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Resin Particles And Ani sotropi c Conductive Adhesives Using TE&JE&&E
BACKGROUND OF THE INVENTION 6 1. Field of the Invention The 02

i nvention relates to conductive resin particles possessing a nﬂ%@WFayer
structure,and to ani sotropic conductive adhesiv

ves
are useful in ( 1) 10 the connection of LCD (L|qU|d CrystﬁWM“MﬂMMﬁMﬂMkﬁth
its driving circuits , a. g . TCP ( Tape Carrier Package
Flexible Printed Crcuit), (2) connection of sem conductor chips onto an

LCD gl ass SUbStEBBQuEQWQ Qe £ b Pe POs 3G re(ﬁ3ﬂe§ nlgfs}ﬁt%%]ig%6A?dChl b On

sem conduct or Ips to a circult subst rate, exanpl e

Fl exi bl e printed CAﬁiybtrbpﬂﬂdeétmpA@i'e&)@ég Using *hé semeection of
a sem conductor chip called FCA (Flip Chip Attachnent) to a sem conductor

substrate, and the like. 2. Description of the Prior Art Anisotropic
conductive adhesives are fundanentally 20 conposed of an adhesive resin and
conductive particles bei ng dBAGKGRQUND el eTHE ITNWEERRE®Mcteristic feature

t hat such ani sotropic conductive adhesives offers in making the connection
lies in the anlsotropy which permts electric current to be conducted only
bet ween the Sli i g E % ge [of0) ected 25 by way of conductive
particles or ih-thte t FB% ?v?% QPaX|s al one but not in the directions

of the X' and Y- axage WiLLgent SV MG BaBlcls! ey COBRAGLERLSL S0l e

in terms of use isi'n extreme es can b
connect ed S'ﬁ%&%&@@@#ﬂd@sessinganmltilayerstructure,andtoanisotropic

conductive adhesives based on the same which are useful in (1)
10 the connection of LCD (Liquid Crystal Display) with its driving
circuits, e.g. TCP (Tape CarrierPackage), FPC (Flexible Printed
Circuit), (2) connection of semiconductor chips onto an LCD
glass substrate named COG (Chip on Glass)}, (3) connection of
semiconductor chips to a circuit substrate, for example in COF
15 (Chip On Flexible printed circuit) and COB(Chip On Board), (4)
connection of a semliconductor chip called FCA (Flip Chip
Attachment) to a semiconductor substrate, and the like.
2. Description of the Prior Art
\ Anisotropic conductive adhesives are fundamentally
20 composed of an adhesive resin and conductive particles being
dispersed therein. The characteristic feature that such
anisotropic conductive adhesives offers 1in making the
connectionliesintheanisotropywhichpermitselectriccurrent
to be conducted only between the sites intended to be connected
25 by way of conductive particles or in the direction of the Z-axis
alone but not in the directions of the X- and Y-axes, while,
on the other hand, the characteristic feature in terms of use

is in that a extremely huge number of sites can be connected
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simultaneously.



0 20 C1 2002 2 The ani sotropic conductive adhesives, everdﬁiﬁfﬁ tEey wer e
for the first time used in the formof ACF (Anisotropic Con &0 I 1)
in the connection of liquid crystal panels for electronic calculators in
the 1970's, have been finding 6 wi dened application in the |iquid-crystal
related industries as a connecting materi& wth high reliability, and al so
have recently started to be utilized in other application field of

sem conductor fabrication. The ani sotropi c conductive adhesives have
advanced 10 steadily together with liquid crystals and al so achi eved hi gher

function performn L lLAdin | 'gggi '

si mul taneous nul ti %ﬁgp\égé%?gﬁbggtbvé%nﬁ I@ (gﬁ]cg?%n% in’ %}f%‘g%ﬂ}%a .sthSX a
gl ass substrabpef por| ta!i €h 4ty idleSudBd Phi P& U ARG BREFON AriS o1 B9
circuit substrate. During the course 16 of this , great progresses have

been made incénduttiie Bilfs) efiahieoBofhete6h! 60 i@ d cHRfs el lpanels?)
t he downsi zi ng or the downscaling of connecting sites, coupled with the

space narrowfog ékévtrontoncettulaters e the i@ 700 syulhiave ibeen dindfing
connecting sites brought about by full-colored and 20 enl arged-1|iquid
crystal d spvigenedezppligitiebin thechiqutdorwstal rekaked dadustadeswi ng
bet ween connecting sites andpgg%éi nprovenent of _reliability of connection

are consi st e®¥1% alysth hdghcredheblldsy .| And 159 Bayeof

sem conduct o i t.he. ot d here_h en vel oped

t he packagi n%egségggsé%r%%r@ Bg ‘fhﬁélf%%i%Pﬁhggnﬁ%ﬁ%ﬁ‘?f‘}ﬂnvﬁf&cﬁd 89
silicon chipgfiadbhatigedr! Pa???cﬁ@f@ﬁgown manner for the purpose of faster
action of sem conductors. Referring to the flip chip connection,

especi al Iy, the ACHEheasaih¢®eop1iieconiestivefl aatidyi®rds0 have 2 adrhnéeldoz 3
elimnate entirely the under-fill step to suppress stress concentration on
t he connkktisteadidy toaeddehylthlilquiderystalseandalen achieévednigher

expansi on between silicon chip and sem conductor substrate, and therefore

has been at t FAREFAGRPAELRITE - pilfel 1BACRI PRt IRELVA APRL teRklen dB,
envi r onment 'I:ﬂ%%'lm\)it%te R"S\?}ﬁlc‘#”#éﬁ?5@°%&?@§ﬁ?ﬂgg{%‘(?ﬁﬁﬁ&%ﬁ!dgel‘ae)

Col | apse Chip nnecti on al so one o . hi'p
connection ptgesdohes dietIssurdtdidiee afwwver d@std i 8egds€hAREaahe iptlinted

features,

contacts on its driving circuit substrate. During the course
16 of this, greatprogresseshavebeenmade in (1) the size reduction
of electronic parts as well as (2) the downsizing or the
downscaling of connecting sites, coupled with the space
narrowing between connecting sites, owing to multiplication
of connecting sites brought about by full-colored and
20 enlarged-liquid crystal display screens, whereby (1)
correspondence to the space narrowing between connecting sites
and (2) 1improvement of reliability of connection are

consistently demanded for the anisotropic adhesives.
In the field of semiconductor packaging, on the other
25 hand, there have been developed the packaging process by means
of the £1lip chip connection in which a silicon chip is arranged
in the face-down manner for the purpose of faster action of

semiconductors. Referring to the flip chip connection,

especially, the ACF-based technique makes it feasible to



10 16 the anisotropic conductive adhesives which once had been us{?ﬂ‘g@plzgu as
an elenentary material for connection of liquid crystals have beco W (gly
known in the sem conductor packaging field as well by follow ng the
currently prevailing trend toward size reduction and hi gher function
performance including CSP (Chip Size Package, Chip Scal e Package) and BGA
(Ball Gid Array) in the industrial circles of sem conductors. The

ani sotropi ¢ conductive adhesives are nowsed in large 20 25 quantities with
i ncreasing amounts of liquid crystals used, and in recent years, their new

application fields have been devel oped, such_as resin filmfabrication of
liquid cryst A1igHRate &EITRBRe - RRAeT ohttl afpPPc 40 SHBRTaSR Stress

have under go CRGRIT 4 Hon Phethe SRARMARAROAALE T 1 A4ged Bl YERLAELPBR Gy
demanded reqworegﬁre{q&r{toroé hembaye d ggg%,%ﬂ Yy dsﬂxa{;g 'A16Vana

correspondence the 'space narrow ng’ ween ‘connecti ng-srtes dan

i nprovement QlenfiRldrifidticry sdfbstRRC! i .tmwmx@gﬁawﬁéblf%&m d
requi renents depends |argely upon the design of conductive fine particles
in light pf tatderdiect i oPurERdARdEE) Of thie) SOACPPI C aandugt | vieead FredCZ
200' L 4 adhesives, especially the nechanismof howreliability of

connecti on camvigodmestofedendlyothatemballs ,unlikd uttinee 94 orcameadt dre

ani sotropi c conductive adhesives could be influenced to a i;r eat extent by
their key matl&andirolded GallapseGhirConpastiend whigh iscplspiane ¢f gihe

connecti on requir an der st andi of the _nechani sm of how the

ani sot r opi ¢ C%r‘f&%ﬁij\?ec eW@?%ﬂ%&uW"E&PP@ﬁF.‘ As illustrated in Figs. 1
d 2, heating, fol e i i t

10 be’ | poat ed bet wiSORfPYe tHIAESIS oo SHBUE chiZACUIT ST LK PR 20 1

connecti @p. lthePhfl@Eot@ofE6 EShRIAELVd @ahe@aRNBECHHLBh SHbd RAACEEER Wb Pf
this , it is required to keep on conpressing the connecting sites agai nst

t he conduct i vwalysas aoledemeiitanyond temball £6rcomresssliorgof diqgeidreryestdls t he
first place from shrinkage through curing of the adhesive, whereby the

stress is i nPav§ Pecemg iRty krowg in)the semicopdyates packagingfdald,

2) d T (diff ' t t
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adhesi ve and ddaictulest 478 highdie Fhpcheeh pe ¥ @Rndh®e SiATA 1Y €8P NEREDIFES

too great, warping takes place as is being described below, I|eading to

det eri or ab ed Sicreg Packages| Chthpl Stulef Pabkagehnandi BGA ntBall sbridawmeysel v,
too nuch small force fails to produce the acting force sufficiently to 2b
def orm t he cdiddtrs vadystaigle sirelesyofaeemiepndictorssul ting in i ncreases
i n connection resi | her.ef irabl e Secondl t he
conti nued conpr essﬁ@%’g}%@?‘%bfﬁéog 8?8@5'%?%;&218%?13?&&%%%?%EF eggﬁ%’ﬁﬁﬂ? on

of the condugiiath itAldd Wieh incrBdsng hM6hnbs OASEOYENS ! drydEsid Rd ) cl es
are preferred to netal particles such as nickel particles. 1n addition,

such def or matangh i czedbent yhersonthefiranew applieatbonetiebds shdwe Wddn t he
conductive particles, which in turn decreases electrical 6 resistance and

i mproves 2P el idgialapedf sgelnast resinsiiimcbabuieationaefi tiaaldurrystal e
been | Vet Sk e d B b R A L R SIS BEESL
! et P LU NGRS b8 oAb TR v g 10
have undergo changes in terms of quantity and quality, but the
strongly demanded requirements for themhave remained unchanged,
256 1lying in (1) correspondence to the space narrowing between
connecting sites and (2) improvement of reliability of
connection. How to cope with such demanded requirements

depends largely upon the design of conductive fine particles

in light of the connection mechanism of anisotropic conductive



Wth reference to the resin particles having their surfaces co@&rm wlth
netal, furthernore, particles of insulating resins, such as

pol ydi vi nyl benzene) crosslinked pol ystyrenes, crosslinked acrylic resins,
benzoguanam ne 16 resins and nelam n resins were investigated and have been
put into actual use. However, it has been known that in the case of use of
resin particles, there are encountered the follow ng problens: Nanely, the
conductive particles remain in surface 20 contact with the connecting sites
whil e the used adhesive is heated and conpressed, and in this case, it is

preferable to secure the greater. contact surface area, since it yields. the
smal | er cont PG %S at®®eq di{&I‘%n',“e%%'ﬁf?‘ﬂeOgoﬁﬁ'ﬂcﬁe\a&aﬁ&ﬂﬁt& &F show
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contact resi gangR hRi1B81FBpALALBAAuAL1FeCRAREM e VSIS  1h AN RInged

period of time. Nevertheless, there is incurred a contradiction In the
facts that the rdrddteedtentc BydutdMe K aleasi i Vor 8 tdbdditive 2 0
C T 2002 6 greater contact surface area, whereas the nore rigid conductive
particl esbyi glarttiltdes.gher restoring rate. In other words, when the
conductive particles are nade nore flexible to decrease the contact

resi stance, they béthmwedkbablidtyeayfi conpectipharaqulmesiahomdarstangding
exhibit inferior elastj ciigmand | ower restori nggrate with the result that

the contact HsittPafEEngRIeMRS hawihhe angsAte éPy‘?"”II\II]\‘_éﬂt%YI% arpicvas e
e o R S LA S B,

rai se the contact pressure but at

as near 10 tGdiN@wi By eemRpeeksioh¢SHILbRE I:He@&ﬁ&@é@i’v&%‘é cles to
resistance; in either Case, there is encountered the problemthat the

resul t antioel det rlioos teeh hedtidenn thac korineotdlnalEitdsy . tdntesrddie schieve
circunstances, it nmay be conceivable to provide the conductive particles
havi ng an i ntedrestdiinal gegnesti®neach of flexibility and restoring rate,

but in such a case,_it 55 ot possi blcle &o re&ai n t he advant ages that, they,
with their flexibilJ39F SBIRE It gFtriraleonnaial  8R thePidrilathey,
because of thgai LOi it I I i LT i

whi | e maki ngrbﬁqu?%%gtﬂ*éii% F%#&%:?f?y‘gﬁ% irl’vdeggg'g’%?’g'%g\?aﬁ%g‘%‘}s‘{.K%’ialts“,eg

coupl ed with ditris iagadnerdi &hy peopaatitegebepagtdosési nteheedicdlligiaveen
the two states, | eaves the problens unsolved in that their initial
resi standé i sdmpressdmabdonpe awised U dthe sl yplace t froom tshrindade ant
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restoring | ayeriffetehce ObdteénZ0fle 7 durdxigh! Eempetatib! eal@yehe use
Particularly, JP-A Hei 11-209714 discloses an art covering the conductive
particl es whitEmnperms toi@r)aendr ( 3¢d4ion( dbEfesende dondwefifieieartt of | Enear
made of an acrylic resin 5 consistin exi bl e core and_a shell _npore

f fl
figid thaf ¢ RXRAREION bALYRPE WsoedhBedve and FhnEuhs tratiete banigingal:
shel I/ core weglt il L9-8862 5888 BobBhby s ML, LaSLIk Pakal S RS

as 1s being described below, leading to deteriorated long-term

reliability of the connection material. Conversely, too much

small force fails to produce the acting force sufficiently to

26 deform the conductive particles to a greater extent, resulting

in increases in connection resistance, and is therefore not
desirable.

Secondly, the continued compressing force is the force

of repulsion against deformation of the conductive particles.



It should be pointed out that only if such weight ratio is re@gﬁk?qm}o,
there would in sone cases be produced conductive particles 100Wth |%ferior
restorability and consequently deteriorated long-termreliability as an

ani sotropi ¢ conductive adhesive, depending upon the particle conposition.
Al'so, JP-A Hei 8-193186 discloses a particlse structure reverse to that of
JP-A-Hei 11-209714, or an art covering the 16 conductive particles which
are characterized in that said conductive particles consist of a flexible
outer layer and a inner core being nore rigid than the outer layer. In this

case it should be noted.that the said conductive_ particles, because of
their flexiblgopdt@renble, fesdirarehhles Prérﬂ’%%‘gﬁr%ta%%lcpéyt&ﬁ&es

(nerer o, COUE SR abFROHE 0, S8l SIS A B BrpBtscn
o201 1LY oruhRabHLI thy, Bt HBEe JeaC o ity My 2030 Lhn

descri ption i §oRyEP1¥82pbatithclledy erwiiitth COAPAYE déétd&ses 8i&cRLagdied
wi th use of hybridization by allowi ng two kinds of particles to collide at

hi gh speeds .rddistahgei anas injatovde relisbBYE1tyewfsticomseperutent | guchi th
absence of any chem cal bond between them often providing thenultilayer

0 2 OCl 2002 Eopducttivespanticlies erhiclathaire dsteor iimyesdtigated aomfasudae in
connecting of FPCto a liquid crystal panel, JP-A-Hei 8-188760 discloses

t he conduct i v‘éhwﬂﬁrcé%%-cﬂp%?@w a68EPPRPQ TN qlesSuGhuRs PATkAEARED i n

Compr oasi ve oF GRERTLY Tk AR STRRAEFS, ST i Chefoh rEbanparERE1ee
s, "SR R B BE0LOEY ook R OB Basitsly |1
10 having theilr surfaces covered with metal.

With reference to the resin particles having their
surfaces covered with metal, furthermore, particles of
insulating resins, such as polydivinylbenzene, crosslinked
polystyrenes, crosslinked acrylic resins, benzoguanamine

15 resins and melamin resins were lnvestligated and have been put
into actual use. However, 1t has been known that in the case
of use of resin particles, there are encountered the following

problems:
Namely, the conductive particles remain in surface
20 contact with the connecting sites while the used adhesive is
heated and compressed, and in this case, it is preferable to
secure the greater contact surface area, since it yields the
smaller contact resistance. In addition, when the conductive
particlesshowan increasedrestoringrate, theygetintocontact
256 withthe connectingsitesunder enhancedcontact pressure, which
in turn facllitates the contact resistance to be maintained
at a constant 1level over a prolonged period of time.
Nevertheless, there 1s incurred a contradiction in the facts

that the more flexible conductlve particles give rise to the



In consideration of the above-described problens, the object of present
invention is to provide conductive nultilayer 'structured part@gI0€3 200ivi ng
in conmbination the contradictory |b properties of flexibility and restoring
property or restorability. Al so, another object of the present invention
lies in providing the conductive nultilaygystructured resin particles and

t he ani sotropi ¢ conductive adhesi ves containing such 20 particles ) which
permt connection to be nmade under such a | ow pressure as may suppress
devel opment of cracking in the ITO tabs and al so can realize increased

stability of connection, especially long-termstability of connection. The
present inveAT§ASETGANALEFUELRALE afieR 1Whertds themprreElighd \vaiichivd

Pound t hat * RE“EsRage, I8 fetha BLFRRE) Ees ERFThacRate™ B nstiny it i
e tharact ol Hel fHe BURALLELFE bRl BANE Hhd 200 riFl 4 ££0m 4 BEERARLLE 25
2002 9 one i pRErcdAYASL E‘@EH!QtHH&G,ft'h%&i%@oﬁé‘ﬁ@r%%&gﬁi% Elr’] ee[es

that at | east one of the adjacent two'layers is chemc , XEI git

flexit~ilgtyaafidrmatiohi il @xRPeit InFBreoflzait ity dndddivbrdes idrMap
found that the anisotropic 5 conductive adhesive produced by di spersing

such conduct ra¢emwittti theresulidthatethe esnhbapamesistanae getalessistable.
conponent of adhesive can permt connection to be made under such a | ow

pressure as FEPVEEEEA¥ssWhew dheppenduckive paritiglies are mafle mape rigidl so
| h dd f | ighilit f 10 tion, i.al

ong-t er m st ABEYI TOBIIXRRTRR HOHOTIRG SRER APAATLEOEILOR S RGNt o

conpl eti on OhrEEEugEmht' AYEPLALS cNﬂﬁ%@bsﬁf‘Pa@é GieAlad %‘%{q',tll;%g fgeeag‘t es

to: (1)A conductiv ayer-structured resin particle 1n

| east ongp i nEeftHeAYEInt sofiRhetf, kdsulitanghai h8Le 8868 COREh kBN 1 AMhdeS;
chem cally bound to at | east one of the two adjacent |ayers, and the

surface of the edthexosiadenycthére chwecemcountérednthal problef chaductheve,

mul tilayer-structured resin particle as 20 described above in &1),
char act eri zedeFH1tRBt edecirireleseBneftdpasdackgndnt redlabipdtture
bet ween t he nost fllﬁﬁ'etg:letla er and t nost id layer is nqt less than

po e 5 A venaudida SRR o PR dalthsd . T3P Rak®hE domcddivariEl 400
above in ( lproQide thd con@b@taveasdiatids hidinglal €attriea PasyHedritse

chem cally bound, two adjacent |ayers contains a graft-polynerizable
nmononer : 15 each of flexibility and restoring rate, but in such a case,
it is not possible to retaln the advantages that they, with
their flexibility, would be susceptible to deformation and that
they, because of their rigidity, would develop an increased
restoring rate, while making up for their individually derived
20 disadvantages. This, coupled with their intermediary
properties being Jjust intermediate between the two states,
leaves the problems unsolved in that their initial resistance
is far from being low and unsatisfactory and that the resultant
long-term reliability of electrical connection after aging is
26 1n adequate.
The conductive particles for the anisotropic conductive
adhesives which can meet these contradicting properties

simultaneously include, for example, multilayer-structured

particles each having a rigid, highly restoring layer and a



(4) A conductive, nultilayer-structured resin particle as des ruﬂﬁdwﬁgove
in (1) to (3), characterized in that said conductive, nultila@ tured
resin particle possesses a 02 0 CT 2002 10 three-layer structure
consisting of arigid, central core layer, an internediate |layer which is
nore flexible than the central core and the outernost |ayer Which is nore
rigid than the internediate |layer, wth any adjacent two of these three

| ayers 5 being chem cally bound: (5) A conductive, nultilayer-structured
resin particles as described above in (1) to (4), characterized in that
said conductive, multilayer-structured resin particle under stress of 10 %
def or mati on EALELIDLE bﬂ@§°§mé8%ﬁré§¥PVe strength of 10 | ess than 10 kgf

QE:J‘V_e;i(nG%lﬁ o (syonipiani s ol R i L a0 ETNA, B qrfoded Sal® ot 0o
510 90 % iéB?%%“k?fd thE AR Per OB RAR IS, udFaleLkigedold ©

adhesi ve 1 esitia¢O0gReReBbnaldtdvE Qie"éib.’l(és JBé thA @Y &£ Sk Wk ¥ Bk '188d 1h
particle as described above in (1 0 (6); (8) An anisotropic conductive

adhesi ve gs doneiiskdhgabeve ﬂlrbe.Q)l(e éore(anhad atedrl medtel Bighdt than athesi ve
resin conponent contains particles show ng rubber elasticity; (9) An

ani sot r opi ¢ comeéucln teiadipesifdcasidas meriddrbomaderonlBof a shudiak /mims | zed
in that a particle showi ng rubber elasticity is a multilayer-structured
particle conS@éGhﬁgrétiﬁo@SI@sf@qflﬁ’&‘n ipg lugdciagethe {eq'goyivxgsm‘é%e but

rel axi ng age cterlz d.in that s tre ent co | ses
a particle slqrgi\ﬂ aJr‘ﬂ‘B%BP ﬁgtouéltil]‘)?%%a%%g’i Z’(f'%g%‘gé ﬂif’g') res% | EF
DESCRIPTICN [ he
ani sot rop| c COﬁdﬁE?l ve éj}he%ﬁv%sméagggrgﬁ\% gh eﬁsggggg?ﬁ?ﬁggt I on. %é
Fig. 2 ilhgstyatas tdrericy Ob690bEalst 11 U&ﬁdoﬁ:oh@@q@@h%u ot drrafder
adhesion Wth the anisotropic conductive adhesives according to the present
i nvention. Filgng-3egimoweliapliphytas lam aaédotmpabclimgiveeadrmbm ng

rate. 10 Description of the nunerical signs: 1: Sem conductor chips, such
as TCP and FBRepepding,upog thesparideder &PB‘WSiﬂﬂrp&at ropi ¢ conductive

adhesi ve Also, JP-A Hel 8-193186 discloses a particle structure
reverse to that of JP-A-Hel 11-209714, or an art covering the
16 conductive particles which are characterized in that said
conductive particles consist of a flexible outer layer and a
inner core being more rigid than the outer layer. 1In this case,
it should be noted that the salid conductive particles, because
of their flexible outer layers, often exhibit enhanced
20 plasticity and therefore reduced elasticity, leading to
inferior restoring rate, as compared with the counterparts
having the same degree of modulus of elasticity or flexibility

as those disclosed in JP-A-Hel 11-209714.
In an example of production multilayer particles,
25 additionally, the description is given that multilayer and
composite particles are produced with use of hybridization by
allowing two kinds of particles to collide at high speeds. This
signifies that the two layers exist independently, with absence

of anychemical bondbetween them, oftenproviding themultilayer



16 4: Connecting site (or I1TO el ectrode when the nuneral 2 is qj'zaggp 200b:
Conductive, multilayer-structured resin particles 20: Conducti Vve,

mul tilayer-structured resin particles 21: Shrinking stress of adhesive 20
22: Repul sion force of the conductive, nmultilayer structured resin
particles 23: Direction of current conductgon 24: Connecting site 25:
Particles having rubber elasticity 25 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
The flexibility of a resinis closely related with its glass transition
tenperature, and generally, the | ower the gl ass 0 Z 0 CT 2002 12
transition tenperature, the higher the flexibility. In order to produce the
mul til ayer stRartiglas mddim dedemioradeda¥es§oaingesatesne of the inner

| ayers being nore f]lexible than the outernost |a accordi nl? to the

|
present b inventi oS GMEARER AR CPRBeATLREr 8hc Ie’fr:nt‘él%ls%i‘i I3 SRY SR
b h f L d.th jgid |
ermerat ur e Uk 5 R 50880l TR AL MRl S g
Pl oxibilis h . e
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-40 to 805C, qa@iftabhy L0 ¢ onlpR@=eavel dakehat 28nt HERevér 2ANe R dsed
preferably in the range of about 0 to 75 C. On the other hand, the gl ass

transition tegpmssivefstiengiistalomg didayenot s yledticranyt yantsdtwopigi on
of about 100 to 140 C ) nore preferably 16 in the range of about 105 to
130 C, for tdendnatiotee agheisiyest withbreeablizakbe okongr texme reliakllity,
mult~. layer-~:tri~ctured resin particles_ to thereby give an ani sotropic
conductive adtfedieptignad DreyHonsddd i@edh&ea8PVeel i ability of connecti on.
Enpl oyed t hroughout the specification as the glass 20 transition
tenperature are the figures, which are determ ned, as broken down into

respectiyg polynmer |ayers of tdifmMARY IJFAY8iE SiNvigituioxd pol ymer and on the
basis of Tgn for the honopol yners from each of different nonomers which

constitute each polymer, through calculation fromthe equation (1): 26 1/Tg
= EwWi/Tgn ( 1) (wherein Tgn is Tg of each constituent honopol ynmer, as
expressed in absol iR eqngidegratiapefathecabayie-dpscsibedepypblensct s of

o oo | o 1OTP TR i offla Y HEo] Pl $353u3003 hiFP 1 ayer

structured particles having in combination the contradictory

15 properties of flexibility and restoring property or
restorability.

