FP0O4- 0469-00 DESCRI PTI ON Cl RCU T CONNECTI ON MATERI AL, FI LM SHAPED CIRCUI T
CONNECTI ON MATERI AL USI NG THE SAME, CIRCU T MEMBER CONNECTI ON STRUCTURE,
AND MANUFACTURI NG 5 METHOD THERECF Technical Field [0001] TheFR04s6469-00

i nvention relates to a circuit connecting material, a <circuit connecting
material filmconprising it, and a circuit nmenber connection structure and
a process for its fabrication that enploy it. 10 Background Art [0002] d ass

panels for liquid crystal displays_have |liquid crystal driving |ICs nounted
t hereon by COG (Chi p- On- @ ass) RS GRIZTION: (Chi p- On- Fl ex) nounting. In
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el ecty odes METHOR THEBEPE STV ng | Cs have narover pitohes and. smal | er

areas, Whi chﬂc uses H]f‘i conductive particles in the circuit connecting

material to eshnigak fueen adj acent circuit electrodes and thereby cause

shortin r Al so, | eakage. of the conductive 25 particles .between
ad] acent i ﬁ@bﬁﬁs e preisaas IR VAITIQs T IAtEs h TGt CoBR g MAtgHALi &) es in

the circuit connecting material. tiehj between.the 1 .
circuit connécting material film comprising it, and a circuit member

connection structure and a process for its fabrication that employ it.
10 Background Art
[0002] Glass panels for liquid crystal displays have liquid crystal
driving ICs mounted thereon by COG (Chip-On-Glass) mounting or
COF (Chip-On-Flex) mounting. In COG mounting, a circuit
connecting material containing conductive particles is used for direct
15 bonding of the liquid crystal driving IC onto the glass panel. In COF
mounting, the liquid crystal driving IC is attached to flexible tape
bearing a metal circuit, and a circuit connecting material containing
conductive particles is used for bonding thereof to the glass panel.
[0003] However, with the increasingly higher definitions of liquid
20 crystal displays in recent years, the gold bumps serving as circuit
electrodes in liquid crystal driving ICs have narrower pitches and
smaller areas, which causes the conductive particles in the circuit
connecting material to leak out between adjacent circuit electrodes and
thereby cause shorting problems. Also, leakage of the conductive
25 particles between adjacent circuit electrodes reduces the number of

conductive particles in the circuit connecting material held between the



FP04- 0469-00 gold bunps and gl ass panel, such that the electrical

resi stance between opposing circuit electrodes increases and results in poor
connection problens. [0004] This has spurred the devel opnent @pggrpledsoh or
solving such 5 problens, such as a nethod of preventing reduced bondi ng
quality in COG nounting or COF nounting by formation of an insulating
adhesi ve |l ayer on at | east one side of the circuit connecting material (see
Patent docunment 1, for exanple), or a nethod of covering the entire
surfaces of gdld lmmmpsiandvgapapanel, ssichi thiat e electiiasl registance bgtween (see
Patent docunent 2, for exanple). [Patent docunent 1] Japanese Unexam ned

Pat ent Publ iopgaising NorcuiB-elateddds [imeteanes dadunesults?in Jzpem eonneeti@mt
Publ i cati on No. 2794009 (Fig. 2). Disclosure of the Invention 15 Probl ens
to be Sol vegproblerhe | nvention [0005] However, in methods of forming an

i nsul ating adhesive |layer on one side of a circuit connecting nenber when
the bunp ar §8004] Téss hastspursad therlexalbprment ofrimeetheidsciordindvingespeln t i cl es
is increased to obtain stable connection resistance, the resulting

i nsul%ting proplems, aecthes wemethagd aafepreventing rediloed: bonding quslity In not
fully satisfactory. In nethods _of covering the entire surfaces of the
conduct i ve g cineyntingh oraf ®Hs nheunting cgﬁt fognatiopr obl am vfsulaitigased
connection resistance between opposing circuit el ectrodes occurs, naking it
i npossi bl e tadhesiyealayestemiaé leasscone cade rafsther aireuit conpeon materigl
therefore an object of the present invention to provide a cirgcuit
connecting f&deBasent decument abefomesampleluer acoietbedi 6h covering the

entire surfaces of the conductive particles with an insulating coating
10 (see Patent document 2, for example).

[Patent document 1] Japanese Unexamined Patent Publication No. H8-

279371

[Patent document 2] Japanese Patent Publication No. 2794009 (Fig. 2).

Disclosure of the Invention

15 Problems to be Solved by the Invention

[0005] However, in methods of forming an insulating adhesive layer on
one side of a circuit connecting member when the bump area is less
than 3000 pm?® and the number of conductive particles is increased to
obtain stable connection resistance, the resulting insulating property

20 between adjacent circuit electrodes is still not fully satisfactory. In
methods of covering the entire surfaces of the conductive particles with
an insulating coating, a problem of increased connection resistance
between opposing circuit electrodes occurs, making it impossible to
obtain stable electrical resistance.

25 [0006] 1t is therefore an object of the present invention to provide a

circuit connecting material that can adequately reduce connection



FP04- 0469-00 resistance between opposing circuit el ectrodes and
satisfactorily inprove the insulation property between adjacent circuit

el ectrodes, as well as a circuit connecting material film cor‘rp-?'oai_og@go@nd
a circuit nmenber connection structure and a process for its fabrication
that 5 enploy it. Means for Solving the Problens [0007] In order to achieve
the object stated above, the circuit connecting material of the invention
is provided as a circuit connecting naterial for connection of a first
circuit nmenbesistamecendetwekenr alpposing  tirchitr sélecirodes t antdesatisfitofiby med on
the main surface of a first circuit board and a second circuit nmenber

havi ng a pl ungrovy thé insulatidncproperty betveedn adpgeho cimedipelectredesj as sur f ace
of a second circuit board, with the first and second circuit el ectrodes
opposi ng easkelbtdses cithat connecting caatercdli fibmneompraing dtyanidsa ngreuit adhesi ve
conposition and covered 15 particles conprising conductive particles with
portions of mémber scorfrection struetwe andi aspretdssgfdn mts pabticatias, thaber ei n
the mass of the insulating fine particles constitutes 2/1000 to 26/ 1000 of
t he Mass of employdénductive particles. [0008] Wen the connection structure
of the circuit nmenber is obtained 20 by situating the circuit connecting
mat eri al betMeams foreSélivisg tha@robkmsid circuit nmenbers and heating and
pressing it through the first and second circuit menbers for curing

t reat nent, t[ﬁ@O?)})?mi oedercitoc dchieventter objececsiaded sabaveurthehadraudtquat el y
reduced connection resistance between the opposing circuit electrodes and
sat i sf act or copneing mpateviad af thalinvenhobds previded) axa miraiit conneatingt r odes.
[0009] If the mass of the insulating fine particles is |ess than 2/1000 of

3 material for connection of a first circuit member having a plurality of

10 first circuit electrodes formed on the main surface of a first circuit
board and a second circuit member having a plurality of second circuit
electrodes formed on the main surface of a second circuit board, with
the first and second circuit electrodes opposing each other, the circuit
connecting material comprising an adhesive composition and covered

15 particles comprising conductive particles with portions of their surfaces
covered by insulating fine particles, wherein the mass of the insulating
fine particles constitutes 2/1000 to 26/1000 of the mass of the
conductive particles.

[0008] When the connection structure of the circuit member is obtained

20 by situating the circuit connecting material between the first and
second circuit members and heating and pressing it through the first
and second circuit members for curing treatment, the obtained circuit
member connection structure has adequately reduced connection
resistance between the opposing circuit electrodes and satisfactorily

25 improved insulation between adjacent circuit electrodes.

[0009] If the mass of the insulating fine particles is less than 2/1000 of



FPO4- 0469-00 the mass of the conductive particles, the conductive particles
w Il not be adequately covered by the insulating fine particles. The
insulating property between adjacent circuit electrodes, i.e. ) _

i nsul ating property in the plane of the circuit boards, wll FﬁEEEPépg %%
unsatisfactory. On 5 the other hand, if the mass of the insulating fine
particles exceeds 26/1000 of the nass of the conductive particles, the
insulating fine particles will be excessively covering the conductive
particles. ThéSma¥d bf thedrduchivensaeried henestdidive gﬁft?élé@%ilphot he
conductive particles in the thickness direction of the circuit board when
opposi ng ci rbéuaaeqanﬂa(@eg ecbéredesy ghe iﬁﬁﬂﬁﬁ:ﬁg%é paefidies. [ Hsuldgngircuit
connecting material of the invention is alSo provided as a circuit
connecting ;p%bpé Ibelt Weef Hdjacdt Virdtit 8ldciicdesCl.eCthd iﬂmlﬁiﬁi% phepertg a
plurality of first circuit &l ectrodes formed on the main surtace of a first
circuit boaff tﬁ@ﬁ)lﬁﬂé%‘f‘ﬂié‘ citdiftubdartRRel] firyeftgeddlinsaidthytorp. oOsecond
circuit electrodes fornmed on the main surface of a second circCuit board,
with ghe finhé ether sieanl)difcthe yhisselofciheodiesilatingsiing patitleptdiReeds he
circuit connecting material conprising an adhesive conposition and covered
particles cQ&itd60 nef dondtiasd \of ther toadeastive tpartietes, | thesirafulatieg riiser f aces

covered by insulating fine particles, wherein 20 the conductive particles

have nucl ei paetiplesswill e prtydsivelyadevéries thescomfudtive pagtidlasi nTHis ne
particles constitutes 7/1000 to 86/1000 of the mass of the nuclei. [0011 ]

Wien the coryigktdsait it ineeddsed cnreéoni registandeobeie condindtiverpdrtidlys
situating this circuit connecting nmaterial between the first and 25 second

ci rcuit menertheatidckesddsi direation pofesisé rfrduit boaed gkhemeodpdsihg arieciaecond
circuit nmenbers for curing treatnent, the obtained circuit 4
10 electrodes are connected together.

[0010] The circuit connecting material of the invention is also provided
as a circuit connecting material for connection of a first circuit member
having a plurality of first circuit electrodes formed on the main surface
of a first circuit board and a second circuit member having a plurality
15 of second circuit electrodes formed on the main surface of a second
circuit board, with the first and second circuit electrodes opposing each
other, the circuit connecting material comprising an adhesive
composition and covered particles comprising conductive particles with
portions of their surfaces covered by insulating fine particles, wherein
20 the conductive particles have nuclei comprising a polymer, and the
mass of the insulating fine particles constitutes 7/1000 to 86/1000 of
the mass of the nuclei.
[0011] When the connection structure of the circuit member is obtained
by situating this circuit connecting material between the first and
25 second circuit members and heating and pressing it through the first

and second circuit members for curing treatment, the obtained circuit



FP04- 0469-00 nenber connection structure has adequately reduced connection
resi stance between the opposing circuit el ectrodes and satisfactorily

i nproved insul ati on between adjacent circuit el ectrodes. [0012Fth_GQ 9qﬁ§s
of the insulating fine particles is less than 7/1000 of 5 the nass of the
nucl ei, the conductive particles will not be adequately covered by the
insulating fine particles. The insulating property between adjacent circuit
el ectrodes, i.e. the insulating property in the plane of the circuit

boards, wi | mdérabeef coandetiomsatrusfimet biay - a@@ghb&lyotr&a@mcéchndonm&tidm nmass of
the insulating fine particles exceeds 86/1000 10 of the nmass of the nuclei,

the insul at regisfance betweetl ele vopposteg eixewis seleetrpdesvaid ngtisfactodhduct i ve
particles. This will result in ‘increased connection resistance of the

conductive pabroetdinsulatibe betWweeh ad§scatitrodruiveleetrodes. circuit board when
opposing circuit electrodes are connected together. 15 [0013] The circuit
connecting [GOEZ] & thef ntalse oftkenhswlating Bhe papriclisdedessathan 21000 of
connecting material for connection of a first circuit nenber having a
plurdlity othd mass of thanuckliether odnduét@verﬁadmulesh&ilirmm ruafleqeatebf a first
circuit board and a second circuit nenber having a plurality of second
circuit el ecoverteb Hyrtired imsulatieg nfine particles. of The sarsudati® propewtyt boar d,
with the first and second circuit el ectrodes opposing each other, the
circuit conbetwveeny athaceritatiranteléctrodesan.adhesinsalatangprepeityninatiie cover ed
particles conprising conductive particles with portions of their surfaces
covered by plend afithg ¢ircwitdzoards) wdll therefore be hmsspietidtory. gr@ui the of t he
covered particles is 97/100 to 99/100 of the 25 specific gravity of the
conduct i ve pthar hand.if[the mjssvebthe sudatime dincoparticles enceeds 86HHN) r cui t

menber is obtained 5

10 of the mass of the nuclei, the insulating fine particles will be
excessively covering the conductive particles. This will result in
increased connection resistance of the conductive particles in the
thickness direction of the circuit board when opposing -circuit
electrodes are connected together.

15 [0013] The circuit connecting material of the invention is also provided
as a circuit connecting material for connection of a first circuit member
having a plurality of first circuit electrodes formed on the main surface
of a first circuit board and a second circuit member having a plurality
of second circuit electrodes formed on the main surface of a second

20 circuit board, with the first and second circuit electrodes opposing each
other, the circuit connecting material comprising an adhesive
composition and covered particles comprising conductive particles with
portions of their surfaces covered by insulating fine particles, wherein
the specific gravity of the covered particles is 97/100 to 99/100 of the

25 specific gravity of the conductive particles.

[0014] When the connection structure of the circuit member is obtained



FP04-0469-00 by situating this circuit connecting material between the
first and second circuit nmenbers and heating and pressing it through the
first and second circuit menbers for curing treatnment, the Obg?p39§4 h I t
menber connection structure has adequately reduced connection esi stance
bet ween the opposing circuit electrodes and satisfactorily inproved

I nsul ation between adjacent circuit electrodes. [0015] If the specific
gravity of the covered particles is less than 97/100 of the specific

gravity of bhesitandugt thie eirctitctennedthsy i matdridli betweemethearfirselaasli Wil | be
excessively covering the conductive particles. 10 This will result in

i ncreased cesrmud icdreuite shahbeeeand hémir?raﬂdcpfesgingoétr though the first

t hi ckness direction of the circuit board when opposing circuit electrodes

are connect afdtegendesircid hbmberhdor vunihg tleatthent,sthecobizingd @itcuyt of t he
covered particles is greater than 99/100 of the specific gravity of the

conductive pesthbet esontidutioronsteattuve bast adeqaattby wréduoeal dmnrasdtionat el y
covered by the insulating fine particles. The insulating property between
adj adent ci redistanet es¢tmades the .oppdsieg dircuit atlecgodeoperd yafisfactarilyl ane of
the circuit boards, will therefore be unsatisfactory. [0016] In the covered

particles, improved efsilaton betwben adfift¥notirchét el2dtrode§.aces of the
conductive particles to be covered by the insulating fine particles. [0017]

I f | ess thaf0GPsolf the specificegraityt o thaceostered partidles ds less thawer ed, the
conductive particles will not be adequately covered by the insulating fine
particles, 8ddahhef thsspetificggravityeof thebeondieotivaapardtinies, 2hednselating
el ectrodes, i.e. the insulating property in the plane of the circuit
boards, wi |l finehpagices Wil ures exicessivelyr coveringnplae exbriductivenpadidless 6
10 This will result in increased connection resistance of the conductive
particles in the thickness direction of the circuit board when opposing
circuit electrodes are connected together. On the other hand, if the
specific gravity of the covered particles is greater than 99/100 of the
specific gravity of the conductive particles, the conductive particles
15 will not be adequately covered by the insulating fine particles. The
insulating property between adjacent circuit electrodes, i.e. the
insulating property in the plane of the circuit boards, will therefore be
unsatisfactory.
[0016] In the covered particles, it is preferred for 5 to 60% of the
20 surfaces of the conductive particles to be covered by the insulating fine
particles.
[0017] If less than 5% of the surfaces of the conductive particles is
covered, the conductive particles will not be adequately covered by the
insulating fine particles, and the insulating property between adjacent

25 circuit electrodes, i.e. the insulating property in the plane of the circuit

boards, will therefore be unsatisfactory as compared to when no less



FPO4- 0469-00 than 5% of the surfaces is covered. On the other hand, if nore
than 60% of the surfaces of the conductive particles is covered the
insulating fine particles will be excessively covering the co LDY69-
particles, and therefore electrical resistance in the thickneSs direction
of the circuit 5 boards wll be increased when the opposing circuit

el ectrodes are connected together, as conpared to when not greater than 60%
of the surfaces of the conductive particles is covered. [0018] The nean
particle sizhawfS%hef thesshihcegid coeerl t | Onethe otheprledrad, alfl moté 4anno 1/ 10
of the mean particle size of the conductive 10 particles. [0019] If the
nean parti cléd%iofehefsutfaees ofuhatonduttive paatitieslissovered the msuldtirsg r ange,
the surfaces of the conductive particles will be nore readily covered by

t he insul at iftnp panicleawtilldeextdssivély advermmtheeondudteve particlss, and si de of
the range, and therefore using such a circuit connecting 15 material for

f abri cati onthéredors ebadtticale ndmstanoanacthieothiskness directionl of the wirciith f urt her
i mproved insul ati on between adjacent circuit electrodes, i.e. insulation in
the @ ane ofboahds cwiltube ihoreased d@20}thél eppoding cirsultaelevgrddeseaparti cl es
are preferably conprising a polymer of a radical polynerizing substance. In
this case, chanec@d topethen ag dompare to ovieen wot Igreatedi than #ifér of the t he
surfaces of the conductive particles, and therefore using such a circuit
connecting susfiases af the condbetivapantiicles imcoverad.t nenber connection
structure will result in further inproved insulation between adjacent

circuit el ¢¢0t3hdbe imean i padiclei sizei wft ke pinswatong t faecipachiclesbanr ds. 25
[ 0021] The adhesi ve conposition preferably conprises a radical = polynerizing
subst ance apdekerablyi d@r@g@nﬂ/wmhthyemm partielgesize of the conductive
10 particles.
[0019] If the mean particle size of the insulating fine particles is within
this range, the surfaces of the conductive particles will be more readily
covered by the insulating fine particles than if the mean particle size is
outside of the range, and therefore using such a circuit connecting
15 material for fabrication of a circuit member connection structure will
result in further improved insulation between adjacent circuit
electrodes, i.e. insulation in the plane of the circuit boards.
[0020] Also, the insulating fine particles are preferably comprising a
polymer of a radical polymerizing substance. In this case, the
20 insulating fine particles will readily adhere to the surfaces of the
conductive particles, and therefore using such a circuit connecting
material for fabrication of a circuit member connection structure will
result in further improved insulation between adjacent circuit
electrodes, i.e. insulation in the plane of the circuit boards.

25 [0021] The adhesive composition preferably comprises a radical -

polymerizing substance and a curing agent which generates free



FP04-0469-00 radicals in response to heating. A circuit connecting materi al
cont ai ni ng such an adhesi ve conposition will facilitate connection between
the first and second circuit menbers during heating. [0022] The circuit
connecting material preferably also conprises a 5 filmform ngppBRLEs6Rlo0
conprising a phenoxy resin. This wll permt working of the circuit
connecting material into a filmform It will also help prevent problens
such as tearing, cracking or sticking of the circuit connecting material,
and thus facilitate handling of the circuit connecting material. 10 [0023]
The phenoxyradisals dnefrespimge hims lkeatnigecul Ar citeuitt coeneeting ethatérian a
polycyclic aromatic conpound in the nolecule. This will yield a circuit
connect i ng cantainalg siuch emcedhesive adbmpiosition conpafadhiitate ycommertionesi st ance
and nechani cal strength and so on. [0024] The pol ycyclic aromatic conpound

i s pref er abbgtweerntlenfirstimd so28id dneuitimembersduriagtheajingat erial fil m of
the invention is obtained by formng the circuit connecting material of the
i nvention i f@@22) Thencircoiti connedting | patariglr preferabplyolal snecaoptises a eari ng,
cracking or sticking of the circuit connecting material, and thus,

faci Sitate Hdmdformging materiak comprisingrmebeneyyreasan. allhisov{lbgesmitrhe
circuit nmenber_ connection, structure of the invention_is a circuit, nmenber
connecti on #arkingiof theooirgutt epnneciing material dutq a fbmoéermayilhgvidl
plurality of first circuit electrodes fornmed on the main  surface of a first
circuit boaflso helpeprventipreblemsrsuel asHgering, sTaghing0n stclangselclied circuit
el ectrodes fornmed on the main surface of a 2.':'i_ second gircult. board, and a
circuit confdEHitrgpnRActiag MmatgeHa thieedaciHaterhrndbngr ok the ciiehdt 1 r st

circuit board and.the mai.n, surface of the
connecting material.

10 [0023] The phenoxy resin preferably has a molecular structure derived
from a polycyclic aromatic compound in the molecule. This will
yield a circuit connecting material with excellent adhesion,
compatibility, heat resistance and mechanical strength and so on.

[0024] The polycyclic aromatic compound is preferably fluorene.

15 [0025] The circuit connecting material film of the invention is obtained
by forming the circuit connecting material of the invention into a film.
This will help to prevent problems such as tearing, cracking or sticking
of the circuit connecting material, and thus facilitate handling of the
circuit connecting material.

