place at anmbient tenperature to forma cured
product with a three-di nensional net 20 structure. In this case, the cured

epoxy resin possesses excellent heat resistance and cohesive strength when
force is ‘Appat ©aistagcs pldhe gprappsition tspds to decepagerwhepeasdfitheamuimépfthds to each

t her. 4, 4 ' il. ' | y..d | hed, th

Sahes; ve SPRif S s il héf abd 053 She {ellcnivk 3% BEBY' BtbnbepR edsdo hear | s

gener at ediebyeass @dtthé @omﬁ@ﬂﬂﬁﬁéh@‘tobﬁtﬂﬁ@.nﬁe?ﬁ'aﬁ?hﬁi QR %2R §d"€ve%ﬂ?‘t%’of esin
ea

may vary as long as it can provide an adhesive ayer w th high
resi st andke enody aepin isrpsesgnt ivrthe eewposiSoeh an epoxy resin includes, for

exanple, bis nol A ty. OXVY, ,I esi bi sphenol type epo resin, phenol
novgjak type Q’Eglg&ngqggg{ﬁ%n@?eggéﬂecﬁ&;@#gw%@o%%g i"ﬁ‘l,?e >‘guorene eBox_y
resin, glopmipdtioib feacti®S With (R bRB3ieéin 2BRA¥EnS 1&%@@@%@&3&%??9&/ resin,

fluorinated epoxy resin, and the |i'ke. 30 The above desc poxy resin is
gener al | yuprgagant may vatjeasdongassit can thermakiy cura i ictmpdsitionvesi dgistriltédt abo8.

wei ght % i,ght .% as use erein is based .on the total weight of, the
Conposi t?sb'fv’?\fgblglcu?ﬁ‘?eagefﬁ%&ﬂ?“ g 1P EX ARG AN AIUDG 1P CPERG AZEN AP Faldridevei ght

-7 2 2 FaBvAROmmiMO %g% | f 1
conposi ti orj{ tendgp%%%gggggggé\ﬁ reas | tﬂ%%ysg%ﬁ%%é{:ﬁ:gﬁ&g%&?ﬁ@%si nis
hi gifler t like. Bicyanodiatddetit preferhblsisitre fithas ehearfnat ktebiﬁqrmqsd;mitemf&@ﬁds to

decr ease %the conposition tends to be fluid. Preferably, 10 weight %to
50 wei gh{ ¥t he epoxy resin is present in the conposition. 5 A curing

agent is furt gﬁﬁlge . L 1 d - I he th conmposi tion
by reaction V\Ffﬁﬁ ct e g%ezr)x%/s ééglgl n%? ésjgfr#fb]lﬂg}rl{% goo[éﬁ%F@a%té&g%é%ﬁ gtlu %IgﬁpThe
curing aYete 3twwightdty 1fkess thag abouti(L1 eeight MesMht byrisysgent Bepresympasthki on as
descri bed above. Suitghle curing agents include, for exanple, an anine type

curing afRPOSIURY, theraling cRmpositien, kads o Rassess fsufficient hardngss, grhereas if

polygner i ' I iofd o LDE e..L0 |ike. '
By Caanoaf o 8o 60 3Y5keigl WER I e YRR BBl I Sohbosite; the gssired
t enper at propexti8® 6f the cured composition tend to deteriorate. Preferably, 0.5 weight % to 10

- weight % of the curing agent is present.
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
5 00,000, and can provide the composition with a proper shape (for example a film).
Furthermore, the phepoxy 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 10* to 5 x 107 Pa is applied.




The curing agent is generally present in the conposition at a Ieveb {:Fq_rﬁ(}&s
weight %to 30 weight % If |ess than about 0.1 weight % of the cdring b

agent i sWORBRH in the conposition, the resulting compoBETUEH/BéHds t o
possess insufficient hardness, whereas if 15 nore than about 30 wei ght % of
the curing agent is present in the conposition, the desired properties of
the cured conposition tend to deteriorate. Preferably, 0.5 weight %to 10

wei ght % of t Betheuminirgusaptortgé shear elastint modiies giveedmapone3;000sPa, hjghcal |y a
e no2 Rl B8 B et B L 95 i

500 to - SEEFEETle Shditudfl) it ScHn Mofhs T SR EE MY nO (B0 (1 or
te)r(lgrrglbgvga%?s??sbed epox resiiﬁ bofiﬁag?sv\whi ch,tg?e co (fgﬁgxﬂwv’vith Iﬁal:ﬁr He
- ot hér. Tﬁ&aibbw;fawﬁbsgme ¢S 50k While theitemprratre 1§ iaeased m&?"qtp 2169°(§beerred
t hat thesp@/ﬁﬂﬂﬁ}{d&%ﬁiaﬂ ' y@&%@gﬁf&zgA&ég@ﬁé}ﬁ_{%@h&{gﬁgzpoxy 25 resin or a

fl uorene™epoxy resin sPnce resrns ar npat able with the
phenoxy resi NThe Afieesieligpdr ey iaykte pistfatvimbde\tediasn place of the Rpstyoresigarshear
elastic podulus (G ) .of 100,000 Pa or lower, or_10 to 100,0Q0 Pa to limt
f1 ow out insludefpismpaleimide msiringdditionde itheeepoKy yesin. rthepmare, 8 Waristy 61 S¥st e x
parts to netds . yer. | r Qvi. L. connection with
a low re€ |@F%‘?ncgﬁaes%\?\isedr?ﬁfgIﬁ’gi}gﬁngdsrgxgg@ﬁﬁ’a%\%gﬁdegf ig/géalrcgg%ggpr ovi des these
pr ager t i @aorehiebispghepslemdwpoxPtestd) or oth2b theraoslastid4esins mayt bt Qigedia placearpl i ed.
WD 02/ 20686 2 2 FEB 2605 PCT/ US01/28141 |f the m ninum storage shear

el astic thsdlenexyesiasa sogathsuwittothe pbengey regin.gfhe pelythydrexy etherdindewhich or der

f th . t h j | . .

