FP0O4- 0469- 00 DESCRI PTION ClI RCU T CONNECTI ON MATERI AL, FI LM SHAPED CI RCU T
CONNECTI ON MATERI AL USI NG THE SAME, CIRCU T MEMBER CONNECTI ON STRUCTURE,
AND MANUFACTURI NG METHOD THERECF Technical Field [0001] The present
invention relates to a circuit connecting material, a circuitFPOAHR4G9-0§
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-d ass) @g G- (Chip-On-Flex) mounting. In
COG nounting, a circuit connect| ng na er| aII cont ai ni ng conductive particles
I's used for @iﬂ(@ TITOINECTIOINT NMLSHAPEDRY onq the

gl ass panel . E%F nount I ng, theﬁ)FA crys a dr| Vi ng I C Ilt% attached to

flexible tal@oNNEOTI@N TRIAT BRI/ USING 2 THIS Ui § AMENeQt RGUEL er i al

containing conductive particles is used for bonding thereof to the gl ass

panel . [ OOOMENBRR CONNECTION ISTRECTURE, ANDNAAUFACTURING ! i qui d

20 crystal displays in recent years, the gol d ‘bunps serving as circuit
el ecty odes MBTHOD THEREODFdriving |1 Cs have narrower pitches and snaller
areas, which causes the conductive particles in the circuit connecting
mat eri al t o Texhnhiocak Fisddween adj acent circuit el ectrodes and thereby cause
shorting problens. Also, |eakage of the conductive 25 particles between
adj acent ci 16001 ] dlhecpresdrt imexhiiesrdlbtesrionbeircoit cammabtitlg wmteaal,iacl es in
the circuit connecting material held between the 1
circuit connecting 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

s



FP04- 0469- 00 gol d bunps and gl ass panel, such that the electrical resistance
bet ween opposing circuit el ectrodes increases and results in poor
connection problens. [0004] This has spurred the devel opnent of nethods for
solving such 5 problens, such as a nethod of preventing reducERO4edEHN0
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
Pat ent docunent 1, for exanple), or a nmethod of covering the entire

pat ent - docudi g pnd HaRPEnch SheHha Ak CERHEH BT Bl nes
Pabl 1 cat | on bCS IR EIGEArgTes ingiedts, HAg KR cln JERA FA B o) oo

to be Sol veg, ﬁlﬂlélﬁ?. | nventi on [ 0005] However, in nethods of form ng an
I nsul ati ng 5 esive layer on one side of a circuit connecting nmenber when

the bunp aregop4] Hqﬁ§,ha%walé*@e@eﬂ> EnthyiAethels FBPEeingesiRd ti cl es

is increased to ~obtain stable connection resistance, the resulting

| nsulsiting_ pirebRIKY, ARIPAS WPATRASH ATOPlevehtio! fedtlced! Bartting! qudidyl in not

fully satisfactory.” In nethods of covering The entire sur f the

conduct i ve 1GOU cheuniireh oraCOFS whaltheg B! fetenatiorpr 60l &M ibuldtireased
connection resistance et ween opposing clrcult el ectrodes occurs, naki ng It

i npossi bl e tadhesiviealayest@blae lehsiconé Gadle rofsthet eireeit Anrlc0Rg) ndterial
therefore an object of the present invention to provide a circuit
connecti ng re¢erRaent datunmmt able foraeghmnple)juce ac amvthodi ofr cdvering 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 um?® 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] It is therefore an object of the present invention to provide a

circuit connecting material that can adequately reduce connection



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

el ectrodes, as. well as a circuit connecting material filmconprising it and
a circuit nenber connection structure and a process for its f 42046900
that 5 enploy it. Means for Solving the Problens [0007] In order to achieve
the object stated above, the circuit connecting nmaterial of the invention
is provided as a circuit connecting naterial for connection of a first

Che.mai o sureastalye ool onddiipl Hioibl SHeCloilh sl Rate "
the mai n surFAEETS 2 TITSE cIVEUH . diber
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opposi ng eacﬁegt&%ci}&ﬁt%drﬁfébﬁngcm@&%ﬁ B¥m"Bb A1 'r?in GRS h"Gr&t adhesi ve

conposition and covered 15 particPFes conprising conductive particles with
portions of mhbfiersebhRE@on CAMRIEEE Mhd S PreédROfor B Fablib &R thaberei n
the mass of the insulating fine particles Constitutes 2/1000 to 26/ 1000 of

t he nfss of émplo}cﬁnductive particles. [0008] Wen the connection structure
of the circuit nmenber is obtained 20 by situating the circuit connecting
mat eri al betve@anstfbe Soivisp thedProbdeasd circuit nenbers and heating and
pressing it through the first and second circuit menbers for curing
treatment, tl0@0Ghtlai rerderi touathiewentthe objeutcistatedstabeveyrthehadradequat el y
reduced connection resistance between the opposing circuit el ectrodes and
sati sf act or idonnezSingrmatereal ofithel imvientioneisvprenided] as antiraiit conneetimgt r odes.
[0009] If the mass of the insulating fine particles is |less than 2/1000 of
FP0O4- 0469- 0omaterial 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



the mass of the conductive particles, the conductive particles 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 unsatisf EP04r§469005
the other hand, if the nmass of the insulating fine particles exceeds

26/ 1000 of the mass of the conductive particles, the insulating fine
particles will be excessively covering the conductive particles. This wll

he t hi cknedlbdMASE PP IRE SOMARAVERDERIEE PG CENEERS.EhintTef St o, "
el ectrodes Lq &&g{@@&g%ﬁ&gg%{he Mgﬁng{}ﬁ%:é(;hnec IESCO%%CIIIBHP&@ erial of

the invention Is as a Cclrcu eria

connecti on gj gegyrb%tw%h% écé‘fR;E?f‘éult Qfé\é'tf&fe%‘ P& Ui 1'nEMla?1b %}? aﬁ}er? reui t

el ectrodes on the na n surface of a ¥st circurt a second

circuit nmenfgrthBPhAG of the Wittt BodRisOwitlegRas otk rU*eUuﬁsa%is%&étweSdrpr med on

the main surface of a second circuit board, with the first and second

circigt el eqheogther dpanti IUtlRAGHassObethe iﬁ”‘ﬁllﬁﬂlﬁ Ufife }I%Fﬂl%@ési RgcEBdLr i al
conprising an adhesive conp05|t|on and covered partlc conpri sing

conductive /1000 esf thé magwofi tes cohdubgve purtitheesheokgubtdinyy fimsul ating
fine particles, wherein 20 the conductive particles have nuclei conprising a
pol ymer, andcpdrtielesmwsld bf exbessivalyl edvvergng ithe quardictivespanitdes.t uTass 7/ 1000
to 86/1000 of the mass of the nuclei. [00 11 ] Wen the connection
structure ofwilheesuiltr inuincremsederorinectibnaiesstandeyo Stheuednidurtive particlesi t
connecting material between the first and 25 second circuit nenbers and
heating and ipribesthigknesst direaont o the rdtcuinboged ovberioppasingreitotis f or

curing treatnment, the obtained circuit 4 FP04-0469-00
1 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



menber connection structure has adequately reduced connection resistance
bet ween the opposing circuit el ectrodes and satisfactorily inproved

i nsul ati on between adjacent circuit electrodes. [0012] If the mass of the
insulating fine particles is less than 7/1000 of 5 the mass of the nuclei,
the conductive particles will not be adequately covered by th&B0MsO#a9:Hy
fine particles. The insulating property between adjacent circuit

el ectrodes, i.e. the insulating property in the plane of the circuit
boards, will therefore be unsatisfactory. On the other hand, if the mass of

the insul atifgniiee cRRhELGORS sANCARES B/ %Q]iu%i@elgf rb@ficd®S Eofhedtih nucl el ,

the insulating fine particles will be excessively covering the conductive

particles. TekistaMdd bepwsei the oppesifgselcannaRetriodes! fvd SatiRetfily he
conductive particles in the thickness direction of the circuit board when

opposi ng ci rigprioved!iasilatdesbetnecnadjacémcit@detwtrodes. [ 0013] The circuit
connecting material of the invention is also provided as a circuit

connect i ng @0dL] df the massrofettic imsulHting finespartictestistlesetdiar 7/1000 of a
plurality of first circuit electrodes fornmed on the main surface of a first
circudt boartheandssofd¢bhenmiictéis ¢hie tcomdmbtive hpartintesawpll urcd| be pdegriatecond
circuit electrodes forned on the main surface of a second 20 circuit board,
with the fircuvesed becthed insulating dinectpastielesoppdbieninsdating opraperty he
circuit connecting material_ copprising an, adhesive_ conposition and covered
particles cdmiwesnnadjeesatueircuy fpiﬁﬁ‘trpgﬂssl-w the inmMating prepertyein thair f aces
covered by i risul at'ajg fine, pgrti cles, wherein the specific gravity of the
covered par tRlane<ofi e vircoy beauts; il dhenefere bs unsatistaciogy.avOnythe t he

O ar 1 v PbenBand: -9 osss gahe mstiaing ine particles exceeds 86/fodd "

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



by situating this circuit connecting material between the first and second
circuit nenbers and heating and pressing it through the first and second
circuit nenbers for curing treatnent, the obtained circuit nenber
connection structure has adequately reduced connection 5 resi sFREE0460vVEEN
the opposing circuit electrodes and satisfactorily inproved insulation

bet ween adj acent circuit electrodes. [0015] If the specific gravity of the
covered particles is |less than 97/100 of the specific gravity of the
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covered by the insulating fine particles ating property between

adj acgnt  ci rfésiétal%@%w@eﬁ thie: 6Pgb§ﬁ% bﬁ«%uitabléwrd%@psﬁ&ysaﬁafédisn ane of
the ci rcwt boards, wll therefo unsati sfactory. [001 I'n tHe covered

particles, }tbﬁ)vl@ﬂeih@tﬂa@ﬂ)rf Bétwedmadatent citbeit ebéttfoddsaces Of the

conduct i ve par icles to be covered by the insulating fine particles. [0017]

I'f | ess than(RPbfIft the spetdregrabityhef ctheduotens gﬁ itickekeks iless ¢haered, the
conductive particles will not be adequately covered by the insulating fi ne

Grect rotcs, 1 ¢ Che I Ml Al By Droperly | n the prane of the o U
boards, wil|fihaepaticles vellubsackséssovalyycageringptheedondusties partickss 6
FPO4-18469- 00This 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



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 conductive particles, and
therefore el ectrical resistance in the thickness direction of #H§4c0468:G0 5
boards will be increased when the opposing circuit electrodes are connected
together, as conpared to when not greater than 60% of the surfaces of the
conductive particles is covered. [00181 The nean particle size of the

insul ating fihag m&f@h@%u'tﬁceﬁﬁ@}‘c%w%[d/. 1()]ﬂptﬁé)oﬂﬁe}%ﬁ{d,tiffem6?@rﬂhmrticl e

size of the conductive 10 particles. [0019] If the nmean particle size of

the insul atigapd dfhthepairfacdsast the cdnduictivetpirficladnigoviehed s fraedstigg t he
conductive particles will be nore readily  covered by the insulating fine

particl es t hane iphrtitles veidhbpaxtesdieelsi é’@ve@nsg ohe sbaductivé particlescandnd
therefore using such a circuit connecting 15 material for fabrication of a

ci rcui t nentthercfoneedectorcab tresistance i the thiekukess idirdationhef thepriesidd
i nsul ati on between adjacent circuit electrodes, i.e. insulation in the
pl ane5of t hebadrdsuirillbbar nxred@d>6ihed she dhposinguicatcuity eléateodear tre! es are
preferably conmprising a polyner of a radical polynerizing substance. In
this case, t¢ennezted tegether,p compaped tod cvhen wat|gneatedi thanaGfér ef the t he
surfaces of the conductive particles, and therefore using such a circuit
connecting sifagesf thercongiictivatpasticlss ia coveted.t nenber connecti on

i in further ipproved insulation between adjacent

ilt ::gﬁlt v reeY“efdm@éiéﬁe' fr.n@.ani patticlei sive rok HBepiandating: finecipasticlespéar ds. 25
Subst ance argreReiatny rig Mgt 3ih Bae el airielss Steo-pgatssgendutiivd | < "
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



radicals in response to heating. A circuit connecting material containing
such an adhesive conposition will facilitate connection between the first
and second circuit nmenbers during heating. [0022] The circuit connecting
material preferably also conprises a 5 filmformng materi al FPOA-0469D0R
phenoxy resin. This will permt working of the circuit connecting materi al
into afilmform It wll also help prevent problens such as tearing,
cracking or sticking of the <circuit connecting material, and thus

Lﬁ:éin'oixtyf‘? Es!‘rﬁﬁﬁéaiﬁgiri[,r%s%ﬁggé; #L?xseﬁﬁ;&?iﬁ% feagd ebieﬁbegér?gf g@%%éiaf“e
Conesti ng rspipifie ;IR HE adhehiVe, ThuBidhiflon Wifl Ml CoRadtRid.ci'st ance
and nmechani G@ét}*fetﬁhefﬁgtﬁ}sﬁgﬂ?%&@?d ‘fh%%%eﬁ.nferg? ngyg#%%i[%orrat i ¢ conmpound

Is preferably orene. e circ terial film of
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circuit ”E”bs%rlﬁﬁgnéf theTifduit! %bﬁfr‘]l@%@l;l% A8t iitd D fildn Forrhl F q¥Iwillrenber

connection structure provided wt rst circuit nenber having a

plurality ofalsé help Prevent pRIemsaiRh dPtamth® erhbleinpebh stiskingasftled a first
circuit board, a second circuit nenber having a plurality of second circuit

el ectrodes fatemt connebinganateialf and tusafaehliges dgdiingc ot tthoadrehit and a
circuit connecting nenber situated between the main surface of the first

circuit boarecbmardtingematdrialsur f ace of the FP04-0469-00 second circuit board,
and connecting the first and second circuit

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] Thé 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



menbers together with the first and second circuit el ectrodes opposing each
ot her, wherein the circuit connecting nenber is conprising a cured circuit
connecting material of the invention and the first circuit 5 el ectrodes and
the second circuit electrodes are electrically connected throlER04046930
particles. [0027] This type of circuit nmenber connection structure allows
adequate reduction in the connection resistance between the opposing

circuit electrodes, while also satisfactorily inproving insulation 10

ESt Vis ZEL??%%&Z?@@# @ﬁéi%ﬁ?fiqqx%%%ﬁ% iﬁf s anflnsecdtd SRkl \a7he"
. i | fhe '

0025)  BecaukbiiangErR i fuBR af BdeBhf r At lactrodRs Somteff 1

operat | on wi T A Peteih pier shellc, caRRclind infHeF R EolhBANEa P,

adequat el y PLGYANir &P IdchrBEHNEARaRHACS ihe ittt GRL 1RA0RRy LRAAPI Ei t her

or both of t irs econd circult nenbers I's preferably an chi p.