20 [0026] The circuit member connection structure of the invention is a
circuit member connection structure provided with a first circuit
member having a plurality of first circuit electrodes formed on the main
surface of a first circuit board, a second circuit member having a
plurality of second circuit electrodes formed on the main surface of a

25 second circuit board, and a circuit connecting member situated between

the main surface of the first circuit board and the main surface of the



FP04- 0469-00 second circuit board, and connecting the first and second
circuit nmenbers together with the first and second circuit el ectrodes
opposing each other, wherein the circuit connecting nenber i sSFpoapo469MH) a
cured circuit connecting nmaterial of the invention and the first circuit 5
el ectrodes and the second circuit electrodes are electrically connected

t hrough covered particles. [0027] This type of circuit nmenber connection
structure allows adequate reduction in the connection resistance between

t he opposi ngecaeind caircuidl boardydand whinhectang otheatfirst aandr s¢gonidhpirsuihg

i nsul ation 10 between adjacent circuit electrodes, [0028] Wen a_ direct
current vol magmbets trgethes wigpthe firgteand secondicircuit electrodes appesingdes, t he
resi stance val ue between the adjacent <circuit electrodes is preferably 109
52 or great €éach[otheg] vawerain dhe neitduit | connestinge membat dft cCRNPEising a

el ectrodes, i.e, _15.insulation in the plane of the circuit_boards is
extrenel y hicyrediginchdt copeeciing material i thecinventionmeand dhe darsh €dfquih
structure, it is possible to adequately prevent shorts between adj acent
circdit el e@lecéﬂuga:s and3be secondrcigpuibslectindeshare elestrigaldy ssuwegted r cui t
menbers is preferably an | C chip. 20 [0031] Also, the connection resistance
bet ween t he thy eovargdiparickest r odes and the second circuit el ectrodes is
preferably reater than Q In this type of circuit nenber connection
structure, (i rsir 'l%nt}fl-'@si@il afiEeuib e ipRBReh ppeBNeRiien r sUNEtWEe @l es, i . e.
connection rgsistance in the thickness direction of the circuit bpard, is
25 sat i sf acBEEIRYter Edlncdion [E FORNEREQN desistaneeobetwien the OPRR8INg:cond

circuit electrodes of this 9 . . e . : .
circuit  electrodes, while also satisfactorily improving insulation

10 between adjacent circuit electrodes.

[0028] When a direct current voltage of 50 V is applied between
adjacent circuit electrodes, the resistance value between the adjacent
circuit electrodes is preferably 10° © or greater.

[0029] Because insulation between adjacent circuit electrodes, i.e.

15 insulation in the plane of the circuit boards is extremely high during
operation with this circuit member connection structure, it is possible to
adequately prevent shorts between adjacent circuit electrodes.

[0030] Either or both of the first and second circuit members is
preferably an IC chip.

20 [0031] Also, the connection resistance between the first circuit
electrodes and the second circuit electrodes is preferably no greater
than 1 Q. In this type of circuit member connection structure,
connection resistance between opposing circuit electrodes, i.e.
connection resistance in the thickness direction of the circuit board, is

25 satisfactorily reduced.

[0032] Either or both of the first and second circuit electrodes of this



FP04-0469-00 circuit nenber connection structure also preferably conprises
an el ectrode surface |ayer conprising at |east one conpound sel ected from
the group conprising gold, silver, tin, platinumgroup netals ppgq-0a60430
tin oxide. 5 [0033] Also, either or both of the first and second circuit
menbers of this circuit nmenber connection structure also preferably
conprises a board surface |ayer conprising at | east one conpound sel ected
from the group conprising silicon nitride, silicone conpounds and

pol yi m de r esicnst rémbeni conhectidrer struguoe ealsbe paefersblie gimprigeh a0 bet ween
the circuit menbers and circuit connecting nenber, conpared to when the
board surf aetedteyds surdace tayter compprisingoatdeast one confpordeselecteddfront eri al s.
[0034] The process for fabrication of a circuit menmber connection structure
accor di ng t the hgraupy eomprsingmgoldesilvar,stiap platinumiagioup aneteds candtui t
connecting material of the invention between a first circuit nmenber having a
plurality ofndiunstincoxideit el ectrodes forned on the main surface of a first
circuit board and a second circuit menber having a plurality of second
circhit el e¢0033kAlsoy eshenar thoth mfi thesfirstaand secend sémpandmembenst oboar d,
with the first circuit electrode and second circuit 20 el ectrode opposing
each ot her ; thisdcizceit apestbarueomeeation stuctire alsonpetierablyne@mprises® heati ng
and pressing. [0035] By using this fabrication process it is possible to
obtain a cibeard s elayes B prisig et Jeasir enguaainpeund redecsed | fomeduced
connection resistance between opposing circuit, electrodes and adequately

25 i npr oved the\s @rewp orrasaprisiig asilisoant nigrideyi siligang: r ed@pouBdse@ndf t he

| nvention 10 | . ] . . .
polyimide resins. This will further improve the adhesive strength

10 between the circuit members and circuit connecting member, compared
to when the board surface layer does not comprise one of the
aforementioned materials.

[0034] The process for fabrication of a circuit member connection
structure according to the invention comprises: a step of situating a

15 circuit connecting material of the invention between a first circuit
member having a plurality of first circuit electrodes formed on the main
surface of a first circuit board and a second circuit member having a
plurality of second circuit electrodes formed on the main surface of a
second circuit board, with the first circuit electrode and second circuit

20 electrode opposing each other; and a step of curing the circuit
connecting material by heating and pressing.

[0035] By using this fabrication process it is possible to obtain a circuit
member connection structure with satisfactorily reduced connection
resistance between opposing circuit electrodes and adequately

25 improved insulation between adjacent circuit electrodes.

Effect of the Invention

10



FP04- 0469-00 [0036] According to the invention, it is possible to provide a
circuit connecting material which can stably produce | owresistance

el ectrical connections between opposing circuit electrodes inpgg3_gRgotama
or COF nounting and inhibit shorting between adjacent circuit electrodes, 5
as well as a circuit connecting material filmeconprising it and a circuit
menber connection structure and a process for their fabrication that enploy
it. [0037] According to the invention it is also possible to provide a
circuit cof@36] Arommding 46 thiet invientiong dhneqiossibleeto pbovideya esiecuit n
driving 1Cs 10 with narrow di stances between adjacent circuit el ectrodes,

i . e. betweerohneptngavateridl which can stably qrodaceilow-nesistanage elédtmeabnpri si ng
it and a circuit menber connection structure and a process for their

f abri cat i on conhactienplbeyween appasin®esuniipeleastragtest ineCOGNeyNtIDE P0038]

Fig. 1 is a cross-sectional view show ng an enbodi nent of a circuit nenber
connect i on §&O@Homonstingandiinhjbitshortingrhasweeoradjatent dreuit gleptradessect i onal
vi ew showi ng an exanple of a covered particle used in a, circuit cqnnecting
mat ey al ac@sruel@stacirgviti spmnectiog magral 8lmcamprising deand areircuwt ew

showi ng an enbodi nment of a circuit 20 connecting material filmaccording to
t he i nvent i dhempey.connestignestgaetuse And dapragessy Kuotheny fabgeation that
fabrication process for a circuit nenber connection structure according to
t he inventiGmPIOI?il@. 5 is a graph showing a calibration curve for

determning _th ss ratio Ain Exanples 1 and 2 ,of the invention and
Conpar ative[éQi copding, torthg. inyengioa igisalsosprasiblg te ROVIER aigitiitur ve for

determning {0 (as material with high connection reliability even in driving ICs

10 with narrow distances between adjacent circuit electrodes, i.e. between
bumps, as well as a circuit connecting material film comprising it and a
circuit member connection structure and a process for their fabrication
that employ it.
Brief Description of the Drawings

15 [0038] Fig. 1 is a cross-sectional view showing an embodiment of a
circuit member connection structure according to the invention.
Fig. 2 is a cross-sectional view showing an example of a covered
particle used in a circuit connecting material according to the invention.
Fig. 3 is a cross-sectional view showing an embodiment of a circuit

20 connecting material film according to the invention.
Fig. 4 is a cross-sectional view showing a step in a fabrication process
for a circuit member connection structure according to the invention.
Fig. 5 is a graph showing a calibration curve for determining the mass
ratio A in Examples 1 and 2 of the invention and Comparative Example

25 2.

Fig. 6 is a graph showing a calibration curve for determining the mass

11



FPO4-0469-00 ratio B in Exanples 1 and 2 of the invention and Conparative
Exanple 2. Fig. 7 is a graph showng a calibration curve for determ ning
the mass ratio Ain Exanple 3 of the invention. 5 Fig. 8 is a 0@%46?%”9
a calibration curve for determning the mass ratio B in Exanple 3 of the
invention. Fig. 9 is a pyrogramobtained as a result of pyrolysis gas
chromat ogr aphy neasurenent of the covered particles Cin Exanple 3 of the
i nvention. 10 Expl anation of Synbols [0039] 10: Circuit nmenber connection
structure, 28tiod iix HExamplesel and 2 o Sthecinventionnemd Elomparativel Exaimipldoar d
(first circuit board), 21 a: main surface, 22: circuit electrode (first
circuit ele&rode), 24,24: electrode surface layers, 30: circuit nenber
(second circuit nenber), 31: circuit 15 board (second circuit board), 31 a:
mai n surfac&ig3Z:isd graph skowing adealifrationncuryier kori determamingddile, mass boar d
surface layer, 50: covered particles, 51: conductive particles, 51x:

nucl eus, 51yatiout in Example £mﬁthe;1mfemtm,n. 52: insulating fine particles, 60:
circuit connecting nenber, 61; circuit connecting material film 20 Best
Modesd for CatigyBrig acgrapmshowing ti caliliratioo) curves tor rdsteaminiogibetmass t he
circuit connecting nateri al circuit connecting material filmconprising
it, circuit radaiddin Exenpletd of the innanitan.and process for their fabrication
according to the_ invention will now be explained. Thrqughout the draw ngs,
25 cor r espoddgng9elidnent BYIMgranbeobtdised e@st @ byeulkeof epyrelysts ngd®r al s
and will be explained only once. 12

chromatography measurement of the covered particles C in Example 3
of the invention.

10 Explanation of Symbols

[0039] 10: Circuit member connection structure, 20: circuit member
(first circuit member), 21: circuit board (first circuit board), 21a: main
surface, 22: circuit electrode (first circuit electrode), 24,24: electrode
surface layers, 30: circuit member (second circuit member), 31: circuit

15 board (second circuit board), 31a: main surface, 32: circuit electrode
(second circuit electrode), 35: board surface layer, 50: covered particles,
51: conductive particles, 51x: nucleus, 51y: outer layer, 51a: surface,
52: insulating fine particles, 60: circuit connecting member, 61: circuit
connecting material film,

20 Best Modes for Carrying Out the Invention
[0040] Preferred embodiments of the circuit connecting material,
circuit connecting material film comprising it, circuit member
connection structure and process for their fabrication according to the
invention will now be explained.  Throughout the drawings,

25 corresponding elements will be referred to by like reference numerals

and will be explained only once.

12



FP04- 0469-00 [0041] [First enbodinent] (Crcuit nmenber connection
structure) Fig. 1 is a cross-sectional view showing a first enbodi nent of a
circuit menmber connection structure (hereinafter referred to FPOKQQ%GWUU' on
5 structure”) according to the invention. The connection structure 10 of
this enbodinment is provided with a circuit nenber 20 (first circuit nenber)
and a circuit nenber 30 (second circuit menber) which are nutually
opposing, with a circuit connecting nenber 60 connecting between the
circui t menp@04 Po[Fnst emmbodimentdnmber 30. 10 [0042] The circuit menber 20 is
provided with a circuit board 21 (first circuit board) and a plurality of
circuit el e€Cireddsmembericmmectiorustructatedct r odes) fornmed on the main surface
2la of the circuit board 21. The plurality of circuit electrodes 22 are
arranged, fbig.ekasplorpss-geetionalrview shewing 2 st embodinnentcod & cimowier 30 i s
provided with a circuit 15 board 31 (second circuit board) and a plurality
of circuit meenbero@@@nggtlonsmw@r@i(&mma&emafwsd) td @sneePeatiNn mai n
surface 31la of the «circuit board 31. The plurality of circuit el ectrodes 32
are & so abtruetyee’) acgording#o she imvention.i pd hepannsetionosmagture 19peki fi ¢
exanples of circuit menbers 20,30 there may be 20 nentjoned chip parts such
as seni condtlis embadpsent dsipnoyidedhiwshoa Cirantianembesnl@(first cigatits such
as printed boards. The nmanner of _connection of, the con ecéi on. structure 10
may be connBEMBEr)yE (WP m@rxb@irp?(bzﬁp@%pgc%w %R akhnect i on
between electricgl circguits,, or connection between an -nount ed or

COF- nount edm‘vtt:uaﬁB CPPPSIBEd “altl@waﬁr%ﬁqemaectﬁmg@s QT%E .CQIELANG\bst

referably,,at | east one of the circuit nenpers 20, is an 13
P y between the circuit member 20 ané circuit mem er%OO.

10 [0042] The circuit member 20 is provided with a circuit board 21 (first
circuit board) and a plurality of circuit electrodes 22 (first circuit
electrodes) formed on the main surface 21a of the circuit board 21.
The plurality of circuit electrodes 22 are arranged, for example, in a
stripe fashion. Also, the circuit member 30 is provided with a circuit

15 board 31 (second circuit board) and a plurality of circuit electrodes 32
(second circuit electrodes) formed on the main surface 31a of the
circuit board 31. The plurality of circuit electrodes 32 are also
arranged, for example, in a stripe fashion.

[0043] As specific examples of circuit members 20,30 there may be

20 mentioned chip parts such as semiconductor chips, resistor chips or
condenser chips, or boards such as printed boards. The manner of
connection of the connection structure 10 may be connection between
an IC chip and a chip-mounting board, connection between electrical
circuits, or connection between an COF-mounted or COF-mounted IC

25 chip and a glass panel or flexible tape.

[0044] Most preferably, at least one of the circuit members 20,30 is an

13



FP04-0469-00 1C chip. [0045] The circuit electrode 22 is constructed of an
el ectrode portion 23 fornmed on the main surface 2l1a of the circuit board 21
and an electrode surface layer 24 forned on the el ectrode por {Fpg-8369JtE 5
circuit electrode 32 is |likew se constructed of an el ectrode portion 33
formed on the main surface 31 a of the circuit board 31 and an el ectrode
surface |layer 34 forned on the el ectrode portion 33. Here, each of the

el ectrode surface |ayers 24,34 is preferably conprising gold, silver, tin,

a platinum §€athppretal or indiumtin oxide (1 TO, or a combination of 10 two
or nore thereof. That js, the circuit electrodes, 22,32 eferably, each have
an el ect r odé0845} dbe clageit elactzade dbis songtrysted of | |arlv@1%Ct1‘th¢ po#ign at i num
group netal or indiumtin oxide (I1TO or a _conbinatjon of _two Qr nore

t hereof, on t3h£01an©dt%dbepmam(ﬁurﬁ®e32 a[ 004bE qimeuiti beard: 2heandramo has a
board surfac | ayer 35 on the 15 C|rc It bpar nd circuit electrode 32.
Here, the bé sue%cellay@r 24 formed oz the)| e@@ﬁgelmrﬁ@rbﬂ&c @itride,

a siljcone conmpound or. a mde resin, or. a conblnaiggn of .two, or nore

t her &bof . Th&ircust elecHodg; 3 usﬁlmmwwm%@fmd\w HAdOBUHY ace

| ayer 35 I ging.silicon tr| sil,icane co und. or ol yi m de
resin, or 2 Ea he mgm é\ﬂr 33,& (Pr@ih@ Qlﬁ‘élilégp ‘511%3 ei‘i‘:ﬂ? | ayer
35 is either ed on,the circujt hoard 31 and c electro 32 or is
attached toSH cetlaw 4 fgrpad on fetwoeq@m«redptpm@@t%de e, 81 8 ih

R e T T ey
30 01 ol rouL LB ST S R SRl RS A TR S S Bk 3 1S
10 two or more thereof. That is, the circuit electrodes 22,32 preferably
each have an electrode surface layer 24,34 comprising gold, silver, tin,
a platinum group metal or indium tin oxide (ITO), or a combination of
two or more thereof, on the electrode portion 23,33.
[0046] The circuit member 30 has a board surface layer 35 on the
15 circuit board 31 and circuit electrode 32. Here, the board surface
layer 35 is preferably comprising silicon nitride, a silicone compound
or a polyimide resin, or a combination of two or more thereof. That is,
the circuit member 30 preferably has a board surface layer 35
comprising silicon nitride, a silicone compound or a polyimide resin, or
20 a combination of two or more thereof. The board surface layer 35 is
either coated on the circuit board 31 and circuit electrode 32 or is
attached to the circuit board 31 and circuit electrode 32. The board
surface layer 35 improves the adhesive strength between the circuit
member 30 and the circuit connecting member 60.

25 [0047] When the circuit member 30 or circuit board 31 is a flexible

tape, the board surface layer 35 is preferably comprising an organic

14



FP04- 0469-00 insul ati ng substance such as a polyimde resin. \Wen the
circuit board 31 is a glass panel, the board surface |layer 35 is preferably

conprising silicon nitride, a silicone conpound, a polyimde resj I
silicone resin, or a conbination of two or nore thereof. 5 [00??]%%6@'00
circuit connecting nenber 60 is situated between the main surface 2la of
the circuit board 21 and the main surface 31la of the <circuit board 31, and
it connects together the circuit nenbers 20,30 wth the circuit el ectrodes

22, 32 opposiingilgaad Subshncd Nuch gUA! RoBﬁﬂﬂﬁét t&in e Rien6@hé sciddiHe
provided with an infsul ati ng nmenber 40 10 "and covered particles 50. The

covered par boak@s3 b4ssgerglasd Parel et ikodrd s@Taes aper B35 deqstethiably r cui t

el ectrode 22 and circuit el ectrode 32, and conpri se conductive particles 51

and i nsul at icoengrisiagralitos Imgide a silidnencmpoundna pilyihedswdiacesa 51 a of
t he conductive ‘particles 51. In this enbodinment, the mass of the insulating

fine partickiifcdnt fdsig,ansd conibigatiod AawworhidreGiepdofl he mass of the
conductive particles 51. [0049] Wth this type of connection structure 10,

the connect [0048] Thiestiandie coaheeting tthembrepd nysititatedi Hetaleent thed@gi®2, 32 i s
adequately reduced and stabilized, while the insulating property between
adj acent  cisucface 2] 2afr tresiré@it3Boarsl 94t and abeomaiy surfacev8da @D th®050] | f
the mass of the insulating fine particles 52 is |less than 2/1000 of the
mass of t he coendubbamd 3dardrid lite sohfects hgeohetu the cercmitr merhbers520,30 1 1 not
be adequately covered by the insulating fine particles 52. The insulating
property betwtenthadpacaitt eleictrodes 223 oppesig?,«azh other. t REhe icisaditit i ng
property in the plane of the circuit boards 21,31, will 25 therefore be
unsat i sf act copnecing membee6thinalsoi pravidedasithain imsulating uhemmbeg 40 ne
particles 52 exceeds 26/1000 of the mass of the 15 )
10 and covered particles 50. The covered particles 50 serve for electrical
connection between the circuit electrode 22 and circuit electrode 32,
and comprise conductive particles 51 and insulating fine particles 52
covering portions of the surfaces 5la of the conductive particles 51.
In this embodiment, the mass of the insulating fine particles 52
15 constitutes 2/1000 to 26/1000 of the mass of the conductive particles 51.
[0049] With this type of connection structure 10, the connection
resistance between the opposing circuit electrodes 22,32 is adequately
reduced and stabilized, while the insulating property between adjacent
circuit electrodes 22,32 is satisfactorily improved.
20 [0050] If the mass of the insulating fine particles 52 is less than 2/1000
of the mass of the conductive particles 51, the conductive particles 51
will not be adequately covered by the insulating fine particles 52. The
insulating property between adjacent circuit electrodes 22,32, i.e. the
insulating property in the plane of the circuit boards 21,31, will
25 therefore be unsatisfactory. On the other hand, if the mass of the

insulating fine particles 52 exceeds 26/1000 of the mass of the

15



FPO4- 0469-00 conductive particles 51, the insulating fine particles 52 w |
be excessively covering the conductive particles 51. This wll result in

i ncreased connection resistance of the conductive particles 51f§ﬂyﬁggég_00

t hi ckness direction of the circuit boards 21,31 when the opposing cirrcuit
el ectrodes 22,32 are connected together. [0051] In regard to the insul ating
property between the adjacent circuit electrodes 22,32, this connection
structure 10 preferably has a resistance val ue between the adjacent circuit

el ectrodes ZdndactivelPArtieleso51gr daf einswhiing flheephrtielesesl woili ape of 50 V
I's applied between 10 adjacent circuit electrodes 22,32. Because the

i nsul ating pixepssitgly bevudap theeconghastevd particlestS kl eThiodedl 2&ullini . e. the
insulating property in the plane of the circuit boards 21,31 is extrenely

hi gh duri ngnoreased i conngictibnt fesistance wit thecbaductineepdrtictess Suit dhe 10, it
is possible to adequately prevent shorts between the adjacent circuit 15
el ectrodes 2Rickdes§ Ofivedtiom of dghe deirouithboardsn@dt3 brwheni thearoppdsengeen t he
opposing circuit electrodes 22,32, this connection structure 10 preferably
has & conneitduneleetiiosien?@e3Deateveennedteddogethier. el ectrodes 22 and circuit
el ectrodes 32 of no greater than 1 92. In this manner of connection 20
structure 1¢006h¢ Inaegant tothe msudatang @ropexty dretwivendhp cxdjacenti eioniit
el ectrodes 22,32, i.e. the connection resistance in the thickness direction
of the circulectbadesds22323 thiscaonnectiani stactare | 10 r pdefeeably [l00632 For the
covered particles 50, the mean particle size di of the insulating fine
particl es 5Zesistancefealuplbetwesn the atjacentfcirdiat wheoiradespd? Bi2cok161 £2 do of
t he conductive particles 51. The nean particle sizes di and d, are the
average val Wisgisatemhpdenopt direetdcusrent yaltagegof i Vids applied between
10 adjacent circuit electrodes 22,32. Because the insulating property
between the adjacent circuit electrodes 22,32, i.e. the insulating
property in the plane of the circuit boards 21,31 is extremely high
during operation with this circuit member connection structure 10, it is
possible to adequately prevent shorts between the adjacent circuit
15 electrodes 22,32.
[0052] In regard to the connection resistance between the opposing
circuit electrodes 22,32, this connection structure 10 preferably has a
connection resistance between the circuit electrodes 22 and circuit
electrodes 32 of no greater than 1 Q. In this manner of connection
20 structure 10, the connection resistance between the opposing circuit
electrodes 22,32, i.e. the connection resistance in the thickness
direction of the circuit boards 21,31, can be satisfactorily reduced.
[0053] For the covered particles 50, the mean particle size d; of the
insulating fine particles 52 is preferably 1/40 to 1/10 of the mean
25 particle size d, of the conductive particles 51. The mean particle sizes

d; and d, are the average values of those obtained by measuring the
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FP04- 0469-00 |ong axes of the insulating fine particles 52 and the
conductive particles 51 observed under various types of m croscopes, upon
measurenent of ten or nore particles each. The m croscope usegggp_04 9.
observation is preferably a scanning electron mcroscope. 5 | 51 Ip t%%
mean particle size di of the insulating fine particles 52 is wthin this
range, the surfaces 51 a of the conductive particles 51 wll be nore
readily covered by the insulating fine particles 52 than if the nean

particle siZgngdiaxies ofuhsiigulatingené pastcleasd imeted cordudtice particles of
connection structure 10 will result in a further inproved insulating 10

property bet3fegbsdrivedadidezaniricqis ipes m@émdegesza.l;aﬁl meauré¢ment afi ng
property in the plane of the circuit boards 21,31. [0055] As conductive

particl es 5kehhar moreypaeicienichohed Thet aticreopeclissd fototgbrvatiods Ni, Cu
or solder, or carbon particles. The conductive particles 51 are preferably

heat - f usi bl ereférablyastanhieg. el¢dtrohimiovoktopd.l ow t he conductive particles 51
to readily deformunder heating and pressure during connection between the

circiit el e0064¢3f tRe nddan partidlbesizé di oftthe inswkatioiy finepadrttiesed? tike
conductive particles 51 and the circuit electrodes 22,32 will be increased
f or enhancedvithintigs ramge, the isabfaces 1.1 aasf theaaidutiive partickes Hiy wil hbe
particles 52 are preferably conprising a polynmer of a radical polymerizing
subst ance. Thore weadily axoveredtly thet mshbating dine fpartiokasl 82i thaof ifhéhearticl es
52 to the surfaces 51 a of the conductive particles 5 1, so that in this
nmanner of caneaw paoticlet sine dyis outkide tafethienamigat iand therpfore thisemanarr t he

adj acent circuit electrodes 25 22,32, i.e. the insulating property in the

pl ane of thefcdonnectiomostrdsture 1 Bwillceasulteirf arfurtheri improred. insnlating