el asti o NS UROReiph ARTRR bR Bahy FrfHER Ean@ene: ao% AR ESMs 280N (e
val ues nMpagHneslofiheABhesiE/IRPER Hirt Wisd GREVIAS HE AGHEERERMer PRRAVALMSrObfmREs.
exanple, RDA Il 5 available from Rheonetrics Co.) while the tenperature is

i ncreased fr obinbgcthegesding eempoiion dosgmatfulith thepyapases oedensinoypreues 28
B
- to the epRmioplagtioresiiids dbKEied ebove Mamaiily coftamhindeépoxe Redinaismalgiupdast i cs
such as pol y(hydroxy ether), obtained by a reaction of .
resin, or their mixture together with a curing dgent may be used for forming the
thermocurable adhesive layer. Furthermore, a thermocurable resin including ethylene-
glycidyl methacrylate copolymer as 2 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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10 fl uorenebi sphenol and epoxy resin, or other thernoplastic resi ngﬁy bmﬂs
used in place of the phenoxy resin or together wth the phenoxy resi ."BT

pol y( hydwgyﬁ;ﬁ?)@r) into which the above described fl uor éﬁ&gbgi)ﬂe
r e

structure 1s 1ntroduced not only inproves the heat resist
adhesive | ayer but al so provides the adhesive |ayer with water-proofness.
Unl ess the resulting conposition dogs not fulfill the purposes or does not

produce 15 thg,desired..effects, of the present invention, a c osition
cont ai ni ng no ?fﬁpffﬁ%@ﬁsﬁfﬂ&éﬁ%‘jt%g?%&s§°ﬁ‘aem e e‘iﬁb@%ﬁ %{%gﬁgrﬁ??nl y
cont ai ni RELAFR Wi 8 isTubfRfRb GirdlbAR treh@finPas Eﬂmﬁbﬂ(‘\;r]mm)vﬁttlir e bPGGHRAT Wi th

a curing agent may be used for formng the thernocdrable adhesive |ayer.
Fur t her mikeart,dt isidsiedmt apadscribed temiparature toifbtrmgnetdhgsieniayerg | Afiérdié resuiting

met hacryl gf e.copol y.ner as main c onent i suitable for use in _high

huni di ty %8F% Y?‘?/‘BH%P"B%P&&%‘%PLS& s adhe B¢ P%L@ty.smfﬂcqswé 3ahove
descy i be - fafn‘?&agéﬂjblﬁ%ri oS parts
and the gg&%ﬂ%%@ﬁ%@%ﬁorm on b@eggg c%@@fﬂec?hled %’g‘ﬁ%ﬁg‘?‘?@? | ayer,
however appliad twehe bendustive thyenamidrjedone si de. Fig. 3 shows the

Cross-secti onaé vi ew of such _a thernocurable el ectroconductive adhesive

sheet. 25 The HmRgssinglreabnentds earried e rmthe laminated bedyte fonm dhe esmvenpams esent
. . . ) : A
doscri bodt EbonitfoifiedRit:C e Harithie, ERPY B BiVe 1hik WL Bl BaVHL U O00 o,

i ncl ude tleoambgsingucadnest catd &8 ertried obetefmively dakity. "Ra udisddtve laghiesdyvdsq@gent is
prepared by m xing.an epoxy resin, a _phenoxy resin, and a curing agent

t ogét her bedlergd o theicagdugtiviedeen immhich thagpayex partjuere previesivfomeiPyd i n a

sol vent - A At at ¢ t}0 SOl t y.vary.as |aon s it can
di ssol vegﬁﬁg%%&mcugébhg%%ﬁh%é ?nvtge %ég)tf}l%ﬁgg&ggg%cﬁm?%@%@P@éﬁP%i ncl udes
met hyl etleytrocdtdhoninve Addekive shdets to@hélt other dHanl adhereair) afRfHoRAL coRfEnin@SSesses
low toxicity. -9 2 2 FEB 2095 WD 02/ 20686 PCT/ US01/28141 After a prescribed

amount ofosithmay bgeppbed el the serface ot thenonductive layse isondertodfaciiitate ceneotionat e,

whi ch is subj ¢ treat| as_co nly .known to one of skill
in the art, ﬁ%&?gn%%t@g IQE?ﬁrbeessgPﬁf%g@sﬁt%ﬁ%’&F trffﬁl%&t%vfﬁ'?ﬂ an adhesi ve
| ayldr . Af:(blﬁﬁnﬁﬁb@.tibﬁ!wiﬂidd%@noﬂﬂhﬁ? h\ifeah@¥iRh ab StchRizTRE BdhesioprBfithe substrate,
it is adhered to one or both surfaces of a 5 conductive | ayer to obtain a

| am nat eadllf‘éw.lamﬁe coating solution could also be directly applied to the
conductive | ayeg,3nghsH §t§.9:ru.re of the present invention, shown in Fig,. 4, includes a

thermocurable electroconductive 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 I 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. 5is a flow diagraﬁ 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 3, 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 adhesivé layers
2, 2' and are brought into contact with the adherends 5, 5.
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Enbossing treatment is carried out on the [am nated body to formthe q:gﬁv@@%
parts in the conductive layer. At that tinme, since the adhesive |ayer has
subst ant WA 9420686 t ack, the enbossing treatment can be caP¢TR§0H4
relatively easily. An adhesive |layer may al so 10 be adhered to the
conductive layer in which the convex parts were previously formed by
enbossing treatment Furthernore, in the case of using sol der to connect

t her nocur abl e Pressuretis Guorthed applieddo gothpleteljcadhisrecthe adhesevgdayens toghe or an

adhereand,, a fl ux_agent containing. rosi.n applied to the surface of
the cond@iergats ga@é’% Bo 8?‘3@@% iﬂ‘g'éﬁ)wéﬁ@f&gmtﬁe%tﬁ%mct ive |ayer
may be s g Nk I ' arf A Al ' ith one
anot her E%ﬁ ang’iuc ﬁgg&g’ttgﬁlﬁﬂgﬂgﬁter %d gg?%dlnﬁ%%@{ﬁggﬁ%%gg&vfg | ayer. A
connect i increake thetsurfacobreh kontactinpaht adhevends.i Ao a redubywheiadhdsive shéet dancl udes a

