FP0O4-0218- 00 DESCRI PTION Cl RCU T CONNECTI NG MATERI AL, FILMFORM ClIRCU T
CONNECTI NG MATERI AL USI NG THE SAME, ClIRCU T MEMBER CONNECTI NG STRUCTURE AND
5 METHOD OF MANUFACTURI NG THE SAME Technical Field [0001] The present
invention relates to a circuit connecting material, a fil mformFeD4-©Qi§-00
connecting material using this circuit connecting material, a circuit

menber 10 connecting structure and a nethod of manufacturing this circuit
connecting structure. Background Art [0002] Circuit nenber connecting
structures used for the nutual connection of circuit menbers such as liquid
crystal 15 displays and TCPs (tapESTRIPTPONages), FPCs (flexible
printed circuits) and TCPs, FPCs and printed wiring boards or the |ike have

been known i CIRCWETt . CONNECTIMNG i naM ATRRIAIS, i n MILM-EORINti ve
particles are dispersed in a bonding agent (e. g., anisotropic conductive

bondi ng agentGIRZUATe ALOBINEC TIMNGCMASEERIA Bf P89N Gi THIEt SERMELS to
each other (for exanple, see Japanese Patent Application Laid- Open No.

59-120436, JapERENE]IPat MEMBHR CaCIONNECGTINGN SPR BCTURES, Alganese
Pat ent Application Laid- Open No. 1-251787, Japanese Patent Application

1 gt £ NS THOUET SeA R RNOTDRING A0S SAME L & Con 1o
Technical Field
[0001] The present invention relates to a circuit
connecting material, a film-form circuit connecting material
using this circuit connecting material, a circuit member
10 connecting structure and a method of manufacturing this
circuit connecting structure.
Background Art
[0002] Circuit member connecting structures used for the
mutual connection of circuit members such as liquid crystal
15 displays and TCPs (tape carrier packages), FPCs (flexible
printed circuits) and TCPs, FPCs and printed wiring boards
or the like have been known in the past. Circuit connecting
materials in which conductive particles are dispersed in a
bonding agent (e. g., anisotropic conductive bonding agents)
20 are used for the connection of such circuit members to each
other (for example, see Japanese Patent Application Laid-
Open No. 59-120436, Japanese Patent Application Laid-
Open No. 60-191228, Japanese Patent Application Laid-
Open No. 1-251787, Japanese Patent Application Laid-Open
25 No. 7-90237 and Japanese Patent Application Laid-Open No.
2001-189171).



[ 0003] Meanwhile, circuits have shown progressively higher densities as

el ectroni c devices have becone smaller and thinner in recent years, so that
t he spacing between <circuit electrodes and the width of circuit el ectrodes
in5 circuit menbers have becone extrenely narrow, consequent!| yFPo#-.02a8-00
become difficult to ensure high insulating properties between circuit

el ectrodes. Accordingly, in order to ensure high insulating properties
between the circuit electrodes in circuit nenbers, it is 10 considered
necessary to forman insulating |layer conprising an organic insulating

subst ance, si pélmml] di oxViaanwhile€oncinidits ddare t BRohw e e yeaysiveeycircuit
el ectrodes. [0004]" Fig. 7 is a sectional view which shows a conventional

exanpl e of a leigiactdeitsisigsuaisuede é aiomicr dwvticedShagddecome istngHewn in
Fig. 7, the circuit nenber connecting structure 100 conprises a first

circuit nenbeind 18Himner ansecuuhtciyeaist mentibatl4he Spasihpr Yetoveenit
member 131 and second circuit menbér 141 are connected by a circuit

connecting megireniflSOlechedelr sindi thei wlthresbecid@hiti eleetssdest éd from a
circuit board 132, and circuit electrodes 133 and insulating |ayers 134

that age forgigduat] agaeimbereacthptber boconee surégnemaPa of nhhiew;circuit
board 132. Portions of the insulating |layers 134 have a shape that rides

over the edgesomfeqbientliy cuitt &lagct bedemed dsffictbecitbi cahkurepohighns of
the insulating |layers 134 are fornmed with a greater thickness than the

circuit el ectingidatihdP04pR2p2rfiesl33 bettwemibasi sipfuithe seldagede3Ra of
the circuit board 132.
Accordingly, in order to ensure high insulating properties
between the circuit electrodes in circuit members, it is
10 considered necessary to form an insulating layer comprising
an organic insulating substance, silicon dioxide, silicon
nitride or the like between the circuit electrodes.
[0004] Fig. 7 1s a sectional view which shows a
conventional example of a connecting structure for circuit
15 members. As i1s shown in Fig. 7, the circuit member
connecting structure 100 comprises a first circuit member
131 and a second circuit member 141; this first circuit
member 131 and second circuit member 141 are connected
by a circuit connecting member 150. The first circuit
20 member 131 is constructed from a circuit board 132, and
circuit electrodes 133 and insulating layers 134 that are
formed adjacent to each other on one surface 132a of this
circuit board 132. Portions of the insulating layers 134 have
a shape that rides over the edges of the circuit electrodes

25 133. Specifically, portions of the insulating layers 134 are

formed with a greater thickness than the circuit electrodes



Furthernore, the second circuit nmenber 141 has a construction simlar to
that of the first circuit nenber 131; this second circuit nenber 141 is
constructed froma circuit 5 board 142, and circuit el ectrodes 143 and
insulating layers 144 that are formed adjacent to each ot her onF@ng-0gugfoace
142a of this circuit board 142, and portions of the insulating |ayers 144
have a shape that rides over the edges of the <circuit el ectrodes 143.
Meanwhi l e, the circuit connecting 10 nenber 150 is a nenber in which, for
exanpl e, conductive particles 152 produced by form ng a nickel plating

layer on thel 33rdmehe bisieofaduasanfaee riSsla gfatlié diesudr Bodirdpd3ed in an
i nsul ati ng substance 151. Here, for exanple, the nean particle size of the

conductive pdfarthezsnose5 dghe angciomd 1Sirbantinessegberal de)l i shgd€490aN me.
Di scl osure of the Invention [0005] However, the abovenentioned conventi onal

circuit menberomstrnetiomgistriact 1o ahk®Oo Hahes fiffstr etk duionmerhbefrol Badw ng
probl enms. 20 [0006] Specifically, in the circuit nmenber connecting

structure 10Ghaboecomd Bigecutt mémbet llevi ng oedirerotedsfrdmen encanint er ed:
nanely, the connection resistance between the facing circuit electrodes 133

and 148 is | dvgerd B4R, tahed languierehecetodes| 143 ahd hasalanng dalyers

characteristics 25 is insufficient. 3 FP04-0218-00 [0007] The present

i nventi on wasl 4iévilsetd are fopmte bfadjlacembovechaht sthet 0 encobuefacef the

present invention to provide a circuit connecting material that can

sufficiently 142a of this circuit board 142, and portions of the insulating
layers 144 have a shape that rides over the edges of the
circuit electrodes 143. Meanwhile, the circuit connecting

10 member 150 is a member in which, for example, conductive
particles 152 produced by forming a nickel plating layer on
the surfaces of benzoguanamine resin particles are disposed
in an insulating substance 151. Here, for example, the mean
particle size of the conductive particles is 5 pm, and the

15 hardness (K value) is 7490 N/mm?.

Disclosure of the Invention

[0005] However, the abovementioned conventional
circuit member connecting structure 100 has suffered from
the following problems.

20 [0006] Specifically, in the circuit member connecting
structure 100 shown in Fig. 7, the following problem has
been encountered: namely, the connection resistance
between the facing circuit electrodes 133 and 143 is large,

and the long-term reliability of the electrical characteristics

25 1s insufficient.



reduce the connection resistance between facing circuit 5 el ectrodes, and
that is superior in terns of the long-term reliability of electrical
characteristics, a filmformcircuit connecting material using this circuit
connecting material, a circuit nenber connecting structure and &PA¢{0Bd8-006f
manuf acturing this circuit nmenber connecting structure. 10 [0008] The
present inventors conducted diligent research in order to solve the
abovenenti oned problens; as a result of this research, the inventors

di scovered that the cause of the abovenentioned problens is to be found
especi al | y i [OGHHE] har dhkee spufsetrtteimvvadtcin weapadevesad . inSpeght iodathe, the
15 present inventors discovered that if the hardness of the conductive
particles is adxeessfaetsy | dtges aheodgadticofvéheppresenesibecooratght
between the insulating filnms that ride over the edges of the circuit

el ectrodes, guraHate tehecircuniduanvecparg imladervd thatmean sufficdeatly cont act
with both 20 of the facing circuit electrodes 133, and 143, and that as a
result of thirgdude thaneomnmgrties stemstaneewdwiweoenf daicngg cerremiit

el ectrodes 133 and 143 is increased. Furthernore, as a result of further
di i geht resedectrodtes, waul cldrafuds efuperier i tterms t of sdied amg-term
abovenenti oned probl ens based on the 25 supposition that portions of the

i nsul ati ng fineltabdily okrelsstrigadt chatastevmtiehe adgba-doranecicnati t

el ectrodes in the 4 PP04-0218-00 circuit nenbers, the inventors discovered
that the absvamReciiogemptespabmsingntlbes sorqet ppnasicigng wmategial, a
connecting material in Ich the storage elasticity at 40C and the nean
coefficient OHIEHEr mile nsPeRNECEME5 sigucture "and a method of

manufacturing this circuit member connecting structure.

10 [0008] The present inventors conducted diligent research
in order to solve the abovementioned problems; as a result
of this research, the inventors discovered that the cause of
the abovementioned problems i1s to be found especially in
the hardness of the conductive particles. Specifically, the

15 present inventors discovered that if the hardness of the
conductive particles is excessively large, the conductive
particles become caught between the insulating films that
ride over the edges of the circuit electrodes, so that the
conductive particles do not make sufficient contact with both

20 of the facing circuit electrodes 133, and 143, and that as a
result of this, the connection resistance between the facing
circuit electrodes 133 and 143 is increased. Furthermore, as
a result of further diligent research that was conducted in an
attempt to solve the abovementioned problems based on the

25 supposition that portions of the insulating films have a shape

that rides over the edges of the circuit electrodes in the



5 100C are in specified ranges as a result of a curing treatnent. This

di scovery led to the perfection of the present invention. [0009]
Specifically, the present invention is a circuit connecting material which
Is used to connect a first circuit 10 nmenber in which first circuit

el ectrodes and first insulating layers are formed adjacent to ea&RO%10R&$-08n
the main surface of a first circuit board, and a second circuit nenber in
whi ch second circuit el ectrodes and second insulating |ayers are forned
adj acent to each other on the main surface of a 15 second circuit board,
with at | east sonme of the insulating . layers being formed so that these
layers are tHitkei thaemhersci i t Brertades disamectedi stloat ¢ hehemi n
surface in at |east one of the ?erU|t menber s , the first circuit
menber or sdduneewigndipnedepbeblemierdh e S0 bacB%] usHIE o8 reirs b
bondi ng agent conposition and conductive tlcles th? .have a HE%
particle siz&€@Meckng myateaiat Wuwhesh tt Ftosaggne lastdcathatdAds € of
1.961 to 6. 86§pr t he stora elast|% nodu%is at 40Cis 0.5t0 3 GPa as a
result of the 311’§‘gmt-’«l'ﬂ@atcr%’ icigid ehethermnal oexpiagisapp §FOfthed fmf o
expansion 25 f 25C to 100C is to 200 ppmi C as a result of the curing
treat nent . lﬁiﬁ%om@tmon}(;n@eﬂa d tIRALEeS rati @ JEr iodg amEBFIE | when
t he naterlal IS |nterpo d. between t he Llrst an econ&agerU|t nbers,

and a curing Teatnedte i sl i r AISRAVELY appilyitRg theaPeBHiFPBs f ethea the

first and second CIrCUIt nenbers 5 the connection resistance between the
facing ci r cuipresent mmvention.

[0009] Specifically, the present invention is a circuit
connecting material which 1s used to connect a first circuit
10 member 1in which first circuit electrodes and first insulating
layers are formed adjacent to each other on the main surface
of a first circuit board, and a second circuit member in
which second circuit electrodes and second insulating layers
are formed adjacent to each other on the main surface of a
15 second circuit board, with at least some of the insulating
layers being formed so that these layers are thicker than the
circuit electrodes on the basis of the main surface in at least
one of the circuit members, 1. e., the first circuit member or
second circuit member, wherein this material contains a
20 bonding agent composition and conductive particles that
have a mean particle size of 1 um or greater but less than 10
pum, and a hardness of 1.961 to 6.865 GPa, the storage elastic
modulus at 40°C is 0.5 to 3 GPa as a result of the curing
treatment, and the mean coefficient of thermal expansion
25 from 25°C to 100°C 1s 30 to 200 ppm/°C as a result of the

curing treatment.



el ectrodes can be sufficiently reduced. Furthernore, a structure that is
superior in terns of the long-termreliability of the electrical
characteristics can be provided. [0011] It is thought that the sufficient
reduction of the 10 connection resistance between the Crcuit eF864:08d890as
descri bed above is due to the fact that even if conductive particles becone
caught between the insulating layers and the circuit el ectrodes facing
these insulating |ayers, or between the insulating |ayers that face each

ot her, when the 15 circuit nenbers are connected to each other, the
conductive {&li@])es dme Hpsr opiricatiel worimt¢tangd, meatetrhak, tWwhedi sthace
between the facing circuit electrodes can be sufficiently reduced.

Furt her nor e, matésal houghterpasedhbetween dhel dirst pardnseddmadi cinopidf t he
el ectrical characteristics between the 20 facing circuit electrodes is due
to the fact thembeérsfiansk a curéngt trestbeentind perovmed duy tapphpargar e
firmy connected by the curing treatnment of the circuit connecting

mat eri al, so hawdt andr paesenre nviahéhdi §trabcandesoeendt berduitsme mibarsi t

el ectrodes and second circuit electrodes over tine can 25 be sufficiently
reducell. 6 Frb4- 0ZDBMUECHi0012reFistameenortstweenpr thent faenngt i oirciwta
filmform circuit connecting material in which the abovenentioned circuit
connecti ng metlectendes rcomnebei sudficienghupaesiucedi | mFurtbersiomy sa
filmformcircuit connecting material has the 5 shape of a film_ and is easy
to handl e. Acdongtuig yhatwesupemprsin teFmsi of tbebtongriersndelsabilityi t

menber are copnected usi n? this filmformcircuit connecting materi al,
of the electrical characteristics can be provided.

[0011] It is thought that the sufficient reduction of the
10 connection resistance between the circuit electrodes as
described above is due to the fact that even if conductive
particles become caught between the insulating layers and
the circuit electrodes facing these insulating layers, or
between the insulating layers that face each other, when the
15 circuit members are connected to each other, the conductive
particles are appropriately flattened, so that the distance
between the facing circuit electrodes can be sufficiently
reduced. Furthermore, it is thought that the superior long-
term reliability of the electrical characteristics between the
20 facing circuit electrodes 1s due to the fact that the first
circuit member and second circuit member are firmly
connected by the curing treatment of the circuit connecting
material, so that variation in the distance between the first
circuit electrodes and second circuit electrodes over time can

25 be sufficiently reduced.



the material can easily be interposed between the circuit nenbers, so that
the work of connecting the first circuit 10 nenber and second circuit
menber is facilitated. [00141 Furthernore, the present invention is circuit
menber connecting structure which conprises a first circuit menber in which
first circuit electrodes and first insulating layers are fornedR8fd2d8t00t o
each other on the main surface 15 of a first circuit board, a second circuit
menber in which second circuit el ectrodes and second insulating |ayers are
formed adjacent to each other on the main surface of a second circuit

board, and a circuit connecting nmenber which is disposed between the main
surface of tHOUiZkt cilfwilheramorenble presame inscAtionfigce bilmtorgecond
circuit nenber, and which connects the first and second circuit. menmhers to
each other, af@cpit vi@RRcatingastateshal om ¢ whiichs he i abo veapensieneds or ned
so that these |ayers are thicker than th circuit el ectrodes ?n tqe basi s
of the main sUFeHtleconnesding wiatetial Wobetmiesd anto dhet shapeoet théilenr cui t
menbers, i. e., the first circuit nenber .or second circuit . er, wherein
the 7 FP04- 0AL4 100 ci r cihits gb‘rﬁlﬂl IR GC e b C UM G IHL mlali(mgf g?aSn €

substance and conductiye particles that have _a nean particle size of 1 gm
or gredter bhapse Ak Tmo il Bngagynte Ewmleof gcggxdmgﬁrs,sfs ePA, the

storage el astj.c nodule of the gircuit connecti ng. nenber at 40Cis 0.5 to 3
GPa, the nmearfiTHoefATEknt I6¢ MO mAN X SEEARMA ofIRCHIE IBPST 0#T25C to
circuit ol eotGReblE Uigdh thin 1MESAREL GHCH Contecting material,
the material can ecasily be interposcd between the circuit
members, so that the work of connecting the first circuit
10 member and second circuit member is facilitated.
[0014] Furthermore, the present invention is circuit
member connecting structure which comprises a first circuit
member in which first circuit electrodes and first insulating
layers are formed adjacent to each other on the main surface
15 of a first circuit board, a second circuit member in which
second circuit electrodes and second insulating layers are
formed adjacent to each other on the main surface of a
second circuit board, and a circuit connecting member which
is disposed between the main surface of the first circuit
20 member and the main surface of the second circuit member,
and which connects the first and second circuit members to
each other, and in which at least some of the insulating
layers are formed so that these layers are thicker than the
circuit electrodes on the basis of the main surface of the

25 circuit board in at least one of the circuit members, 1. e., the

first circuit member or second circuit member, wherein the



the conductive particles. 10 [0015] In the case of this circuit nenber
connecting structure, the first circuit electrodes and second circuit

el ectrodes are electrically connected via conductive particles;

accordi ngly, the connection resistance between the first and sed®ad-02i860i t
el ectrodes can be sufficiently 15 reduced. Furthernore, this circuit nenber
connecting structure is superior in terns of the long-termreliability of
the electrical characteristics. [0016] Furthernore, the present invention is
a nmethod for manufacturing a circuit nmenber connecting structure 20 which
conprises a fdiretitciconuigctmgbare ibarhicomthinst api reuikatehgcsubdeanaad first
insulating |layers are formed adjacent to each other on the main surface of
a first circund momductives pasticlesrhatt hasiebar meampartisbe amaecofcli t

el ectrodes and second insulating | ayers are forned adjacent to each 25

ot her on the i orsgréaies butaesscthancl Ocum, boadt @ hasdngsscpfclid61
connecting nenber which is disposed between the 8 FPO4-0218-00 nmain surface
of the first toi re.86S nériber Wl sterags nelastiacanoduleh@fsddundemiowti t
nenber, and which connects the first and second circuit nenbers to each

ot her,5and i rcamneetiag measbesomt 0thelsndubatond | GRas the meard so
that these 5 layers. are thicker than the circuyit el ectrodes on the basis of
the main surfeaetfseiane odi thenmabgkpanpien ¢bddusomemberntrom Zoiik
menbers, i.e., the first circuib menber or second, circuit nenber, wherein
the abovenenttoh88°C ien¥him 2e0 M/ “Sonanst the) htateeirsuit £lesteedesed

bet ween t he mai(? . . . .
and second circuit electrodes are clectrically connected via

the conductive particles.

10 [0015] In the case of this circuit member connecting
structure, the first circuit electrodes and second circuit
electrodes are electrically connected wvia conductive
particies; accordingly, the connection resistance between
the first and second circuit electrodes can be sufficiently

15 reduced.  Furthermore, this circuit member connecting
structure is superior in terms of the long-term reliability of
the electrical characteristics.