10 property between the adjacent circuit electrodes 22,32, i.e. insulating
property in the plane of the circuit boards 21,31.

[0055] As conductive particles 51 there may be mentioned metal
particles made of Au, Ag, Ni, Cu or solder, or carbon particles. The
conductive particles 51 are preferably heat-fusible metal particles.

15 This will allow the conductive particles 51 to readily deform under
heating and pressure during connection between the circuit electrodes
22,32, and therefore the contact area between the conductive particles
51 and the circuit electrodes 22,32 will be increased for enhanced
connection reliability.

20 [0056] The insulating fine particles 52 are preferably comprising a
polymer of a radical polymerizing substance. This will facilitate
attachment of the insulating fine particles 52 to the surfaces 51a of the
conductive particles 51, so that in this manner of connection structure
10, the insulating property between the adjacent circuit electrodes

25 22,32, i.e. the insulating property in the plane of the circuit boards

21,31, can be further improved.
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FP04- 0469-00 [0057] Radical polynerizing substances are substances having a
functional group that polynerizes by radicals, and as such radi cal
pol ymeri zi ng substances there may be nentioned acryl ates (incl
correspondi ng net hacryl ates, same hereunder) conpounds and 5 ngﬁgpﬁpégg'oo
conpounds. The radical polynerizing substance used nmay be a nononer or
ol i goner, or a nononer and oligoner may be used in conbination. [0058] As
speci fic exanples of acrylate conpounds there may be nentioned net hyl
acryl ate, etff0pb7p®Radiedle, polyamsrdsing avbgtaices iapebytpbtantOs abaylimt ea
et hyl enegl ycol diacryl ate, diethyl eneglycol diacrylate, trinethylol propane
triacryl at e,fuhetionabtzgwhgl theithpobimetibeneby tradicdsr yhdt es sidlydadioal 1,3
-di acryl oxypropane, Z, 2-bis[4- (acryl oxynmet hoxy) phenyl ] propane, 2, 2-bi s[ 4-
(acryl oxypolp(f}?hmiz)ing@nnmiamsahem ntay bel nreenicaed aaodyteat @ncli@ing
tricycl odecanyl acrylate, tris(acryl oyl oxyethyl) isocyanurate and urethane
acryl ate. Thesespendbe usrethmcoylatey, |isame xthereandér)t woompoundse. atd
necessary, a polynerization inhibitor such as a hydroqui none or
net hyd et her hyaleomide comprundse UFkel radicabpblyheriminghsubstarepaisad may
| nprovi ng heat resistance, the acrylate conpound 20 preferably has at | east
one substi t (erd ns@icmer dr ol igomére og aomenomepand ohigodierymaypsntieed in gr oups,
tricyclodecanyl groups and triazine rings. [0059] Malein de conpounds
cont ai n two comlmmational ei mi de groups in the nolecule. As exanples of such
mal ei m de conpounds there 25 may be nentioned
1- et hyl - 2, A[BBES]mIPeﬂ spdeifen zxamplis voE mcpylaty | comepoynds dherelanay be
N, N - p- phenyl enebi smal ei mi de, NN -m 18 . )

mentioned methyl acrylate, ethyl acrylate, isopropyl acrylate, isobutyl

10 acrylate, ethyleneglycol diacrylate, diethyleneglycol diacrylate,
trimethylolpropane triacrylate, tetramethylolmethylolmethane
tetraacrylate, 2-hydroxy-1,3-diacryloxypropane, 2,2-bis[4-
(acryloxymethoxy)phenyl]propane, 2,2-bis[4-

(acryloxypolyethoxy)phenyl]propane, dicyclopentenyl acrylate,
15 tricyclodecanyl acrylate, tris(acryloyloxyethyl} isocyanurate and
urethane acrylate. These may be used alone or in mixtures of two or
more. If necessary, a polymerization inhibitor such as a hydroquinone
or methyletherhydroquinone may be used as well. From the
viewpoint of improving heat resistance, the acrylate compound
20 preferably has at least one substituent selected from the group
comprising dicyclopentenyl groups, tricyclodecanyl groups and triazine
rings.
[0059] Maleimide compounds contain two or more maleimide groups
in the molecule. As examples of such maleimide compounds there
25 may be mentioned 1-methyl-2,4-bismaleimidebenzene, N,N'-m-

phenylenebismaleimide, = N,N'-p-phenylenebismaleimide, = N,N'-m-
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FPO4- 0469-00 tolylenebisnaleimde, N N -4, 4-biphenyl enebi smal ei m de,
N, N -4,4 (3,3 -dinethyl bi phenyl ene) bi smal ei mde, N, N -4,4-(3, 31-

i met hyl di phenyl net hane) bi snal ei mide, N, N -4,4-(3,3" -
i et hyl di phenyl net hane) bi smal eimde, N, N -4,4 5 diphenylnehanegﬁg%%pgp%ﬂgg,
, N -4, 4- di phenyl pr opanebi snal ei m de,
, N -3, 3" -di phenyl sul fonebi smal ei m de, N, N -4, 4- di phenyl et herbi smal ei m de,
2-bi s(4-(4- mal ei m dephenoxy) phenyl) propane, 2, 2-bis(3-s-butyl-4,8-(4-

| ei m dephegiv) elishidleRRRANN, N 4. 40bigienéferiébismaleimide, N.N'-4,4-
mal ei m dephenoxy) phenyl ) decane, 4, 4'-cycl ohéxyl i dene-bi s(1-(4-
mal ei mdeph%BB(é@in?etﬁyPHiﬁhéﬂ cheywsnmlemdide, 2- bi s(4- (4- NN-4,4-(33-
mal ei m dephenoxy) phenyl ) hexaf | uor opr opane. These may be used "alone or in
mi xtures of diwRtleyldiBhénylnfafhe Wishaldmigbown in Fig. 2N Nwj gqadiictive
particles 51 may ° 15 possess a nucl eus 51x and an outer |ayer 51y’ forned
covering th@ieﬁﬂ/ﬂﬂi@flﬁnﬁm&ﬁfaﬂ@)ﬁisﬁ%eﬁﬂiﬁefi g. 2 is a cross-gd'ipgal view
showi ng an exanple of “a covered particle. The conductive particles 51 of
Fig. 51 may dighésyingetbenbliseildimidey N4 Uctigthend | pfopanebismalesiadde) i n Fi g.
2. 20 [0061] The nucleus 51x is conprising a polyner, and preferred
pol ymer s i noN,Nle3 Sadighenylypiésnebisplasimice, such as pol ystyr eDgN'-4,4-
pol ydi vi nyl benzene, polyacrylic acid esters, epoxy resins, phenol resins
and benzoguajgvplwémﬁet}m-bmnal@mmari ous types of rubber corh@umdé4-(duch as
styrene-but adi ene rubber and silicone rubber. Wth these as 25 the ngjor
conponent s, nleiraidepherioy)phemyldprbpeame, ous type fbis@gitnitybd,&4h as

crosslinking agents, curing agents and age inhibitors. 19

NZzZzaa

]

maleimidephenoxy)phenyl)propane, 1,1-bis(4-(4-
10 maleimidephenoxy)phenyl)decane, 4,4'-cyclohexylidene-bis(1-(4-
maleimidephenoxy)-2-cyclohexylbenzene and 2,2-bis{4-(4-

maleimidephenoxy)phenyl)hexafluoropropane. These may be used
alone or in mixtures of two or more.
[0060] Also, as shown in Fig. 2, the conductive particles 51 may

15 possess a nucleus 51x and an outer layer 51y formed covering the
surface of the nucleus 51x. Fig. 2 is a cross-sectional view showing
an example of a covered particle. The conductive particles 51 of Fig.
1 may be replaced by conductive particles 51 of the type shown in Fig.
2.

20 [0061] The nucleus S51x is comprising a polymer, and preferred
polymers include various types of plastics such as polystyrene,
polydivinylbenzene, polyacrylic acid esters, epoxy resins, phenol resins
and benzoguanamine resins, and various types of rubber compounds
such as styrene-butadiene rubber and silicone rubber. With these as

25 the major components, there may also be added various types of

additives such as crosslinking agents, curing agents and age inhibitors.
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FPO4-0469-00 1In this case, the conductive particles 51 will readily deform
under heating and pressure during connection between the circuit el ectrodes
22,32, and therefore the contact area between the conductive p |

and the circuit electrodes 22,32 will be increased for enhancegﬁﬁgﬁbﬁ894i}
connection reliability. [0062] In this enbodinent, the mass of the
insulating fine particles 52 constitutes 7/1000 to 86/1000 of the mass of
the nuclei 51x. If the mass of the insulating fine particles 52 is |ess

than 7/1000 [gf ﬂ'fiE'ec StheOEoﬁ&?ct%';?dméFe’é 59 heyifonelity Vd%tBﬁ'ht 'uﬁldéﬁ 51 will

not be adequately 1 tovered by the‘insulating fine particles 52.
i nsul ating Weﬁﬂﬁgt ] gﬁéyﬁ% AR RBhnELAi6H! Bet@lRe! fHRABRCER éﬁ%ctrbd@s the

i nsul ating propert the plane of the circuit boards 21,31, wl

therefore boums ahméftﬁéféféife thaohtiRt B8 hetiRen the ddidudbe ?ﬁrtidl@s

i nsul ating fine particles 52 exceeds 86/ 1000 of the mass of the nuclei 51x,
the insul at i919 ahidn¢hel TiRAft 'e@écﬁﬁo@@s w0l 32 b&i1eXs€ SPCr@isEdC e ehRgnéé@

conductive particles 51. This will result in increased connection

resi §§ ance anhé@n@ﬁ&éliﬁbﬂlt?. partlcl es 51 in the thickness direction of the
circuit boards 21,31 when he opposing circuit el ectrodes 22,32 are

connect ed t §00bDEIn thﬁo@%bollhﬁeﬁumhelmﬁés<olﬁ&heah@@labmgCﬁﬁ@rpa&tm&s 52

non- conductive glass, 20 ceramc, plastic or the like. Inthis case as

wel |, the copgstitites 7/0800i tol 86/ BN theemdish ofigfeonutleidex hekf iy and
pressure during connection between the circuit el ectrodes 22,32, and

theref or e t measscofitlas insulstinp dineepartidies Sonduless thapal'1 000 exf tht raags t he
circuit electrodes 22,32 will be increased for enhanced connection

ayer 51y " iade of o prec; ous metal o Rt on.Lhe ourace of Lhe ndcl ous. 5l x
20 10 covered by the insulating fine particles 52. The insulating property
between adjacent circuit electrodes 22,32, i.e. the insulating property in
the plane of the circuit boards 21,31, will therefore be unsatisfactory.
On the other hand, if the mass of the insulating fine particles 52
exceeds 86/1000 of the mass of the nuclei 51x, the insulating fine
15 particles 52 will be excessively covering the conductive particles 51.
This will result in increased connection resistance of the conductive
particles 51 in the thickness direction of the circuit boards 21,31 when
the opposing circuit electrodes 22,32 are connected together.
[0063] The nuclei 51x may also be comprising non-conductive glass,
20 ceramic, plastic or the like. In this case as well, the conductive
particles 51 will readily deform under heating and pressure during
connection between the circuit electrodes 22,32, and therefore the
contact area between the conductive particles 51 and the circuit
electrodes 22,32 will be increased for enhanced connection reliability.

25 Also, the conductive particles 51 preferably have an outer layer 51y

made of a precious metal formed on the surface of the nucleus 51x
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FPO4- 0469-00 nade of non-conductive glass, ceramc, plastic or the |ike.
[0064] In order to achieve an adequate pot life (usable life), the outer

| ayer Sly is preferably not conprising a transition nmetal such ' ,
but rather of a precious netal such as Au, Ag or a platinum grcﬁgygbﬁgpé@&

and nore preferably of Au. The conductive particles 51 may al so have the
nucl eus 51x nade of a transition netal such as NN covered by the outer
| ayer 51 y nade of a precious nmetal such as Au. [0065] The thickness of the

preci ous netahd®wFeon 8edudive %ﬁisspéﬁfaﬁii@PgYas@ﬂc oot iRO0 angstrons. This
will result in satisfactory 10 Connection resistance between the circuit

el ectrodes %@0633 THsrdled to Richievdl anBde{ute it liRYQlsably 1ifs),ftben®gtepn the

surface of a nucleus 51x conprising a transition netal such as Ni, the

thi ckness oflay&es1priegrefsrabBt abt eohfiridiaged tlahyitich pithbPkabh usaNi beast 300
angstronms. If° the thickness of the precious netal outer layer 51y is |ess

than 300 15 Gugbut gither d€fhepieicmy nReglsudhnat eu 0Aesr haplatinbiy géonip ng

m xi ng di spersion of the conductive particles 51, for exanple. Free

radi cal s canefady ahdusote® P@éfed@bliyoﬁf rApguchencoedadtien pattisless Hehget sites,
t hereby lowering the shelf |ife of the circuit connecting material. A large

t hi ckness ofalsdehang ehe | mydeud 1yl madsabfirattearidionf frtal guchhas 2Niout er
| ayer 51y, and therefore the thickness of the outer layer 51 is preferably

no greater tcowerdd biyaheretter layef3d§] mide ofad peecddugd heetabguch af Anhe mass of
the insulating fine particles 52 with respect to the mass of the conductive

ool ot ng Tine part el es oE aa i T Feseet o the mags of fha muclel Sl
(mass rati o pBgferabby ditnkpast o Gthernigstrems.onThie wik reatiltein restisfactdrpy
pyrolysis gas 21
10 connection resistance between the circuit electrodes 22,32. When a
precious metal outer layer 51y is formed on the surface of a nucleus
51x comprising a transition metal such as Ni, the thickness of lthe
precious metal outer layer 51y is preferably at least 300 angstroms. If
the thickness of the precious metal outer layer 51y is less than 300
15 angstroms, defects may occur in the outer layer 51y during mixing
dispersion of the conductive particles 51, for example. Free radicals
can form due to oxidation-reduction reaction at such defect sites,
thereby lowering the shelf life of the circuit connecting material. A
large thickness of the outer layer 51y will saturate the effect of the
20 outer layer 51y, and therefore the thickness of the outer layer 51 is
preferably no greater than 1 micrometer.
[0066] The value of the ratio of the mass of the insulating fine particles
52 with respect to the mass of the conductive particles 51 (mass ratio
A) and the value of the ratio of the mass of the insulating fine particles

25 52 with respect to the mass of the nuclei 51x (mass ratio B) according

to the invention are the wvalues measured by pyrolysis gas
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FP04- 0469-00 chromatography. Pyrolysis gas chromat ography is comonly used
for qualitative analysis of various plastic and rubber materials, and for
conpositional assay of their copolynmers and bl ends (see Sarruka\%q) 4§ 469-00
Qguri, N., "Introduction to Pyrolysis Gas Chromat ography", P121- qs Bl§g

G hodo Publishing). [0067] The present inventors have discovered that using
pyrol ysis gas chronmatography as the nethod for neasuring the values for the
mass ratio A and nass ratio B can result in satisfactory quantitation.

Accor di ng t@htrdjmait@gﬁ@hgon,wﬂ&yﬁ%o g dhHremabpephised danmdidymasedratio 10
A and mass ratio B nay be determ ned by the pyrolysis gas chromatography
cal i br ati on forqualingtivednalfsés ofiviabicarsi plasticrand tsstebr matdrials, gaddor s not
limted to a calibration curve drawn using the same material as the
conductive pampeditional assayookthrit espelynserstdiel blenidsi(séd Sanwkadwe, Kame
material as the insulating fine particles 52. It may be a 15 calibration
curve drawn Qgurig Njstlearbdugtiany ter Pefolybs e Clypmatbgraplast,i P12dubber or
radi cal - pol yneri zi ng substance. [0068] The peaks in pyrolysis gas
chr orfat ogr aghly/6y<€eidhodor Publesisnggment of the val ues of the mass ratio A and
mass ratio B are not particularly restricted and nay be the peaks for the
t hermal 20 J686%pddiet presept onventers hawe tdiscavarddcthay espeg pycolysisgas nucl ei
51x and insulating fine particles 52. Such thernmal deconposition products
are pref er aghyomiatographiysds tlee ongtheid: fammeasdringsthef values phor theymassnoner s
conposing the plastic, rubber or radical polynmerizing substances, since
thei r peaks ralibl Agiang hmeserrajimrBi cani vesulbrint satisfaatery Q@antitatiba. nass
ratio A and mass ratio B. [0069] (G rcuit connecting material) 22,
According to the invention, therefore, the values used for the mass ratio
10 A and mass ratio B may be determined by the pyrolysis gas
chromatography calibration curve method. The calibration curve used
in this case is not limited to a calibration curve drawn using the same
material as the conductive particles, the same material as the nuclei 51x
or the same material as the insulating fine particles 52. It may be a
15 calibration curve drawn using instead a polymer of the same type of
plastic, rubber or radical-polymerizing substance.
[0068] The peaks in pyrolysis gas chromatography used for
measurement of the values of the mass ratio A and mass ratio B are not
particularly restricted and may be the peaks for the thermal
20 decomposition products from the conductive particles 51, nuclei 51x
and insulating fine particles 52. Such thermal decomposition products
are preferably the thermal decomposition products of the primary
monomers composing the plastic, rubber or radical polymerizing
substances, since their peaks will give better quantitation for the values
25 of the mass ratio A and mass ratio B.