Also, another object of the present invention lies in
providing the conductivemultilayer structured resin particles
and the anisotropic conductive adhesives containing such

20 particles, which permit connection to be made under such a low
pressure as may suppress development of cracking in the ITO
tabs and also can realize increased stability of connection,
especially long-term stabllity of connection.

The present inventors, with a specific aim to solving

25 the above-described problems, conducted repeatedly extensive
investigation, and as a result, found that the conductive resin
particles obtained by providing a metal covering to each of

multilayer-structured resin particles, which particles are

characterized in that said particles each comprises at least



020CT 2002 13 in the above equation ( 1) , for exanple, there may be
mentioned 233K ( -40 C) for butyl acrylate honopol yner and 403@@0@%@)
for nmethyl nmethacryl ate honopol yner. The nultil ayer-structured reSin
particles as used in the 6 present invention can be produced by the
procedures known per se or those corresponrding thereto. Preferably, they
can be obtained by the continuous nmulti-step suspension polynerization

met hod i nvol ving a sequential repetition of the polymerization process in
which, in the presence of a polyner 10 serving the inner resin |ayer as
produced by a polynerization reaction, a nononmer form ng an adj acent outer

resin | ayer iORepdnpREr La¥er Rpirg ks Milexible than thetpnbgEROSE rkaXar ed
[ ticl b d d by t bel d i hed d o1

sty ¢ he oty BBt At ReS Phe Rt oS BTARHERE iR LagieTrurts Al ebhral Ly
ti.nn, t . t | [ heri.cal-.sh isto b

eferred to DOuRE, Maipht Do liThen, ehEP I ER R M igtoRlity © 4P P°

pol ynmeri zat i @ymb3haftdom."gn aaaggggneau W&si @oﬁxgrgefhaeaeﬁ@sa %ﬂrfm% han

about 90 % then, 20 there is a a polynmerizabl e nononer to

second resi n condRictiverladdhesine PHIARIIT Ay @LdpeiyiGrF afliclRndordicdtive
procedure can be repeated sequentially to thereby give a suspension of the

mul ti | ayer - stnuldilayemr-etirmatanreidc resin Shanckei ¢ hes mintd hayesintcomparneact
resin particles 25 according to the present invention have at |east one of
t he of adhesive can permit connection to be made under such a low
pressure as may suppress development of cracking in the ITO
tabs and also can realize enhanced degree of reliability of
10 connection, especially long-term stability of connection, and
such findings have culminated into completion of the present
invention.
Namely, the present invention relates to:
(1) Aconductive, multilayer-structuredresinparticle inwhich
15 at least one inner layer is more flexible than the outermost
layer and is chemically bound to at least one of the two adjacent
layers, and the surface of the outermost layer is covered with
a metal;
(2) A conductive, multilayer-structured resin particle as
20 described above in (1), characterized in that the difference
in glass transition temperature between the most flexible layer
and the most rigid layer is not less than 20° C;
(3) A conductive, multilayer-structured resin particle as
described above in (1) or (2), characterized in that at least
26 one of the chemically bound, two adjacent layers contains a
graft-polymerizable monomer;
(4) A conductive, multilayer-structured resin particle as
described above in (1) to (3), characterized in that said

conductive, multilayer-structured resin particle possesses a



inner |layers being nore flexible than the outernost |ayer, p0|¥ﬁf &ﬁaﬁge
nononers to be added nay be sel ected as bei ng described bel ow é e
the desired structure: In the case of production, any per se known

pol ymeri zati on 0 2 OC1 2002 14 processes may be adopted, with the radical
pol ynmerization being preferred. Anong oyfers, the suspension pol ynerization
is desirable fromthe standpoint of cost efficiency. Furthernore, the

mul tilayer-structured resin particles b as produced by the suspension

pol ymeri zati on possess the foll owi ng advant ages ot her than cost efficiency
over those obtained by the dispersion polynerization: In the first place,

t he suspensi $RTBS-YRA¥REARTWH AT s RE NFpE Al hgepnsral corgdiayetor s
and surfactants, adhere

10 onto the resultant | tilayer-structured resin
particl es tooHelRERBHeRLate avemanarholt N tdepla FhansHR ERA thAlany
damages to their electric characterist]cs ed, by h_cont.agi nant.s.
Secondl y, : t c?’ieeggé\z Etgl; r?c‘iﬁlep‘grfoast% faai}\i;rr |"§?€ fi%;B%i%rré‘;gEfl ghta 0 esf and
organi c sol vgnis £ {9s$ 8Eeh? 8F ace
rough fini sh?ng, rt"%e?%?: ?h@%ai g]feyst n?\(ctl&%at?ng 1ft%'rreat m_sﬁrqlat Si nﬁ? © 1*2{3;&&

t he~PI ectsol ®e3ngl @hbﬁ\gca_]hg m_hhul;ayer- structur _ed resin parti cles
according to the present invention are characterized in that at | east one
of the adj acést) Aweonduetisger multidageresitrycimred iresdrd@ard( dles wd her
strengthen their restoring force. Anong others, it is preferred to have
their indivi descrilhgdr abesendlrehehi cte | (4 hourbiaransesdized dn ‘thiadnissld y
bound” as used herein is understood to denote "The chem cal bond is forned

]E)et Wegn ':1 he SENYFid¥Rr W%H:‘-%'ss.tj%ﬁté’%Eﬁét’-BIpﬁrfﬂf’elQ:HBﬁPEzﬁtI[ﬁﬁﬁj is
and one. i nt eftadlr & G8FSrhiEs B8’ (ke GhIRSILE 1 SRR SLAN oot 00,

by the chgm qaksbendnf 20MRehakieecn i nside of one interlayer and inside of
its adjacent interlayer . ' 02 0O0CT 2002 15 and the resin
constituting (&) imrondweivandnubtl bagecosstructired assdnt paritdede, st

| east in part, are preferably bound or |inked for exanple through the
car bon- car bodesexdbed abedie Ini b ofo df 3Lt f Fharpekerized. ip thad: mald

wor ds, chem cal _bi ndi ng of adj acent two layers is r mal ffected by
A owi ng o porpaBetaveT MerET Eefe b BN b SRR pEFERCIE spsariore
compound or ERRQEEL BskbE1AY 268! oka¥elot Bhowgh a boundary face between
said two layers to thereby forma chem cal bond crosslinking the two 10

| ayers, ss5ch (g9 e anisotrepidotondséelve cadresiasi dhich dompriiisds kand.
In order to bind chemically the ad j acent two interlayers , any known
t echni ques cadhgsi¥epl oy&esiror esemprent i he prdferr@d enss ive to

b lified.f he f i f 15 bon- bon.b . _Pref d i
Che 1ot hod | AAAYAT 5P RSy e 7T DRBR B ABAS 1 SPECRARER BiPthendchhsi on
of formationQf (g, nner resin layer. The graft-pol ynerizabl e monomer

normal | y possesses not |ess than two unsaturated doubl e bonds within the
mol ecul e, 20 (8)enai anssietbrbphcotomduct v aidiresiiak hendespirtbedadthyvexin bi t
individually different rates of reaction with other copol ynerizable
mononer s20n (i7Ne charatierbieddnithat anedbesiye veslncompeaentgantaing s

permts unsaturated doubl e bonds in the %raft-copol yneri zabl e nmononer which
shows a fast dantdcldes showling rubber elasticity;

(9) An anisotropic conductive adhesive as described above in

(8)., characterized in that a particle showing rubber elasticity

is amultilayer-structured particle consisting of not less than
26 two layers.

(10) A stress relaxing agent, characterized in that said stress

relaxing agent comprises a particle showing rubber elasticity

as described above in (9).



25 of reaction to react wth other copol ynerizabl e nononers (i ncluding
different graft-polynerizable nononers) but allows the remaining

unsat urat ed doubl es bond not to bind to such copol yneri zabl e nononers)
thereby leaving their reactivities intact. At this point of tinme, when
nononers to forman outer 02o0ct z0o9 16 |l ayer are added to the
reaction mxture, said intact unsaturated double bonds undergo binding to

t he copol yneri zabl e nononers to forman outer |ayer, whereupon there can be
formed the bond between the resin constituting the inner |ayer and the one
5 constituting the outer layer. In the present invention, as the

graft-pol yneri zabl e nononBRIEBPESERK cONPBURIBRAEENGS used, and may be

exenplified by allyl esters of unsaturated carboxylic acids, such as allyl
acrylate, allyl nethacrylate, dially maleate, 10 dially funarate and dially

it te, with all t | at e, bei ticul arl . ,JJh
monomer s mmy be at FAGAeRarE LPEILRPTHOR LY & torarsrt B EhB A AT R ther
copol ymeri zapl,g JIRAQURY $ ahidE's YA aEBBrﬁ?é@plts) t?\lek% c36h¥! 3hGaRE 1 BRKY!
met hacryl ates, aromafi ¢ vi nyl nononers, crossl i nking nondners and ot her

copol ymerg zabl e nOEMRrS. 1 AbustiEdt & NEHBT idis SoPides tPE8t e | BES& he
mentioned in the bel ow gi ven description of two-layer structured resin

particl es: RaBheredgpootddm afitermdivhsiiornwich the adlsoturbpleywondioctioteur ed
resin particles, below described in detail is the procedure for formng a
two- | ayer st rdbegl¥ésr asconddngi tbethavbrgsgngtodaveatiobenposed of a
pol ymer layer of less than 80 Cin _glass transition tenperature (Tg). and an
outer |ayer conposdd®f3§hpye@RRantepeysedin Fééguiﬂgg“ﬁ@e@qsht%utﬂ ass
transition tenQ?rature (Tg); neverthel ess, such two-layer structured resin
particle con¥fi"Put es an enbodi ment of the present invention, and needl ess
to say, fke present invention is not understood to be linited to the sane.
The first layer formng reaction in the present invention 0 2 CCl 2002
Description of the numerical signs:

1l: Semiconductor chips, such as TCP and FPC.
2: Glass or resin substrate
3: Anisotroplic conductive adhesive
15 4: Connecting site (or ITO electrode when the numeral
2 1is glass).
5: Conductive, multilayer-structured resln particles
20: Conductive, multilayer-structured resin particles
21: Shrinking stress of adhesive
20 22: Repulsion force of the conductive, multilayer-
structured resin particles
23: Direction of current conduction
24: Connecting site
25: Particles having rubber elasticity
25
DETAILED DESCRIPTION OF THE INVENTION

The flexibility of a resin is closely related with its

glass transition temperature, and generally, the lower the glass



17 involves a reaction to forma resin layer of less than 80 Cin glass
transition tenperature ( Tg ) by radical polynerization or sus;ﬂe’h@ﬁgﬁﬂﬂl

pol ymeri zation froma pol ynmeri zabl e nononer capable of formng a resin

| ayer of less than 80 Cin glass 5 transition tenperature (Tg) through

pol ynmeri zation. A preferred exanple of SUﬁQ pol ynmeri zabl e nononer is a
nmonomer m xture consisting of ( a ) an alkyl acrylate or alkyl nethacrylate
(hereinafter expressed as "al kyl (nmeth)acrylate” ) in the range of about 45
to 99.8 wt. % ( (b) a crosslinking nononer in the 10 range of about 0 .1 to
50w . %, ( c) a graft polynerizable nononer serving to bind chemcally
two adj acent trdresitaloar stempdrteturegi dheothigimrt the Flexibidity. % and ( d )
ot her copol yneri zabl e nononmer in the range of about 0 to 54.8 wt. % As the
above-descri bed al kin ¢oréen) her praducet H%eemhlrtill@m erueiitcedl Rgsin
(nmeth)acrylates having 2 to 20 of a nunber of carbon atons, such as ethyl
(met h) acr yl atREEtIGIRR) haviddh piclorat eQne f ihg dpngradaypascieing dnoFrxy|
(et h) acryl at es -et hyl hexyl (neth)acrylates, isononyl (Jreth)acrylates,
ooy (et HLRrOTR dhalh the WA Y VS SSRGS (FEr e coreds
them are al ky. it h e i.e t n
atons sﬁch iansv(ﬁ%}?a( %ﬁ%%;’lt\g?zst h% g? E?%%é%&fa éegliﬁ?é?:rglf-a %Jg@%%’

i sononyl  ( met¢umifdpd 8RS be'tvbBnAHY ot ¥1 8% Eb1 8Ulalertahld| BiE MBRE rigid

2- et hyl hexyl acryl ate being particularly 25 preferable. Such al kyl

(et h) acryl atksyer prafsratiiyald ywoth l@sepaidamrsoerangi ng from about 45 to
99.8 wt. 9% preferably about 51 to 99 wt.% of the pol ynerizabl e nononers
capabl e of form ng So@ms yasimpasteancidegeate age® of iflepikklitwnto then

tenperature (T%gg t hrou hoé‘gllr%/rrerization, The ex‘géession 0 2 0 CT 2002 18
" (met h) acryl e8I 1axedn ReReRR o They gLaBE branwkthipn femperatpge; ok

same apPIineS i A EIEEN BLLON ! LIRSy darSh h0 Ml L 3ok Sho

reaction, t eslira O us€e Cros I'"ng nononers esS t han

two unsat ur atesl gp°deyubpee PORES1PM 1ithd heaJIIE G abont0-88r th0se0NEr Hhd

rubber elasticity or nodulus of elasticity of the resin layer of |less than
80 C in gl asadreapaictfiearabilgnper the rmande ofoaboat AptoVis©id.s Onetthe other
resi stance, solvent resistance, etc. As such crosslinking nononer, there

can be nenti R atbfeglassitrpnsitiesnbemperatyen of thevnest pdgidntayer
ctiyl one ol ycli PERERER B Epme e TTRGF BRouB il ARP R Mo pReferatuy
hexanedi gl di {{®hid) 2ah¥bad£ avduitdRost Hy! Lie @ yesk thd BrirPad Beaifpart
trimet hyl ol propane di (et h)acrylate and 16 tri nethyl ol propane
tri(nmeth)acrylmtmeasat nasttdEmgy diateettio) abeyinaléilgpeybotadneéneed resin
di (nmeth)acryl ate, epoxy di i}met h)acrylate, and the like. Particularly

pref er abl e arRagkiglesdoychesebli ghEe HuansatEonq greductiyeopdhesive
di th | h di ol . dj th | th 20
ai (et ) acry B 7 Gt ded e el AL Vs Tathaaiian nui ng

mononers are used nﬁﬁ\ﬁ%i{&di '%h&BﬁgﬂbhitO%é apgbBricafiaR0ls Gl L g1a8sW -

% preferably about 0.1 To 45 wt. % of the polynerizabl e nononers capabl e of

form ng &0pol yraisitiei temperatuirbaar8ie fagyress whidlsiareodetempenadyr e
(Tg) through 26 pol ynerizati on,
as broken down into respective polymer layers of the
multilayer-structured polymer and on the basis of Tgn for the
homopolymers from each of different monomers which constitute
each polymer, through calculation from the equation (1):
26 1/Tg = X2Wn/Tgn (1)
(wherein Tgn is Tg of each constituent homopolymer, as expressed
in absolute scale of temperature, and Wn is a weight fraction

of each constituent homopolymer).

As a Tgn value for each constituent homopolymer as used



The graft-polynerizabl e nononer having not |ess than two di ffereng 200
unsat urated doubl e bonds within the nolecule acts to interrelate 3{&%

i ndividual layers in the nultilayer-structured resin particle. A flexible
| ayer 0z .0c T zoo2 19 show ng | owered nodul us of elasticity al one
undergoes plastic deformation, but can be ghenmically bound to the adjacent
| ayer to thereby suppress plastic defornmation, resulting in elicitation of
the function to increase the restoring rate. 5 As such graft-pol ynerizabl e
nmononer, there can be nmentioned allyl esters of unsaturated carboxylic
acids) such as allyl acrylate,allyl nethacrylate, dially nal eate,diallyl
fumar at e and i@ Ehe\abqkeeanatdonyf t h. fiag pxaBphgerihere mag he “ﬁ%ﬂﬂi%ﬂﬁ%rl y

preferred. 1Q _Such graft-pol ynerizabl e noners are used normally in
bropor t1 ons PARAT 100 ¢F G BEGY LAGrYLate fiemago lymetras §0aBAR30F) s

tod4w . % th | L zabl bl ff '
agol ymner | aye S 5@5&%%5@%%@@&3@?%%0 ¥ gﬁp:rgt urgr EnTS)g t hr ough

I i sation. 16 : . ,
BT (e vy oy AREEERPLYCREERBRLE AT pabLEh EpR OBl I

nononers jn e skntsinvaneliohesdd ivdprbaubBarPihe protRauRsbRnoRRaned
aromati c vinyl nononmers or aromatic vinylidenes, such as styrene,

vi nyl t ol uene sendr2khwseetidodrdsponieng ithdretyanikiesf earablyy | tinecary ass des,
such asacrylonitrile and nethacrylonitrile;al kyl (nmeth)acryl ates, such as
met hyl met ha@btadned netoiyyl ddreyl ateontmidigne amitiiatskemnd sespension

net hacryl ates; _.and aromatic (neth)acryl ates, such asbenzyl (met& acr¥ltaﬁee and

phenoxyet hx| PP3YEER}Zatd ondpethofl d nyod ¥y ings §eaNemtipd LeBstlelon o

POy O TN BB il S LB IR "R e
s ugj ect e$0t2 0 %&Q&Wﬁézﬁﬁéﬂ T 1P 1aFRCas PoddubddBYNa Pl 1 At orf AN
reaction, a monomer forming an adjacent outer resin layer is
polymerized.
More specifically, such multilayer-structured resin
particles can be produced by the below-described procedure:
15 firstly, the core-part resin layer 1is formed by the
polymerization reaction, whereby the core part normally 1is
spherical-shaped and 1s to be referred to as a layer: preferably
when the conversion ratio in the polymerizatlion for forming
a core-part resin layer reaches not less than about 20 %, then,
20 there 1s added a polymerizable monomer to form the second resin
layer to allow the polymerization to proceed; and this procedure
can be repeated sequentially to thereby give a suspension of
the multilayer-structured resin particles.
Since the multilayer-structured resin particles
25 according to the present invention have at least one of the
inner layers being more flexible than the outermost layer,
polymerizable monomers to be added may be selected as being

described below to provide the desired structure:

In the case of production, any per se known polymerization



20 be nentioned as a nononer having an epoxy group, and a nononer having a
carboxyl group includes , for exanple, nethacrylic acid, acrylic ac&

mal ei ¢ acid and itaconic acid. As a nononmer having a hydroxyl g93@§ BWer e
may be nentioned 2-hydroxyethyl 5 (neth)acrylate, 2-hydroxypropyl
(meth)acrylate, 2-hydroxybutyl ( nmeth ) agpylate and the like, while as a
nononmer having an am no group, there are nentioned di et hyl am noet hyl

nmet hacryl ate, diethylam noethyl acrylate, etc. Such copol ynerizable
nononers are used nornally in 10 proportions rangi ng fromabout 0 to 54 , 8
w . % preferablé about to _39 % of the polynerizable nononers

capabl e of foPRPH S%e?égﬁhp?QQQPtSﬁIW%QPF%%Haééqé%PP _RE17a b PrdR9

carTiod out by eFErERtg BRI CHBBRE M CTRAP BT b, POLBIEr KBRDERS 1°

capabl e of foqg§f€%glée Sml@M8r59£?é%§fﬁtt$f”bég%(% %1$Eé%§ranortion

tenperature ( rough pol ynerriza di spersion’s oi | -sol ubl e

radi cal p0|yner'ZatFﬁ@th@khb%boHﬂﬁ?ﬁuﬂ@&iﬁy@f §Erﬁ&989hﬁ:§&l %ﬁr@i 1@% as
a dispersion mediuminto a 20 polynerization vessel, y radi cal

pO'Y”EFIZ&IIOasupdeﬁu&wabfmth@rsﬁuﬁﬁﬁaibﬁng@ﬂym@ﬁiﬂﬁﬁidﬁlp6s§%§@eth60n
pol ynmeri zati on, wher eby suspensi on polynerization ispreferred as previously

descri bed. ThEollewingfadvsptagesnopbéynthanatosh effieienpyi bved Rhoise t he
foll owi ng: The oil-soluble radical polymerization initiator may be

exenplified b?boﬁbaﬂ¢cb$er§|@%§P3§E%QPaB°¥¥W9§$@aEk@%klde

th b | b ,
peroxi e, cumene by SRobBp oS PEEE AACE D Sy e%irox' ny P RES B oBe #28ne
hydroper oxi deg hﬁ&gd{i %%‘quﬂgénté‘o‘ihs j? gﬂhsétgx[of’é@ﬂ:?fﬁﬁ hE?:e@i”d

2,2' -azobis-2,4-di net iyl -val er nltrlle era usabl e anon

benzoyl pgy oxbdgo tmrMuMWIMMﬁ&&nM& IR ﬂa@rtlibublse toSuch
radi cal polynerization initiators can be used solely or in not |ess than
two. The usedbamemived ddsdlyadndablposyneompldtely | nihustporesrenting any
damages to their electric characteristics caused by such
contaminants. Secondly, it 1s easy to incorporate a variety
of copolymers, oligomers and organicsolvents into the outermost
16 layer in order to effect the surface rough finishing, one of
the catalyst activating treatments in the electroless plating.
The multilayer-structured resin particles according to
the present invention are characterized in that at least one
of the adjacent two lnterlayers 1s chemically bound in order
20 to further strengthen their restoring force. Among others, it
is preferred to have their individual layers being chemically
bound.
The state of "chemically bound" as used herein is
understood to denote "The chemical bond is formed between the
26 adjacent interlayers. More concretely, the chemical bond 1is
formed through or across the border between the two adjacent
interlayers, and one interlayer is firmly or strongly adhered
to its adjacent interlayer by the chemical bond formed between

insideofoneinterlayerandinsideof itsadjacent interlayer.",



I's for exanple in proportions ranging fromabout 0.1 to 5 parts by w.,
preferably about 0.1 to 3 parts by w., against 100 10 parts by diiﬂCBﬂmﬂhe
pol ynmeri zabl e nononers in the first |ayer reaction. The above-descri bed

di spersion stabilizer can be exenplified by water-sol uble high nol ecul ar
compounds, such as gelatin, nethyl ceIIuI? e, hydroxyethyl cellulose, |Ib
hydr oxypropyl cellul ose, carboxynethyl celtul ose, polyethylene glycol,

pol yoxyet hyl ene- pol yoxypr opyl ene bl ock

copol yner s, pol yacryl am des, pol yacrylic acids, pol yacryl ates, sodi um argi nate
and partially saponified polyvinyl alcohols , and organic materials, such
as trical ci unp@odfttat Eesint pengh o tdbndeancaniemm agéRdartdissi Ppeon

di oxi de. Parti cul arl‘}{ fm)n such dj spersion_stabilizers, partially
saponi 11 ed poPguF byFULTRGIHN SUtRFGBXSH: Gty LoRaMH i RAF tind e PEREEFARLY

prosphale o oSS ANl el REESLOR UL IR v b olREY.
sLebil) ser | SykeboraRKAEPLE, i PuREAROTHARRS R00InD 1om about 1 10 30

parts by w . of thenpekuBerwer8ke FREATBAE bIn&PRgf bEStnba@Hab8AE! kWD -
0 2 0 CT 2002 22 In order to stabilize the dispersion of liquid

particul at es Dayabsole ormdl e 2iffedtedhbycalbyw ey adl gl yened agt mbhodmeguch
as anion surfactants being exenplified by sodium

dodecyl benzents driedaners §0i neadt aidh auppdyueriaacempounddiximonomer in

| auryl sul fonat e and. sodi um di octyl sul fosucci nate, noni oni ¢ pol yet hyl ene
gl ycol nonyl phesyrdiagent M%|Wlh)ﬂ HoUNGeTys fage, be tveenh sadk 3¥Cant s

can be used splely oy i | e han,.,twq.. 10.The used t of,such
surfactants i ?fé%? ?aﬁ%ﬁ%%bYﬁa%?%ﬁbﬁﬂ%ﬁ%gaﬁaR & chP8ﬁ3§%§3P90tPeb "o 2
parts by ¥ .18p8+85! skl BE thdYeatboricdrtonlol ddEd ZadtRe FONRHEASE bR the
first layer reaction. sAnd, I f desi red,o t k?ere mey be added i?]hl bitors for
aqueous- phasedpshyfedezbdn@n, such as sodiumnitrite. 16 In the step of

pol yneri zi ng the above-described nononers to foran reEin particles of |ess
than 80' C in gl assInragfer todindghamigakly thrgpdiacent Heailniprdayers.,

control and adjust, in advance of i itiati'oné)f reaction, the Iig¥id
parti cul at es 6+Y nown techniques can be employed. For example, the preferred

embodiment is to be exemplified for the formation of the
15 carbon-carbon bond. Preferred is the method in which a
graft-polymerizable monomer is added on the occasion of

formation of an inner resin layer.
The graft-polymerizable monomer normally possesses not
less than two unsaturated double bonds within the molecule,
20 wherein such two or more unsaturated bonds preferably exhibit
individually different rates of reaction wlth other
copolymerizable monomers. On the occasion of polymerization
to form an inner layer, this permits unsaturated double bonds
in the graft-copolymerizable monomer which shows a faster rate
25 of reaction to react with other copolymerizable monomers
(including different graft-polymerizable monomers) but allows
the remaining unsaturated doubles bond not to bind to such
copolymerizable monomers, thereby leaving their reactivities

intact. At this point of time, when monomers to form an outer



nmononers to the desired size by stirring under shearing force Zgggq(giimhfre
of pol ynerizabl e nononers, dispersion stabilizers, oil-soluble a

pol ynmeri zation initiators and dei oni zed water For the purpose of formng
mcro-sized liquid particul ates of nononers in |ess than 20 um of di aneter
in this 26 case, it is preferable to enplqy different types of dispersion
means , such as honom xer , honodi sper, honngenlzer CLEAR M X and line

m xer, whereby CLEAR M X is nore preferable in order to attain a sharper
particle-size distribution. The size of liquid particul ates of nononers and
its 0 2 0 CT 2002 23 distribution can be controlled by nmeans of the type
of dispersio#@&ﬁ?%ﬁ%ﬁ@déﬁmQE%%r&ﬂﬁtéﬁpﬂéﬁﬁﬂﬁeoﬁaiﬂéﬂﬂﬂﬁﬂﬁﬁﬁP¥Q#Q%ﬁde.g.