20 [0931] Al ¢ i i i J
[0931] Alg c%rﬁg@ss g@gﬁﬁéé%ﬂ@@iéhﬁ”&%ﬂ%ﬂ&@%?e tgfl'é‘ct{ﬂclﬁlﬁ& Gorirfeétdd

el ectrodes an Ircurt electrodes 1s preferably”no greater than

1 1. In thi sthtr&;ﬁghgt)v@fédzﬁhﬁid]@gber connection structure, connection
resi stance between opposihg circuit electrodes, i.e. connection resistance

in the thi ckgmszg dikigcttyps of tcheudt reentbd?odofinettion2stiartinef adlaws |y
reduced. [0032] Either or both of the first and second circuit el ectrodes of

this 9 FPO4- défird® reduction inehibetoramenest fexistahce tetweerlthe appisttigbl y
COTPTESES ancircuit 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° Q 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, 1i.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



el ectrode surface | ayer conprisi-ng at | east one conpound selected from the
group conprising gold, silver, tin, platinumgroup netals and indiumtin
oxide. 5 [0033] Also, either or both of the first and second circuit nenbers
of this circuit menber connection structure also preferably cd&if4-6469:00
board surface | ayer conprising at | east one conmpound selected from the
group conprising silicon nitride, silicone conpounds and polyimde resins.
This will further inprove the adhesive strength 10 between the circuit

nb d ci [ ' d f
renbers 21 SR B0S g TR S ROMRI pARbRn ORpRRRs g ace
process for él_@@t’rbﬂétsh%c@flaﬁer%(grﬁ Hg%ﬂ% Iﬁ?%as’é 8hHe %%Eﬁ}g&m& tEldeted fodrcording

to the invention conprises: a ste uating a 15 circuit connecting

material of ﬂl@?gk@!ﬁr@drﬁﬁri@,ﬁ@%d? dilves! thi," plitimB"BSupanetds dad ural i ty
of first circuit el'ectrodes formed on the main surface of a first circuit

board and a dtwmdisioktdét nmenber having a plurality of second circuit

el ectrodes fornmed on the main surface of a second circuit board, with the

first5circuif0083écAlsodeithed celsethdof thie first 20d adeeohd adecudppashberseath ot her
and a step of curing the circuit connecting material by heating and

pressi ng. [ abdsciByitusiemgbehiconhattion atruoture atws preferalslypossiprisesta obt ai n
a circuit menber connection structure with satisfactorily reduced
connecti on bemdssurface beyerecompisosg reg keastc one edmponndeselectédaftequat el y
25 inproved insul ation between adjacent circuit electrodes. Effect of the
| nvent i on 10thePogrooyps ocompr3dRs] sAtewn dintgidey tshlécons egdimpounds i andossi bl e
to provide a circuit . . . . .
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



connecting material which can stably produce |l owresistance el ectri cal
connecti ons between opposing circuit electrodes in COG nounting or COF
nounting and inhibit shorting between adjacent circuit electrodes, 5 as well
as a circuit connecting material filmconprising it and a cir cHliP04-0260£0
connection structure and a process for their fabrication that enploy it.

[ 0037] According to the invention it is also possible to provide a circuit
connecting material with high connection reliability even in driving ICs 10
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fefie

thelnventlon Fi g. |sacrosssct|ona VI ew S a step in a

fabrication Iﬁéﬁﬁ%?scoﬁﬂl{ctﬂ)rp ‘sfrﬁb'tdre B &F g?@é&%@cfdroﬂle‘if THb#AGoRaRaf di ng to
the invention. Fig. 5 1s a graph show ng calibration curve for determning

t he mass raémp]otyitn Exanples 1 and 2 of the invention and Conparative
Exanple 25 2. Fi'g. 6 is a graph showing a calibration curve for determning

tcge mass 11 [EXBQZH AeSording &b tige Brventiorpitis aksd pasyibie tof pidiedé awdrdiien and
nparative anpl e
connecting 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



2. Fig. 7 is a graph showng a calibration curve for determ ning the nass
ratio Ain Exanple 3 of the invention. 5 Fig. 8 is a graph show ng a
calibration curve for determning the nass ratio B in Exanple 3 of the
invention. Fig. 9 is a pyrogramobtained as a result of pyroly3iP)438469-00
chr omat ogr aphy neasurenent of the covered particles Cin Exanple 3 of the
I nventi on. 10 Expl anati on of Synbols [0039] 10: G rcuit nenber connection
structure, circuit nmenber (first circuit menber), 21: circuit board

Ciroui t el Zﬁaﬁ“’ﬁ’g%%@é?e of 20 2, G ertion Sud il EARETIE e

(second circyit nenber) 31: circuit 15 board (second circuit board), 3la:
mai n surface, 32: circuit electrode (second circuit electrode), 35: board

surface | ayepjg 50is &%\fﬁﬂ?@h@%hg% 8glibration EGRAUEIH &@ceﬁﬁhﬁﬁl‘g‘ B mady:

nucl eus, 51y: “outer surface, 52: insulating partlcles 60:

circuit connegio AdnExdigple $bf the igvéntiogonnecting material film 20 Best
Modes for Carrying Qut the Invention [0040] Preferred enbodi nents of the

circubt connegl iy avirgph ahowiagre valibegiviectivegforadetetmininig! theC®@Rs i si ng
it, circuit menber connection structure and process for their fabrication
accor di ng t oratioeB inveanhplen3 wiflthe novetgorxpl ai ned. Throughout the draw ngs,
25 corresponding elenents will be referred to by |ike reference nunerals

and wi |l be Epl & nisd anpyrogren  bbtaiRed- (69 00efulo4df [pHirobtsienpasli nent |

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 (secohd 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



(Grcuit nmenber connection structure) Fig. 1 is a cross-sectional vi

showi ng a fi
(hereinafter

i nventi on. The connection structure 10 of this enbodi nent

rst enmbodi ment of a circuit nenber connection structure
referred to as "connection 5 structure") according to

circuit nmenber 20 (first circuit nenber) and a circuit nenber 30 (s
circuit nenber) which are nutually opposing, with a circuit connect
menber 60 connecting between the circuit nenber 20 and circuit nenber 30.

10 [0042] T [ bt menber. 20 is provided with a circuit board 21
circuit boaﬂ@?&élﬁﬁgsbpmr%dlwn& circuit electrodes 22 (first circu

el ect rodes)
plurality of

(R EE AR BREET e tor  oxampl o, in @

(second of r duBr TS HicSipeBRALViE pOufthgd HEft HabBufEhi 6P itk
Circui t el eGheafes) QiR PR ARG AR RARGE 1 dbfrd (018 "EbEAUGD

The plurality of circul

stripe fashi

may be 20 nentione

ectrodes ar e 0O arrang or exanp

s‘?ﬁlct{lf@'g%]ccé‘?diﬁ 96 theGn¥atBhes THe Ebﬁﬁé@ﬂorﬁgﬁﬁgﬁﬁe 44 3f

chip pdarts such as sem conductor chips, resisto

or condensehiskiiSoditieIORr fovidell WsthPal BireditPeRnsSer Ibegﬁ%@r@faﬁf

connection of the connection structure 10 nmay be connecti o

bet ween

ew

t he

I's pFPO4ded690t a

econd
I ng

(first

it

The
stripe
oard 31
cond
oard 31.
le, in a
t here

r chips

an | C

chip and a ghemb®ryahdng cheaitdmeaabaesDi @Bched \wRuiehRehbeawhic agdli ts, or
connection between an COF-nmounted or -nmounted I1C 25 chi'p and a g

panel or fl exublaly @%os{ 4dithMaseirpuief comlcyingaindmgbért 60neonmhedtitgy

menbers 20,30 is an

10

15

FP0O4- 0469-00 I C chip.
between the circuit member 20 and circuit member 30.

[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
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 clectrodes 32 are also

| arranged, for example, in a stripe fashion.

20

25

[0043] As specific examples of circuit members 20,30 there may be
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
chip and a glass panel or flexible tape.

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

13
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[0045] The circuit electrode 22 is constructed of an el ectrode portion 23
formed on the main surface 21 a of the circuit board 21 and an el ectrode
surface |l ayer 24 formed on the el ectrode portion 23. The 5 circuit el ectrode
32 is likewi se constructed of an el ectrode portion 33 forned diPOHd46H-00
surface 31 a of the circuit board 31 and an el ectrode surface |ayer 34
formed on the el ectrode portion 33. Here, each of the electrode surface

| ayers 24,34 is preferably conprising gold, silver, tin, a platinum group
nmetal or indhg@h@hn oxide (1 TO, or a conbination of 10 two or nore thereof.
That is, the CiTcuit electrodes 22,32 preferably each have an el ectrode

surf ace | ayelo@As 3FhE CRAiP EMebiAN 2051 KtistrdiBd offallAEURYR Hiotignmetal or

indiumtin oxi , Orf a co nati on WO or nore ere on the

el ectrode popsi fiinged i t}_ﬁ@ffgéiln Eiffaek! 214 oM Rircdt l%gr& Poand g4 face

| ayer 35 on the 15 circuit board 31 and circuit electrode 32. Here, the

board surfacglectrder sfacs 1& 2aafIrhPoRr tH @Hac?fddeagﬁrtﬁ'(i)ﬁ r3yle, TResSi | i cone
conmpound or a polyimde resin, or a conbination of t or nore thereof.

That Bs, theirghitceleétrogetdY iOkendéecobkirubre af haaedcaodbassrtiony8s 35
conprising silicon nitride, a silicone conpound or a polyimde resin, or 20

a conbi nat i oforefied va the maitesurfgcedl a Dfehd earcditsbodrdc®] hademn deciradeei t her
coated on the circuit board 31 and circuit electrode 32 or is attached to

the circuit bodace Blyeardd formeed bnehedectdedSportite 3Boarderes eathad thayer 35
i mproves the adhesive strength between the circuit nenber 30 and the
circuit connelectroglensurfme Byere34[R0w7hHrefmmbly lcenupni singtgotdrvdve @imgr
circuit board 31 is a flexible tape, the board surface layer 35 is
preferably camaiisumggeoupmedal or indippo 4inpaseleod TiO) wira combinasomode such
as a Bolyinide resin. Wien the circuit L
1 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
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board 31 is a glass panel, the board surface |layer 35 is preferably
conprising silicon nitride, a silicone conpound, a polyimde resin or a
silicone resin, or a conbination of two or nore thereof. 5 [0048] The
circuit connecting menber 60 is situated between the main surf -D48940
the circuit board 21 and the nain surface 31la of the circuit board 31, and
it connects together the circuit nenbers 20,30 wth the circuit el ectrodes
22, 32 opposing each other. The circuit connecting nenber 60 is al so

provi ded wit ' | r,& s poveted £l The
covered part?gﬁgghggQggéggﬁ?gsﬁgﬁe% %}igv§ﬁgg%%2§%?bn e‘%géﬁét ecgﬁ}cuit

el ectrode 2 Ir cigt C e , i t] icles 51
and insulatﬁ%%ﬂ?i%é ggﬁtgg#%sﬁéga’g%ée??%gpgg??Fgn%gg?q¥ﬂg§s%¥$g§§2§51a of
the conducti é’(‘i’rng?irsh’%g?'sﬁﬁ:o'i’l_lnitrikl@, hhiscended nd, i BoRBAIderediffor ASUl ating
fine particles 52 15 constitutes 2/1000 to 26/ 1000 o he mass of the
conduct i ve pgiticonk ¢esibl or al@iBinalidnhof té driherefhezesfiect i on structure 10,
t he connection resistance between the opposing circuit electrodes 22,32 is
adequately [OOH8]bharitchitadonnettihg wenhisert 6@ is REubRid betvideapid shdigt ween
adjacent circuit electrodes 22,32 i1s satisfactorily inproved. 20 [0050] If
t he mass of gurdacer@Uhavf the fdirmipdoard| 2k abd the hesin Sindace/310006f thé t he

mass of the conductive particles 51, the conductive particles 51 wll not
be adequat el gircuit dvaeadby 1t hadi isedmtectsy togethepdhei cirast SAenibees 201301 at i ng
property between adjacent circuit electrodes 22,32, i.e. the insulating

property in widh ghareirafit tdlectrodesi22, B aopposing3¢acinidthers Thereirowit be
unsatisfactory. On the other hand, if the mass of the insulating fine
particles 52cenuessing pemben6lfistaiso pievidsd with as ipsalatipgomentberohduct i ve
part |18| o8 51én<§ r(;gviernesdupl)aaIPt{crllegs ben ®The E:(i)\(/:elr%Sd ;?azl'ti\émielsl 5(5) 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 51a 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
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excessively covering the conductive particles 51. This will result in

I ncreased connection resistance of the conductive particles 51 in the

t hi ckness direction of the circuit boards 21,31 when the opposing 5 circuit
el ectrodes 22,32 are connected together. [0051] In regard to t#P04:6469:00(ng
property between the adjacent circuit electrodes 22,32, this connection
structure 10 preferably has a resistance value between the adjacent circuit
el ectrodes 22,32 of 109 S2 or greater when a direct current voltage of 50 V

PR SRR Ul O Sl L
sl 19 BASKK (8L ARPURTERREANe SLEEULS S0 dhi2 b flrddyeN el

5, PoSSLO! SpbaAdacuahlorich RKRnEBalt O RLHABRLBpAtichReEy BRI L 19

electrodes _ _ I'n regard to the connection resistance between t he
opposi ng  cithidkiress! eﬁbeﬁeﬁso?%h§2cir&ﬁit8beafuses2t1',3)p WhEHCHIE & agﬁ{gerab'y

has a connection resistance between the circuit el ectrodes 2 ircuit

el ect§odes dr@fit BlecifRREN2 3D ake EofhedteditBpstHernner of connection 20
structure 10, the connection resistance between the opposing circuit

el ectrodes 2Z2032] Ih-regatdiéo tled eilating peepeitgstweentthe ddihcdiasscuidi rection
of the circuit boards 21,3 1, can be satisfactorily reduced. [0053] For the
covered partgletteed&d, 2232, mtlais ariniectiensistiotureof 10 herefensbilyathazg 41 ne

particles 52 is preferably 1/40 to 1/10 of the nean 25 particle s%ze d. of
t he conduct iresispande calas Betweehetheesdjapentt ¢ict it larsodat; 223Q o187 €2t he
aver age val ues of those obtained by neasuring the 16 FP04-0469-00 | ong axes

of the insulen grepter wvéhgmat divket cBoreandvaltagec ofi ik tV \ie gpplicdc 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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51 observed under various types of mcroscopes, upon neasurenent of ten or
nore particles each. The m croscope used for observation is preferably a
scanni ng el ectron mcroscope. 5 [0054] If the mean particle size di of the
insulating fine particles 52 is wthin this range, the surfacd®®-0468t00he
conductive particles 51 will be nore readily covered by the insulating fine
particles 52 than if the nean particle size di is outside of the range, and
therefore this manner of connection structure 10 will result in a further