[0069] (Circuit connecting material)
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FP04- 0469-00 The circuit connecting nmenber 60 is conprising a cured product
of the circuit connecting material. The circuit connecting material will now
be explained. The circuit connecting material contains covered i

and an adhesi ve conposition. As described hereunder, the 5 cirgﬁﬁﬁﬁb48bﬁﬁ)
connecting material may also further contain a filmformng material and

ot her conponents. [0070] <Covered particles> The covered particles in the
circuit connecting material have the same construction as the

af or ement i orgk @i‘?&ﬁft%n@@&iih?'rﬁénﬁ%r G0 cé&p%ﬁ?ﬂ%’%témdgﬁbﬂh@t efthd of the

covered particles 50 are prererably added at o 30 parts by volume with

respect to EORuppESSnédtingd miterial. t The @i@'&lﬁ@b&ﬁﬁn@@ﬁﬁ%%ﬁtéﬁal wile mewact

anount of addition may be determ ned dependi ng on the purpose of use. In

order to pr %\eerﬁxgléih@ﬂti nTHeetoe@iit t benmetithae ninatériglui dorghRG! rcedesediue to

excessive 15 conductive particles 51, it is nore preferred to add the

conductive pagfitles! &%d 3h adhésitet@mPopride bAsvéésortbed Berdindeddiesi ve

conposi ti on> The adhesi ve conpositionh preferably conprises a radi cal

pol yrferi zi ngircuitbsbanceting dmateridli ntayacdss furtheh gemeimteSiltn-dormancal s in
response 20 to heating. circuit connecting material containing such an
adhesi ve compaterial andwther tagidonicate connecti on between the circuit nenbers
20, 30 during heating. [0072] anpl es of radical polynerizing substances

i ncl ude t he [6878] <Cutiered paotighesPi zi ng substances used for the insulating
fine particles 52. 25 The radical polynerizing substance used may be a

nononer or dHegooeeredoparichesimghe gndudt commestimmyndteriab hdve rthe samaat i on.
* construction as the aforementioned covered particles 50. The
10 conductive particles 51 of the covered particles 50 are preferably added
at 0.1 to 30 parts by volume with respect to 100 parts by volume of the
adhesive composition. The exact amount of addition may be
determined depending on the purpose of use. In order to prevent
shorting between the adjacent circuit electrodes due to excessive
15 conductive particles 51, it is more preferred to add the conductive
particles 51 at 0.1 to 10 parts by volume.
[0071] <Adhesive composition™>
The adhesive composition preferably comprises a radical polymerizing
substance and a curing agent which generates free radicals in response
20 to heating. A circuit connecting material containing such an adhesive
composition will facilitate connection between the circuit members
20,30 during heating.
[0072] Examples of radical polymerizing substances include the same
radical polymerizing substances used for the insulating fine particles 52.

25 The radical polymerizing substance used may be a monomer or

oligomer, or a monomer and oligomer may be used in combination.
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FP04- 0469-00 [0073] The curing agent which generates free radicals upon
heating is a curing agent that generates free radicals by deconposition upon
heating. As such curing agents there may be nentioned peroxid @$2ﬁ#%96
and azo-based conpounds. Such curing agents may be appropriateﬁ?ﬁ Selec gd
as appropriate for the desired connection tenperature, connection tine and
pot life. In order to increase the reactivity and allow an inproved pot
life to be achieved, it is preferred to use an organic peroxide with a 10
hour hal f -1 if0R788nHies ahting pfent Whioh duristes fReratialiuptiehbatifg it he
tenperature of no higher than 180C, and it is 10 nore preferred to use an
organi c per Q?ﬂrﬁﬁ% ﬁ?éﬂt that @enetited fitde-fadicals bsndaicihposition 151%&1 beatihgher and
a 1 mnute half-Tife tenperature of no highér than 170C. [0074] In order to
achi eve adegdigtsuchesatingi dgenbehetdengpineaidtiondd peroxidéOcompanselsor
shorter, the content of the curing agent is 15 preferably 0.1 to 30 parts
by wei ght aruhdmze—harseﬂamh?auﬂdg.o SOchauringugenisghtaywbé lmppeepsatelyo t he
total of 100 parts by weight of the radical ~polymerizing substance and the
fil m3orm ngeledtedi as iappropeidteasfomethes sdesired 00Fmedtiont heemperatgreggent

content is less than 0.1 part by weight it will 20 not be possible to
achi eve suf fgarinegtionetinie endypotalife.sain sirdet 6o yincrelisestheeresctioniyt bndr | ow
connection resistance may not be obtainable. |f the curing agent content

exceeds 30 pldw &ty improfed poelife o bpragiseved,oft ishprefdnesi ¢@ usenpnsi tion
may be reduced, the connection resistance may be increased, and the pot
life of the arghnii peroxide evdtipasi@ hoor majf-hée tmpemtare of 4076) obigher
SPeet Al '3 U minute haltlife tomperature of no higher than 180°C, and i is
10 more preferred to use an organic peroxide with a 10 hour half-life
temperature of 60°C or higher and a ! minute half-life temperature of
no higher than 170°C.
[0074] In order to achieve adequate reactivity when the connection
time is 10 seconds or shorter, the content of the curing agent is
15 preferably 0.1 to 30 parts by weight and more preferably 1 to 20 parts
by weight with respect to the total of 100 parts by weight of the radical
polymerizing substance and the film-forming material included as
necessary.
[0075] 1f the curing agent content is less than 0.1 part by weight it will
20 not be possible to achieve sufficient reactivity, and satisfactory
adhesive strength or low connection resistance may not be obtainable.
If the curing agent content exceeds 30 parts by weight, the flow
property of the adhesive composition may be reduced, the connection
resistance may be increased, and the pot life of the adhesive

25 composition may be shortened.

[0076] More specifically, as curing agents that generate free radicals
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FP04- 0469-00 wupon heating there nmay be nentioned di acyl peroxides, peroxy

di carbonat es, peroxy esters, peroxy ketals, dialkyl peroxides,

hydr oper oxi des and silyl peroxides. Fromthe viewpoint of inhibiling
corrosion of the circuit electrodes 22,32, the curing agent prekgpng@6%4“53
a chloride ion or organic acid concentration of no greater than 5000 ppm
and nore preferably the content of organic acids generated after thernal
deconposition is low Specifically, such curing agents may be selected from

anong per oxy e ‘dial Xi p id il oxi des,
and pref erabll'lgégr (Ilaﬁ gg!ﬁgctﬂggll% %ﬁlﬁ%ﬁgﬂgg?gx? %‘?{leﬁj?rémﬂﬁé%ﬁi glﬁr‘%
reactivity. _drit%%oﬁa'tre's,ngg@%ﬂfs d&ers, al oﬁ?, UR&@I4,N arpkeipr E}@E‘@xi@eé,t ures.
[0077] As diacyl peroxides there nmay be mentioned isobutyl peroxide,

2, 4- di chl or ogeaFsPEroRfde@Ante silgl ?eﬁn&iﬂbgﬁt Fybhie#an QldwPeHR 0 fighibieiiganoy |
peroxi de, |auroyl” peroxide, stearoyl peroxide, succinic 15 peroxide,
benzoyl per oxybROYRIRE ofthebeinenit| cleetrodes 2, 3901w cﬁ?iﬂgerag_&ﬁﬂlp@é-fé@lﬁbﬁi €s

there may be nentioned di-n-propyl peroxydicarbonate,” di'i sopropy

per oxgdi car baaahehléride 4oh ortgahity s¢idheondentieionxyfihoairearatthan 5000
di - 2- et hoxynmet hoxy peroxydi carbonate, di(2-ethyl hexyl peroxy) dicarbonate,

20 di net hoxyp{;t(% | arie foredhiedetadiv the ohtent 8f Wearyic-acide idemeyedyafoer oxy)

di car bonat e. 79] As peroxyesters there may be nentioned cunyl

per oxyneodectieeais, décoimBositioat istewhy [Specyficaiéy, oxycieedespnagtnts hay
cycl ohexyl - I -nethyl ethyl peroxyneodecanoate, t 25 hexyl per oxyneodecanoat e,

t-butyl perobypi selbated ¥rdm3, amomg r apetoxy besidrsperdialic- epbydtidesnonat e,

2,5-di methyl -2, 5-di (2- 25
hydroperoxides and silyl peroxides, and preferably are selected from

10 among peroxy esters with high reactivity. These curing agents may

also be used in appropriate mixtures.
[0077] As diacy! peroxides there may be mentioned isobutyl peroxide,
2,4-dichlorobenzoyl peroxide, 3,5,5-trimethylhexanoyl peroxide,
octanoyl peroxide, lauroyl peroxide, stearoyl peroxide, succinic

15 peroxide, benzoylperoxytoluene and benzoyl peroxide.

[0078] As peroxydicarbonates there may be mentioned di-n-propyl

peroxydicarbonate, diisopropyl peroxydicarbonate, bis(4-t-
butylcyclohexyl) peroxydicarbonate, di-2-ethoxymethoxy
peroxydicarbonate, di(2-ethylhexylperoxy) dicarbonate,
20 dimethoxybutyl peroxydicarbonate and di(3-methyl-

3methoxybutylperoxy) dicarbonate.

[0079] As peroxyesters there may be mentioned cumyl

peroxyneodecanoate, 1,1,3,3-tetramethylbutyl peroxyneodecanoate, 1-

cyclohexyl-1-methylethyl peroxyneodecanoate, t-
25 hexylperoxyneodecanoate, t-butyl peroxypivalate, 1,1,3,3-

tetramethylbutyl peroxy-2-ethylhexanonate, 2,5-dimethyl-2,5-di(2-

25



FP04- 0469- 00 et hyl hexanoyl per oxy) hexane, 1 -cycl ohexyl- | -nethyl ethyl
peroxy-2 et hyl hexanonate, t-hexyl peroxy-2-ethyl hexanonate, t-butyl

per oxy-2- ethyl hexanonate, t-butyl peroxyisobutyrate, 1, 1-bi s(tF

but yl per oxy) cycl ohexane, t-hexyl peroxyi sopropyl nonocarbonat e, PQg- 9&§9r00
per oxy-3, 5, 5-tri net hyl hexanonate, t-butyl peroxylaurate, 2,5-

di met hyl -2, 5-di (mt ol uoyl per oxy) hexane, t-butyl

per oxyi sopropyl nonocar bonate, t-butyl peroxy-2- ethyl hexyl nonocarbonate,

h | 0 k |
ther o may. beotone anodPRgcpikRRte, ASTed rggy e e L B o exane.
1, 1 -bis(t eﬂﬁﬁhﬁkﬂﬁéﬂ%ﬁ% %%I 5 [yoﬁ—eﬂli onftd, vi-Ba Xiééro%}a25'

trimet hyl cycl ohexane xy)c cl ododecarne an 2 2- bi's(

butyI per oxy BQand 0081] al kyl HR¥ise e may Jbe. tl oned
a, a' -bi s(t-)egly%l pglr]o%%edl [ soptré‘g]blflljlblbenzerxﬁ? g?csu%yﬁltwggé oxi de, HIE@

2, 5-di net hyrbwﬁy@erélxﬂcyblﬁhémeoxuhegylagsmﬁglstoﬁup |RoRbtaftRimate de- [ 0082]

As hydroperoxides theré may be mentiohe opropy benzene hydroperOX|de

and cunene Fmw/.lrﬂ?o RSSOy 5 ?-@uhié@ﬁ?]heﬁ@n@nhvé mg deerdxitagratey 1s-
mentioned t-bu yItrlnethy silyl  peroxide, Bis(t utyl)dlnethyI5|IyI

per oxi de, t-dli)yieﬂh)t(ll’.ﬂ\ﬁl_di,(hs.ltd)woy oXy)Hexae,s(t - butyl ) di vi nyl sitiyityper oxi de,
tris(t- butyI)V|nyIS|IyI per oxi t- butyltrlaIIyIS|IyI per oxi de,

bi s(t-butyl p@r@xymbprdwlmmbenat@pd tris(t-tottyll)al |yl silpéroxgr-2xi de. 25
[ 0084] These curing agents may be used al one or in conbinations of two or
nore, and meyhylheryhaoneestbonagsm xthineyiwi tperoxyigaetraater agd  t-butyl

peroxyacetate.

10 [0080] As peroxyketals there may be mentioned 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 and 2,2-bis(t-
butylperoxy)decane.

15 [0081] As dialkyl peroxides there may be mentioned a,a'-bis(t-

butylperoxy)diisopropylbenzene, dicumyl peroxide, 2,5-dimethyl-2,5-
di(t-butylperoxy)hexane and t-butylcumyl peroxide.

[0082] As hydroperoxides there may be mentioned diisopropylbenzene
hydroperoxide and cumene hydroperoxide.

20 [0083] As silyl peroxides there may be mentioned 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
and tris(t-butyl)allylsilyl peroxide.

25 [0084] These curing agents may be used alone or in combinations of

two or more, and may also be used in admixture with triggers or
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FP04-0469-00 inhibitors. These curing agents are al so preferably coated
with a pol yuret hane- based or pol yester-based pol yner substance and made
into mcrocapsules for an extended pot |ife. [0085] The circuit connecting

material preferably also conprises a 5 filmformng materi al I~S1.ng
phenoxy resin. This will permt working of the circuit connecmi'rq)gégr'ﬁ)@ll

into a filmform in order to obtain a circuit connecting material film
[0086] Fig. 3 is a cross-sectional view showi ng an enbodinent of a <circuit
connecting material filmaccording to the invention. The 10 circuit

connecting nahf¥itcts. T ITHeR! cAtinihiageAfP el "ERb prefRtablydedatdd Rwithf bl m 1 i ke

I nsul ating nmenber 41 nade of thé& aforenenti oned adhesi Ve conposition, and

covered par gj'(ﬁyﬁﬁetﬁ@ﬂe-ﬂage&i &1 lﬁo‘W@&@ﬂ%ﬁééd‘ olyBiea" kabsthht& £1d irhadbt ai ned
by formng a filmof the aforenentioned circuit connecting material. 15

[ 0087] | ncl Ydtgghierddalpdnfearfior ag éﬁﬁbﬁ&éd'pdtfl\ifé.he circuit connecting materi al
w Il help prevent problens such as tearing, cracking or sticking of the

circuit conrfeOBbNT Hertctioudd .conndctings miaerihl tpreferabhdl 418 comprivescarcuit
connecting material under ordinary conditions (ordinary tenperature and

pressjire). Allse-fofthingoehaterfat doinprivirpy adphdéndxie reédine uiThid Owldnneeiit ng
material filme6l is divided into two or nore |layers including a |ayer

cont ai ni ng awetkihgdfahendirduiakcoganetiag enafered infslacls fomporinhedetng and a
| ayer conprising covered particles 50. [0088] <Filmformng material> A

fil mform ngbtaines catuitconneetiag mbtevidldilmwhen a 1iqui d substance is 25

solidified as a structural conposition and forned into a film facilitates

handl i ng of [0886] Rign 3nid &crbes-seokohalnivesy sirooperg aasembadimeayefta 27
circuit connecting material film according to the invention. The

10 circuit connecting material film 61 of this embodiment is provided with
a film-like insulating member 41 made of the aforementioned adhesive
composition, and covered particles 50. The circuit connecting
material film 61 is obtained by forming a film of the aforementioned
circuit connecting material.

15 [0087] Including a film-forming material in the circuit connecting
material will help prevent problems such as tearing, cracking or
sticking of the circuit connecting material, and thus facilitate handling
of the circuit connecting material under ordinary conditions (ordinary
temperature and pressure). Also, the pot life is improved if the circuit

20 connecting material film 61 is divided into two or more layers
including a layer containing a curing agent that generates free radicals
upon heating and a layer comprising covered particles 50.

[0088] <Film-forming material>
A film-forming material is a material which, when a liquid substance is
25 solidified as a structural composition and formed into a film, facilitates

handling of the film and confers mechanical properties that prevent
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FP04- 0469-00 tearing, cracking or sticking, thereby permtting it to be
handl ed as a fil munder ordinary conditions (ordinary tenperature and

pressure). As filmformng materials there nay be nentioned p@ﬁgﬁﬁp 69%6@3,
pol yvi nyl formal resins, polystyrene resins, polyvinyl butyral S é,

pol yester resins, polyam de resins, xylene resins, polyurethane resins and
the li ke. Phenoxy resins are preferred anong these because of their
excel | ent adhesion, conpatibility, heat resistance and nmechanical strength.

[0089] A phesgriyg eRicRing oF §tﬁ§€iﬂ%9ﬁ§@ieb9 &rhftehgbly toebetHardled akOa
bi functional phenol wi th an epi halohydrin to a high nol ecul ar mass, or

y
pol yaddi ti oilaf underf ordihhen alonelgans r(@?ﬁima@%dtem;béﬁam@t aadapredsans).. The
phenoxy resin may be obtained, for exanple, by reaction of 1 nole of a

bi f unct i onalApHfHagifomhing tnaFidle thefd mav! be qheﬁm'oﬁeﬂgph@lrmdy irgsirisp the
e,

presence of a catalyst such as an alkali netal hydroxi in a non 15

reactive so i fortraipessiisyrgolybtytene are$#0C. pdiyeinglhbusyrahdesins,  of

nmechani cal and thermal properties of the resin, the phenoxy resin is
pref erably polpesied résinpoppadahideonesinackileneusésigs,apobaurettedrentesinsi o of
t he bi functional epoxy resin and bifunctional phenol resin such that the
epoxy/ phenolandytheoXike. grRhmosat resins akkOp@ferred/ Ambngwiidsehbe¢ausg of 20 50
to 200C in an am de-based, ether-based, ketone-based, |actone- based or
al cohol - bas ¢leioreyeeilens atthesionwicompatbhiity,ngegtoiesistadicel 406 mechabiwak, in the
presence of a catalyst such as an al kali netal conmpound, an organic
phosphor us- lsasadtltonpound or a cyclic amine-based conpound, under
conditions for a reacting solid portion of no greater 25 than 50 parts by
wei ght . [ 009008%k Abiphemetdyorrakirefisxy resinnobtiiaed eithebebyentaatimg auch as
28
10 bifunctional phenol with an epihalohydrin to a high molecular mass, or
by polyaddition of a bifunctional epoxy resin and a bifunctional phenol.
The phenoxy resin may be obtained, for example, by reaction of 1 mole
of a bifunctional phenol with 0.985 to 1.015 mole of an epihalohydrin
in the presence of a catalyst such as an alkali metal hydroxide, in a non-
15 reactive solvent at a temperature of 40 to 120°C. From the standpoint
of mechanical and thermal properties of the resin, the phenoxy resin is
preferably obtained by polyaddition reaction using an equivalent ratio
of the bifunctional epoxy resin and bifunctional phenol resin such that
the epoxy/phenol hydroxyl group ratio is 1/0.9 to 1/1.1, with heating at
20 50 to 200°C in an amide-based, ether-based, ketone-based, lactone-
based or alcohol-based organic solvent with a boiling point of 120°C or
above, in the presence of a catalyst such as an alkali metal compound,
an organic phosphorus-based compound or a cyclic amine-based
compound, under conditions for a reacting solid portion of no greater
25 than 50 parts by weight.

[0090] As bifunctional epoxy resins there may be mentioned such as
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FPO4- 0469- 00 bi sphenol - A epoxy resins, bisphenol-F epoxy resins,
bi sphenol - AD epoxy resins, bisphenol-S epoxy resins, and the |ike.

A
bi functional phenol is a conpound having two phenolic hydroxyl ) )
exanpl es of such bifunctional phenols there may be nenti oned 5%?@8#2‘%&@6

such as bi sphenol - A, bi sphenol -F, bisphenol -AD and bi sphenol -S. [0091] The
phenoxy resin preferably has a nol ecular structure derived froma
pol ycyclic aromatic conpound in the nolecule. This will vyield a circuit

connecting rmgphé@cbl-w! eporycaidigdt baghirsiolE epdkye aepiats, bhisphynohadd
resi stance and mechani cal strength. [0092] As ‘exanples of polycyclic
aromati c corgpukydgedingr bisphynokS epmty eositsdahddihexlikeomobifimcionalas

napht hal ene, bi phenyl, acenaphthene, fluorene, dibenzofuran, anthracene and
phenant hr engphenbieispal yoppounmdatavidg ctwonplasiisli¢ shydreket agtoupsl uoAgne. The

15 polycyclic aromatic conpound is nost preferably 9,9 -bis(4-
hydr oxyphenydxamplesend. siOR9B]fuhibtiopaknphynaelssithersmymal s bebenentiohedd with
radi cal pol ynmerizing functional groups. The phenoxy resin may be a single
type ®r a nibisphenalt tswohorasnbispherpssA, 2bigpleaw]-K Obisphamtpdbenasd The
circuit connecting material of this enbodi ment may al so contain a polyner
or copol ynerbisphgmaolstng a nonomer conponent which is one or nore selected
fromthe group conprising acrylic acid, acrylic acid esters, nethacrylic
acid esters [@0812dhd phenoxy eesiBrprefetabdly thas dpoiolec@lar strustyeer derivedr ess
relaxation, it is preferred to also use a copol yner- based acrylic rubber
conpri si ng drgmi dypodyeydlit @rematicy codypourgd in the molecule. This will
yield a circuit connecting material with excellent adhesion,
10 compatibility, heat resistance and mechanical strength.
[0092] As examples of polycyclic aromatic compounds there may be
mentioned dihydroxy compounds such as naphthalene, biphenyl,
acenaphthene, fluorene, dibenzofuran, anthracene and phenanthrene.
The polycyclic aromatic compound is preferably fluorene. The
15 polycyclic aromatic compound is most preferably 9,9'-bis(4-
hydroxyphenyl)fluorene.
[0093] The phenoxy resin may also be modified with radical
polymerizing functional groups. The phenoxy resin may be a single
type or a mixture of two or more types.
20 [0094] <Other components>
The circuit connecting material of this embodiment may also contain a
polymer or copolymer comprising a monomer component which is one
or more selected from the group comprising acrylic acid, acrylic acid
esters, methacrylic acid esters and acrylonitrile. From the standpoint
25 of superior stress relaxation, it is preferred to also use a copolymer-

based acrylic rubber comprising glycidyl acrylate or glycidyl
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FP04- 0469-00 nethacrylate containing a glycidyl ether group. The nvol ecul ar
wei ght (wei ght -average nol ecul ar weight) of the acrylic rubber is preferably
200, 000 or greater fromthe viewpoint of increasing the cohesi 4§p%§gg¥2
of the adhesive. 5 [0095] The circuit connecting material of t '9 | Trent
may also include fillers, softeners, accelerators, age inhibitors, flame
retardants, pignments, thixotropic agents, coupling agents, phenol resins,
mel am ne resins, isocyanate resins and the |like. [0096] A filler is
preferably Irﬂéﬂhla@?%il_atewc@ﬂmﬁinrgwglyciayheﬂierr%onp.t erTkd molBcilar vgighve the
connection reliability. The filler used nmay be any one wth a nmaxi num size
that is | esgwidight-bVerageamodeduilac kﬂeighg)?oﬁfthé h&:r%l:iermiuhxbé'r \ig¢ preférables 51.
The filler content is preferably 5 to 60 parts y volune wi'th respect to
100 parts by0od0dreopfgreberationsi the vd@w?@ﬁhtt iofhindreating tanteoliesive gr eat er
than 60 parts by volume, the 15 effect of inproved connection reliability
will tend tgubggﬂabﬁtheedhegmhjle If it is less than 5 parts by volune the
effect of addition of the filler will tend to be insufficiently exhibited.
[0097 Conp¢00€S] ddrt airouitgcdeaidotinge matenial aff thipsembodithegt ongs als@ni no
groups, epoxy groups or isocyanate groups are preferred for 20 inproved
adhesi on as incluglei il epsy softenef)0ArESptarisf agealihhibitersafiame getavdantsnt ai ni ng
silane coupling agents there may be nmentioned such as N-[3(am noethyl)y-
ani nopr opy| tpigmentsythsidtaopic dgeands,acouplengwpkuts, phenol resins, melamine

am nopr opyl net hyl di net hoxysi | ane, y-am nopropyltriethoxysilane, N 25

phenyl - y- aniresipspispcyanatetriesmgsirichthe kel t he i ke. As ketim ne- contai ni ng
silane coupling agents there may be nentioned those 30 .