| uti | t t d b th b
;g\é\?euplrggefi&‘)é‘ BRpREtindePae miTd 3 e%evﬁhgn CeRpLYEEiEabhempnomers
hbor hood ,0 10- h h |f h |
T Doty &8 £hPf, 4 gt e&ﬁaa%‘%ﬁm L e“ﬁﬁf‘-‘fﬁ?ﬁ??% Tttt FREERA i ve
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particul ages hsHARIENY egh@ waterd1kQerQt | ess than 55 Cin the case of
| aur oyl peroxide used, or to not |ess than 65C in the case of

2,2' - azobi si sobut yrimithe | presead; imidmbimh byag athe agrd Ht ppd Jymer zedth s t o
gi ve a suspension of resin particles of less than 80 Cin glass trans3ticn
t enper at ure (PREMET.t [ReX | s6t kngyar qampaunsis ¢ant e sesedhd anfemayedr i on,

t hen, pol yneri zabl opers_capable of formn of no | ess
than' 100 30 CKMPILELSY PR et YD rpatans o5 URESLHERCERl BaERORELI RS on
80 C i gl o€ haRE oAbt e TR HePhnkER ARy B LS PP e
first laygr @aQAhyOPumaPdtéaidaially 1taconate, with allyl methacrylate
being particularly preferred. These monomers may be utilized
solely or in mixture of not less than two.
Other copolymerizable monomers lnclude, for example,
alkyl acrylatesoralkylmethacrylates, aromaticvinyl monomers,
16 crosslinking monomers and other copolymerizable monomers. As
such monomers, use can be made of those mentioned in the
below-given description of two-layer structured resin
particles:
Referring now to the production of the
20 multilayer-structured resin particles, below described in
detail is the procedure for forming a two-layer structured resin

particle having a core part composed of a polymer layer of less

than 80° C in glass transition temperature (Tg) and an outer
layer composed of a polymer layer of not less than 100° C in

25 glass transition temperature (Tg): nevertheless, such
two-layer structured resin particle constitutes an embodiment
of the present invention, and needless to say, the present
invention is not understood to be limited to the same.

The first layer forming reaction in the present invention



pol yneri zation is conducted to forma resin |ayer of not |less 26 than_100C
in glass transition tenperature (Tg), whereupon there is provided a0CT 2002
suspension of nultilayer-structured resin particles. Preferred as a

pol ynmeri zabl e nononer capable of form ng a polynmer |ayer of not |ess than
100 Cin glass transition 0 2 O 2002 24 tenperature (Tg)

t hr oughpol yneri zation is am xture of at |east one selected froma group
consisting of ( a) alkyl ( meth ) acrylates and (f) aromatic vinyl
nononers, and, if desired, (g) a crosslinking nononer having not |ess than
two unsaturated bonds 5 within the nolecule and (h) other copolynerizable
mononers. As imeolyes| & meegriasr jpaferm a mesimelayer mfhtliessetihankgp

acryl ate, et hP Sheerdy e e Rl 2 Ty KBl e Tee Tt fEa o
The ar omat i ¢ i nyh FRROIEE SobBGhHAEzat {0 SXBAPLE no Rfud &G MM plbiene

and a- net hyl st'yrene used anount "o onersis nornmalTy in

proportions rangipg, fc{f)r?o%q.\‘xa gorégiljtof)a%r'%g/‘?leoél%fﬁeﬂ'plew’aegﬁ{l a@%rlég 100

wt. % based on e pol'ynmeri zabl e nononmers” used in e secon

reaction. g . tfansi®id eredhpetfruise | | et g ONS I Bife YA tibOt A ess
than two unsaturated bonds wthin the nolecule in the second | ayer

reacti on. Sugprefessdd rxanmp e odneush quuil yhesol zabl ¢ olormneyt 16 dafianomér on
caused on the occasion of heating the 20 conductive, multilayer-structured
resin particlebxtyee gopsistbrgpLfia)an abkvhacsyhatemy abtyl nethaceynlate

unsat urated bonds 'tg]i n the nol ecul e, ige can be used the sane as
descr i bed pr e\RERRIBAE CaF CRREFSESH AR SRl REH HIS P NP THURIG"D! LREPEFRRD
from about 0 4 A 4% ¢8I o8 LY 20008 ) 2 B ihiing mibonBESER Ohe ! e
pol yneri zabl e 'nononers i n the second l'ayer reactl Onf. e PR ha seddnd

| ayer reagti OPande o2MUdAL 001 t¥ 0wl k) (BBlYREEY IFE Bime1¥EM lemdhOMHer

nononer sand crosslinki ng nononers are ot her copol yneri zabl e nononers bei ng
0 2 O C T 200fe2¥%i mgppo by marchentilcalliyttwd ddfacett dnterdlaydes ihdhexegbor,

vi nyl cyani des and vinylidene cyanides, such as acrylonitrile: alkyl

net hacr yl at esOf ARG . ket \d Wiet hadRd| ) othey copelymerdgabladroR@mer hy |

acrylate and putyl acrylate. ureth a lates: 6 epoxy (nmeth)acrylates:
pol ybut adi eneP i{l?‘r%tﬂa}'i%? y?ﬁata::j%?uta?ld;%acl I(yﬁ/ﬁy agé’fete'r 5 of unsaturated carboxylic
acids, such as all yhsaHe/ labbte-Aek¥ri BBUNATEY infotif)) étylatd! efkfe dhrl 1 Y!
fumarate and diallyl itaconate. Furthernore, nononers having functional
groups, siich be nihtepmed alkyilbimeth)admyllatkeds Havaing@ toa20 afi dengmbeap can
be subs ected to copolynerization. This, on the occasion of surface

met al - coveri rMRf.t 9 efkens o| S1Chy| 86 rREDL¥) sdmetdviacryigtesns BEPPHY as
ALY LouBERIRRsH St T SRV ® TRBBISLAINAN, " CBRoRLRYE
{meth)acrylates, 2-ethylhexyl (meth)acrylates, isononyl
(meth)acrylates, lauroyl (meth)acrylates and stearyl
20 (meth)acrylates. Preferred among them are alkyl
(meth)acrylates with the alkyl molety of 2 to 10 carbon atoms,
such as butyl (meth)acrylates, 2-ethylhexyl (meth)acrylates
and isononyl (meth)acrylates, with ethyl acrylate, butyl
acrylate and 2-ethylhexylacrylate being particularly
25 preferable. Such alkyl (meth)acrylates are used normally in
proportions ranging from about 45 to 99.8 wt. %, preferably
about 51 to 99 wt.% of the polymerizable monomers capable of
forming a polymer layer of less than 80° C in glass transition
temperature (Tg) through polymerization, The expression



16 nmononers having a carboxyl group include nethacrylic acid, acrgthTqud,
mal eic acid. itaconic acid and the like. As ., nononers having a hydroxy
group, there may be mentioned 2-hydroxyet hyl nethacrylate, 2-hydroxyethyl
acrylate) etc., and nononers having an am no group include

di et hyl am noet hyl 20 nethacrylate, diethy]am noethyl acrylate, etc., while
as nononers having an am de group, there may be nentioned (neth)acryl am des
and the |like. The used anmount of the above-nentioned copol yneri zabl e
nmononers is normally in proportions ranging fromabout 0 to 26 50 wt. %
preferably fromabout 0 to 40 w.% based on the pol yneri zabl e nononers
used i n the sttmath)agrylateltisdntendedbd danoteavnylabecmensthsedylatehe

above second |l ayer reaction are preferably added at the point of tine when
t he pol yneri zad obhe op@iee st 1es et o nthe deseripiigrherainafier giveroCcT

2D02 26 exceeds 90 % s S % inim ze the ssibility of Erin i ng about
Sgﬁrggat!on and nel Paghg§i grghDEQY?ESFﬁaﬁgg?Pc!é§ 6% e BEE%%igﬂfBFed.
ol yireri zabt CHEESL DR RoRChORE AELFRg S5LPLLLDIChEn ERo TRhPRFuRREEHC, "
I's the prcscedaz(s@bmi@&%ytvvﬁim Flrtf‘eoﬁ'rfcjlr&dlga gV %%lﬂfeoe%hgkeﬂ £hbber

suspensi on toget her wt e above-nentioned surfactants or I Spersi on

stabilizers )ef@stpyeey it h6adias df eQaee 14 tyhoflitidedsRar1apes oeveeskhe
desired length of time. 10 In the second | ayer reaction) furthernore,

pol ymeri zat i ophamigo ‘atoLh gmsém::&dﬁqebidwteinpekaeuﬁaser%i dieoUsfpebve

oi |l -sol ubl e radical polynerization initiators, they can be added separately

in the state btsahgpteoesistancen. slvyait nEesiatangei niatat or &susaveh in
reaction, there.can be used th oiI-squbIﬁéradica

b0l yner | zat | SHEPFFPHIEERS MRHOREKy (AT A Hos MR TAPRG, BFERBRLE Yooy

wat er - sol ypl enSAGERS , RIHTRE! A 131 benzene; alkanepolyol polyacrylates
or alkanepolyol polymethacrylates, such as ethylene glycol
di(meth)acrylate, butylene glycol di{meth)acrylate,
hexanediol di(meth)acrylate, oligo-ethylene glycol
di(meth)acrylate, trimethylolpropane di(meth)acrylate and
16 trimethylolpropane tri(meth)acrylate; and urethane
di(meth)acrylate, polybutadiene di(meth)acrylate, epoxy
di(meth)acrylate, and the like. Particularly preferable are
ethylene glycol di(meth)acrylate, butylene glycol
di(meth)acrylate, hexanediol di(meth)acrylate, urethane
20 di(meth)acrylate, or polybutadiene di(meth)acrylate. Such
crosslinking monomers are used normally in proportions ranging
from about 0.1 to 50 wt. %, preferably about 0.1 to 45 wt.#%
of the polymerizable monomers capable of forming a polymer layer
of less than 80° C in glass transition temperature (Tg) through

26 polymerization,
The graft-polymerizable monomer having not less than two
different unsaturated double bonds within the molecule acts
to interrelate among individual layers in the

multilayer-structured resin particle. A flexible layer



initiators, there can be used persul fate based pol ynerization in“%z@hg&an

such as sodi urnpersul fate and potassi unpersul fate, 20 and azo co

based pol ynmerization initiators, such as

2, 2' -azobi s(2-am di nopr opane) di hydrochl ori de,

2,2' -azobi s[ 2- met hyl - N- (2- hydr oxyet hyl ) - propi onam de] ,

2,2'-azobi s(2-(2-imdazolin-2-yl)propane) and di net hyl

nmet hyl propanei sobutyrate. 2~ These radi cal polynerization initiators can be

used solely or in not less than two. The used anount of the radical

polymeri zation initiators is for _exanple in proportions rangi ng from about
OF e it

0.05 to 10 pafhewhpgwowered modalg of rqlas Y glone ypdergess pleggtic . |
agai nst 0~ 0 CT 2002 27 100 parts by w_ .. of the nmer | zabl e _nononers
1960 T n the SEEEREMREJRR . NuE CRBNDS ChekoAIIY Bantd b Sl A dcRs 2T ERapes
articles may_be agble 1o be suppress frpm b enerated and t mul tiJl ayer
gtructure magtﬁe @B?’ée{’% bﬁu%ggﬂ?agégﬁﬁ%fo(ﬁéfma Ofhe \ﬁ(ﬂséﬂﬁ:irn ic')mmy a
resin | ayer o ' [ t | 1. erat t he
core part to spEEEatyan 82 phe PufbEfy {60 kd MIBPLUH TS

tenperaturg ( Tg ) ag 'OcRUIRAFANR yne d1968AkL! nddbhde, I #R8e0fcaPOWe 9 5
/ 5 to 30/70, preferably about 90/ 10 to 40/60, nore preferably about 10

85/15 to 50/ 5SRenfibheataDlyl esterswighhsadhrat6ar cLEPORFD1LE Qad)ssm  of
flexibility, wherein an increased ratio occupied by the core part provides

t he resul t ant asalilivlageryatactalrlegd methacppulete) ddalillymaheabdadded lgdgr ee
of flexibility, and an 16 increased ratio of the outer layer leads to a
rise in restofpmarabeans diadlyd Ltaranate sdidy aldylathageylate being s
ratio as well_as,{he,degree o% flexibility which approxi mately corresponds
to the Iomreﬁaﬁﬁ%ﬁw‘ﬁﬁgl’o?r? 8r5\e§55 transition tenperature (Tg) of each

of the |ayprs, espegahl YrakPCp6P¥ferizable monomers are used normally in

proportions ranging £from about 0.1 to 5 wt. %, preferably about,
0.5 to 4 wt.% of the polymerizable monomers capable of forming
apolymerlayeroflessthanBO° Cinglass transition temperature
(Tg) through polymerization.

16 As the copolymerizable monomer which can copolymerize
with alkyl (meth)_acrylates, crosslinking monomers and
graft-polymerizable mc;nomers in the first layer reaction,
furthermore, there can be mentioned aromatic vinyl monomers

or aromatic vinylidenes, such as styrene, vinyltoluene and

20 ¢ ~methylstyrene; vinyl cyanides or vinylidene cyanides, such
asacrylonitrileandmethacrylonitrile; alkyl (meth)acrylates,

such as methyl methacrylate, methyl acrylate, urethane

acrylates and urethane methacrylates; and aromatic

(meth)acrylates, such as benzyl (meth)acrylate and phenoxyethyl

25 acrylate. Sultable used among them are styrene, acrylonitrile
and methyl methacrylate.

In addition, monomers having such functional groups as

epoxy, carboxyl, hydroxyl or amino group can be subjected to

copolymerization. For example, glycidylmethacrylate, etc. can



20 part determne the 10 % conpressive strength the conductive,

mul tilayer-structured resin particles as being described in tifd 0681 282 The
10 % conpressive strength bears an extrenely close relationship with the
contact resistance and contact stability of the conductive,

mul tilayer-structured resin 26 particles. so, the ratio of the core part
to the outer layer is connected with aggr% ation or nelt-adhesion anong
pol ymer particles on the occasion of dehydration and drying such pol yner
particles , and noreover, too great a ratio occupied by the core 0 2 ocT
?00? 28 part results in deterioration of processability owi ng to bl ocking,
etc. and al sbecheatiAcBed &f (& MEDPREEShAHLRG@NIPBPBYE HFOWR y 8§l AHEORIRIB| on

of netal plating. The | tilayer-structured resin particles produced by 5
Che above. pr HEIINGA CRERPEY HEITGD LHAIUARS pE0T FEREDIE, BEiSAAILG attfing

f b 2 100 , f bl .5 20 d f bl
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di stribution sharp, neanwhile, it is possible to contain in the

pol yneri zabl @-miydroxybutyl (hethpaerprate dinfd eheriiikef ahitengs exasnaner 15
guat ernary ammonium salts as a charge controlling agent and furthernore a
pol yneri zabl davd-ne-ancaminpugpreumpolthese arecnentionddfdieitthylgminoethyhs
and acryl -styrene based oligoners. The particle size distribution, or

uni formty ofmefhaqryiate . _,tl}Yslaﬁ}dé’P@r%]y atcé‘l?(&_é’rt&j & Csharp as possible,
whi ch however 20 neg‘?al cgghglﬁ}%ggggleg@gnbﬁ‘&(}%ﬁ|%ﬁé;l %Flgﬁsﬁkotr?%@tl _31193_ a

dw dn val ue. The expressro S I'ne Se erti’on is

under st oqg d%@ﬁi\wﬁaﬂeiﬁ?&%m%aﬁ/b%mwm 2% NpFaSe raRaAR MEGt Cl e

size "dn" a wei ght average particle size "dw 25 as neasured by use of
Coul t er Countoeto (Iertuivaic & W dheypdBmemiratdminbaomers gapableefi ferming
measuring a particle size .

aresin layer of less than 80 C in glass transition temperature

(Tg) through polymerization.
The said first layer reaction is carried out by charging

16 the above-mentioned polymerizable monomers capable of forming

a resin layer of loss than 80° C in glass transition temperaturs

(Tg) through polymerization, dispersion stabilizer,
0ll-soluble radical polymerization initiator and water or an
organic solvent acting as a dispersion medium into a
20 polymerization vessel, followed by radical polymerization
under stirring, or suspension polymerization or dispersion
polymerization, wherebysuspensionpolymerizationispreferred
as previously described.
The steps of suspension polymerization are exemplified
25 in the following:
The oil-soluble radical polymerization initiator may be
exemplified by organic peroxides, such as benzoyl peroxide,
o-methoxybenzoyl peroxide, o-chlorobenzoyl peroxide,

lauroylbenzoyl peroxide, cumeme hydroperoxide and



on the basis of the electric resistance nethod. Also the resin for(raCT 106
outernost |ayer can be incorporated with nultilayer-structured particles
having a 0 2 oc~ Zoo2 29 rubbers conponent with a primary particle size
as small as below about 1 a m or a butadiene acrylate. This enables the
particle surfaces to be roughed to a sizg.of below about 1 ~c mby etching
the surfaces with permanganate , b and as a result, inparting for
supporting of the catalyst Pd in the el ectrol ess plating becones adequate
and uniform Which offers the advantage that high-quality plating can be
affected. The procedure for isolating the multilayer-structured 10 resin
particl es gi viddsebropyddenzeneconydropaeoxtdet i ond iane gompounts,, sughpi®, a
procedure invol ving dehydration by use of a centrifuge or deconpression
filter press) fol-R&ROd s ouEydQnditrdls deconpression dryer, and a and

d f drying. | d I sol,ati.qn, i{_is desired t
Lt | b appr ofvic SRR Ty 4 PR R Iy R haroBe et I e Prederahive waip s
di spersi on Sta%'nlg Z"Efl?. angréurﬁéﬁ’é S H30GH o tofa%%o&‘i' tBL%Ei gt I g ured
resin particles as well as enulsion-pofynerized partictés generated as a

by- produck. [ryingfbid1e d8tutyiandtriteucisues] raiitanarpsé sriSatfon
preferably effected at | ow tenperatures of bel ow about 70 C at atnospheric

pressure or yndaiatedisce@npibes uged sollelgbyrdiy mpt Jesw rihamh awio.at | ow
tenperatures for the purpose of the prevention of nelt-adhesion partly
anong the particl esThe used amount of the radical polymerization initiators
is for example in proportions ranging from about 0.1 to 5 parts
by wt., preferably about 0.1 to 3 parts by wt., against 100
10 parts by wt. of the polymerizable monomers in the first layer
reaction.

The above-described dispersion stabllizer can be
exemplified by water-soluble high molecular compounds, such
as gelatin, methyl cellulose, hydroxyethyl cellulose,

15 hydroxypropyl cellulose, carboxymethyl cellulose,
polyethylene glycol, polyoxyethylene-polyoxypropylene block
copolymers, polyacrylamides, polyacrylicacids, polyacrylates,
sodium arginate and partially saponified polyvinyl alcohols,
and organic materials, such as tricalcium phosphate, titanium

20 oxide, calcium carbonate and silicon dioxide.

Particularly among such dispersion stabilizers,
partially saponified polyvinyl alcohols, hydroxypropyl
cellulose and tricalcium phosphate are preferably used.

Such dispersion stabilizers can be used solely or in not

26 less than two.

The used amount of such dispersion stabilizers is, for

example, in proportions ranging from about 0.1 to 30 parts by

wt., preferably about 0.5 to 10 parts by wt., against 100 parts

bywt. of the polymerizable monomers in the first layerreaction.



The resultant multilayer-structured resin particles are 25 subjected to
crushing with a crusher to break possibly produced aggregates, afg ogdrme
made a finished product for exanple by screening through a filter of about
100 to 400 nesh. Such nultilayer-structured resin particles, if desired,
may furthernore be adm xed wi th inorgani gine particles, such 020CT
2002 30 as mcroparticle silica, lubricants, antioxidants, heat
stabilizers, UV absorbents, silane coupling agents and ot her pol yner fine
particles. The conductive, nultilayer-structured resin particles b of the
present invention can be obtained by providing netal covering to the
above- menti oned nul tIin apedest r et wabikkie pgare | dispersienersl - tdquidng

procedure includes , for exanple, ( 1) hybridization with nmetal particles
and(2) el ect r oPREEHFHLREEF PF MANANeT S atdfer dpgiged; r bese may Wagadded
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applicable in alloys thereof. The el ectroless plating powler of the present
i nventi on maynenfehitut epoystieylened| aglygodf thenphpRenyPe @thert al afd

multilayer plating fromnot |ess than two type of different
polyoxyethylene monostearate.
Such surfactants can be used solely or in not less than

two.

10 The used amount of such surfactants is, for example, in
proportions ranging from about 0.05 to 2 parts by wt. against
100 parts by wt. of the polymerizable monomers in the first
layer reaction. And, if desired, there may be added inhibitors
for aqueous-phase polymerization, such as sodium nitrite.

16 In the step of polymerizing the above-described monomers
to form resin particles of less than 80° C in glass transition
temperature (Tg), it is desirable to control and adjust, in
advance of initiation of reaction, the liquid particulates of
monomers to the desired size by stirring under shearing force

20 a mixture of polymerizable monomers, dispersion stabllizers,
oll-soluble radical polymerization initiators and deionized
water

For the purpose of forming micro-sized 1liquid
particulates of monomers in less than 20 1m of diameter in this

26 case, it is preferable to employ different types of dispersion
means, suchas homomixer , homodisper, homogenlzer, CLEAR MIX®

and line mixer, whereby CLEAR MIX® is more preferable in order

to attain a sharper particle-size distribution.