t her_nocur abl, | ect roconduct i, adhesi ve sheet 3, adhesive- |ayers 2, 2',
and 5adheP@’f8f§ §9cmscomﬁcﬁea“ﬂm?‘§5¢ﬁ;stwe apdpecsiiont sragﬂgiév@weeg,aﬁw are adhered
to the agmﬁ S =17 ; h QRS | aver 1
h Aﬁgnﬂ t
penetrate %M;d esﬁc\gsésa?%%%%ﬂ%,ﬁ%&%lﬁgﬁ%fvg ro(tejrgt%lt:‘1 e?n(?g&ﬁ Eo%g%%ﬁvt\# th the
adher endtherthocirable Aghésiveesul t, if the adherends have conductivity, electric
connection wth | ow resi stance anong them can be forred b%}the t her mocur abl e
“F*% Y

elhect r ocoEducfﬂlQ éoﬁm?!;@é’u §H€féll°h I ctivg layercand, thoadhersmda mh S cRaYRE cal | y
: Y ; 5 )
¢ ner noouPaSpEEnd Blnde by ielipP ok e 8RB B0 kb PORREDY Bl Bie. et on.

At 101 I st covex paf¥a, 4'"untitHe adiefonds 8.0 e Faitiiémore, I thelc@sAhstadGraging Mndtdteal
adhesi ve | ayers of the thernocurable el ectroconductive adhesive sheet 3.

Next, as Sudhawsolder,fting zing( alpminung lew meltireipairigretal orfthe like exists betavegp the ed

bet ween the adherends I lL.e the adhesi I rs.of . . e

el ectroc S?FH’SEPF%}% og e 'éc%vﬁé@{er g'ggﬁlg aéfeéerﬁggqr%%gg g}lg%lﬁ?fépgémﬁ?ﬁ}fé)he

adher endtheonPex parfiet, arl BEfe\:Bnd1RYi 0 Fayer and th@idhebedhd &P thaghd chifRdoAEBEX parts
4, 4 of the conductive layer | elimnate and penetrate the adhesive | ayers

2, 2' andéither propediygidjusting shetlsmperaturoised fonkeatiog end hepding omapplyingaz? Feb 2005

WO ,Q2/ 20686 PCTI USO1/£28141 P i s furth | t dh
! nd e Biapet TUAPIRCOR ol ol apiirel T et pefPhe 6t e SRR S H g
5(c). At Thbade &f $iiBh mdant REulAHS: fidd@bodnB&iondRMNEN tAathfved padts 434 anded oW, the

tip end parts are defornmed by the applied pressure to
adherents 3, 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 Layer
As shown in Table 1, phenoxy resin (YP 508 available from Tohto Kasei K.X.),

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 methano! (MeOH) to obtain coating solutions.

-11-




I ncrease the surfacée area contacting the adherends. As a result, t ran
adhesi ve sheet can 5 provide electric connection with |ow resistan e24hd3£ 35
excel | en dty between the adherends. |f necessary,
| ayers n§§ Eﬁg¥urther heated to conpletely cure the therd%gﬁpggﬁgih
adhesi ve. The convex parts 4, 4' of the conductive |ayer, and the adherends
5, 5, may be nelted and bonded by applying current as high as 10 to
100, 000 Anps between the 10 convex p B 4' and the adherends 5, 5
Furthernore, in the cast that a braz?ﬁ%fhhterial such as sol der, tin, zinc,
al umi num 1 ow mel ting poi Wonifkilloneit Gobfind SRiBH|(PAK) et veen the - convex

r

parts of the conductive |ayer and the adheérent s azi'ng (including

sol dering} of the convex Eﬁﬁfﬂ ed 4 Blanifdle2condysti tayemr d e
adher ent s ~=5——5—fray—be—eqrried glu e *hrﬁgf p+ppe y\fgcd,' usit '@*H&Eﬁ

t enper at uf Bheno¥y r¢sin® hegt i ng %nd bo di ng99r app| yi ng8a 15 ropeWOquantlty of
electric betweer the convexfpartg 4, 4 and Lhe ad'rf'rerTga_TS'. -
The use o Eéj_éj}eﬁ‘&mq resul tS%I nadirm gnnect on bgﬁween he nvex| parts

4, 4' and &f@eamagm@jrdents 5, B49 Exanrpl e50.920 Hefei nafgpr, the prgsent
I nvent i onfFwi-t—be—desertbed—aceerdiig—to—the—ioft-ow-nrg—exanp! esﬂhewster t he
present inb’@{il on is not| restiBfcted|to tBe exhnpl eH0 | n the mﬂarrpl s, the
terns pa nd "% arle by I ght [ base € tot g, wel The
conposi ti on, ||nI ess ot har wi QP%E'[ ate g‘gxarml es._1- bPI‘ epar atlé?'l of

Adh a h YP SOS | abl e f
Tonto &ggg Vfllibqé’#épﬁ? ?445@%&" R 4Rt BolteyA BRSNS Co. )
and a dic 2:Available dromy OE{EIF%C 1 CROBY Cqyivislenb weighhaft74 o prepare

t her nocur abl e adhesi ve agents These 30 t her m)cur abl e adhesi ve agents
wer e then di | ved in Y ure of nethyl ethyl keto K) and
met hanol %Fé’%‘ﬁ{lﬁ? 'ﬁ&i"h@‘g‘lﬁcﬁ"ﬁ?%ﬁé o Wasapplied,to gne %I}%Z/ 20686
Table 1 mmweﬂeqer@tmgm (PET) ok {300 eRRIhS)), Bl WSO REAéd with