[0016] Furthermore, the present invention is a method
for manufacturing a circuit member connecting structure

20 which comprises a first circuit member in which first circuit
electrodes and first insulating layers are formed adjacent to
each other on the main surface of a first circuit board, a
second circuit member in which second circuit electrodes
and second insulating layers are formed adjacent to each

25 other on the main surface of a second circuit board, and a

circuit connecting member which is disposed between the



10 surface of the first circuit board and the main surface of the second
circuit board, and the first circuit nenber and second circuit nenber are
connected by curing the circuit connecting material by the application of
heat and pressure via the first and second circuit menbers, so ¥Ret-02He00
first 15 circuit electrodes and second circuit electrodes are electrically
connected via the conductive particles. [0017] In this method for

manuf acturing a circuit rmenber connecting structure, when the
abovenentioned circuit connecting nmaterial is interposed between the first
20 circuit nmondigr sanfreeodntheiftisdi ¢ireanbeneander anslibhecmadn swrfaasuri ng
treatnent by the application of heat and pressure via the first and second
circuit nembedsthe tsecoonhetircont metnbeanandbeviveh ensnesgtsntheifest t

el ectrodes can be sufficiently reduced, and a ciyrcuit nmenber connecting 25
structure thand secopel icarcud membeys thecnshgotbem aad am whichoat t he

el ectrical characteristics can be obtained. 9 FP04-0215-00 [0018% The reason
that a circul¢astespare cohibet imgulafingclayers mrgnfermed ssvihattthase

resi stance between the  facing circuit el ectrodes can be sufficientl
reducéd is bbYBTHade Ellltqkﬁlg%ﬂaﬁoﬂlfe CAECPH £ %?Tq{&‘rﬁal% ihgchasts of
conductive pagticles bec&ge C%Eggt bet ween, t he i nsul ati ng Iayerz nd t he
facing circutheemadnr sgeRacerohahgesncuishoardngn| 2t/ deast remeratdhach

ot her, when the circuit A nenbers are c?nnected to each other, the copductive
particles ar STEPPHtopREBRERS. f L eft+ chR@l, TYStt KAECYHe TEHIBRE 0L SEE n the

facing circuit electrodes can be sufficjentl ) X
d circuit mem[s)er, wl(laereln the agovementloned film-form

circuit connecting material 1s interposed between the main
10 surface of the first circuit board and the main surface of the
second circuit board, and the first circuit member and second
circuit member are connected by curing the circuit
connecting material by the application of heat and pressure
via the first and second circuit members, so that the first
15 circuit electrodes and second circuit electrodes are
electrically connected via the conductive particles.
[0017] In this method for manufacturing a circuit
member connecting structure, when the abovementioned
circuit connecting material i1s interposed between the first
20 circuit member and second circuit member and is subjected
to a curing treatment by the application of heat and pressure
via the first and second circuit members, the connection
resistance between the facing circuit electrodes can be
sufficiently reduced, and a circuit member connecting
25 structure that is superior in terms of the long-term reliability

of the electrical characteristics can be obtained.



reduced. Furthernore, the reason that a circuit nmenber connecting structure
that is superior in terns of the long- termreliability of the electrical
characteristics between the facing circuit electrodes is obtained is

t hought to be as 15 follows: nanely, the first circuit menber andP84€3hg00
circuit menber are firmly connected by the curing treatnent of the <circuit
connecting material, so that variation in the distance between the first
circuit electrodes and second circuit electrodes over tinme can be
sufficiently reduced. 20 [0019] The use of the circuit connecting naterial,
circuit men)@flddnnectilg seasonurthatnda cicicunit negisbecontenneaging
structure manufacturing nmethod of the present invention nmakes it possible
to achi eve asétd¢iwicenin redachi dhei wamrectiomeagistanesi beawaemetheen
facing circuit el ectrodes when 25 facing circuit_nenbers are connected to
each other. focrpgs-wzesioeloetrodesur easr g esuffiaigatiy | fedaraadi g ui t
connecting material of the present jnventign_ is used, the followng _ effect
i s obtained iabtadaedi ds thomghtateyebentasoridlemsct snamelial yeveni 4f
filmformcircuit caonnecting material can easily 5 be interposed between the
first %ircui thmi%@trlvan@agétc‘dﬁa Dsicounet Caugitr barureamdde ansellatinnber s
are connectedq, so that tqgémn k .of connecting.the first circyit nmenber and
second ci rcuileygERbeandantltasi 1aciBg p&iferhed C1eritad §ESCRIPTOOIWSE THE

DRAW NGS 10 [.002]] .Fig..1 is a.schematic sectional view which shows . one
enbodi nent oflnﬁﬁiaeinrgcuhyerférrb@atcoﬁ@a@ﬁg S ur VIER (hE pf H€ant

I nvent 1 on; members are connected to each other, the conductive
particles are appropriately flattened, so that the distance

10 between the facing circuit electrodes can be sufficiently
reduced. Furthermore, the reason that a circuit member
connecting structure that is superior in terms of the long-
term reliability of the electrical characteristics between the
facing circuit electrodes 1s obtained is thought to be as

15 follows: namely, the first circuit member and second circuit
member are firmly connected by the curing treatment of the
circuit connecting material, so that variation in the distance
between the first circuit electrodes and second circuit
electrodes over time can be sufficiently reduced.

20 [0019] The use of the circuit connecting material, circuit
member connecting structure and circuit member connecting
structure manufacturing method of the present invention
makes it possible to achieve a sufficient reduction in the
connection resistance between facing circuit electrodes when

25 facing circuit members are connected to each other.

10



[0022]Fig. 2 is a partial enlarged sectional view of Fig. 1; 15[0023]Fig. 3
is a sectional view which shows various configurations of the conductive
particles shown in Fig. 1; [0024] Fig. 4 is a sectional view which shows
one enbodinent of the filmformcircuit connecting material of FPR¢-031&9H6nt
invention; 20 [0025] Fig. 5 is a diagramwhich shows one step of the

circuit nmenber connecting structure manufacturing nethod of the present
invention; [0026] Fig. 6 is a sectional view which shows anot her enbodi nent
of the circuit nmenber connecting structure of 25 the present invention; and
11 FPO4-0218{002Mmp27] Fighermarsedfi gl filiredoni ctirshotsconseetanpl e  of
a conventional circuit menber connecting structure. Best Mdes for Carrying
Qut the Invermateripbozd] theefprasemtenisodimanns i6f used pridsenfollowemgon 5
wi ||l be described below wth reference to the attached figures.

Furt her nor e, afifectdseobiaineid inraddsdont be thee absarmmendtened, etfattsedundant
descriptions are omtted. ]E Enmbodi nent of Circuit, Menber Connecting .
Structure] [momelyFithss fikmefeimcaincuitrienneotimg:matedal waneasaly 10 the
present invention will be described, [0030] Fig.. | is a schenatic sectional
vi ew which stswdntarppsed babodicmedheofitstectiqwiti membissr agshienamd
structure of the present invention, and Fig., 2 is partial enlarged
sectional vi &@irentiFimembensvhensibasei algyé. members are connected,

so that the work of connecting the first circuit member and
second circuit member can easily be performed.
BRIEF DESCRIPTION OF THE DRAWINGS

10 [0021] Fig. 1 is a schematic sectional view which shows
one embodiment of the circuit member connecting structure
of the present invention;

[0022] Fig. 2 is a partial enlarged sectional view of Fig.
1;

15 [0023] Fig. 3 is a sectional view which shows various
configurations of the conductive particles shown in Fig. 1;
[0024] Fig. 4 is a sectional view which shows one
embodiment of the film-form circuit connecting material of
the present invention;

20 [0025] Fig. 5 is a diagram which shows one step of the
circuit member connecting structure manufacturing method
of the present invention;

[0026] Fig. 6 1s a sectional view which shows another

embodiment of the circuit member connecting structure of

25 the present invention; and

11



15 and 2, the circuit nenber connecting structure 200 of the present

enbodi nent conprises a first circuit nenber 30 and second circuit nenber 40
that face each other, and a circuit connecting nenber 10 that connects this
first circuit nenber 30 and second circuit nmenber 40 is di sposediP02®218-00
bet ween these circuit nmenbers. [00311 The first circuit nmenber 30 conprises
a circuit board (first circuit board) 31, circuit electrodes (first circuit
el ectrodes) 32 that are forned on the nain surface 31a of the circuit board
31, and insulating layers (first insulating 25 |ayers) 33 that are formed on
the main surfl@02Bha ofFighe? lsismﬁlonhdavww1wh‘[h£ shows one extampés 32 and
I nsul ating 12 FP0O4-0218-00 | ayers 33 are alternately fornmed adj acent to each
other on thefcarcuventiomnlzeircudt aneppbor edgmeeting sBaiaturehe i nsul ati ng
| ayers 33 are in a state in which these edgg arts ride over the edges of
the circuit dbest Modessfor Spacirying Out 3 laofnveangeoparts 33a of the

I nsulating |layers 33 are fornmed so  that these edﬂe parts 33a are thicker
than the cent082&hrt s Rireferned cembodimesdsr efeshe2 psssens basestwint he
mai n surface 3la of the circuit board 31, In this case, furthernore, the
"t hi ckness” ovilhdeddesprrhed 3bslew t mathngefsrengel dperthezatinahedrs to
the distance fromthe main surface 31la of the «cjrcuit board 31 to the
surfaces of tihgusege pantthernose, tthe saisgl ayimbolsyare wsed[ dos2the
Meanwhi | e, the second circuit neqfer 40 conprises a circui,t board 41,
circuit el ectsasnesclesrents and rgdundang descrépbnuareramitied f or med on the

mai n surface . i : .
[Embodiment of Circuit Member Connecting Structure]

[0029] First, the circuit member connecting structure of
10 the present invention will be described.
[0030] Fig. 1 is a schematic sectional view which shows

a first embodiment of the circuit member connecting
structure of the present invention, and Fig. 2 is a partial
enlarged sectional view of Fig. 1. As is shown in Figs. 1
15 and 2, the circuit member connecting structure 200 of the
present embodiment comprises a first circuit member 30 and
second circuit member 40 that face each other, and a circuit
connecting member 10 that connects this first circuit
member 30 and second circuit member 40 is disposed
20 between these circuit members.
[0031] The first circuit member 30 comprises a circuit
board (first circuit board) 31, circuit electrodes (first circuit
electrodes) 32 that are formed on the main surface 31a of the
circuit board 31, and insulating layers (first insulating
25 layers) 33 that are formed on the main surface 31a of the

circuit board 31. The circuit electrodes 32 and insulating
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41a of the circuit board 41, and insulating |ayers (second insulating

| ayers) 43 that are fornmed on the main surface 4la of the circuit board 41.
Furthernore, as in the case of the first circuit nenber 30, both edge parts
43a of the insulating 20 | ayers 43 ride over the edges of the ci #®0#40218-00
el ectrodes 42, and these edge parts 43a are forned so that these edge parts
are thicker than the circuit electrodes 42 on the basis of the nmain surface
41a of the circuit board 41. [0033] Furthernore, in a state in which the
first circuit 25 menber 30 and second circuit nenber 40 face each other,
the gap betwdayerhe3ddgee pattesnasel pffammeidnadjaceny tayesash 16tIFP0400218- 00
33 and the edge parts 43a of the insulating |ayers 43 is narrower than the
gap between tt%@ aireuit koardrddes Fiewed botle edgeuipadsedIades tize [0034]
Furthernore, in the circuit connecting nmenber 10, 5 the storage elastic
nmodul e at 40Gnstlatimgrdayersild e ipomsstiatatiss which draser eidgeo parts 3 GPa,
and the nean _coefficient of thernmal expansigon from25C to 100Cis 30 to

200 ppm C. THadeiewer ttheopdgesi ol thenbigcurd edesteodes a3 . i hpecaficadly,
substance 11 and conductive particles, 12, and the 10 conductjve particles 12
have & nean fReth edgespastsof3a afdhe ghsulatingulayers 3dhane fommednsoa
hardness of 1,961 to 6.865 GPa. %0035] In this circuit nmenber connecting
struct ure 200hatithese edartpartscddgdase shiskar 4hazy the|eentnadapartsceiinect ed

I3 di rect !y Ob% GUCUbEICSHTades &4 o fhel ket tsobbdhgpmain Surface S1a -
of the circuit board 31. In this case, furthermore, the
“thickness” of the edge parts 33a of the insulating layers 33

10 refers to the distance from the main surface 31a of the
circuit board 31 to the surfaces of the edge parts 33a of the
insulating layers 33.

[0032] Meanwhile, the second circuit member 40
comprises a circuit board 41, circuit electrodes (second

15 circuit electrodes) 42 that are formed on the main surface
41a of the circuit board 41, and insulating layers (second
insulating layers) 43 that are formed on the main surface 41a
of the circuit board 41. Furthermore, as in the case of the
first circuit member 30, both edge parts 43a of the insulating

20 layers 43 ride over the edges of the circuit electrodes 42,
and these edge parts 43a are formed so that these edge parts
are thicker than the circuit electrodes 42 on the basis of the
main surface 41a of the circuit board 41.

[0033] Furthermore, in a state in which the first circuit

25 member 30 and second circuit member 40 face each other,

the gap between the edge parts 33a of the insulating layers
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and 42. Furthernore, in cases where conductive particles 12 are caught
bet ween the edge parts 33a of the insulating |ayers 33 and the edge parts
43a of the insulating layers 43, 20 the conductive particles 12 assune a
flattened state so that these particles do not hinder the el ect FPO&0218-00
connection between the circuit electrodes 32 and 42. [0036] In this circuit
menber connecting structure 200, as was descri bed above, the facing circuit
el ectrodes 32 and 25 circuit electrodes 42 are electrically connected via
t he conductive particles 12. As a result, the connection 14 FP04-0218-00
resi stance bé&3vemmdt bhiee cedgei tpaaitectBadesf Iheandsadatmg sldyers ehBl ys
reduced. Accordingly, the flow of current between the circuit electrodes 32
and 42 can beamostdr yhaactimngasietweent e dineuituedectrosded 3hamdrcuits
can be 5 sufficiently manifested. Furthernore, as a result of the <circuit
connect i ng mshbecirc@ibeilagtmotes ddct ed as described above, a hi gh bonding
strength can be realized by the relaxation of stress in the interfaces
between the 0034tk nEnbdrermorendndthamdrene conaectingnmeanbey hBober 10;
10 noreover, this state can be maintained over a |ong period of tine.
Speci fi cal | y thearstarage ielastie dnsicinlee diet 46886 tat ther mnaterbécthaties 32
and 42 over time is sufficiently prevented, so that the long-term
reliability afonstetwtiesctthisamemthraciserGstits BetPan amd ciheumean
el ectrodes 32 and 42 can_ 15 be .increased. th037 Here, the reason that
connection rexicfifacicnt pbthesmalhexpansuon fglosmt2 HaCstad MhUC4s dantde
sufficientl

y200 ppm/°C. The circuit connecting member 10 contains an

insulating substance 11 and conductive particles 12, and the
10 conductive particles 12 have a mean particle size of 1 pm or
greater but less than 10 pm, and a hardness of 1.961 to 6.865
GPa.
[0035] In this circuit member connecting structure 200,
the circuit electrodes 32 and 42 are electrically connected
15 via the conductive particles 12. Specifically, the conductive
particles 12 directly contact both of the circuit electrodes 32
and 42. Furthermore, in cases where conductive particles 12
are caught between the edge parts 33a of the insulating
layers 33 and the edge parts 43a of the insulating layers 43,
20 the conductive particles 12 assume a flattened state so that
these particles do not hinder the electrical connection
between the circuit electrodes 32 and 42.
[0036] In this circuit member connecting structure 200,
as was described above, the facing circuit electrodes 32 and
25 circuit electrodes 42 are electrically connected via the

conductive particles 12. As a result, the connection
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reduced as a result of conductive particles 12 having hardness in the
abovenenti oned range being contained in the 20 circuit connecting nenber 10
will be described in detail. [0038] First, since an insulating substance 11
is contained in the circuit connecting nenber 10, it is necess&Py4021i8-0he
conductive particles 12 to contact both of the circuit electrodes 32 and 42
in order to achieve a 25 sufficient reduction in the connection resistance
between the circuit electrodes 32 and 42. In order to ensure that the 15
FP04-0218- 00 conductive particles 12 contact both of the circuit electrodes
32 and 42, thespstamicel ebetween ofhe¢ heivourductlacdrpdesi c32s aitd ikt isre not
flattened, the distance DI between the edge parts 43a of the insulating
| ayers 43 andufiiscieadby pacdsicazh. ofActerdirtglyi ngthastlowi nof | gyerens3, the
difference D3 between the thickness of the circuit el ectrodes 32 and the
t hi ckness of bathecenigdipatirsudBaeleictradesnddl andcgl2 agansbs3 samaothky
di fference D2 between the thickness of the circuit electrodes 42 and the
t hi ckness of ade@mpdished.t so13hasf thaefunetions rf the opeevits3 camstbeati sfy
the conditions of the followng Equation (1). DI + D2 + D3 ;5~ A (1) [00391
Speci fi cal | y sufffircigindl ynovamifesée deen R hetgeorparas d3aestlt hef i Heel ati ng
| ayers 33 and the edge part 43a of 15 the insulating |layers 43 nust satisfy
t he conditi ofdronit pennectingimgnegentlibbaing constructed aspdesogiied [ 0040]
Here, if the conductive particles have an i
above, a high bonding strength can be realized by the
relaxation of stress in the interfaces between the circuit
members 30 and 40 and the circuit connecting member 10;
10 moreover, this state can be maintained over a long period of
time. Specifically, variation in the distance between the
circuit electrodes 32 and 42 over time 1s sufficiently
prevented, so that the long-term reliability of the electrical
characteristics between the circuit electrodes 32 and 42 can
15 be increased.
[0037] Here, the reason that connection resistance
between the circuit electrodes 32 and 42 can be sufficiently
reduced as a result of conductive particles 12 having
hardness in the abovementioned range being contained in the
20 circuit connecting member 10 will be described in detail.
[0038] First, since an insulating substance 11 1is
contained in the circuit connecting member 10, it 1s
necessary for the conductive particles 12 to contact both of
the circuit electrodes 32 and 42 in order to achieve a
25 sufficient reduction in the connection resistance between the

circuit electrodes 32 and 42. In order to ensure that the
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extrenely high hardness that exceeds 6.865 GPa, then the 20 conductive
particles will not be flattened in cases where, for exanple, such conductive
particles becone caught between the edge parts 33a of the insulating |ayers
33 of the circuit nenber 30 and the edge parts 43a. of the insuF&0440318-00
| ayers 43 of the circuit nenber 40, so that the distance DI between 25 the
edge parts 33a of the insulating |layers 33 and the edge parts 43a of the
insulating |layers 43 of the second circuit 16 FP04-0218-00 nenber 40 cannot
be sufficiently reduced. As a result, D1 does not satisfy the
abovenent i onedFdwetivenpatjicleSpetiddmadtybotiheo fdthe acire ui Dk lechbde £3)
between the <circuit electrodes 32 and 42 is greater than the particle size
5 A of the c@¥uaad v ,ptre ipdrésclt2size A ofdhlet condnatomdupaitielepalicl es
between the circuit electrodes 32 and 42 cannot contact both of the circuit
el ectrodes 32hahdiré2notdlattamedhethe dnstanéa D 1 dsé bwarnet e tewdgpan parés ci rcui t
el ectrodes 32 and 42 increases. 10 [0041] On the other hand, if the
conductive pdarla cfethddnshdating haydnesk3 and theledgespasts GBa afthtimet hese
conductive particles 12 are flattened in cases where, for exanple, such
conductive pdacingesnselatengnmbayaugyhi3, thenwskiferenetigepdatvesa tiet he
insulating layers 33 and 15 the edge parts 43a _of the insulating | ayers 43.
Accor di ngl y, thieknapsvefeiits chsduD agcitsddes BReamshdhei shscknesheof
abovenenti oned Equation (2), _so that the conductive particles 12 contact
both of the dhecwdgel partvdésaznhinthazinsukatinge kegrarsctd dn anski thance
between the circuit el ectrodes . . .

difference D2 between the thickness of the circuit electrodes

42 and the thickness of the edge parts 43a of the insulating
10 layers 43 must satisfy the conditions of the following

Equation (1).

D1 +D2+D3<A (D)

[0039] Specifically, the distance D1 between the edge

parts 33a of the insulating layers 33 and the edge part 43a of
15 the insulating layers 43 must satisfy the conditions of the

following Equation (2).

D1 £A-D2-D3 (2)

[0040] Here, if the conductive particies have an

extremely high hardness that exceeds 6.865 GPa, then the
20 conductive particles will not be flattened in cases where, for

example, such conductive particles become caught between

the edge parts 33a of the insulating layers 33 of the circuit

member 30 and the edge parts 43a of the insulating layers 43

of the circuit member 40, so that the distance D1 between
25 the edge parts 33a of the insulating layers 33 and the edge

parts 43a of the insulating lavers 43 of the second circuit
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20 32 and 42 is sufficiently reduced. [0042] Furthernore, in cases where the
storage elastic nodulus (at 40C following curing) of the material that
constitutes the abovenentioned circuit connecting nmenber 10 is |ess than
0.5 GPa, the bonding strength is insufficient. 25 On the ot her h&RG4-021810i s
storage el astic nodul us exceeds 3 GPa, the connection resistance in the
connecting parts 17 FP04-0218-00 increases as a result of internal stress,
and the bondi ng agent nay peel away. Furthernore, in cases where the
abovenenti oned nean coefficient of thermal expansion is less than 30 ppm C
t he bondi ng sheengéeh 4G dasnbf ibed entff1&icartdlyi fedbesdneaks coafefsidt el 1 of

t hermal expansi on exceeds 200 ppml C, the connection resistance in the
connecting pho¢s inoteasasisdy a thesulabofeimtmtioaledt r Eggiataod t H& )bondi ng
agent may peel away. [0043] Furthernore, in cases where the hardness of the
10 conducti véSpecifichHy,12hexachstian6e8q® I5Pa, DRe tordddgt bed¢wegen t thees 12
are not sufficiently flattened; accordingly, the contact area between the
conductive parircultesldctrantes 3 and Al tisegreatreadtbas2thenpai2ichke seases so
that the connection resistance rises, and the electrical connections

bet weeh the 1A dhthagcendositvelpeotrdess] 32 Al adeesulindhebeondiufdtevent | y
ensured. On the other hand, in cases where this hardness is |less than 1.961
GPa, the conquattivkespdrative¢en tlze canrmit ebedtodas 32 uandatdDneannothe gaps
between the circuit electrodes 32 and 42 that occur in the case of high 20
t enper at ure arentacihbatli af the eexordi elgstrodes d@naack Adn so that the

connection resistance between the circuit electrodes 32 and
42 increases.

10 [0041] On the other hand, if the conductive particles 12
have a hardness of 1.961 to 6.865 GPa, then these
conductive particles 12 are flattened in cases where, for
example, such conductive particles 12 become caught
between the edge parts 33a of the insulating layers 33 and

15 the edge parts 43a of the insulating layers 43. Accordingly,
the abovementioned D1 satisfies the conditions of the
abovementioned Equation (2), so that the conductive
particles 12 contact both of the circuit electrodes 32 and 42,
and the connection resistance between the circuit electrodes

20 32 and 42 is suffictently reduced.