The size of liquid particulates of monomers and its



20 metals . In the present invention, it is preferable to affect 02 0CT 200
el ectroless nickel plating as the first |ayer and subsequently el ectrol ess
gold plating as the second |ayer in order to produce increased conductivity
and reliability. The fine plating netal particles maybe either crystalline
25 or anor phous ) dependi ng upon their k?;? and the plating nethod. For the
reason of the sane, additionally, such plating nmetal particlescan exhibit

ei ther magnetic or non-nagnetic property. Electroless plating can be
carried out by the per se known procedure or procedures simlar thereto.
ozocr ~n-—~ 31 Specifically, there may be nentioned, for exanple, a
procedur e i nvidsAntbttion ean berddmrpo 1 gy megnsaf shietepeiofidbépéheion
catal yst Pd on the surfaces of multilayer-structured resin particles,

foll owed by et@riputrsenplayiedgan@adiidtmenigos its sheaxisdufercestalgi ons
in the course of electroless plating are allowed to deposit around the
catal yst cor EeoniEiomeErFedd and the deposited nmetal grows to thereby

"i‘%lt ‘;‘Ll?)piii‘ifﬁémtﬁ'eatci{m‘%ivlq_“ﬁﬁﬂh%%ﬁﬂ%& HasuhE ORPISGH ThPrepARRCL YOS
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subjecting 16 either to etching wt romc acid or perrmangani c aci

mechani cal r auygdd HhdiWear peYyRbezaf16aN Mt Goter, fadid pyaimkelzAY lomnessi on
in a mxture solution of chromc acid and sulfuric acid at a tenperature in

t he range of couried@utot@Otlie¥eby gdwer al suspemsion ef p2lymheenpatrhicles
mul tilayer-structured resin particles are subjected to either of the
procedures; (9f l2s® thanlfA®k $hinlglasstrapsitionstempenaturadiRamudn the

hydr ochl qurd?{gc'%:éaf‘gﬁgééégfé jt_)of sol ubl e stannous salt (e. g., stannous

chl ori de 8t a concentration in the range of about 1

to 10 g/L 25 at anbpgpledfiPRs Alwch  2iqafd Pt IEWE ESs U RBhBbRS Brbh
the same aqueous sol ution, followed by imrersion in an aqueous hydrochloric

aci d sol uti orwadmedlticadotneds awhate56f° @ danthstcase @ lavirbglr pegexale

about 0.1 to 1 g/L at anbient tenperature for several m nutes or spraying

with the santugeleousr &2 @It 20bess2 &brmt i 1P° Gindin2) thepr ctaskir eofhi ch

conpri ses i rsjon in aqueous hydrochl oride acidic.collaqidal solutions of

ol ad: um chidr? ML TR O tefer oHEALRYSE oibmbobbaseal) o |

and st anngus i i j I 5 g/ L
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at anbient tenperature Tor several m nutes,
than 80° C in glass transition temperature (Tg) in the first

layer reaction.
In the second layer reaction, then, polymerizable

monomers capable of forming a resin layer of no less than 100°

20 C in glass transition temperature (Tg) through polymerization
are added in the presence of the suspension of resin particles

of less than 80° C in glass transition temperature (Tg) obtained

in the above-mentioned first layer reaction, and radical

polymerization is conducted to form a resin layer of not less

26 than 100°C 1in glass transition temperature (Tg), whereupon

there is provided a suspension of multilayer-structured resin
particles.

Preferred as a polymerizable monomer capable of forming

a polymer layer of not less than 100° C in glass transition



by i mersion in hydrochloric acid or sulfuric acid or a 10 todéf ﬁ’ )
concentrated aqueous sol ution of sodi um hydroxide. By follow Q lﬂ
procedures, netallic palladiumis generated and is inparted for supporting
on the surfaces of 10 nultilayer-structured resin particles. The
above-descri bed activation treatnment nmay s so be conducted with use of a
conpl ex conpound produced by reacting a dival ent palladi um conpound wth
am nosil ane. Nanely, the conpl ex conmpound upon heating yields netallic
pal | adium which 16 in turn is inparted for supporting on the surfaces of
mul tilayer-structured resin gartlcles The di val ent pal | adi um conmpound

i ncl udes, forteBRgFRtaresarg hehuangh pplarnlpgrilzeé'ioaa#s wimﬁl{nq of prtykaasle,

pal | adi um( I

L e S 8 S 85
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tuo, Pref er PO aohgit RBRELY o \Ravdoaiaansts i s e femlFos. ﬁs T

chloride bei %%ag.‘%rl‘in&riﬂ %&m:&‘er Ray fiig bt fé%é?%g%}xgﬂg? uﬁrs%ftﬁ&%tﬂ 8

am nosi | anes ving an amno or irm I’lO group cap orm ng conp EXES

with the 9b0¥ﬁ.tﬁ!iha|tﬁ6t mBiébﬁﬂbUQhGOFWPmﬁeﬁ% i B Be st dnvd ol oup
capabl e of reducing the divalent palladiumto netallic 0 2 OCT 7.002 33
pal | adi um As the alkyl (meth) acrylates, there may be mentioned

alkyl (meth)acrylates having 1 to 4 of a number of carbon atoms,
such as methyl acrylate, methyl methacrylate, ethyl acrylate
and ethyl methacrylate.

10 The aromatic vinyl monomers include, for example, styrene,
vinyltoluene and a-methylstyrene.

The total used amount of these monomers is normally in
proportions ranging from about 50 to 100 wt.%, preferably about
60 to 100 wt.%, based on the polymerizable monomers used in

16 the second layer reaction.

It is preferable to use crosslinking monomers having not
less than twounsaturated bonds within themolecule in the second
layer reaction. Such crosslinking monomers can also control
plastic deformation caused on the occasion of heating the

20 conductive, multilayer-structured resin particles.

As such crosslinking monomers having not less than two
unsaturated bonds within the molecule, there can be used the
same as described previously, and they can used normally in
proportions ranging £from about 0 to 20 wt.%, preferably about

25 0 to 10 wt.%, based on the polymerizable monomers in the second
layer reaction.

Usable in the second layer reaction in combination with
alkyl(meth)acrylates, aromaticvinylmonomers andcrosslinking

monomers are other copolymerizable monomers being



As these am nosil anes, there may be nenti oned 07 0CT 2007
3-(2-am noet hyl am nopr opyl ) di net hoxyet hyl si | ane, 3-(2-am no

et hyl am nopr opyl ) met hoxydi et hyl si | ane, 3- (2- am noet hyl am no 5
propyl)triethylsilane, bis(ethylam no)dinethylsilane,

bi s(propyl am no) di net hyl si | ane, hexanet hy|_di si | azane,

N, N -bistrinmethylsilyl 1,1,3,3,5,5-hexa hyl cycl otri sil azane, urea,
1,1,3,3,5,5,7, 7-octanet hyl cycl ot etrasi | azane, 10 butyl am notri net hyl sil ane,
am nonet hyl tri met hyl si | ane, 2-am noet hyl am nonet hyl di net hyl phenyl si | ane and
1, 3-bi s(2-am noet hyl am nonethyl )-1,1,3,3-tetranethyl disil o xane, and these
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ing ( the diva pal l adiumis reduc hydr ogen 25 of fhe nethyl

group vicinalalbybiddtears ofharstureg dde dacboakyldd adidef,esakhyasnalhel
range of about 50 to 200" C. In addition, there may be nentioned a

procedur e whia¢rylkats ve@bljtij edeatiparyd. ahel .t | Bdpddydt r mellense .r ediallyl
particles 0 ~ OCT 700 to a surface treatnent capable of formng a

chel ate or saf¥maFate n%‘f%ldjr%]‘]%y fbraRRAE Dy supporting pal | adi umions.

Furthermore, monomers having functional groups, such as
10 epoxy, carboxyl, hydroxyl, amino, oramide group canbe subjected
to copolymerizatlon. This, on the occasion of surface
metal-covering through electroless plating, also enables Pd
lons acting as a catalyst to be supported. For example, monomers
havinganepoxygroup include glycidyl methacrylate, etc., while
15 monomers having a carboxyl group include methacrylic acid,
acrylic acid, maleic acid. itaconic acid and the like. As
monomers having a hydroxyl group, there may be mentioned
2-hydroxyethyl methacrylate, 2-hydroxyethyl acrylate, etc.,
and monomers having an amino group include diethylaminoethyl
20 methacrylate, diethylaminoethyl acrylate, etc., while as
monomers having an amide group, there may be mentioned
(meth)acrylamides and the like.
The used amount of the above-mentioned copolymerizable
monomers is normally in proportions ranging from about 0 to
26 50 wt. %, preferably from about 0 to 40 wt.%, based on the
polymerizable monomers used in the second layer reaction.
The polymerizable monomers used in the above second layer
reactlion are preferably added at the point of time when the

polymerization conversion rate in the first layer reaction



The nethod of treating the multilayer-structured resin particles to thereby
forma chelate or salt with nmetal ions 5 includes ( for exanple 0 2200Tefp d
of treatnent with a non-polyneric surface treatnent agent. In the presen

i nvention, the non-polyneric surface treatnent agent is intended to denote
any organi c conpounds which have at |east,cone of carboxyl) ester, am no,
hydroxyl 10 and nitrile groups and hal ogens as well as such functi onal
groups as al koxy group capable of biding to silicon or titaniumand are
capable of formng a chelate or salt with palladiumions . As the surface
treatment agent, specifically, there may be used, for exanple, am nosilane
conpounds, sR¥Feads 99% s@msnbemipimizect e Pesisiiid Idido Rbrdngdmarafe@wly| - r
-am nopropyl tri met hgxysi | ang; am no..conpounds, such as

hexamet hyl enGIRAIRE L 1S (RA KA AGT SRR ZoF HoRRFELFLes on the

o carbout  dldnot 49" AL et e PG o0 4
di gl ycol ami ne; nitrpdfs %B%de AdERoaD afﬂﬁgde]gﬁ@ritﬂatﬂ%%@nomers

conpounds) such as isopropyltri(dioctylpyrophosphate) titanate, titanium
di (di oct yspyriaptes s8abrd uyaeateddt 1851, dSODF Yy bﬁlb&é?é&@.%rtqyé pEbéadaES;

unsaturated fatty acids, 25 such as linolic acid and linolenic acid. In
order to supmirictpdhivedives poegaping him mdivantayan -enulsiian et sespension
particleswith the above-described surface treatnent agent ( available are
t he war mi ng- t§qgethamyd thnithle ebepermeatdpnedl sunfastentsueradispersiomnt
agent in a 02QCT7. 002 35 suitabhle solag n% for exanpl wat er or. an

or gani ¢ sol veeﬁia_ e&‘s"“_efﬂ}?‘a?"egm fe Hé‘,o?ﬁfl?é:n r,‘%ai"ﬁ@ﬁﬁ‘y?‘_?%‘im de,
di met hyl - sul foqﬁlceiq:nhlaﬁnﬁﬁ@i%@gte&l%cﬁquﬁ"%_sol ution and contacting the

solution with ayer - red resin 6 particles through

i mersiong etc. at gybi effie t eNPEESRAET © P&)rélf‘derrééé{:iaﬂ; f orhpVEérre,
evaporation, and the dry-type nethod involving the use of Henschel m xer,

etc. to provipElymohiamitdain ¢otedabgrsi ¢dn becaddedt, it ihhethe warenbEathen of
the surface treatnent agent in a 10 solution and the aggl i cati on anount,

whi ch may vardseiefaidi-felntdie radical medymerdgatdiopsinktipteper they canc.
of the multilayersstyuctured r.esin rtigles as. well as a type.qf surface
treat ment agebn sa_Ldacfled{ s%(ﬂp\? it sel _nd“f ﬁ:eehe} ig'lC(tea,%el Shét qs%)%ec?‘ﬁ c%%"ﬁfq'roé‘s't ricted,
but is required in £31¢d13mesdHatiibn PneEPEEHrE QMY UnandisEebaaU #yetayer
of the surface treatnent "agent to be forned at |east, on the

mul ti | ayas- stremdtiirear, r ddigrepardarc| dse. wsed ptled er obl-sobobieentadicarh
gquantity is in the range of about 0.3 to 100 ng par each me/g of unit

speci fic arePokymarizanian drtiatary wedesasiibashmreyiesiszo I n
conduct] 19 Lhe et gE o bRRRAY B R O oS el
treatment agefy;t{dt&rs "eheP8 SR UL BEHaDSHANE # 4t dMYaERaPpHLyhef £z 801 8A1 ON
of the above-described surface treatnent agent and palladiumions is
initiators, such as sodiumpersulfate and potassiumpersulfate,
20 and azo compound based polymerization initiators, such as
2,2'-azobis(2-amidinopropane)dihydrochloride,
2,2'-azobis[2-methyl-N-(2-hydroxyethyl)-propionamide],
2,2'-azobis(2-(2-imidazolin-2-yl)propane) and dimethyl
methylpropaneisobutyrate.
25 These radical polymerization initlators can be used
solely or in not less than two.
The used amount of the radical polymerization initiators

is for example in proportions ranging from about 0.05 to 10

partsbywt., preferably fromabout 0.1 to 3 partsbywt., against



26 prepared in advance, followed by treatnment as delineated in the above,
and a case where the above-described treatnment is conducted in advance,
fol l owed by i mersion or spray, or mixing for penetration witH 86l 207 an
aqueous sol ution of palladiumsalt. 07 OCT 70p2 36 In the case of

wat er used as a solvent, the forner nethgg I s enpl oyed, whereby treatnent
with a solution of the surface treatnent™agent supplenented with pall adi um
ions is preferable froma standpoint of the ease of operation. 5 In any
cases ( the concentration of a soluble palladiumsalt is preferably in the
range of about 0.05 to 1.0 g/L, nore preferably about 0.05 to 0.5 g/L. In

t he above- de%00ipaad st eatnet the lpolymentilzablal hebmers asediiicthe eecohdr
exanpl e, the above-nentioned divalent 10 palladiumsalts. After supporting
pal | adi um i ohayen rieectdonaces bthatunew partilest arednregudapashapeds in
t he above-descri bed manner) the solvent is renoved by heating or air-drying
to dry the nBR¥tiales-ray Re atde tospbp puppressed fixom be ganergiede

face t t t ti d d i on through
denydr at 1 on, CRBMUL RIS REARRAAHUR NG B GPIaks DO ARVaRERORRREREL ORBRA g | o
ferably effecteg at 110, to 130_C bout 0.5 to 3 h Il
Curi ng. The' suppor RBA UGTRRE TACHAAGS BREtBrATRE 0 18se thapedbog In”

structured r&i&&sp@fér#sci@ﬁo mEd A R0 #50 %a ¥V ik ot el yREL2N 4 Regided

application purpose of a used surface treafnment agent, but, in many cases

suitably is 18yéPef Hode18ksabRah Pod™l Qng%ia;% Pharli & W tlempakature 01

to 0.05 % as palladiumnetal. 25 In caseswhere nmultilayer-structured resin
particl escan(Taptasg &hgadbhtdruayensisapozmafdyain the sange)of labout 95/5
above-descri bed
to030/70, preferably about 90/10 to 40/60, more preferably about
10 85/15 to 50/50.

Alteration in the welght ratio corresponds to adjustment
of flexibility, wherein an increased ratio occuplied by the core
part provides the resultant multilayer-structured resin
particles with an enhanced degree of flexibility, and an

16 1increased ratio of the outer layer leads to a rise in restoring
rate of the multilayer-structured resin particles. This ratio
as well as the degree of flexibility which approximately
corresponds to the lowered magnitude of the glass transition
temperature (Tg) of each of the layers, especially, the core

20 part determine the 10 % compressive strength the conductive,
multilayer-structured resin particles as being described in
the below. The 10 % compressive strength bears an extremely
close relationship with the contact resistance and contact
stablility of the conductive, multilayer-structured resin

26 particles.

Also, the ratio of the core part to the outer layer is
connected with aggregation or melt-adhesion among polymer

particles on the occasion of dehydration and drying such polymer

particles, and moreover, too great a ratio occupied by the core



surface treatnent is not needed. Such nultilayer-structured resin

particl esincl ude, for exanple, those having on the surface of their UZUCTﬂMZ
out ernost | ayer 0 2 0 CT ?00? 37 one or not |less than two of am no,

i mno, amde, imde, cyano, hydroxyl) nitrile and carboxyl groups. In
supporting palladiumions on such nultil gger-structured resin particles,
there may be enpl oyed 6 the sanme procedure as the above-descri bed ones.
Norrmal ly) electroless plating is to be subsequently conducted, whereby
there may be conducted in advance a procedure of reducing the palladiumion
captured on the nmultilayer structured resin particles by nmeans of a

reduci ng agenPatfedesglits tife detevieraelioneafpnnoerssaiikiitan. owingr tiong
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pl ati ng step. The added anount” of a reducing agent ‘varies w

surface arpa phelabevelpiddeaiitre Showalws ﬂ:aeéﬁage ticQlees1 26 folrfnalQly
constant) but suitably is in the range of about 0.01 to 10 g/L against the

suspended natgahgling | firdhisbe@se2 Am €0 | 100 auRONPhLEESLaBUENL . 50t6028i At 'S
preferable but is not always essential. As a conpl exing agent, there may be
used conpl eximg agénnerehpréferablyiabowtd 3 nte hkS bal.ow described 26 plating
sol ution. The welght average particle size preferably shows the
above specified range, from the standpoints of the sharper
10 adjustment of the particle size distribution and the prevention
of increases in used amount of the dispersion stabilizer.

In order to make the particle size distribution sharp,
meanwhile, it 1is possible to contain in the polymerizable
monomers for the core part different metal complexes and

15 quaternary ammonium salts as a charge controlling agent and
furthermore a polymerizable-monomer soluble polymer, such as
modified acrylic resins and acryl-styrene based oligomers.

The particle sizedistribution, oruniformityof particle
size, 1s preferably rendered as sharp as possible, whichhowever

20 makes costs increase, and is desirably less than 1.3 as a dw/dn
value.

The expression "dw/dn" asdefined inthepresent invention
is understood denote a value obtained by dividing with a number
mean particle size "dn" a weight average particle size "dw"

256 as measured by use of Coulter Counter (manufactured by
Beckmann-Coulter Co.), a device for measuring a particle size
on the basis of the electric resistance method.

Also the resin forming the outermost layer can be

incorporated with multilayer-structured particles having a



The procedure may be conducted at anbient tenperature or by warmng, with
the tenperature being not particularly limted. By conducting th@ZUCng
above-descri bed procedure, uniform 0 2 0 C 1 2002 38 catal yst cores are
formed, which, in cooperation with the action elicited in the subsequent

el ectrol ess plating step, can contribute 0 formation of firmy and
continuously plated netal filnms . 6 Afte? t he above-nenti oned
prelimnarystep is conpleted, electroless plating is to be carried out. In
effecting electroless plating. plated netal filnms when formed on the

aggl onerated or aggregated nultil ayer-structured resin particles, are
suscepti bl e tmbheatd ﬂgmpomenbWéxp@prmanmmemialesﬂim@(Sssmwhblasrbezimm to
avoi d such phenonenon, consequent i s desirable to disperse the

mul til ayer - staheatturled: M esoR @dmﬁﬁag@easamkﬂt@tel y as p033| ble. it is

dded th f h |d b
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normal - speed or high-speed stirring or a honom xer~, or a variety of

di spensi ng mMaanghéidkednrorEsidplat ing RicdhiesPaaeguats Ll nANEbER, SAIBH on
in the dispersion state which is close to the primary particles bei ng freed

from aggl onercefifexrsof thieenadvahtyge - sthatct high -gasild tiyar pllekéngascdmr be
aspossi ble. 2b In dispersingthe nultilayer-structured resin particles, use
can be nade SEEAGYHedH spersants as surfactants ) if desired. Said

surfactants which e eSSl bl 2abEYE0RSOhd MR - AR el
10 resinparticlesgivenafterconclusionof thereactionincludes,
for example, a procedure involving dehydration by use of a
centrifuge or decompression filter press, followed by drying
with a decompression dryer, and a procedure of spray drying.
In advance of isolation, it is desired to carry out
15 appropriate washing as the case may be in order to remove the
dispersion stabilizers and surfactants adhered to the
multilayer-structured resin particles as well as
emulsion-polymerized particles generated as a by-product.
Drying of the multilayer-structured resin particles is
20 preferably effected at low temperatures of below about 70°
C at atmospheric pressure or under reduced pressure, whereby
drying is carried out at low temperatures for the purpose of
the prevention of melt-adhesion partly among the particles.
The resultant multilayer-structured resin particles are
26 subjected to crushing with a crusher to break possibly produced
aggregates, and can be made a finished product for example by
screening through a filter of about 100 to 400 mesh.
Suchmultilayer~-structured resinparticles , if desired,

may furthermore be admixed with inorganic fine particles, such



There is no particular, restrictive reason for the 020CT ZOﬁf ﬁg
concentration of a suspended material, but a |lowered slurry conce ? Idmn
which results in a decreased concentration of a plating solution and

i ncreases the treatnment volume, is not econom cal, whereas conversely, a
rai sed slurry concentration 5 causes damgge to the dispersability of

mul tilayer-structured resin particles. Therefore, a suitably desired slurry
concentration can be established dependi ng upon the physical properties of
the nultilayer-structured resin particles. In many cases, the slurry
concentration lies in the range 10 of about 1 to 500 g/L, preferably about
5 to 300 g/L.2g nmdicropagtisdemsilicger Labriqante r &dyti peldandses heat

contai ned in such suspension, it js desirgpble to adjust in advance e
Cenper atur e ST AEL Lifion Vo orhSRF Sy | SLater bl ARG ARTR 3Ra otRSRany
cases not |ess than about .55 in order to effect plating efficiently.
_ Preparati orPoo#Y"éﬁFa So s scp;éa%s'i on of. fihe nultilayer-structured resin

particles is desiraphy GRidIAL AR muthih8yRIRDEI BB dsepatefoTedi um

an aqueous mnedi um contal ni ng at |least one m cal agent which constitutes

an 20 el egt r%@sal&gﬁtégwltsqln%h%one&aﬁcbal b¥talnadueyupreeiding"metad
conpl exing agent . Since there is not particularly required a procedure of

separati on subsespting too thieeabovetmehéponédrmdltil aper-esatimwetured resin
accordingly, the operation of the second step can be continuously noved on
to, outright pe#xtekckemc| usi on 25 of evol ution of hydrogen gas. In the above
description, the expression "at |east one chem cal,  agent which caonstitutes

an el ectrol ess pl at h@ medial-coyeriag prrred e ing efﬁﬁi‘?ﬁai“@_tﬂrpﬂé i ng
agents, acid an, 2] ¥4 d+ AGER $h me?] pitd AU iRa ( 2961 O¥r2. 864 frheiRL S

10 and the latter 1is desirable in giving thin covering enough to
impart an adequate degree of flexibility against deformation
and also to secure adequate adherence with particles.

Applicable plating metal includes, for example, Fe, Co,
Ni, Cu, P4, AgorAu, andNi is themost typical and representative

15 material from an economical point of view. Zn and Mn cannot

be imparted solely but may be applicable in alloys thereof.

The electroless plating powder of the present invention
may constitute monolayer plating of the same type of metal or
multilayer plating from not less than two type of different

20 metals. In the present invention, it is preferable to effect
electroless nickel plating as the first layer and subsequently
electroless gold plating as the second layer in order to produce
increased conductivity and reliability.

The fineplatingmetalparticlesmaybeeithercrystalline

25 or amorphous, depending upon their kind and the plating method.
For the reason of the same, additionally, such plating metal
particlescanexhibit elthermagneticornon-magneticproperty.

Electroless plating can be carried out by the per se known

procedure or procedures similar thereto.
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plating netal ions, and its exanples include carboxylic acids, such as
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as

K denote for sodium and potassium respectively. The aqueous

Pd laadmthei deposidteduotetadd gdows to thereby attain uniform
plating.

The procedure of activation treatment to impart for
supporting the catalyst P4 thinly and uniformly on the surfaces
of multilayer-structured resin particles can be carried out
by the per se known method or methods similar thereto.

Specifically, the surfaces of multilayer-structured
resin particles are made rough, for example, by subjecting
either to etching with chromic acid or permanganic acid or to
mechanical roughing, whereby etching can be done, for example,
by lmmersion in a mixture solution of chromic acid and sulfuric

acid at a temperature in the range of about 50 to 70° C for

several ten minutes.

Then, the multilayer-structured resin particles are
subjected to either of the procedures; (1) a procedure which
involves immersion in an agueous hydrochloride acidic solution
of soluble stannous salt (e.g., stannous chloride or stannous
fluoride) of a concentration in the range of about 1 to 10 g/L
at ambient temperature for several minutes or spraying with
the same aqueous solution, followed by immersion in an aqueous
hydrochloric acid solution of palladium chloride of a
concentration in the range of about 0.1 to 1 g/L at ambient

temperature for several minutes orspraylingwith the same aqueous



resin particles as prepared by the above procedure is adm xed gradually
with a previously prepared plating solution to allow the electrolesqggc12mn
plating reaction to proceed. On the occasion of this, it is preferre

add to the said suspension an el ectrol ess plating solutlon) after being
divided into two portions and individual ky and sinultaneously to conduct

the plating reaction. Constituents ofthe electroless plating solution

i nclude, 16 for exanple, nmetal salts, reducing agents, other conplexing
agents as nentioned in the above, pH adjusting agents or gloss inparting

agents usable if desired.. Applicable tal s I ncl ude, f or, exanpl e, nlckel
salts, 20 suéR¥ §§qﬁpcké‘lndsdlzf atle BHOGHAYEE W, g‘l’rl"i‘r |°@€‘Prét§§]§eri"§'§lrlssi°”sddh

CurTates, 2?%@8‘%585‘1?@&%%}&%”%3%.610& ot fpaddf BoTiaoR, &t LGt o
sal s, such 3821 HQRY do oLn ol Gl ] néfgheakhaga%@ ggbe o a;){;gjt as

pal I adi um chl ori ere nanganese,

can be used %ﬁd%@éﬁ:?dué’%ﬁtdfﬂﬁ%f d %%%e%seal%aoﬁ%ﬂﬁfé%hxgerofna?%hﬁ n
not less than two. 25 As the reducing agent, there may be uséd, fo

exanpl e, sodilute Bygpoparsahbien t Ietipehatarehfol isdeeradl msnates b(froamdifedie,
di met hyl am noborane) hydrazine or formalin. These may be used solely or

m xed i n not byetsmenshonwin Iftdrdairlanist eohdrorisnlfunicecid ozla Bhdo
reduci ng agent 020 CT 2002 42 to be_added vari es dependi ng upon their
conbi nati ons 28n& FONAENLESLSM.RAUEOPS SPAUEAAD 9§s§§d1“{“h§ﬁ!ﬁre%§i‘rﬁpﬁat i ons
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2.5 1:3to51:3to5 1:1.1to 1.5 1:1.1to 1.5 sium respectively. The

concentrati on of clThe cdbovegainscribedacitivaddion é}r@laé:mmynyr@d(ﬂo Weto
the saturation concentratjon of each chem cal agent . and is

ot
parti cul ar| ySPRAPCLRd YhER &ie of B CORESE Fompound produced bY reacting

a divalent palladium compound with aminosilane. Namely, the

complex compound upon heating yields metallic palladium, which
15 in turn is imparted for supporting on the surfaces of

multilayer-structured resin particles.