[0086] A filler is preferably included in the circuit connecting material

10 to improve the connection reliability. The filler used may be any one
with a maximum size that is less than the mean particle size of the
conductive particles 51. The filler content is preferably 5 to 60 parts
by volume with respect to 100 parts by volume of the adhesive
composition. If the content is greater than 60 parts by volume, the

15 effect of improved connection reliability will tend to be saturated,
while if it is less than 5 parts by volume the effect of addition of the
filler will tend to be insufficiently exhibited.

[0097] Compounds containing ketimine, vinyl groups, acryl groups,
amino groups, epoxy groups or isocyanate groups are preferred for

20 improved adhesion as coupling agents.

[0098] Specifically, as amino group-containing silane coupling agents
there may be mentioned such as  N-f(aminoethyl)y-
aminopropyltrimethoxysilane, N-B(aminoethyl)y-
aminopropylmethyldimethoxysilane, y-aminopropyltriethoxysilane, N-

25 phenyl-y-aminopropyltrimethoxysilane and the like. As ketimine-

containing silane coupling agents there may be mentioned those
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FP04- 0469-00 obtained by reaction of ketone conpounds such as acetone,

met hyl ethyl ketone and nethyl isobutyl ketone with the aforenentioned

am no group-containing silane coupling agents. [0099] A procesFPa-0469-00
fabrication of the aforenentioned connection 5 structure 10 will now be
explained with reference to Figs. 1, 3 and 4. Fig. 3 is a cross-sectional
view show ng a circuit connecti ng material filmused for fabrication of a
connection structure 10. Fig. is a cross-sectional view show nlgl a step in
a fabricati @btpinedeby we@stlpneof d@iﬂ@@tmmp@und&tm as. acetone,1 0mgthybr ocess

for fabrication of circuit{ nmenber . c n tlon strycture) _First, circuit
menbers 20, 3thylr &e Hﬁ)aﬁﬁféij m¢ﬂ'é’1cil ckfﬁﬁ@@tl“ﬂ@'l thet aforementioned ¢ hat

has been fornmed into a film.,is qared separately (see Fig. 3). Next,
the circuit aéram&nungccmammgw erﬁCBHp ll'tﬁ)%&‘i?fﬁéd by forming the circuit
connecti ng Tﬁéﬁéﬁx i nto afI s 15 situ etween the circuit nmenber 20
and circuit Juocess 1et riggtiest ofh E'C|ar erfmeRHARGE t FORNSRHA i al fil m
61 is situated bet he cjrcui nd circuit with the
circdit el esfughye V\ﬁg new quxlﬁ?%&%@ esw&tmb* gfpngtaf%f 2

Speci ficall exanpl e, the ci.rcuif connectin materl f|| 6l.is

S aced on t KiBciris d CTOB-SsHsal JeHhshoWatE & ClreHit Rt MAteRgh pi aced

over the C|r ui t opnect,i n erial filmbb61l. CUI .menber 20
and ci rouit flFbMsef Ky ERriCHQr @daswnWI%@t%CS{r&i 16, & gro é % and
circuit electrode 32 sing each other Jrcuit con

ortan ot Frod sl ieRh MRakATe 8 Slel i 4, 99 PEOSASSIIOr 189 m  Thus,
the 25 CIrCUIt connecéy.ganaufrlal filmo6l may be eaS|Iy si tuat ed bet ween
the circui CORBRBLPU SHHC order to facilitate the operation of

conngeting [8 f‘OO 1 (Process for fabrication of circuit member connection structure)
First, circuit members 20,30 are prepared. The circuit connecting

material film 61 that has been formed into a film is also prepared
separately (see Fig. 3). Next, the circuit connecting material film 61

obtained by forming the circuit connecting material into a film is

15 situated between the circuit member 20 and circuit member 30. In
other words, the circuit connecting material film 61 is situated between

the circuit member 20 and circuit member 30 with the circuit electrode

22 and circuit electrode 32 opposing each other. Specifically, for
example, the circuit connecting material film 61 is placed on the circuit

20 member 30 and the circuit member 20 is then placed over the circuit
connecting material film 61. Here, the circuit member 20 and circuit

member 30 are situated so that the circuit electrode 22 and circuit
electrode 32 are opposing each other. The circuit connecting material

film 61 is easy to manage since it is in the form of a film. Thus, the

25 circuit connecting material film 61 may be easily situated between the

circuit members 20,30 in order to facilitate the operation of connecting
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FP04-0469-00 the circuit nmenbers 20,30. [0101] Next, the circuit connecting
material film®6l is heated and pressed through the circuit nenbers 20,30 in
the direction of the arrows A and Bin Fig. 4 for curing trealppyi. €

Fig. 4), toforma 5 circuit connecting nenber 60 between the ci rcupfl§9e()0
menbers 20,30 (see Fig. 1). The curing treatnment nmay be carried out by an
ordinary nethod, which may be appropriately sel ected dependi ng on the
adhesi ve conposition. During the heating and pressing, |ight may be

i rradi at ed fthecireog medebers 200@0.ci rcuit menbers 20,30 for positioning of 10
the circuit electrodes 22,23. [0102] Fabricating the connection structure 10
in this manf8i0thiNexiddhaatityitl commecting snaterialz &ilmhé lc asneeatednandsi st ance
between the opposing circuit electrodes 22,32, while yielding a connection
structure Ioesdedhtlraswhi dhectioeuit ymempbersed0i3(s uhathenglipeatpon tof ibee ween t he
15 adj acent circuit electrodes 22, 32. [0103] [Second enbodinent] (Crcuit
menber connéetdws A tandcBueFighé foormuztng dreasment l(see Fig. 49, toifermndodi nent
is provided with a mutually ogposi ng circuit nenber 20 (first circuit
membeY ) and catoudtucenneming memben 60sketsraenctheccircurtanparbers W30 {se¢ r cui t
connecting nenber 60 connecting between the ci rcu‘izqi menber 20 and circuit
member 30. Hig1dd) Thke quring ttrepsmentsmzy, b6 gRuied ity byaads ordinggyre
construction and are_conprising the sang r’rfateri als as, the first enbodi nment.
25 [0105] THeethiods upthiehnmat i bry appuspriaely sseleeted: slepsadirgnonhéhemi n

surface 2l1a of the circuit, board 21 and the main surface 3la of the 32
adLeswe composition. Burlng {Le ﬁeatlng and pressmg,ehga,ht may be

irradiated from one side of the circuit members 20,30 for positioning of
10 the circuit electrodes 22,23.
[0102] Fabricating the connection structure 10 in this manner can
adequately lower and stabilize the connection resistance between the
opposing circuit electrodes 22,32, while yielding a connection structure
10 with a satisfactorily improved insulating property between the
15 adjacent circuit electrodes 22,32,
[0103] [Second embodiment]
(Circuit member connection structure)
The connection structure 10 of this embodiment is provided with a
mutually opposing circuit member 20 (first circuit member) and circuit
20 member 30 (second circuit member), with a circuit connecting member
60 connecting between the circuit member 20 and circuit member 30.
[0104] The circuit members 20,30 preferably have the same
construction and are comprising the same materials as the first
embodiment.
25 [0105] The circuit connecting member 60 is situated between the main

surface 21a of the circuit board 21 and the main surface 31a of the
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FP04-0469-00 circuit board 31, and it connects together the circuit nenbers
20,30 with the circuit el ectrodes 22,32 opposing each other. The circuit
connecting menber 60 is also provided with an insulating ”e”beTTﬁﬁanB@-O
covered particles 50 conprising conductive particles 51 with 5 portions 09
their surfaces 5la covered by insulating fine particles 52. In this

enbodi nent, the specific gravity of the covered particles 50 is 97/100 to
99/ 100 of the specific gravity of the conductive particles 51. The circuit
el ectrode 2Zimnuit bioacdiil,chredtit @dand2tsategethec the adtdyit membecs &0,30a t he
covered particles 50. 10 [0106] Here, the circuit connecting nenber 60
conpri ses awithethe pimit elaftrades 22¢3idppuomimg cédahy atheer i dhe detscuit bed
hereunder, and therefore the connection structure 10 can exhi bit adequately
reduced commarectngrmeitierns® ibalseeprovidedoppthsamgnsilatingt meneloer 4des 22, 32
as well as satisfactory inprovenent in the insulating property between the
15 adj acent anidr cgivered eparti P, gumpfisigy Jcoqmductiviet pastiokest Sdg widher i al )
The circuit connecting material of this enbodinent conprises an adhesive
conpdsi t i on portions el teipanrfaces 1B0covéeredhby issulating finenpadtdles Sdat eri al
Is situated between the circuit nenbers 20,30 and 20 heated and pressed

t hrough t he Inithéniembadibeend, o spe¢idic gravity of tthe ssawered tpartistesi 20 tive
connection structure 10, the obtained connection structure 10 will exhibit
adequat el y 994108 do 5 eetolother spsicitia gravitfeafvibencendudppoprAicles Sdui t

el ectrodes 22,32 and satisfactory inprovenent in the insulating property
bet ween t he Tag aieuit celestrode 22 angctcizant electrodpo33gjaresglestiically

conposi tion> 33 . .
w connected via the covered particles 50.

10 [0106] Here, the circuit connecting member 60 comprises a cured
product of the circuit connecting material described hereunder, and
therefore the connection structure 10 can exhibit adequately reduced
connection resistance between the opposing circuit electrodes 22,32 as
well as satisfactory improvement in the insulating property between the

15 adjacent circuit electrodes 22,32.

[0107] (Circuit connecting material)

The circuit connecting material of this embodiment comprises an
adhesive composition and covered particles 50. If this circuit
connecting material is situated between the circuit members 20,30 and

20 heated and pressed through the circuit members 20,30 for curing
treatment to obtain the connection structure 10, the obtained connection
structure 10 will exhibit adequately reduced connection resistance
between the opposing circuit electrodes 22,32 and satisfactory
improvement in the insulating property between the adjacent circuit

25 electrodes 22,32
[0108] <Adhesive composition>
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FP04- 0469-00 Exanples for the adhesive conposition include the sane
adhesi ve conpositions nentioned for the first enbodinment. [0109] <Covered
particles> The covered particles 50 conprise conductive parti cl[H0460469:00 5
portions of their surfaces 5la covered by insulating fine particles 52. The
specific gravity of the covered particles 50 of this enbodinent is 97/100
to 99/100 of the speC|f|c gravity of the conductive particles 51. [0110] If

t he specifl rav vered particles 50.is |ess than 7/.100 of the
specific or ERayMs dRE BEnadbreve. Aot gnchide T8 sHEE atRAVE: ne

particles 52 Wi II be excessive I H ond ctlve particles 51. This
will result $91PR @é’éé&%ﬁﬂﬂ%@&?()ﬂ" f;lg$ gqu 9@1 conductive particles
51 inthethrt I@ ) d|re f the circuit boards 21,31 when the opposi ng
circuit el ecq(j @i é@% %rf hected together. On the other hand, if the

§B§§I X I ﬁ o T L ﬁc:a%ﬁﬁ[?ét W Rt er BonRduGvE BRIl o1V B ol s
Tnsul St i ng. FOHSRE,Ob Bl SuFRES ol BOxHREL Y slddit SuCpRaies 2 o, T
ther ef or o bel (hsnerfiCetaliy BS3RE Ty of bt @ BT uhhs ehnitiimtig s,
Pk ot PN ARHACERAT L LR 10 3
ggnéngt ?\ljtraf agﬁ iljlgstﬁé gﬂé%l‘ﬁe%%ﬁ)@%ﬁéﬁogegéd é%}%lgf/eesfgaqg%ﬁe I'nsul ati ng
ST T v S SR L e
10 1nsu1at1ng ﬁne particles 52 w1ll be excessively covering the conductive
particles 51. This will result in increased connection resistance of the
conductive particles 51 in the thickness direction of the circuit boards
21,31 when the opposing circuit electrodes 22,32 are connected
together. On the other hand, if the specific gravity of the covered
15 particles 50 exceeds 99/100 of the specific gravity of the conductive
particles 51, the conductive particles 51 will not be adequately covered
by the insulating fine particles 52. The insulating property between
adjacent circuit electrodes 22,32, i.e. the insulating property in the
plane of the circuit boards 21,31, will therefore be unsatisfactory.
20 [0111] In the covered particles 50, it is preferred for 5 to 60% of the
surfaces 5la of the conductive particles 51 to be covered by the
insulating fine particles 52.
[0112] If less than 5% of the surfaces 51a of the conductive particles
51 is covered, the conductive particles 51 will not be adequately
25 covered by the insulating fine particles 52, and the insulating property

between adjacent circuit electrodes 22,32, i.e. the insulating property in
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FP04-0469-00 the plane of the circuit boards 21,3 1, wll therefore be
unsati sfactory as conpared to when no |less than 5% of the surfaces 5la is

covered. On the other hand, if nore than 60% of the surfaces %é§y§f4&gﬁ
conductive particles 51 is covered the insulating fine particl ) P0pe
5 excessively covering the conductive particles 51, and therefore

el ectrical resistance in the thickness direction of the circuit boards

21,31 will be increased when the opposing circuit el ectrodes 22,32 are

connected t Oﬁgfﬁ]ﬁ{lﬁ gfﬁhﬁ %’%ﬁ?{i?goﬁfﬂs"@ﬁ ] ggggiygﬂl%?éﬂe tHéaﬁ‘n%g%Ef%éf?g‘ EH o

surfaces 51 a con ve particle 'S cover ed.

conduct i ve RajribletoWRAChA !4l S HoRAIHASIOS] SR, el attyy have

t he sane construction and are conprising the sane nmmterials as for the

first eﬁbodiﬁ%fﬁthe%géémﬁﬁdrggeﬁ B0 dfaﬂl‘érélﬁ’fice-ghﬂe?b'f‘iH{:]tcoﬁﬂﬂEﬁ%i ng

material of this e nt also preferably 15 contalins the sane

filmform ngl;diﬁbpési &1 af td%ﬁfefrédsih@fgit?%ﬁgdfﬂ%iﬁnghirp%m%ﬂels fsaci il abg wor ki ng

of the circulit connecting materi al mfo n order to obtain a

circugt conngglekgigelpt eébeﬂin%i ltHe [cOhHBLLiTEr hartieRIPBENtSr] Tihereforeul t
connecting material “of this enbodi nent also preferably” 20 contains the sane

ot her added ¢]eaRRiatnesistgndd dnf the thivkpeds rdibéction WL the (dF@desodrds

fabrication of circuit menber connection structure) The process for

fabrication Df,31heilt becCiukctedseib®hen ahBaPpasing Ciretituelectroldet 2532 mpedi ment
Is preferably the same process for fabrication of the circuit nenber

o o SRR ool s cohareduc whin 5 eSO ot
is not |inm tegfdcestYiese! g¢rbcshidmnive patdicles 51 is covered.

10 [0113] The conductive particles 51 and insulating fine particles 52
preferably have the same construction and are comprising the same
materials as for the first embodiment.

[0114] <Film-forming material>
The circuit connecting material of this embodiment also preferably

15 contains the same film-forming material as the first embodiment.
This will facilitate working of the circuit connecting material into a
film form, in order to obtain a circuit connecting material film.,

[0115] <Other components>
The circuit connecting material of this embodiment also preferably

20 contains the same other added components as the first embodiment.
[0116] (Process for fabrication of circuit member connection structure)
The process for fabrication of the circuit member connection structure
of this embodiment is preferably the same process for fabrication of the
circuit member connection structure of the first embodiment.

25 [0117] Preferred embodiments of the invention have been described

above, but the invention is not limited to those embodiments.
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FP04-0469-00 [0118] For exanple, while the first and second enbodi nents
have el ectrode surface | ayers 24,34 on both of the circuit el ectrodes 22,32
of the connection structure 10, optionally only one of the ci FE@+0469-00
el ectrodes 22,32 may have an el ectrode surface |ayer. Alternatively, 5 both
of the circuit electrodes 22,32 may | ack an el ectrode surface |layer. That
I's, although both of the circuit electrodes 22,32 of the first and second

erbod ront S IRV Bt LEAMBIE TR AELAEY, A hnshRE PRl nie rcl
A 0, 21t houghk g SUARHL ofTBEber P0ucho e RTRREN ec SR BT 0P hoS 2
Lhe el roul L REThka B SHANEE S0P Aoyl e 2t SRGNEY. Dot

I tivel t | Lt I f
ayer s Thatiotost, B3y, B o RIARENR, SudfedlalRY | ANERBRA L 57
ayers. T _ i nd
ol oot odos S0T6" Y RUEHCRERH 2087 thay BKER idnle RRCCIANOR Che ™
_ ea board”st _
Fabr i cal o Dorha L BB O i R e PPr” o, TEnars TR o,

imtation Secoit efmbedimerRQTHING ERGtTIcCEirtcd 1dye814 300 oneRir Bl | Y there

may be used a circuit connecting nmateri al out” a mformng material.

In this casefafieWlduit leta@dés T2 3Den&Y loptidnal SORRKCAN BRI Sitfade @

sol vent and coating and drying the solution on“25 either or both of the
circuit ne . 20,30 can forma circuit connecting naterial between the
circuit nenbéers 20,30. 36

10 [0119] Also, although the circuit member 30 of the connection

structure 10 has a board surface layer 35 in the first and second
embodiments, optionally only the circuit member 20 may have a board
surface layer. Alternatively, both of the circuit members 20,30 may
have board surface layers. Also alternatively, both of the circuit
15 members 20,30 may lack board surface layers. That is, although the
circuit member 30 of the first and second embodiments has a board
surface layer 35, either one or both of the circuit electrodes 20,30 may
have a board surface layer.
[0120] Also, while the connection structure 10 of the first and second
20 embodiments was fabricated using the circuit connecting material film
61, there is no limitation to the circuit connecting material film 61, and
optionally there may be used a circuit connecting material without a
film-forming material. In this case as well, dissolving the circuit
connecting material in a solvent and coating and drying the solution on
25 either or both of the circuit members 20,30 can form a circuit

connecting material between the circuit members 20,30.
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FP04- 0469-00 [0121] Moreover, although the circuit connecting material of
the first and second enbodi nents conpri sed conductive particles 51, it may
optionally be produced wi thout conductive particles 51. In thi FR$€469-00
el ectrical connection can be achieved by direct contact between the 5
opposing circuit electrodes 22,32. However, including conductive particles

51 will yield a nore stable el ect r| cal connection than when conductive
particles 5 i ncl ud les [0122] The prese.n ention w ||
now be expl iﬁéﬁ]r&l%@@é@rera elglrﬁb‘ltn@mé‘)%gs@a F 12 ch% h

understandlng hat the i ntion is in.no way, limted 1 se, exanpl es.
[0123] (Exardf} sgsrmeé)erpBeﬁgnamsoﬁomprwsﬂeFeédgg&lwcp@l cfes gﬁ i HBA¥ur f aces

S mvers of RGN SRR bt cxdl el dicls FRrcIRY s T
o hee i o ilefu Bl Coptisstion, tan e Gchiued vy Harﬂ?ia%ﬂéa%tpge n 'the

ol At 63 ol as (HRPR Cé?f‘%u‘fé@tﬁﬂﬁ rf?ﬁd'&érzé% HEE @5&3@%@6@ et ymer

P Tart :Lmaa?r%&?”eﬁﬂ Wil BT Botistecotpbld Flacudal SPRRPLIRE hap PRl of e
o 05 [ O 'cirbonYetrkitfel 8 WPOnbLHIRaEY,  F° pt h B e R e e e

surfaces 25 such that the specific gravity after covering was
Azl

98/ 100 of t Ic gravity before covering. The nean particle size was
37 [0122] The present invention will now be explained in greater detail
10 using examples, with the understanding that the invention is in no way

limited to these examples.

[0123] (Example 1)

(1) Preparation of covered particles

First, the surfaces of crosslinked polystyrene particles (PSt) with a
15 mean particle size of 5 um were electroless plated with a nickel layer to

a thickness of 0.2 um, and then a gold layer with a thickness of 0.04

um was formed on the outside of the nickel layer to obtain plated

plastic particles (PSt-M) corresponding to conductive particles 51.