5755 i e IHGLIRS fE ﬁ%ﬁkt%gb?h“nﬁ?r%ti%@%nif%ﬁa?ﬁéC?Pﬁ@ﬁ'ire fielso1 a1
00951 s CORMUHRENRPRANEE LA oBd (B! B RN IR RO LA IR LRI of o3

made of Au or so ar on par con uctlve

par il es Sl 8 RS pARIVION Aot UoT SnfERb ()Jﬂs;use&'ﬁ% otriisn gl | allow

t he conductlve partic o read heatin pressure

duri ng conne des 22,32, and therefore the
ﬁ{)éeéﬂf/\h}ebgﬁta"\%ﬂggﬁ efdcifoft ﬁn@ﬂo%%f)ge

contact area uctive partic 51 and the circuit el ectrodes

22, 325w | Slgrﬁ'atﬁ%%feﬁﬁ éﬂi‘ﬁéﬂﬁﬁ% & et 1 ‘Iﬁﬂldtﬁ{%ﬁ‘?ﬂé Ibeh’t cleds5hq 56] The

|nsul ating f articles 5 re preferably conprisifhg a po ymer o

radi cal pol y{eeHia ithis mubs! eHCsurfdddsss vd bftﬁe’iéd)ﬂldlﬁ@thee R&ﬁiéé@ﬂ'\bﬂpbet he
insulating fine particlés 52 to the surfaces 5la of conductive

particles 51lmeye tdadilyl Bovéted BRniey imdulatingefihe oparticles 52" ehanlQf thee
insul ating property bétween the adjacent circuit electrodes 25 22,32, i.e.

the insul at i ngaprpgeicly size dhis qutsitde of thd eartdd, citid tHeeefate thilndinhercan be
further inproved. 17 FP0O4- 0469- 00 [ 0057] Radi cal polynerizing substances are

subst ances hefiicognection structure 10 will result in a further improved insulating

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
attaéhment 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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functional group that polynerizes by radicals, and as such radi cal

pol yneri zi ng substances there may be nentioned acrylates (i ncl uding
correspondi ng net hacryl ates, same hereunder) conpounds and 5 mal ei m de
conpounds. The radical polynerizing substance used may be a mbiPQ#e0469-00
ol i goner, or a nononer and oligoner nmay be used in conbination. [0058] As
speci fic exanples of acrylate conpounds there nay be nentioned nethyl
acryl ate, ethyl acrylate i sopropyl acrylate, isobutyl 10 acrylate,

e b SR L, S R
(o (acryl o ESrBRh G Rn }Dé papéied 3?%9’@?12%1%) %ﬁ@?xé%‘?ﬁﬁﬁ&%ﬁ e

tricyclodec n?rfcggéihgtﬁxbs’(t]ddq%%%r eYe ?ﬂé tHorle et Ml n@na‘&ﬁ girethane

acryl ate. THes use one or | ures o

necessary, ﬂcyﬁi-‘é A dif t'rﬁ@tltd&?%f&'té %‘ %eg@uﬁé{?ﬂoq%& %%ndgt and

met hyl et her non rom WpOoI n

i mproging h t | east
one gbstltﬁgﬁ%é}@figtgﬁe fl}ﬂo({n%et ﬁghg?gﬁ%&@ % ?féilzﬁ% g‘?@%@%gﬁ%gﬁ}agroups
tricyclodecanyh rﬁéﬂé‘ll%r@'i‘%lf driét, o a flodmer 9&5%1 éi*ﬂi‘a & AsRPINdS
contain two or nore maleimde groups in the nolec xanpl es of such
mal ei m de cofgigbhfigiomere 25 may be nentioned
1- net hyl - 2, 4- bi smal ei m debenzene, N, N - m phenyl enebi snal ei m de,
NN - p- pheny! @%@ﬂsm eypecific dtaples 18f FHpdlabe cdrpotindy | therbimmarl Isd ni de,
N, N - 4, 4- bi phenyl enebi smal ei m de, N, N -4, 4-

mentioned methyl acrylate ethyl acrylate, isopropyl acrylate, isobutyl

10 acrylate, ethyleneglycol diacrylate, diethyleneglycol diacrylate,
trimethylolpropane triacrylate, tetrameythylolmethylolmethane
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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(3, 3" -di net hyl bi phenyl ene) bi smal ei m de, N, N1-4,4-(3,3'-

di net hyl di phenyl net hane) bi smal ei m de, N, N -4, 4-(3, 3-

di et hyl di phenyl et hane) bi smal ei m de, N, N -4,4 5 di phenyl net hanebi smal ei m de,
N, N -4, 4-di phenyl propanebi smal ei m de, FP04-0469-00
N, N - 3, 3' -di phenyl sul f onebi smal ei mi de, N, N -4, 4- di phenyl et her bi smal ei m de,
2,2-bis(4-(4- mal ei m dephenoxy) phenyl ) propane, 2, 2-bi s(3-s-butyl -4, 8-(4-

mal ei m dephenoxy) phenyl ) propane, 1, 1-bis(4-(4 10

a6 m dephe ROV el Rade NG PARpRO A bR Giriiae,  NN-a.4-

%’“x?hP}SeEPeﬁé%?l“ﬁﬂﬁﬂh%&%%ﬁi%ﬁ%@ﬁ%%&ﬁs?n”‘éiyg.bezi% é4%%¢33'c-?{vig”
i 51 . 1

Cover i ng t nelTBepAdigt RS B Rty BlBdehatgo” 57, 0%, JTLAR S Wl
showi ng mig g@%kﬁ%@é@%@%ﬁgﬂ’é?@wéiﬁhaﬁ The conductive parnghglgg 51 of

Fig 1 ve particles 51 of the type”shown in Fig.

2. 2@ [0061); ;;1\11111% BAse ' ‘ : : .

pol yrrgr[s [ ncPILP}%% ari ltgus tb;?%iggleg?ﬁgﬁ}a)@t’ﬂc-s ’s'?éﬁﬂé%ﬂg’g?%%@#g‘@%{ﬁg’

pol ydi vi nyl briReses . @ hﬁﬁ?lsﬁh%(ﬁle%?érﬁaﬁﬁﬁﬂt@ epoxy resins, phng)l_4 yesi ns
an S

and benzoguandm né resi ns; vari ous types of rubber conpoun such as

styr ene- but adigingylethleebisaideiphidecone rubber. Wth these ag};?_gig(hs(mj or
conponents, there"may al so be added various types of additives such as

crossl i nki ngngdeithRlepbenbry)pHaeRl prapdnege i nhi bi 2 rbis(3%-b0EA-A859-00 I n

this case, the conductive particles 51 wll readily deform under
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 51x 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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heating and pressure during connection between the circuit el ectrodes

22,32, and therefore the contact area between the conductive particles 51
and the circuit electrodes 22,32 will be increased for enhanced 5
connection reliability. [0062] In this enbodi nent, the nass of HP@4-0469-00
insulating fine particles 52 constitutes 7/1000 to 86/1000 of the nass of
the nuclei 51x. If the mass of the insulating fine particles 52 is |ess
than 7/1000 of the nass of the nuclei 51x, the conductive particles 51 will

not be adequgj e1;'hfi’st %%ség‘ﬂ?é ec%r%ctti% bQﬁi‘él@é if{'lg \Lilp(areggfégi géﬁg—ﬁ 2l}n_d-e|é?et he

I nsul ati ng proper tween acent circuit electro

| nevLat 109, PheRSAE bl prd 8GR Lok Ul BpRTIREiC chotitides
nsutating T5980aiid Hebeforé (e Capaest Rl Eﬁ@cf{@aﬁcme aggKg! el S1x,

the insulating frne 15 particle e excessively covering the

conductive pgntagd ehedSdircuitheRctiddes 228t will bRCiRFEREE T I8P &G{HaRRed
resi stance of the conductive particles 51 in the thickness direction of the

ci rcuist boar ggnrdctidn mg;[bi]i%)he opposing circuit el ectrodes 22,32 are
connected together. [0063] The nuclei 51x may al so be conprising

non- conduct i {062 ]aksthis 2nbedianes, the asidscoPdthe gulatkey fine partielease as
wel |, the conductive particles 51 will readily deform under heating and

pressur e dur cogstittitemn 1000 tbeB612 000t vt thd meakst o€lthe tmudess 522, 3£ thad
therefore the contact area between the conductive particles 51 and the
circuit el entasedesth22in’@latirg fine partickess®?l 1§ dessethtaan?/dd00oof et hroass
reliability. 25 Al'so, the conductive particles 51 preferably have an outer

| ayer 51y mafléhefnucler 8¢kotlse monductivenpartichest hé will frrtebofadequately| eus 51x
20 FP04-0469-00 made of non-conductive gl ass, ceramc, plastic or the |ike.

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

20



[0064] In order to achieve an adequate pot life (usable life), the outer

| ayer 51y is preferably not conprising a transition netal such as Ni or Cu,
but rather of a precious netal such as Au, Ag or a platinumgroup 5 netal,
and nmore preferably of Au. The conductive particles 51 may al SOPGd0460R60
nucl eus 51x made of a transition netal such as NI covered by the outer

| ayer 51y made of a precious netal such as Au. [0065] The thickness of the
precious netal outer layer 51y is preferably at |east 100 angstrons. This

wll result %%Wéﬁ_%gﬂﬂgcﬁgeggﬁeh%%ﬁﬂ% ﬁ%ﬁ}@g;&%ﬁk@{een the circuit

el ectrodes 22, recl a _ ayer y 1s forned on the

surface of a[(][)'(?lt&gi]elhS ord@drtd QEHIreivéi 4y aﬁeflﬁﬁt@slb%ﬂlfjfkl: gﬁézﬁﬂ? 31%21 iR Nl‘fert he

t hi ckness of preci ous netal outer [ayer preterably at [east 300

angstrons. | Iar?,gegt ; 3‘ iy ﬁi‘éi@?a%l?fndt%rﬁgﬂﬁr%lﬁ tPsHion Yhefal lsB¥Raso\Y orS | ess

than 300 15 a nms,” defectS may occur in the outer |ayer 51y during

m xi ng di speigiben ratherhsf & ppetiouk ReRASULAIRSADL A oF ae%sl%mﬁhﬁn baf
radicals can formdue to oxidation-reducti on reaction at such defecCt si tes,

therelfy | owerretgl, tdil ataef plfé@bdy dfthAuci rtheé conduototi patichises 1 ahayA | arge
thi ckness of the outer layer 51y will saturate the effect of the 20 outer
| ayer 51y, aalot havef tiree nulcteushiSdknesadeofoft hetrausition ayetal Sduchs aspNef er abl y

no greater than 1 mcroneter. [0066] The value of the ratio of the mass of
t he insul at i ogvéredebypthe outeedayé2s ly nmdeshHa qrreciousmetahsachhsthe conductive
particles 51 (mass ratio A) and the value of the ratio of the mass of the
i nsul ati ng f[0R6HaTheclthickpsss20fi the rpraseaus tmetdle ontes bHyerhd lyudsei 51x
(mass ratio B) accordin to the invention are the val ues neasured by
pyrolysis gaprezf@raiﬁmabgs@stoéoahmgﬁr@map@hispwiﬂl yesudt gassatisfaetrygr aphy
'S ccl)rérmnl Y gcs)ggection 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 the
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 values measured by pyrolysis gas
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for qualitative analysis of various plastic and rubber materials, and for
conposi tional assay of their copolyners and bl ends (see Samukawa, K.,
Qguri, N., "Introduction to Pyrolysis Gas Chromatography", P121- 5 P 176,

G hodo Publishing). [0067] The present inventors have di scover&%ﬁﬂzt §sb@g
pyrolysis gas chromatography as the nmethod for measuring the 468r0¢ he

nmass ratio A and nass ratio B can result in satisfactory quantitation.
According to the invention, therefore, the values used for the nass ratio 10
A and nmass ratio B nay be determ ned by the pyrolysis gas chronmatography

cal i bration ghforgatoRiriiolly. TPOrelEisidati eRroinitoRrasiedl isi BoffthénBaBeds not

limted to a calibration curve drawn using the sang material as the

conducti ve pfurt qealiativehalasie ofavarioad phastichendwgbbér hibterials, bhd foame
material as the insulating fine particles 52. It may be a 15 calibration

curve drawn compgsiticriatadsay pditheir copblymersane blemds (ke Simakawa, Kupber or
radi cal - pol yneri zi ng substance. [0068] The peaks in pyrolysis gas

chr omat ogr ap@gurselN.f dintrodastiornentPyoblydie Gas uEhrahatdgraphyy, Pdlile A and
mass ratio B are not particularly restricted and may be the peaks for the
therml 20 dBidépGdhodokublishing)s from the conductive particles 51, nuclei
51x and insul ati n% fine particles 52. Such thermal deconposition products
are pref er ablG0GHelhaarasgntdayentarsihavendiscouarmds that usieg pyirolysis gadnoner s
conposing the plastic, rubber or radical polynerizing _substances, since
their peaks ¢Rramefiogsapley wsrthgumetheddppmeasuring thayvabiees for e messnass
ratio A and nass ratiqQ B. [0069] (Circuit connecting material) .22,

FP04- 0469- 00ratie Qi ARMi MBnAaEP; kg GAiIEsUl0 1R 58 ¢losy nguantitation. pr oduct

of the 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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circuit connecting material. The circuit connecting material wll now be
expl ained. The circuit connecting material contains covered particles and
an adhesi ve conposition. As described hereunder, the 5 circuit connecting
material may also further contain a filmformng material and ERM0469-00
conponents. [0070] <Covered particles> The covered particles in the circuit
connecting material have the sanme construction as the aforenentioned
covered particles 50. The 10 conductive particles 51 of the covered