silicone for separatlon and dncd 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)
i5 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'ny,) of the
storage shear elastic modulus from 60°C to 260°C for each adhesive layer and the storage
shear elastic modulus (G'max 250°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 um. The two adhesive layers were then adhered to the cold-rolled copper
25 foil by pressure applizd 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, hei ght of
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Exanpl e 1Exanpl e 2Exanpl e 3Exanpl e 4 phenoxy resins95908070 Epoxy? 7 FEB 705
resi n5102030 di cyanodi am de 0.490.971.942. 91 MEK 100100100100 MeOH40404040 a
YP 50S W@{28¥6e from Tohto Kasei K. K. ; nunber average nBFEUSPHISIki ght of
11,800 5 b DER 332 avail able from Dow Cheni cal Co. ; epoxy ‘equi val ent wei ght
of 174 Next, a prescribed anmount of each coating solution was applied to one
surface of a polyethylene terephthalate) (PET) film (50 mthickness), that
was pretﬁéanmdand mbtmmfbﬁnughboﬂmgcwparpartsdﬁsm biaviimgla fepetifive pivias es at
100C to qgbtai.n 30 gm thick adhesive 10 |ayer. Measurenent of Elasticity
of AdhesHPEMIRFIE Zafter the adhesive |ayer was separated fromthe PET film
the storage shear elastic nodulus (G was nmeasured as described bel ow. The
storage shear elastic nodulus (G ) 15 was neasured using a dynamc

vi scoel aBénmaition of€asnectivrBtruatmar at us (RDA 11 avail abl e from Rheorret rics

whi | f 260 d
aﬂg)él A vel ooNey adietons e ok %Eeaib%%ﬂ cibef B9l Bl AR SR U ) of
I
na.« ne UBHPs 5Bl ShARL DT LEA A0 afics iBRcsadianhy ® | o

and the storage ear
of Ther nRgultia ?b@dy ﬁaﬁiﬂd@ﬁﬂﬁdmﬁtweeﬁ at@nivheeshedtd heaeing e thiekness ofer e

formed on surfaces of both sides of a cold-rolled copper f0|4 ( SPCC- SB
avai | abl bofm. o'thNﬂk?ﬁ@ﬁmSéblﬁ&l@GUW%dPCUWﬂd@HSIM%§hGSt%QSHE agheren SaWF havi ng a
t hi cknes b ne

col d-rolﬁeélgcd gzgﬁrou%gﬁ oi | %@e@&re@%%ﬁﬁﬁg f’g??ohg%{tcg a.’LOOC to

obtigi n- acdnabitiat fEcheely. In order to obtain a therm)curabl e
el ectroconducti ve adhesi ve sheet, the obtained | am nated body was then

enbossed to formconvex parts and concave parts (dianeter of 1.5 nmm height

of -12 2 F ’ muc%}g di stance of

nei ghbor et s € as
The above descnbed connectlon structure was separated from thc pair of the

aluminum sheets and cooled to room temperature, 30°C. Once cooled to room
15 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° peel adhesion sirength.
Table 2 shows the initial resisiance, 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 (P2) 148x10° |3.00x10* {326x10*° |7.00x10°
G'max 260°c (P2) 147x10* | 160x10° [1.60x10° |254x10°
Adbesion 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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shown in Fig. 2. Formation of Connection Structure 5 Next, adherengs q%gquﬂ.
t he above described cold-rolled copper foil were further disposed td g KL 3
surfaces her mocur abl e el ectroconducti ve adhesi ve sheet and the
resultingﬂg%%éﬁﬁgs sandw ched between a pair of aluninun1§ﬂgiqguﬁﬁvﬂng a
thickness of 1 mm The thernocurable el ectroconductive adhesi ve sheet and

t he adherends were heated for 2 hours in an oven at 150C while applying a

pressureof 5 Xs 105 Pa to obtain a 10 connection structure. Measurenment of
Resi stangg@g}%@—vf\dhesi on Strength of Connection Structure The above descri bed

connect i Prepatahigf e ANhAEDe Eg@urﬁggﬁcmcﬁp& pair of the alum num sheets and
cooled t0o roomtenperature, J30C to room 15 tenperature;
resistance belmeggetdneple,un Atibgvenger i TEacheath 300k Res Preparddad el ue
was defined as initial resistance. Successively, the resulting connection

st r uct ur Sam@manperasthxampiesd tordencaphthatihe hoasingrselution was phpareat aczeging or 1
m ngt e a{bci-r%bge&bcool ed to room tenperature, 30C. Upon cooling, the

resi stance f#een both adherends was measured in the same manner as
descri bed above and the neasured val ue was defined as final 20 resistance.
Furt hernore, one of the adherends wasr4 eged fromthe connection structure

at 50 per minute to neasure 180 peel adhesion strength. Table 2 shows
the initjal resistance, chfgohddtal resistance, |and thg B dhesi gn
st r engt hef—the-conrnreeti-or—stueture—of—each—gx |l e
1Exanpl e axptesiBExanple 4 G min (Pa)l.48 x[1033.00 x 19533.26 x 1037.00 x
102 G, ﬁ?ZbUcFFg-’a)L.éw X 104160 X 1051060 A 1062 54—x 106 AdhesTom]
st rengt W XREGPFEIFIY 1. 0840. 6490. 5410. 491 Initial resistand®
(ohm) <0. s 7&id™<0. 1 Resistance after treatmgnt with 5.4%0.5<0.1<0.1 |sol der
oh - 13
(ohm Brominated epoxy resin® 15

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

*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
YDB 400 available from Tohto Kasei K K.
©30% ethyl acetate solution of n-butyl acrylate/phenoxyethyl acrylate = 50/50 (weight
ratio) copolymer 3
15 f AME 130 available from Nissan Chemical Industries, Ltd
£ Amicure UR 2T available from Amicron Chem. Co.