The divalent palladium compound includes, for example,
palladium (II) chloride, palladium (II) fluoride, palladium
(II) bromide, palladium (II) iodide, palladium (II) sulfate,

20 palladium (II) nitrate, palladium (II) oxide, and palladium
(II) sulfide, and these maybe used solely or in mixture of not
less than two.

Preferred among themare halogenides, withpalladium (II)
chloride being more preferable.

25

As the aminosilane, preferable are aminosilanes having
an amino or imino group capable of forming complexes with the
above divalent palladium compounds and having an aminosilyl

group capable of reducing the divalent palladium to metallic



20 concentration is not economical) with the lower Iimt of the
concentration being naturally restricted fromthe standpoint of prd%ngéﬂmz
application. An addition rate of a solution of chem cal agents affects
directly the plating reaction and is closely related to the 25 surface area
or physical properties of the nultilayer-;tructured resin particles, and it
IS necessary to add, while taking into c8 sideration such facts, the
solution of chem cal agents in a strictly controlled manner as may form

uni form and tough filnms w thout causing any uneven plated fil s, 020C
T 2002 43 with gradual, quantitative addition being preferred. Naturally,

it is prefergaldaddwifect stirring, ultrasonic dispersion treatnent , and
the like, if desired, while it is also desirable to provide a suitable
setting to enabl e A% hethegper amdpesidapesconthoreedmax elbet regrttonedt i ng
solution, which is added to the aqueous dispersion_ to undergo dilution to a

varyi ng ext ert” (3r apidnedhckand rapronydgdimeddoxy ethy 1edilane .ok - ((3ramida er |
b di ted state.t th i - pl i 0
ol ut s one. i S HBABTHR ST o iy afe St A ol no
[til - I icles,
Subj ect o0t o BRSHHOYEGALA LS €2 © BUPCLERY CarkhOfo LAPLs Pl e,

concent r at i of1Qf ( FrdyAldmih SYd Hid 1y 1Addid 0N Of  andikathd figy 5@ 44 1 #Pane,

initiates rapidly the 15 plating reaction, and if each of chem cal agents
i s added in thal'sfprdpringd tthyXdof i on, the added netal salts are wedagced
and deposit on the surfaces of the nultilayer-structured resin particles,
t hus enabl i nd .d f3.30% 18 -diexane diyanelstniisid azane.t o be adj usted

arbitrarily in _accordance with their added 20 anounts. The netal - covered,

mul ti | ayer - sthrdotdned st o’ 1RG 1N QY Ly Shodftcas 12 %M€ -above procedur es

e pl il e eh IR e 70 MbyhenE SRt v il a7 ©
above- ment i onegaiirdd tigy T ARG it thyA dilnfd tHYA pHengtliedn apnt @i ning a di 44&r ent

kind of nmetal may be added by follow ng the sane procedure, or after the
reaction sol ut,i3obis(\2 tEenEinezt hyokeaiisbmerithye )ndy 185 3ot toramest iy lalar idkh,  a

plating sol Ut:iaonne ,C%r;;[daitrlllierz]s% ?nay be used solely or in mixture of not less
than two.

16 In order to give a complex compound by reacting a divalent
ralladium compound with an aminosilane, any known procedures
can be employed, and 5 ml of
3-(2-aminoethylaminopropyl)dimethoxymethylsilane can be
admixed, forexample, wlth5mlofmethanol, followedby shaking

20 together with added palladium (II) chloride for 20 minutes to
produce the corresponding complex compound.

The resultant compound is found to have the palladium
compound coordinated to the amino group of the aminosilane,
anduponheating, thedivalent palladiumisreducedwithhydrogen

256 of the methyl group vicinal to silicon.

The heating temperature is preferably in the range of
about 50 to 200° C.

In addition, there may be mentioned a procedure which

involves subjecting the multilayer structured resin particles



0 2 ocT zooZ 44 different kind of netal nmay be added. In the prespzt
invention, it is preferred to effect nickel plating as the first )}J&I 7;9%
gold plating as the second | ayer, whereby the first nickel plating |ayer is
provi ded in thickness 6 ranging fromabout 0.05 to 0.3,umand the second
gold plating in smaller thickness ranging,fromabout 0.005 to 0.05 a m
Upon addition of the plating solution and ‘after no evol uti on of hydrogen
gas is observed, stirring is preferably continued for a while to all ow

mat uration, wherein the plating 10 reaction operation is ended. Then,
separation, washing and drying were effected by the conventional

procedures, i |bRAFIRFe LESRtAGN Fagasleeat ¥6r§i103 @h@helate or salt

conductive, mul ti.l a er st uct ur resi article The ctive,
mul ti 1 ayer - 0¥ P g 1 SpbetAnk Bel AR L dRSn 10 %

about 0.5 (03, E”E;?hné n'?"se%ﬂé?gﬁ ‘%}%tf?lﬁ}é*%ﬁ}Sgﬁxgﬁp%g‘é#«ﬁéﬁré‘%ﬁ s

preferred in p;f%[fiefcié% RIP \Sfdtre \tﬁj&f@&ﬁ. di ag@;aﬂaasf aq¢ "G}geaVﬁ@E&foéngo

fromtaking ace owng to too easy ormation o e conductive

mul ti| ayep- stintude, f6peRanplé| anthcdl6h tasatnehekilthianoh-p6TMREE1ION
caused by inabilityfor the conductive, nultilayer-structured resin
particles to syatface ctmaminertt wigemta connecting site while pushing away or
di spl aci ng adhesive 25 resins existing around themand their failure to

mai ntain |ine insul BRi Kger pEpseRbcANVERSIGR s Hde Q93129l¥m¢¥#¢mﬁNEﬁ®ﬁg t he
conducti ve partlcles and al so for sgggre55|on f crack dev nent on the

| TO el ect r odETERMRI} Y aegse’gbiésif‘(geﬂ elP ABRGTLRRY OTF2R Fl gmRpunds
connection fr hﬁ’[njl.éilel e %Q.J( l%gtsqugngt ﬂf §a§b8§ 12985¢& ? d%iﬁ§“'ﬁ§31sokﬂ]él

hol di ng adequate surtace contact e con eétlng slte

strengt hjoThefrRi€es18 groiags%xmm A B sM1aN8s BucAEIRItIHh Y Sréds:
present invention signifies a physical strength neasured 5 when a par |cIe
si ze .of the cndlkaxye groupt chpybles«bf Uridiregl treesiidipgant oel e4tahdus and0 %
di spl acenent wth use of a m croconpression testing machi ne (supplied by

Shi nadzu Sei mma@rlemsalﬁpw S’OG?eééth%lﬂaﬂ-%Hﬂtﬁ‘yeﬁllqiﬁéuﬂ‘e%?'bﬁr ng
t f th duct t t | d bl
o T the range of Aboreselbrdye F¥8atReht At bBSPLs BBRL T, Thiiad ™Y
above-descri hgd B@?ﬁe | FoP" 8kamped, 'zﬁ\biddmﬁlametégmgé‘ﬁﬁdﬁhat wg? tvx/m e

pressure require of connecti oh mnust mal nt al ned | gh

there shqsl d -gnEnepissy 1 el ettidigts ianeer ande ®eNPIAes siantinlde tiyrength
i ncreases enough to need an excessively great strength for connection of

the ani sot r opi & NRIARY Ve dppidixgenl langs t AmANQ esQQH‘EQRP‘?%te S‘a%h as
speC|f|ed|nthe vention is as sur dvmt of th

above- descri BY ﬁ%ﬁb‘gg%?‘{eljs j(ﬂ?'t esting g‘ §Y18H8 ?‘8 ses |n 0589 at e
20 of a di spl fCaRBdasEssaisd &'I@&fb iédaEQég Ofugng a‘@”"xﬁélléfc acid,
recoverabl e on renoval of said | oad. en expl ai ned in detail, when |oad

i sappl i ed ontsetdwelcondidt iami nadiplayacdst;r uglyead cempaupdsm chwech wakh
use of them croconpression testing nmachine a rel ati onship between | oad and
conpr essi2dn dizipthylene ghycob, deelyethyteneg SFJ-IJCOB ar¢oftgivgelanine;
conpression di spl acenent increases with risi nﬂFrﬁf? t.he d| | acenent, is

h Wit

recover ed updhYEhb? SOMPOURGS /| 3UCh 25 PALORGH FEMRABRESE he

compr essi on drih At bePEndt (AL QR SR ARREIAR Y ﬁef o e

titanate, titanium di(dioctylpyrophosphate)oxyacetate and

isopropyltriisostearoyl titanate; unsaturated fatty acids,

25 such as linolic acid and linolenic acid.
In order to support palladium 1ions on the
multilayer-structuredresinparticleswiththe above-described
surface treatment agent, available are the warming-type method

which comprises dissolving such surface treatment agent in a



0Zoct zooz 46 or (b/a) x 100 , is defined as the restoring r#2e0¢P40N

The ani sotropi ¢ conductive adhesives of the present invention consist of an

adhesive resin constituting an adhesive the conductive,

mul tilayer-structured resin particles as 5 described previously, and a

variety of additives, in which the used apwunt of the conductive,

mul tilayer-structured resin particles is nornmally in the range of 0 .1 to

20 parts by wt . , preferably about 0.5 to 15 parts by w. , nore

preferably about 1 to 10 parts by w . , against 100 parts of the adhesive

resin 10 conpo The _use unt in_the q?ove range is . preferable sg as
of

Lo prevent CORNCLEPBR RIS RBEarker PIOMPEeS HAE S AL e PRIRBIE SeITth FHP
connection ) apd 351606 he PURASEA! aVOLHiag {NeaSibiabea HARL S

i ncreased preSsur€ Decomes neéde connectioh du ncreases I'n

Tel t Vi Scosi yym@enyelbuPEorfae" dR8 oREHY G IpRUALELY ANLSAEAR ha
e for

connection. As t hesi ve resin conponent e ani sotropi c conductive

adhesi ves bei ggnthttingdttd) sbNatRbASRIEh | the Riu12,1ayear & taRib thirdds edsany Of
such resin conponents, only if they 20 are put into normal use. Nanely,

ei ther of g hepappiledés ctirsuidhhemmesaiiomg etesi at ampients dknperathye brt hey
devel op adhesi on capacity through heating. Specifically , there nay be

ment i oned t howederiheg tdngp ekl awediby eviaporahionenand $hebdxy ntybépe thod
conbi nation of one or not 25 less than two resins selected from

et hyl ene- vi nylD¥eEYaRg Wseg e enschabijrern F1¢ e ORTRV IR MECRIN 158t at e
ol youters, pEPYRTROR BERS e HESWELGR "0ty as. bol yuret hanes, GBS
bl ocked copol yners, phgar Bex¥LnfPEt16R8%0FBhe surface treatment agent in a

10 solution and the application amount, which may vary depending
upon the surface area, physical properties, etc. of the
multilayer-structured resin particles as well as a type of
surface treatment agents and solvents and the like, 1s not
specifically restricted, but is required in such a quantity

15 enough to permit a unimolecular layer of the surface treatment
agent to be formed at least on the multilayer-structured resin
particles. In a preferred embodiment, such quantity is in the
range of about 0.3 to 100 mg per each m’/g of unit specific
area of the multilayer-structured resin particles.

20 In conducting the method of supporting palladium ions
on the surfaces of multilayer-structured resin particles with
the above-described surface treatment agent, there may be
mentioned a case in which a mixture solution of the
above-described surface treatment agent and palladium ions is

26 prepared in advance, followed by treatment as delineated in
the above, and a case where the above-described treatment is
conducted in advance, followed by immersion or spray, or mixing
for penetration with use of an aqueous solution of palladium

salt.



0 2 OCT 2002 47 copolyners, SIS copolyners, SEBS copol yners, ngkfbtﬁ
aci d-nodi fi ed SEBS copol yners, pol ybut adi ene rubbers, chl oroprene ﬂ@%rs,
car boxyl -nodi fi ed chl oroprene rubbers, styrene-butadi ene rubbers,

| sobut yl ene-i soprene copolyners, 6 acrylonitrile-butadi ene rubbers
(hereinafter referred to as "NBR'), carboyyl-nodified NBR, am ne-nodified
NBR, epoxy resins) epoxy ester resins, acrylic resins, phenol resins and
silicone resins. Preferred anong them are thernoplastic resins, with 10
styrene-but adi ene rubbers and SEBS excelling in reworking property. As a

t hernosetting resin oxy resins are preferable, The nopst _preferable anong
t hese are epoxy res];’i‘]gBF’na/‘Tsr"gﬁf Vb‘?t?IﬁBPF%a%ﬁlé‘n?%b\égméf ﬁ%f&ﬁ%ﬁ medhed on

el 0 v Scost OF PABLAYCR LR T Yieathont: Ehh S Bondibi®hrclhe PER AR
e pref o bl AR T ahPe cPRE e e B L kR W P e B

rel axi ng agefirom all3®ap@poifitesNanenaakebber p?biﬁftii%ht._y as a stress 20
rel axi ng. agent suppress warpi ng caused by a difference in coefficient of

| i near expansi on beinvawiy easdsedthe micentetiiornieod ansaliiishée palddadtiumt e,
eventual ly contributing to enhancenent of reliability of the anisotropic
conducti ve adiaddi vespreferatblerdnethstrangy dfsabbutpd operitoy lo@nglL byncarey
materials which normal |y possess a m nor nodulus of elasticity but a

greater el onPRELGTARLYL BP0 0FatCd€r-8r @/ Far kedl y under applied | oad but
St ore Lo LTe ! s A WP SR LS, e PRISRE R GE oo
used, for example, ;96148808 EBROLGEMAY.Y! £5e ' HBRYEmettabRRAC divalent

10 palladium salts.

After supporting palladium ions on the surfaces of
multilayer-structured resin particles in the above-described
manner, the solvent is removed by heating or air-drying to dry
the multilayer-structured resin particles.

15 In cases where the surface treatment agents upon heating
undergo condensation through dehydration, not only the solvent
is evaporated, but also further heating 1s preferably effected
at about 110 to 130°C for about 0.5 to 3 hours to allow curing.

The supported amount of palladium ions on the multilayer

20 structured resin particles may vary according with the type
and intended application purpose of a used surface treatment
agent, but, in many cases suitably is in the range of about
0.01 to 0.1 wt.%, preferably about 0.01 to 0.05 %, as palladium
metal.

26 In caseswheremultilayer-structuredresinparticles can
capture palladium ions as achelate or salt, the above-described
surface treatment is not needed.

Suchmultilayer-structured resin particles include, for

example, those having on the surface of their outermost layer



rubbers, butadi ene-containing rubbers and the |ike. Al so, the Ikﬁb@yer
structured particles containing a 6 |ayer conposed of rubber-f le
polymers are preferable in terns of the overall aspects inclusive of the
ease of handling, retained reproducibility and stability of manufacturing
attributed to excellent diserpsability asgga primary particle, decreased
cost, and desired stress relaxing effect. 10 The multilayer structured
particles having rubber elasticity according to the present invention are
mul tilayer structured particles having at | east one | ayer conposed of

rubbery fl exible pol rs, d or exanpl e, preferable. ar e

DT yer - st ol adliisss Wen LRGBS, LGNS - Entac LnbdE . oprane,

t ol I t . 50 to, 5 %0, t A [ tio. Th

ol ere ol U GRARE A A0 A SRR, Lalaigne, Toael 1o, et o, The

I nvention can be obiﬁinedsu§g5rg§§gple Ra?iaaiﬁﬂ”ti” Y MUl tdy St ad€ych
S

enul si on pol yneri zation pro S which permts a polyner in the
subsequent strage: £ Tyl e SRBEN el nSFeec PeL Y "Bid F@ a9 bk NehpPoyed
presence of a polyner in the preceding stage. Specifically, a seed latex is
prepared lsy ethd ssame prtoowdurkatdtheambovieerdeddrst fed sindsayer i s

synt hesi zed by 26 seeded pol ynerization, followed by repetition of seeded
pol yneri zation to fiermahtysecdedtuadiesatplatinge lisayler g subseqgrentliyi ng
the nultilayer-structured particles to be produced. Below described_in

detail is thLPMREAT oFherebrdheremare coadustes 1 agippre aRT aeednge
rubber elastigit Z QClyZ 49, t he tilayer-structu

particles hav(f%gl\'c?ﬂ'gg%%? o&)’&espcarlllt?g}%& rjpoé} ucr’gsgﬂﬁe ut%‘efttheq argll:;iﬁf}?yer
represent one, erRodirE ref1d PRrRICIERl by WM Wr ARddtestbcaseht dsya Lhe
present invention 1s not limted to themm 5 In the first place, descri bed

}_s theI prigducin orthefbdWiw- dysdrivad PrutAthgd It sn whi ch consi st of the
irst |ayer

Referring to the reduction treatment, a reducing agent
may be added after capture treatment for palladium ions, but
preferably, the activation treatment is completed by firstly
effecting separation and washing after capture treatment, and

15 then adding a reducing agent in the form of a solution or itself
to an aqueous suspension prepared to move on to the subsequent
plating step.

The added amount of a reducing agent varies with the
specific surface area of the multilayer structured resin

20 particles and 1s not constant, but suitably is in the range
of about 0.01 to 10 g/L against the suspended material. In this
case, to allow a complexing agent to coexist is preferable but
is not always essential. As a complexing agent, there may be
used complexing agentswhichareutilizedinthe below-described

26 plating solution.

The procedure may be conducted at amblent temperature
or by warming, with the temperature being not particularly
limited.

By conducting the above-described procedure, uniform



conposed of a rubbery flexible polynmer and the second | ayer conposed of a
glassy rigid polyner at roomtenperature of 25 C. polynerization of seed
particles is carried out by charging 10 at once nonomners copinnggﬂq%pe
required characteristic properties, followed by enul sion polynerization.

t he nononers, nethyl nethacrylate and egbyl acrylate are preferable. In the
first-layer polynerization, nononers capable of 15 form ng a rubbery

flexi ble polymer are sub jected to emul sion polynerization in the presence
of a seed latex. In order to denonstrate the characteristic properties as a

particle having rubhber elasticjt o| yner,_constitutin he first ] ayer

Pret or abl y o2 L) Geted Abndanisd Bt adaors At 4tuL IR s St
ially I -410C,. Th " Ql i 1d t . t

2 Ferpor at ur SR P ot BB eBe S A AR ¢ 6 Tt BEBRETSHSR (HeE °

reaches the peRltrifiaidh P tBERARLOAUILIERLy ¥nd onERROUES By $ABRBLG O a 25

form ng a rubbery exi bl e pol yner Ich are used I1n the e si on

pol ymeri zati gqifey. the first layer, conjugated dienes or al kyl acryl ates
havi ng an al kyl group with 2 to 8 of a nunber of carbon atons, or m xtures
t hereof abe pref er refied bhe abojvegaea tdoaedpreldmnidary stepiagdmpleted,

but adi ene, D 2 0 CT 2002 50 isoprene and chl oroprene, w th butadi ene
bei ng parti celedtyrodresispdlsitdng Tise tabbee caagdeidbotital kyl acryl at es havi ng
an al kyl group with 2 to 8 of a_nunber of carbon atons include

exanpl e, 5 ethyl actyPhfestirgpyecizryrssdlafing- %%?W%{“G_,tagféilf&%éﬂﬁn
e P AN a S N s bR A e A LS BRI 8
resin particles, are susceptible to peeling-off to expose
10 untreated surfaces, and in order to avold such phenomenon,
consequently, it is desirable to disperse the
multilayer-structured resin particles as completely as
possible. 1t 1is added that for the same reason, adequate
dispersion treatment should better be effected in the preceding
15 step.

Dispensabllity of an aqueous suspension varies,
depending upon physical properties of the
multilayer-structured resin particles, and the dispersing
procedure isdesirablycarriedout withuse of asuitablydesired

20 means, suchasnormal-speedorhigh-speedstirringorahomomixer,
or a varlety of dispensing means like homodisper to thereby
prepare a suspension solution in the dispersion state which
is close to the primary particles being freed from agglomerates
of themultilayer-structuredresinparticlesas faraspossible.

25 In dispersing the multilayer-structured resin particles,
use can be made of such dispersants as surfactants, 1f desired.
Said surfactants which may be used in this invention include,
for example, per se known ones employed in the art.

There 1is no particular, restrictive reason for the



di enes or al kyl acrylates or mxtures thereof as described above § DOEH?P00?
al so be copol ynerized with nononers bei ng copol ynerizable with them for
exanpl e, aronmaticvi nyl soraromati cvi nyli denes( such as styrene, vinyltoluene
and a -methyl styrene; vinyl cyanides or vinylidene cyanides, such as
acrylonitrile and nethacrylonirile; alkykgnethacryl ates, such as nmethyl 15
nmet hacryl ate and butyl nethacrylate; and aromatic (neth)acrylates) such as
benzyl acryl ate, phenoxyethyl acrylate and benzyl nethacrylate. Al so,
nmononers having a functional group, such as epoxy, carboxyl, hydroxyl or

am no group can be subjected to 20 cogolynerization. For exanple) as the

nononer s haviceRcER tEgslengpéup, sesreRdadyndkeRhbals oel gl lewexgd slurry

th |l ate, while th havi | i ncl ud f
el e et Rebpmtzatdon, SRrGR Real o Yok AcReckenged: CohdRnti St 1eR(PE and
th hayi |
by ar oxyet hil PiarRad SYEIEI aflbobRELUE ond KndHB S yolfine 15 ngt
nventi on, | lodoh oAU SafLBHYBTEL1LY ASRURE S LB NHBEINTR £1 ¢

graft-pol ynmeri zabl e nononers as a copol yieri zabl e nononer, regardl ess of
use of copj ugauedsdianageito tthe Aobparsabaliony dHmilel Ydyert-d eoiatturedl
this 0 20 C1 Z002 51 enables inproved dispersion in organic solvents |,
sol uti ons of mesliynrepartihdles. | i (hereferas too builtablyzedesIhedcrsiurry

| i nki ng nmononers normally pos s es a plural nunber of the sane

pol yneri zabl €opcemyatigahcan he gtahldighed\depentiing uppp the phirmkeal
I nvol ved in the reaction, dth aft - pol yneri zahl e noners .nQrmal |y
have a pl ur alPTRBESELES! S50l Phe PRLAILEYGFSALE R el FRSonParEsetediti os,
such as a conbi nati § Iyl w@é@. Y&yt ; i
nmononers i nvol ved ilﬁl}p'tnﬁey?:e%a%tsl'gﬁ?g%& t‘ﬁ% a%v%&dzgg&g}fl\gédfggzgg%%}?eng
mononer sjof Olof about 1 to 500 g/L, preferably about 5 to 300 g/L.
In plating the multilayer-structured resin particles
contained in such suspension, it 1is desirable to adjust in
advance the temperature of the suspension to a

plating-achievable temperature, in many cases not less than
15 about 55° C in order to effect plating efficiently.
Preparation of an aqueous suspension of the
multilayer-structuredresinparticles is desirably carriedout,
while employing as a dispersion medium an aqueous medium
containing at least one chemical agent which constitutes an
20 electroless plating solution, especially an aqueous solution
of a complexing agent. Since there is not particularly required
a procedure of separation subsequent to the first step of
reduction treatment, accordingly, the operation of the second
step can be continuously moved on to, outright after conclusion
26 of evolution of hydrogen gas.
In the above description, the expression "at least one
chemical agent which constitutes an electroless plating
solution" is understood to denote mainly complexing agents,

acld or alkalil agents, and surfactants, whereby a deteriorated



exanpl e, there can be nentioned aromatic vinyl conpounds, such as

di vi nyl benzene, and al kane pol yol pol yacryl ates or al kane pol yol

pol ymet hacryl ates, such as ethyl ene glycol diacrylate, ethylene gw(p&ﬂ 2002
di et hacryl ate, butyl ene glycol diacrylate) 16 hexanedi ol diacryl ate,
hexanedi ol di nethacryl ate, oligoethylene gfycol diacrylate, oligoethylene
gl ycol dinethacrylate) trinethylol propane diacrylate, trinethylol propane
di ret hacryl ate, trinmethylol propane triacrylate and trinmethylol propane
trimethacrylate, with butylene glycol 20 diacrylate and hexanedi ol

di acryl ate being preferably used. Such crosslinking nononers can be in
proportions iHl?angaﬁ@%u ORLBRR B 2U%¥A40.0 wt. % preferably about 0.2 to
4.0 wt.% against t t ot gl. anmou of nononers_used.in the pol ri zajion
for the firar I|'ayer Hee Bald PR Laing ORaRE S noEBaR o poRaE AFTEREnte o
t here can be ' |yl r r oxyli i d ch
as allyl acry%@é{)&gﬁgﬁ irrcé} ﬁgé%gléa?@]‘% élc%%ﬂegaﬁaf,h%?ﬁ@ﬁqmuﬁ%}:% e
and diallyl i n 1 i r -0
2 OCT 2002 52%5%!1%5%%% %6‘?5“%? STE AR B EBoRFLIE RUICle %?lé%a‘*ﬁs fdtrie,
the range f agea@l Bydrédyddeiatadbd pricfrfattlly/ azhayt me1dct acdd, Pavtic %,
agai nst the total anmount of nononers used in the polynerization for the
first layer. acidtand glegenitiawmidaf on carbvenyd ifd exidlsaljel,ysech laat thelor

the first |ayer as described above, then, the polynerization for the second
| ayer is carrabifablmeatal aRAmRRHAE §ﬁ1§§arﬁmﬁ!ﬁbép}dﬁlueili%héspﬂ-y%nebat ex

whi | [ bl f f ' I i gid I . VW b

gl assy rigid ABLRGPy AICTRRS Hiykegedlanipe Aoy leines  dhhe s pmagp Tl o
han 40 C, bl ' :