P! % oAl el B R 3
S?S'VE'ng " Shertrnl BERREAE mERRR e Bisk L %”We%iﬁgg%@?rﬁ%%%%‘?@é;?ve
15 i i.6hes Slrpbt o : '

par cles 51651 SRbIARER. Tk clylly PReElif St Bafi Eat G VG [on> The
adnesive Cogﬁgngg%?%&ﬂgﬁﬁei&@s&é%ﬁ{rﬁo%‘?ﬁo . Tl GRbcABky Treander, e stance

and a curin gener at es ee radicals I nresponse t'o heati ng.
A cir uitco1}§ﬁié@]r{%tt j 1 3t 915U RliHREY hV Hﬁ%ﬁ%{'-'nwill
facil ?t ate cglnne%tl on eit%f\%e?rllatt%ﬁg ?;ﬂra uigltsgrrenber ségg‘gcﬁgogdﬁurl ng ég i ng.
[0072] Exanphfgesil ddlbfdr thydBEME! Ng substances include the same radical

pol ymeri zi ng substances used for the insulating fine particles 52. 25 The
radi cal pol y[e070]i @@ osehed pagRlesed may be a nonomer or oligoner, or a

nmononmer and ol i gomer may be used in conbination. 23 FP04-0469-00 [0073] The
curing agent Thei @veged pattickesfiiheter ddéwialconupetinpaabictinlittave the same
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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curing agent that generates free radicals by deconposition upon heating. As
such curing agents there nmay be nentioned peroxi de conpounds and azo-based
conmpounds. Such curing agents may be appropriately 5 selected as propri ate
for the desired connection tenperature, connection time and pofTKﬁF@469f00
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-1ife tenperature of 40C or higher and al mnute half-life tenperature

per oxi de wi ﬁhé’?é}ﬁgeﬁ°“ﬁﬂgf5%‘eﬁ S et fef?%% i PRl £ .
mnute hal f-1dfgn g § Wﬁfateé‘ e'é'féﬁ%aléﬁ %oilﬁ%ﬂpdxﬁh@é
achi eve adequate Te ct|V|t en the connectl I's 10 secon

shorter, the SQnkiRHt cﬁflnghﬁ%e@iﬂﬁ 'tHGr@%’{)}‘ Hesméﬁld?ﬁe‘%lf ﬁﬁhﬂeocémgeuﬁgs parts
by wei ght and nore preferabfy 1 to 20 parts by welg respect to the

total of 100 dﬁﬂh@olbasé&'cﬁﬁﬁ &indde S@dh@rm@@%&ﬂﬁrmé?”lﬁle apppopgely@nd the

filmform ng material included as necessary t he  curi ng agent

contenf is | esfedtbdn 3. lappropribie Wedrghthel tdemdd é’&mmiuome ROsperatiere] o
achieve sufficient reactivity, and satisfactory adhesive strength or |ow

connection reomicetion time and et hid.ai haldrder to finttease whengastieity amdt ent
exceeds 30 parts by weight, the flow property of the adhesive conposition
may be reduceal]owhan dmprevedopot tidsitst hecachieyedyeiti isc pesfeatd tmaisehan pot
life of the adhesive 25 conposition may be shortened. [0076] More
speci fi cal | y, organgtiperaxidgevitls ax}(hhogeﬂnei%hﬁe tereperatuiecafl 4024 drrtighen69- 00
upon heating there may be nentioned diacyl peroxides, per oxy L
and a 1 minute half-life temperature of no higher than 180°C, and it is
10 more preferred to use an organic peroxide with a 10 hour half-life
temperature of 60°C or higher and a 1 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] If 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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di carbonat es, peroxy esters, peroxy ketals, dialkyl peroxides,
hydr oper oxi des and silyl peroxides. Fromthe viewpoint of inhibiting
corrosion of the circuit electrodes 22,32, the curing agent preferably 5 has
a chloride ion or organic acid concentration of no greater tharFB@OO469:00
and nore preferably the content of organic acids generated after thernmal

B deconposition is low Specifically, such curing agents may be selected from

anong peroxy esters, dial kyl peroxides, hydroperoxides and S|IyI per oxi des,
and preferab] Iectﬂid from1l Lamn ers. w.t

feactivity. H8c ERMNAg e Bakape” nentaied tias QSE‘?’SSF?’atF%rR?‘Xt ur es.
0077] 4s di aeulnBer@Yl dgs ke & iy DhRRY | ofadld SORUINY PRERNiAE

2,4-dichloro enzoy PEeY oXi | hexanoyl peroxi oc%’anoyl

d e
Banzoy! per oxy SRS §%§?5§%4X1§§%OXFF‘8‘87‘3‘1W” RintOEMAMAE: .
h b
there my becgRBLIANGY - ArpfRRibepaLomm. faﬁ{eoeagﬁgar bROBESRHbly

peroxydlcarbonate cyc exyT) ’peroxy

- 2- &t hoxy nBE&GXsh]oABE %M%Qﬁrgﬁﬂﬁaﬁ@id cdjdc%nﬁtaﬁbm%b %Zéé’ﬁé)‘)théh ggpponat e,
20 di met hoxybut yl peroxydi carbonate and di (3-nmet hyl - 3met hoxybut yl per oxy)

di car bonat e. ph)7Hd ﬂﬁ)reggsﬂm%uf&ﬁe tdopitent"8Y obgani1B Hdi @9 @enetit¥d after

peroxyneodecanoate 3-tetranet hyl butyl pefoxyneodeCanoate, 1-

cycl ohexyl - 1theﬁﬁml@éduthg@sm@nymmca@p@bﬁﬁcallﬁ%mwﬁﬁ oxydeedeagnoat e,
t-butyl peroxypivalate 1, 3, 3- tetranethyl butyI per oxy- Z2- et hyl hexanonate,

2, 5-di met hyl b&, 5seleted?5 Féi4- A46h OO0 péroxlyhexsatery) peliatkyl hepermxides,
1- cycl ohexyl - | - met hyl et hyl peroxy- 2-
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 diacyl 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



et hyl hexanonate, t-hexyl peroxy-2-ethyl hexanonate, t-butyl peroxy-2-

et hyl hexanonate, t-butyl peroxyisobutyrate, 1,1-bis(t-

but yl per oxy) cycl ohexane, t-hexyl peroxyisopropyl nonocarbonate, t 5 butyl
peroxy- 3,5, 5-tri met hyl hexanonate, t-butyl peroxylaurate, 2,5- FP04-0469-00
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 nonocarbonat e,
t-hexyl peroxybenzoate and t-butyl peroxyacetate. 10 [0080] As peroxyketals

LT bi st ey neRaity etk biekand T R8RSRl bRy 22 ane
E)L![ ;/TFEJQ?/L%;:k?@ﬁ%&%gﬁ?%m}l}f%y%&%ﬁ%?) pe ox?‘%ﬂgﬁ?%ér Bﬁgﬁ I%el%#&i‘?‘-i- oned
2. 5. di mot hy| P YIREABSNAE P00 BB EQEﬁQ‘?’anﬁ*f*éE“PQPﬁE%I dSerlolx.baS@ [ 0082]
Ao iy oper ﬁ?ﬁ%@s&ﬁﬁ?’&g@%@fﬁ%gﬁ D o i Y Rp RCarasetgE e o e

mentioned t- eyl thé 2@'555Jti’ﬁnetﬁ IHBSda%na’Eé s& Iy, éx@kyﬁ&ﬁt@ bys.-
peroxide, t- butyltr|V| yl'sil OX|de bi $(t-bu yl)div yI5|IyI perOX|de,
tris(t-butyl)dihieh 1-2?5 -di mft@}u hikard, al lyl'silyl peroxidgbutyl

bis(t- butyl)dlally yl per oxi an trls(t butyl)allylsilyl perOX|de. 25
[ 0084] These pwoxygopg@pylmmd@boﬁaﬁg al one ort- builtyttonbl nat i 2two or

nore, and nmay al so be used in adm xture with triggers or 26 P04 469- 00
i nhi bi tors. TBthgkhexyimogoegdumtayr e tehegylpr pleespbenzoase edamdt ht-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 o,0'-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, Dbis(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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pol yur et hane- based or pol yester-based pol yner substance and nade into

m crocapsul es for an extended pot life. [0085] The circuit connecting
material preferably also conprises a 5 filmformng material conprising a
phenoxy resin. This will permit working of the circuit connectFPQ4-+0ecO-0al
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

?ﬁ?ﬂfégi ng magelSks Lg@gg%f&lrﬂi@ RSN oAter Bl PRaRagble Coalld duftpi 8" Linée
by formng. ;bﬂﬁ%eéfnea@fsgﬁ;%@hﬁ%&%%%@%??ea@ﬁééﬁ%gﬁﬂﬁg‘ e’ ) 0
ferbt

[ 0087] I ncl ugi ] il A fhe circuit connecting nmaterial
will help prfe}t@%{l pro%ll%edrlrgé gjﬂg%lgg%étﬂgaeﬁ%%ﬂlf(‘:epacki ng or sticking of the

circuit conn ' t &f-hdt, I 1t | i chrcuit
connecti ng ng'?oegr%]grﬁgnglg?&gr%%%%r%?ﬁ%ﬂsﬁ f(%?fﬁqﬂgr 3B%t gﬁfp}gjrlg%grg and

pressgre) . Afige.- fdri@inROmmateérisl tempiigy e mg)hénbﬁ? rekirf Ui Thed valinpeghitng

“material film61l is divided into two or re layers including a |ayer

cont ai ni ng awaitkinng ofigkd circhit caratidigemaliésgl imdic s foraeninherlerne and a
| ayer conprising covered particles 50.” [0088] <Filmformng material> A

fil m form ngobwiinm @kcuis connedténg atatefiat filmphen a |iquid substance is 25
solidified as a structural conposition and fornmed into a film facilitates
handl i ng of {0@86] Fig.ahds eoofessssentivmbivialv shopeng i s enttradimenteof a27
FP04- 0469-00 tearing, cracking or sticking, thereby permitting it to be
handl ed as acircuit 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 2 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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filmunder ordinary conditions (ordinary tenperature and pressure). As
filmformng materials there nay be nentioned phenoxy resins, polyvinyl
formal resins, polystyrene resins, polyvinyl butyral resins, 5 polyester
resins, polyam de resins, xylene resins, polyurethane resins aRB04h@469408.
Phenoxy resins are preferred anong these because of their excellent

adhesi on, conpatibility, heat resistance and nechanical strength. [0089] A
phenoxy resin is a resin obtained either by reacting a 10 bifunctional

b 5 bi f unct (EHIREepBRR TG o king, BBy re R R aT 5o Be RUGBRLISH ool n
ey b OB T ol SATBAS, GRS (SR Bct TP ralherhl SN
catalyst such e Bk MERAIAER ey bO eROPnd3 BRARILYSegplient 2
proper | €s oSt Vsl AShe 1S ISR bARE ey

resinand bif i iRke ' BARR) xyl
group 5raat io ips{ﬂ%%.eg%té%lﬁ% ?.Q!L},/dﬂ\?\nﬁ%éth?%g?’i % Fgélte Iéé(}q%% ecs)wZL%OC | h fa?r?ijﬁso
am de- based, gidheie Paeed Phaiaierodnshre! peiferied Aadng tHesd! bodlsebaped

organi c solvent with a boiling point of 120C or above€, in the presence of a
catal yst suchhefy ételleltladhesionl copmpaibitity, lentoeghtacaind pheckisnieased
conpound or a cyclic am ne-based conpound, under conditions for a reacting
solid portiont@hgtle greater 25 than 50 parts by weight. [0090] As

bi functi onal epoxy resins there may be nentioned such as 28 FP04-0469-00

bi sphenol - A 4p089]| Pesplmnoxyi sebenak- B eesiry obésined, eithephbyoteadfing a

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 m‘ay 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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epoxy resins, bisphenol-S epoxy resins, and the like. A bifunctional phenol
Is a conpound having two phenolic hydroxyl groups. As exanples of such

bi functi onal phenols there nay be nentioned 5 bi sphenols such as

bi sphenol - A, bi sphenol -F, bi sphenol - AD and bi sphenol -S. [ 0091]FF04-(pte9200y
resin preferably has a nol ecular structure derived froma polycyclic
aromati c conpound in the nolecule. This will vyield a circuit connecting
material with excellent adhesion, 10 conpatibility, heat resistance and

Ther e oy be BHARIOL R, ARSI CORRBBROLT < SRS iht RIRHSEOTGK Bheny!
ol yoyol i ¢ arBRsY SOOI SreaRa S aF e T AshfhiOonet o
[0003] Tho. pRaaa) 5o FomByBARC BRben aiia MRS SoRERRE By oo ng

two or mor o 9o oS0 CoBA S eI SRRl SR bl O gl ” ©
Compr 151 ng. o WISTRRS csie At bR of 0 pfendBkY "BlepRep SRR . 4 oup

oner conponent one ~or nore se

conprising agiydHenhoA® d, acrylic acid esters, nethacrylic acid esters and
acrylonitrile. "Fromthe standpoint 25 of superior stress relaxation, it is

i1 o[obap Toe shanse xope et ol oo g v
ether group. fidif BPpEBidyelicWatd@hhtic compound 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 cofnpounds 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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(wei ght - average nol ecul ar weight) of the acrylic rubber is preferably

200, 000 or greater fromthe viewpoint of increasing the cohesive strength
of the adhesive. 5 [0095] The circuit connecting material of this enbodi nent
may also include fillers, softeners, accelerators, age inhi bi g;s, fléﬁﬁb
retardants, pignents, thixotropic agents, coupling agents, ph HA-p4e 4
nmel am ne resins, isocyanate resins and the like. [0096] A filler is
preferably included in the circuit connecting material 10 to inprove the
connection reliability. The filler used nmay be any one wth a maxi num size

that is |essmeflaferihie %ﬁfhiﬁﬁfﬁ% ‘”g\!)ﬁ%ig&g@t}@r rBfp, qu?élﬁ{dlé@ulla@r\ﬁéighﬁs o1.

The filler content”is prefera 0O parts "by volune wth reSpect to

100 parts bywebhtavefagdhtoldbgia weeigh®)modshei ftylicf nibter Gerpreférabdy gr eat er

than 60 parts by volune, the 15 effect of inproved connection relidability
will tend t 20066t ot agedter fhirhethd viewppihess ifiaweabingathe &ohesdvene the

effect of addition of the filler will ténd to be insufficiently exhibited.
[0097] Conpastiretwrth@fithemidhgsiet i mi ne, vinyl groups, acryl groups, anino
groups, epoxy groups or isocyanate groups are preferred for 20 inproved

adhesfon as [€095]i Ty ayewits cohndd@lg Ipateirial cafl this embadimentymeayp-atemt ai ni ng
sil ane coupl i nﬂdagent s there may be nentioned such as N-(3(am noethyl)y-

ani nopr opy| tinichedeh fikhess,| sofégners,( a¢ealeradershgpyinhibitors, flame retardants,

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

phenyl - y- ani pigpapy) thixewohisxggentaneouplng lagenis phenol kesing; melamane ai ni ng
sil ane coupling agents there_may be nentioned those 30 FP04-0469- 00 obt ai ned
by reacti on I§6iNseiwyapsttpisitsand the Hkeacet one, met hyl

[0096] 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-B(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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et hyl ketone and nethyl isobutyl ketone with the aforenentioned am no
group-contai ning silane coupling agents. [0099] A process for fabrication of
t he af orenmentioned connection 5 structure 10 will now be expl ai neﬂ t% th
reference to Figs. 1, 3 and 4. Fig. 3 is a cross-sectional vi & '990%
circuit connecting material filmused for fabrication of a connection
structure 10. Fig. 4 is a cross-sectional view showng a step in a
fabrication process for the connection structure 10. 10 [0100] (Process for

fabrication ghtfihe@Wy reBOREH SORBRIHd @B dth‘f&s%ﬁélll efs: I’aééton%i rrﬁgﬂﬁ,lrrerrber S

20,30 are prepared. The circuit connectin materi a m 61 that has been

formed into atyll Reidhealapd PREDF edobapraketele WiRe i tafoRdmedEshedt he
circuit connecting material film61l obtained by formng the circuit

connecting naﬁﬁﬁb@rohpi@maﬁliiﬂlgrgﬂanéQoaplingta%énbgt ween the circuit nenber 20
and circuit nmenber 30. In othér words, the circuit connecting material film

61 is situat [0 Aeprocdssefeor rfabiicatienbef the afisremgmtioned®opgiectionwi th the
circuit electrode 22 and circuit el ectrode 32 opposing each ot her.