[0042] Furthermore, in cases where the storage elastic
modulus (at 40°C following curing) of the material that
constitutes the abovementioned circuit connecting member
10 is less than 0.5 GPa, the bonding strength is insufficient.
25 On the other hand, if this storage elastic modulus exceeds 3

GPa, the connection resistance in the connecting parts
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resi stance between the circuit electrodes 32 and 42 cannot be sufficiently
reduced. [0044] Furthernore, in cases where the conductive particles 12 are
pl ated, the hardness of the conductive 25 particles 12 can be determ ned by
the follow ng Equation (3) fromthe applied |load P (MPa, Kgf) when the
conductive 18 FP04-0218-00 particles are deformed by 10% from t h&PAf-Sg2840
of the conductive particles, the radius r (mm of the conductive particles
and the displacenent A (m) as observed during conpression of the plated
conductive particles using a 5 mcroscopi c conpression test device

(rmanuf actured by Shimazu Sei sakusho K K.): Conductive particle hardness =
(3N2) x P x Apczeasex as awedult nf intoum] sueskreranst dhei bosddng agené t he
mean particle size of the conductive particles 12 is less than 1 gm the 10
conductive pdRfiycl Psedr eabRy snal IFUEGIBOTE heddl c HRRES | W Cpérttie€es
cannot contact both of .the circuit electrodes; _consequently, the electrical
connecti ons cdHneemsatigned; dnean| wasidueent of ¢ r@hﬁrehaﬁﬁ,swn ihi s mean
particle size exceeds gm application to circuit nber.s .that have

hi gh- densi ty%ﬁﬁcﬂil@% %&mﬂgﬁ%ﬁfﬂmgonpo@ga]stmgfﬁtrﬁe insadticienton of

t he conductive particles 12 wll_ be. described in detail. In Fig. 3, (a) and
(b) ar® sectd af @ﬁw&mwfﬁw% aof 5T ARSI ATheEXeendBict | ve

particles 12. is sho in Fig. 3-(a), the.20 conductive particles 12 may
be construct rBP\n&PO retl'bfbdﬂj‘gnll@&&héﬁer%ﬁlséﬁn&egdrﬁ thsol E%Pe&ﬁﬂl& met al

| ayer 12b that is . . .
Y parts increases as a result of internal stress, and the bonding

agent may peel away.
[0043] Furthermore, in cases where the hardness of the
10 conductive particles 12 exceeds 6.865 GPa, the conductive
particles 12 are not sufficiently flattened; accordingly, the
contact area between the conductive particles 12 and the
circuit electrodes 32 and 42 decrecases so that the connection
resistance rises, and the electrical connections between the
15 facing circuit electrodes 32 and 42 cannot be sufficiently
ensured. On the other hand, in cases where this hardness is
less than 1.961 GPa, the conductive particles 12 cannot
conform to fluctuations in the gaps between the circuit
electrodes 32 and 42 that occur in the case of high
20 temperature and high humidity; accordingly, the connection
resistance between the circuit electrodes 32 and 42 cannot be
sufficiently reduced.
[0044) Furthermore, in cases where the conductive
particles 12 are plated, the hardness of the conductive
25 particles 12 can be determined by the following Equation (3)
from the applied load P (MPa, Kgf) when the conductive
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formed on this core body 12. In the case of conductive particles 12 having
such a configuration, the hardness of the conductive particles 12 is
governed substantially by the 25 hardness of the core body 12a. Furthernore,
t he hardness of the core body 12a depends on the structure, distance

bet ween 19 FP04-0218-00 crosslinking points, degree of crosslinkfRE+4348 e
like of the organic polynmer that constitutes the material of the core body
12a. Accordingly, the hardness of the conductive particles 12 can be
adjusted to the abovenentioned range by 5 appropriately selecting el enents

descr bed | bATMC o047 EeinmeeoPyor LAN clisuny ks iabetsh ot Uee to
benzoguanam FOTGUEHIE DTt Bolss.r B35 nEad it yhukan b O reoRAUCERES || ke
ki oh CwPIGIsRe AehdBe: A DR EESItod dmERD 3R ORAL 4 nalT BBBet | t ut o
TN IR G T
ot ranst hyl oIMEEHAHO T, 1 SR0RPFSTHION dit5ohy| eridhe (BHAMUEYP MG, &Y
ot aacry| at SRS FHUHOBHE0 dacRel yr one. are even mor o desi rabl e, [ 0048]
Among these GaTRAN Tve PARPACRATAAS ™ (3/V2) x P x ACYD) x (1) (3)
[0045] Furthermore, in cases where the mean particle
size of the conductive particles 12 is less than 1 pm, the
10 conductive particles are too small, so that these conductive
particles cannot contact both of the circuit electrodes;
consequently, the electrical connections cannot be
sufficiently ensured. On the other hand, if this mean
particle size exceeds 10 pm, application to circuit members
15 that have high-density circuits becomes difficult.
[6046] Next, the construction of the conductive particles
12 will be described in detail. In Fig. 3, (a) and (b) are
sectional views showing various configurations of the
conductive particles 12. As i1s shown in Fig. 3-(a), the
20 conductive particles 12 may be constructed from a core body
[2a made of an organic polymer and a metal layer 12b that is
formed on this core body 12. In the case of conductive
particies 12 having such a configuration, the hardness of the
conductive particles 12 is governed substantially by the

25 hardness of the core body 12a. Furthermore, the hardness of

the core body 12a depends on the structure, distance between
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the Iike have a rigid structure within the nolecule, and the distance

bet ween crosslinking points is also short; 25 accordingly, as the content of
such particles in the copolyner is increased, harder conductive particles
12 are 20 FP04-0218-00 obtai ned. Furthernore, harder conductive pBP4028189012
can also be obtained by increasing the degree of crosslinking of the
organi c polyner. [0049] Meanwhile, in the case of acrylic acid esters, 5
diallyl plithalate and the |ike, the distance between crosslinking points
is long, accordingly, as the content of repeating units based on such

nmol ecul es i s dmcssgaﬂedlg' paings, cdpgrgereof Gmssdnngmnguamidvéhpaﬂtkcl ef 12 arc
obtained. Furthernore, softer conductive particles 12 can also be 10

obt ai ned by Itheeorganth@alagnes tdratceonstitvkendhe ooatirizhusf thendorei ve
particles 12 which have hardness in the abovenentioned range can be

obt ai ned by buphy opRiaat elceordenghy, t Hee ohgadnespolofnghe heendusstve ut es
the core body 12a, and _the distance between crosslinking 15 points and
crossl i nki ng peaitteleg b2 eansboadivsted] todhe ahevieanantioned range by is
formed on the core _body 12a_is constructed from for exanple, copper,

ni ckel3 a niagquopniptgly siseleetiog acedementsal sogh TAS nthel magerialzb can
be formed by plating the core hody 12a with such netals 20 using an

el ectrol ess” gtaashyarsandd theedekeniadkdiheal 0rgani¢ npola enr deasribods of
al | oys obtained by neans of additive that are added m xed with the plating
bat h. Well - @ al | oys of this type include alloys such as nickel -

[0047] Examples of organic polymers that can be use to
constitute the core body 12a include acrylic resins, styrene
10 resins, benzoguanaming resins, silicone resins,
polybutadiene resins and the like. Furthermore, the organic
polymers may also be copolymers having a structure in
which two or more repeating units based on the monomers
that constitute the abovementioned resins are arbitrarily
15 combined. In this case, copolymers obtained by
copolymerizing two or more monomers sclected from a set
comprising benzoguanamine, acrylic acid esters, diallyl
phthalate, tetramethylolmethane tetraacrylate,
divinylbenzene and styrene are desirable, and copolymers
20 obtained by combining tetramethylolmethane tetraacrylate,
divinylbenzene and styrene are even more desirable.
[0048] Among these compounds, benzoguanamine and
the like have a rigid structure within the molecule, and the
distance between crosslinking points 1s also short;
25 accordingly, as the content of such particles in the

copolymer 1s increased, harder conductive particles 12 are
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phosphorus, nickel-boron and the Iike, Furthernore, simlar 25 conbinations
al so exist in the case of other alloys. The thickness of the netal |ayer
12b (plating thickness) is 21 FP04-0218-00 preferably 50 nmto 170 nm and
is even nore preferably 50 nmto 150 nm If this thickness is | &B8440Ba8-050
nm plating defects (peeling) and the |like occur so that the connection
resi stance tends to increase. On the other hand, if this 5 thickness exceeds
170 nm the conductive particles 12 tend to aggregate, so that
short-circuiting may occur between adjacent circuit el ectrodes. [0052]
Furt her nore, gbtainedducFuyvthganoire| dsaddemmonductihe paortpelese 1ah cam er nost
| ayer 12c on top of the nmetal 10 layer 12b as shown in Fig. 3-(b). This
out ernost | aydsolBe obtaineddnstineceading dhegdegraee pdl crusslmkihgsefnet al s
can be fornmed by substitution plating on the netal layer 12b. As a result
of the formatthenongasicipadynoet.er nost | ayer 12c, an even nore favorable
connection resistance can be achieved 15 between the circuit el ectrodes 32
and 42. Speci[ftilc] y, tMeanowhnlegt iion thesicasmcef canrpbicsudditi esitdng,
reduced. It is desirable that the thickness of the outernost |ayer 12c be
15 toS 70 nmdiadiylasghtivadate t irdt htleknelkei s tlees distant® netweemends to
becone difficult to obtain a sufficient effect 20 because of plating
defects. On tdr@sslimkingmoints ¢askangnheceordinglyhi aknébe cpnéedt 6 nm a
favorabl e connection resistance can be obtained; however, since the anmount
of plating gepeatomguseitsi hasedses gushemoltedules tipeinoreaseaktorthg cost
tends to be greatl|y increased. . ) .
copolymer, softer conductive particles 12 are obtained.

Furthermore, softer conductive particles 12 can also be
10 obtained by lowering the degree of crosslinking.
[0050] Thus, conductive particles 12 which have
hardness in the abovementioned range can be obtained by
appropriately selecting the organic polymer that constitutes
the core body 12a, and the distance between crosslinking
15 points and crosslinking density of this polymer.
[0051] The metal layer 12b that is formed on the core
body 12a is constructed from, for example, copper, nickel, a
nickel alloy, silver or a silver alloy. The metal layer 12b
can be formed by plating the core body 12a with such metals
20 using an eclectroless plating method. Here, nickel alloys
include wvarious types of alloys obtained by means of
additive that are added mixed with the plating bath. Well-
known alloys of this type include alloys such as nickel-
phosphorus, nickel-boron and the like. Furthermore, similar
25 combinations also exist in the case of other alloys. The

thickness of the metal layer 12b (plating thickness) 1s
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25 Furthernore, in cases where such an outernost |ayer 12c is fornmed, it is
desirable that the filmthickness of the netal 22 FP04-0218-00 | ayer 12b be
70 to 170 nm 1In cases where this film thickness is |less than 70 nm

pl ati ng defects (peeling) and the like occur so that the connectP64-0218-00
resi stance tends to increase; on the other hand, if this thickness exceeds
170 nm 5 short-circuiting tends to occur between adjacent circuit

el ectrodes. [0053] Furthernore, in the abovenentioned circuit nenber
connecting structure 200, the effect in reducing the connection resistance
bet ween t he fmeifegably il tnmal tetiblasm|OaBd mndv4n nsorsaciferhil ¢oh8pi cuous

in cases where the difference D3 between the thickness of the edge parts
33a of the imautatl 59 hayerH SBisanHitckreshiickhess thant 5@ oang rpllatpagts  of
the circuit electrodes 32 in the first circuit nember 30 is 50 to 600 nm
an the differdofestb2(petae) and thiecklesoofuisd haddglee paonsnet3eonf t he
insulating layers 43 and the thickness of the circuit el ectrodes 42 in the
second ci rcuiresistarice #hds @0 cGGenm QA0GhE Ttdrex drandp farthisul ar
restrictions on the insulatin? | ayers 33 and 43 as long as these layers are
20 construct éhitkoesanekosadat i A mmt erthel co@ddiotavel particlesel 2 tdwde
insulating layers are constructed froman organic insulating substance,
silicon di oxitde aggrdgategn sonithaitdshoftreitenntimg mey coccuirt bdtectendes 32
and 42 are ordinarily constructed in their entirety fromgold, silver, tin,
25 a netal ofadjaeepitatirount gleatramted. TO (i ndi um tin oxide).
[0052] Furthermore, the conductive particles 12 may
further comprise an outermost layer 12¢ on top of the metal
10 layer 12b as shown in Fig. 3-(b). This outermost layer 12c¢
may be constructed from gold or palladium; these metals can
be formed by substitution plating on the metal layer 12b. As
a result of the formation of such an outermost layer 12c, an
even more favorable connection resistance can be achieved
15 between the circuit electrodes 32 and 42. Specifically, the
connection resistance can be sufficiently reduced. It is
desirable that the thickness of the outermost layer 12¢ be 15
to 70 nm. In cases where this thickness is less than 15 nm,
it tends to become difficult to obtain a sufficient effect
20 because of plating defects. On the other hand, in cases
where this thickness exceeds 70 nm, a favorable connection
resistance can be obtained; however, since the amount of
plating solution used increases geometrically, the
manufacturing cost tends to be greatly increased.
25 Furthermore, in cases where such an outermost layer 12c¢ 1s

formed, it is desirable that the film thickness of the metal
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However, it would al so be possible to construct only the 23 FP04-0218-00
surfaces of the circuit electrodes 32 and 42 from such substances.
Furthernore, there are no particular restrictions on the material of the
circuit boards 31 and 41; typically, however, this material is &BOH0GAR0C
i nsul ati ng substance, 5 glass or silicon. [0055] In the abovenentioned
circuit nenber connecting structure 200, a favorabl e connection resistance
can be achieved even in cases where the respective areas of the <circuit

el ectrodes 32 and 42 in the first and second circuit 10 menbers 30 and 40

are 15,000 nfagier! dsXb ber ther ter ,7annnevenlnokcasesavoyhbre thiwefilinon

resi stance can be achieved in cases where the nean nunber of conductive
particles bahieknesbeid despotlcin cTdt nal eqilnodes defects {peiediBgprandreater.
Here, the term "nmean nunber of conductive 15 particles” refers to the nean

number of condlectlike patirclses thadr theeciomuectibm tridisistasee tdwedsotmection
resi stance between the facing circuit electrodes 32 and 42 can be

suf ficiently inegdeasd; ofuthbesthmrehaad  eferhisotle ckavesabike eedenh&éx nom,
resi stance can be achieved in cases where the 20 nmean nunber of conductive

particies is shont-gireatiemg Thendseasonotourt Hetweehhatd fave monoaetiion
resi stance between the facing circuit electrodes 32 and 42 is sufficiently
| onered. Furdleetnmdes. i n cases where the mean nunmber of conductive
particles between the circuit electrodes 32 and 42 is 2 or less, 25 the
connection rddisidhce Hewrthesneaoessiivel ythe grabsvennattiahed circuit
member connecting structure 200, the effect in reducing the
connection resistance between the facing circuit electrodes
10 32 and 42 1is especially conspicuous in cases where the
difference D3 between the thickness of the edge parts 33a of
the insulating layers 33 and the thickness of the central parts
of the circuit electrodes 32 in the first circuit member 30 is
50 to 600 nm, an the difference D2 between the thickness of
15 the edge parts 43a of the insulating layers 43 and the
thickness of the circuit electrodes 42 in the second circuit
member 40 1s 50 to 600 nm.
[0054] There are no particular restrictions on the
insulating layers 33 and 43 as long as these layers are
20 constructed from an insulating material. Ordinarily,
however, these insulating layers are constructed from an
organic insulating substance, silicon dioxide or silicon
nitride. Furthermore, the circuit electrodes 32 and 42 are
ordinarily constructed in their entirety from gold, silver, tin,

25 a metal of the platinum group or ITO (indium tin oxide).

However, it would also be possible to construct only the
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FP04-0215-00 there is a danger that the circuit electrodes will becone

unabl e to operate normally. [0056] Furthernore, in the abovenentioned
circuit menmber connecting structure 200, it is desirable that the 5 glass
transition tenperature of the circuit connecting nenber 10 be 60FP64-2Q0%001 n
cases where the glass transition tenperature is |ess than 60C, the bonding
strength tends to drop and the connection resistance tends to rise at high
tenperatures. On the other hand, in cases where 10 this glass transition
tenperature exceeds 200C, cracking occurs in the circuit connecting menber
10, and the sfurdaseat oft hhel n¢echateetethrodes fBRstard gdcofibmi rawch menber
30 or 40 increases, so that the bonding strength tends to drop. [0057]
Concret e exarmubetaakeshe Furnthermiomyi themraee 136 pd&tiendaseestdctionyi t
menber 40 include chip parts such as sem conductor chips, resistor chips,
capaci tor chiqas tdred mhheerial kef tired divands owidas3 pranted ljoaypicalig, t he

| i ke. Large nunbers of circuit electrodes (circuit termnals) are
ordinarily dilspageeronthiiReseatémaii ts nembergatic soswlatasgs subGtansiengl e
circuit electrode may be di sposed). Furthernore, connecting structure

confi gurati ongakkadr secba.used include configurations of connecting
structures between I C chips and chip nounting boards, mutual connecting
structures of[008 %kt ri dal tlee rabo vememtivhed ckecuifEspeanblelryconnegsasg wher e
25 the circuit nmenbers are IC chips, a sufficient electrical connection can
be ensured bettnaetutche2 60 cui tfateabledesofhePidn02E8id@ANnce can be

achieved even in cases where the respective areas of the
circuit electrodes 32 and 42 in the first and second circuit
10 members 30 and 40 are 15,000 pm? or less. Furthermore, an
even more favorable connection resistance can be achieved
in cases where the mean number of conductive particles

between the facing circuit electrodes 32 and 42 is 3 or

greater.  Here, the term “mean number of conductive
15 particles” refers to the mean number of conductive particles
per electrode. In this case, the connection resistance

between the facing circuit electrodes 32 and 42 can be
sufficiently reduced. Furthermore, an even more favorable
connection resistance can be achieved in cases where the
20 mean number of conductive particles is 6 or greater. The
reason for this is that the connection resistance between the
facing circuit electrodes 32 and 42 is sufficiently lowered.
Furthermore, in cases where the mean number of conductive
particles between the circuit electrodes 32 and 42 is 2 or less,

25 the connection resistance becomes excessively high, so that
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even if no bunps are fornmed in the manufacturing process of the connecting
structure. Accordingly, a bunp formation step can be omtted in the

manuf acturi ng process of the connecting structure, so that the

manuf acturing cost and 5 manufacturing tine can be greatly redut®d4-0218-00
[CGrcuit Menber Connecting Structure Manufacturing Method] [0058] Next, the
nmet hod used to nmanufacture the abovenentioned circuit nmenber connecting
structure 200 10 will be described. [0059] First, the abovenentioned first
circuit nmenber 30 and second circuit nmenber 40 are prepared. [0060]

Meanwhi | e, athiereuiis sodaagternghmet eheakirdhar edéterodes ewidl becasne

"filmformcircuit connecting 15 material”) 50 which is nolded into the
formof fil mimalpleeparopeiateendimaldy, As the filmformcircuit connecting
material 50, a material is used which contains a bonding agent conposition
51 that is cy0ddly a duithgrmmest,menn e | etbowememapentd t ocirvaiiti r st
circuit nmenber 30 and 20 second circuit nenber 40, and the conductive
particl es 12 meanbenh¢chnexhingy tstruzfnee 00 cuti ng deeatbdst thatstle age
el astic nodulus of 0.5 to 3GPa at 40C and a nean coefficient of therna
expans$ on 30 glasR00tnamwitGcat fteampelB@eo bDIOCthét ¢mcansi rabhaechaigt he
t hi ckness of the film25 formcircuit connecting material 50 be 10 to 50 gm
26 FP04- 0218-1Aentet hébmdree, 68ettai 12008Gar dily chsesf whefor thei pdass
connecting material 50 will be described |ater. _
transition temperature is less than 60°C, the bonding
strength tends to drop and the connection resistance tends to
rise at high temperatures. On the other hand, in cases where

10 this glass transition temperature exceeds 200°C, cracking
occurs in the circuit connecting member 10, and the stress at
the interface with the first or second circuit member 30 or 40
increases, so that the bonding strength tends to drop.

[0057] Concrete examples of the first circuit member 30

15 and second circuit member 40 include chip parts such as
semiconductor chips, resistor chips, capacitor chips and the
like, and boards such as printed boards and the like. Large
numbers of circuit electrodes (circuit terminals) are
ordinarily disposed on these circuit members (in some cases,

20 a single circuit electrode may be disposed). Furthermore,
connecting structure configurations that may be used include
configurations of connecting structures between IC chips and
chip mounting boards, mutual connecting structures of
electrical circuits and the like. Especially in cases where

25 the circuit members are IC chips, a sufficient electrical

connection can be ensured between the circuit electrodes
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[0061] Next, the filmformcircuit connecting material 50, is placed on top
of the first circuit nenber 30. Then, the 5 second circuit nenber 40 is

pl aced on top of the filmformcircuit connecting material 50. In this way,
the filmform circuit connecting material 50 can be interposed FPOWERBB100e
first circuit nmenber 30 and second circuit nmenber 40. In this case, the
filmformcircuit connecting nmaterial 50 has 10 the shape of a film and is
therefore easy to handle. Accordingly, if this filmformcircuit connecting
material 50 is used, the material 50 can easily be interposed between the

first circui tevami¢mebanpssecofdrai¢dnt themhah gl ctiein g thresseseolfers are
connected, so that the work of connecting 15 the first circuit nenber 30 and

second circuithemipiedingcatreesite, beAacopdphgbhedr BeRAR] fdemtati@ncuring
treatment is perforned (see Fig. 5) by applying heat and pressure in the

di rections indepateeth bye vheiteedows shandnBnufabigring Widecheabinghehe
filmform20 circuit connecting nmaterial 50 via the first circuit nmenber 30

and second cigenméctinpbestrd0tus®, tdmt tlaacit}witnaszw@ttdrﬁgg rederaid is
formed between the first and second circuit nenbers 30 and 40 (see Fig. 1).