Portions of the surfaces of the plated plastic particles were covered
20 with a methyl methacrylate polymer, specifically polymethyl

methacrylate (PMMA), corresponding to insulating fine particles 52, to

obtain covered particles A with a mean particle size of 5.2 um covered

with insulating fine particles with a mean particle size of 0.2 pm. The

covered particles A had 20% of the conductive particle surfaces
25 covered, such that the specific gravity after covering was 98/100 of the

specific gravity before covering. The mean particle size was
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FP04- 0469-00 cal culated fromthe neasured val ue obtai ned by observation
with a scanning electron mcroscope. [0124] (2) Pyrolysis gas chronmat ography
measurement First, pyrolysis gas chromatography nmeasurement wadBix-046 to
5 draw a calibration curve for mass ratio A (ratio of the nass of the
insulating fine particles with respect to the mass of the conductive
particles). For the neasurenent results, the peak area Ist for styrene (St)

& ol Fam i RaRuke 8 VAR ng Blaihtd 1B HEEPAB i s beco
h h | L f | hyl h | PVWR) . Th
E)Eat( :;r fea?5??83%0%@?@@%53%@“ P oal cul ated. [0195] yTﬁEaerréfss x@asr-Meof
bondncti vo DoR2H] (2RBLEONS et Shidh et b GRS oo ot hcr vl at e

PMVA 3 i i i i Th
Lht o) A Cvpiastygdrbfysie e Bfirdthatdbtabhiy LRk Bmenl v beffofthed 1o The aso
105 S o aruRe SR BRI Bk B
Fig. 5 had iﬁgélgﬂgigr :ﬁ?gﬁggﬁ%des [vgﬂtﬁ6}e§§ﬁé 1P MEES 0T0heC BORABERYE 2PNY

measur enent Wwa 0 draw a cC ratron curve for mass ratiro B

(ratio of t %ﬁdgﬁ% OFlggﬁﬁeirﬁéﬁéLﬁ‘eh%htf fé%ﬁlt@agl}ét ?'eﬁﬁ dﬁeﬁrlgir(ﬁgfigreﬁé the

mass of the r the nmeasurenent res t he pe I'st for

S ac e, (S SEE RS B erhl ORIkt Bigbatigy
methyl 38 particles (PSt-M). Also, the peak area Iypya for methyl methacrylate
10 (MMA) was used as the thermal decomposition peak of polymethyl
methacrylate (PMMA). The peak area ratio (Iypa/ls)) was then
calculated.
[0125] The mass Wpgy of the plated plastic particles (PSt-M)
corresponds to the mass of the conductive particles 51, and the mass
15 Weyma of polymethyl methacrylate (PMMA) corresponds to the mass
of the insulating fine particles 52. The mass ratio A (Wpnma/Wpsem)
was then calculated. A calibration curve as shown in Fig. 5 was
drawn for the relationship between the peak area ratio (Iypya/ls) and the
mass ratio A (Wpyma/Wpsem).  The calibration curve in Fig. 5 had
20 good linearity.
[0126] Next, pyrolysis gas chromatography measurement was
performed to draw a calibration curve for mass ratio B (ratio of the
mass of the insulating fine particles with respect to the mass of the
nuclei). For the measurement results, the peak area Iy, for styrene (St)

25 was used as the thermal decomposition peak of the crosslinked

polystyrene particles (PSt). Also, the peak area Iyms for methyl
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FP04- 0469-00 nethacrylate (MVA) was used as the thernmal deconposition peak
of polynethyl nethacrylate (PMMA). The peak area ratio (1 A/Ist) was then
cal cul ated. [0127] The nmass WPMVA of pol ynet hyl met hacryl ate ( BiNIg-0469-00
corresponds to the mass of the insulating fine particles 52, and the nass
Wost of the crosslinked polystyrene particles (PSt) corresponds to the nass
of the nuclei 51x. The nmass ratio B (WMVA/ WPst) was then calculated. A

CaL1 o2l O U AT sl YR30, D kB S gEaL b petveer
cal! orall on SR Fdhay0d BRIVANT Tt ook LIPBIFRN LD KM oS

t he neasuri Ltik@s shown in Table 1, and the peak area ratio
(1 m,,tleﬁgeﬁgmr#ég%t@r‘ed. Based on this peak area ratio, calculation of

s of YRR TR RS VEBAL! O PRLHEHE Bl o PrAMATTES
curves of Fi %Serfesg,pﬁhgﬁs tRe TRAS wﬂfgﬁn@uléﬁn@@%eﬁeﬁ ab PrHe) mak129]

[ Table 1] M measur enent condi t1ons econpdsi t1 on appar at us
Curi e Point Pa &l ; [ thatd. Gas
chr omat ogr apﬁégtﬁ%%gfég 9 %H@?ﬁygﬁf:@ggp Eﬁlll?lt%(lltlélSt (%gp&?&g?%&%f&%h éf'LI ane
i oni zati on GRAGC LT theohyFlei H 2 MSTHRPHds3 I atieP BITW L pS) 3B @hen 0. 25
mm length: 30 m) by Ailent Co., Ltd. Columm tenperature increase
Tenper at ur e daf@jlgasle f AQRIfRGtibA dRYE &f shown in Fig. 6 was drawn for the
relationship between the peak area ratio (Inpva/ls:) and the mass ratio B
10 (Wpama/ Wpsy).  The calibration curve in Fig. 6 had good linearity.
[0128] For the covered particles A, pyrolysis gas chromatography
measurement was performed under the measuring conditions shown in
Table 1, and the peak area ratio (Iypia/ls)) was measured. Based on

this peak area ratio, calculation of the mass ratio A from the calibration

15 curve of Fig. 5 yielded a mass ratio A of 9/1000, and calculation of the
mass ratio B from the calibration curve of Fig. 6 yielded a mass ratio B
of 29/1000 (see Table 2).
[0129]
[Table 1]
Model or measurement conditions
Thermal decomposition apparatus Curie Point Pyrolyzer Model JHP-5, Japan
Analytical Industry Co., Ltd.
Gas chromatography Model 6890N by Agilent Co., Led.
Detector Hydrogen flame ionization detector
Column HP-5MS Capillary Column (inner diameter: 0.25
mm, length: 30 m) by Agilent Co., Ltd.
Column temperature increase | Temperafure increase from 350°C to 300°C at
conditions 16°C/min, followed by holding for 10 min.
Carrier gas Helium {column flow rate: 1 ml/min)
Injection method Split injection method (split ratio = 50:1)
20 [0130]
[Table 2]
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conditions 10C mu, followed by holding for 10 mn. Carrier gas Helium
(colum flowrate: | m/mn Injection method S 1lit injection nmethod (s lit
ratio = 50:1 20 [0130] [Table 2] 39 FP04-0469-00 Exanple 1 Exanple 2
Exanple 3 Conp. Ex. 1 Conp. Ex. 2 (Covered (Covered (Covered (&’r@&u@f‘ﬁ\?eoo
(Covered particles A) particles B) particles C) particles) particles E)
Mass ratio A 9/1000 18/ 1000 11/1000 0O/ 1000 30/1000 Mass ratio B 29/1000
58/ 1000 34/1000 0/ 1000 101/1000 [0131] (3) Fabrication of circuit
connecting [material Fl ggdmpi@ 10NGAREY T S IERanipil N A Gb@e SEL AN Snipl R 2
tenperaturg of 80C wascesored hesicarekdl I 0M@ovlred Phen@onducBROXWCHREAN and
bi sphenol A A 50 g pepdrtitlan) dfpatdtks Bhe N exitickeeS) N| patcld) SSqlpigitles B) a | m xed
sol vent of |Mdsolatiene (osooi ng |pe/inde: 11016600 SP vab/uwo= 8. 9GpAemdhyl acetate
(boi ling pov4ss catid B. 1C29/1900 val [188/16009. 10) 3#/p00a wWei giioopat i o (ab1/50650 fo
obtain a SS[DTBﬂgmy\’FhBﬁéaﬁQh'd*d@flfdit eonRéctite WMdferidl sol ution was then
prepared conprising 60 g of the phenoxy resinh, 39 g of

di cycl opent %Yslt?h?lfé?ﬂﬁdf/ ré¥iRcyithal glash tgarditidnie fiire GLBO°Esves - type
acrylate and 5 g of t- I0 hexyl peroXy-2-ethyl hexanonate, as solid weight

ratio. [0132yni&@iza &fcefl aBisbheh8b Aepbk ¢ refignamdl Beshmdl A spe s8¢ at 5

vol % in the above solution to prepare a solution. A cCoating apparatus was
used to coatpdrtiensef uhieo heﬂéﬁ_\éaﬂesﬁﬂ vy tdissdlvedTid polniitddy Isebeent of
terephthal ate) filmwhich had been surface treated on one side, and it 15
was ot - ai r tdhietd @oilifg goint: 10 01670] 8P valuebt &.90 Hethiyl sicefdte ifbbilkg
material with a thickness of 10 mon the PET film _

point: 77.1°C, SP value = 9.10) in a weight ratio of 50/50 to obtain a

solution with a solid portion of 40 wt%. A solution was then prepared
comprising 60 g of the phenoxy resin, 39 g of dicyclopentenyldialcohol
diacrylate, 1 g of a phosphoric acid ester-type acrylate and 5 g of t-
10 hexylperoxy-2-ethyl hexanonate, as solid weight ratio.
[0132] The covered particles A were then added and dispersed at 5
vol% in the above solution to prepare a solution. A coating apparatus
was used to coat the solution onto an 80 um-thick PET (polyethylene
terephthalate) film which had been surface treated on one side, and it
15 was hot-air dried at 70°C for 10 minutes to obtain a first film-like
material with a thickness of 10 pm on the PET film.
[0133] Another solution was also prepared with 60 g of phenoxy resin,
39 g of dicyclopentenyldialcohol diacrylate, 1 g of a phosphoric acid
ester acrylate and 5 g of t-hexyl peroxy-2-ethylhexanonate as solid
20 weight ratio. A coating apparatus was used to coat the solution onto
an 80 um-thick PET (polyethylene terephthalate) film which had been
surface treated on one side, and it was hot-air dried at 70°C for 10
minutes to obtain a second film-like material made of an adhesive

composition with a thickness of 10 um on the PET film.
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[0133] Another solution was al so prepared with 60 g of phenoxy resin, 39 g
of dicycl opent enyl di al cohol diacrylate, 1 g of a phosphoric acid ester
acrylate and 5 g of t-hexyl peroxy-2-ethyl hexanonate as solid HPGE0460-00
ratio. A coating apparatus was used to coat the solution onto an 80 mthick
PET (pol yethylene terephthalate) filmwhich had been surface treated on one
side, and it was hot-air dried at 70C for 10 mnutes to obtain a second

o T ST AR B SOTEERA TS PRI L 0” ™
second 111 ekl BlalE A b5 hHp L oDl A s e RLELEA 1 O
of clrcu L TS LSRBECLIGNEL et e 5 FLrst. an 1€ chip bearing an array

hei gt of 2Q0T38 34 ERBAEgndF Ardit MesfibbPUhndBIGE Sirabfif, (an 1 TO board

(surface resi square aving an rndiumtin oxide (1TO
circutit vapgf:..depqsy : I ' [ was

pr epgsI ed asﬁrgég%ncg %ﬂbﬁgerag&%tﬁne%ﬁg%{]%%q@%ﬂ?hgvg osaZr%Ien pl élr-léeadgg rcuit
connectin | alsd I I [ rd, and
t hen th:a ?C@]F‘Epﬂ chidr w’tey\@gtgﬁrggmbﬁﬁa%ﬁgf?@}tlﬁ%H%%G&gﬁﬁevgre
sandw ched t : Z Wkt ' R <&

pressi ng at 0%\%?ﬂl%g&%gﬁl\%g%%r 10 S,&%gg?bb}ﬂg‘ﬁ%ﬁ%ﬁr an 1éﬂlldjl"ego b%grd wer e
thus connect@mqualdPhiinbhih fdibi tir GRIRCTE) ERbAT findil dépostiedeon one of
the adhesive sides of t I

e circult connecting material fil mwas previously

attached to 4 bgadsTEakelanstiPy fHiakned 8Nd . Pregsi Wwas Prepfed dsm Negondr
10 circuit member.
[0136] The aforementioned circuit connecting material film was placed
between the IC chip and ITO board, and then the IC chip, circuit
connecting material film and ITO board were sandwiched between
glass quartz and a pressing head for heating and pressing at 200°C, 100
15 MPa for 10 seconds. The IC chip and ITO board were thus connected
through the circuit connecting material film. Here, one of the
adhesive sides of the circuit connecting material film was previously
attached to the ITO board by heating and pressing at 70°C, 0.5 MPa for
5 seconds. Then, the PET film was released and the other adhesive
20 side of the circuit connecting material film was connected to the IC
chip. The circuit member connection structure A was fabricated in
this manner.
[0137] (Example 2)
(1) Preparation of covered particles
25 First, the surfaces of crosslinked polystyrene particles with a mean

particle size of 5 pm were electroless plated with a nickel layer to a
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5 seconds. Then, the PET fil mwas rel eased and the ot her adhesive 20 side of
the circuit connecting material filmwas connected to the I1C chip. The
circuit nenber connection structure A was fabricated in this 94696@@7]
(Exanmple 2) (1) Preparation of covered particles 25 First, the surfaces of
crosslinked polystyrene particles with a nean particle size of 5 mwere
electroless plated with a nickel layer to a 41 FP04-0469-00 thickness of

"5 ARSI 4P AN A RIS 100 R of 0T
corr espond! nged fBARGH e ARSI E e bR Kyarso aliahl s peeacol Lhe

cor respond g1 dsNEBY AR Goffon SAE! i LBAGAGVE RRERIS FOVRISHoRRT Ui cl es

Bwth a nean particle size o covere I NS Ing fine particles

having a megfy Qﬁétélﬂfﬁ?esgi&fettﬂé e@}a%ed“elglggﬁc;%ﬂt'iﬁ@s Pelrk CLEVered 3 0% of

the conductive particle surfac cov e conductive particles were
coverged 10 widj i A ipg/m,g_q i | “’?; hghet he
speci?ic g Q/P%&g}ltg}%@%’& IQ'FI% Q/vas 7)’1%8F%fsbt8ﬂg etgi I C %ﬁ% ityebefore
covering. ThsrifeRS PRI id BbeaifiiceReYes parlicles 38 adith' P MddiPpaRATNIEEL ofal ue

obt ai ned by "observation with a scanning el ectron mcroscope. The covering

ratio was msauielchietdieviaMndHanaL Afic RIS haviy bOdREh paidRyr ol ysis

gas chromat ography measurement For the covered particles B, pyrolysis gas
chromat ogr apliye ofeER3ufigTeMTh¥aveesd PareelesnBetiad )9geaBtHd @ondaodiéi ons

shown in Table 1. Calculation of the mass ratio A fromthe calibration
curve of particle surfaces covered, and the conductive particles were covered
10 with the insulating fine particles in such a manner that the specific
gravity after covering was 97/100 of the specific gravity before
covering. The mean particle size was calculated from the measured
value obtained by observation with a scanning electron microscope.
The covering ratio was measured in the same manner as Example 1.
15 [0138] (2) Pyrolysis gas chromatography measurement
For the covered particles B, pyrolysis gas chromatography
measurement was performed under the measuring conditions shown in
Table 1. Calculation of the mass ratio A from the calibration curve of
Fig. 5 yielded a mass ratio A of 18/1000, and calculation of the mass
20 ratio B from the calibration curve of Fig. 6 yielded a mass ratio B of
58/1000 (see Table 2).
[0139] (3) Fabrication of circuit connecting material
First, a phenoxy resin with a glass transition temperature of 80°C was
synthesized from a bisphenol-A epoxy resin and 9,9'-bis(4-
25 hydroxyp}aenyl)ﬂuorene. A 50 g portion of the phenoxy resin was

dissolved in a mixed solvent of toluene (boiling point: 110.6°C, SP
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Fig. 5 yielded a mass ratio A of 18/ 1000, and cal cul ati on of the mass 20
ratio B fromthe calibration curve of Fig. 6 yielded a mass ratio B of

58/ 1000 (see Table 2). [0139] (3) Fabrication of circuit connegﬁ%oﬂﬁi)eqq al
First, a phenoxy resin with a glass transition tenperature of 80C was

synt hesi zed from a bi sphenol - A epoxy resin and 9,9' -bis(4- 25

hydr oxyphenyl ) fl uorene. A 50 g portion of the phenoxy resin was dissolved in

o 7o SOyl /s oo Laqild ol RALint 7 S5, 58 AR EPBYASERE O
30 5 R AP ot Ml M AL, v
o cvel onent Spgh o SEMof A6, Brerky o ApROASPRY L HISyACh RS 1 VPe
ratio. [014%?}5“292%‘6&*&@%9@?6%?&@%%1%58{ H%‘hﬁ%xl'aaqg,eg 0%6? r?gp%%ﬂﬁﬁi’c at 5

vol % in the abovV l'utio epare a solu apparatus was

used g 0 coaycigsiepltiibé ABrat 589 off Héseyffﬂrs' Y- RqhYPhBY Ig&fatéoas

t er epht hal at (e:§ ?IS| m%?cﬁr)ﬂaf%@d‘enigggrgce t téat d on %ne sil1 e, and it was
hot-air dri gghgtwg%q:ltfrgﬁom mnutes to obtain a first filmlike material
with a thickness off 10 mon the PET film [0141] Another solution was al so

d wi f ba, i gl I
prepared wi 1{012@]{)%@ cBYERRKParREEs B WErd tREn ddded ARENURPEIsUlp o

diacrylate, "1 f a phosphofic acid 15 ester acrylate and 5 g o

t - hexyl per oxy]% B the abev@seNaich &y pP dré 386l at A%oaﬁn‘gﬂaﬁn'%mwpar atus
was used to coat the solution onto an 80 pmthick PET (polyethyl ene

L g{ egm hglr ?gg@sa?is%dg]&@@(gﬁ;lh idgélckofl)@t@@n o6 fAar 80t ligatHdk PETGoty ebiylams it was
10 terephthalate) film which had been surface treated on one side, and it
was hot-air dried at 70°C for 10 minutes to obtain a first film-like
material with a thickness of 10 um on the PET film.
[0141] Another solution was also prepared with 60 g of phenoxy resin,
39 g of dicyclopentenyldialcohol diacrylate, 1 g of a phosphoric acid
15 ester acrylate and 5 g of t-hexylperoxy-2-ethyl hexanonate as solid
weight ratio. A coating apparatus was used to coat the solution onto
an 80 pum-thick PET (polyethylene terephthalate) film which had been
surface treated on one side, and it was hot-air dried at 70°C for 10
minutes to obtain a second film-like material made of an adhesive
20 composition with a thickness of 10 um on the PET film.
[0142] The first film-like material and second film-like material were
attached with a laminator to obtain a circuit connecting material film
with a bilayer structure.
[0143] (4) Fabrication of circuit member connection structure

25 The aforementioned circuit connecting material film was used to

fabricate a circuit member connection structure B in the same manner
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mnutes to obtain a second filmlike material nade of an adhesive 20
conposition with a thickness of 10 mon the PET film [0142] The fi éQ
filmlike material and second filmlike material were attacheEP\Qi‘ltéﬁ -00

| am nator to obtain a circuit connecting material film with a bilayer
structure. [0143] (4) Fabrication of circuit nenber connection structure 25
The aforenentioned circuit connecting material filmwas used to fabricate a
circuit men%g:r ’%‘%ﬁﬁ cli on structure B in the sanme nanner 43 FP04-0469-00

as Exanpl e Et fé Exanmpl e 3) (1) Preparation of covered particles As

covered par f¢ re used AUL-704 GD by Sekisui 5 Chem cal Co.,
Ltd. The nui?fiilggﬁgx%@%?ﬁg‘j\ﬁovered particles C were conprising a

pol yacryl i Cﬁgf??eﬁéﬁg?%ﬁﬁ%%degnd the nean particle size of the

conductive e Insulating fine particles 52 were

conpri sing ] RVMA d 704 NETY rgd : Size was
0.2 pm 10 Fgl%%{é I@ﬁl@?ﬁﬁsa@gg&chron&%gr é&ggwn%%surer@ﬁtséﬁrgg{,
pyrolgysis g hy :

ol B at | on T I Rl o3 5hc- 1y by
Seki sui  Chegj ‘Ao, I 1 [V arRifHe &1 wd h nucl ei
51y conpri S?Rgﬁglgggyaaéégﬁcc égiagﬁpg%@ggtag’?@%gﬁgdpl ast cﬁle?%f%é]nml%r t he
measur ement s7RSWiftthe EORdACHVE iphrficled §3t fas(AUmPeakhe airRaldtivy e used as
the peak of the thermal deconpdsition conponent” of AUL-704(PAc-M. Also,
the peak ar partidh SDRyéret &dtnprising polymethyl methacrylate (PMMA), and

their mean particle size was 0.2 pym.
10 [0145] (2) Pyrolysis gas chromatography measurement
First, pyrolysis gas chromatography measurement was performed to
draw a calibration curve for mass ratio A. For the measurement,
AUL-704(PAc-M) by Sekisui Chemical Co., Ltd. were used as
conductive particles 51 with nuclei 51y comprising a polyacrylic acid
15 ester-based plastic.
[0146] For the measurement results, the acrylic acid ester (Ac) peak
area 5. was used as the peak of the thermal decomposition component
of AUL-704(PAc-M).  Also, the peak area Iypa for methyl
methacrylate (MMA) was used as the thermal decomposition peak of
20 polymethyl methacrylate (PMMA). The peak area ratio (Inpua/ls;) was
then calculated.
[0147] The mass WPAc-M of AUL-704(PAc-M) corresponds to the
mass of the conductive particles 51, and the mass Wpyma of the
polymethyl methacrylate (PMMA) corresponds to the mass of the
25 insulating fine particles 52. The mass ratio A (Wpnvma/Wpacm) Was

then calculated. A calibration curve as shown in Fig. 7 was drawn for
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nmet hacryl ate (MVMA) was used as the thermal deconposition peak of 20

pol ynet hyl nethacrylate (PMMA). The peak area ratio (I MVA/Ist) was

cal cul ated. [0147] The mass WPAc- M of AUL- 704( PAc- M corresponEg’%Oﬂﬁg "00
mass of the conductive particles 51, and the mass WPMVA of the pol ynet hyl
nmet hacryl ate (PMVA) corresponds to the mass of the 25 insulating fine
particles 52. The mass ratio A (WPMVA/ WPAc_ M was then calculated. A

el att onsni AidE s?nﬁ“%@&«% % e Petfoaekito dymefla o A8y o
Next: pyr ol §§? gT a@“@ e erapny! rosatipkAiod "8 Sies 57 AR ado JS&J‘?