Measurement of Elastic Modulus of Adhesive Laver

Elastic modulus of the adhesive layer was measured in the same manner as
20 Examples 1 to 4, the G'nin, 20d G'maxzg0°c Were found to be 2400 Pa and 160,000 Pa,
respectively.
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22 FEB 2005 WO 02/20686 PCT/US01/ 28141 Exanple 5 Preparation of Ad [ Jeg
Layer and Elastic Mddulus In this exanple, m;n adhesi \F/)e | ayer haV| an”ZF‘{_ﬁ 0
t hi cknesWOdR/28686pm was prepared in the sane manner as Ex

except that the coating solution was prepared according 5 to TabI e 3. TabI e
3 Cbnponenthnposition (part) phenoxy resin'55 phenoxy resinl5 epoxy

resin' 15 Brom nat ed epoxy reS| n515 30% et hyl acetate solution of

pol y( nBAPRBA) ‘ 3 able Ele: nskaotiveohilhesivadheeto di cyani di ani del. 5

0 Urea0. 1 bek @mpwgfgx?%ﬁbmﬁgam%ﬁ 4P Y SR e

Toht o Kagghe éénge d bABRXY equival ent weight of 180 d YDB 400 avail able from
- Toht o Kasel " 30% et hyl acetate solution of n-but

ig (r) yg\allg Ie{ g Blenwﬁ?cgipbﬁom(@rophdu@w l&wlt)sgvaﬁlnélcgmﬂer thatm@ nm@@f '1;'@@10 -1% f  AME
avail abl @rop}g WMR nﬁ trl&“’(’)tpl_a}':ﬁd |1%tﬁ%ﬁ e%h SA%esi ve
T e R e B Y S A R T Y
and 160, Qﬂ@a Beight of 0.075 mm (heremaﬁer 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.X.). The embossed surface was then dried to remove MEK.
10 After the above described adhesive layer was sei)arated 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 lafer. 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 2 60% tin/40% lead solder foil (width of 5 mm, ength 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 Japanese 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 cormectién structure when the

thermocurable electroconductive adhesive sheet, together with the solder foil and the
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respectively. 22 FEB 2005 WO 02/20686 PCT/ US01/ 28141 Preparation c2f2 FOR 7305
Ther nocur abl e El ectroconducti ve Adhesive Sheet The thernocurable Lo LBy
el ectroc adhesi ve sheet of this exanple was prep lescri bed
bel ow. Aqggggﬁedrg oil (a conductive layer), available unde?‘kf&gs{ﬁ?zgg@ nane of
TCu-0-35 5 from Fukuda Ki nzoku Hakufun K K., was enbossed with a square

| attice pattern each side having a length of 1.8 mm and corrposed of convex

Vot orrod panabdseBEonibl oy Ciodl ovana (ORCARE pilos ViRELATRERE (0 a 506

MEK sol utéxtémaslfforcesin  (KE 604 avail abl e from Arakawa Kagaku K.K). The
enbossed surface was then dried to renove MEK 10 After the above descri bed
adhesi ve | ayer was separated fromthe PET film The copper foil was then

| am nat edy C \ 251 ) L r PET filmas described above,
so that t¥ee : SHIERLC QMOBFEIL BRI er . The adhesi ve
| ayes and the Ké%%cefbeﬁeeﬂ%@c&rﬁﬁ&\)eq e‘?%h@ﬁxe@)ﬁh@feiﬁ? PR dJRREUL h rol lers
heated at 120C to obtain a thermocurabl e el ectroconductive adhesi ve sheet
as shown Smmgwa%meaﬁlr@brmmsonbeﬁ aboue,the tdlenerfd waspeelesl fRbmahe t he above
descri bed t her.moc bl e el ectroconductive adhesi ve sheet gut into a
rect angul P2 %cll?ﬂ %Wer?é%eg[%nd{eﬁn%‘l‘u@@?fﬁiﬁa Qdmeas gPS?l\ggeWMerend
was | am gt dod copper
forl (wdih ‘%?“%%}*e%%‘%@ﬂéﬁ%‘%“h Gor N Gl e 180 b BRefily 22

| ami nat edstiongth ateshomthiasiabie 4.ayer with a 60%tin/40% |ead sol der f0| I
(wigth of 5 mm Ilength of 10 mm and thickness of 0.1 nm. The tin-plated
copper is avail able under the trade nane of C 111 OP from Test Piece Co. and
was standardized-according to JIS (thgelapanese Industrial Standards) H
3100. 25 A pressure of 5 x 106 Pa was applied to the thernocurable

el ect rOC(:ndugﬁiﬁ@Ew[}efl Ve ﬁ@ﬁs&n%r%l E{ﬁ‘\‘,\ﬁ n-pl aj, mg}ﬁ@bﬂ%ﬂloc for

60 secondgs fo RS seale et ween
t her nocurtabl e ellect roconductl ve adtﬁm ve sheef and the 0.3- pl at ed copper
foil. The tThermogurablé & ectrocon LbC[I Ve adhesTve sheet—was —thernmatty
bonded t@ the tif-plated copper foit 4throuqh ajcontact sffhce area nefasured
as 3 2.26 1.32

Average 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 SIgmﬁcant 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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3100 x 20 nm2. The adhesive |ayer was cured to obtain a connection 2sf r ficB ures

when t he

sol der f
copper f
ext er nal
Connecti

adher end of tﬁ@d@ﬁi@m@d‘dﬁsoﬁﬂlﬁaﬁ@fv@ %Wﬂﬁ&%ﬁ@&g%
adherend
or der to

connecti

shown in
strength (kgf/cm

t her nocur abl e el ectroconducti ve adhesi ve sheet, /g,et her wt
¥iQ 0228686t he - 15 22 FeB 2005 WD 02/ 20686 PCT/ usouE%“i

oil,
force. Measurenent of Resistance and Adhesion Strength of

on Structure 5 Resistance between the cond

ro nnectl
ﬁgbj‘ g' Gy ﬁ‘é{eﬁ‘ﬁ‘z@t‘:ren %éﬁgﬁl%%é ?s?l sﬁ &@e’P
ivelgt ur e of this exanpl e and the 180 peel adhesion
able 4. 10 Table 4 Sanpl e No. Resi stance val ue (ne) Adhesi on