Speci Bi cal | ystrfioture eb(amyillenowhise exptained owithaefemgcerberigsl 1f i3 anéH.i s

pl aced on the circuit 20 nenber 30 and the circuit nenber 20 is then pl aced
over the cirFig.t3 isenorossisegtionnbview shidwingla diecudt cohaeciingunateriiber 20
and circuit nenber 30 are situated so that the circuit electrode 22 and
circuit el efilmousedAoar fabsimationngf enconpention Stmectuire cli.t Figndcisi ag
material film®61 is easy to manage since it is in the formof a film Thus,
the 25 circufrosscyeesionahyiewt showing ia siapl inesy fabrieation yprocesatfod thet ween
the circuit nmenbers 20,30 in order to facilitate the operation of
connecting 3¢oPpeRfi@nsuo@redd. circuit nmenbers 20, 30.

10 [0100] (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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[0101] Next, the circuit connecting material film®61l is heated and pressed
through the circuit nenbers 20,30 in the direction of the arrows A and B in
Fig. 4 for curing treatnent (see Fig. 4), to forma 5 circuit connecting
menber 60 between the circuit nmenbers 20,30 (see Fig. 1). The FR(04-0469-00
treatment may be carried out by an ordinary nethod, which may be
appropriately sel ected depending on the adhesive conposition. During the
heating and pressing, light may be irradiated fromone side of the circuit
menbers 20, 3Q for sitioning~af, 10 the circuit el ectrodes 22,23. [0102]
Fabri cati ng C%ﬁﬁmmﬁﬁr%ﬁﬁ)ﬁ& ure 10 in this . manner can adequately

S A o
el ectrodes Zbyeﬁgg[@*ggﬁh[@%c%#&ﬁgtn‘%%ﬁﬁg%]ﬁggﬁfﬁﬁltbgnglr%gtﬂ&g%ﬁ’?\g@ ion

gttnbef F%Zéé@%{’ﬁ‘%ﬁf‘%{? iﬁéﬁﬁﬁ@r %ﬁ.ﬂ?%ff?‘fﬁ%ﬁﬁ?@%% _)4)2%‘8*?.*‘#12%?;5 "2 °
conne§ti ng bgtﬁ%fe{nﬂnﬁfg%@gg%%%n%%%@%ﬁéh % :élrufzcﬁlﬁft) ﬁ%ﬁ%%@%@&@@b@gim] The

Compri i ng s i miceclaTe Healtiea gy B arfRO b B o B

conprising the sa materital S as the f ment. 25

ci rcuit CP””ﬁféthB@, NRARSY &@yi %éiég?bgﬁaﬁ?"‘@&éd&? 'éhdiﬁgr fo%CGthala_ of )
the circuit board 21 and the” main rface 31a of the 3Z FP04-0469-00 circuit

board 31, angddhésivewaespaositieiet MiirihBahei Heatiny ARdpressing, BBht 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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with the circuit electrodes 22,32 opposing each other. The circuit
connecting nenber 60 is also provided with an insul ati ng nenber 40 and
covered particles 50 conprising conductive particles 51 with 5 portions of
their surfaces 5la covered by insulating fine particles 52. | FPO4-9469-00
enbodi ment, 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 22 and circuit electrode 32 are electrically connected via the

Cor T2 HHTD Bl U S s, SRR RIATIOED,
S o 08 RS, SREGEBRE T oAt o000 e 5
25 el |25 SOLhSUAL SR bEPO'RTINY byid VI W HRRIREpBepeen (e
The circuit QHQ”ES%I%QI %m§le§' 50f géﬁiﬂ?}jﬁ{lﬁ?@bﬂﬁﬁ‘éti&?%ﬂtﬁ?& &) wffesi ve
conposl t1ron an covered parti cl es . IS Cl I Cul connect ng mat eri al

i s situated ?5{1\1\&%1 offtfef §1ﬁ‘féées”§?§eifoi/e?9d?b9/ ﬁ%l%’nﬁ%@%aﬁfﬁe?r sed

through the Circuit menmbers 20, 30 rocuring” treatnment to-obtain the
connection syf YaisUg@bbAimene Blet sieeeflc Cg%ﬁﬂggtd)pfhe éé{léi‘é"(iuf&@rﬁk@eé/\'!stﬂ isexhi bi t

adequat el y reduced connection res?i st ance t ween the opposing circuit

el ectrodes 2B7BR)(RES 994106 bEche speciTPELMEREDE the coRdutiisepiriisks¥operty
between the adjacent circuit 25 electrodes 22,32 [0108] <Adhesive

fﬁgpg: inéi gg;gliévgmﬁi@@ect@@déxmmﬁd tircultheleddradd V32 carep@tédtiiealliyncl ude
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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conpositions nentioned for the first enbodi nent. [0109] <Covered particl es>
The covered particles 50 conprise conductive particles 51 wwth 5 portions
of their surfaces 5la covered by insulating fine particles 52. The specific
gravity of the covered particles 50 of this enbodinment is 97/ TR04-©499-000
of the specific gravity of the conductive particles 51. [0110] If the
specific gravity of the covered particles 50 is less than 97/100 of the
specific gravity of the conductive particles 51, the 10 insulating fine

articles 52w ll _be gxcessivgly. covering.t.he conductjve arti,gcles 51. This
BOTT ¥ eoul t EXOIRIPS o0k o hieo adBekvEn CoBY Qb e Tsuds, dhec salie pbESIRE 1 ¢ os
51 in the thickness.direction afsth i I cui oard 21, 31 when the opposin
circuit el ecF?W(Pé’?%}%@eﬁlrn@n@grﬁ%éﬁ%gilrsfg&bpﬁ “Ibn the ot her hand, P]I‘D theg

speci fic grayp oL~ he coy 5 particles 50 exceeds 99/100 of the
specific grat‘?iq?]ofcf’ﬂgf%‘gﬂgﬁﬁ‘;ﬂ? e particles 5 1, the conductive particles

SLw || not bgeadequaliel XogRYeresy DYk NS08 (PRl Lichgano2, The

i nsu: ating property en adjacen rcuit elrectro i€ the
t hor efor o boPORSSN of IhbiSCenrPaBRr30s conErd 1 e RS T parilel 32, |

f d f % j : iQl 51
Fo be. cover ed By IRSEICRAL YT B¢ LERASIRARled 30 SPORYSHNGIRRAIC 20 oo
of the surfages (Ele 99/ 11000 FMSCifIE (%?@{rl‘g g;:fgtlﬁe cohdutive areesiye

conductive particles 51 w |l not" be adequ 25 covered by the insulating
fine particl g@lﬁ%, [fafHe t&E@ciﬁr&sgfaavtityﬁ@fﬁh@p@wea%mme@@naﬁemssCﬂh@ﬁw t

el ectrodes 22,32, i.e. e insdlati'"ng property in 34 FP04-0469-00 the plane
of the circudy/Iomrrets tRd., spekifivd glavikierd dhe dsndingbld Paddtlesy 525 the
10 insulating fine 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. 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 51a 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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conpared to when no less than 5% of the surfaces 5l1a is covered. On the
other hand, if nore than 60% of the surfaces 5l1a of the conductive
particles 51 is covered the insulating fine particles 52 will be 5
excessively covering the conductive particles 51, and therefor eFPOKd1469-00
resistance in the thickness direction of the circuit boards 21,31 wll be
I ncreased when the opposing circuit electrodes 22,32 are connected
together, as conpared to when not greater than 6096of the surfaces 51 a of

E?:aﬁﬁnf’ﬁihi ife e S B pirutas C‘”ﬁs?ﬂ%ﬁ Wbk gge %ﬁﬂ%ﬁfﬁfa&ﬁq&?&g :15?‘
i‘lrp'uﬁ{? of%”ﬁébﬁénaﬂ?fiﬁ SRR noi 2t Hhdt Si BE LR shiress Sk iSROFRIEEcr OBt mont
ambod ment . - Ot ok B Mo FETA bE Tt SpifeCls PERR s At dmc eri o
o 111 Mdles! B107geLol 8Pt iR BBl (HROPEHOIG B3 SRl | m

[ 0115] <Ot her "conponént & rcurt connec thi's er?bodl ment

al so py ef er al%%ﬁ%? l%l‘;r&?déi‘ﬁl hﬁleS d’&&ﬁfe ag?ﬁfh&&”??”eéhﬁnge%ﬁe&?&ef st

enbodi nent . rocess |cat|on circuit’ I connecti on
structure) ’I&ELH&QP ﬁgﬁgﬁﬁ‘fcef ﬂ?rthEaE H cfiohC Bt thee Eﬁ‘éh}tc BBARE i on
structure I's e Iment 1s pre era e sane process for tabrication

of the ci rCQ'ltBIf%tPlebeQﬂ&%@éd%héi ﬂ&tcb 6s1?1 ¢ibuilt el Sdtr SARCID BeNhre 25
[0117] Preferréd enbodi ments of the |nve |on ave been described above,

thl 1% ]heFL) pVZ)f?ghﬁ@cﬂe‘éi mgetheﬁnabetsbrh atddORe veiEIP bt e fter $Rarr 6044 W6@re00
nple, while t he flrs and second enbodi ments have
surfaces S1a of the conductive particles 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 eﬁbodiment.

[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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el ectrode surface layers 24,34 on both of the circuit el ectrodes 22,32 of
the connection structure 10, optionally only one of the circuit electrodes
22,32 may have an el ectrode surface layer. Alternatively, 5 both of the
circuit electrodes 22,32 may | ack an el ectrode surface |ayer. FiPa4-0469-00
al t hough both of the circuit electrodes 22,32 of the first and second
enbodi nents have el ectrode surface |ayers 24,34, one or both of the circuit
el ectrodes 22,32 may optionally |lack an el ectrode surface layer. 10 [0119]

boar d cur f acl 1) CLsSpIRe Pl thed firb Bk SREGAA AmERIHER Fabd, [ om
the ci roul t BRRNGNCA0. B SR, 9400°08 both iaRE SAYAI pleAbiRt e%z yslof. both

of the circul have oar ayers

ayer s Thad 1%, ComeRAicH SRl 4110, SBIORED S R pretpooseugy o

enbodi ment s @E%t&d@@Q%32%b§aH§Vé A8 eBrode! Seic s Br 9?13 pg circuit

el ectrodes 20, 30 may ave a“board surface | ayer t he

connestion shpiichPftee dftcait dlé@rddesn2 @Qdm%?CI@@H aﬁ@le@f%ﬁ@'éﬁfﬁc’é

fabricated using the circuit connecting maferial film 61, there s ‘no

limtation tThhhes,Caltikoigh Gothest ihHig cirebfr el%bt&dbmmmacmdth@mrspaﬁﬂl y there
may be used a circuit connecting material w thout a filmform ng material .

I'n this casesesonteemballisrdlty hagetdlecttode wukfaceolayees RaB4resmee oalbdth a
sol vent and coating and drying the solution on 25 either or both of the

ci rcuit menbef sheoirdaitedactrodes 2232 méyt optionakiy tlacly anedlecirate lsetfaeen t he
circuit nenbers 20,30. 36 FP04-0469-00 [0 121 ] Moreover, although the
circuit connbyeirng nmaterial of the first
10 [0119] Also, although the circuit member 30 of the connection
structure 10 has a board surface layer 35 in the first and second
mﬂmﬁmaﬁgmmdebMymedeﬂmmmm20mwhmeahmm
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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and second enbodi nents conprised conductive particles 51, it may optionally
be produced w thout conductive particles 51. In this case, electrical
connection can be achi eved by direct contact between the 5 opposing circuit
el ectrodes 22,32. However, including conductive particles 51 W%éé ield &
nore stable electrical connection than when conductive particl ‘%¥4§Pé) ot
I ncl uded. Exanples [0122] The present invention will now be explained in
greater detail 10 using exanples, with the understanding that the invention
isinnoway limted to these exanples. [0123] (Exanple 1) (1) Preparation

of covered pRII2IGl RforEbVed, .althigh! iiaeazudl conmeind hesterial \oTt theefifst
particles (PSt) with a 15 nean particle size of 5 pin were el ectrol ess

plated with andisgcehd emdodimenss tconghrisst condlctlvei partivies tsl’lgrritemg?l d | ayer
with a thickness of 0.04 gmwas formed on the outside of the nickel |ayer
to obtain pl eptidnalhy &=t prodred wlitmut RSnd\ctiverpasietexdbhg tla thindasd,i ve
particles 51. Portions of the surfaces of the plated plastic particles were
covered 20 welektracatectymeatiirh@anybetachevedrdy, dimsetidantatl bepoegm rthehy|

met hacryl ate (PMVA), corresponding to insulating fine particles 52, to

obt ai # coverepppsingi ciresitAeldattodesn@dm har Haweved, zimadidhg? domductiver ed
with insul atigl%fi ne particles wwth a nean particle size of 0.2 pin. The
covered partpartidesSHawilloyiedd a neorgostable ielectpigal conneetion tbes whenover ed,
such that the specific gravity after ,covering was 98/ 100 of the specific
gravity bef of@N@uRiEYe B .ﬁ%ﬁr@éﬂ%&rﬂﬁd@d@dsi ze was 37 FPO4- 0469- 00

cal cul ated fromt hle nmeasur ed val ue obtai ned by observation with a
Xxamples

[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 pm 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 um. 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

37



scanni ng el ectron mcroscope. [0124] (2) Pyrolysis gas chromatography
measurenment First, pyrolysis gas chromatography neasurenment was perforned to
5 draw a calibration curve for mass ratio A (ratio of the nass of the
insulating fine particles with respect to the nmass of the cond&kf(4+6469-00
particles). For the neasurenent results, the peak area ISt for styrene (St)
was used as the thermal deconposition peak of the plated plastic particles
(PSt-M. Also, the peak area | MVA for nethyl methacryl ate 10 (MVA) was used

peak arca.r agERRRTFOD: R B8 RheRa ak PhiAted 1 siReldidhoutbedi o
h I d d h f th
Eoﬁdgc?}[ \e/e Bgé:;ﬂfll}l%rf%gfaegiﬂo Iﬁlzcrﬁégapgﬁss cggrs\;m zftgofyﬁe{]ﬁils (r)retﬁlagryl ate

ﬁFZM@;AC?%ﬁ@ﬁ?%Z?W%@%m SRR ORI on' curve as shown i n
(: gI\J/IVNI\évtéti)S a}ﬁgﬁ%jﬁ e{sekﬁfd ?@%\A%ﬂﬁs\g&%ﬁ%ﬂ}éﬁe ca |bi)8ff0%1?il Ic(ljrve in

Fig. 5 had $8.0990¢, bR ulrvé%?%a %htioP X’ BlatR) OF %4 QNG fgk aphy

nmeasur enent was periflorrre to draw a Cgf I’atIOEIl CUI’VE or nmass ratio B

(ratio of ”iﬁsulcﬁf@% Finel 'Pﬁrt%e I8! withngedpete tBafHé ‘iﬁ@s% et fhel Eéﬂéﬁétl‘%é’ the

mass of the measurenent results, the peak area

styrene (St)p a?s’éc{(/@? UfF‘%)‘it the idGshreen e ré%ﬁ?t@”ﬂ%?ﬁehﬁ%r@ﬁ%t fr §

crosslinked ™ pol yrene particles (PSt he peak area | for
met hyl 38 FR@#) @ixusél 49 the thermal decomposmon peak of the plated plastic

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 (Iyma/lsy) was then
calculated.