In this case manudacesoing ¢imet bendve imgatigatedhrded.t he storage elastic
nodul us of the 25 circuit connecting nenber 10 at 40C becones 0.5 to 3 GPa,

and the mean coef ffiCirentit OMetIhbrerraIC@nnaosin% Stancize€ Mani flalkddri2g8- 00
100C becones 30 to 200 ppm C. Furthernore, the curing treatnent can be

perfornmed by Methwaddn nmethod; the nmethod used can be appropriately selected
i n accordance
[0058] Next, the method used to manufacture the
abovementioned circuit member connecting structure 200
10 will be described.
[0059] First, the abovementioned first circuit member 30
and second circuit member 40 are prepared.
[0060] Meanwhile, a circuit connecting material
(hereafter referred to as a “film-form circuit connecting
15 material”) 50 which is molded into the form of film is
prepared (see Fig. 4). As the film-form circuit connecting
material 50, a material is used which contains a bonding
agent composition 51 that is cured by a curing treatment
applied with respect to the first circuit member 30 and
20 second circuit member 40, and the conductive particles 12,
and which exhibits, after the curing treatment, a storage
elastic modulus of 0.5 to 3GPa at 40°C and a mean
coefficient of thermal expansion 30 to 200 ppm/°C at from

25°C to 100°C. It is desirable that the thickness of the film-

25 form circuit connecting material 50 be 10 to 50 um.
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wi th the bondi ng agent conposition. 5 [0063] Wen the filmformcircuit
connecting material 50 is thus interposed between the first circuit nenber
30 and second circuit nenber 40, and a curing treatnent is perforned by
pressing while heating the filmformcircuit connecting nateri alFP59-02i18-00he
first or second circuit nenber 10 30 or 40, even if the conductive particles
12 contained in the filmformcircuit connecting material 50 should becone
caught between the edge parts 43a of the insulating |layers 43 and the edge
parts 33a of the insulating |layers 33 that face each other, these

conductive pdfufthlestndee ar aldtadls enesigaddime corldisngl fiilm--fleorg st eiemiket ween
the circuit electrodes 32 and circuit electrodes 42 can be sufficiently

reduced. [OO0Gdinieeatint heatesiak§ 0t half blerdeecmiséd datér. connecting materi al
50 is heated, the bonding agent conposition 51 is cured in a state in which

the di stance 2@k} wveerNtRe, the dulm-Ebent codmsit3@oandctingunhtetiadtF0des 42
has been sufficiently reduced, so that the bonding strength wth respect to

the first ciriguplacedben Gfp oof sheoddrsti corouit mebdrer480i.s Thergaslked. Thus,
the first circurt nenber 30 and second circuit nmenber 40 are connected via
the ciscuit Zeonnhenrcugt neehererl@.0 Ascplatedion tidpe afonlectilwe-fopanti cl es
12 can be caused to contact both of the facing 28 FP04-0218-00 circuit
el ectrodes 3Ziaodi¥2.orfpectihigcahaterinheS@i r dwi tthiel waty,otles fA2mefdrenr cuit
el ectrodes 42 are electrically connected. Accordingly, in the circuit
menber conneatirogit somuetatieg2@@tehis 50t aaneie interposadchébmerastlséance
first circuit member 30 and second circuit member 40. In
this case, the film-form circuit connecting material 50 has
10 the shape of a film, and is therefore easy to handle.
Accordingly, if this film-form circuit connecting material 50
is used, the material 50 can easily be interposed between the
first circuit member 30 and second circuit member 40 when
these members are connected, so that the work of connecting
15 the first circuit member 30 and second circuit member 40
can easily be accomplished.
[0062] Next, a curing treatment is performed (see Fig. 5)
by applying heat and pressure in the directions indicated by
the arrows A and B in Fig. 5 while heating the film-form
20 circuit connecting material 50 via the first circuit member 30
and second circuit member 40, so that a circuit connecting
member 10 is formed between the first and second circuit
members 30 and 40 (see Fig. 1). In this case, as a result of
the curing treatment, the storage elastic modulus of the
25 circuit connecting member 10 at 40°C becomes 0.5 to 3 GPa,

and the mean coefficient of thermal expansion from 25°C to
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5 between the facing circuit electrodes 32 and 42 can be

sufficiently

reduced. [0065] Furthernore, since the storage elastic nodule of the
circuit connecting nmenber 10 at 40Cis 0.5 to 3 GPa, and since the nean
coefficient of thermal expansion of this 10 nenber from25C to 100Cis 30 to
200 ppm C, changes over tine in the distance between the circui tPefdtBdifles
32 and circuit electrodes 42 cause by expansion of the circuit connecting
menber 10 can be sufficiently reduced even in a high-tenperature

hi gh-hum dity environnent. Specifically, 15 even in a high-tenperature

hi gh-hum dity environnment, the connection resistance between the facing
circuit el ecthdes begoanes A0 dan26d ppimi/ eCentl yrthedueede, shet baringi s
structure is superior in terns of the long-termreliability of the

el ectrical cHacatmemitstdaos. beo PpeoBBIMEdr thgr rdor epmm arhe neetdoeid rebire as
descri bed above, the circuit nenber connecting structure is manufactured
usi ng the filmethed sisecuiearohreanpipprately aseBxtedoviey rccerdinesi t
connecting material that will be described |ater could al so be used instead
of this fil maslshenbording agamfeeoimpostiieni.al 50. In this case as well,
If the circuit connecting material is dissolved in a solvent an 29

FP04- 0218- 00 [0 F bsul tWihensothe i Bhm-Joappl cuewid changatsngcimatgniakenber
30 or second circuit nenber 40 and then dried, this circuit_ connecting
material can Y& 15 fhaxspurisaposere bt ween thetfinsl ciraednmembeii 310 mmtber s 30

and 40. 5 [Circuit, Connecting Mteria

10

15

20

25

second circuit member ,|4]0 and a curing treatment is
performed by pressing while heating the film-form circuit
connecting material 50 via the first or second circuit member
30 or 40, even if the conductive particles 12 contained in the
film-form circuit connecting material 50 should become
caught between the edge parts 43a of the insulating layers 43
and the edge parts 33a of the insulating layers 33 that face
each other, these conductive particles 12 are flattened;
accordingly, the distance between the circuit electrodes 32
and circuit electrodes 42 can be sufficiently reduced.

[0064] Meanwhile, since the film-form  circuit
connecting material 50 is heated, the bonding agent
composition 51 is cured in a state in which the distance
between the circuit electrodes 32 and circuit electrodes 42
has been sufficiently reduced, so that the bonding strength
with respect to the first circuit member 30 or second circuit
member 40 is increased. Thus, the first circuit member 30
and second circuit member 40 are connected via the circuit
connecting member 10, Accordingly, the conductive

particles 12 can be caused to contact both of the facing
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[ 0067] Next, the construction of the abovenentioned filmformcircuit
connecting material 50 will be described in detail. [0068] The filmform
circuit connecting material 50 is a 10 material in which a circuit
connecting material is nolded into the formof a film This circuit
connecting material contains the abovenentioned conductive partFEPES218-04nd
bondi ng agent conposition 51, and is constructed froma material which
exhibits, after the curing treatnent, a storage 15 elastic nmodulus of 0.5 to
3 GPa (preferably 0.7 to 2 GPa) at 40C and a nean coefficient of thernmal
expansion of 30 to 200 ppmiC at_from 25C to 100C.. [0069] In the case of a
circuit conn&dfewy nelestradesnith adhi Bids, Mnesifieallyurthg teestient, a
storage el astic 20 nodylus of |less than 0.5 GPa at _40C, th? bondi nf;
strength is ie6itadsend2 candhecisendt wheatrades nd2caake oelactiically
connecting nateri al \Q{ms stoqr@sge el astitgwrmdul us at 40C exceeds 3 GPa,
after the curGOl§¢i€st meMccq NEdNnelt | G1ES &G JReEbar (¢RNBEFEELE i on
areas increases as a rﬁﬁblt ﬁf 25 j nternal sltlress, and t he bondi ng agent
peel s away. SEIHEHHCOEEV | thife ehtINfida ERECLEONBERAQR | AGSABtAEIGRI 30
FP0O4-0218-00 whi ch exhi bits, .after. the curing treatnent, .a jyean coefficient
of thetmal eXFANGYh el(f§§“i‘ﬁaﬁlé@uﬂprﬁlﬁ@f’t?ﬁ%@eﬁor@&en@nds ngBR Qe

i nsufficient; .t.he other, hand, in the case of a circuit connecting

mat eri al V\hosgél%ﬁhféﬁnég%frﬁiddl - of 5 thermal expansion exceeds 200 ppm C

after the curi frea , the connectign resistance in the connect.i on
ar eas [0?)%5] tPnl‘larqthermore, since the storage Sfasflc' module o

the circuit connecting member 10 at 40°C 1s 0.5 to 3 GPa,
and since the mean coefficient of thermal expansion of this

10 member from 25°C to 100°C is 30 to 200 ppm/°C, changes
over time in the distance between the circuit electrodes 32
and circuit electrodes 42 cause by expansion of the circuit
connecting member 10 can be sufficiently reduced even in a
high-temperature high-humidity environment. Specifically,

15 even in a high-temperature high-humidity environment, the
connection resistance between the facing circuit electrodes
32 and 42 can be sufficiently reduced, so that this structure
is superior in terms of the long-term reliability of the
electrical characteristics.

20 [0066] Furthermore, in the embodiment as described
above, the circuit member connecting structure 1s
manufactured using the film-form circuit connecting
material 50; however, a circuit connecting material that will
be described later could also be used instead of this film-

25 form circuit connecting material 50. In this case as well, if

the circuit connecting material is dissolved in a solvent an
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increases as a result of internal stress, and the bonding agent peels away.
[0070] Furthernore, in the circuit connecting material, it 10 is desirable
that the glass transition tenperature after the curing treatnent is 60 to
200C, and a glass transition tenperature of 60 to 180C is even ¥B04-0218-00
desirable. In the <case of a circuit connecting material which exhibits a
glass transition tenperature of |ess than 60C after the curing 15
treatnment, the bonding strength at high tenperatures tends to drop, and the
connection resistance tends to rise, in the circuit nmenber connecting
structure 20Ghel neshHingseobitian ¢srappliecbrinechenfirstt@ricalit whesebgkass
transition tenperature after the curing treatnent exceeds 200C, curing 20
must be perf drlvedr aecanid ghre¢ertpmembrer difd amat thelowgiederthod ofrcuiite;
accordingly, the internal stress in the circuit connecting nenber 10 is

i ncreased, ambmnectinggmateroakwan Heunnberposed betweenhehe nfiest s dl
stress with the circuit mnenber 30 or 40 is increased, the bonding strength
provi ded 25 sgcortk caicuiti meanbeestIGqmddifer 10 tends to drop. 31
FP04-0218-00 [0071] The bondi ng agent conposition contained in the circuit
conneciing materi alJICmona;teEscmnadﬁmg Wapeyadities, and is cured by a curing
treatnment performed with respect to the first and second circuit nmenbers 30
and 40. FurtH&Ofotle, 5 Neytbott ngoasénuctierposift ithie nabovementicnedong as
this conposition is a conposition which exhibits, after the curing
treatment, a falorfgemettsnlit coneating matenial $Gmwill (e etesembedoim to 2
GPa) and a nean coefficient of thermal

detail.
[0068] The film-form circuit connecting material 50 is a
10 material in which a circuit connecting material 1s molded

into the form of a film. This circuit connecting material
contains the abovementioned conductive particles 12 and
bonding agent composition 51, and is constructed from a
material which exhibits, after the curing treatment, a storage
15 elastic modulus of 0.5 to 3 GPa (preferably 0.7 to 2 GPa) at
40°C and a mean coefficient of thermal expansion of 30 to
200 ppm/°C at from 25°C to 100°C.
[0069] In the case of a circuit connecting material which
exhibits, after the curing treatment, a storage elastic
20 modulus of less than 0.5 GPa at 40°C, the bonding strength
is insufficient. On the other hand, in the case of a circuit
connecting material whose storage elastic modulus at 40°C
exceeds 3 GPa, after the curing treatment, the connection
resistance in the connection areas increases as a result of
25 internal stress, and the bonding agent peels away.

Furthermore, in the case of a circuit connecting material
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expansion of 30 to 200 ppmiC at from 250C to 100'C. In 10 parti cul ar,

conposi tions containing epoxy resins and epoxy resin |latent curing agents
are especially desirable. [00721 Exanpl es of the abovenenti oned epoxy resins
i ncl ude bi sphenol A type epoxy resins, bisphenol F type epoxy r&poa2]18-00
bi sphenol S type epoxy resins, phenol novol ak 15 type epoxy resins, cresol
novol ak type epoxy resins, bisphenol A novol ak type epoxy resins, bisphenol
F novol ak type epoxy resins, alicyclic epoxy resins, glycidyl ester type
epoxy resins, glycidylam ne type epoxy resins, hydantoin type epoxy resins,
i socyanur at e wipeh epdxibitsesafier ¢ phatng @Qathadmt f anmeapoxyeffigisatand the
| i ke. These epoxy resins may be hal ogenated or hy&rogenated. Furt her nor e,
two or nore off theeamlepaparssinns fimysbethimed3 d nppentii@atthen bodd¥d] The
epoxy resins latent curing agent may be any agent that is capable of curing
epoxy resins.stixagphes ofs@bfisuent; arenhecotheg hgadt sin nhkeudasanbénac

pol yneri zable catalytic curing agents, cationic polynerizable catalytic 32
FP04-0218- 00 cawcuing sgamestipg! ymaddrialonwlypse cunicag agerif$i arntt hefl i ke.
These agents may be used singly or in mxtures conprising two or nore

agent s5 Amonghielres®l agepanrsi@mi exiceeats c200orppm/$Q! yakrdizathee carmigtic
curing agents are especially 5 desirable in that such agents are superior in
ternms of qui dkeatmeinig theopenmnieedjonncesistanter gy uihree comss deoat hooasf
stoichionetric quantities. [0074] Exanples of anionic or cationic

pol ymer i zabl anceanatytascacesuly cdgemternialcstrésst emd ahy bondeng agedazol es,

peels away.
[0070] Furthermore, in the circuit connecting material, it
10 is desirable that the glass transition temperature after the

curing treatment is 60 to 200°C, and a glass transition
temperature of 60 to 180°C 1s even more desirable. In the
case of a circuit connecting material which exhibits a glass
transition temperature of less than 60°C after the curing
15 treatment, the bonding strength at high temperatures tends to
drop, and the connection resistance tends to rise, in the
circuit member connecting structure 200. In the case of a
circuit connecting material whose glass transition
temperature after the curing treatment exceeds 200°C, curing
20 must be performed at a high temperature and for a long
period of time; accordingly, the internal stress in the circuit
connecting member 10 is increased, and cracking may occur.
Furthermore, since the interfacial stress with the circuit
member 30 or 40 is increased, the bonding strength provided

25 by the circuit connecting member 10 tends to drop.
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10 hydrazi de type conpounds, boron trifluoride - am ne conpl exes, onium
salts (sulfoniumsalts, ammoniumsalts and the |ike), am noim des,

di am nomal eonitrile, nelam ne and nel am ne derivatives, polyam ne salts,

di cyandiam de and the |ike. Mdified forns of these conpounds n&pP0al0208-18
be used. Exanples of poly-addition type curing agents include polyam nes,
pol ynmer capt ans, pol yphenols, acid anhydrides and the like. [007 5] In cases
where tertiary am nes or imdazoles are added as anionic polynerizable
catal ytic curing agents, the 20 epoxy resin is cured by heating for several
tens of secor{@)7bj sevefh¢ houndsngt agertncempdsatie nt emeradhede iaf the

approxi mately 160'C to 200" C. Accordingly, the usable time (pot life) is
relatively | angcuspo ¢dmhesticly agartesial epostesiged| @dh@sitd0pbpperties,
Phot osensitive oniumsalts (mainly aromatic diazoniumsalts, aromatic
sul f oni um saldred asdcuired lbiyka eneirl tFCAIMRA5p 6Pfausae) whiah waspe Epoxy
resins by irradiation with an energy beamare desirable as cationic
pol yneri zabl ¢heafalsytamd secongl caganitsmefobeheri®ramd 40 .pHaaitheswhboaj um
salts and the like are available as agents that cure epoxy resins by being
5 activated mnyndeondoptagent tamewsithorbenayi beadseti as. lorasnghagent s of
this type possess the special feature of quick curing properties, and are
t heref ore desiomiplositicdD77§ Agenw mp@siteon byw bicho-eoledpts] aniftgr t tiee
abovenentioned curing agents by covering the agents with a 10 polyneric
subst ance suaturEagatpedtynent hanetdangse pﬁglaytrm modulus of 0.5 to 3 GPa
(preferably 0.7 to 2 GPa) and a mean coefficient of thermal
expansion of 30 to 200 ppm/°C at from 25°C to 100°C. In
10 particular, compositions containing epoxy resins and epoxy
resin latent curing agents are especially desirable.
[0072] Examples of the abovementioned epoxy resins
include bisphenol A type epoxy resins, bisphenol F type
epoxy resins, bisphenol S type epoxy resins, phenol novolak
15 type epoxy resins, cresol novolak type epoxy resins,
bisphenol A novolak type epoxy resins, bisphenol F novolak
type epoxy resins, alicyclic epoxy resins, glycidyl ester type
epoxy resins, glycidylamine type epoxy resins, hydantoin
type epoxy resins, isocyanurate type epoxy resins, aliphatic
20 chain-form epoxy resins and the like. These epoxy resins
may be halogenated or hydrogenated. Furthermore, two or
more of these epoxy resins may be used in combination.
[0073] The epoxy resins latent curing agent may be any
agent that is capable of curing epoxy resins. Examples of
25 such latent curing agents include anionic polymerizable

catalytic curing agents, cationic polymerizable catalytic
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pol yester type polymer or the like, a nmetal thin filmof nickel, cop
the like, or an inorganic substance such as calciumsilicate or the

make it possible to extend the

per or
i ke,

usable tinme, and are therefore desirable. 15

[0078] Furthernore, conpositions that contain a radical polyneriFraplogl8-00

substance and a curing agent that generates

free radi cals when heated are

al so desirable for use as the abovenentioned bondi ng agent conposition.
[0079] The radical polynerizable substance is a 20 substance possess
functional groups that are polynerized by radicals; exanples of such

radi cal pol yrmrﬂin%bhgenssl,bpbaycsadm@lmdypaccui-ﬁig apneuaag thaclikdi

correspondi ng net

acryl ates, sane below), nal ei m de conpounds,

ci traconi m deThes¢ nsgemiadimadebeessed amplyher2in | imktufbessomadisal g
pol yneri zabl e substances may be used in 34 FP04-0218-00 the form of nononers
or ol igomers;twaelrdharom egemsonAmongnthedé gaaits, myidag cused dtionic

conbi nati on.

[ 0080] Concrete exanples of acrylate conpounds i nclude

i ng
ng the

nmet hyl

acryl ate, ethydlyaneylzdtde | scppadpyic accuraige, hgebhusyl aré awspediallet hyl ene
gl ycol diacrylate, diethylene glycol diacrylate, trinethylol propane

triacryl ate,

dearabhetiny tbhtratddne gedtsaaceysaperidr hindtepmslo8-quick

di acryl oxypropane, 2,2-bis[4- (acryl oxymethoxy)phenyl]propane, 2,2-bis[4 lo
acryl oxypol yeaturang) p?myéimespammd dideychopenteanyire acopkaderation of

tricycl odecanyl acry

ate, tris(acryloyloxyethl) isocyanurate, uretha

acryl ate and gtbechikmetiiregaantities.

10

15

20

25

[0074] Examples of anionic or cationic polymerizable
catalytic curing agents include tertiary amines, imidazoles,
hydrazide type compounds, boron trifluoride - amine
complexes, onium salts (sulfonium salts, ammonium salts
and the like), aminoimides, diaminomaleonitrile, melamine
and melamine derivatives, polyamine salts, dicyandiamide
and the hhike. Modified forms of these compounds may also
be used. Examples of poly-addition type curing agents
include polyamines, polymercaptans, polyphenols, acid
anhydrides and the like.

[0075] In cases where tertiary amines or imidazoles are
added as anionic polymerizable catalytic curing agents, the
epoxy resin is cured by heating for several tens of seconds to
several hours at an intermecdiate temperature of
approximately 160°C to 200°C. Accordingly, the usable
time (pot life) 1s relatively long, so that such agents are
desirable.

[0076] Photosensitive onium salts (mainly aromatic

diazonium salts, aromatic sulfonium salts and the like are
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conpounds may be used singly or in mxtures containing two or nore
conpounds. |f necessary, furthernore, 15 polynerization inhibitors such as
hydr oqui none, nethyl et her hydroqui none and the |ike may al so be used.
Furthernore, fromthe standpoint of inproving the heat resistanfFB044i0218-90
desirable that the acryl ate conpounds have at |east one substituent group
selected froma set conprising 20 dicycl opentenyl groups, tricycl odecanyl
groups and triazine rings. Mleimde conpounds are conpounds that have two
or nore mal eimde groups per nol ecul e; exanples of such naleimde

conpounds i naisedd thaetdwyie ZpoRp bese dyidohdraiionn with an energy
N, N - m phenyl enebi smal ei m de, N, N -p-phenyl enebi smal eimide, NN -m 35

FPO4- 0218- 00 terimi Arndeissrab kei s deati bk pdlymizrpheble eraeblystml elningle,
N, N -4,4-(3 ,3 '-dinethyl bi phenyl ene)bismaleirni de, N, N -

4,4-(3, 3 -di r@dn/tisdl dhertjleret deae phi phatiei sudfon N salts ad} Fhedildtdryl
diphenylnethane)bisqaleinide, N,N -4,4 5 di phenyl met hanebi sral ei m de,
N, N -4, 4- di girenydvymidphbebasmalgeintsddhakl, Murd, ¥poxy resins by being
di phenyl sul f onebi snal ei mi de, N, N -4, 4-di phenyl ether bisnaleim de,
2, 2- bi%- 4- (4-actevaied dbyhdrematypphertyicr phapanenefg@- biesa(B- srbadiydtidns- (4 10
naleln1dophenoxy)phenyl)propane 1, 1-bis(4-(4-
mal ei mi dopher(éum)rxg]emgemtmocaﬁethm 4ypeclpdeseds ddme-special feature of
bi s(1, (4-mal ei mi dophenoxy) - 2-cycl ohexyl benzene, 2, 2-
quick curing properties, and are therefore desirable.
[0077] Agents formed by micro-encapsulating the
abovementioned curing agents by covering the agents with a

10 polymeric substance such as a polyurethane type polymer,
polyester type polymer or the like, a metal thin film of
nickel, copper or the like, or an inorganic substance such as
calcium silicate or the like, make it possible to extend the
usable time, and are therefore desirable.