11.870.93 21.940.97 32.261. 32 Average2. 021. 07

h the

W¥IEDI at ed

was heated in an oven at 150C for 2 hours w thout applying

ve layer and the

1y the SARE ZRATTSH o |

t he

F(? pgﬁnute in
(0]

strength are

El estrification of Connection StructiadeBSlext, the connection structure of
this exag —15—penwer—souree—of—1664V and
an incarldescent el ectriQompdden{ 375 W RH) t hrpugh d¢prepasition (partslead wijre to
forman [getectriCc .circuit. Erectric current was appli ed befyween the
conduct i \PERPXIVES P and_t he adherend for 30 minutes The cofductive layer and
t he adhsg Hﬂ,%ﬂbnot undergo a si gnlflcant terrperature |3mcrease (5C qr
hi gher) |2 he—eohts c ' %
For mat i d Elastic MO us In this
exanpl e, %%&ﬂﬂeééﬁ lon(%olyr‘thMé‘lA)Gkness of 30 um wag, prepared in the
Dicyanodiamide 291
MEK. 100
MeOH 40

10

15

20

1YP 508 available from Tohto Kasei K.K.; number average molecular weight of 11,800

b DER 332 available from Dow Chemical Japan Co.

* PLACCEL G402 available from Daicel Kagaku K.K.; epoxy equivalent weight of 1,350

4 30% ethyl acetate solution of n-butyl acrylate/phenoxyethyl acrylate = 50/50 (weight
ratio) copolymer

Preparation of Thermocurable Electroconductive Adhesive Sheet and Formation of

Connection Structure

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

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

25

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

structure.

Measurement of Resistance and Adhesion Strength of Connection Structure

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

structure of this example was measured. Also, as described above, the adherend was
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same manner as Exanples 1 to 4 except that the coating sol ution wai ErFepaalr,e
according 25 to Table 5. 2 2 feb 2005 WD 02/ 20686 PCT/ US01/28141 #he il ilv

el astic of the adhesive | ayer was neasured al so i manner
as Exarrpﬂg%‘ﬂizﬂ?% 4, and Gmn and G nax 60c was neasur edq’g&ﬂ&ﬁ’gﬁénd 1.03
x 107 Pa, respectively. 5 Table 5 Conponent Conposition (parts) phenoxy

r esi ns40 epoxy resin30 epoxy resin m)dified wi th pol ycaprol actone 30 30%

et hyl acet te soI tion of. poly(nB d 20 D cyanodl am de2. 9 K.100
I\/EO—I40 a 95@”&8]‘1@11\5?@&‘1“? ﬂz@é’@? e t0 REgsEs | %@Fé&gﬁﬁ%cul ar
wei ght o QHW Lo Shem.6al PLACCEL
402 avalgtra éO?lF %ﬁggﬁg agg#&abﬁs%‘%g%(y quasa ﬁtaué/eﬁ%g{lkto%ell 350 10
' 30% et hflesivagtizhgthed shiovanindfable Hut yl  acryl at e/ phenoxyet hyl acrylate =
50/ 50 (weight ratio) copolynmer Preparation of Thernocurabl e

El ectroconducti ve Adhesive Sheet and Formation of Connection Structure 15
The5t hem)curabl e el ectroconductive adlrabis @e sheet of t hi s exarrpl e was

. prepared +-A—the—sare—rrerner—as—tEanples—S Xuc“ +hat—the—above—deseti bed
adhesi ve || Sample Bips us &esistgnce valup milliekmbe uf abl Adkgsian stengthd kg ek ad1esi ve
sheet of [This;exangl'e was cut nto a rectangurlar snap\e;gaigfw ng a wdith of 25
mm and alengfh of 170- mm a a% vanized 20 jron sheet directly adhered
to the capper2foil |of the shee10 After that| a pressurgef 5 X 106 Ph was

H Ia Ia Ial ] ol : alla HERW Ia
appl i ed petweenmrthe—thernocurable—etectrocpnducti-ve—adhestve—sheet—anhd t he

gal vani zed irédn shget at 150C.9%he adhesive| layer was difkd to obtainja
connecti ¢n Average _ 1.1 0.51

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
10 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

15 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.

20
Formation of Connection Structure

Adherends, which are respectively a rolled copper foil and a tin-plated copper foil
having a thickness of 35 pum, were disposed respectively on both side surfaces of the
thermocurable electroconductive adhesive sheet. Then, a pressure of 2 x 107 Pa was

25 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
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structure. 25 Measurenent of Resistance and Adhesion Strength of Cczn? 'tBO;ES
Structure Next, resistance between the conductive |ayer and the adHlefend

the conn¥@ 9269686t ructure of this exanpl e was neasured. APSHUS@M284¥scri bed
above, the adherend was -17 22 feb 2005 WO 02120686 PCT/ US01/ 28141 peel ed
fromthe connection structure at 50 nimper nminute to neasure 180 peel

adhesi on strength. The resistance of the connection structure of this
exanpl e shrst viae dep@drpresam@sthgnnsﬂatedmgmeafoel apd dovtheirpllechenppenfoils Tabl e 6

Sanpl e Re stac mllioh lop strength (kgf/cm) 11.50.42
21. 00. GT&g 3 Ei,&(‘}‘?? % 2 faste AQWIP{?&TIOH of Connection Structure .
An electric current was appl led to the connection structure of this exanple

- in the same nanner as Exanple 5. The conductive |ayer and the adherend did
not undeMgasuren® Resistanen ang &apesian Sirendtn of camnecliGC>muctticgher) at t he

of " Ther mocur o SRR RIHBTL G SRR T SHL e UrSMAa SAPRET GO BLTEt v
exanpl e, c&xﬁ’e@ﬁoﬁ%&’cﬁ%@f%ﬂs Oy AREvE éwx@m%ru}édclmo thShih GO0 ONR
4,6-EH avail abl e from Ni ppon Kagaku Kogyo K.K.) were dispersed in the

coati ng salledtcopper fail vmﬂlpesﬁedﬁdnaghercohmcmg seudtivieak H@ gen pér BHwum vas prepar ed

S0l ut 1 on SRR BB el RipSAEanety. oE Resiinge of B roEernn SN TR A duct | ve
adhesi ve alpg uv@f),f &raﬁaﬂimbog@g%aﬁésrdﬁku%h %&yrh%véqﬂqfas&dﬁ which are

respectlv aro copper f oi nd a tin- p d copper foil
Substantlally the same experiment was conducted except that curing was carried

out at 150°C for 2 hours without applying external force after it was pressed for 1 minute