Ao e mononcs® ceanr 2R e d MridPbehionl s AL TR epl ) “IRERY haf

there cam@mreperabbd H616FLLAELINYhoELEAE! Yhah etwdd, OF Styrene or nonomers
copol yneri zable with them Asthe nononmers copol yneri zabl e with net hyl

nmet hacryl ate or styfbeecontért cof ihebeompiexdngdageny|impa suspensiioa is
nononers , for exanple, alkyl acrylates, such as ethyl acrylate or butgl
acryl ate; al kjP hetdHudha neege ofcabavtelnt? 1R 1 dry Predegably t
rnet hacryl at e; aéBmaH%c vinyls or aromatic vinylidenes) such as

vi nyl t ol uene 5? Ui yl styrene; vinyl cyanides or vinylidene cyanides,

such as acrylonitri h§se!, RN Y taik£11 Vaddn€ldY | s@LEAERARL QN which
acrylonitrile being pref'erabl y used. 26 Al so, nononers having a functi onal

group, subh asnepody, far baxgmpldy drloeyknawn asnbataproesp usead da the-aated to
copol yneri zation. For exanple, as the nonomers having an epoxy group, there
may be menti ofe¥ BeyBsed| iethackyeurePrReFEleng: mononers having a

car boxyl group incl ‘f‘gx% Jq%reo%éansp\.ltsepension of the multilayer-structured
resin particles show a pH value in the region of 4 to 14, but
varying pH ranges are established, depending upon the types
20 of plating metals and reducing agents used, as 1s exemplified
in the following Table 1:

Table 1:
Coveringmetal Reducingagent AppropriatepHrange
25 Nickel Na phosphite 4 to 10
Nickel Na or K of borohydride 7 to 14
Nickel Hydrazine 9 to 13
Copper Formalin 8 to 12

Silver Na or K of borohydride 8 to 14



~ 2 DC~ 2002 53 nmethacrylic acid, acrylic acid, malefic acid or itaconic
acid, and the nononers having a hydroxyl group include, for exaQPiGCTﬂml

2- hydroxyet hyl methacryl ate or 2-hydroxyethyl acrylate. In the

pol yneri zation for the second |ayer, as well, a 5 small anmount of
crosslinking nononers as a copol yneri zabl ¢, mononmer can be used to thereby
give nultilayer-structured having an enhanced degree of dispensability. In
cases where crosslinking nononmers are used, the above-descri bed
crosslinking nononers are preferably used in proportions in 10 the range of

| ess than about 5.0 wt.% particularly about 0.1 to 2.0 w.% against the
total anmount of MMHchers used in Y&aePhof bR HACIR the &e‘%ﬁ)nh‘llayer.

In the multil r-structure articles qf the present .invention, the first
| ayer corrposeﬁégﬁf f}i‘i‘)&’@] ke&?ﬁ?éﬁﬁ%@?algmﬁ%‘h?%%ﬁ’dﬁ‘b’uﬁieége&’(‘}j\)ﬁe.l%'t 0
90 wt. % of the whole nilti~ayer-structured particles. In the production of
the multilayer-structured particles according to the present invention,
exanpl es of the pol yigl izald Ak | Sudpiorf "B¥ O¥RE! ﬁ.ug,rmfage |t§‘u‘?ﬁ:u?c%g
pol yneri zati on of the above-described nononers include pefsul fate base

pol ymeri zag i opekMht p&t©1Sles &) ptepaeddusy Aties Hbbabep b cd@haAe A4/ @dmixed
persul fate; azo-conpound based pol ynerization initiators, such as

azobi si sobut ygpadtailg wikt? a- preid ef{knprdpavpd qibae)ngsblditdohl to iadd.ow25
2,2' -azobi s-2-(2-imdazolin-2-yl)propane or dinethyl

met hyl pr opanetbebelgetreless é&m Fegetdendtoppreced) O rtheyoicgmsion

S , h hvd 4 dii I
hydr oper ox| deO At R Re b A SFRESIERN 00 PAhet@ P APCPYH: PREPROR Lo AR
0 2 OCT 2002 éie&??oﬁ?g Hegih%giﬂ %Bgﬁ@ignsuaﬁgl»a%in SH&K}iﬁgds&%t%mtwo
dodecyl benzene™su Snate Brosodrum di oc yfsu osu00|ngte, and noni onic

surfactanie, poehidfisPOhd OXYEIPYEEALIY N RSt M dtRIs I Pl thitinene

nonostearate. 6 Described in the following is the production of three-I|ayer
structured paplathisg reastionng of the first |ayer conposed of a gl assy

rigid polynmer, the second | ayer conposed of _a rubbenév;lexible pol ynmer and
the third | ayer cof9es&dtyentsefihy elegtyodsspilating spintiepdnedade.o
the conpositigns of such glassy rigid polyner and rubbery . .fl exibl | ymer,
there can be HEBSPERES. MEFEL 2t PHEr CotiFind st o other SoMphspins
having {he saggeRRERAF men®iBrt LROL AbslEyGhn el JiBIhoI8gERL G iqy ddie
above. The polynerization for the first layer is Carried out 16 In'the
presence 8 thmpaktiagnagénbscdsabtd W&t deswréd.use of nonomers capabl e of

formng a glassy rigid polymer, whereby it is preferable to forma gl assy
rigid polymer of alprddsablgfmetabralifpariudee for epanplesnigkrlanits,

preferably no'[su;;:glfé? tnr}%}cea_l.oggllqisattehng{cﬁéell %%i%ri?% nggﬁépifgﬁégt .such

pol ymeri zati on he secon ayer “al T'ows "nononers capat ( orfmng a
rubbery flexi QkecppbyFaiullih tE &Y 88ppEY! #1OFa O] W 2alitd) klchhes Piksence

of a latex of the glassy rigid polyner produced for the first layer. The
pol ynmer const chibridetdreisonmulfatess, shdverasajltassstichrs sidver nitrate
20 or silver cyanide, gold salts, such as gold cyanide or gold
chloride and palladium salts, such as palladium chloride,
whereby soluble salts of zinc or manganese, 1f desired, can
be used as a alloy constituent.

These may be used solely or mixed in not less than two.
25 As the reducing agent, there may be used, for example,
sodium hypophosphite, sodium borohydride, potassium

borohydride, dimethylaminoborane, hydrazine or formalin.

These may be used solely or mixed in not less than two.

The formulation ratio of a metal salt and reducing agent



25 tenperature of |ess than about 25 C, preferably | ess than about -10 C
The | ast polynerization for the third layer is conducted in the
above-nentioned | atex for the second | ayer by use of nonomers capabl e of
formng a glassy rigid polyner, whereby 0 2 acr zooz 55 it isgpéﬁﬁﬁéd?d
to forma glassy rigid polynmer of a glass %ransition t enper at ur 0

| ess than about 40 C, preferably not |ess Than about 60C, on the outernost

| ayer. The three-layer structured particles as produced by the 5 above
procedure are preferably occupi ed by the second | ayer conposed of a rubbery
flexible polynmer at a_ ratio in the range of about 30 wt . %to 80 w_. %

agai nst the t‘éPaPetmi@édl‘@E%em‘immjétg pran dhalir \goampbinagkiops and |Jc$ of
the first layer; the seco t he thi ayer .in the ran of |1
50:30 10 to- J60EGANS B ooy Ly sares mhBeth cmiinat Lol 6 A0 i table
particles havin b L cit ccor di.ng th ventlo
consi st of no#ofg’ggga?ﬁgﬂ Jf'?aﬁ#oﬁ'af?égh ﬁg\%‘\? gggt Ile%‘g S%:PAQ i&q:%eél
conposed of ajLubheryrizell €¥i nglgobymar must be present in such
particles, whiTe the outernost ayer Is preferably conposed of a gl assy
rigid polyrer . The weight ratio of the layer or |ayers conposed of a
rubbery flexible polyner in the total nultilayer-structured particles
preferably is Tablée2eange of about 30 wt.%to 80 20 w.% The particle
size of the rrultiIayer-structured@gartlcles as produced by the

above-descri bedMgptatesitt i s Reduphngiagenk|y |init eHorwudaitdonorakipy in

the region of about 100 to 1000 nm preferably about ;120 to 750 nm
(molar ratio)

8]

Nickel Na of phosphite 1:2 to 3

10 Nickel Na or K of borohydride 1:1.5 to 2.5
Nickel Hydrazine 1:3 to 5
Copper Formalin 1:3 to 5
Silver Na or K of borohydride 1:1.1 to 1.5
Gold Na or K of borohydride 1:1.1 to 1.5

15 Note: Na and K denote sodium and potassium, respectively.

The concentration of chemical agents may be at such levels
as may reach up to the saturation concentration of each chemical
agent. and is not particularly limited, whereas a too lowered

20 concentration is not economical, with the lower limit of the
concentration being naturally restricted from the standpoint
of practical application.

An addition rate of a solution of chemical agents affects
directly the plating reaction and is closely related to the

26 surface area or physical properties of the
multilayer-structured resin particles, and it is necessary to
add, while taking into consideration such facts, the solution
of chemical agents in a strictly controlled manner as may form

uniformand tough £ilms without causing any unevenplated £ilms,



25 The nultil ayer-structured particles having rubber elasticity qagﬁmghﬂzg
to the present invention preferably show a content of tol uene so f

| ess than 5 % and a degree of toluene swelling of 50 to 500 % The term"a
content of toluene solubles” a used herein 020CT 2002 56 refers to a
wei ght ratio of a conponent eluted in tohgene when a specifically

determ ned volune of the nmultilayer-structured particles is imersed in a

20-fol d volunme of toluene to the enployed nultilayer-structured particles,
while the term"a 5 degree of toluene swelling"” represents an increased

I b b | | wh Lficall.y det I f
e mil 01| aydits °%&<ﬁ%&§“’§gﬁh”%tgﬁgsaﬁﬁﬁiﬁ'&8hc3 1o BB 0 U of
t ol f d
emil 51 on pol ynbr i 2 SR AT 10 mitti  BYEFeEFPhEl O GARNEE, Hedding,

rubber el ast h‘i‘t&)ﬁs%ﬁé’&‘i@éﬂ’i‘é‘f& wé&x@erw bah@3Me PO Oif%s‘i'i’ébs LI

suspensi on of inorganic particles. The proportion I n which

nul tilayer-sirugkUaBHoP@ésifdiste o provRaaesansul B4BlkI Q@ttin@‘ a«edummm a
| ubricant 15 and/or inorganic particles preferably is in the range of about

0. 3to 80 et £emperaturef toheel ubntrahlednd/ or i norganic particles
agai nst 100 parts by vt . of the nultilayer-structured particles . As the
| ubricant, for exaerleeleqfﬁT@rléiF(,Saﬁlbﬁ1l}§e60fhy§ﬂ-9@arUbﬂlcnakésa?d%@ucw dshe

l'iquid paraffln ffin wax, 20 m_cr owax ol yet hyl ene wax; fatfy
acidl hi gher SACBRUP SASBATTARBSLO WERTAC Gt DarFEnEe @ VESTHPA SxyaR M o

acid or steagy o?‘ld%%%% with! %%%@?ﬁhdn%ﬁ%s “leﬁﬁ\e%%a{hS Pt fh 2 d%‘??

oleic acid am eruci c aci I"éne bis-stearrc aci d am

et hyl ene bi spgt &@éacir%' Hofé“d&xd&fnt%h;\éhegﬁabéStr%&'t@leaébéiﬁﬁr?rﬂlhirf‘gst er
based waxes, such as butyl stearate, nonoglyceride of stearic acid

pent aer ytori sollutdonast tacentrasar teths crdinarpipglatring epexhtsbﬁm:&; and
net al soaps , such as cal ci um st ear at e, zi nc stearat e, magne5| um st ear at e
or lead st eaftateemu;l\s1£ln§ernatguqmrgdrms:tre@antdrcmm gybsfizatectd e 0

20CT 2002 7 util d d h |
compounds asP t(%f]{in;qzr’g? bgﬁé gt%g]cﬁot |i(f:"§‘rréipo né‘irﬁ?%% uggaﬁpféﬁlﬁﬁaﬁﬁ% g(ran

and such si | coR +aQEAAY 4% 6§di%¥:? 88hcéhti 1offh8 ;}]ieég%ﬁ%essé redsﬁ&‘g

particles of the present 5 I nvent as pro uced
procedures, can be XddreromrsE t&\aymﬂ:ﬂntg sylartaion Qtﬁitfwtwrfapim the

fol | owed by dehydration through centrifugation and drying to thereby
15 plating reaction, and if each of chemical agents is added in
the appropriate proportion, the added metal salts are reduced
and deposit on the surfaces of the multilayer-structured resin
particles, thus enabling a £film thickness of the plating £ilm
to be adjusted arbitrarily in accordance with their added
20 amounts.

The metal-covered, multilayer-structured resin
particles as produced by the above procedures can furthermore
be covered on the surfaces with different kinds of metals in
a plural number of layers.

25 In this case, after conclusion the above-mentioned
plating reaction, a plating solution containing a different
kind of metal may be added by following the same procedure,

or after the reaction solution may be fractionated and a new

suspension 1is prepared, a plating solution containing a



take out themin the formof granules, flakes or powders. Spray-drying by
use of a spray dryer and salting-out are 10 al so avail abl e as qp?ﬂﬂ?lﬂﬁ
taking out themultilayer-structured particles, but when the

mul tilayer-structured particles are to be used in the fields of
electric/electronic materials and the |ikg where contam nation with
Impurities is strictly prohibited, the nethod by way

of freezi ng/ t hawi ngi spref erabl e. 15 Besi des, the ani sotropic conductive
adhesi vesaccording to the present invention may he sitably incorporated

P st e R, e B Bt
LS S S A NS TP R TR A
Crarpl of Ui ditdy 1) $hd PRSIy LD 488 b1 1 0 UEA KebonkL A

styr ene- baseqHAUNsthe TirseH £&:10p38€ 1h9S] dper Alsky LI 1 Hod fsk ik
xyl ene resins. The reactive auxiliary agents or crosslinking agents

i nclude, for rxampice froml ¥Bbet 0 .90F %dN8L 8% m MEIEBHHRE sE88hASgo Ll FLAERIS,
utropins, amnes. acid anhydri des and peroxi des. The ani sotropic conductive

adhesi ves of ihemaldsentthickn2sP €angd0g Faomaboito .06 fooduosd ty.
formulating the multilayer-structured resin particles of the present
i nvention with resi¥PUbnpedthiantef ihgePlabing srigtigenppda@ftey no

desi red, i et f itj ., With f th dugti 5 ' t d

desi red. o veLiSt o BIYANGR, thih oS el e At or, S clprey o

organi ¢ sol V%Hnﬁi%&e*&efﬁﬁsaewﬁﬁléfl% E‘i%ﬁé‘&gf&%i&ﬁ, Qfﬂ 1‘!?‘?:?1?3?1@@1@ .
t-mxing stic resin

adhesi ve resin conponent orne In the case of thernop
bei ng utilbi zatkaidn @Ppetratddpoasnended.adhesi ve, at a tenperature of not

| ess 10 than the softening point of such resin conponent for adhesive,
speci fical ly rangi rthénomepanation,t yaskdng apdefisydbgyvwérenetbected®dY o
110 C EXAMPLES 15 The abbrevi ations as used in exanples and ~ommarati ve
exanpl e are aglq Sppgg\gt_:ional procedures, followed by crushing, 1f desired,
to give the conductive, multilayer-structured resin particles.
The conductive, multlilayer-structured resin particles
16 are desirably provided with 10 % compressive strength in the
range of about 0.5 to 5.0 kg/m’ preferably about 0.5 to 3.5
kg/mm’.
The above range of 10 ¥ compressive strength is preferred
in order to prevent various disadvantage and inconveniences
20 from taking place owlng to too much easy deformation of the
conductive, multilayer-structured resin particles, such as
Iinstabillityof connectioncaused by inability for the conductive,
multilayer-structured resin particles to get into contact with
a connecting site while pushing away or displacing adhesive
25 resins existing around them and their failure to maintain line
insulating resistance through short circuits formed among the
conductive particles, and also for suppression of crack

development on the ITO electrode, as well as so as to protect

long-term reliability of connection from being lacking due to



Mononer: 20 n-Butyl acrylate BA Methyl nmethacrylate MVA Ethyl acrylate EA
Styrene SM Crosslinking nononer: 25 1,4-Butyl eneglycol diacrylat @E)TAZUUZ

Di vi nyl benzene DVB Graft-pol ynerizabl e nmononmer: Allyl nethacrylate ALMA

Di spersing agent: 0 2 O CT 2002 59 Pol yvinyl alcohol with a

saponi fication degree of 88 % PVA Tri cal gisum phosphate - TCP M scel | aneous:
5 Sodi um di octyl sul fosuccinate SSS Dei oni zed water DI W Sodi um

hydr ogencar bonat e SHC Sodi um persul fate SPS Lauroyl peroxide LPO 10

2, 2' - Azobi si bobutyronitrile Al BN Charge-controlling agent P-53 (quaternary

[ | t d by Oi i gal 1 pd. dified | i '
BR 77 (oar boXRE UL T dPLeY: edruuphe phEhEEs GOMPCE B ThS
Rayon @) | Mgl 14 29l aChddneh Egegguation (1) . the
ol l owi ng val ues are ed as Tg of honopol'ymer of each constituent:

BA- 40C20 M\/A13oCEA-@&%%S%@%?P%%@EWOQ&&%&W_ fOradmasig i nct

a wei ght average partic mu er-structured™resin particles

produced by tiietheHirREEne N BAMWESR 825h98165 ahEPel 64 P8 tRehyFhmaiin O
2 0Ct 2002 60 were sub jected to nmeasurenent by the electric resistance

met hod wi 6h udeemt farticle btike of adte cbnflustppéi an byl Beedaresntrucaiu tea
Co.). Also, the nultilayer-structured resin particles synthesized by the
enul si on pol ywesdiv apaptickes shoyectaedl® o5 dhspdacement Witiheus§naki @

| ight scattering nmethod wi.th use of a dynam.c |ight scattering measuring
devi ce (Mode™iGEROMRTESSAOH 0GP SRS a\é‘PGPéBeby?@%PﬂékﬁdDe‘P%hisréd‘!adz“

Measur enment 9 # i a r Il I 10 Wth use of
a m croconpr %%%%ﬁ%%%%%'%%@o%%( r?a%%ﬁ'&é’? %F“g&%yé dShi madzu

Sei sakusho Co.), 10pfa CONM¥&EsSdMEngt F enNglfe Was dgeasur undedoddifotive ,
conditions of the testing node; 1 conpressi on test , testing load; 50 g

wei ght ( 10i sphdiceRitef-strustalred Hés inpateiples Sedirabllyels ihahextddgee 50
um- , 15 and | oadi ng speed, 1.975 g wei ght/sec.
of about5t090 %, preferablyabout 10to0 60 %. The above-described
range 1s preferred, in 1light of the fact that contact pressure
required for connection must be maintained at a high level,
while there shouldbe avolded the situationwhere the compressive
16 strength increases enough to need an excessively great strength
for connection of the anisotropic conductive adhesive,

“The term "restoring rate" as specified in the present
invention is as measured with use of the above-described
microcompression testing machine, and expresses in % a rate

20 of a displacement measured under applied load of 1 g which is
recoverable on removal of sald load. When explained in detail,
when load is applied onto the conductive, multilayer-structured
resinparticleswithuse of themicrocompression testingmachine,
a relationship between load and compression displacement, as

26 delineated in Fig. 3, shows that as a compression displacement
increases with rising load, the displacement 1s recovered upon
removal of the load at the point A in the figure where the load
reaches 1 g weight; a ratio of the restored quantity b to the

compression displacement a as measured at this point of time,



The restoring rate was nmeasured un~d9r the conditions of the testing node;
| (I oadi ng/unl oading test), reversing |load; 1.00g weight, |oading speed;
0.455g weight/sec, displacenent full-scale; 50 | am conpression pQ@L] et
surface 50 ,um- . 20 and load for initial point; 0.1 g weight. EXAMPLE 1
Production of Conductive, Miltilayer-Strugured Resin Particles A 25
Charged into a 7-liters capacity polynerization vessel were 2870 g of DTW
and 430 g of a 5 % aqueous solution of PVA, and a nononer m xture sol ution
consisting of 595 g of MVA, 341 g of BA) 19.5 g of BGA and 19.5 g of ALMA

which had 14.6 g of LPO as a polynerization initiator dissolved theresin in
advance 0 % @42} dbtl wds fefddhed hdde BRI ENg (1ae &%)l speed of

Fol I oved by di spor ol DR P9S8 FERPLP oPORABE Yoo RahRaders o vERT : BEpeint
parti cul at es gfydiies JPDOREL st 8¢ HiFadifSShYe ¥BS1 bbhat it} ot & hhEEL0RY 2

refl ux condenser, and warm ng was effected sthrring 1n a

nitrogen stregid AbhActDfe!, AN T At Udired PRESERU prirtitalsf O4s 2
hours , the reaction m xture was warmed to 60 C and adm xed conti nuously

over the pgeridesefibddl praviocukygnamdna ¢aeiety oklatifie thokey festilichethe
nononers capable of form ng the second | ayer: MVA451. 5gEA52. 5gBGA10. 5915

Al BN10. 5g 1 %saficousursth|af | tre o¢oBBEcRilve 0 mullt Pl ayerxeostracturednresisHC
52.5 g DIW105.0 g 20 At the point of tinme when the exotherm c peak was
observed aft @arkiqleg iisnnermgdilyndnithe inangeefnfnd tR2GmaahseelYu¥tto 80C

to carry out a tur.ated.reacti f 2 hours. The resulta ) ensi on was
freed of PvaREIIELASH SPRTTcH0R Lo db ARTHR P te. JTAR PEG LoRE 01 T38008
aqueous hydrogel b96: 50! Walhs t t r

dehydr at ed a(r)lgl wagﬁé%%rvﬁ(hga %eh?ﬁa?%gsg, bgg scastetggrfe}ééum %s?'% \;a\ﬁlﬁf%

sol ution 19f JlcomMpcherit.” - am nopropyltrinethoxysilane in 13 . 5 g of

met hanol , foll owed by adequate m xi ng. Furthernore, air-drying was done at
60 C overni ght and The used amount in the above range is preferable so as

to prevent connection resistance from rising and to improve
reliability of connection, and also for the purpose of avoiding
the situation where increased pressure becomes needed for

15 connection due to increases in melt viscoslty, as well as in
order .to secure adequately anisotropy of connection.

As the adhesive resin component for the anisotropic
conductive adhesives being utilized in the present invention,
there can be used any of such resin components, only if they

20 are put into normal use. Namely, either of thermoplastic and
thermosettingresinsmaybe usable, only 1f theydevelopadhesion
capacity through heating.