calibration (ﬁ%gi{ for mass ratlo B. For the neasurenent, LP-704(PAc) by
Seki sui r“ Ltd. were used as the polyacrylic acid ester

oak CL?Za TAAELRNGRE, o HORARY fcﬁfﬁlilﬂi@%fr Rl aEiEeREhtn Bafhonent
was Used as EROTHISS &é"%%@ﬁﬁ%@@lﬂ?ﬁéﬁ’ St S BRI Bt Bt e
VA o TB&HE%Z%%@#% Y TMPAR bR i, Kt LGl T, s
cor reaponds et ROHAGYAS A S RS 1" Ris a0 B (WM VpAQ
}["ﬁz f,gfgt fgmﬁﬁh%} g%{menﬁie'ﬁgﬁpéﬂl&‘i‘t &S B8 &M A&idTkSter §AWSpLgI@awn for
area 5, was used as the peak of the thermal decomposition component
10 of LP-704(PAc). Also, the peak area Iyps for methyl methacrylate
(MMA) was used as the thermal decomposition peak for polymethyl
methacrylate (PMMA). The peak area ratio (Iyma/lac) was then
calculated.
[0150] The mass Wpyma of polymethyl methacrylate (PMMA)
15 corresponds to the mass of the insulating fine particles 52, and the mass
WPACc of the LP-704(PAc) corresponds to the mass of the nuclei 51x.
The mass ratio B (Wpmma/Wpac) was then calculated. A calibration
curve as shown in Fig. 8 was drawn for the relationship between the
peak area ratio (Iypya/la.) and the mass ratio B (Wpmma/Wpeae).  The
20 calibration curve in Fig. 8 had good linearity.
[0151] For the covered particles C, pyrolysis gas chromatography
measurement was performed under the measuring conditions shown in
Table 1, yielding the pyrogram shown in Fig. 9. The peak area ratio
(Imma/lac) for the acrylic acid ester (Ac) and methyl methacrylate
25 (MMA) was 1.90. Using this value, calculation of the mass ratio A
from the calibration curve of Fig. 7 yielded a mass ratio A of 11/1000,
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peak area ratio (IMW 1 Ac) and the nmass ratio B (WMW WAC). The 20
calibration curve in Fig. 8 had good linearity. [0151] For the covered
particles C, pyrolysis gas chronat ography nmeasurenment was performed under
the nmeasuring conditions shown in Table 1, yielding the pyrogfat4idal-0o
Fig. 9. The peak area ratio (IMW IAc) for the acrylic acid ester (Ac) and
met hyl nmethacrylate 25 (MVA) was 1.90. Using this value, calculation of the
mass ratio A fromthe calibration curve of Fig. 7 yielded a mass ratio A of
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and mass ra own 1n
The aforementioned circuit connecting material film was used to

fabricate a circuit member connection structure C in the same manner
10 as Example 1.
[0154] (Comparative Example 1)
(1) Preparation of conductive particles
There were used conductive particles which were not covered on the
surface with insulating fine particles. That is, the covering ratio of the
15 conductive particles was 0%.
[0155] (2) Pyrolysis gas chromatography measurement
The results of calculating the mass ratio A and mass ratio B are shown
in Table 2.
[0156] (3) Fabrication of circuit connecting material
20 A circuit connecting material film with a bilayer structure was obtained
in the same manner as Example 1, except that conductive particles not
covered with insulating fine particles were used instead of the covered
particles A in Example 1.
[0157] (4) Fabrication of circuit member connection structure
25 The aforementioned circuit connecting material film was used to

fabricate a circuit member connection structure D in the same manner
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[0156] (3) Fabrication of circuit connecting material 20 A circuit
connecting material filmwth a bilayer structure was obtained in the sane
manner as Exanple 1, except that conductive particles not cov&REl-GdoR-00
insulating fine particles were used instead of the covered particles An
Example 1. [0157] (4) Fabrication of circuit nmenber connection structure 25
The aforenentioned circuit connecting material filmwas used to fabricate a
circuit nmenmber,connection structure D in the same manner 46 FP04-0469-00

as Exanple B8 FT"(’*)E!’EgﬁeiOorrparative Exampl e 2) (1) Preparation of covered

Wih a5 mQloBhICReAaRS B BBl Ak ¢ el ect ol st plated with a ni ckel
0704 mas (G oPERRRanopRl R eRiclate i kel I ayor 1o obtain plated
bar L1 ol o5 wdnEPtc 0B SHTH0%h orRERRSPd benabisne: BeRistkm Ry Y%t arn
msulati ng. FRe Baftdlk e aES T At SR ER Moty SuBTR B TRyt o,
bser vati on At Rac S GR0Th i AT AE eI UGN W s B ERPE 0% ¢ gas
chromat ooty WRSHERIRL ' € st 28 BRARECHIO YBSHEToSobIRCHIR, 0o
chown 0 Tonksic e, PSSR il SR BRI 9"
mass particles were covered with polymethyl methacrylate (PMMA) to
10 obtain covered particles E with a mean particle size of 5.2 um covered
with insulating fine particles having a mean particle size of 0.2 pm.
The mean particle size was calculated from the measured value
obtained by observation with a scanning electron microscope.
[0159] (2) Pyrolysis gas chromatography measurement
15 For the covered particles E, pyrolysis gas chromatography
measurement was performed under the measuring conditions shown in
Table 1. Calculation of the mass ratio A from the calibration curve of
Fig. 5 yielded a mass ratio A of 30/1000, and calculation of the mass
ratio B from the calibration curve of Fig. 6 yielded a mass ratio B of
20 101/1000 (see Table 2).
[0160] (3) Fabrication of circuit connecting material
A circuit connecting material film with a bilayer structure was obtained
in the same manner as Example 1, except that covered particles E were
used instead of the covered particles A in Example 1.
25 [0161] (4) Fabrication of circuit member connection structure

The aforementioned circuit connecting material film was used to
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ratio B fromthe calibration curve of Fig. 6 yielded a nmass ratio B of 20
101/ 1000 (see Table 2). [0160] (3) Fabrication of circuit connecting
material A circuit connecting material filmwth a bilayer structure was
obtained in the sane manner as Exanple 1, except that covered FR)4-0dces(E
were used instead of the covered particles Ain Exanple 1. 25 [0161] (4)
Fabrication of circuit nmenber connection structure The aforenenti oned
circuit connecting material filmwas used to 47 FP04-0469-00 fabricate a
circuit nmenber .connection structure E in the sane nanpner as Exanple 1.
[0162] (Meadabugatf adfirayhmemben coaBReH AR UIUssNLE Enllb B SERE MANNET t

el ectrodes) 5 For circuit nenber connection structures Ato E, the initial
connecti on 38c3X@NRME - (i medi ately after connection) and the connection

resi stance ft | ding for 500 cycles in a tenperature cycling.,tank at
-40C for 368462511(3&%%6@@11&09% CONgeliaN niPuSIANCFe TRMEETEPRRAINE

mul timeter usi ng tlhe t&-term’ nal measuring nethod. The results are 10 shown
t elech; 8lion resistance” refers to the resistance between

in Table 3.
t he opposing.circuit el ectrodes. [.016 Measuyr enent, of .i.nsul ation
esi o ance BSTEErHihBERDRT CONAEEAION SHUCNRIHbSD Fofhes INHAT CoRBRGHAN

CoeC | 0 SNk oo ek R ot " ShFARES: A Shicaas
BN L BTG LSRR EAN A ST Tl L
the resistange BetWeen 84 4°4oot "5 50 minutes were measured with a
multimeter using the two-terminal measuring method. The results are
10 shown in Table 3. Here, "connection resistance" refers to the
resistance between the opposing circuit electrodes.
[0163] (Measurement of insulation resistance between adjacent circuit
electrodes)
For circuit member connection structures A to E, the insulation
15 resistance after application of a direct-current (DC) voltage of 50 V for
1 minute was measured with a multimeter using the two-terminal
measuring method. The results are shown in Table 3. Here, the
"insulation resistance" refers to the resistance between adjacent circuit
electrodes.
[0164)

[Table 3]

20

Example 1
(Connection
structure A)

Example 2
{Connection
structure B)

Example 3
(Connection
structure C)

Comp.Ex. 1
{Connection
structure D)

Comp.Ex. 2
(Connection
structure E)

Connection | Initial ()

<1

<1

<1

<1

2

resistance | After temperature

cyeling (£})

<1

<1

<1

<1

>20

Insulation resistance ()

>1012

>1012

>1ﬂ12

<10*

>1012

[0165] With the circuit men.'_lber connection structures A to C of

Examples 1 to 3, both the initial and post-temperature cycling
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el ectrodes. 20 [0164] [Table 3] Exanple 1 Exanple 2 Exanple 3 Conp. Ex. 1
Conmp. Ex. 2 (Connection (Connection (Connection (Connection (Connection
structure A) structure B) structure C) structure D structure EfFpPFRQ4eothon
Initial 11 <1 <1 <1 <1 2 resistance After tenperature <1 <1 <1 <1 >20
cycling 11llnsul ation resistance 12 >1012 >10" >1012 <10 >l O [0165] Wth the
circuit nmenber connection structures Ato C of Exanples 1 to 3, both the
initial and post-tenperature cycling_ 48 FP04-0469-00 _ _connection resistance
wer e suf fi ciconiegtionmesistante were éugﬁu@enﬂwmmmedesvm{@ﬂwmatlon
satisfactorily, increased. ,[0166] In contrast, with the circuit nenber
connecti on JEPIFEANGESVAS éﬁtleQétﬁiﬂWamﬁV%ﬂ@danpl e 1, the insulation resistance

was reduced conpared to the connection structures Ato C. Alsg, with the
circuit rrenﬂ@i%ﬁﬁﬂé‘eqntmﬁt,swﬁ mﬁ@lrﬁmn@@n%@&aonn@cmm@,e Ebohk the

initial and post-teqpperature cycling cqnnection resistances were higher
than the co ARG rﬁéﬁm&@ At ég@. InguletipnESSILaRce] WEs3 I8 gceg

Conpay ative Exanples 1 _and 2 correspond 10.to pfhe fjrst e di nent.. Thus,
it conf i A0 WifeRORNEGHQM, SITUCHHRS At ton mal% éYltg?tg?Hér‘Fmﬁst

enbodi nent is used for fabrication I rcui t, mepber cgonnegti.o

structure, A &mcgppcﬁﬁmc%ﬁﬁzér& Aty aa&flﬁrg gﬁﬂl g]F%vi de

adequately reduced and stabilized nnection tesist.ance between opposi ng
inriend ‘Highet

c
circuit ele W%thtei@Qéfm@f%ﬁéimg FONNGEHOR EeS IS INGER M S t ance

between adj afenty ¢\ hSHetion structures A to C.

[0167] Examples 1 to 3 and Comparative Examples 1 and 2 correspond
10 to the first embodiment. Thus, it was confirmed that when a circuit
connecting material of the first embodiment is used for fabrication of a
circuit member connection structure, the obtained circuit member
connection structure can provide adequately reduced and stabilized
connection resistance between opposing circuit electrodes, with
15 satisfactorily improved insulation resistance between adjacent circuit
electrodes.
[0168] (Example 4)
First, a phenoxy resin with a glass transition temperature of 80°C was
synthesized from a bisphenol-A epoxy resin and bisphenol A. A 50 g
20 portion of the phenoxy resin was dissolved in a mixed solvent of
toluene (boiling point: 110.6°C, SP value = 8.90)/ethyl acetate (boiling
point: 77.1°C, SP value = 9.10) in a weight ratio of 50/50 to obtain a
solution with a solid portion of 40 wt%. The solution was also
prepared with 60 g of phenoxy resin, 39 g of dicyclopentenyldialcohol
25 diacrylate, 1 g of a phosphoric acid ester acrylate and 5 g of t-

hexylperoxy-2-ethyl hexanonate as solid weight ratio.
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el ectrodes. [0168] (Exanple 4) First, a phenoxy resin with a gl ass
transition tenperature of 80C was synthesized from a bi sphenol - A epoxy
resin and bi sphenol AL A 50 g 20 portion of the phenoxy resinBERx-@469c0yed
in a mxed solvent of toluene (boiling point: 110.6C, SP value = 8.90)/ethyl
acetate (boiling point: 77.1C, SP value = 9.10) in a weight ratio of 50/50
to obtain a solution with a solid portion of 40 wt% The solution was al so

prepared w of phenoxy resin, 39 g of djcycl opentenyldial gohol 25
di acryl at e, t[EIgSL%laop g @U&PW@@%?O@@FW%@ @sﬁm%ofga rgélca?
hexyl per oxy-2-et hyl .hexaponate as solid wei ght, ratio. 49.FP04-0469-Q0
[0189] Al so POVt Ring §UPsiaCs {AETRIS 23 w&r%lﬁséﬁ%rcwrglga i cal

Phe surt aceBb Bbrlbcengacenrs cPBOUCHLH RARCIEGUGhoBa: e GPRSHS af ter.
Corer L0, e IO L Re s R LU S A A 2
W th Bt hi CIERREEE 1B AIABEP YR BIciRe St et R er . The
ci7e of 5. mAGksIBEebMIthe TiokrEn BhPHd ireonuiCsiTatts HPATeREity at 5
leed 1o coRttfe bl akold aves uRBe HhckmesoPiof iRy Lurgh ERBIRE o s
erephthel aghgh! Ll Shobl¥ R SHELeCooLeREpRRIANE A oRRE, | | oo
wth a 15 th}al0g%8 p%frti(}l%swré ﬁl@gnlﬁﬁﬂé e of 5 um.
10 [0170] The covered particles were added and disperéed at 5 vol% in the
above solution to prepare a solution. A coating apparatus was used to
coat the solution onto an 80 pum-thick PET (polyethylene terephthalate)
film which had been surface treated on one side, and it was hot-air
dried at 70°C for 10 minutes to obtain a first film-like material with a
15 thickness of 10 pm on the PET film.
[0171] Another solution was also prepared with 60 g of phenoxy resin,
39 g of dicyclopentenyldialcohol diacrylate, 1 g of a phosphoric acid
ester acrylate and 5 g of t-hexylperoxy-2-ethyl hexanonate as solid
weight ratio. A coating apparatus was used to coat the solution onto
20 an 80 um-thick PET (polyethylene terephthalate) film which had been
surface treated on one side, and it was hot-air dried at 70°C for 10
minutes to obtain a second film-like material made of an adhesive
composition with a thickness of 10 um on the PET film.
[0172] The first film-like material and second film-like material were

25 attached with a laminator to obtain a circuit connecting material film

with a bilayer structure.
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[0171] Another solution was al so prepared with 60 g of phenoxy resin, 39 g
of dicycl opent enyl di al cohol diacrylate, 1 g of a phosphoric acid ester
acrylate and 5 g of t-hexyl peroxy-2-ethyl hexanonate as solid FRedgbd69-40 o.
A coating apparatus was used to coat the solution onto 20 an 80 pmthick PET
(polyethyl ene terephthalate) filmwhich had been surface treated on one
side, and it was hot-air dried at 70C for 10 mnutes to obtain a second
filmlike ' nmade, of, an adhesive conposition with a thickness of 10

.mon the g@uﬁih¢ﬁx?ﬁEk?§)The first filmlike material and second filmlike
materi al me ttached with, a

mat or | al hF}ﬁstvap PHLE Wit aofave Badbitn SenPet Gef 'O[f?%}conniﬁ;l e’5)
First, a phen resinwith a tr S|t|onte per atur 80C yas
synt hesuedW@%'& i sHioMol 2 AgtﬂﬁPle}?F egi 55(I]§ie ,9"-018( _
e afp'gﬁ?pfr%%bmfm% ¥iit) T %E%ﬁ‘éé%hégﬁiﬂg%’%ﬁl ol 01
T ST A o bl o
3."&%1833’8@%@4"3?6%%@2%@ aé%@%éﬁéﬁﬂag Bl 2T S rbr e 5 igﬁ ind ﬁ? Lype
?Sg iyof"‘lt ot hetalt Bleid diadsRls Do dind b N B BRRE R IR Pa°$f§8h el |
40% of tho_ SHVF acBs OB AR sk ieParts BRIk F € a B B ™ °©
gravity af tgIgeoysT) BP (@R I95LARRyREialdhaIPgaLi G Py &'a%{o%bﬁom

10 acid ester-type acrylate and 5 g of t-hexylperoxy-2-ethyl hexanonate, as

solid weight ratio.
[0174] Also, insulating fine particles comprising a polymer of a radical
polymerizing substance (acrylate monomer) were used for covering of
40% of the surfaces of conductive particles such that the specific
15 gravity after covering was 97/100 of the specific gravity before
covering, to obtain covered particles. The conductive particles had a
nickel layer with a thickness of 0.2 um on the surfaces of polystyrene
nuclei, and a gold layer with a thickness of 0.04 um formed on the
outside of the nickel layer. The conductive particles used were
20 conductive particles with a mean particle size of 5 pm.
[0175] The covered particles were added and dispersed at 5 vol% in the
above solution to prepare a solution. A coating apparatus was used to
coat the solution onto an 80 um-thick PET (polyethylene terephthalate)
film which had been surface treated on one side, and it was hot-air
25 dried at 70°C for 10 minutes to obtain a first film-like material with a
thickness of 10 um on the PET film.

51



covering, to obtain covered particles. The conductive particles had a

ni ckel layer with a thickness of 0.2 pmon the surfaces of polystyrene
nuclei, and a gold layer with a thickness of 0.04 mfornmed on 4-0469:+C@
of the nickel |ayer. The conductive particles used were 20 conductive
particles with a nean particle size of 5 m [0175] The covered particles
wer e added and di spersed at 5 vol%in the above solution to prepare a

A [ T o e
o3, S oY G, oA
e s Ll b
Pro%hr S S, KB, TR s YL RO oy
onte ., S4yThp iy Py R b inkel B bR bR e
L P PR g T bR TR0
second filmg é{fﬁ é*%e bf’ém"@rs% oﬁ8 ﬂ! aﬁﬂgd@ayer 2 aadE ’i‘fft&‘i[ c%x;%?@@' n-a

circuit conne erlal ructure

( Conpar at V%oﬁ?}ZdH?ﬁSn 1tﬁ‘ &&iéss“cff”ﬂ?ﬁh} Bﬂt WTEHIUZ' Imwith a bilayer

structure was tal ne e sane nman anp e except that

conducti ve_peyyyPige AR ﬁ%ﬁ-lﬂ&%’%ﬁ@rl‘éﬂ o Q5 . fikB BRI 1owBFe VT ©

used instea he covere
10 attached with a laminator to obtain a circuit connecting material film

with a bilayer structure.

[0178] (Comparative Example 3)

A circuit connecting material film with a bilayer structure was obtained

in the same manner as Example 4, except that conductive particles not
15 covered with insulating fine particles were used instead of the covered

particles in Example 4. That is, the covering ratio of the conductive

particles was 0%.

[0179] (Comparative Example 4)

A circuit connecting material film with a bilayer structure was obtained
20 in the same manner as Example 4, except that the conductive particles

described below were used instead of the covered particles in Example

4.