[0125] The mass Wpgm of the plated plastic particles (PSt-M)
corresponds to the mass of the conductive particles 51, and the mass

15 Weamma of polymethyl methacrylate (PMMA) corresponds to the mass
of the insulating fine particles 52. The mass ratio A (WPNMA/WPSt_M)_
was then calculated. A calibration curve as shown in Fig. 5 was
drawn for the relationship between the peak area ratio (Inna/Is;) and the
mass ratio A (Weama/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 I for styrene (St)
25 was used as the thermal decomposition peak of the crosslinked

polystyrene particles (PSt). Also, the peak area Iypa for methyl
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nmet hacryl ate (M NA) was used as the thermal deconposition peak of

pol ynmet hyl met hacrylate (PMVA). The peak area ratio (IMMA/Ist) was then

cal cul ated. [0127] The nass WPMMA of pol ynet hyl nethacrylate. (PMVA) .
corresponds to the mass of the insulating fine particles 52, aR@04be46eH
WPSt of the crosslinked polystyrene particles (PSt) corresponds to the nass
of the nuclei 51x. The mass ratio B (WPMVA/ WPst) was then calculated. A
calibration curve as shown in Fig. 6 was drawn for the relationship between

car E?;thki 35@9&%&%‘#%2«@&%@@ A EE%%h%%fé?gé%%%&ﬁ?%@&f ed
' A ' . f d d
Phe. moasur PO Bl S TRMYLAR S ThaRek SR bl

(I MWV | st) . Based on this peak area ratio, calculation of the
mass ratio @??Wéﬁg‘m | bration 15 curve of Fig. 5 yielded a mass ratio A

of Fig. 6 yioiach Heate®. Vovih JFoB0k3heRE. aheselsfe (BABYAY Tabi'e
U, Sl of (RASILAIN (00 0 R TS g R TERALAL 0 SHRRN Y ©
ch s 3 oyl h SRl gty e il S iamng bare
l'en the 30 rhady HFdeRt nfllei 418 ThbUmast &aB" B (W LW WASE was then
calculated. A calibraﬁon curve as shown in Fig. 6 was drawn for the
relationship between the peak area ratio (Iypya/ls;) and the mass ratio B
10 (Wpnma/Wpesy).  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 (Inpva/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-S, Japan

: Analytical Industry Co,, Ltd.

Gas chromatography Model 6890N by Agilent Co., Ltd.

Detector Hydrogen flame ionization detector

Column HP-5SMS Capillary Column (inner diameter: 0.25
mm, length: 30 m) by Agilent Co., Ltd.

Column temperature increase | Temperature increase from S50°C to 300°C at

conditions 10°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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Tenperature increase from50C to 300C at conditions1l0C/ mn, followed by
hol ding for 10 mn. Carrier asHelium (colum flowrate: 1 m/mn) Injection
met hodSlit injection nmethod (split ratio = 50:1 20 [0130] [Table 21 39
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val ue 9. 10{)01311;3(?@@&1’1%&&111 of efrcbfY/ dhricetiobthtertal solution with a solid
portion of 40 wt % solution was then prepared conprising 60 g of the

DR, £ ISk piuing stvalts e seation iprasof 1 st
hexanonat e, agnthekizédviropgha bisphenolf AkgRixyTtesic andriidphenel Al esAASOvgr e t hen
added and dispersed at 5 vol%in the above solution to prepare a sol ution.
A coating appertamsof the plsembxyo resiat wdse déssolvédrinoat mized 8sblwenhiodk PET
(polyethyl ene terephthalate) filmwhich had been surface treated on one
st de, Sand i t talsenadbndingpoint: 1130.65C, 79 vabie 208 H0petlay] acetate: chailingf i r st
frimiike 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 pm-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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material with a thickness of 10 mon the PET film [0133] Another solution
was al so prepared with 60 g of phenoxy resin, 39 g of

di cycl opent enyl di al cohol diacrylate, | g of a phosphoric acid ester
acrylate and 5 g of t-hexyl peroxy-2-ethyl hexanonate as solid ZoP@&i(so-00
ratio. A coating apparatus was used to coat the solution onto an 80 mthick
"PET (pol yethyl 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

on the PET 1 10 AUBTRAYH GHEBIGE TReasl #hQ SecPod RITHES RERHRLMET and
seoont 11 m LSS WRRoP AR B 4 SRR A SR

Cobr oot o0 ShupbiH b SRIRRgCornect on situciure SEst an ICenp
100 enc o 1) 28 oA B LGRSy ST ST T
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board, and t the | circuit ' connecting nater

were sandw ched ek wermit Sledfiferduabet, ARATO MR (89rf88 Hediffankigdt Dog and
pressing at 200C, 100 15 MPa for 10 seconds. The I'C chip and I TO board were

thus connect €¥sqhived HaRihR AnCindeunt tif ¥X186 (1TO) B &iit @h}ra{)ilfg] od#es® onone of

the adhesive sides’of the circuit connecting fmateri al S previously
a glass panel with a thickness of 1.1 mm was prepared as a second

-

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 um were electroless plated with a nickel layer to a
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attached to the 1 TO board by heating and pressing at 70C, 0.5 MPa for 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 IC chip. The
circuit nember connection structure A was fabricated in this d&tf 94696137]
(Exanple 2) (1) Preparation of covered particles 25 First, the surfaces of
crosslinked polystyrene particles with a nean particle size of 5 mwere

el ectroless plated with a nickel layer to a 41 FP04-0469-00 thickness of 0.2

dth j t [ 04 o - th
o 2nd {herydld byt R B0RS s 016K BicKBEed OROROH g e
cor r espondi neiak ofRALGAIKE ARSIdehEhEhiclar dyeRto @ikl plauafAasacof the

pl ated plastic particles were covered wt ynet hyl thacryl ate (PMVA),

cor r espondi ngartR1éNEPSAM ) @ofreRBondgt i lcbndbétive f?a&ﬁbﬁés”S cov@Reonarticl es
Bwth a nean particle size of ~ 5.2 mcovered with insulating fine particles

having a nmeagf et sarfacesi gk the Plated plEReicC pueticlds PRl CEeBerBdharitid0% of
the conductive particle surfaces covered, and the conductive particles were

cover&d 10 wpolyniéth lrmet}&tdrymtéi(lmflmyj oegespondirgh ta ivsubeting hahe t he
specific gravity after covering was 97/100 of the specific gravity before
covering. Theaniedes PAs to obeaini aevered paaticldsaB edithromedrepariclarséze ofal ue
obt ai ned by observation with a scanni ngﬂel ectron mcroscope. The covering
rati o was medupad covetdik veitinanselatiog HneEpanicles havirfg poa®@h paitidkyr ol ysi s
gas chromat ography neasurenent For the covered particles B, pyrolysis gas
chr omat ogr ap$ige ofe@supsnent heacoysred grarti¢lasnBehad K %eal the egnduatiiei ons
shown in
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 Dbisphenol-A epoxy resin and 9,9'-bis(4-
25 hydroxyphenyl)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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Table 1. Calculation of the mass ratio A fromthe calibration curve of Fig.
5 vyielded a mass ratio A of 18/ 1000, and cal culation of the mass 20 ratio B
fromthe calibration curve of Fig. 6 yielded a nass ratio B of 58/ 1000 (see
Table 2). [0139] (3) Fabrication of circuit connecting materi alFPi4-$469200
phenoxy resin with a glass transition tenperature of 80C was synthesized
froma bi sphenol - A epoxy resin and 9, 9'-bis(4- 25 hydroxyphenyl)fluorene. A
50 g portion of the phenoxy resin was dissolved in a mxed soI vent of

ncetate (boi MRRE Batd0Vethit sestasp v poit o] - b iEiine 20158l o1 50
E?eﬁifr cd conie SE“%:’%%%;"%@@‘SLO mi“”"”hlgép h'@tﬁ‘ /"%ﬁds%'o‘ft%r?”o g then
|(r:yc opentne i al,co i acrykate r c? Qs aci eester type
I i e by o s
Vol 551 the. Eiule32a) BE sy eRbpilenl ettt MRERARE d BT 8 pZ%Séﬁéﬂa

;J Zregp ? hglogt eyzf ﬁﬁ&l megﬁc‘&%%beenggj@%@@lﬁ% ﬁ{;}ﬂg}’ ég(lﬁg'f)n g5t was
CMOE ha:artﬂ[lcﬁggfgé 0@%%9&1&0 mnutes to obtain a first filmlike mterial

mon the PET film [0141] Another solution was al so

prepar ed WtEOﬁ@J?T ﬁﬁc}%}@ éﬁ&'léb B3 ei2 fHerfllaglde Omtcﬁgp%ﬁe&'%@ol

di acryl ate sphor c acid ester acrylate an

31 o s e ot e o BB 1
terepht hal at Qasfiide® whiceht BassBRRIbn onto an 80 pm-thick PET (polyethylene
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 pm 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 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
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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surface treated on one side, and it was hot-air dried at 70C for 10 m nutes
to obtain a second filmlike material nade of an adhesive 20 conposition
with a thickness of 10 mon the PET film [0142] The first filmlike
material and second filmlike material were attached with a | apPQdL@469-00
obtain a circuit connecting material film wth a bilayer structure. [0143]
(4) Fabrication of circuit nmenber connection structure 25 The aforenenti oned
circuit connecting material filmwas used to fabricate a circuit mnenber
connection structure B in the sane manner 43 FP04-0469-00 as Exanple 1.

[ 0144] (Exan';ﬂstte]é&?mplﬁ) 1Prepar ation of covered particles As covered particles
C there vvereemi g ?EL- 7041 by Sekisui 5 Chemcal Co., Ltd. The nuclei 51x
of the cover g 1 {E&pawle Jere conprising a polyacrylic acid ester-based

The-i nsul at i Q) FrRBar sy ok sebered HREHBlesompr  oi ng. pol ynethyl methacryi ate
chr omat ogr apty® eTFEnaRIcks € sFF oI5l b ARESTH Sy SRS erent
e 0o 1 Tt £ DIRLAENSIS AP R S 006 .
conduct | ve Pt Bieho4 AT i S O00RY Bl SO PS5
gg;ggnéﬁ‘tc) Pedfe O fife lOAdWREVESEatRTed 38 RERKAO[int. NeThBeHERlatfifif FROSI ti on
particles 52 were comprising polymethyl methacrylate (PMMA), and
their mean particle size was 0.2 um.
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 I, was used as the peak of the thermal decomposition component
of AUL-704(PAc-M).  Also, the peak area Iy for methyl
methacrylate (MMA) was used as the thermal decomposition peak of
20 polymethyl methacrylate (PMMA). The peak area ratio (Inpa/Is) 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 Wpyna of the
polymethyl methacrylate (PMMA) corresponds to the mass of the
25 insulating fine particles 52. The mass ratio A (Wpnvma/Wpac-m) Was

then calculated. A calibration curve as shown in Fig. 7 was drawn for
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of AUL-704(PAc-M. Also, the peak area | MVA for nethyl nethacrylate (MVA)
was used as the thermal deconposition peak of 20 pol ynethyl nethacryl ate
(PMVR). The peak area ratio (IMVW/ Ist) was then calculated. [0147] The nass
WPAc- M of AUL- 704(PAc-M corresponds to the nass of the condudfP@4%0469-00
particles 51, and the nmass WMVA of the polynethyl nethacryl ate (PMVA)
corresponds to the nmass of the 25 insulating fine particles 52. The mass
ratio A (Wrml A WA~ M was then calculated. A calibration curve as shown

inFig. 7 . 4 - G469- at | i k

area rati o (11 Lo uonghish befotn e g, iy RUBLIREI)D AL BE miS, P55
AR ! " : e

chr omat 0gr aphy s EMGAL WRET S RECT O S Y A IR b SPRoR % ve for

mass rati o Bjipkgfityhe neasurenent, LP-704(PAc) by Sekisui Chenical Co.,
Ltd. were used as the polyacrylic acid ester particles. [0149] For the

easur enent  [@RY Nexthepses bl aabd eivomfatodeaplieakpeaiimontot wrasused as
t he peak of the t'hermal déconposition conponent = I0 of LP-704(PAc). Al so,

the péak ar epetfiiretioto ndiahy la realibeativh at@rveM®y mass yatd Bs tRer tther mal
deconposition peak for polynethyl nethacrylate (PMVA). The peak area ratio

ot hacr yl At 6. (DWW 12, or  eaponds 10 1o mas of | (he | et ati ng 11 ne
particl es 52as mlpohmcnplis aciPésteppattheles. P- 704( PAc) corresponds to the nmass
g;I |t B(raatn :ngnei[O 15419)(]' F o;r Qﬁe rrr;l::s&rggecr)lt %egxﬁmﬁemzégliﬁzicti he(:?erc?Ag)u ngtalid' A
area [, was used as the peak of the thermal decomposition component
10 of LP—704(PAC). Also, the peak area Ivmia for methyl methacrylate
(MMA) was used as the thermal decomposition peak for polymethyl
methacrylate (PMMA). The peak area ratio (Iyna/lac) was then
calculated.
[0150] The mass me 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 (Wpvma/Weac) was then calculated. A calibration
curve as shown in Fig. 8 was drawn for the relationship between the
peak area ratio (Inmna/lac) and the mass ratio B (Wpypvia/Wpac).  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
(Inma/lac) for the acrylic acid ester (Ac) and methyl niethacrylate
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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curve as shown in Fig. 8 was drawn for the relationship between, the peak
area ratio (IMMW I Ac) and the mass ratio B (WPB/WPAj. The 20 calibration
curve in Fig. 8 had good linearity. [0151] For the covered particles C
pyrol ysis gas chronmat ography neasurenent was perfornmed under FPRH40469:000g
conditions shown in Table 1, yielding the pyrogramshown in Fig. 9. The
peak area ratio (IM /1Ac) for the acrylic acid ester (Ac) and nethyl

nmet hacrylate 25 (MVA) was 1.90. Using this value, calculation of the mass
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menber connection struc e artorenentl one I'rcul connéecti ng nat erial