Specifically, theremaybementionedthose belngprepared
as a resin component as obtalned by combination of one or not

25 less than two resins selected from ethylene-vinyl acetate
copolymers, carboxyl-modified ethylene-vinyl acetate
copolymers, ethylene-isobutyl acrylate copolymers, polyamides,
polyimides, polyesters, polyvinyl ethers, polyvinyl butyrals,

polyurethanes, SBS blocked copolymers, carboxyl-modified SBS



0 ~0Qg 2002 62 sifting through a 200-nmesh screen was effecting to thereby
give 1350 g of nultilayer-structured resin particles. Then, air
classification was carried out with a classifier of Turbplex 50ATH 0CT 2002
(manuf actured by Hosokawa M cron KK), and el ectrol ess 6 nickel plating and
el ectroless gold plating were provided igsthickness of 0 .1 I~ mand 0 . 02
~c m respectively to produce Metal -Covered, Miltilayer-Structured Resin
Particles A The Metal -Covered, Miultilayer-Structured Resin Particles A
were found to show a weight average particle size 10 of 4.9 ~cmand a
particle size distribution_dw dn of _1.14. The,  Tq val ue of Metal - Covered,

Ml til ayer - SCPE SResi AL Par CPEPLYMALEs detffthi nEAPBY YRRESequdtdiq 1)

f fi I h I ively.
18 et L s R o 5 i BRI RSy SRR
Particles B %lﬁlfo%b?@n%grh‘%%e%?ec f‘ﬂ&ffi’lrﬁo&fffi@&%ﬁp&.doéfbﬂ?%%& 1
except preparation by diSpersion polynerization, there were obtalne

Met al - Cover e@t%‘bhb'-%kﬁ%h’(ﬁtdﬂécﬂmﬁérg,esiébtﬁi‘f*i@ﬂx@sigopﬂ'&@e Nl iy ed,

Mul tilayer-Structured Resin Particles B were tfound to show a wei ght average
particl e 5i zac2ylohi4rl lernbutdddener rubbersi ¢hedeshafberi peferred o aks 07.
The Tg value of Metal -Covered, Miultilayer-Structured Resin Particles B as
det er mi ned byNBRE )equearioxylymedtf edC NBR.,t aming-gmodified aNBR10BmOX0r
the second | ayer) respectively. 02 0 CT_2002 63 EXAVPLE 3 Production of
Conduct i ve, FEEdMSay@POXY QAT cHeRERS n asL¥lilq ¥esEns. phenol resins and

silicone resins.

Preférred among them are thermoplastic resins, with

10 styrene-butadiene rubbers and SEBS excelling in reworking
property. As a thermosettingresin, epoxyresins are preferable.
The most preferable among these are epoxy resins in light of
thelr advantages of increased adhesion strength, excellent heat
resistance and electrical insulation, decreasedmelt viscosity

15 and connection realizable with lowered pressure.

The anisotropic conductive adhesives which are used in
the present invention are preferably admixed with particles
having rubber elasticlty as a stress relaxing agent.

The particles having rubber elasticity as a stress

20 relaxing agent suppress warping caused by a difference in
coefficient of linear expansion between a cured adhesive resin
and an adhesion substrate, eventually contributing to
enhancement of reliability of the anisotroplic conductive
adhesives.

25 Rubber elasticity is the property owned by any materials
which normally possess a minor modulus of elasticity but a
greaterelongationat break and candeformmarkedlyunder applied
load but restore to the initial size upon removal the load,

or have restoring force.



6 By follow ng the sanme procedure as described in Exanple 1 except the
facts that the particles were of three-layer structured resin pafiti gfTeq0?
showi ng the conposition as given in Table 1 and that the bel ow descri bed
three procedural steps were adopted, there Were obtai ned Metal - Covered 10
Mul tilayer-Structured Resin Particles C ) As a dispersion stabilizer,
TCP was used at a rate of 15 parts by wt. against 100 parts by wt, of
nononers to replace PVA, ( 2 ) For the purpose of meking a particle size
di stribution sharper, BR-77and m cropul veri zed P-53, during polynerization
16 for the first layer, were added to the nononer m xture solution in
proportions of 1 paAs the partdedes.bayping rimpber edgaitdet t¥QO0thpare cay bet .
of nonomers) respectively, and 33) 35 % hydrochloric acid in 2-fold the
vol ume of TCRuses. Fodecexanple ssdliconrerubhens, attyddcdaibhara i vmesdhane

Washi ng. 20 The Metal - Covered) Multilayer-Structured Resin Particles C were
found to shoWwybPR@rgntbutadigre irontaiding zubhers jangd, the) MkRrticle size

di i buti dw/ d 1.1Q. Th | f .- Co

Wt ver oo e o BhsBaathe mirida¥8r St lbabbten pantiSies conratning a1
105C f§ |

the thrra ) oylret Gonddied Bt EupREE el h1b 18 SEFARGes THE 3B e L

nul til ayer - stdigha! b0t REVeTal Hsd &t &ﬁeti%rsﬁﬂeaéfigiéDgev@?@ﬁgngg&gg? o

3-liters capacity polymnerization vessel were 121 g o

aqueous NP satetatwedndreprdiueididfity lafdageabEl S o3 uhhfGfastdrihg

m xture solution was warned to 70C with stirring under a nitrogen stream
After 10.2 g attbubed dgdescahient isernsabickltly asi a primarypetrticled
aqueous SPS sol ution was added and the reaction was all owed to proceed for

1 hour under 285%%35¢d ¢95%;|3nd (dpsired 5thrPan melaxirg \eLfeftuted with 61

g of DIWito nmake a d n a 9 us. SRS sol ution was
added, an1 after 12258. QJ“S]E%%&%% enﬁltg:{iggu%%dt Fﬁaﬁéf%iv:gge?&viiﬁl&j HH%’ &1 s
was continuousi ¥s £ £64 8Y Heddr iRy t8dtRé prAdsén - invdeLditatle AB1TIRYES Vas
warnmed to 90 C, followed by a maturation reaction 15 for 1 hour to yreld a
| at ex cont ai stoueteredrpartbsléorimaving heet f Least bagelaypEnubmposedfl of
nononers form ngtPthe first layer] BA 789.4 g BGA 16.8 g 20 ALMA 33.6 g 1 %
aqueous NP sdfiRbewy 3Gtexible pg s agdc foruexgmplde spyeferable are

themultilayer-structured particles characterized by less than
156 5 % of a toluene soluble content and 50 to 500 % of toluene
swelling ratio.

The multilayer-structured particles having rubber
elasticityinthepresent inventioncanbeobtained, forexample,
by a continuous multi-stage emulsion polymerization process

20 which permits a polymer in the subsequent stage to undergo
sequential seeded polymerization in the presence of a polymer
in the preceding stage.

Specifically, a seed latex 1is prepared by emulsion
polymerization, and then, the first layer is synthesized by

26 seeded polymerization, followed by repetition of seeded
polymerization to form the second and later~-stage layers, thus
permitting the multilayer-structured particles to be produced.

Below described in detail 1is the production of the

multilayer-structured particles having rubber elasticity, but



DIW42.5 g 25 Subsequently, the reaction m xture was cooled to 7%2?
t hereby conduct polynerization for the second layer. 15 g of a 2 ngﬂﬂZs
SPS sol uti on was added, and after 270 g of the bel ow descri bed enul si on of
nononers was continuously fed over 180 min. ( the reaction mxture was
warmed 0 2 OCT ?~~~ 65 to 90C to carryyagut a maturation reaction for 1
hour: [ Emul sion of nononers formng the second |ayer] MVA 133.5 g EA 15.0 ¢
5 BGA 1.5 g 1 % aqueous NP solution 60.0 g 1 % aqueous SHC solution 15.0 g
DIW45.0 g After conclusion of maturation, the m'xture was cool ed 10 to 30

f;: SQdJILE o ety Rt e e s At 1E n AT £ re the W v ; Fansanibea °
Conir i fugy aRBEuEEkES 8, HOBRER Elactlolty ) eeél{é%%*“%"% e?%oéoﬂfemeﬂsi%fa
give 950 g OEBH?fééMnééﬂ%xyr%H@Bh&%k@%&% Ag%ég%%x ﬂggénqawﬁ

EXAMPLE 5 20 uction of Anisotropic Conductive lve uately

m xed were 3@spabks 1hmivkd. tof taBmepOXy resin (Epotohto YD 128; produced by

Toht o Kasei Co.), 40 parts by w. of a phenoxy resin (Phenotohto YP-50;

produced ®y Tohto Kasethe&of]lrst pliacey apeuriféd aisirthelXpidductiPonprodduced

by 25 Asahi Chem Ind. , Co. ) , 1 part by wt . of a silane coupling agent

(KBE-503; pr twacddyey ssmuctﬁzmd partices vhighocass et of the lrstflayerhy|

et hyl ketone, and 5 parts of the Conductive, Miltilayer-Structured

Resin Parti CFQE‘PRS&§ 86t &i ﬁBHbPﬁY BF@aWﬁ-'F-’él‘i Wf%@ﬁ?‘%%ﬂﬁﬁ%dﬁYﬁ% t he
ni sot ropi ¢ Conductlve Adhesi ve A The

mxture to giv C T 2002 66

Ani sot ropi ¢ EBHEBEPFV%PRdﬂé§F§¥ ) BYyMaiyagntoem, temperatuhe 0Es32d 50

U 1 ¥, PETe s ahd b i clostss ot ety i by

Connecti o Wath drve andosoheopi copdnguatitie tlidesiedaired characteristic
properties, followed by emulsion polymerization. As the
monomers, methyl methacrylate and ethyl acrylate are
preferable.

In the first-layer polymerization, monomers capable of

15 forming a rubbery flexlible polymer are subjected to emulsion
polymerization in the presence of a seed latex.

In order to demonstrate the characteristic properties
as a particle having rubber elasticity, a polymer constituting
the first layer preferably shows a glass transition temperature

20 of less than 25°C, especially less than -10°C.

The term "glass transition temperature" refer to a
temperature at which tan 6 1in the measurement of dynamic
viscoelasticity reaches the peak.

As a principal component of the monomers capable of

25 formingarubberyflexible polymer whichareused in the emulsion
polymerization for the first layer, conjugated dienes or alkyl
acrylates having an alkyl group with 2 to 8 of a number of carbon

atoms, or mixtures thereof are preferred.

The conjugate dienes include, for example, butadiene,



After the anisotropic conductive adhesive filmwas adhered to a gl ass
substrate having a |.Immthick 1TO solid 10 el ectrode ( surface re§i?sifvey
of 30 ( 6~ /D) ( the PET filmwas renoved, followed by provisional
pressure adhesion to TCPhaving a copper pattern breadth of 25 a mand a
pattern pitch of 75 umformed on 75un1th%@k pol yi m de and heat pressured
adhesion at a heating tenperature of 160 f or a heating tine of 15
seconds 16 and under pressure of 30 kg/cm- to effect the connection.

Eval uation of the anisotropic conductive adhesive The conduction resistance
bet ween nei ghboring two_copper term nal K adjacent at TCP was neasured
(initial resilSCRREBP, ang Epprene; with Rutadiane helng, acddcvdardy

resi stance in_excess.of 10 his not practically desired. By way of
reliability @Fe?SﬁﬁgéFron, the conduction resistance was neasured after

1000 cycles of the elﬂal sho ' ' d
after hi gh-terrperatllfjhr%e% |geh%Jgn‘l%t?e;&?gg&?ﬁﬁ%ﬁ?gﬁsﬁ‘é‘q&égglﬁg%:&rrf‘gg{bwas
left at 80 Cyarf 90t56eREEl @M i RAUICRrboRSRE6ME VAR Y1uds | NedP@xafiild, S
bei ng tabulated in Table 2. EXAMPLE 6 0z o0c | zoos 67 Production of

Ani sotropsc ExhgiChcyelAdbesp¥6pil Byciplatyy mmtye s diedC efidlohdskyl

described in Exanple 5 except use of the conductive multilayer -structured
resin parti clacgydeterand ee thylbeanydl acfylater ovitds bubydi aedy Ba teibedingopi ¢
Conducti ve Adhesive B, which was evaluated in the sane nmanner as descri bed
in Exanpl e 5PaEkAoplarty1prefgggedi-on of Ani sotropic Conductive Adhesive C

By foll ow th d i bed i le 5 t th
conduct 1 ve nul (11 2yl 08¢ POLYHPEAZALLPR 185 Fhe AL A AY e tBR AN MORRAL 5
d additi j [ | 1d d
par 1ol es hadtBBereh Gohey Sck Rt esPATE kS, thifeBtlds MBKPEIRbAMIILT, |

of 5 parie byanta186deN6bpd PmBRLEEGRYL  monbmarkese fhg YapISAleriZHie Was
obt ai ned Ani sotropic Conduc??l\r/le Adhesive C. Wth such ani sotropic

conducti ve adtichi them, cferl ezanphewas osfaftdetelhyls ohersmat icarimgylisdenes,
described in Exanple 5. 20 COMPARATI VE EXAMPLE 1 Production of Conductive,
Mil ti | ayer - StSUGHt (RS ds RERSRE PaVin¥LEQlpens BRAf of FBRLRAY sk reass pHaEdur e

as descr i bed Jup, forauple §153950bnMAR IS OUAEE Bodionttrile ana

graft - pol ynerr'zabl € ‘nonomner
methacrylonirile; alkyl methacrylates, such as methyl

15 methacrylate and butyl methacrylate; and aromatic
(meth)acrylates, such as benzyl acrvlate, phenoxyethyl
acrylate and benzyl methacrylate.

Also, monomers having a functional group, such as epoxy,
carboxyl, hydroxyl or amino group can be subjected to

20 copolymerization. For example, as the monomers having an epoxy
group, there may be mentioned glycidyl methacrylate, while the
monomers having a carboxyl group include, for example,
methacrylic acid, acrylic acid, maleic acid or itaconic acid,
and the monomers having a hydroxyl group include, for example,

26 2-hydroxyethyl methacrylate or 2-hydroxyethyl acrylate.

In the present invention, it is particularly preferred
to use crosslinking monomers and graft-polymerizable monomers
as a copolymerizable monomer, regardless of use of conjugated

dienes in the polymerization for the first layer, and this



in the first layer in place of ALMA, there were obtained Conductive,

Mul tilayer-Structured Resin Particles D. The Conducti ve,

Mul tilayer-Structured Resin Particles 0 2 OCT 2002 68 D were f(auznﬁlcf?o
show a wei ght average particle size of 4.9 mand a particle size 0
distribution dw dn of 1.14. The Tg val ue s9f the Conductive,

Mul tilayer-Structured Resin Particles D as determ ned by the equation ( 1)
was 48 C for the first layer 6 and 105 C for the second | ayer,
respectively. COVPARATI VE EXAMPLE 2 Production of Conductive,

Mul til ayer-Structured Resin Parti.cl es E By f.ollow ng,the s . procedure
as descri bed elnl‘—il%é)? ?‘Br‘lv?& PYIve Y 18°% 1§e88waeﬂ§§er%°€%nae&?%\? rsed,
there were o ' UGt |t reStyyc sin Particles E
The Conduct i ?%a%%slc%g?e?hs#rqgg ur%g%%}égi F\§Pg§t%g%ggz : E were found to
show a wei ght aver agg PR6d4 £1fk Hi ﬁoﬁ&mérgnérﬁhQEQ&?‘)s?stéBhﬁrﬁiﬁ%mber
distribution dw dn of 1.14. ThA Tg val.ixe of the nducti ve,

Mil ti | ayer - Sofueher sam&gse Iynsuriza8 Bs groupsiebach aedyyyl hiraplawhaen( 1 )
was 105 C for the first layer and 47C for the second | ayer) respectively.
20 COVPARATI ¥EgBAANPL E5e 3 ndtionerPr ddwollved afn Artheot reactiGonduaid veéhe

Adhesives D and E By followi ng the sane procedure as described in -Exanple
26 3 except @Fafdpodimesizabdlenperemeryenogmaldyuhavie RepLHrpdrpyehess off and

o Sauced i COmRat L ve AR B8 BB e LISLE el ODLALIRS o o ve
adhesi ves, e‘é%h\%%\ia@lon gf Za&:ﬁ Br%%?:zwith aryloyl group, which mean the
monomers involved in the reaction.

10 As the above-described crosslinking monomers, for
example, there can be mentioned aromatic vinyl compounds, such
as divinylbenzene, and alkane polyol polyvacrylates or alkane
polyol polymethacrylates, such as ethylene glycol diacrylate,
ethylene glycol dimethacrylate, butylene glycol diacrylate,

16 hexanediol diacrylate, hexanediol dimethacrylate,
oligoethylene glycol dlacrylate, oligoethylene glycol
dimethacrylate, trimethylol propane diacrylate, trimethylol
propane dimethacrylate, trimethylol propane triacrylate and
trimethylol propane trimethacrylate, with butylene glycol

20 diacrylate and hexanedlol diacrylate being preferably used.

Such crosslinking monomers can be in proportions in the
range of about 0.2 to 10.0 wt.%, preferably about 0.2 to 4.0
wt.%, against the total amount of monomers used in the
polymerization for the first layer.

26 As the graft-polymerizable monomers, for example, there
can be mentlioned allyl esters of unsaturated carboxylic acids,
such as allyl acrylate, allyl methacrylate, diallyl maleate,
diallyl fumarate anddiallyl itaconate, withallyl methacrylate
being preferably used.



69 was effected in the sane manner as described in Exanple 5. Table 3:
Exanpl e Exanpl e Exanpl e Conparative Conparative 6123Exanpl e 1Eg@mlmZ21st

| ayer: BA35353510MVA61616386SMP910DVB0. 5BGA2222ALMA220. 522nd
| ayer: BAA116MVAS 5CGA, 2ALVA23rd

| ayer: MVAB68688866120EA10101010BA35BGA22232ALMA22- 221st | ayer/ (2nd

| ayer) 26/ Qut er nost | ayer: 65/ 3565/ 3530/ 45/ 25 65/ 3565/ 351st

| ayer 474710548105(2nd | ayer) 36Qut er nost | ayer 10510510610547Particl e size
dw4.94.85.14.94.9 02 0 CT 200? (um Particle size 1.14 1.07

cn?) Restoring
PrgpPer§BoRs; 4

Siand for © T dangR of ReRC 07 e gt i PristeRb I ahoh
part 1ol es(1) 0 B8 B Conaaet s S Babuie b2 Hofoten? A Bp hg | ¢

di stribution dw dn 10 % conpressive 2.8 2.5 5 strength i}g%fé{

rate (% 58 51 1st PY§RIRtHTBOl¥Mentzahle NoRARer fsdn

particles(l) I'on resistance: I esi

E 8 o

2.4 2.6 After%éjéﬁﬁé@iz%;p&k Fof the Ark©Aadd 20 test ( ~) ( 2 ) After

hi gh tenp. 3.

.1 2.1 52 51 high humdity test (3) 25 Notes: (1),

Met al - covey ed, Ml t AFager ppépacatict o Tubderyc faexiible) poliMeg Titkgs of
Cx 30 mnto8 Cx 30 mn. (3), 1000 hours at 80 C and 90% RH
200z 71for the first layer as described above, then, the polymerization

- 40'
ocr

10

15

20

25

for the second layer is carried out in the presence of such
rubbery flexible polymer latex while using monomers capable
of forming a glassy rigid polymer. Whereby a glassy rigid
polymer having a glass transition temperature of not less than

40° C, preferablynotless than60’ C, isformedontheoutermost

layer.

As the monomer capable of forming a glassy rigid polymer,
for example, there can preferably be used methyl methacrylate
or styrene or monomers copolymerizable with them.

As the monomers copolymerizable withmethyl methacrylate
or styrene, therecanbementionedvinyl polymerizable monomers,
for example, alkyl acrylates, such as ethyl acrylate or butyl
acrylate; alkyl methacrylates, such as ethyl methacrylate or
butyl methacrylate; aromatic vinyls or aromatic vinylidenes,
such as vinyltoluene or o -methylstyrene; vinyl cyanides or
vinylidene cyanides, such as acrylonitrile or
methacrylonitrile, with ethyl acrylate or acrylonitrile being
preferably used.

Also, monomers having a functional group, such as epoxy,
carboxyl, hydroxyl or amino group can be subjected to
copolymerization. For example, as the monomers having an epoxy
group, there may be mentioned glycidyl methacrylate, while the

monomers having a carboxyl group include, for example,

02



The conductive, multilayer-structured resin particles according to the
presentinventi on possesses the contradictory properties of fUpprzj'ty and
rigidity, and can deformunder 5 small conpressive strength appli 33 whi |l e
it excels in restoring rate. The ani sotropic conductive adhesives according
to the present invention, which contain %Be above-descri bed conducti ve,

mul tilayer-structured resin particles, do"not 10 require great nagnitude of
strength to achieve connection and as a result, can suppress devel opnment of
cracking of the I1TO el ectrode. Al so, the adhesives provide w der surface

area of connectjon and can produce ;the advantageous effect of inproving
reliability BetBREE¥LLE %%«ﬁ?e@@?éﬂ.lcl%cwv éft?dieclicoﬁ,cifih‘éraﬂrﬁ%fﬂéngﬁeid:

conducti ve adhesj,ves accordi,n .%g tqg resent invention.can.get int
cont act wi t naRACHE RABEMERS R YERS 2 Yy REL ey e 0GHaS Rty ey .
Cvcel Lent 1 o2t BYREXFEIRYLMERREL L FRLL BRI A1 BEERoRPRLRY NGoHpRREGT XM P!t

facilitating the coaneRLl g1 fRe)PiRNGM E0:DeankabBhATaRhr 8 £ORRIAN o cvel

over a prolonged period of tine. Furthernore) the anisottopic conductive
adhesi ves acgnadilngmbéent "ef Rres@llinkivgNinbAbmeBi 85 CQ@Napd1Rmelich®d e25
havi ng rubber elasticity, especially multilayer-structured particles, can
suppr ess war pongmeawaaddysedEodifdrebyrmiove mutbilayerestroétureéhaving
expansi on between the cured adhesive resin and the adhesi on substrate, and
as a result, aBaneehdn@ed rde9eer | ief sLlspermahiditie admesiopses wherect

2002 72 What i iped is: 1. A ducti ve, I ti - st t d '
article in GRPERLADREBE: MoTaRRor $5per doedror ctRY o PROYS AggEEADed |

crosslinking monomers are preferably used in proportions in

10 the range of less than about 5.0 wt.%, particularly about
0.1 to 2.0 wt.%, against the total amount of monomers used in
the polymerization for the second layer.

In the multilayer-structured particles of the present
invention, the first layer composedof arubberyflexible polymer

156 preferably occuples 40 wt.%¥ to 90 wt.%¥ of the whole
multilayer-structured particles.

Inthe productionof themultilayer-structuredparticles
according to the present invention, examples of the
polymerization initiator employable in the emulsion

20 polymerization of the above-described monomers include
persulfate based polymerization initiators, such as sodium
persulfate or potassium persulfate; azo-compound based
polymerization initiators, such as azobisisobutyronitrile,
2,2'-azobis(2-amidinopropane) dihydrochloride,

25 2,2'-azobis-2-(2-imidazolin-2-yl)propane or dimethyl
methylpropaneisobutyrate; and organic peroxide-based
polymerization initiators, such as cumeme hydroperoxide and
diisopropylbenzene hydroperoxide.

As the surfactantusableinthesaidpolymerization, there



outernost |layer and is chemcally bound to at |east one of 5 the two

adj acent |l ayers, and the surface of the outernost |ayer is COVH@%M@?
metal. Z. A conductive, nultilayer-structured resin particle as 0n
claim1l1, characterized in that the difference in glass transition
tenperature between the nost flexible 10 dayer and the nost rigid layer is
not |less than 20C. 3. A conductive, nultilayer-structured resin particle as
claimed in claim1, characterized in that at | east one of the chemcally
bound, two adjacent |ayers contains a graft-polynerizable nononer. 15 .4. A

onductlve mul til ayer-s tructured resin particle as clained in claim]l,
char act eri zed&h tt%‘lF'at mentd QG u e 981°rmISPFIf§§§Pn§Fr'ucFHPBd f8si ﬁodium

Core 1 ayer . SIPOSCCHIRH SIS ohay Bpa b kb Sa wh Aty sl i os08a
tral

nter el at 6 TSI, TREERUCAR & Ch ”%‘m%@o%ﬁ%%@%ﬂ%ﬂffé;%?éi?ﬁe. i

chem cal |y buht Ge35dn ,pﬁ;th erd G dadtdul til ayer-structured

resin particle as claine |nca|m1 characterized in that said

conductive, 25 nul tpésyeibedr uai Uthd re£6llowdhyi Cie whéer pgbaastioh 16f %
deformation ratio exhibits a conpressive strength of not nore than 10 kgf
/rm2 . 6. A ddurkectlassr stiruckuyed pstrtictiesedonssshipgrdafi the fdsst hayed in
claim1, characterized in that said conducti ve, 0z ocCr zooz 73

mul ti | ayer - st9QRRAF.Y Ofcd| FLlags¥ Tdod & nplyeeKer the faeend layesr compeaed of

0,
5 to 90 % of a rubbery flexible polymer and the third layer composed of

a glassy rigid polymer:

10 With reference to the compositions of such glassy rigid
polymer and rubbery flexible polymer, there can be used glassy
rigid polymers and rubbery flexible polymers having the same
compositions as the individual polymers described in the above.

The polymerization for the first layer is carried out

15 1in the presence of the above-mentioned seed latex with use of
monomers capable of forming a glassy rigid polymer, whereby
it 1s preferable to form a glassy rigid polymer of a glass
transition temperature of not less than 40°C, preferably not
less than 60°C, as the first layer.

20 The subsequent polymerization for the second layerallows
monomers capable of forming a rubberyflexible polymer toundergo
emulsion polymerization in the presence of a latex of the glassy
rigid polymer produced for the first layer. The polymer
constituting the second layer shows a glass transition

25 temperature of less than about 25°C, preferably less than about
-10°C.