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
ro]léd,coPper foil having a thickness of 35 ym. 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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having a thickness of 35 m were di sposed respectively on both si dgszsw@agess
of the thernocurable el ectroconductive adhesive sheet. Then, a pressut {f"
2 x 107 appl i ed between the rolled copper foil e tin-plated
copper fg??wg?%%goc for 2 hours to forma connection strmfbngﬁﬂt hi s
case, the thernocurabl e el ectroconductive adhesive 2 2 FEB2005 WO 02/ 20686
PCT/ US01/ 28141 sheet was bonded and pressed to the tin-plated copper foil
and to the rolled copper foil througgqpiei\ont act surface area neasured as 10
x 20 nmm2. Measurenment of Resistance dhesion Strength of Connection
Structuref 5 The, resistance[between the T ol kga coPp [ T9iI _and the
tin-plated copper foil of the, .¢qnnection|st'fil PAT {his conpar at | vie
exanpl e was neasured. Al so, tkﬁuﬁ_ifﬁﬁlﬁ%ed éP1(/d4 EbpperAdhssion siengthd
fromthe [connection structufje afmiliiohwh per ni(millishm) npasur@elen) peel

adhesion s iR, resli gtance @f The ¢onnecij.on Stryicture thrs

conpar at i LLQSI%@%% ~Y%Eg%¥§?1$ap 180 peel _adhesi on st¥engt h re shol\?\g_i_niabl e 7.
10 Substaincbﬂbbmtiv&ﬁxaﬁﬂeze perimept was ¢onductggl except thatgsuring jwas
carried rotr-s—wthout—apphytrg—external—forece—after it
was pressed for 1 mnute at 150C. The connection resistance was neasured as
1 ohm or EMsiyé7 Conparative Exanple 2 15 Formation of Connection Structure

In this conparative exanple, an el ectroconductive pressure sensitive
adhesi ve EletfoeWeldimp45 avail abl e from Sumitonp 3M Co.) which bears a copper

foil. having a . square. lattice pattern on .a fropnt surface, faqrned by.
enbdssing trea Sy ey &%%I‘?&F@Hleta%wés PaPH?’i‘tﬁ‘Ei?né AYHHE R M4y ng a

adnosi ve ToReson Rl hviheh ikl of 1P 5 RY pRARRE AL WAR Sl bR 1 v
contact sAlnfoMifg dicoRasased Ofom okl cénvéx pehARE 4 RIpRGbIB0G0ARAA On

structure, Measurenent of Resistance and Adhesion Strength of Connection
St r uct ur dlisvaster ofi lod mum ag that thetonowex parbwes forwed op hartirf platessuface.hdnconnect i on

structur this .25 comparatiyve .exanpl e ) asured.. Al so,.the rolled
copper f glﬁ%h'\?/é%nd%g%}’ce%@tegg SH55 Ka%?ig%’ Pg\rq?_§t3rﬁewaé; ‘%’rtalg?f?n#‘% “hinute to
Meaiur e 343 peeh adimhsisted Bosier SRt (C1110P) udedsh xkanpR Niso thA thOBARCkipaR
structure of this exanple and the 180 peel adhesion strength are shown in
Tabl e 7. contapted thrpsiset, 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

ed

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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WO 02/ 20686 Table 7 PCT/USOL/ 28141 Resistance after. Initial 22 FI3 705
resi stancel20C/ 24 HAdhesion strength (mlliohm)(mlionhm (kgf/cm R
Conpar ati ve Exanpl e 15101. 0 Conparati ve Exanple 22005000.5 Exanple 7
Electric Welding 5 The adhesive | ayer described in Exanple 5 was | am nated
on a thin layer of a tin- plated iron foil having a thickness of 100 m by
pressing themwtih a roll heated to 120C. A nolding die was pressed to form
one convex part having a height of 30 pmand a diameter of 1.5 mm so that
the convepimart was fornmed on the tin plate surface. An el ectroconductive
adhesi ve"sheet having a size of 13 x 30 mm was obtai ned. The sheet 10 was
put on a tin-plated copper sheet (Cl1l1 OP) used in Exanple 5, so that the
convex part contacted the sheet, and was bonded and pressed at 150C for 20
seconds. The. resulting connection body was sandw ched between el ectrodes of
a Nat i ongl A thegiostablee:lewtiodondncapp adledsive sha@R-cOBPERMAg-arheeatfdrml ectric current
was applied between the tin-plated copper, foi| and the tin,plating foil

(set in elearoronguany layerhayigeaHeons srfase andra back surtace, ppgag pdhesivela¥erc opner
sheet. Wt t i I : ,0n body, resin was
cured byawgfé?ioﬁgﬂgg%angﬁg& gfﬂ% %%Eogsnﬁggﬁgtﬁggggﬂﬁgl%en the tin-plated
copper and the tin-plated iron of the connection body was neasured at 30C,
and nmeasacenvexspait iéised kdwast the fro@ sarface dinecionss Ormedon the eetreoongduingbl e

el ectroconductive adhesive sheet ro I sin sheet .form..el r ducti ve
| ayer halAYAG the 3dhssive Layer gccgnmgaeéoﬁ@gng%&%ﬁ%g%?&é%g eécﬁmﬁwgg%g%%er
applied pnither { pianbxs WstRa8d He doAfeeh@e bl QRANGUGEdNRICTGY Riyer pldgei N1 a
convex pgér%%ﬁgrlg sg}g‘ﬁt )égvarsd ‘the front shrfaoe direction is fgr rrgé(}eon t he

el ect r oc duduglt the@dhesive layer and contacts an adherend when the adhesive layer is adhered

with pressing and heating to the adherend.