£ . . : : nth
same vanner e A TG A BRATIE 1 RR0e BT ROEL T pHIGIE] £ Biske ot on
of conducti v &?fﬂsiéiﬁéfmﬁ]@v%ﬂ%ayﬁgfésgmmw epprticles which were not
covered on the surface wth insulfating fine particles. That is, the

cover 19 1020 eaniEspacbein el enteaiOHIENES] (2 Prol ol
and mass ratTRe Bafirenfh@hed 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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in Table 2. [0156] (3) Fabrication of circuit connecting material 20 A
circuit connecting material filmwith a bilayer structure was obtained in

t he sane manner as Exanple 1, except that conductive particles not covered
with insulating fine particles were used instead of the coveredFPErOd6oLGE A
in Exanple 1. [0157] (4) Fabrication of circuit menmber connection structure
25 The aforenentioned circuit connecting material filmwas used to

fabricate a circuit nenber connection structure D in the sane nmanner 46
FPO4- 0469- 00 as_Exanpl.e 1. [0158] (Conparative Exanple 2) (1) Preparation
of covered pHt ?‘@V’éﬂgrli'rst, the surfaces of crosslinked pol ystyrene

Wih o n okaC8dChBpa i ERRBE 39°0%5 ", Tand (hen & gol d 1ayer wih &
obt ai - pi at e ieRePMIOTAFEBLTRE PREeIG, * 6ot T ons of the surfacks. of the
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obser vati on yith ke8¢ dI.00uH Gid AT SacHRer WRk3OthicRhe&Y bPl0/GES gas

chromat ogr aphy neasurenment 15 For the covered-particles E, _ pyroFys! S gas
chromat ogr apfih WeRATHFABE6n e BE(sidE BtHNIREKAINBayER ag bBsinC pRedbd i ons

shown in Table 1. Calculation of the mass ratio A fromthe calibration
curve of plastic particles (PSt-M). Portions of the surfaces of the plated plastic
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 um.
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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Fig. 5 yielded a mass ratio A of 30/1000, and cal culation of the mass ratio
B fromthe 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 filmwth a bilayer stru re
obtained in the sanme manner as Exanple 1, except that covered ;ﬁ%ﬁ‘r@ﬁg@@
were used instead of the covered particles Ain Exanple 1. 25 [0161] (4)
Fabrication of circuit nmenber connection structure The aforenenti oned
circuit connecting nmaterial filmwas used to 47 FPO4-0469-00 fabricate a

ci rcuit menbembRARCE RIS HiAAbEF RoRnketibAStARMErd BN the 38mB*@ARher 1-
[0162] (Measurenent of connection resistance between opposing circuit

el ectrodes) EasF]Qj(ambﬂ@:qi_t menber connection structures Ato E, the initial
connection resistance (inmmediately after connection) and the connection
resi stance JUeR]{Mehsugeinent 508 epahestion aesistipeeatbetweenc|dpposimnk at
-40C for 30 mnutes and at 100C for 30 m nutes were neasured with a

mul ti met er usdirguit blectradlesPr mi nal nmeasuring nethod. The results are 10 shown
in Table 3. Here, "connection resistance"” refers to the resistance between
t he opposi ng Ieor civcnit ehenibeo desneftiah 3trudibresud doen) thef initialitahnection

resi stance between adjacent circuit electrodes) For circuit nmenber

connecti on stnesistances(immediBtelyraft¢meonnadtion) asl thes¢ennreotnafasestance
application of a direct-current (lDC) voltage of 50 V. for 1 mnute was
nmeasur ed wi t afiermholdingder 509 ¢xrlenen viemperaturgl cyaing tarikngt rQHodor The

results are shown _ in Table 3. Here, the . .
0 minutes and at 100°C for 30 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.
20 [0164]

[Table 3]
Example 1 Example 2 Example 3 Comp.Ex.1 {Comp.Ex.2
(Connection |(Connection |(Connection |(Connection |(Connection
structure A) |[structure B) |structure C) |structure D) |structure E)

Connection | Initial (Q) <1 <1 <1 <1 2

resistance | After temperature | <1 <1 <1 <1 >20

cycling (@)
Insulation resistance (Q) >10" >10" >10" <10* >10"

[0165] With the circuit member connection structures A to C of

Examples 1 to 3, both the initial and post-temperature cycling
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"insulation resistance" refers to the resistance betmeen adjacent circuit

el ectrodes. 20 [0164] [Table 3] Exanple 1Exanpl e 2Exanpl e 3Conp. Ex.

| Comp. Ex. 2 (Connection(Connection(Connection(Connection(Connection
structure A)structure B)structure C)structure D)structure E) FP04-0469-00
Connectionlnitial LI<1<1<1<12 resistanceAfter tenperature<l<l<l<1>20 cycling
11 Insulation resistance 91)>101>1012>101240>1012 [0165] Wth the circuit
menber connection structures Ato C of Exanples 1 to 3, both the initial
and post-tenperatyre cycling 48 FP04:Q469-00. connegtion r stance were
sufficientl f%nﬁPHPEéﬁglsiiﬁﬂqeeW@Ff‘esﬁl paﬁydﬁlmrmgp %é]@ &&sln%l tidhct ori |y

i ncreased. [016 In co the cgircuit rrenber connection structure

D of Conpar&t}® c@x‘ﬁ%ﬁ%u%%ctq{ﬁlyﬁﬂgﬁqaép on resistance was reduced 5
comect 1 on_ dDTR6E P ERT B PR oo SBadliam shifpfE D ok na o
ngﬁ]'etcie Ton & BefHEN ABERRTE] e The ETARHIARGR] f?'gfsga@}?g o sraiel”

mges 1 ﬁéﬁ%éﬁ%ﬂrtroe gm'[lé@uér? st %tﬁfeESA tSr@Od' 1-{1FLfﬁe difc r]fﬁfca) di ment

conf| rmed t en a circ connectrng materi aI rst e
Bﬁt glsﬁgdf glr r&(}gﬁ{He(rfrgérﬂ)er Cﬁfggn%tgg?tﬁ%ﬁlﬁétdrﬁgaﬁé cgir%g’rﬂé% eé ;2(‘1'2}5% éyh(raeduced
and stabi I'i 38¢tja] and post-temperature cycling connection resistances were higher
than the connection 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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connection resistance between opposing circuit electrodes, wth 15
satisfactorily inproved insulation resistance between adjacent circuit

el ectrodes. [0168] (Exanple 4) First, a phenoxy resin with a glass
transition tenperature of 80C was synthesized froma bi sphenofP040449-00
resin and bi sphenol A A 50-g 20 portion of the phenoxy resin was dissol ved
in a mxed solvent of toluene (boiling point: 110.6C, SP value = 8.90)/ et hyl
acetate (boiling point: 77.1C, SP value = 9.10) in a weight ratio of 50/50

to obtain a t ) ' ' ' 0 t.d al so
by epar od w 10aS] AR, thidlafing Had BRI LS Boflprdtinabolyifies Bt Hirp@Lalas 21
i late. ) . :

eyl ber ony BN TANRI AR (ReY Inte IhShoBED ek B RordeGertng, of ) ( 0169)

Al'so, insul ap0%g Jft fiee Rakfdces e6f coRdctived partikeley "Rictofthat #Reli gRicific
pol ymeri zi ng substance (acrylate nononer) were used for covering of 20% of

the surfacesggivigondtgt icovepapt ivwde0&U00 Ofathd hepewifiei bravitwrvafory after

covering was 98/ 100 of the specific gravity before 5 covering, to obtain
cover &d par t ¢overing, Teeobiaim wotvieyed particleses Tirdcandudtiwe pattigles hadt b a
t hi ckness of 0.2 mon the surfaces of polystyrene nuclei, and a gold |ayer
with a thickmeksl ddyd. @ithna tthickadspoftth?2 umuosithe soffacks ofi pidgktyreger . The
conductive particles used were conductive particles with a nean particle
si ze of 5 mnudef,0ard]a gobd dayer edtlpar thicknessvof).8ddpmh foxrmed sprerthed at 5
vol % in the above solution to Iorepare a solution. A coating apparatus was
used to coaoutskde soff the onickel olayer.so hhe heandurtive msirtielasy luspd were
terephthalate) _filmwhich had been surface treated on one side, and it was
hot - ai r conductive particles with a mean particle size of 5 um.
10 [0170] 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 pm-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 ufn 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 pm 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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dried at 70C for 10 mnutes to obtain a first filmlike material with a 15
t hi ckness of 10 mon the PET film [0171] Another solution was al so prepared
with 60 g of phenoxy resin, 39 g of dicyclopentenyldial cohol diacrylate, 1
g of a phosphoric acid ester acrylate and 5 g of t-hexyl per ox¥P4e04gH-00
hexanonate as solid weight ratio. A coating apparatus was used to coat the
solution onto 20 an 80 mthick PET (polyethylene terephthalate) film which
had been surface treated on one side, and it was hot-air dried at 70C for

10 m nutes mﬁﬁ)t i.n.asecond filmlike material nmade of an adhesive
conposition a(%f{t?ll%&lﬁ s of 10 gmon the PET film [0172] The first
filmlik i al ' | {4 al i th
aninator o iRk 3 REGTQRF RN Wik Ee R FRhTkeR. e ibdtanty, G 80 Givader
siructure  SRiRONRE 00 | AT S ol rskein?, BREDSKY-BRTUD WP @

: e ' o ¢ th
henoxy T esi Y reRyphHyBlttorGHET O BOCE OIS G e BleRoky RS Fas poi nt
110. 6§, SP x; OM; i iRETRY Mt 7 o8P pl =

9. 10) 5:i n a %F%qﬁltearglt i%oh{ol?i Eg)ééoggeg%%tgggogﬁﬁiéaI(ggflgt% g)tr? %Et Lﬂ(g%sgl’i pch)rGt I on

of 40 w% ‘ﬁalﬁ@!i’BigU)/é’tﬁ?l hﬁ@tﬁtepflﬁﬂﬁh &Si0P77.3P0Y SFOvaluel= Qhﬁ))oﬁleé‘o?(y
resin, 39 g of dicycl opentenyldial cohol” diacrylate, 1 g of a phosphoric 10

aci d ester - typiplacFatiAbE F01805t00oblaih- Hewlitien axith 22 eblidl pbaic T4, as
solid weight ratio. [0174] Also, insulating fine particles conprising a

]pglr y rcfg \r/ etr?):‘ ngw(t)‘?(di cAl solptibinwas zhey prepsatedncempasing #leg ehtrephenexy used

resin, 39 g of dicyclopentenyldialcohol diacrylate, 1 g of a phosphoric

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 layér with a thickness of 0.2 um on the surfaces of polystyrene
‘nuclei, and a gold layer with a thickness of 0.04 pm 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.
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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 |ayer
with a thickness of 0.2 mon the surfaces of polystyrene nucl &P04R462-QbI d
|l ayer with a thickness of 0.04 pmformed on the outside of the nickel

| ayer. The conductive particles used were 20 conductive particles with a
nmean particle size of 5 m [0175] The covered particles were added and

SLE??SESI el e SRl iR oy B eBal 60 B PRptipiy testh, cOR1 110
Ve, “and 11> e Oha e A T T & PRGSO Rl 7T,

filmlike Mgt dorplatd ahd Shpcknasienfptfony-onhie REhrrate Alsolid

FPO4-0469-00 [0 176] Another Solution s al'so prépared wwth 60 g of phenoxy

resin, 39 gwelgltl itid). opANt@INL hppaies whseased 86 ®oal the @bldidh@mpbor i C
acid ester acrylate and 5 g of t-hexyl peroxy-2-ethyl hexanonate as solid

wei gh§ rati oan BOcpm-t}ﬁgkaRE’ﬁr(m%etm&nesmiepth) tfiien sehichiled beéw 5 an 80
pmthick PET (polyethylene terephthalate) filmwhich had been surface
treated on oswfsceldrcated ot onessidef -aadr itdwiasdhettair Odiiédrat1PO° @i fowt ¥8 t o
obtain a second filmlike material nmade of an adhesive conposition with a
t hi ckness of mifiutes tn abtainPETséddnd filat-Tike Metefinl shadé |of bnkadhesieei al and
second filmlike material were 10 attached with a lam nator to obtain a
circuit conneemipogitinat whthad thickmesswof h0guhidrather PE fibmure. [0178]
(Conparative Exanple 3) A circuit conpecting material filmwth a bilayer
structure wa)lobt]lalhedirst film-like material and second film-like material were
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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in the sane manner as Exanple 4, except that conductive particles not 15
covered with insulating fine particles were used instead of the covered
particles in Exanple 4. That is, the covering ratio of the conductive
particles was 0% [0179] (Conparative Exanple 4) A circuit condd@4469-00
material filmwth a bilayer structure was obtained 20 in the sanme manner
as Exanple 4, except that the conductive particles described bel ow were
used instead of the covered particles in Exanple 4. [0180] Insulating fine

part i ol es COBBthAUIG oBBLKTRIvGREd efAEicen! TIROLYBBALLO BatHERL AL

(acryl at e nononer)“wer e use or covering of e surfaces of

conductive p og | bf | ht r ' S
95100 of t haeer e e e leRs IS g b Bl el PO o tenEet oy

covered parthGERS: andea ?gkggg?él‘/ Sviliard ithicRReSa®20.081 Gkt fotA¥aromithe

thi ckness of 0.2 mon t aces of polystyrene nuclei, and a gold |ayer
with a thi ckoassdefof e midielmbsern tThe oohdicttveipdriieldy akell hayer. The

conductive particles used were conductive particles with a nmean particle

size 6f 5 m coAd8divd pakidlesiwitina shean pattidle meaef Sqannecti on structure)
First, an I C chip bearing an array of gold bunps with a bunp area of 50 mx

50 m a pitcf01]J1dbricatbreofeirghit noémd@r conasctiorptuetureds a first circuit
menber. Next, an |1 TO board (surface resistance < 20 10 @ square) having an
i ndi um tin oKimg 4n TO) cluipr bedring apoarray pdsgolddbompsawithas bupap elreaviofh a
thickness of 1.1 nmwas prepared as a second circuit nmenber. [0182] The
circuit connéBtumg ABtem; alpitdh of 160 (Exeand ededghinof 304md was prepared
as a first circuit member. Next, an I'TO board (surface resistance < 20
10 Q/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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Conparative Exanples 3 and 4 were each placed between the IC chip 15 and

| TO board, and then the IC chip, circuit connecting material filmand I TO
board were sandw ched between glass quartz and a pressing head for heating
and pressing at 200C, 100 MPa for 10 seconds. The 1C chip and:éﬂ&%9§gid
were thus connected through each circuit connecting material f B 9@90
one of the adhesive sides of the 20 circuit connecting material filmwas
previously attached to the I TO board by heating and pressing at 70C, 0.5 MPa
for 5 seconds. Then, the PET filmwas released and the other adhesive side

of the circuphd Lo EHhpsrativesEkapled Tands), Gespaiwrdyt o the I C chip.
[0183] G rcuit nenber connection structures Ftol were fabricated in 25

t hi s manner. [Ump'mbmmfmmﬁctgrmtﬁ)ructures Ftol were
fabricated using the circuit connecting material filns of Exanples 4 53