15 [0078] Furthermore, compositions that contain a radical
polymerizable substance and a curing agent that generates
free radicals when heated are also desirable for use as the
abovementioned bonding agent composition.

[0079] The radical polymerizable substance 1is a

20 substance possessing functional groups that arc polymerized
by radicals; examples of such radical polymerizable
substances include acrylate compounds (including the
corresponding methacrylates, same below), maleimide

compounds, citraconimide resins, nadimide resins and the

25 like. These radical polymerizable substances may be used in
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bi s(4- (4-mal e i m dophenoxy) phenyl ) hexafl uoropropane and the |like. These
conpounds nmay be used singly or in 15 m xtures containing two or nore
conmpounds. [0081] The abovenenti oned citraconim de resins are resins forned
by copol yneri zing citraconi m de conpounds that have at | east on&P04-0218-00
citraconi m de group per nolecule. Exanples of citraconi m de conpounds

i ncl ude 20 phenyl citraconi m de, 1-nethyl-2,4-biscitraconi m dobenzene, N,

N -m ph enyl enebi scitraconi mde, N, N -p- phenyl enebi scitraconi m de,

N, N -4, 4- bi phenyl enebi scitraconimde, N, N -4,4-(3, 3-

di met hyl bi phe¢hyg! foreybo £ on o nacwer sriodeoilg d¥he4s - (3rthedin drepthygh odh phenyl net h
ane) bi scitraconimde, N, N -4, 4-(3, 3-

di et hyl di phemayldrel hpomdrissmiay heonsedda chnbigatiods FP04- 0215- 00

di phenyl net hanebi scitraconi m de, N, N -4,4- di phenyl propanebi scitraconi m de,
N, N - 4, 4- di pj&080Jet heilCobiretet eaammphésief acrylate compounds include

N, N - 4, 4- di phenyl sul f onebi sci traconi m de,

2, 2- bi s(4- (4methypkavinyldtmhetbyy) pterhateprispprepyd, acsybatg,3isobutyl
-s-butyl -3, 4-(4-ci traconi m dophenoxy) phenyl ) propane, 1, 1

- bi s( 4 (4- ci tacaybateri dephgheixg) pgle,m'd)fde(hamylatm; - diethylene glycol

cycl ohexyl i dene-bi s(1-(4-citraconi m dophenoxy) phenoxy)-2- eycl ohexyl benzene,
2", 2-bi s(4- (4liacrytategni m dophetoxnephyhglprdgana f| uor opr dpaerdadet he 10

| i ke. These conpounds nay be used singly or in mxtures containing tw or
nor e corrpoundstré{mealzqu'%aea]b@nerrenti datravagilatele resihshpdeoxysind- forned
by copol yneri zi ng nadi m de conpounds that have at

diacryloxypropane, 2,2-bis[4-
(acryloxymethoxy)phenyl]propane, 2,2-bis[4-
10 acryloxypolyethoxy)phenyl]propane, dicyclopentenyl

acrylate, tricyclodecanyl acrylate, tris(acryloyloxyethl)

isocyanurate, urethane acrylate and the like. These

compounds may be used singly or in mixtures containing two

or more compounds. If necessary, furthermore,

15 polymerization inhibitors such as hydroquinone,

methyletherhydroquinone and the like may also be used.

Furthermore, from the standpoint of improving the heat

resistance, it is desirable that the acrylate compounds have

at lcast one substituent group selected from a set comprising

20 dicyclopentenyl groups, tricyclodecanyl groups and triazine
rings.

Maleimide compounds are compounds that have two or

more maleimide groups per molecule; examples of such

maleimide compounds include 1-methyl-2_ 4-
25 bismaleimidobenzine, N,N’-m-phenylenebismaleimide,
N,N’-p-phenylenebismaleimide, N,N’-m-
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| east one nadi m de group per nol ecul e. Exanples of such 15 nadi m de
conpounds i ncl ude phenyl nadi m de, 1-nethyl-2,4- bisnadi m dobenzene, N, N
-m phenyl enebi snadi m de, N, N - p-phenyl enebi snadi m de,

N, N -4, 4- bi phenyl enebi snadi m de, FP04-0218-00
N, N -4, 4- (3, 3-di net hyl bi phenyl ene) bi snadi m de, N, N -4, 4-

(3, 3-di net hyl di phenyl net hane) bi snadi mde, N, N -4,4-(3,3 20

di et hyl di phenyl et hane) bi snadi m de, N, N -4, 4- di phenyl net hanebi snadi m de,
N, N -4, 4- di phenyl propanebi snadi m de, N, N -4, 4-di phenyl ether bisnadi m de,
N, N -4, 4-di phtehyilendhasaba knadide de, N2N-4 4 -biphenylenebismaleimide,

bi s(4- (4 nadi m dophenoxy) phenyl ) propane, 2,2-bis(3 -s 25

butyl -3, 4- (4-Maldi nd,db[ﬁBgBloada)mbﬁmylb}mbq:mylkand)tilsma}eﬁmﬂdeﬁadl mN,N’-
dophenoxy) phenyl ) decane, 4, 4'-cycl ohexylidene 37 FP04-0218-00

bi s(1-(4- nad|Md@br&nmmqﬂigdmphen)dmedmwhnmahmmldez Ni. N'44(4-nadi m
dophenoxy) phenyl ) hexaf| uoropropane and the like. These conpounds nay be
used singly dB,3n-drethyddeshennt mietihmne \oasoraleonet dmnpoundsN, B T-dQé3] 1f a
radi cal polynerizabl e substance which has a phosphoric acid ester structure
expressed by diphefmylmetmanebirmiadaimidenul a (1) is used in Mobbi-dadion with
t he abovenentioned radical polynerizable substances, the bondlng strength
wi th respect diphenylpropessbisimaleimidenit 10 el ect r odes (Dh&N const'kt uent

material of which is an inorganic substance or the like such as a netal or

the like) is diphensulfegebisinadeymidiee usNolN’ sdich-diphaisybnceeitber

desiraple. [bFi%Ennelljlleainlnlde, o 2,2-bis-4-(4-
maleimidophenoxy)phenyl)propane, 2,2-bis(3-s-butyl-4,8-(4-

10 maleimidophenoxy)phenyl)propane, 1,1-bis(4-(4-
maleimidophenoxy)phenyl)decane, 4,4-cyclohexylidene-
bis(1,(4-maleimidophenoxy)-2-cyclohexylbenzene, 2,2-

bis(4-(4-maleimidophenoxy)phenyl)hexafluoropropane and

the like. These compounds may be used singly or in
15 mixtures containing two or more compounds.

[0081] The abovementioned citraconimide resins are

resins formed by copolymerizing citraconimide compounds

that have at least one citraconimide group per molecule.

Examples of citraconimide compounds include
20 phenylcitraconimide, 1-methyl-2 4-biscitraconimidobenzene,
N,N’-m-phenylenebiscitraconimide, N,N’-p-
phenylenebiscitraconimide, N,N’-4,4-
biphenylenebiscitraconimide, N,N’-4.4-(3 3-
dimethylbiphenylene)biscitraconimide, N,N’-4.4-(3 3-
25 dimethyldiphenylmethane)biscitraconimide, N,N’-4,4-(3,3-
diethyldiphenylmethane)biscitraconimide, N,N'-4 4-
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OCH2CH2- G- G- C=CH2 15 In the above fornula, n indicates an integer of 1 to 3.
[ 0084] Radical polynerizable substances that have a phosphoric acid ester
structure can be obtained by reacting phosphoric anhydride and

2- hydroxynet hyl (meth)acrylate. Concrete exanples of radical polFPoe0218i00e
substances that 20 have a phosphoric acid ester structure include nono(2-
met hacryl oyl oxyet hyl ) acid phosphate, di-(2- nethacryl oyl oxyethyl) acid
phosphate and the |ike. These conpounds may be used singly or in mxtures
containing two or nore conpounds. 38 FP04-0218-00 [008 51 The anmount of the
radi cal pol yrdapiheab}len e thdrse broa thavongmadphosphori c aci d estNeNsdrdeture
expressed by the abovenentioned chemcal fornula (1) that is added is

preferably 0.diphen 1 rpgars: bug catiagianifandie eved, Nord 45 dppakanydbl ythep to 5
parts by weight) per 100 parts by weight of the sum of the radical
pol yneri zabl dischgtans nardt f iNN'fhdridoghegeisulfdn ebisa teacedimide,
necessary). [0086] The abovenentioned radical polynerizable substances can
al so be used 2,2-bos@l +{dtcotraciominaid yphe 20 xaopheatyl) propaies case2,Bhe
anmount of allyl acrylate that is added is preferably 0.1 to 10 parts by
wei ght5 (and eévisq3 aerbart ydr 8§ 4+(dbicytitaco nion 6d pphes cogy ypighy ) ) praop a0, parts by
wei ght of the sumof the radical polynerizable substance and film formng
agent (whi ch I 4 -bdsigh-(4f crtgaesgany)d o phe noasp livey Ddeicapagent  #hdr -
generates free radicals when heated is a curing agent that deconposes and
gener at es cyclohexylidene-bis(1-(4-citraconimidop enoxy)phenox;§-2-
cyclohexylbenzene, 2,2-bis(4-(4-
citraconimidophenoxy)phenyl)hexafluoropropane and the

10 like. These compounds may be used singly or in mixtures
containing two or more compounds.

[0082] The abovementioned nadimide resins are resins
formed by copolymerizing nadimide compounds that have at
least one nadimide group per molecule. Examples of such

15 nadimide compounds include phenylnadimide, 1-methyl-2 4-
bisnadimidobenzene, N ,N’-m-phenylenebisnadimide, N,N’-
p-phenylenebisnadimide, N,N'-4,4-biphenylenebisnadimide,
N,N'-4,4-(3,3-dimethylbiphenylene)bisnadimide, N,N'-4 4-
(3,3-dimethyldiphenylmethane)bisnadimide, N,N'-4,4-(3 3-

20 diethyldiphenylmethane)bisnadimide, N,N'-4 4-
diphenylmethanebisnadimide, N,N'-4 4-
diphenylpropanebisnadimide, N,N'-4 4-diphenyl ether
bisnadimide, N,N'-4 4-diphenylsulfonebisnadimide, 2,2-
bis(4-(4-nadimidophenoxy)phenyl)propane, 2,2-bis(3-s-

25 butyl-3,4-(4-nadimidophenoxy)phenyl)propane, 1,1-bis-4-(4-

nadimidophenoxy)phenyl)decane, 4 4°-cyclohexylidene-
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free radicals when this agent is heated. Exanples of such curing agents

i ncl ude peroxi de conpounds, azo type conpounds and the |ike. Such curing
agents are 20 appropriately selected in accordance with the desired
connection tenperature, connection tinme, pot life and the |ike. FRO®w0G18l06se
conpounds, organic peroxides in which the tenperature at 10 hours of the
hal f-l1ife period is 40C or greater and the tenperature at 1 mnute of the
hal f-1ife 25 period is 180C or | ess are desirable, since such peroxides

make it possible to increase the reactivity and inprove the 39 FP04-0218-00
pot life, andis(bat-aabimdophenoxjpdicnorytedpeyatahiexpatbedfeheyrs of the
hal f-l1ife period is 60C or greater and the tenperature at 1 mnute of the
hal f-1ife perd,ddbis(4-{dCnadin ieksp e rorygp hewryd )Hesiathhbeopbop@d@8] | n cases
where the connection tinme is set at 25 seconds or less, it is desirable
that the anpuntd dhe Heke abdVeeret ¢ oneploundsngnaygebe uisad issnglifedrben2 to 10
parts by weight (preferably 4 to 8 parts by weight) per 100 parts by

wei ght of thensxtumds ¢bataadingatweo by mrdreabbmpobadance 10 and fil mforming
agent (which is added if necessary) in order to obtain a sufficient
reacti®on rat 00T} her dbre, radiciad pdégineabzabldatubstanowurmhioh has @uring
agent that is added in cases where the connection tine is not limted be
0.05 to 20 pehosphyrieiaghd eptef estabcyude lexprassqhrby tye wbodotwyimer 15
100 parts by weight of the sumof the radical polynerizable substance and
film form ng cgmtcglvhifohmudaaded i usedessmr gombination with the

abovementioned radical polymerizable substances, the
bonding strength with respect to the surfaces of the circuit
10 electrodes (the constituent material of which is an inorganic
substance or the like such as a metal or the like) is improved.
Accordingly, the use of such a substance is desirable.

[Formula I]

0 o)

Ck
“ | I ) .....
HO}—P—FOCH,CHz-0—C~C=CHp| - (1)
o I -n
15 In the above formula, n indicates an integer of 1 to 3.

[0084] Radical polymerizable substances that have a
phosphoric acid ester structure can be obtained by reacting
phosphoric anhydride and 2-hydroxymethyl (meth)acrylate.
Concrete examples of radical polymerizable substances that
20 have a phosphoric acid ester structure include mono(2-
methacryloyloxyethyl) acid phosphate, di-(2-
methacryloyloxyethyl) acid phosphate and the like. These
compounds may be used singly or in mixtures containing two

or more compounds.
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[0089] In nore concrete terns, exanples of curing agents that generate free
radi cal s when heated include diacyl 20 peroxides, peroxycarbonates, peroxy
esters, peroxyketals, dialkyl peroxides, hydroperoxides, silyl peroxides and
the like. Furthernore, fromthe standpoint of suppressing corrosion of the
circuit electrodes 32 and 42, it is desirable to use a curing ad€A¢-Gi2h8-00
whi ch the concentration of chlorine 25 ions and organic acids contained in
the curing agent is 5000 ppmor less; furthernmore, a curing agent in which
the 40 FP04-0218-00 quantity of organic acids generated follow ng pyrolysis
is small is even nore desirable. In concrete terns, such curing a?ents are
sel ected frof0R&dt conh¢ si agnpundxy ofst ethe  tadidall pepokywegizable
hydr oper oxi des and silﬁlperoxides, and 5 sel ection from peroxy esters that
provi de a hi gubséapcevhaying a @hospheeicasidapster Thacibseeaxpressed curing
agent may be used in appropriate nixtunes.f[OO%&LtExanBIes_of per oxy esters
i ncl ude cunylby pBecabprementioned chemacal dermwka Ky) shayiis added is

per oxyneodecanoat e, 1-cycl ohexyl -I-met hyl et hyl peroxyneodecanoate, t-hexyl
per oxyneodecdiédeeably bbt-Qll toer 8y ambathy ~ waighs- tand astany| nbore|

per oxy-2- ethyl hexanpate, 2,5 -dinethyl-2,5-di(2 - .

et hyl hexanoy &fexgh hethdeto 15 pantrelky weightpqen 408 parss by weight

per oxy- 2- et hyl hexanoat e, t-hexyl peroxy-2-ethyl hexanoate, t-butyl.

per oxy- 2- et hwméﬁgnwme,oft thetiadigaloppil ¥smerigedls, substance and” film

1, 1- bi s(t-butyl peroxy)cycl ohexane, t-hexyl] _ peroxyisopropyl nonocarbonate,
t-butyl perodPrmmsagentistwhnedisnsdded tfnecessaryf-

[0086] The abovementioned radical polymerizable
substances can also be used in combination with allyl

10 acrylate. In this case, the amount of allyl acrylate that is
added is preferably 0.1 to 10 parts by weight (and even more
preferably 0.5 to 5 parts by weight) per 100 parts by weight
of the sum of the radical polymerizable substance and film
forming agent (which 1s added if necessary).

15 [0087] The curing agent that generates free radicals
when heated is a curing agent that decomposes and generates
free radicals when this agent is heated. Examples of such
curing agents include peroxide compounds, azo type
compounds and the like. Such curing agents are

20 appropriately selected in accordance with the desired
connection temperature, connection time, pot life and the
like. Among these compounds, organic peroxides in which
the temperature at 10 hours of the half-life period 1s 40°C or
greater and the temperature at 1 minute of the half-life

25 period is 180°C or less are desirable, since such peroxides

make it possible to increase the reactivity and improve the
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butyl peroxylaurate, 2,5-dinethyl-2,5-di(m 20 toluoyl peroxy)hexane, t-butyl
per oxyi sopropyl nonocarbonate, t-butyl peroxy-2-ethyl hexyl nonocarbonate,
t - hexyl peroxybenzoate, t-butyl peroxyacetate and the |ike. [0091] Exanples
of dial kyl peroxi des include a, a' -bis(t- butyl peroxy)diisopropyl bBEO-€RE3-00
di cunyl peroxide, 2,5 25 dinethyl -2,5-di(t-butyl peroxy)hexane, t-butylcunyl
peroxi de and the |ike. 41 FP04-0218-00 [0092] Exanpl es of hydroperoxides
i nclude diisopropyl benzene hydroperoxi de, cunmene hydroperoxide and the
| i ke. [00931 Exanples of diacyl peroxides include isobutyl 5 peroxide,
2, 4- di chl or olportz bfle, pendxo dgan X Heéroxrdewetihyiwedcddnape pempémdaurechanoyl
peroxide, lauroyl peroxide, stearoyl peroxide, succinic peroxide,
benzoyl per oxyithlhemes dfethoyhapledobe qeerdod tike6 0P Ke.orf @ieateExamgl Hee of
per oxydi carbonates include di-n- 10 propyl peroxydicarbonate, diisopropyl
per oxydi car bdamtperatoirs( 4t t1 miyhity cd brdvey halpehbe ypecardasail &0 °dl - @r
et hoxynmet hoxy peroxydi carbonate, di(2-ethyl hexyl peroxy) dicarbonate,
di met hoxybut Jesparexgdenanioseadesiraibls: net hyl - 3- met hoxybut yl per oxy)
di carbonate and the Iike. 15 [00951 Exanpl es of peroxyketals include
1, 1-bis(t- hd&Hr oxy)n3cassst whetehythey dasieseiien 11me -isi s¢t-at 25
hexyl per oxy) cycl ohexane, 1, 1-bis(t-butyl peroxy)-3,3,5 -
tri net hyl cyclseeotatee, o1, ldss,(titbusyldesioabjeythatiotheamamount of the
2, 2-bi s(t-butyl peroxy)decane and the |ike, )
abovementioned curing agent that is added be 2 to 10 parts
by weight (preferably 4 to 8 parts by weight) per 100 parts
by weight of the sum of the radical polymerizable substance
10 and film forming agent (which is added if necessary) in
order to obtain a sufficient reaction rate. Furthermore, it is
desirable that the amount of the curing agent that is added in
cases where the connection time is not limited be 0.05 to 20
parts by weight (preferably 0.1 to 10 parts by weight) per
15 100 parts by weight of the sum of the radical polymerizable
substance and film forming agent (which i1s added if
necessary).
[0089] In more concrete terms, examples of curing
agents that generate free radicals when heated include diacyl
20 peroxides, peroxycarbonates, peroxy esters, peroxyketals,
dialkylperoxides, hydroperoxides, silyl peroxides and the
like.  Furthermore, from the standpoint of suppressing
corrosion of the circuit electrodes 32 and 42, it is desirable
to use a curing agent in which the concentration of chlorine
25 ions and organic acids contained in the curing agent is 5000

ppm or less; furthermore, a curing agent in which the
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20 [0096] Exanpl es of silyl peroxides include t- butyltrimethylsilyl
peroxide, bis(t-butyl)dinmethylsilyl peroxide, t-butyltrivinylsilyl

per oxi de, bis(t- butyl)divinylsilyl peroxide, tris(t-butyl)vinylsilyl
peroxide, t-butyltriallylsilyl peroxide, bis(t-butyl)diallylsil¥P0p&L208i00e,
25 tris(t-butyl)allylsilyl peroxide and the |ike. 42 FP04-0218-00 [0097]
These curing agents nay be used singly or in mxtures containing two or
nore agents. Deconposition accelerating agents, deconposition inhibiting
agents and the I|ike may also be mxed with the conposition and used. 5
Furthernore, quanttenofipsnganed ageis sgéoeree dyfoddveringg pyhebsisuisng
agents with a pol yurethane type or polyester type polyneric substance or
the |i ke makemallpossivieinemaere eesenablhe lus gbnereiteeteransi sueht berefgre
desirable. [0098] If necessary, a filmform ng agent may al so be 10 added
to the circuidgentsnarti sgleated i fitomf 4 heepresmyirisempogierenxty. déierser m
"filmformng material" refers to a material that facilitates handling of
the film and diadlbwpehexidéd,mhwydhopecoandesl aridhr achdpesoixasetshatamd event
the film fromeasily cracking, splitting or becoming sticky in cases 15
where 3 |i quistleatistmficem pegolxiydestexs ilg)at o ilde aohsgh tneswttivtonpesi ti on
is formed into a film thus allow ng handling of the conposition as a film
under ordi nareyvesomipte assitable or fheaabh ovemenstan ed s iprge agemd) mExanpl es
of film formng materials include phenoxy resins, polyvinyl formal 20
resins, pol ydtgynead regippgoppoate/imXtr@syral resins, polyester resins,

pol yam de res[iore)sg xyl ene resins, polyurethane resins

0] Examples of  peroxy esters include cumyl
peroxyneodecanoate, 1,1,3,3-tetramethylbutyl
10 peroxyneodecanoate, l-cyclohexyl-1-methylethyl

peroxyneodecanoate, t-hexyl peroxyneodecanoate, t-butyl
peroxypivalate, 1,1,3,3-tetramethylbutyl peroxy-2-
ethylhexanoate, 2,5-dimethyl-2,5-di(2-
ethylhexanoylperoxy)hexane, I-cyclhexyl-1-methylethyl

15 peroxy-2-ethylhexanoate, t-hexyl peroxy-2-ethylhexanoate,
t-butyl peroxy-2-ethylhexanoate, t-butyl peroxyisobutyrate,
1,1-bis(t-butylperoxy)cyclohexane, t-hexyl peroxyisopropyl
monocarbonate, t-butyl peroxy-3,5,5-trimethylhexanoate, t-
butyl peroxylaurate, 2,5-dimethyl-2,5-di(m-

20 toluoylperoxy)hexane, t-butyl peroxyisopropyl
monocarbonate, t-butyl peroxy-2-ethylhexyl monocarbonate,
t-hexyl peroxybenzoate, t-butyl peroxyacetate and the like.
[0091] Examples of dialkylperoxides include o, a’-bis(t-
butylperoxy)diisopropylbenzene, dicumyl peroxide, 2,5-

25 dimethyl-2,5-di(t-butylperoxy)hexane, t-butylcumyl
peroxide and the like.
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and the |like. Anong these resins, phenoxy resins are especially desirable
since such resins are superior in terns of adhesive properties,
conpatibility, heat resistance, 25 nechanical strength and the Iike. 43
FP04- 0218-00 [0099] Phenoxy resins are resins that are obtai ned BPO40218-00
reacti on of bifunctional phenols and epihal ohydrins to a high nolecul ar
wei ght, or by the poly-addition of bifunctional epoxy resins and
bi functi onal phenol resins. For exanple, 5 phenoxy resins can be obtained by
reacting 1 nole of a bifunctional phenol and 0.985 to 1.015 noles of an
epi hal ohydri f0&92] t enexamyplesof 40ofo 120Rydmoperoxidesacti venshident in
the presence of a catalyst such as an alkali netal hydroxide or the |iKke.
Furt her nor e, diisoptopyli®eszandpdiydsopérokedepcbament divpdexperozides and
thermal characteristics of the resin, resins that are obtained by setting
t he mi xture raatd dheflikbe bifunctional epoxy resin and the bifunctional
phenol so that the rati o of epoxy groups to phenolic hydroxy groups is in
the range of [0093)] to Hxamples aﬁg dmsyhgparpeigeadanclwde r esobuowlt o
proceed by heating the reactants to a tenperature of 50 to 200C in an
organit sol ymmnoxdeh as ad,&didhloypbermdelr typeetatiale type3,5L 8¢t one
type or al cohol type solvent with a boiling point of 120C or higher in the
presence of dromethythesanhyds parosidekaloctamayl cqpmmidle or fanieyl
phosphorus conpound or cyclic am ne conpound, with the solid content of the
reaction systpanosadeat 50stgaroylby weeghkide, | esssuegidicespepeabkyddesirabl e
as phenoxy resins. i ]
benzoylperoxytoluene, benzoyl peroxide and the like.