[0180] Insulating fine particles comprising a polymer of a radical

polymerizing substance (acrylate monomer) were used for covering of
25 70% of the surfaces of conductive particles such that the specific

gravity after covering was 95/100 of the specific gravity before
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particles in Exanple 4. That is, the covering ratio of the conductive
particles was 0% [0179] (Conparative Exanple 4) A circuit connectin
material filmw th a bilayer structure was obtained 20 in theFI&MbozﬁﬁHH}
as Exanple 4, except that the conductive particles described bel ow were
used instead of the covered particles in Exanple 4. [0180] Insulating fine
particles conprising a polynmer of a radical polynerizing substance

Conduct i ve SAVETIORe 4 ST Rt SRACPERRT: o BPhRdpPiecP BRI 1R Fac.
covered par tHeRdeeyeh S B RARAESOF 0, 2 Aot L e OF Sl rend. > ™' "
L ayer wi th 2UEHe Rl 8 e 0GIR PR adli BRRSScF R Bl tfras ¥ B Vayer.
e, £onae ptRBRr el SR YBL STRUURNR, BT PAIRUES, YA BT
o1V ) g Rk B PR AL Ryl U i 2 pup ares
L UL T teboribRtn pPRGIR BN HIATR SRIGHRES 5 2219,
o s, Panch ined 1L SRRk oy A AF RS RO ADERI ALY |
Compat 2t SERPL 0 gt BB PG BHSERRABE W LA iled® o1
as a first circuit member. Next, an ITO board (surface resistance < 20
10 (Y/square) having an indium tin oxide (ITO) circuit vapor deposited on
a glass panel] with a thickness of 1.1 mm was prepared as a second
circuit member.
[0182] The circuit connecting material films of Examples 4 and 5 and
Comparative Examples 3 and 4 were each placed between the IC chip
15 and ITO board, and then the IC chip, circuit connecting material film
and ITO board were sandwiched between glass quartz and a pressing
head for heating and pressing at 200°C, 100 MPa for 10 seconds. The
IC chip and ITO board were thus connected through each circuit
connecting material film. Here, one of the adhesive sides of the
20 circuit connecting material film was previously attached to the ITO
board by heating and pressing at 70°C, 0.5 MPa for 5 seconds. Then,
the PET film was released and the other adhesive side of the circuit
connecting material film was connected to the IC chip.
[0183] Circuit member connection structures F to I were fabricated in
25 this manner. The circuit member connection structures F to I were

fabricated using the circuit connecting material films of Examples 4
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and |1 TO board were sandw ched between glass quartz and a pressing head for
heating and pressing at 200C, 100 MPa for 10 seconds. The I1C chip and ITO
board were thus connected through each circuit connecting nat EPO4-0469+00
Here, one of the adhesive sides of the 20 circuit connecting material film
was previously attached to the I'TO board by heating and pressing at 70C
0.5 MPa for 5 seconds. Then, the PET filmwas rel eased and the ot her

e ve 595,00 ARt FOARRL BRI TARER UL oo comneet o o (e
Fabri cat ed (OTRe (MRS RranbEt of BT g SRIRET & r |t of Exampl os 4. 53
(veasur enent s SOnBugtVe SRIRTET by ke e RBRIRC s RGPy pleRBEIE alen or i ng
e fr om eackogr TRVEf Semplein gRTPhAE ofet & BT Fael T eI ") 2na 6
vty ustRyiscufecrreral dinihr FRRtEhRS. % 45, T SRR '
el um ot ol AT STRCRTOMER 12 OB i uPagEE BBl oL,
O e CorUEIALS BATE R MR SRR Senlig ol 310, e
oetvech PRSI, Gt ACTAOES)RE O MR COMGELA, .
connection) oandtl Ngr GRBNESTERE pERIIEEN&Rer covering with respect to the
10 specific gravity of the conductive particles before covering (specific
gravity ratio). The results are shown in Table 4.
[0185] (Measurement of connection resistance between opposing
circuit electrodes)
For circuit member connection structures F to I, the initial connection
15 resistance (immediately after connection) and the connection resistance
after holding for 500 cycles in a temperature cycling tank at -40°C for
30 minutes and at 100°C for 30 minutes were measured with a
multimeter using the two-terminal measuring method. The results are
shown in Table 5. Here, "connection resistance” refers to the
20 resistance between the opposing circuit electrodes.
[0186] (Measurement of insulation resistance between adjacent circuit
electrodes)
For circuit member connection structures F to I, the insulation
resistance after application of a direct-current (DC) voltage of 50 V for
25 ] minute was measured with a multimeter using the two-terminal

measuring method. The results are shown in Table 5. Here, the
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after holding for 500 cycles in a tenperature cycling tank at -40C for 30
m nutes and at 100C for 30 m nutes were neasured with a nultineter usin
the two-terminal measuring nmethod. The results are shown in THBO4-846 ,
"connection resistance” refers to the 20 resistance between the opposing
circuit electrodes. [0186] (Measurenent of insulation resistance between

adj acent circuit electrodes) For circuit nmenber connection structures F to

|, the insulhatien. resi.stance akter lication of. a dirget-current. (DC)

vol tage of  soisyiflin FEUSIARER (RIS 10 LS RL: Brodect mfaRst GG " he

t wo-t er m nal le%%s&érsi ng nethod. The results are shown in Table 5. Here, the
54 FP04- 0468 i"hsul ation resistance" refers to the resistance between
adj acent ci Lﬁﬁggeel ectrodes. [0187] [Table 4] Exanple 4 Exanple 5 Conp. Ex.
3 Conp. Ex. cific gravity 98/100 97/100 - 95/100 ratio before/after
covering %rr%ﬂinﬂ ratio (%9 20 40 0 70 5 [0188] [Table 5] Exanple 4
Exanple 5 Tl 3 Conmp. Ex. 4 (Connection (Connection (Connection
(Connection STTUCTUT € Flyahfid® ! [ERahpios ! UTHpExY $ ColpEN/€ | Connecti on
Initial (52%petilic <1 gravity | 98/100 97/100 - 95/100

ratio before/after
covering
Covering ratio (%) | 20 40 0 70

5 [0188]
[Table 5]

Example 4 Example 5 Comp.Ex. 3 Comp.Ex. 4
{Connection | (Connection | (Connection | {Connection
structure F) structure G) | structure H) | structure I}

Connection Initial (£2) <1 <1 <1 2

resistance After temperature | <1 <1 <1 >20
cycling (£})

Insulation resistance () >19* >10"7 <10* >10"

[0189] With the circuit member connection structures F and G obtained
using the circuit connecting material films of Examples 4 and 5, both
the initial and post-temperature cycling connection resistances were

10 sufficiently minimized, while the insulation resistance was
satisfactorily increased.
[0190] In contrast, with the circuit member connection structure H
obtained using the circuit connecting material film of Comparative
Example 3, the insulation resistance was reduced compared to the

15 connection structures F and G- Also, with the circuit member
connection structure I obtained using the circuit connecting material
film of Comparative Example 4, both the initial and post-temperature
cycling connection resistances were increased compared to the
connection structures F and G.

20 [0191] Examples 4,5 and Comparative Examples 3 and 4 correspond to

the second embodiment. Thus, it was confirmed that when a circuit
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resi stance After tenmperature <1 <1 <1 >20 cycling 11 Insulation resistance
4 >1012 >10 <10 >1011 [0189] Wth the circuit nmenber connection structures F
and G obtained wusing the circuit connecting material filns of FEQdrie3-00
and 5, both the initial and post-tenperature cycling connection resistances
were 10 sufficiently mnimzed, while the insulation resistance was
satisfactorily increased. [0190] In contrast, with the circuit nenber

connection structure H_ obtained using, the cjrcuit. connecti material film
of  Conpar at FORNCGasParesial dfeie, SEHOIY BRI e ¥R fore ATt @hmar ed 1 o
the 15 connegtion structures F and G Al so it h e chrcuit nmenber
connection SF Auti el me i%eﬁgpﬁgswug‘?sr ?6%6%%&911% W&t‘n&’?ral film
of Conparative anple 4, both the initial ,and st-t rature cycling
connect i on F%?&E&ﬁéwggei f@le JEOY! nﬂg?%%atggytﬁ%& RSSO, 1 yct ur es
Fand G 20 _[0191 anples 4,5 and Conpar at,i ve aml 3 and 4 rrespond
fo the secHBRbaPRBRYEN 1ApBoSRE IRt ik efeSnay T allfactortl | °°2
FP04:0469- 0Q _connect | -mater.ital of ihe secend einbodi.{ns%t itﬁ]gused for

f abr Pcat i onTHPTQY Plslﬁliﬁ 10R BERIStanGH Rl vesh adjs Rt Eeuit Rlechiotist ned circuit
menber connection structure can provide adequately reduced connection

resi stance between opposing circuit electrodes, wth satisfactorily 5

i nproved insul ation resi stance between adjacent circuit el ectrodes. 56

CLAIM5 1. Acircuit connecting material for connection of a first circuit
menber
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conprising, in conbination: a plurality of first circuit el ectrodes forned
on the main surface of a first circuit board; a second circuit nmenber
having a plurality of second circuit electrodes forned on the main surface
of a second circuit board, with the first and second circuit el ectrodes
opposi ng each other; an adhesive conposition; and covered particles
conprising conductive particles w t@LA®VISI ons of their surfaces covered by
insulating fine particles; wherein the nmass of the insulating fine particles
is 2/1000 to 26/ 1000 of the mass of the conductive particles. 2. Acircuit
connect i ng Tmat e Figguiticepnecing exateriahfop corpectionsef adfirptcaificut MeMRSF  conprising, in
combi nat i ORomBrdhd ERbdrhindtfonf i st circuit el ectrodes formed on the main

surface of ‘afirst circuit board; a second circuit nmenber having a
plurality of setplHeplityiof it eiraitatactrodessiompedetthesnain surfage of asfipticiiewt of a
second cirgyid4. board, with the first and second circuit electrodes opposing
each other; an' adhesive conposition; and covered particles conprising
conduct i ve par td sdcesd wireuit pembeérdvasingfa plirality of sanohd cissuitrieetrodds feymeasul at i ng
fine parti ; | e A | L., gONMprising a
pol ymer, a%h%@m%gé&oéf%?1%%%%#”52@%?%*@%@?% }:ﬁf'seegb'rfdsakfp EOOO to 86/1000
of the nassleofroddseopposihgeach @herA circuit connecting material for connection

of a first circuyj nber onprising, in conbination: a plurality of first
circuit elect ro%'e%dhfqg&?rgﬂmg?cws'? 0?%in surface of a first circuit board; a
second circuit covefedpattiiasgmprigihy cahductiveofarbeeowith portions of teéiect r odes f or med
surfaces covered by insulating fine particles;
wherein the mass of the insulating fine particles is 2/1000 to 26/1000 of the

mass of the conductive particles.

2. A circuit connecting material for connection of a first circuit member
comprising, in combination: _

a plurality of first circuit electrodes formed on the main surface of a first circuit
board,

a second circuit member having a piurality of second circuit electrodes formed
on the main surface of a second circuit board, with the first and second circuit
electrodes opposing each other,

an adhesive composition; and

covered particles comprising conductive particles with portions of their
surfaces covered by insulating fine particles;

wherein the conductive particles have nuclei comprising a polymer, and the
mass of the insulating fine particies is 7/1000 to 86/1000 of the mass of the nuclei.

3. A circuit connecting material for connection of a first circuit member
comprising, in combination;

a plurality of first circuit electrodes formed on the main surface of a first circuit
boérd;

~asecond circuit member having a plurality of second circuit electrodes formed

on the main surface of a second circuit board, with the first and second circuit
electrodes opposing each other;

an adhesive composition; and
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on the main surface of a second circuit board, with the first and second
circuit electrodes opposing each other; an adhesive conposition; and 57
covered particles conprising conductive particles with portions of their
surfaces covered by insulating fine particles; wherein the specific gravity
of the-covered particles is 97/100 to 991100 of the specific gravity of the
conductive particles. 4. The circuit connecting material of any of clains
1-3 wherein one of the first circuit electrodes and the second circuit

el ectrodes have a b whose area is less than 3000 pnt. 5. A circuit
connecting mat éioV%’nggF'\é@éﬁﬂ@@f'?'Bﬁcmduﬁnﬁ MG%W'&PQFRMZ'PG" conprising, in
combi nat i 0BurfaedbiVeréd byindlilafing fide partictast t el ectrodes formed on the main
surface of a first circuit_ board; ﬁ second circujt qr&ler h@ﬁl ng_@a
plurality of s&dtsRein e sReciicgravty pbifiesovese icleist PIROOPOLEE of a
second ci r gpddificRpavitd of ieldonbilidivé basitleand second circuit el ectrodes opposing
each other; a first 'l ayer conprising an adhesive conposition and covered

particles conprising conductive particles with portions of their surfaces

covered byg4i nsuhtdiag ccﬁ?ggttirrg%%ﬁéx%?an@mtﬁﬁqwﬁe@m{e G@Prising an

adhesi ve conposition w the covered particles, the second |ayer
provi ded ofirshciguit elgctsodsts anddhe pecond |ciiguiteleciiodeshave ;bumB¥%I088 t he i nsul ating

fine parti g%@qi\jegs Hah @880 1,/226/ 1000 of the mass of the conductive
particles. 6. crrcuit connecting material for connection of a first

circuit nenber conprising, in conbination: a plurality of first circuit
el ectrodes ST or ngrcﬂﬂ cBPr?ecﬁﬁé H’na?éﬁ'ai f%?goncﬁ]:ect?onfcjf ra%‘frst%iirE&HlnEmber
comprising, in combination:

a plurality of first circuit electrodes formed on the main surface of a first circuit
board;

a second circuit member having a plurality of second circuit electrodes formed
on the main surface of a second circuit board, with the first and second circuit
electrodes opposing each other;

a first layer comprising an adhesive composition and covered particles
comprising conductive particles with portions of their surfaces covered by insulating
fine particles; and

a second layer comprising an adhesive composition without the covered
particles, the second layer provided on a surface of the first layer;

wherein the mass of the insulating fine particles is 2/1000 to 26/1000 of the
mass.of the conductive particles.

B. A circuit connecting material for connection of a first circuit member
comprising, in combination:

a plurality of first circuit electrodes formed on the main surface of a first circuit
board;

a second circuit member having a plurality of second circuit electrodes formed
on the main surface of a second circuit board, with the first and second circuit
electrodes opposing each other,;

a first layer comprising an adhesive composition and covered particles
comprising conductive particles with portions of their surfaces covered by insulating

fine particles; and
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board; a second circuit menber having a plurality of second circuit

el ectrodes fornmed on the main surface of a second circuit board, with the
first and second circuit el ectrodes opposing each other; a first |ayer
conpri sing an adhesive conposition and covered particles conprising
conduct:i ve particles with portions of their surfaces covered by insulating
fine particles; and 58 a second | ayer conprising an adhesive conposition
wi t hout the covered particles, the second | ayer provided on a surface of
the first layer; wherein the conductiveé particles have nuclei conprising a

pol ymer, and’ t 25€GoRd LYSF CRMRrISingsaN %‘meﬁﬁeF?'HEOWW@'P&ETW‘?SCOWT%O to 86/1000

of the masgaficies e BEINAilayer provileBioh@dufa6oBNAE filsh@ygmt erial for connection
of a first circuit nmenber ~ conprising, in conbination: a plurality of first

circuit el ect r oteaseindheerndyativerrartipgsmaye npelelcopiPrigingiarkalyresny 8l e poar d; a
second Ci r qiigk o@'&"?r%’u#d?iﬁﬁ'ﬁﬁ@gﬁﬁ@lbk‘fsaﬂlmdﬂ tS%SIjﬁﬁg’mﬂwa'nﬁﬁé'&fﬂ% Riglef odes formed

on the main surtface of a sec circuit boar the first and second
circuit electrodes opposing each other; a first |ayer conprising an

adnesi ve, CQUDOS il ARk SIASHRRE bhiehon GUTE SiclRnBiiCt i ve particl es

W th portiohs o eir surraces covere ating Ine particles; and a
second | ayepmpusing, irscorgpisaticadhesi ve conposition w t hout the covered

herein the spe PRt RAFEURieRGESe0nTed b BT Rsu 18 SATEA P o) 100 of

the specifbardgravity of the conductive particles. 8. A circuit connecting
mat eri al accordi n‘?q]c ns 1-7 arti

T 00 O Bl P RmEb el ol PR Db e 2 ©
on the main surface of a second circuit board, with the first and second circuit
electrodes opposing each other,;
a first layer comprising an adhesive composition and covered particles
comprising conductive patticles with portions of their surfaces covered by insulating
fine particles; and
a second layer comprising an adhesive composition without the covered
particles, the second layer provided on a surface of the first layer;
wherein the specific gravity of the covered particles is 97/100 to 89/100 of the

specific gravity of the conductive particles.

8. A circuit connecting material according to any of claims 1-7, wherein a
mean particle size of the insulating fine particles is 1/40 to 1/10 of a mean particle
size of the conductive particles.

9. A circuit connecting material according to any one of claims 1-8, wherein the

insulating fine particles comprise a polymer of a radical polymerizing substance.

10.  Acircuit connecting material according to any one of claims 1-8, wherein the
adhesive composition comprises a radical polymerizing substance and a curing

agent which generates free radicals in response to heating.

11. A circuit connecting material according to any one of claims 1-10, further

cornprising a film-forming material formed from a phenoxy resin.
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size of the conductive particles. 9. A circuit connecting material according
to any one of clains 1-8, wherein the insulating fine particles conprise a
pol ymer of a radical polynerizing substance. 10. A circuit connecting
material according to any one of ¢lains 1-9, wherein the adhesive
conposi.tion conprises a radical polynerizing substance and a curing agent
whi'th generates free radicals in response to heating. 11. A circuit
connecting material according to any one of clainms 1-10, further conprising
afilmformng material formed froma phenoxy resin. 59 12. A circuit
connect i ng TRat eft ciuitroasrding daterial pasarding to ghier &l wherain hedieRoxyesinn i s

derived fr@g@éuggkrgﬁygbcilﬁygfcog@haﬁc coppmgd. 13. A circuit connecting

mat erial according to clarm 12, erein the polycyclic aromatic conmpound is
fluorene. 14. A circuit connecting material filmconprising a circuit

connecti ng 4Aat ﬁéiﬁgéuit o%ﬁﬁé’étﬂb%tér%l A0 ARG todraifn! & %eﬂeﬁiﬁﬁp@%ci nto a film

15. Acircuit er connection structure conpri sing: Ircuit menber
havi ng a plamredtictopmpburid isdluoksinecui t el ectrodes formed on the nmmin surface
of a first circuit board; a second circuit nenber having a plurality of
second circuit electrodes formed on the main surface of a second circuit
boar d; and 14d. ci Acinguit connesting imegeriat filbeconsprisingtzecrchit tomesttibdimatesiah sur f ace of
the first i rg.ui board e}nﬁl&%hz @Efi n sdurfaCﬁ of the second circuit board,
and connecCRYIE e any ong ot gaims I 3Hamad 1G4 e her s t ogether with the first
and second circuit el ectrodes opposing each other; wherein the circuit
connecti ng genb%;ﬁ.co,{r%r ifi’es a cured ciycuit connecting material according
to any one 16f cPHITRR PeTher coNpeLtRn stiucre QMRNFING: el ectrodes and the second

circuit el ectroggst @it lediier hadhg ¥ preamestirst dridibsietirddae fermeglopthepar ti cl es.
16. A circuit nepber c?nne_cé ion structure according to claim15, wherein,
when a main surface of a first circuit board;
a second circuit member having a plurality of second circuit electrodes formed
on the main surface of a second circuit board; and
a circuit connecting member situated between the main surface of the first
circuit board and the main surface of the second c¢ircuit board, and connecting the
first and second circuit members together with the first and second circuit electrodes
opposing each other,;
wherein the circuit connecting member comprises a cured circuit connecting
material according to any one of claims 1-14, and the first circuit electrodes and the

second circuit electrodes are electrically connected through the covered particles.

16. A circuit member connection structure according to claim 15, wherein, when a
direct current voltage of 50 V is applied between adjacent circuit electrodes, the

resistance value between the adjacent circuit electrodes is 10% Q or greater.

17.  Acircuit member connection structure according to claim 15 or 16, wherein at
least one of the first and second circuit members is an IC chip.

18. A circuit member connection structure according to any one of claims 15-17
wherein the connection resistance between the first circuit electrodes and the
second circuit electrodes is no greater than 1 Q.

19. A circuit member connection structure according to any one of claims 15-18,

60



direct current voltage of 50 V is applied between adjacent circuit

el ectrodes, the resistance value between the adjacent circuit electrodes is
109 0 or greater. 17. A circuit menber connection structure according to
claim15 or 16, wherein at |east one of the first and second circuit
members is an 1C chip. 18. Acircuit menber connection structure accordi ng
tosany one of clains 15-17 wherein the connection resistance between the
first circuit electrodes and the second circuit electrodes is no greater
than 1 Q 19. A circuit nmenber connection structure according to any one of
cl ai ms 15- WBereirbél lodat bae bf Ak first asduitanestrofied el the setomzi d¢ircuit bleefredesr odes and

t he second circuit el ectrode e el ectrode,surfa er wwth at

| oast ono. COMBIE e IDHE S acsiRiR LR AR e romron i SORHES Temtier "t i n,

pl ati num ggaiup c@ﬁtpﬂbuﬁg a0/, sinet, umﬁlatmuﬁ?(grd@p mefls éh(ﬂhﬂﬁilﬁ‘l fin cvedEOer connect| on

structure according to any one of clains 15-19, wherein at |east one of the

first circuit nenbers and the second circuit nenbers conprises a board

surface | apgr Mblﬁﬁtmé@@é%oﬁﬁ&tlﬁﬁgﬁmm a%&ir@iﬁ&@cﬁaﬁf@ﬁ@bf@al%%ﬂg conpri sing
silicon nitride, silicone conpounds and polyinmde resins. 21. A process for

fabri cati owhgleinatdeast ane ofibaiiEst caifeernbesn agd thedegerd C'f%lérlﬂﬂﬁmtﬁfﬁg, in _
conbi nat i OEobeﬁ'éal i q%facg'léyé%hﬁ'at tgaé‘t' ps%bﬂ'n éwfr \n n%rﬁ p accor di ng

to any one o _ etween a firs cwwtma a plurality
of first cicempligingsikconmitdes silisomecoropounds aed nolwumdaueemef a first circuit
board and a second circuit nenber having a plurality of second circuit
el ectrodes forned on a main surface of a second circuit board, wth the
first circait eApoeesslier tabdeatiooofid cotuitmermber ceobeatioe stipgtass, ng each ot her;
and curing _the.circuit co nect‘h n rratf_eri al by heating and pressing. 61

comprising, in combination, the steps of;

situating a circuit connecting material according to any one of claims 1-14

between a first circuit member having a plurality of first circuit electrodes formed on

a main surface of a first circuit board and a second circuit member having a plurality

of second circuit electrodes formed on a main surface of a second circuit board, with

the first circuit electrode and second circuit electrode opposing each other; and

curing the circuit connecting material by heating and pressing.
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