FP04- 0469- 00 Thiecc dncanetiveqparéictds befolbx eaperag anaithedcovezed galriivies yafter[ 0184]
(Measurenment of specific gravity) The conductive particles before covering
and the covecedenngtweteesarnples in an\amowmyt o£865 sarfpbradedoh efitlevirotitof 3. 5
cc fromeach of the circuit 5 connecting nmaterial filns of Exanples 4 and 5
and Cénpar at coenéstimg| matiandilms afd Exaniples ed and nbasnd e@emparftivpeci fi ¢
gravity wusing a specific gravimeter (Accupyc 1330-01, Shimadzu Corp.) in a
hel i um at nos fixemples 3 aorh geﬁpérmecdﬁdt@ terasunement lod spssifi¢ igravgyavi ty of
the covered particles after covering with respect to the 10 specific gravity
of the condudfingapecilic grapuneles éd&/@my@glzg i, S kimagzay Gopprlatn 8) . The
results are Bhﬁwn in Table 4. [0185] (Measurenent of connechi on resi stance
bet ween oppoSfHEM atmasphers @it FoRIds femperature, to determine the specific

gravity of the covered particles after 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 1 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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For circuit nenber connection structures Fto |, the initial connection 15
resi stance (imrediately after connection) and the connection resistance
after holding for 500 cycles in a tenperature cycling tank at -40C for 30
mnutes and at 100C for 30 ninutes were measured with a multi #8t04-046p

the two-term nal neasuring nmethod. The results are shown in Table 5. Here,
"connection resistance" refers to the 20 resistance between the opposing
circuit electrodes. [0186] (Measurenment of insulation resistance between
adj acent ci rgui e " j L tedTBiR t r es Fto
|, the insul gtﬂ F{cl)lr?\jl tﬁbeg‘%sgs?gﬁge f;e%fg:resft(%% ?%at | oﬁéo@gdégﬁricg? g?c:ljti}rggénl%ﬁrt( DC)

vol tage of 5Qe¥irbdes. 25 1 minute was neasured with a nmultinmeter using the
two-term nal nmeasuring nethod. The results are shown in Table 5. Here, the
54 FP04- 0469r(®7]i nsul ation resistance” refers to the resistance between
adjacent circuit ™ electrodes. [0187] [Table 4] Exanple 4Exanpl e 5Conp. EX.
3Conp. Ex. 4 ﬁnﬁﬁémgc gravi ty98/ 10097/ 100-95/100 ratio before/after covering
Covering ratio (9% 2040070 5 [0188] [Table 5] Exanple 4Exanpl e 5Conp. Ex.

3Conp. Ex. 4| (Connect i on( Corampbtd onEGopledct | OoiBrdeci Camp.Ex. 4
Specific  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 () <1 <1 <1 2

resistance Afte_r temperature | <1 <1 <1 >20
cycling (Q)

Insulation resistance (Q) >10" >10"? <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 reducéd 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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structure IT)structure G structure Hystructure Connectionlnitial (4)<1<1<12
resi stanceAfter tenperature<l<l<1>20 cycling (0) Insulation resistance
f1>10>1012<104>101 [0189] Wth the circuit nenber connection structures F
and G obtained wusing the circuit connecting material filnms of FPGIOUE9-G0
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 nemnber
connection structuyre H obtfigeﬂ using t he. ci,tcuif.conn %;igg material film
of Conpar at | YNt MAtErIat QE PReandempadimenhis Uied ToedabEg2E8Apar ed to

he 15 i . F and.G Also. with the. ciycuit. nenb
connect | on SOT GOt FHGHPET oaRRCH N SRS Che BRI VRt TRREEeE (i1 m

of Conparatiy e 4, h the_ injtjal t- rat ur i ng
connecton rLom AL CsueR 1 chlla prividst adRibS; e ATREA N ReR TS Lot ur os
Fand G 20 4 at 3 respond
to the secoﬁ%ﬁgéégg?ﬁ§ﬁ+. Hﬂ§¥ﬂ$ﬂg&g§8§gnf%%ﬁ% %ﬂg%ﬁakeﬁﬂgg%é¥%ﬂ§t 55
FPO4- 8469- 00; fBRORA} MBI FdMtaRe bREwEEE ABthERPRACRNIetGotsed for
fabriCation "0Oof a circuit nenber connection structure, the obtained circuit
menber connection structure can provi de adequately reduced connection

resi stance between opposing circuit electrodes, with satisfactorily 5

i nproved insul ation resistance between adjacent circuit electrodes. 56

56



FP04- 0469-00 CLAIMS 1. A circuit connecting material for connection of a
first circuit nmenber having a plurality of first circuit electrodes forned
on the main surface of a first circuit board and 5 a second circuit nmenber
having a plurality of second circuit electrodes fornmed on t he TRA4r0469:-Q@ e
of a second circuit board, with said first and second circuit el ectrodes
opposi ng each other, the circuit connecting material conprising an adhesive
conposition and covered particles conprising conductive particles with
portions of 10 their surfaces covergq RyMgsul ating fine particles, wherein
the mass of said insulating fine particles constitutes 2/1000 to 26/ 1000 of

the mass of pahtigendeshhaeimafidteligbforkorheetiopft connecting material for
connection of a first circuit nenber having a plurality of first circuit 15

el ectrodes fornmed gnfirdte difuit smichilser davingi bstplatdlityi tofbdake aireur second
circuit nmenber having a plurality of second circuit electrodes forned on

the main surélectrodes fosnednh thermuin sinface of'w fitst séicditf hoad antl second
circuit el ectrodes opposing each other, the circuit connecting nateri al

conpr Bsi ng an adhesiseeondngiosiit imembi2d leavdngox epladalipyr oif deesndooircui ng
conductive particles with portions of their surfaces covered by insulating
fine parti cl electraldes dormedionh themain sufapaof acdeesontdaircuitibbaid,conpri si ng a
pol yner, and the nmass of said insulating fine particles constitutes 7/1000
to 25 86/1000 of witle saukEryfansasecomdetiscuit 3lectradascopposingmachiothenat eri al
for connectiogn of 57 . . . . .
the circuit connecting material comprising an adhesive composition
and covered particles comprising conductive particles with portions of
10 their surfaces covered by insulating fine particles,
wherein the mass of said insulating fine particles constitutes
2/1000 to 26/1000 of the mass of said conductive particles.
2. A circuit connecting material for connection of
a first circuit member having a plurality of first circuit
15 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 said first and second circuit electrodes opposing each other,
the circuit connecting material comprising an adhesive composition
20 and covered particles comprising conductive particles with portions of
their surfaces covered by insulating fine particles,
wherein said conductive particles have nuclei comprising a
polymer, and
the mass of said insulating fine particles constitutes 7/1000 to
25 86/1000 of the mass of said nuclei.

3. A circuit connecting material for connection of
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FP04-0469-00 a first circuit nmenber having a plurality of first circuit

el ectrodes forned on the main surface of a first circuit board and a second
circuit nenber having a plurality of second circuit electrodes forned on
the main surface of a second circuit board, 5 with said first ?ﬁﬂﬁﬁﬁgﬁ
circuit el ectrodes opposing each other, the circuit connecting 100
conpri sing an adhesive conposition and covered particles conprising
conductive particles with portions of their surfaces covered by insul ating
fine particles, wherein the specific gravity of said covered particles is

97/100 10 to 99/ HOUigt bfteuﬁpeﬁfeﬁlibérgh_aviﬁ%' af Pﬁﬁ*’aﬁ opgugirstv ecirait i cl es.
4. A circuit connecting material according to claim3, wherein in said

cover ed par telettesdesSfarmeéaDom ahe nhainssurfaresf affirsactcadiaed iand particles
are covered by said insulating fine particles 5. A circuit connecting

mat eri al accordi ng secany coraibinehbemhating at plufditwhef secondeirman
particle size of said insulating fine particles is 1/40 to 1/10 of the nean
particl e si zaedirodes thromadiontthe engiarsuirfdcesof 6 se¢ond cirguiit aardect i ng mat eri al
according to any one of clains 1 to 5, wherein said insulating fine

parti%l es are conpifbssaid firspehdraecond circuiteiectdodesloppesing eacts otlstrance. 20
7. Acircuit_connecting nmaterial according to any one of clains 1 to 6,

wher ei n sai dhadeiseniy ecaitasinig inaictishmampesing ani edhegiveyoemppsitipn

subst ance andd:él curing agent which, generates free radicals in response to
heating. 8. 3RCGCEPYEC é‘?ﬁ%@m% i@ﬂdﬁéﬂﬁﬁdﬁﬁgc & With peiais ef ai ms 1

to 7, 25 which further co | ses filmformng naterial comprising a
phenoxy resith_elrgsglr aces covegepci {)y 1ns1?1at1ng e particles, w J

wherein the specific gravity of said covered particles is 97/100

10 10 99/100 of the specific gravity of said conductive particles.

4. A circuit connecting material according to claim 3, wherein in said
covered particles, 5 to 60% of the surfaces of said conductive particles
are covered by said insulating fine particles

5. A circuit connecting material according to any one of claims 1 to 4,

15 wherein the mean particle size of said insulating fine particles is 1/40 to
1/10 of the mean particle size of said conductive particles.

6. A circuit connecting material according to any one of claims 1 to 5,
wherein said insulating fine particles are comprising a polymer of a
radical polymerizing substance.

20 7. A circuit connecting material according to any one of claims 1 to 6,
wherein said adhesive composition comprises a radical polymerizing
substance and a curing agent which generates free radicals in response
to heating.

8. A circuit connecting material according to any one of claims 1 to 7,

25 which further comprises a film-forming material comprising a phenoxy

resin.
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FPO4-0469-00 9. A circuit connecting material according to claim8, wherein
said phenoxy resin has a nol ecular structure derived froma polycyclic
aromatic conmpound in the nolecule. 10. A circuit connecting nmateri al
according to claim9, wherein said 5 polycyclic aromatic conpBBO4-0469-00
fluorene. 11. A circuit connecting material filmconprising a circuit
connecting material according to any one of clains 1 to 10 fornmed into a
film 12. A circuit nmenber connection structure provided with a first

et 0 U Gl B BinGEC . €L SRR €077,
t. . : i )

plurel 1Y, CRRRERIC A e o RERHIRHCRANE LRI TN B BVARKLT o .
mai n surfa%?oﬁ)f‘aﬁt%a(lb(ggégﬁﬁg%%ltﬁgmélegﬁgd and the nain surface of said

second 15 circul connecting said first and second circuit

menbers tog e 1 i i hst rge i t : Ssi ng each
ot her, wher gm éa%&g[ ??Eﬁféggénrggﬁhag %%%gg@é ZHcéolﬁgﬂrlie%’l ﬁgﬁg&éﬁ?@g cigr cuit

connegting Pévdlc &0RaE BEnigb1HH isOf8oféet! @i ms | to 10, 20 and said
first circuit el"ectrodes and said second circuit electrodes are

el ectrical | y [conre@i@dcéimeutiny s@iteriaP YR doRPridiAf 86 cirédit dorfidctiial menber
'~ connection structure according to claim12, wherern, when a direct current

vol tage of Rat¥riab asppidieg tbahyasie ofidlaegnt t¢il0dvited!iaes adiles., the
resi stance val ue between said adjacent 25 circuit electrodes is 109 52 or

great er. 14.12AAccircwittmemibee connectdet stractireynrovidedaddr ding to claim 12 or
99 a first circuit member having a plurality of first circuit
10 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,
and a circuit connecting member situated between the main
surface of said first circuit board and the main surface of said second
15 circuit board, and connecting said first and second circuit members
together with said first and second circuit electrodes opposing each
other,
wherein said circuit connecting member is comprising a cured
circuit connecting material according to any one of claims 1 to 10,
20 and said first circuit electrodes and said second -circuit
electrodes are electrically connected through said covered particles.
13. A circuit member connection structure according to claim 12,
wherein, when a direct current voltage of 50 V is applied between
adjacent circuit electrodes, the resistance value between said adjacent

25 circuit electrodes is 10° Q or greater.

14. A circuit member connection structure according to claim 12 or 13,
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FP04- 0469- 00 wherein at | east one of said first and second circuit nenbers
is an IC chip. 15. A circuit nenber connection structure according to any
one of <clains 12 to 14, wherein the connection resistance between said
first 5 circuit electrodes and said second circuit electrodes_is no greater
than 1 K2. 16. A circuit nember connection structure accordinEPm&-Qﬂg9

of clains 12 to 15, wherein at |east one of said first and second circuit
el ectrodes conprises an el ectrode surface |ayer conprising at |east one 10
conpound sel ected fromthe group conprising gold, silver, tin, platinum

group net al syRSkkih NAI1EARILd mﬁ% frét aﬁdcg'e%ﬁh_tcﬁ*aﬂ?ﬁﬁeﬁ%&eﬁ gjfarlétruct ure

according to any one of <cla to 16, wherein at [east one said first
and second (‘d}ﬁﬁ_uit menbers conprises a board surface |ayer conprising at
| east one 15 conpound sel ected fromthe group conprising silicon nitride,

silicone comopAndircaitdniedhbeérmicBaneesonssirddiurd 4eceeding {@rayabhnecafi on of a
circuit menber connection struct ure, conprising: a St ep of Situati ng a

circuit conndaimad 2ves ddi abheeietie nrinecéion. restflante betwebrisakd Firkp 10
between a first circuit nmenber having a plurality of first circuit

el ecty odes faircuitielsettddes midsaidrseaond afirauif elestrodes dsinbo gieaterdhand a second
circuit nmenber having a plurality of second circuit electrodes formed on
the mai n surace of a second circuit board, with said first circuit
el ectrode and second circuit el ectrode opposing each 25 other; and a step
of curing sai A cugbit pwmber cogneetieni dtrudyrdescondingntbd ey one of
claims 12 to 15, wherein at least one of said first and second circuit
electrodes comprises an electrode surface layer comprising at least one
10 compound selected from the group - comprising gold, silver, tin,
platinum group metals and indium tin oxide.
17. A circuit member connection structure according to any one of
claims 12 to 16, wherein at least one of said first and second circuit
members comprises a board surface layer comprising at least one
15 compound selected from the group comprising silicon nitride, silicone
compounds and polyimide resins.
18. A process for fabrication of a circuit member connection structure,
comprising;:
a step of situating a circuit connecting material according to any
20 one of claims 1 to 10 between a first circuit member having a plurality
of first circuit electrodes formed dn 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
said first circuit electrode and second circuit electrode opposing each

25 other; and

a step of curing said circuit connecting material by heating and
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pressing.
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