[0094] Examples of peroxydicarbonates include di-n-
10 propyl peroxydicarbonate, diisopropyl peroxydicarbonate,
bis(4-t-butylcyclohexyl) peroxydicarbonate, di-2-
ethoxymethoxy peroxydicarbonate, di(2-ethylhexylperoxy)
dicarbonate, dimethoxybutyl peroxydicarbonate, di(3-
methyl-3-methoxybutylperoxy) dicarbonate and the like.

15 [0095] Examples of peroxyketals include 1,1-bis(t-
hexylperoxy)-3,3,5-trimethylcyclohexane, 1,1-bis(t-
hexylperoxy)cyclohexane, 1,1-bis(t-butylperoxy)-3,3,5-

trimethylcyclohexane, 1,1-(t-butylperoxy)cyclododecane,
- 2,2-bis(t-butylperoxy)decane and the like.

20 [0096] Examples of silyl peroxides include t-
butyltrimethylsilyl peroxide, bis(t-butyl)dimethylsilyl
peroxide, t-butyltrivinylsilyl peroxide, bis(t-
butyl)divinylsilyl peroxide, tris(t-butyl)vinylsilyl peroxide,
t-butyltriallylsilyl peroxide, bis(t-butyl)diallylsilyl peroxide,

25 tris(t-butyl)allylsilyl peroxide and the like.
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[ 0100] Exanpl es of the abovenentioned bifunctional 25 epoxy resins include
bi sphenol A type epoxy resins, bisphenol F type epoxy resins, bisphenol AD
type epoxy 44 FP04-0218-00 resins, bisphenol S type epoxy resins, biphenyl
glycidyl ether, nethyl-substituted biphenyl glycidyl ethers andFPhi4¢-0218406.
The abovenenti oned bifunctional phenols have two phenolic hydroxy groups;
exanpl es of such bifunctional 5 phenols include hydroqui nones and bi sphenol s
such as bi sphenol A, bisphenol F, bisphenol AD, bisphenol S, bisphenol
fluorene, nethyl- substituted bi sphenol fluorene, dl hdyroxybi phenyl,

met hyl - subst[00OREd di hylie oxybilpitepyhgeans nhay| blee.usiid phegbxyor esins nmay
al so be nodified by 10 radical polynerizable functional groups, epoxy groups
or other reantituresonpoutadsinghéwa phenoxgre eagantsmy Decamgdstraghy or in
m xtures containing two or nore resins, [0101] The circuit connecting
materi al of tavsgleesmg ageindd] deaomposatem dokibiting agentsrand Hopol yner
with 15 at | east one nononmer selected froma set conprising acrylic acid,
acrylic acidlekeemagnalser peormixetde wHdr etha heompositned @l ofised.

copol yner type acrylic rubber containing | yci dyl acrylate or glycidyl

met hactyl at e Euﬂt&uﬁ:rna@re,gnymmyeneap@mlgt@ﬁ@gentwémnmdebysccmermgh
rubbers are 20 superior in terns of stress relaxation. Fromthe standpoint
of increasi nghese ecumtrgvagentenytibhos pidynsathageagepe, ort palyeseerrabl e
that the nol ecul ar wei ght (wei ght average nol ecul ar mei%ht) of such acrylic
rubbers be 20ypso@@lymgreatsibstance or the like make it possible to

extend the usable time, and are therefore desirable.
[0098] If necessary, a film forming agent may also be
10 added to the circuit connecting material of the present
embodiment. The term “film forming material” refers to a
material that facilitates handling of the film and endows the
film with mechanical characteristics that prevent the film
from easily cracking, splitting or becoming sticky in cases
15 where a liquid substance is solidified so that the constituent
composition is formed into a film, thus allowing handling of
the composition as a film under ordinary conditions (at
ordinary temperature and pressure). Examples of film
forming materials include phenoxy resins, polyvinyl formal
20 resins, polystyrene resins, polyvinyl butyral resins, polyester
resins, pelyamide resins, xylene resins, polyurethane resins
and the like. Among these resins, phenoxy resins are
especially desirable since such resins are superior in terms
of adhesive properties, compatibility, heat resistance,

25 mechanical strength and the like.
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25 [0102] Furthernore, the circuit connecting material of the present
enbodi nent may al so contain m nute rubber 45 FP04-0218-00 particles,
fillers, softening agents, accelerators, anti-aging agents, coloring
agents, flame retarding agents, thixotropic agents, coupling agents, phenol
resins, melamine resins, isocyanates and the like. 5 [0103] SuclkPfi#92{&00
rubber particles may be any rubber particles in which the nean particle
size of the particles is equal to or less than a size that is twice the
mean particle size of the conductive particles 12 that are added, and in
whi ch the elastic nodulus at roomtenperature (25C ) is 10 equal to or |ess
t han one- hal {0089 I oomRlegmex sit tgsgne| ase iresinsdbiaisand abiaioeddbyt thve
particles 12 and bondi ng. agent conposition. In particular, the use of

ni nut e rubbereagéran @feglfun@m@raltpﬂ@enaﬂ@raimd epfihahehyslrinsitesaikigh| i cone,
an acrylic emulsion, SBR, NBR or a pal ybut adi ene rubber (with 15 these

mat eri al s beimglesetareiwneghti my yoworthe ppkywadditieanted hifygncteonel nor e
materials) is especially suitable. Three-dinensionally crosslinked m nute
rubber parti @psExyfresinssangpdifurctignali phanol gestnsf Jovaramgdest ance,
and can easily be dispersed in the honding agent conposition. 20 [0104] In
cases where tpheroxyurestvhnedni hg edhtaingd tonreasldng 11 mole tok a
connection reliability and the |ike are inproved, Accordingly, the

i ncl usi on of byibRciignal ephenoldesndanOe98Anytei |l dH raymedeasedf an|ong as
the maxi mnum particle size of this filler is _smaller than the particle size
of 25 the copudalobyshini at et temperaturpunt 40 to| 18P °Chatin @ non-

reactive solvent in the presence of a catalyst such as an
alkali metal hydroxide or the like. Furthermore, from the
10 standpoints of the mechanical characteristics and thermal
characteristics of the resin, resins that are obtained by
setting the mixture ratio of the bifunctional epoxy resin and
the bifunctional phenol so that the ratio of epoxy groups to
phenolic hydroxy groups is in the range of 1/0.9 to 1/1.1,
5 and causing a poly-addition reaction to proceed by heating
the reactants to a temperature of 50 to 200°C in an organic
solvent such as an amide type, ether type, ketone type,
lactone type or alcohol type solvent with a boiling point of
120°C or higher in the presence of a catalyst such as an
20 alkali metal compound, organic phosphorus compound or
cyclic amine compound, with the solid content of the
reaction system set at 50 parts by weight or less, are
especially desirable as phenoxy resins.
[0100] Examples of the abovementioned bifunctional
25 epoxy resins include bisphenol A type epoxy resins,

bisphenol F type epoxy resins, bisphenol AD type epoxy
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mxed is preferably 5 to 60 volunme parts per

parts of the

vol une parts

100 vol ume 46 FP04-0218-00

bondi ng agent conposition. If the amount that 1is m xed exceeds
60 volune parts, the effect in inproving the connection reliability tends
to becone saturated. On the other hand, if this anount is | ess FRo#0318-00

, the 5 effect of adding this filler tends to be insufficient.

[ 0105] Conpounds that contain vinyl groups, acrylic groups, epoxy groups or

I socyanate groups are desirable as

si nce such conpounds inprove the adhesive characteristics. 10 [0106]
abovenent i onedsiis.clbisphemelctS ngypet @peky rekins, dephiehye whatidpe

conductive particles 12 be added at _
100 vol ume pathsrofmethelahdveremts dnethibengl nglpgady | carhrasi tamb. thide
anount added may be adjusted according to the application 15 invol ved.

Furt her nore,

like or dEhet abioheemieatieonedcbifungtiafnakdjlaerols chavei two

el ectrodes and the |ike caused by an excessive amunt of conductive
particles 12plignokcdésidralye grbapst he exmmplesddédshehO.Hifuactdonal une

parts. [0107] Furthernore,

t he abovenenti oned coupling agents,

In the

the rate of 0.1 to 30 volune parts per

the filmformcircuit connecting 20 nmaterial 50

can bes nanuf gpdteneld binckidy & yabaiqumoreparatdis Hisphestwlsn suchheagi gures)
abovenentioned circuit connecting material as a coating to
the surface dfisphempdorA, ( RESpheoiglet Ryl dnephemadht AdD at &)isphielnmior St he
like), and then drying the coated support for a 25 specified tine by nmeans

to apply the

of a hot air

10

15

20

25

tdsphenod7 fluorene, methyl-substituted bisphenol fluorene,
dihdyroxybiphenyl, methyl-substituted dihydroxybiphenyl
and the like. The phenoxy resins may also be modified by
radical polymerizable functional groups, epoxy groups or
other reactive compounds. These phenoxy resins may be
used singly or in mixtures containing two or more resins.
[0101] The circuit connecting material of the present
embodiment may also contain a polymer or copolymer with
at least one monomer selected from a set comprising acrylic
acid, acrylic acid esters and acrylonitrile. Here, the
combined use of a copolymer type acrylic rubber containing
glycidyl acrylate or glycidyl methacrylate which has
glycidyl ether groups is desirable, since such rubbers are
superior in terms of stress relaxation. From the standpoint
of increasing the cohesive strength of the bonding agent, it
is desirable that the molecular weight (weight average
molecular weight) of such acrylic rubbers be 200,000 or
greater.

[0102] Furthermore, the circuit connecting material of

the present embodiment may also contain minute rubber
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FP04-0218-00 [0108] The present invention is not limted to the enbodinent
descri bed above. For exanple, in the enbodi nent descri bed above, the edge
parts of the insulating |layers are formed with a greater thickness than the
circuit 5 electrodes on the basis of the main surfaces of the ci FEO4-0218-00
boards in both the first circuit menber and second circuit nenber. However,
It would al so be possible, as shown in Fig. 6 for exanple, to formthe edge
parts 43a of the insulating |ayers 43 with a greater thickness than the
circuit 10 electrodes 42 only in the second circuit nmenber 40; furthernore,

i nsul ating | ticlesedfidbdrshestbtaverh g nagbatd, reiceleratord, rmmb@fgﬁﬂg
( Exanpl es) ?809] The content of the present invention w Il be

descri bed norgemseredkynpehgenits, titamse qfetaxdmmgeagemg/e\thnxottmpm esent
invention is not limted to these exanples. (Manufacture of Conductive

Particles) [@pkditsTheoapdenpodigentsl, edrotush | vesipart incébsmhiaee telyens20 nean
particle sizes and hardness values shown in Table | and Table 2 were
obt ai ned by vsoyvagatée anikthedikati o of tetranethyl ol net hane
tetraacryl ate, divinylbenzene and a styrene nononer, perform ng suspension
pol yne¥ i zati 6108 ng (Sarcdoyimipetexiulebes papotlesrmast iben dny tiebber and
25 classifying the polyners thus obtai ned. 48 4FP04-0218-00 [01111 The
respective cqarthddisesn twhschbtlat me¢ameparticle size of the particles is

equal to or less than a size that is twice the mean particle

size of the conductive particles 12 that are added, and in

which the elastic modulus at room temperature (25°C ) is

10 equal to or less than one-half the room temperature elastic
modulus of the conductive particles 12 and bonding agent
composition. In particular, the use of minute rubber
particles in which the material of the particles is silicone, an
acrylic emulsion, SBR, NBR or a polybutadiene rubber (with

15 these materials being used either singly or in mixtures
containing two or more materials) is especially suitable.
Three-dimensionally crosslinked minute rubber particles of
this type are superior in terms of solvent resistance, and can
easily be dispersed in the bonding agent composition.

20 [0104] In cases where the circuit connecting material
contains a filler, the connection reliability and the like are
tmproved. Accordingly, the inclusion of such a filler is
desirable. Any filler may be used, as long as the maximum
particle size of this filler is smaller than the particle size of

25 the conductive particles 12. The amount of filler that is

mixed is preferably 5 to 60 volume parts per 100 volume
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plated with an electroless NI plating or an electroless Ag plating. The
desired conductive particles No. 1, 3, 5 through 7 and 10 through 12 were
obtai ned by varying the plating 5 thickness according to the amounts of
ingredients in the plating solution and the treatnent tenperaturFeoandigine
in the plating treatnent. Furthernore, the desired conductive particles
No. 2, 4, 8, 9, 13 and 14 were obtained by the further substitution plating
of Au on conductive particles 10 plated with Ni. Mreover, the desired
conductive particles No. 15 through 17 were obtained by the further

substitution pa@rh@tdflghefbaﬁddngca@@mt ceempasitiches 14l diechmicimNthathe
u

pl ati ng thi cknesses of the conductive particles thus obtained are also

shown in Tablie miaed Baveeds Gurtbhimer @arity, theTalffect iandmigkdeirdg t he
har dness val ues are expressed in GPa, which are S1 units. For reference,

49 P04 0216-00. Copfict | ve MEAN Partlcle N  plat ng A prating Al prating
Har dness of paherchand, ze ohicamothitckoeksst bhakndssolume parts, the
5 effect of adding this filler tends to be insufficient.
[0105] Compounds that contain vinyl groups, acrylic
groups, epoxy groups or isocyanate groups are desirable as
the abovementioned coupling agents, since such compounds
improve the adhesive characteristics.

10 [0106] In the abovementioned circuit connecting material,
it is desirable that the conductive particles 12 be added at
the rate of 0.1 to 30 volume parts per 100 volume parts of
the abovementioned bonding agent composition. The
amount added may be adjusted according to the application

15 involved. Furthermore, in order to the short-circuiting of
adjacent circuit electrodes and the like caused by an
excessive amount of conductive particles 12, 1t is desirable
that the amount added be 0.1 to 10 volume parts.

[0107] Furthermore, the film-form circuit connecting

20 material 50 can be manufactured by using a coating
apparatus (not shown in the figures) to apply the
abovementioned circuit connecting material as a coating to
the surface of a support (PET (polyethylene terephthalate)
film or the like), and then drying the coated support for a

25 specified time by means of a hot air draft.
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t hi ckness conductive No.body / nmi nml nnparticles / um Gpa (Kgf/mR)

15100- - - - - - 4.903 (500) 2575254, 4413(450) 35---80---5.394 (550)
4175- - - 254. 903 (500) 5530- - - - - - 4.903 (500) 65100- - - - - - 1.177(120)
75100- - - - - - 7.845(800) 8575---251. 471(150) 9575---257. 355(750)  FP04-0218-00

105---80---0.981(100) 115---80---8.336(850) 12130---5.884 (600)

13175251. 177(120) 14175---2510.787(1100) Table 2 Mean particl eHardness of
conductivesi ze of coreN platingPd platingconductive

particl ebodyt hi cknesst hi cknessparticles No.uml nm nnR2 Gpa(Kgf/ nm

15575254. 441304%9®] 16578260 .;A&ke1A0) 1ilvenb2hy . 395 d0) 1imited to the
embodiment described above. For example, in the
embodiment described above, the edge parts of the insulating
layers are formed with a greater thickness than the circuit

5 electrodes on the basis of the main surfaces of the circuit
boards in both the first circuit member and second circuit
member. However, it would also be possible, as shown in
Fig. 6 for example, to form the edge parts 43a of the
insulating layers 43 with a greater thickness than the circuit

10 electrodes 42 only in the second circuit member 40,
furthermore, insulating layers need not be formed in the first

circuit member 30.

(Examples)
[0109] The content of the present invention will be
15 described more concretely below in terms of examples.

However, the present invention i1s not limited to these
examples.
(Manufacture of Conductive Particles)

[0110} The core bodies of conductive particles have the
20 mean particle sizes and hardness values shown i1n Table 1

and Table 2 were obtained by varying the mixture ratio of

tetramethylolmethane tetraacrylate, divinylbenzene and a

styrene monomer, performing suspension polymerization

using benzoyl peroxide as a polymerization initiator, and

25 classifying the polymers thus obtained.
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(Exanmpl e 1) [0112] 50 g of a phenoxy resin (commercial name: PKHC

manuf actured by Union Carbide K K., average nolecul ar wei ght 45,6000) was

di ssolved in a m xed solvent 10 of toluene/ethyl acetate (= 50/50 in terns
of weight ratio), thus producing a solution with a solid contenFP04-0208@0%
[0113] Next, 30 g of a phenoxy resin, 30 g of a bisphenol A type epoxy
resin and 40 g of Novacure (conmmercial name 3941HPS, nmanufactured by

Asahi -Ciba K K. ) used as a 15 |l atent curing agent for the epoxy resin (all
amounts here are 50 FP0O4-0215-00 given in ternms of solid content weight
ratio) were §@ddd o tTHee abespeenticonssresobodies. tkust odtavned Sveot une
parts of conductive particles No. | were further added and dispersed in
this sol utiorplpéed 10dthohnmel patitcdest e pHabnmgli og ageslectimdesist idom, thus
preparing a liquid containing a circuit connecting nmaterial. Furthernore,
the Novacur @ladulgiPSIbe démiradovemdudtovepamriekds Nwj g 3 ,afahrougla mast er
batch type curing agent in which a mcro- encapsul ated curing agent with a
mean particl & simk by thrgmgld [2nwatiec obtanmeidf ibad vanydazplthei plasiatg as t he
core, and the surface of this core is covered by a polyurethane) is

di spersed i nthitkness- Aocordisghtnolthe typeuapexpfr enignedi¢ftsidin Ndx¢, this
liquid containing a circuit connecting material was applied as a coating
(by means of patosgiswlutbonppadathe) tieatan €T tfarhpenatirea amd ckimessimf 80 gm
that had been subjected to a surface treatnment on one side, and this
coated film whe glabag érednentut dsuttheanhore aitheddasired conductive

particles No. 2, 4, 8, 9, 13 and 14 were obtained by the
further substitution plating of Au on conductive particles
10 plated with Ni. Moreover, the desired conductive particles
No. 15 through 17 were obtained by the further substitution
plating of Pd on conductive particles plated with Ni. The
plating thicknesses of the conductive particles thus obtained
are also shown in Table 1 and Table 2. Furthermore, in
15 Table 1 and Table 2, the hardness values are expressed in
GPa, which are SI units. For reference, however, data in

units of kgf/mm? are also shown in parentheses.