2. A thermocurable electroconductive adhesive sheet comprising a sheet form
electroconductive layer having a front surface and a back surface, a first adhesive layer
applied on the front surface of the electroconductive layer, and a second adhesive layer

applied on the back surface of the electroconductive layer, wherein:

a first convex part raised toward the front surface direction, and a second convex part
raised toward the back surface direction are formed on the electroconductive layer, the
first and second adhesive layers are composed of a thermocurable adhesive containing an
epoxy resin and a phenoxy resin, and the first and second convex part of the
electroconductive layer pass through the first and second adhesive layers, respectively,
and contact a first and second adherend, respectively, when the adhesive layers are

adhered with pressing and heating to the adherends.

3. A connection structure comprising the thermocurable electroconductive adhesive sheet
of claim 1 or claim 2, 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.
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| ayer, the adhesive layer is conposed of a thernocurable adhesive FTonragniig
an epoxy resin and a phenoxy resin, and the convex part of the

el ectroconductive | ayer passes through the adhesive |ayer and contacts an
adherend when t he adhesive layer is adhered wth pressing and heating to

t he adhereMHe cénneAtivh ervmeeatirding|te ctaroSomdhaesin the adbiersad ord BI¥Onv®onpri si ng
a sheet form electroconductive |ayer having a front surface and a back
surface, partiarg kendedpysvelding oy spldetig i ed on the front surface of the

el ectroconductive layer, and a second adhesive |layer applied on the back
surface af &Jb%n@étﬁ@[ér%&g%ﬁgﬁ%ﬁg kYREps oftRcphgdlan &lhetendlonaheudhespert rai sed
toward the front surtface direction, and a second convex part _raised toward
t he back lsyet bathe tHemexurabhe eleetrdoonduntivondhésivesheetafsdaimduen ¢loign Payer, the

cont ai i rhgang thepase YelsyeF GhiEe heBRENBAYE FECTREodE TP s d B cond
convex pabl e SaS e bAEER SR HRADIAErRBAGNE Ao Red( dnBlthéind
second a(ﬂRBQ’ﬂ%pF Sy Y,

ers, respective and contact a first and second

adher end,adha%ﬂ@,qmétabdwshe\mﬁvmm B aheleity padsalimugh thecadhasihelaydr aiid h pressi ng
and heating to the adherends. 3. A connection structure conprising the
t her mocurcabtaet the @dheresdnduct i ve adhesi ve sheet of claim1 or claim2, and

an adherend pl aced on the adhesive |ayer of the thernocurable Iagall
el ect r ocahdi thsrmecamdhlesileatrosombictivevidhesive shegiof slarediare haying 2 yrlitesft o the

adherend, and the convex rt..of e electr 4] jve |ayer passes through
t he adhes§OPESH BRFEOTLONF %‘&ﬁ’&a%{’%s ?fffBe 8@&‘&?%’6‘@583‘%%&2 feb 2005 4. The

connection structure according to claim3, wherein the adherend and the
convex part are bonded by wel ding or solderi nfq. 5. A connecting process
conpri si rify A therrsb@psble felestracindyctave ahheive sepebal elpian 49K IThrEcin ity eHVEE t he

t her nocur abl e eE(g troconductive adhesive sheet of claiml or claim2;

heat i ng t RS QY& | ayer of the thernpcurable el ectro conductive

adhesi ve sheet; and applying pressure between the thernocurable

el ectroconducti ve adhesive sheet and the adherend, whereby the convex part
i s made t® Athesmoturablglelactreceniieivaadhesiyesheshaf clabnd g2 whegeindherend. 6. A

t her nocur abl e el ectracondycti ve adhesiyv e i 2 having a
pluralit yt%ﬁnocebﬁﬁ%ﬁ é'rvteﬁgfﬁerézﬂglp&seso%gﬁﬁ% a%rslp%f ﬁleﬁéﬂ%éﬁ Toconducti ve
| ayer.

9. A thermocurable electroconductive adhesive sheet of claim 1 or 2 wherein the epoxy

resin is present in an amount of 5 wi% to 80 wt%.

10. A thermocurable electroconductive adhesive sheet of claim 1 or 2 wherein the

phenoxy resin has an epoxy equivalent weight of 500 to 500,000.

11. A thermocurable electroconductive adhesive sheet of claim 1 or 2 wherein the

adhesive layer includes a bismaleimide resin in place of the epoxy resin.

12. A thermocurable electroconductive adhesive sheet of claim 1 or 2 wherein the

adhesive layer includes a bismaleimide resin in addition to the epoxy resin.

13. A thermocurable electroconductive adhesive sheet of claim 1 or 2 wherein the

adhesive layer includes a poly(hydroxy ether) resin in place of the phenoxy resin.
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7. A thernocurabl e el ectroconductive adhesive sheet of claiml oaefégﬁgueg
the convex parts are hollow 8. A thernocurable el ectroconducti LAY
sheet of claiml or 2 wherein the thernocurable adhesive further conprises
a curing agent for the epoxy resin. 9. A thernocurable el ectroconductive
adhesi ve sheet of claiml or 2 wherein the epoxy resin is present in an

amount of 5 %to 80 . w% 10. A fherpocurable | .ectroconductive adhesive
Shoat of 181 Afthemagraple plEsErRnd v HBRGLE oo THAL | ARl OGN Bii val ont

Sheet  of Aiars e gl e fohealo ARGV DR B R e e

resin in place of the epoxy resin. 12. A thernocurabl e el ectroconductive
adhesive sheet of claim1 or 2 wherein the adhesive |layer includes a

bi smal ei fivdd themasurablaelestrocondudiiveadhespoxsheeteal glaim Bor A whsesindhasoaee

el ectrocaonductiye %fgesiée sheet of claim1 or 2 wherein the adhesive |ayer
i ncl udes P ﬁ&“?%ﬂ? &§H19ﬁ%9% resin in place of the phenoxy resin. -22 2 2
feb 2005 14. A thernocurabl e el ectroconductive adhesive sheet of claim1l or
2 wherein the adhesive |ayer includes a poly(hydroxy ether) resin in
addition to the pheoxy resin. 15. A thernocurable electroconductive
adhesi ve sheet of claim1 or 2 wherein the convex parts are fornmed by
enbossi ng.
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