[Table 1]
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70C,

thus producing a filmformcircuit connecting materi al

with a

t hi ckness of 20 gm 20 (Exanple 2) [0115] The filmformcircuit connecting

mat eri al of

Exanple 2 was obtained in the same nanner as in Exanple I,

except for the fact that conductive particles 2 were used instebBH®D21$60

conductive particles 1 used in Exanple 1. 25 (Exanple 3) 51 FP04-0218-00

[0116] The filmformcircuit connecting materi al
in the sane manner as in Exanple 1,

particles 3 were used

of

Exanpl e 3 was obtai ned
except for the fact that conductive

i nstead of the conductive particles 1 used in Exanple

1. 5 (Exanpl ¢ %) [UJ.J. e Barch dLF|[f OT M CI T EUT T _conmecti Ng Matghils Ut
Exanpl e 4 was “obtais ed dige Etaecosan rﬁ( P | *gsPiahimy A Ff‘élllg ex@eptivé orf the
fact that condt¥yiVé partiwhes 4 Wé]z ne§5 1R R ad” conductésve
particles 1 Used in Exanple®™. 14 (Exanplp 0118] Tﬁe f|4 e Befrmol ricui t
connecti ng teri‘al off Exahple § wadllobthinec-in|the-sang marfiersias ijn
Exanpl e 1, except for the $act tlhat 7 5 yolume part s2of tlhet-d&RdETH | Ve
particles 1 b une harts lof THe cbndfdtive parficl s 2 B5Nbrd m xed
and di sper sef—i-nsteadof—thb—conduetivepprtictes| i tsedjin ERamilh 1
lLaaa rﬁ Tl £ 1 £ 36”7 P —== . = .l 4-:5;0‘3‘(5 0
(Exarrpl e. 6) l.UJ.J.LUd e IIIIISIUIIIIbIIi’dﬁIL uU:II_I_C_\:LIIIU fetetrtadt 1977 (1 el e 6
was obt ai ned [T the same megmer g5 Tihexape—1; - 7.845(800)
8 5 75 — 25 1.471(150)
9 5 75 —— 25 7.355(750)
5 3 p— p— 0.981(100)
11 < p— — 8.336(850)
12 1 30 s — 5.884 (600)
13 1 75 - 25 1.177(120)
14 1 75 — 25 10.787 {1100)
Table 2
Conducl:tive P*;eiazne poafrtclocrlee Ni 'pl ating|Pd .plat ing Hcaornddnuecstsi\?ef
particle thickness | thickness .
body particles
No. / nm / nm 5
/ ym / Gpa{Kgf/mm")
15 5 75 25 4.4413(450)
16 5 75 25 3.981(100)
17 5 75 25 7.355({750)

10

15

(Example 1)

[0112]

50 g of a phenoxy resin (commercial name:

PKHC, manufactured by Union Carbide K.K.,

average

molecular weight 45,000) was dissolved in a mixed solvent

of toluene/ethyl acetate (= 50/50 in terms of weight ratio),

thus producing a solution with a solid content of 40 wt%.

[0113]

Next, 30 g of a phenoxy resin, 30 g of a bisphenol

A type epoxy resin and 40 g of Novacure (commercial name

3941HPS, manufactured by Asahi-Ciba K.K.) used as a

latent curing agent for the epoxy resin (all amounts here are
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20 except for the fact that conductive particles 15 were used instead of
the conductive particles | used in Exanple 1. (Conparative Exanple 1) [0120]
The filmformcircuit connecting material of Conparative Exanple | was
obtained in the same manner as 25 in Exanple 1, except for the FRO4-02h&DO
conductive particles 6 52 FP04-0218-00 were used instead of the conductive
particles | used in Exanple 1. (Conparative Exanple 2) [01211 The filmform
circuit connecting material of 5 Conparative Exanple 2 was obtained in the
same nmanner as in Exanple 1, except for the fact that conductive particles

6 were used givginean wirmbeofaodudt contear twelght ratsey weore Exddpletd.
(Conparative Exanple 3) 10 [0122] Afilmformcircuit connecting naterial
was obt ai nedhenabbeesnert mEme@rs@hutionExdiptthermexepgdt ¥okumbe pafrést t hat
conductive particles 8 were used instead of the conductive particles 1 used
in Exanpl e 1.0f{ Goopduatiwe pPaatpdlesd) Ntk [D138préd flivrthéor mddeduignd
connecting material was obtained in the sane manner as in Exanple 1, except
for the factdisparsedndnocttine padtitrdres perwek@0 useslumst geaktef dfhethe
conductive particles 1 used in Exanple 1. (Conparative Exanple 5) 20 [0124]
A fil s form diowdintg comgent i ngomgpesitabnywasthobt apneparmg heasalequidner as
in Exanple 1, except for the . _
containing a circuit connecting material. Furthermore, the
Novacure 3941HPS of the abovementioned latent curing
agent is a master batch type curing agent in which a micro-
encapsulated curing agent with a mean particle size of 5 pm
10 (in which a modified imidazole is used as the core, and the
surface of this core 1s covered by a polyurethane) is
dispersed in a liquid-form bisphenol F type epoxy resin.
[0114] Next, this liquid containing a circuit connecting
material was applied as a coating (by means of a coating
15 apparatus) to a PET film with a thickness of 80 pm that had
been subjected to a surface treatment on one side, and this
coated film was dried for 10 minutes by a hot air draft at
70°C, thus producing a film-form circuit connecting material
with a thickness of 20 pm.
20 (Example 2)
[0115] The film-form circuit connecting material of
Example 2 was obtained in the same manner as in Example 1,
except for the fact that conductive particles 2 were used
instead of the conductive particles 1 used in Example 1.

25 (Example 3)
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fact that conductive particles 10 were used instead of the conductive
particles 1 used in Exanple 1. (Conparative Exanple 6) 25 [0125] Afilmform
circuit connecting material was obtained in the sane manner as in Exanple

1, except for the 53 FP04-0218-00 fact that conductive parti cl esFPO4-0828-®0
used instead of the conductive particles | used in Exanple 1. (Conparative
Exanple 7) [0126] A filmformcircuit connecting material was 5 obtained in
the sane manner as in Exanple 1, except for the fact that conductive
particles 13 were used instead of the conductive particles |I used in

Exanpl e 1, (Qoigaslati vellxanil@-8dri0127dcwitl i tonhecmegr cmiateeiinegti ng
material was 10 obtained in the sane manner as in Exanple 1, except for the

fact that corkivatriple Pawtiscobsaildedwenethissdmashanhaf athea Foendpdei Ve
particles | used in Exanple 1. (Conparative Exanple 9) [012 8] Afilmform

circuit connextdeyyt natrerthal faes thft avmdoetivie pheticbee Iramare assdd
Exanpl e 1, except for the fact that conductive particles 16 were used

i nstead of thasteaddutthy e qeductivesphrtieddsih useahpheEtan(gemar ati ve
Exanple 10) [0129] Afilmformcircuit connecting material was 20 obtai ned
in thessanme manner(kFasamplExdéypl e 1, except for the fact that conductive
particles 17 were used instead of the conductive particles | used in
Exanple 1. [0117] The film-form circuit connecting material of
Example 4 was obtained in the same manner as in Example 1,
except for the fact that conductive particles 4 were used
instead of the conductive particles 1 used in Example 1.
10 (Example 5)
[0118] The film-form circuit connecting material of
Example 5 was obtained in the same manner as in Example 1,
except for the fact that 2.5 volume parts of the conductive
particles 1 and 2.5 volume parts of the conductive particles 2
15 were mixed and dispersed instead of the conductive particles
1 used in Example 1.
(Example 6)
[0119] The film-form circuit connecting material of
Example 6 was obtained in the same manner as in Example 1,
20 except for the fact that conductive particles 15 were used
instead of the conductive particles 1 used in Example 1.
(Comparative Example 1)
[0120] The film-form circuit connecting material of

Comparative Example 1 was obtained in the same manner as

25 in Example 1, except for the fact that conductive particles 6
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(Connection Resistance Evaluation Test 1) (Preparation of G rcuit Menbers)
25 [ 01301 500 copper circuits (thickness: 8 R with aline width of 9 gm
and a pitch of 30 Itmwere forned on a 54 FP04-0218-00 polyimde film
(thickness 40 gm), thus producing a flexible circuit board (twoFPayerxigRng)
as a first circuit nmenber. Furthernore, a flexible circuit board
(three-layer FPC) with a line width of 7 gmand a pitch of 30 gm which had
a 5 three-layer construction conprising a polyimde, a copper foil
(thickness 18 gm) and a bondi ng agent bonding the polyimde and copper
foil, was al swer@anukadt unstead aff ithgt condaotiverephericl¢9131judddinyhi | e,
500 indiumtin oxide (I TO circuits 10 (thickness 200 nn) with a line width
of 15 gm and Bxaintple df 30 gmwere formed on the surface of a glass
substrate (thickness 1.1 mm, and silicon nitride was vacuum deposited
bet ween the 1 TO ci(Comyparativdilbxaigsle 2obstrate, so that insulating |ayers
with a thickness of 600 nmwere 15 fornmed fromthe centers of the ITO
circuits, thydl@bduci nbhea Shnefdrm r cui¢urtenbennecComgeaniaderdl Cofcuit
Menbers) [0132] First, the bonding surfaces of the filmform circuit
conneciing mdfenmpamativedEkamply 2ofw Ex arhtlaened 12Chichsangh Maandr as
Conparative Exanples 1 through 10 were pasted onto the surface of the second
circuit menban ERaanple heaexarpt phoas shie efaudr thapgloneth¢taveSpactiatds @t 70C
and 0.5 MrPa, so that the filmformcircuit connecting materials were
were used instead of the conductive particles 1 used in
Example 1.
(Comparative Example 3)
10 [0122] A film-form circuit connecting material was
obtained in the same manner as in Example 1, except for the
fact that conductive particles 8 were used instead of the
conductive particles 1 used in Example 1.
(Comparative Example 4)
15 [0123] A film-form circuit connecting material was
obtained in the same manner as in Example 1, except for the
fact that conductive particles 9 were used instead of the
conductive particles 1 used in Example 1.
(Comparative Example 5)
20 [0124] A film-form c¢ircuit connecting material was
obtained in the same manner as in Example 1, except for the
fact that conductive particles 10 were used instead of the
conductive particles 1 used in Example 1.
(Comparative Example 6)
25 [0125] A film-form circuit connecting material was

obtained in the same¢ manner as in Example 1, except for the
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tenporarily connected to the second circuit nenber, and the 25 PET fil mwas
peel ed away. Subsequently, the two-layer FPC constituting the first circuit
menber was di sposed so 55 FP04-0218-00 that each filmformcircuit
connecting material was interposed between this two-layer FPC ahB04-H218-00
second circuit nmenber. Then, the filmformcircuit connecting material was
subjected to heating and pressing for 10 5 seconds at 180'C and 3 MPa vi a
the first circuit nmenber and second circuit nmenber. In this way, a circuit
menber connecting structure was obtained. Furthernore, the connection of
t he second cifacti thateherdwstdvehearbrades! dylerweF@Cusodstinstadadigof hehd i r st
circuit nenber was also perforned 10 in the same manner as described above,
t hus produci egpreductiveupartrehdrerd usadent BExamiplect ure. (Measurenent of
Connection Resistance) [0133] The resistance values of the circuits were
measur ed by nulti {fmparbbrve BExaingiley7 §i medi ately after 15 connecti on)
and after the circuits were held for 1000 hours in a high-tenperature
hi gh- humi di t 026 at 20’ CikmdfeBm R ¢hitghcoampatan gr emtatghialunivdis y
treatnment), for the abovenentioned circuit nenber connecting structures.
The r%esul ts chtaisadwn the kdrne samuer lasr morkexaimpitall, ec®cephdorothe
resi stance values are indicated as the sumof the nmean value for 150
resi stance pdant sthaft woarductjiscepartialesi 1S amdra useduenstead i of tthreee times
the standard deviation (x + 3<:Y). (Counting of Conductive Particles Present
on Circuit Eouduetdye)particles 1 used in Example 1
(Comparative Example 8)
[0127] A film-form circuit connecting material was
10 obtained in the same manner as in Example 1, except for the
fact that conductive particles 14 were used instead of the
conductive particles 1 used in Example 1.
(Comparative Example 9)
[0128] A film-form circuit connecting material was
15 obtained in the same manner as in Example 1, except for the
fact that conductive particles 16 were used instead of the
conductive particles 1 used in Example 1.
(Comparative Example 10)
[0129] A film-form circuit connecting material was
20 obtained in the same manner as in Example 1, except for the
fact that conductive particles 17 were used instead of the
conductive particles 1 used in Example 1.
(Connection Resistance Evaluation Test 1)
(Preparation of Circuit Members)
25 [0130] 500 copper circuits (thickness: 8 pm)} with a line

width of 9 um and a pitch of 30 um were formed on a
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25 [0134] Follow ng the connection of the circuit nenbers, the nunbers of
conductive particles that were present on the 56 FP04-0218-00 respective
circuit electrodes in the abovenenti oned connecting structures were counted
by visual inspection wusing a mcroscope. The nunbers of conduct F@4-0218-00
particles on the circuit electrodes are indicated as the nean nunbers of 5
conductive particles present on 151 electrodes. The results are shown in
Table 3. (Storage El astic Mdul us and Mean Coefficient of Thernmal Expansion
of Grcuit Connecting Menbers) L0135] It was confirmed that the storage
el astic nodulpadyififidet fomC fthiitkniesg 4Hepou),i tlyus resadrecinges flextihbe r ange
of 0.51to 0.3 GPa, and that the nean coefficient of thermal expansion was
in the range cafcalt thoaad gpwodayer tRRG) las aofmsti rdectiicomeanbicmg
materials of Exanples 1 through 6 and Conparative Exanples 1 through 10. 15
Tabl e 3 57 FRouctbrerane,Conflextibhgy sircust breandi(dhreodayere FEHpestiting
structure using three- FPC ayer FFC ConnectionConnection )
Fi | mf or nr esiastiame ewudbler 0bf ¥ egingt andeupnéeh odfcd OcpimCowbachi dracafa er
hi gh- conduct i veConnecti on(after high-conductive o
connect i ngr edhseaniaateameanstonepa cfesrpRissngnaetpahyansitde,eparcoppes
material (initial)high-on(initial)high--on / GChum dityconnected/ Qconnected
foil (thickness 18 pm) and a bonding agent bonding the
polyimide and copper foil, was also manufactured as a first
circuit member.
[0131] Meanwhile, 500 indium-tin oxide (ITO) circuits
10 (thickness 200 nm) with a line width of 15 pm and a pitch of
30 pm were formed on the surface of a glass substrate
(thickness 1.1 mm), and silicon nitride was vacuum-
deposited between the ITO circuits on this glass substrate,
so that insulating layers with a thickness of 600 nm were
15 formed from the centers of the ITO circuits, thus producing
a second circuit member.
(Connection of Circuit Members)
[0132] First, the bonding surfaces of the film-form
circuit connecting materials (width 1 mm) of Examples 1
20 through 6 and Comparative Examples 1 through 10 were
pasted onto the surface of the second circuit member. Then,
heat and pressure were applied for 5 seconds at 70°C and 0.5
MPa, so that the film-form circuit connecting materials were
temporarily connected to the second circuit member, and the
25 PET film was peeled away. Subsequently, the two-layer

FPC constituting the first circuit member was disposed so
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treatment)el ectrodesreatnent) electrodes treatnment) 1 Q nunber)/ Q nunber)

Exanpl e 11.2282. 162
Exanpl e 40. 560. 8160
61.281. 8482. 082. 648
Conpar ati ve4. 2>1086
Conpar ati ve3-8>1065
Conpar at i ve4. 0>1095

. 88 Exanpl e 20.961.5271. 261. 927 Exanple 31.121.671.62. 167
. 640. 8816 Example 51.121.76201. 62. 3220 Exanpl e

Conpar ati ve2. 0>1062. 7>106 Exanple 1 FP04-0218-00
. 0>108 Exanple 2 Conparativel. 8>1072. 6>107 Exanple 3
.4>106 Exanple 4 Conparativel. 8>1082. 6>108 Exanple 5
.8>109 Exanple 6 Conparativel .B75>10232.75>1023 Exanpl e

7 Conparative3. 75>10235. 75>1023 Exanpl e 8 Conparative7.5>108>20>108 Exanpl e

9 Conparativehat each film-form circuit connecting material was

10

15

20

25

interposed between this two-layer FPC and the second
circuit member. Then, the film-form circuit connecting
material was subjected to heating and pressing for 10
seconds at 180°C and 3 MPa via the first circuit member and
second circuit member. In this way, a circuit member
connecting structure was obtained. Furthermore, the
connection of the second circuit member and the three-layer
FPC constituting the first circuit member was also performed
in the same manner as described above, thus producing a
circuit member connecting structure.

(Measurement of Connection Resistance)
[0133] The resistance values of the circuits were
measured by multi-meter, both initially (immediately after
connection) and after the circuits were held for 1000 hours
in a high-temperature high-humidity tank at 80°C and 95%
RH (high-temperature high-humidity treatment), for the
abovementioned circuit member connecting structures. The
results are shown in Table 3. Furthermore, in Table 3, the
resistance values are indicated as the sum of the mean value
for 150 resistance points between adjacent circuits and a
value that is three times the standard deviation (x + 3c).

(Counting of Conductive Particles Present on Circuit
Electrodes)
[0134] Following the connection of the circuit members,

the numbers of conductive particles that were present on the
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Exanpl e 103. 75>107. 5>107 [0136] It was confirmed fromthe results shown in
Table 3 that the circuit nenber connecting structures using the 5 filmform
circuit connecting materials of Exanples 1 through 6 all showed a good
connection resistance initially, regardless of whether the first circuit
menber as a two-layer FPC or three-layer FPC, and that there wakPP4Kk2hs-66
alnost no rise in the connection resistance follow ng the high- 10
tenperature high-humdity treatnment. [0137] On the other hand, in the
circuit nmenber connecting structures using the filmformcircuit connecting
materials of Conparative Exanples | through 10, the initial 58 FP04-0218-00
connecti on ressptatio® vatusdliber elactindend in pahei culaoyenmbenticmsad i n t he
connection resistance followi ng the high- tenperature high-humdity

treat nent wasosursgiingowrutheres ense foounted itsy t Nosyal tovspectonol | ows:
nanely, in the 5 case of the circuit nmenber connecting structures using the
filmform ci usuhg aonmernserp et ehcanvmbetorfacanidictigeapprtaslas @ 5, 7
and 9, the hardness of the conductive particles used was too soft, so that
t he conduct i tBepatnawt eslecdsofesnare fldjlldolﬁwt@deaSItlhﬁt uachonsumbene af st ance
between the 10 facing circuit el ectrodes caused by the high-tenperature

hi gh- Huni di t wondsgtinet pasticacs epigsent par d Sdaslactradesn flile resmltsti on
resi stance followi ng the high-tenperature high- humdity treatnment. [0138]
Furt her nor e, arg shewaate babléd.circuit nmenber 15 connecting structures

using the filmformcircuit connectin%| o
(Storage Elastic Modulus and Mean Coefficient of

Thermal Expansion of Circuit Connecting Members)
[0135] It was confirmed that the storage elastic modulus
10 at 40°C following the curing treatment was in the range of
0.5 to 0.3 GPa, and that the mean coefficient of thermal
expansion was in the range of 30 to 200 ppm/°C, in the film-
form circuit connecting materials of Examples 1 through 6
and Comparative Examples 1 through 10.
15 Table 3

57



material s of Conparative Exanples
connection resistance was

initial

particles used were too hard,
conductive particles could 20 not
the connection resistance foll ow

treatnent due to the fact that the conductive particles could

SO

the fluctuations in the di stance between the

caused by the_high-tenperature

2, 4, 6, 8 and 10,
hi gh due to

25 high-hum dity treatnent.

it

appears that the
the fact that the conductive
that sufficient flattening of the
be obtai ned, and that there wafPe4-02$%00N
ng the high-tenperature high-humdity

not foll ow
facing circuit el ectrodes

( Connecti on

Resi stance E aIuatiorQT§§P”2TrF%§FPﬂﬁi 621800 %PW@ﬁ%ﬂﬁFFb@;b?“{EWﬁﬂi

| o
Menbers) [0189] In apmt€E—<htp o1 lCI,InL.II A0—got-d—bunps on%é':naon btp—arfa of
100 gm x 100| gm~anpit ch of >é§ugamandggiih% ght of PQe Mereﬁgﬁ§gbsed,

. . . N . Za (=]
silicon nitri qglnrméq acaunes| depogictad.in thecaress bgf%e@ggh; he-upps, thus
forming insyl akihng | Ayets: W t Rngnt Ni iickness pfB00. N Ti.om t He centers of
the bunps, s¢ that affirst c r@mr@qve@ﬁgﬁiﬁb; prcduc=dmmm1014 Fﬂ@ihernnre,
circuits with a thickness of éﬁﬁ'm“ wete={0 ned by nﬁf@ﬁiil r@wb el (1 TO

ot ot 10 (4 Lt RSN /
on a gl ass SUyBsSt Rt T o (1 _.r\llcgb 1+t )= "'52'116 S €orn it trt uv§ Wan
vacuum depogidedi-Befweensthe T TO:Cirjcui ts op {hies (| ass.ssub3trave, | so that
i nsul ating | elewd tth A-1f hi ‘l(nele& ofl 600 nmMvwere. f rmﬁdef ramtRe centers
I TExample 4 L 0.56 16 0.64 . 0.63 Ar16, ~ .
of t_he |TO CIFrCE =S t ||l11q2 Pt JUULII |gg a—Secotp—Ct Lt frefiper—T—5(-Cennect | on
of Circuit MEnbees)c |[UL4E} CITcuiss WENDER copneebs NQ| ST EGET UNES Wer e
Comparative
Ex‘a’mpla ! 2.0 >10 3 2.7 =10 6
C;;“gi;izi;e 4.2 >10 8 6.0 >10 8
C ti
;22;;?;‘3’9 1.8 >10 7 2.6 >10 7
C ti
Ei‘g;;‘elze 3.8 >10 6 5.4 >10 é
Co ative
522:1;1;5 1.8 >10 8 2.5 >10 g
Comparative
Exzmple . 4.0 >10 9 5.8 >10 9
C ative
g:ii;1;7 1.875 >10 23 2.75 >10 23
Comparative
Exzmple g 3.75 >10 23 5.75 >10 23
Comparative N
Exgmple 5 7.5 >10 8 >10 >10 8
C;:;T;fet il"; 1.75 >10 7 7.5 >10 7
[0136] It was confirmed from the results shown in Table
3 that the circuit member connecting structures using the
5 film-form circuit connecting materials of Examples 1
through 6 all showed a good connection resistance initially,
regardless of whether the first circuit member as a two-layer
FPC or three-layer FPC, and that there was likewise almost
no rise in the connection resistance following the high-
10 temperature high-humidity treatment.

[0137]

On

the

other

hand,

in the

circuit

member

connecting structures using the film-form circuit connecting

materials of Comparative Examples 1 through 10, the initial
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produced by connecting the first circuit nenber and second circuit menber
In the sane manner as in Evaluation Test 1, except for the fact that the
abovenentioned I C chip was used 20 as the first circuit nenber instead of a
two-1ayer FPC or three-layer FPC. (Measurenent of Connection Re§P84-82t&p0
[0142] The connection resistance was neasured by the sane nethod as in
Eval uation Test 1, both in the initial 25 stage follow ng the connection of
the circuit nmenbers, and after the test sanples were subjected to a
hi gh-tenperature 60 FP04-0218-00 hi gh-hum dity treatnment, for the connecting
structures clotmiecdoasrakstanbed alhmsewciieeht ghylansd anepattoonlan flabl e 4.
Furthernore, in Table 4, the resistance values are_ indicated as the sum of
t he mean val uesd orinl5the es¢ gnnactich paiest starsravedol bojvaognt ther chigh- and a
value that is three tines the standard deviation (x + 36). (Counting of
Conduct i ve PdeniptiaiuPeebeph-lwnoidityitreatment oves)cinipBlucos! odilng t he
connection of the circuit nenbers, 10 the nunbers of conductive particles
that were prasaspnofior Hhisrssthouight ¢orbaias faddomsiesnamehe in the
abovenenti oned connecting structures were counted by the sane nethod as in
Eval uati on Tessel ofThlee nenrisanis miembedueenugchngi stractonest neing rdwe t
el ectrodes are indicated as the nean nunbers of 15 conductive particles
present on 4diknetermdecircmid reennestinge myidenials Tall eComparative
Examples 1, 3, 5, 7 and 9, the hardness of the conductive
particles used was too soft, so that the conductive particles
could not follow the fluctuations in the distance between the
10 facing circuit electrodes caused by the high-temperature
high-humidity treatment; as a result, there was a rise in the
connection resistance following the high-temperature high-
humidity treatment.
[0138] Furthermore, in the case of the circuit member
15 connecting structures using the film-form circuit connecting
materials of Comparative Examples 2, 4, 6, 8 and 10, it
appears that the initial connection resistance was high due to
the fact that the conductive particles used were too hard, so
that sufficient flattening of the conductive particles could
20 not be obtained, and that there was a rise in the connection
resistance following the high-temperature high-humidity
treatment due to the fact that the conductive particles could
not follow the fluctuations in the distance between the
facing circuit electrodes caused by the high-temperature
25 high-humidity treatment.

(Connection Resistance Evaluation Test 2)
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FPO4-0218-00 5 Tabl e 4 Connection resistanceNunber of
Fi | mfornmConnection(after high-conductive
circuitresistancetenperatureparticles on
connecting(initial)high-hundityconnected material/ ntreatnment)eFPe4-0dtR60/
9(nunber) Exanpl e 110.45 Exanpl e 230. 24 Exanpl e 320.57 Exanpl e 440. 310
Exanpl e 560. 313 Exanpl e 630. 46 Conparative Exanpl e 1800>35 Conparative
Exanpl e 21400>36 Conpar ati ve600>37 Exanple 3 Conparative700>39 Exanple 4
Conpar at i ve1l500>36 Exanpl e 5 Conparative Exanple 62000>37
Conpar ati ve1300>3{Breparation of Circuit Members)
[0139] In an IC chip on which 40 gold bumps with a
bump area of 100 pm x 100 pum, a pitch of 200 pm and a
height of 20 pm were disposed, silicon nitride was vacuum-
5 deposited in the areas between the bumps, thus forming
insulating layers with a thickness of 600 nm from the centers
of the bumps, so that a first circuit member was produced.
[0140] Furthermore, circuits with a thickness of 200 nm
were formed by indium-tin oxide (ITO) on a glass substrate
10 (thickness 1.1 mm). Then, silicon nitride was vacuum-
deposited between the ITO circuits on this glass substrate,
so that insulating layers with a thickness of 600 nm were
formed from the centers of the ITO circuits, thus producing
a second circuit member.
15 (Connection of Circuit Members)
[0141] Circuit member connecting structures were
produced by connecting the first circuit member and second
circuit member in the same manner as in Evaluation Test 1,
except for the fact that the abovementioned IC chip was used
20 as the first circuit member instead of a two-layer FPC or
three-layer FPC.
(Mecasurement of Connection Resistance)
[0142] The connection resistance was measured by the
same method as in Evaluation Test 1, both in the initial

25 stage following the connection of the circuit members, and

after the test samples were subjected to a high-temperature

60



Exanpl e 7 Conparati ve Exanpl e 8900>315 Conparati vel200>38 Exanple 9
Conpar ati ve900>36 Exanple 10 [0144] The circuit nmenber connecting structures
using the filmformcircuit connecting naterials of Exanples 1 through 6
all showed a good connection resistance in the initial stage even in cases
where the abovenentioned IC chip was used as the first circuit hBobhéOR18-00
instead of the two-layer FPC or three-layer FPC using in Evaluation Test 1.
62 FP04-0218-00 Likewi se, it was confirnmed that there was alnost no rise in
t he connection resistance follow ng the high-tenperature high-humdity
treatment. [0145] On the other hand, as in the case of Evaluation 5 Test 1,
the circuit thaghehusonddyt i tegatmeant ur dorusthng tdennectimg orstructenes
connecting materials of Conparative Exanples 1 through 10 showed a_ high
connect i on r editainadeas idescaebedi abavest dds rasdltshaveshowaspecli ably

conspi cuous rise in the connection resistance follow ng the high- 10

t enper ature Hi.gh- iustliermorecatinenfabjo146] the wegsigtaneebeadlagsveare he use
of the circuit connecting nmaterial, circuit nenber connecting structure
and circuit nedpeateabraredhienguser oft the meaur anlwg fgr ddthaesestamee pr esent
i nvention nakes it possible to achieve

5 points between adjacent circuits and a value that is three
times the standard deviation (x + 30).
(Counting of Conductive Particles Present on Circuit
Electrodes)
[0143] Following the connection of the circuit members,
10 the numbers of conductive particles that were present on the
respective circuit electrodes 1in the abovementioned
connecting structures were counted by the same method as in
Evaluation Test 1. The numbers of conductive particles on
the circuit electrodes are indicated as the mean numbers of
15 conductive particles present on 40 electrodes. The results

are shown in Table 4.
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15 a sufficient reduction in the connection resistance between facing
circuit electrodes when facing circuit nenbers are connected to each ot her.
[0147] Furthernore, if the filmformcircuit connecting naterial of the
present invention is used, the following 20 effect is obtained FRO&ddig-oon
to the abovenentioned effects: nanely, this filmformcircuit connecting
material can easily be interposed between the first circuit nenber and
second circuit menber when these circuit menbers are connected, so that
the work of connecting the first circuit nenber and 25 second circuit
menber can edx%ible e perforned. 63 FP04-0218-00 CLAIMS 1. Acircuit

connecting m enrect—a—FHrstyetrett-t—merber in which
first circuif electrodgs and first ingsul@tinggtiayer g are ﬂ‘)ormafd ddj acent to
. . . : EI‘dZ)
5 each ot her orﬁ.ihe §e:Y surface of, affirstsistroes t Hoard. . and a decond
. . ilm=fa R o ion . f conductive :
circuit menber [h whiCh jsecapnd. circuit el®dtsrodesh- arld Second_rnsdl ating
layers are foroed ad} ¢ nt [.9,;@agh, ot heteppetdfalrsai n %%r ace of 4 second
. . ) . . O e
circuit board, w.th:at” |l east, sqie of |saiidhrimguldativng | ayers RheLng formed
such that 10|these Ilayers are thicker [t hairezamenel rcyit gjﬁg{ag?des on the
basis of sai@dl main surfdce in at |east one of @aid fifrst an Secqnd circuit
menbers, whelfet 7 ertal—contarms—a bogdi mg—aggnt—coppositilon and
T Eﬁaﬁ}_‘g'lre léll L&Y ||u|2u||uoo ] = = \J\Jd_.s. J J. U\JgJ AL, .7 “ATTu
Example 4 4 0.3 10
Example 5 © 0.3 13
Example 6 3 0.4 6
Comparative
Example 1 800 >3 >
Comparative
Example 2 1400 >3 6
Comparative
Example 3 600 >3 7
Comparative
Example 4 700 >3 2
Comparative
Example 5 1500 >3 6
Comparative
Example 6 2000 >3 7
Comparative
Example 7 1300 >3 15
Comparative
Example 8 900 >3 15
Comparative
Example 9 1200 >3 8
Comparative
>3 6
Example 10 200
[0144] The circuit member connecting structures using
5 the film-form circuit connecting materials of Examples 1

through 6 all showed a good connection resistance in the
initial stage even in cases where the abovementioned IC chip
was used as the first circuit member instead of the two-layer

FPC or three-layer FPC wusing in Evaluation Test 1.
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said material exhibits, when subjected to a curing treatnent, a storage
el astic nodule of 0.5 to 3 GPa at 40C, and a nean coefficient of thernmal
expansion of 30 to 200 20 ppmiC at from25C to 100C. 2. The circuit
connecting material according to claim1, wherein said conductikR0$parig-obes
conprise a core body nmade of an organic polyner, and a netal |ayer nade of
copper, nickel, a nickel alloy, silver or a silver alloy which 25 is forned
on the surface of said core body, and the thickness of said netal |ayer is
50 to 170 nm 64 FP04-0218-00 3. The circuit connecting material according
to claiml dnk2wiskeerdi wasaiced ndonaieat ithat prdriec vess cdmpo 86 e @riseutrer nost
| ayer made of gold or palladium and the thickness of said outernost |ayer
is 15 to 70 the Tonnddteoni rrasistamewefoilpvmperthal hglortdimperatwarey one
of claims | to 3, wherein said bonding agent conposition contains an epoxy
resin and a haghrhumndity tragémerftor sai d epoxy resin. 5. The circuit
connecting material according to an 10 one of clainms | to 3, wherein said
bondi ng agen{014&dposi Qmnthsorthiers handidiasalinpthe nease abf &£ vabsatioae, and
a curing agent which generates free radicals when heated. 6. The circuit
connect i ng ndiesti 3 ducaridenit toeaner ohenpecting ntructorss whdreithe he
glass transition 15 tenperature is 60 to 2000C as a result of the curing
treat nent, 7filmefatimcuttreaghneconngctengrimiatactdsdi o tooanparative
Examples 1 through 10 showed a high connection resistance
in the initial stage, and showed an especially conspicuous
rise in the connection resistance following the high-
10 temperature high-humidity treatment.
[0146] As was described above, the use of the circuit
connecting material, circuit member connecting structure
and circuit member connecting structure manufacturing
method of the present invention makes it possible to achieve
15 a sufficient reduction in the connection resistance between
facing circuit electrodes when facing circuit members are
connected to each other.
[0147] Furthermore, if the film-form circuit connecting
material of the present invention is used, the following
20 effect is obtained in addition to the abovementioned effects:
namely, this film-form circuit connecting material can casily
be interposed between the first circuit member and second
circuit member when these circuit members are connected,
so that the work of connecting the first circuit member and

25 second circuit member can easily be performed.
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one of clains | to 6, wherein the material further contains a filmformng
material. 20 8. The circuit connecting material according to claim?7,
wherein said filmformng nmaterial is a phenoxy resin. 9. Afilmform
circuit connecting material which is forned by form ng the circhP§4-0218-00
connecting material according 25 to any one of clains | to 8 into shape of
a film 65 FP04-0218-00 10. A circuit nenber connecting structure
conprising: a first circuit menber in which first circuit electrodes and
first insulating |ayers are fornmed adjacent to 5 each other on the main
surface of a first circuit board; a €dka&ddVS rcuit nenber in which second
circuit electrodes and second insulating |ayers are fornmed adjacent to
each ot her on the lmai n ASuefreadtofoansedong enaterial bwdrich aisd wsedh W rcuit
connecting nmenber which is disposed between the main surface of said first
circuit menbeomrrt t ae fabh sireute siesdiar ségonwhdichcufirsherdgcufitr
connecting said first and second circuit nenbers to each other; 15 at |east
some of saidelastnadengndyiers beswiptingr lassero argaformesk addgeest are
thicker than said circuit _electrodes on the basis of the main surface of
the ci¥cuit ecasdr athar an thgsmaimesvriacs o arbrsthwdrevtoheagd; and arenber s,
second circuit member in which second circuit electrodes
and second 1insulating layers are formed adjacent to each
other on the main surface of a second circuit board, with at
least some of said insulating layers being formed such that
10 these layers are thicker than said circuit electrodes on the
basis of said main surface in at least one of said first and
second circuit members,
wherein said material contains a bonding agent
composition and conductive particles which have a mean
15 particle size of 1 pm or greater but less than 10 pm, and a
hardness of 1.961 to 6.865 GPa; and
said material exhibits, when subjected to a curing
treatment, a storage elastic module of 0.5 to 3 GPa at 40°C,
and a mean coefficient of thermal expansion of 30 to 200
20 ppm/°C at from 25°C to 100°C.
2. The circuit connecting material according to
claim 1, wherein said conductive particles comprise a core
body made of an organic polymer, and a metal layer made of
copper, nickel, a nickel alloy, silver or a silver alloy which
25 is formed on the surface of said core body, and the thickness

of said metal layer is 50 to 170 nm.
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wherein said circuit connecting nmenber contains 20 an insul ating substance
and conductive particles that have a nean particle size of 1 mor greater
but less than 10 m and a hardness of 1.961 to 6.865 GPa, the storage

el astic nodule of said circuit connecting nenber at 40C is 0.5 FBOBOGE&RDO
and the nean 25 coefficient of thermal expansion of this nenber from 25C
to 100Cis 30 to 200 ppm C, and 66 FP04-0218-00 said first circuit

el ectrodes and said second circuit electrodes are electrically connected
via said conductive particles. 11. The circuit nenber connecting structure
5 according to cl &.m 10 hewwenecnitsacdnaectingi vmatariak! ascocdipgi seo a core
body nade of an_or(ilani c polynmer, and a netal |ayer nmade of copper, nickel,
a nickel all ejaimi lver 2y vahesiinvsnidl ¢ opdweittve i parftoc hesd comphiesses aif ace of
said core body, and the thickness of said netal layer is 50 to 170 nm 10
12. The cir coutensndsdr laygmetadep Segoddtor palbadouni, andahel thkigess 11,
wherein said conductive particles conprise an outernost |ayer made of gold
or palladi uaf smd phsermatnagerofs & to ot evmost layer is 15 to 70 nm 15
13. The circuit nenber connecting structure according to any one of clains
10 to 512, whereind.in tlde airevut conmpetiog) matemiathaecorddrg toommyof sai d
insulating layers are formed with a greater thickness than said circuit

el ectrodes o®nthe dfasicdavnst hé ntdn 3Iur fvaberefn saidci banding agent

composition contains an epoxy resin and a latent curing
agent for said epoxy resin.
5.  The circuit connecting material according to any
10 one of claims 1 to 3, wherein said bonding agent
composition contains a radical-polymerizable substance, and
a curing agent which generates free radicals when heated.
6. The circuit connecting material according to any

one of claims 1 to 5, wherein the glass transition

15 temperature is 60 to 200°C as a result of the curing
treatment.
7.  The circuit connecting material according to any

one of claims 1 to 6, wherein the material further contains a
film forming material.

20 8.  The circuit connecting material according to
claim 7, wherein said film forming material is a phenoxy
resin.

9. A film-form circuit connecting material which is
formed by forming the circuit connecting material according

25 to any one of claims 1 to 8 into shape of a film.
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20 board, the difference between the thickness of said at |east sone of the
insul ating layers and the thickness of the circuit electrodes is 50 to 600
nm 14. The circuit nenber connecting structure according to any one of
clains 10 to 13, wherein the glass 25 transition tenperature of FBa4-0218-00
circuit nmenber is 60 to 200C. 67 FPO4-0218-00 15. The circuit menber
connecting structure according to any one of clains 10 to 14, wherein said
insulating |ayers are constructed fromone of an organic insulating
substance, silicon dioxide and silicon nitride. 5 16. The circuit nenber
connecting structure accordinguito anmemmbenf clanmediinpo 1%strubenegen, in

at least one of said first and second circuit nmenbers, the surface area of
said circuit ceimprisiaggs is 15,000 gn2 or |ess, and the nean nunber of
conductive particles between said first 10 circuit electrodes and said
second circuit el ectrodesfirst3caorcugr eateanberl7in Thehnih cditstneciremit
connecting structure according to any one of clains 10 to 16, wherein, in
at least onelottiades fandtfimstdisegkatdngi txyers mrebEosmeshiadl jaicendi to 15
el ectrodes have a surface |ayer constructed fromgold, silver, tin, a netal
of thes pl ati rachyoodher @m theimmini suaiceeo f 18 firBteciaicuetibtoareliber connecti ng
structure according to any one of clains 10 to 17, wherein, in at |east
one of said first and sesesdnd rcancuitmenbertsr sai svlvialc wec Ad boiacadit s
constructed froman organic insulating substance, glass or silicon.

electrodes and second insulating layers are formed adjacent

to each other on the main surface of a second circuit board;

and

10 a circuit connecting member which is disposed
between the main surface of said first circuit member and
the main surface of said second circuit member for
connecting said first and second circuit members to each
other;

15 at least some of said insulating layers being
formed so that these layers are thicker than said circuit
electrodes on the basis of the main surface of the circuit
board in at least one of said first and second circuit members,

wherein said circuit connecting member contains

20 an insulating substance and conductive particles that have a
mean particle size of 1 pm or greater but less than 10 pm,
and a hardness of 1.961 to 6.865 GPa,

the storage elastic module of said circuit
connecting member at 40°C 1s 0.5 to 3 GPa, and the mean

25 coefficient of thermal expansion of this member from 25°C

to 100°C is 30 to 200 ppm/°C, and
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19. A method for manufacturing a circuit menber connecting structure which
conprises a first circuit nmenber in which first circuit el ectrodes and
first insulating |ayers 25 are forned adjacent to each other on the main
surface of a first circuit board, a second circuit nmenber in whFeb4-9ete0d
68 FP04-0218-00 circuit el ectrodes and second insulating |ayers are forned
adj acent to each other on the main surface of a second circuit board, and a
circuit connecting nenber which is disposed between the main surface of
said first circuit 5 menber and the main surface of said second circuit

menber for connectingsaadd firsst cangligtecelhetteodesi t amdnbeasd t geeaaid ot her,
at |l east sone of said insulating |ayers being forned so that these |ayers

are thicker thaousai @électrmudées elaet r @destacaliye banngcoédt heiari pasdir f ace
of the circuit board in at | east 10 one of said first and second circuit
menbers, sai domdibod veoppriisies the steps of: interposing the filmform
circuit connecting material according to claim9 between the main surface
of said first cirlduit THoard ainduthe maember f aceowhesting seaindctdbe circuit
board, and curing said circuit connecting material by the application of
heat and prescwording dai cclhinst1ndwdsemend saiidcwWdandeabiares partithes eby
connecting said first circuit nenber and said second circuit nenmber, so
that said fircstmpdiss raworeleedyodesdandfsandosgamnd piodymer elaaat rades are
electrically connected via said conductive particles. 69 _

metal layer made of copper, nickel, a nickel alloy, silver or a

silver alloy which is formed on the surface of said core body,

and the thickness of said metal layer is 50 to 170 nm.

10 12. The circuit member connecting structure
according to claim 10 or 11, wherein said conductive
particles comprise an outermost layer made of gold or
paltadium, and the thickness of said outermost layer is 15 to
70 nm.

15 13. The circuit member connecting structure
according to any one of claims 10 to 12, wherein, in the
circuit member(s) in which at least some of said insulating
layers are formed with a greater thickness than said circuit
electrodes on the basis of the main surface of said circuit

20 board, the difference between the thickness of said at least
some of the insulating layers and the thickness of the circuit
electrodes is 50 to 600 nm.

14. The circuit member connecting structure
according to any one of claims 10 to 13, wherein the glass

25 transition temperature of said circuit member is 60 to 200°C.
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15. The «circuit member connecting structure
according to any one of claims 10 to 14, wherein said
insulating layers are constructed from one of an organic
insulating substance, silicon dioxide and silicon nitride.

16. The circuit member connecting structure
according to any one of claims 10 to 15, wherein, in at least
one of said first and second circuit members, the surface

2 or less, and the

area of said circuit electrodes is 15,000 pm
mean number of conductive particles between said first
circuit electrodes and said second circuit electrodes is 3 or
greater,.

17. The circuit member connecting structure
according to any one of claims 10 to 16, wherein, in at least
one of said first and second circuit members, said circuit
electrodes have a surface layer constructed from gold, silver,
tin, a metal of the platinum group or indium tin oxide.

18. The circuit member connecting structure
according to any one of claims 10 to 17, wherein, in at least
one of said first and second circuit members, said circuit
board is constructed from an organic insulating substance,
glass or silicon.

19. A method for manufacturing a circuit member
connecting structure which comprises a first circuit member
in which first circuit electrodes and first insulating layers

are formed adjacent to each other on the main surface of a

first circuit board, a second circuit member in which second
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circuit electrodes and second insulating layers are formed
adjacent to each other on the main surface of a second
circuit board, and a circuit connecting member which is
disposed between the main surface of said first circuit
member and the main surface of said second circuit member
for connecting said first and second circuit members to each
other, at least some of said insulating layers being formed so
that these layers are thicker than said circuit electrodes on
the basis of the main surface of the circuit board in at least
one of said first and second circuit members,

sald method comprising the steps of:

interposing the film-form circuit connecting
material according to claim 9 between the main surface of
said first circuit board and the main surface of said second
circuit board, and

curing said circuit connecting material by the
application of heat and pressure via said first and second
circuit members for thereby connecting said first circuit
member and said sccond circuit member, so that said first
circuit electrodes and said second circuit electrodes are

electrically connected via said conductive particles.
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