The last polymerization for the third layer is conducted
in the above-mentioned latex for the second layer by use of

monomers capable of forming a glassy rigid polymer, whereby



7. An anisotropic conductive adhesive which conprises an adhesive resin
conponent and a conductive, 5 nultilayer-structured resin particle as
claimed in claim1.. 8. An anisotropic conductive adhesive as cl d2mpgq 76&2
claim7, characterized in that an adhesive resin conponent contains
particles show ng rubber elasticity. 9. An anisotropic conductive adhesive
as clainmed in 10 claim 8, characterized 1n that a particle show ng rubber
elasticity is a nultilayer-structured particle consisting of not |ess than
two |ayers. 10. A stress relaxing agent, characterized in that said stress
rel axi ng agent comprises a particle show ng rubber 15 el asti ci ty as cl ai med
inclaim9. & w@re&ﬁg\[f@rrg\gap\glg sy rigid polymer of ‘a glass

ﬁ,s ' 0\ x ﬁ&ltArE%”si&rloRgAteAsmgng%Rp oﬁsg&%s_sAFBan About 40° C, preferably
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against 100 partsbywt. of themultilayer-structuredparticles.

As the lubricant, for example, there can be used
hydrocarbon waxes, such as liquid paraffin, paraffin wax,

20 microwax or polyethylene wax; fatty acld/higher alcohol based
waxes, such as stearic aclid, 12-hydroxystearic acid or stearyl
alcohol; amide based waxes, such as stearic acid amide, oleic
acid amide, erucicacidamide, methylene bis-stearicacidamide,
ethylene bis-stearic acid amide or ethylene bls-oleic acild

26 amide; ester based waxes, such as butyl stearate, monoglyceride
of stearic acid, pentaerythritol tetrastearate, hardened
castor oll or stearyl stearate; andmetal soaps, such as calcium
stearate, zinc stearate, magnesium stearate or lead stearate.

As the inorganic particles, for example, there can be
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by dehydration through centrifugation and drying to thereby
take out them in the form of granules, flakes or powders.

Spray-drying by use of a spray dryer and salting-out are

10 alsoavallableasameansof takingout themultilayer-structured

particles, but when the multilayer-structured particles are

to be used in the fields of electric/electronic materials and

the like where contamination with impurities is strictly

prohibited, themethodbywayof freezing/thawingispreferable.

15 Besides, the anisotropic conductive adhesives according

to the present invention may be suitably incorporated with

tackifiers, reactive auxliliary agents, metal oxides,

photoinitiators, sensitizers, curing agents, vulcanlzing

agents, antioxidants, heat-resistant additives, heat

20 conduction improving agents, softeners, coloring agents,

various coupling agents or metal lnactivating agents, etc.

Example of the tackifier included in resin, rosin

derivatives, terpene resins, terpene phenol resins, petroleum

resins, cumarone-indene resins, styrene-based resins,

25 1isoprene-based resins, alkylphenol resins and xylene resins.

The reactive auxiliary agents or crosslinking agents

include, for example, polyols, isocyanates, melamine resins,

urea resins, utropins, amines, acid anhydrides and peroxides.

The anisotropic conductive adhesives of the present
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fgg. yer-structured resin particles of the present nvention

with resin components for adhesives, curing agents and, 1f
desired, a variety of additives, with use of the production
equipment and machinery being extensively employed in the art,
followed by mixing in organic solvent in the case of
thermoplastic resins being used as an adhesive resin component
ormelt-mixing, inthe caseof thermoplasticresinbeingutilized
as a resin component for adhesive, at a temperature of not less
than the softening point of such resin component for adhesive,
specifically ranging from about 50 to 130°C, preferably from
about 60 to 110°C

EXAMPLES

The abbreviations as used in examples and comparative

example are as follows:

Monomer:
n-Butyl acrylate BA
Methyl methacrylate MMA
Ethyl acrylate EA
Styrene SM

Crosslinking monomer:

1,4-Butyleneglycol diacrylate BDA
Divinylbenzene DVB
Graft-polymerizable monomer:

Allyl methacrylate ALMA

Dispersing agent:
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Miscellaneous:

b Sodium dioctyl sulfosuccinate SSS
Deionlized water DIW
Sodium hydrogencarbonate SHC
Sodium persulfate SPS
Lauroyl peroxide LPO

10 2,2'—Azobisibobufyronitrile AIBN
Charge~controlling agent P-53

(quaternary ammonium salt produced by Orient Chemical Ind.)
Modified acrylic resin BR-77
(carboxyl-groupmodifiedacrylicresinproduced byMitsubishi
156 Rayon Co.)
In calculating Tg of each layer by the equation (1), the

following values are used as Tg of homopolymer of each

constituent:
BA -40°C
20 MMA 130°C
EA -24°C
SM 105°C
BGA 100°C
DVB 100°C
25 ALMA 100°C

Method for measuring a weight average particle size

The multilayer-structured resin particles produced by

the suspension polymerization or dispersion polymerization
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synthesized by the emulsion polymerization were subjected to

5 measurement by the dynamic light scattering method with use

of a dynamic 1light scattering measuring device (Model
LPA-3000/LPA-3100) manufactured by Ohtuska Denshi Co.

Measurement of 10 % compressive strength and restoring rate

10 With use of a microcompression testing machine MCTM-500
(manufactured by Shimadzu Seilsakusho Co.), 10 % compressive
strength was measured under the conditions of the testing mode;
1 (compression test), testing load; 50 g weight, displacement

full-scale; 50 ym, compression probe; flat surface 50 umd,

16 and loading speed, 1.975 g weight/sec.
The restoring rate was measured under the conditions of
the testing mode; 1 (loading/unloading test), reversing load:
1.00gwelight, loading speed; 0.455 gwelght/sec, dlsplacement

full-scale; 50 #m, compression probe; flat surface 50 um¢,

20 and load for initial point; 0.1 g weight.

EXAMPLE 1
Production of Conductive, Multllayer-Structured Resin
Particles A
25 Charged into a 7-l1iters capacity polymerization vessel
were 2870 g of DIW and 430 g of a 5 ¥ aqueous solution of PVA,
and a monomer mixture solution consisting of 595 g of MMA, 341
g of BA, 19.5 g of BGA and 19.5 g of ALMA which had 14.6 g of

LPO as a polymerization initiator dissolved theresin in advance
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b Thevesselwas fittedwithastirrerandarefluxcondenser,

and warming was effected to 55°C under stirring in a nitrogen
stream. After the reaction was allowed to proceed as such for
2 hours, the reaction mixture was warmed to 60°C and admixed
continuously over the period of 10 min. with an emulsion of

10 the below-described monomers capable of forming the second

layer:
MMA 451.5 g
EA 52.5 g
BGA 10.5 g
15 AIBN 10.5 g
1 % agqueous solution of SSS 210.0 g
1 % aqueous solution of SHC 52.5 g
DIW 105.0 g
20 At the point of time when the exothermlc peak was observed

after initiation of polymerlization, warming was effected up
to 80°C to carry out a maturated reaction for 2 hours.
The resultant suspension was freed of PVA with a 25 %
aqueous sodium hydroxide solution and a 35 % aqueous hydrogen
26 peroxide solution, then cooled to room temperature, dehydrated
and washed with a centrifuge, and scattered uniformly with a

solution of 1.5 g of 7-aminopropyltrimethoxysilane in 13.5 g
of methanol, followed by adequate mixing.

Furthermore, air-drying was done at 60°C overnight and
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5 nickel plating and electroless gold plating were provided in
thickness of 0.1um and 0.02 1 m, respectively to produce
Metal-Covered, Multililayer-Structured Resin Particles A.

The Metal-Covered, Multilayer-Structured Resin

Particles A were found to show a weight average particle size

10 of 4.9 1tm and a particle size distribution dw/dn of 1.14. The
Tg value of Metal-Covered, Multilayer-Structured Resin
Particles A as determined by the equation (1) was 47° C for the

first layer and 105°C for the second layer, respectively.
156 EXAMPLE 2

Production of Conductive, Multillayer-Structured Resin
Particles B
By following the same procedure as described in Example
20 1 except preparation by dispersion polymerization, there were
obtained Metal-Covered Multilayer-Structured Resin Particles
B.
The Metal-Covered, Multilayer-Structured Resin
Particles B were found to show a weight average particle size
256 of 4.8 um and a particle size distribution dw/dn of 1.07. The
Tg value of Metal-Covered, Multilayer-Structured Resin
Particles B as determined by the equation (1) was 47°C for

the first layer and 105°C for the second layer, respectively.
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sharper, BR-77 and micropulverized P-53, during polymerization

15 for the first layer, were added to the monomer mixture solution
in proportions of 1 part by wt. and 0.5 part by wt. against
100 parts by wt. of monomers, respectively, and (3) 35 %
hydrochloric acid in 2-fold the volume of TCP was added to
dissolve TCP and to effect dehydration and washing.

20 The Metal-Covered, Multilayer-Structured Resin
Particles C were found to show a weight average particle size
of 5.1 «£m and a particle size distribution dw/dn of 1.10. The
Tg value of Metal-Covered, Multilayer-Structured Resin
Particles C as determined by the equation (1) was 105°C for

26 the first layer, 36°C for the second layer and 106°C for the
third layer, respectively.

EXAMPLE 4
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g of a 1 ¥ aqueous SHC solution, and the mixture solution was

warmed to 70°C with stirring under a nitrogen stream. After

10.2 g of EA was added and dispersed over 10 min., 5.1 g of

a 2 % aqueous SPS solutlon was added and the reaction was allowed

to proceed for 1 hour under stirring. Finally, the reaction

10 mixture was dlluted with 61 g of DIW to make a seed latex.

Then, 85 g of a 2 § aqueous SPS solution was added, and

after 1264.8 g of an emulsion of the below-described monomers

was continuously fed over the period of 240 min., the reaction

mixture was warmed to 90°C, followed by a maturation reaction

15 for 1 hour to yield a latex containing the particles forming
the first layer:

[Emulsion of monomers forming the first layer]

BA 789.4 g
BGA l6e.8 g
20 ALMA 33.6 g
1 ¥ aqueous NP solution 340.0 g
1 % aqueous SHC solution 42.5 g
DIW 42.5 g
26 Subsequently, the reaction mixture was cooled to 70°C

to thereby conduct polymerization for the second layer.
15 g of a 2 ¥ aqueous SPS solution was added, and after
270 g of the below-described emulsion of monomers was

continuously fed over 180 min., the reaction mixture was warmed
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After conclusion of maturation, the mixture was cooled

10 to 30° C and filtered through a 300-mesh wire netting made of
stainless steel to give a latex containing
multilayer-structured particles with rubber elasticity.

The latex was frozen at -30°C, then thawed, dehydrated
by a centrifuge and washed, followed by air-drying at 60°C for

15 one day to give 950 gof multilayer-structured particles having
rubber elasticity.

EXAMPLE 5

20 Production of Anisotropic Conductive Adhesive A
Adequately mixed were 30 parts by wt. of an epoxy resin
(Epotohto ¥D-128; produced by Tohto Kasei Co.), 40 parts by
wt. of a phenoxy resin (Phenotohto YP-50; produced by Tohto
Kasel Co.), a curing agent (Novacure HX 3921 HP; produced by
26 Asahi Chem. Ind., Co.), 1 part by wt. of a silane coupling agent
(KBE-503; produced by Shin-Etsu Chem. Co.) and 18 parts by wt.
of methyl ethyl ketone, and 5 parts by wt. of the Conductive,
Multilayer-Structured Resin Particles A as obtained in

Example 1 was uniformly dispersed into the mixture to give
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at aheating temperature of 160° C foraheating time of 15 seconds

15 and under pressure of 30 kg/cm’ to effect the connection.

Evaluation of the anisotropic conductive adhesive
The conduction resistance between neighboring two copper
terminal adjacent at TCP was measured (initial resistance),
20 whereby it 1s to be noted that the conduction resistance in
excess of 10 Qis not practically desired. By way of reliability
of connection, the conduction resistance was measured after
1000 cycles of the thermal shock test 85°C x 30 min to 40°C
x30min. andafterhigh-temperature/high-humidity test inwhich
256 a test specimen was left at 80°C and 90 ¥ RH for 1000 hours,

respectively, with the results being tabulated in Table 2.

EXAMPLE 6
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was effected in the same manner as described in Example 5.

20
COMPARATIVE EXAMPLE 1
Production of Conductive, Multilayer-Structured Resin
Particles D
25 By following the same procedure as described in Example

1 except MMA being contained as a graft-polymerizable monomer
in the first layer in place of ALMA, there were obtained
Conductive, Multilayer-Structured Resin Particles D.

The Conductive, Multilayer-Structured Resin Particles



100e$°10°e$ 10°e$” s5;10%e$ & ()-9 :e:::4;u;|[:vl410 L 10°/<9>$9& % T 200
L- 1099>$9&' () - 1090>$9& ()- "109%>$5& ()- Lz 10%©>%$9& ()- 9 -109%0 % 9
;o -<<< = [:vU410 $ 1090>$9& ()- SY#1090>$9& () -G sY#10%$& ()-G
1099>$9&' () - $10909& ()- s#1099>$9& ()- =, =e==>?B?|[:vU410

SL6S1090>$9& ()- 4& 1090>$9& ()- L- 1090z$9& ()-: ps)- #1099>$9¢& () -

9' @0%9>$9& ()- @ 1099>$9& () - B??2??2?2?2?@w U410 S10% QBL& () -

&L10%A.CBL& () - GL09>$9109>$9109>$9 ; 1090>$9& ()- 9 10%9>$9& ()- 8
1099>$9& () - @@ @A AA| [: vU410  10%AQBL& ()- "109DQBD& ()- 10%AQBL&E () -
OF -10%. QL& ()- f10%AQBLE ()- 10% QL& ()-AAB>B}BAC C[: vU410
sf"10%.QBL&' (D)wegﬁ flougs&q phow) goyekalst (@verage Baahiele sizentmM @ (. F

iggﬁ%tg E) ang ?0%@*:%;? ;/suleqg f2101é1%'6?1) S{y@n o%%IQ?k& 'er Tg value
igc;:;gl(_sg QOLgﬁn%FVM1g i%ﬁ@%ﬁé}%i}:rug%gr@g I@sirﬂg‘rpartlcles D as

sk (ygéo‘(%)i@% 8)%@'5&%%' %%g&%?tioiﬁ%@(%(%%ﬁfﬁ vU410 s14#18’/5& ()-

210968 UEHSEL
#10%3&%? 2 RS e fe %‘Sﬁé%/sx%s& 3% 9g#1 %&&' 0)Y2 s10%x$s& () -

f#, 10%x$s& () - 210$10$10$ 96 109%& ()- MOOTPUPQ RR|[: VU410 /9g#109$& ()- 2
VOGHLOYXSE ()-2 9gHLOYX$S& ()-2 9gH#10%& ()-2 9gH#10¥sx$s& () -2

9g#109$& () - 2R1LS2S3S4SASDSTI TVCRMPARBT IR BREMPLE 21008+$88& () - S

1098+$8&& () - &LOYR+$&E ()- 10x$10x$10x$ 9g#10%<$& () - 2JTTTU\N@'\}’[ v410  $
1098+$8&' () - G #1098+$&& () -  #10%+$0& ( #10% +$t & () - 109&+$&& () -

109R+$&&'
10%R+$8&’ 8 ?@%%yﬁ&@% c?ngﬁ%% &ltfi#% GE%WWMO
10988 () 10L19%%& 101es &L10YBE () - mo&+$&1o&+$&1o&+$& | 109&+$8& ()- , 8
1ocy&+$&&' () YZOZZZ[[|[: VU410 , mlO%& ()- 109%6& ()-M, " 109%6& () -
L*-1098& ()- ~ MLOYEHY Ep11oUAUHLKS Fand frobafijife it Hesch 1188 2h (Bxample
'10%& ()- ! @O0%& ()- Ygl098& ()- 1098& ()-
@O0%& ()-*]r PXFPPEYHe ﬂm@ and EeRpRd JaysEs @emnsLevarsethoshers wore

0%5& 1096 S10 ANAR 4

10908 () Lo SRsRE Com o (4243 109w B - sk eg i Prthergf g
"10% & ()- "10% &'qfpg C@H&%\:‘%i(v)e Md@s@%ﬁ f‘lSE%gﬁ%Q§%ﬁ$Resin Particles
glO‘V&S& () - abbccwdpe| [ : vU410 - Tly)&l0%'{& ()-

L @0% &16) - E wee¥ fo(nd to Jé}%ﬁz()veighQ‘Va&efhgﬂebéi-tiénéfywécbf Y () -
C10%8&' () - 39%409%%& ()-410' 10" 10" s; S10% & ()- - - #10%4' 4& (

f, gkgggWhh| [ mvendoa m%&l(e)sizgmwubui@%w&% of'1. 1_190/@839(}‘9 vglue

10988 ()- 10 h'iii" v 1

Tove (). | RheReGohddcs yuﬁﬁe&ég Bfbicthre MRS i dpas
0 109%& () - m &b £ 1

1096 () - 2| gt nwm/\m(rr% H\ﬂ%A%glOg 8160 %0%098 )f°.r ff)‘%&if?t e o
1096& () -  6SKAEE*(Q £ ol KM & eGonirgryeninaplsedAatay . " 10%+30& () -

"10% +$] & ()- "10% +$t& ()- 109R+$&& () - yLlO0YR+$&E () -

;$y18;%&+§&&' 8- ppgl pgg)ppg[ ; I\L(A410100310%§L+$&& ()- +:10% +$ & ()-9

Z10%R+P&&E' - S% 10%R+P&& - " 10Y&R+

& 109%&+$&& () - pq, qVaWyXgYqgdf YRBHBT %%’éé‘?é'l’(ﬁ 3 AND 4

810% e$" & () - 10&+$810&+$&10&+$& , BLOYE+S&S! () - , BLOUR( && ()-

ﬁéégg%ﬁ&é) jql qu}\Krr7s| Z9vU410 i LS@#10% e(;$ & O)- ILS7@#10% & ()- 10

i LSL* GLO%eS$& 18 ‘?‘;%\Aﬁdi‘fé‘ifo%nf&é é(t)f‘ﬁ%ié&%%/w& (ﬂ)i' éf Léd G%%‘é%é?? EfiiiEE e
LS@10%$& () - ssssspgafolllblfing the same procedure as described in Example

i LSL* GLO%$& () - f L* GLOYe$& () - f L*GlO%ai&' ()-f' AWEL* GLO%SE&! ( t)L -f L*%owﬁw ()
-f ssssss&hL, 3#L%b@‘¥i¢$&lﬁe) folf* GLOn@get \)'ef mvmm@t(:)uq w0 oRe81in) - f L
“GLO%S$E! () -1' AWESSSSSSSteGraL* GLO%SE () -1 AWEL* GLOY%e$&’ ()-fL* GLOYeS&: () - f
L*GlO%3$& () -Fauticlies Pangd B a5 tRW@eBMEO@P@MWSS ¥ampdes) 1nfds

£ PN bt A RS B L i

L&109%6 #f & () - §10$10$vwxx y,yny|[: AAL*Gl01 0@#10%#& ()- L, /10% #f & () -
Ls#10% f & () -} s#10%#t& () - Ls#lO%Df& ()- s#10%#& ()-nyzzzzzz{{vUWAL*G

LM 10V (). L L0 EhosolarfBiodic cAONENL dinsdfidor titiaation
0@10%t& ()-{O |1}, vU4L*G Lfgl0%%& () - L' -L L#1096%&' ()-L L&
109R$& ()- LY 109R$& ()- L 109R3$& () - }}}}}$}&}eEvU4L*G

Lfglo%?$&' () -fglovRs& ()-fglo%?$&' ()-"ffgloyR$& ()-fglovR$& ()- &' }+}0} 2} 3}
;1 @hL, 4f g10%R$&' () -f glO%R$& () -' ffglOURB& ()-fglO¥RP& ()-fglOovR$& ()-'f@B
}C} D} h}}}dC 4fglo%?$ 100/55& ()- s&&lOO/GS& ()

ANA NN AN O C— A NS 1T r AL oA — A 11 A IS 1 7\ o~



z 10%$& ()- L-10%$& ()- S10%$& ()-B2TW[:vU410 +109%$& () -

X@ 10%EX$E& () -1 @ 10%EXSES ()-1 s@10%@&Xx$@ ()-1 @ 109%&' ()-| 020CT 2002
109%$& ()-Wra|[:vU410 &@B 10%$& ()- &s6 10%$& ()- 4#10%$& ()-
2810%$& ()- 0 109%$& ()- |s-10%%$& ()-avusl0 109%8& ()-° s10%& ()-
S&10%$& () -10x$10x$10x$ ; AOWSPE () - & 10‘2{(§$&' ()-SbM [:vU410 Y 109%& () -
X 10988 ()- ,f109%& ()- ~ 109%& ()- 310%& ()- 109%& ()- My]||[:vU410
OMLOYS& ()- f -109& ()- +109%& ()- )109%8& ()- ( 10%& ()-
"H#I09NSN& ()-3C [:-410% L; 10%& ()- :109%& ()- ,8 10%& ()- L6 109%& ()-

- 0 ! - [0) ! - | 0 ! - [0) ! - [0) ! -
40RO 2SI (i e e Mt et e TERY W eadD1E%E.0
1 10%$& () - 8+! 10%$&' () - 8+! 10%$&' () - 8+! 10%$&' () - 8+! 10%$&' () - 8+! 10%$& ()
-8+rV: B410$!'10%$&' () - 8+! 10%$& () - 8+1! 10%$&' () - 8+! 10%$& () - 8+! 10%$& () -
8+5W !vV6B4,%ﬁ' Jl,go $& () -8+! 10%$&' () - 8+! 10%$&' () - 8+5W
1-110%$& () - hbvese: ()-8+MLB41! 10%$& () - 8+5W
1110%3$& () - 8+! 10%3$& () - 8kiRRS&Exap 18+ (Hxhfy € SCdnpaSadtiB4 Ebati@eidd %e3& ()
-8+ 10%$&' () - 8+! 10%3$& ()-8+!'10%$& () - 8+! 10%$& () - 8+! 10%€$& () - 8+r V6B41!
10%3$& () 58+! 10%$& () - 8+! 10%@$& () - 8+0! 10%8$&' () E:xBmbid%e$& KxamBredW/

I r R6B41! 10%$&' () - 8+! 10%$&' () - 8+! 10%$& () - 8+5W
1 -110%$&' () -18¢! 1¥%e$&' () - 8+V: B41! 10%$& () - 8+5W
' 110%$& ()-8+! 10%$&' ()-8+! 10%$& ()-8+! 10%$& ()-8+cCB41! ! 10%$& ()-8+!1
0%3$& ()-8+! 18%e$& () -8+ 10%8% () - B+ 10%3$& () - 8+! 9% 3$& () - 8¥hN. B4! 10%3$&

'()-8+110%%$& () - 8+! 10%e$& () -.8+! 10%$&' () - 8+! 10%=,$§4'3 ()-8+5W 86!
r R6B4! 10%e$&: )-8+ 10%3$& () - 51 10v8be () - 8+5W

SM 99

10 DVB 0.5
BGA 2 2 2 2
ALMA 2 2 0.5 2
2nd layer:
BA 41

156 MMA 55
GGA , 2
ALMA 2
3rd layer:
MMA 86 86 88 86 61

20 EA 10 10 10 10
BA 35
BGA 2 2 2 2 2
ALMA 2 2 - 2 2
1st layer/(2nd layer)

25 /Outermost layer: 65/35 65/35 30/45/25 65/35 65/35
1st layer 47 47 105 48 105
(2nd layer) 36
Outermost layer 105 105 106 105 47

Particle size dw 4.9 4.8 5.1 4.9 4.9



1110%$& () - 8+! 10%$& () -8+ ! " #$YRZ>B4! 10%$&’ () - 8+5W
11 10%$& () - 8+ 10%$& () - 8+ 10%$& () - 8+ 10%$& () - 8+&) * +. / okosa! WAEE 2Moe
$& () -8+ 10%$& () -8+ 10%$& () - 8+ 10%$& () - 8+(! 10%$& () - 8+(! 10%$& () - 8+
01489: >nR2B4! 10%3& () - 8+! 10%$& () - 8+! 10%3& () - 8+! 10%$&’ () - 8+ 10%$&' () -
8+5W | >?@\BFO/V: B4! 10%3$& () - 8+ 10%$&70) - 8+! 10%$8' () - 8+5W
1110%$8& () -8+ 10%3$& () - 8+G KLMNOJBBA! 10%$& () - 8+( 5W
| 1 10%$& () - 8+! 10%$& () - 8+! 10%$& () - 8+ 10%$& () - 8+OTUVXYZKOB4! 10%$8: ()
1 10%3$& () -8+ 10%$& () - 8+$! 10%$& () - 8+! 10%$& () - 8+ 10%$&' () - 8+! 10%$8"
()-8+Z[\ ghi jrV: B4l 10%$& ()- 8+ 10%$&" () -8+ 109$& () - 8+ 10%$& () - 8+! 10%$
& ()-8+5W !j%™mruvVveB4! 10%$& () - 8+! 10%$& () - 8+! 109%€$&' () - 8+5W
|-110%$& () -8+ 10%$& () - 8+ux{~| - B4! 10%$&’ ()-8+5W
111 10%$& ()-%ﬁ%‘é%%i‘%) _ 8+l To’o}wzﬂ( g+1 105Ve’§ () - 8+ B4 100e$8M 109658 (
) - 8+ 10%$&" (g8t A¥EH& ale)yaSH! 10%€$& () - 8+! 10%$& () - 8+! 10%$&' () - 8+r V: B4!
109% 10%$& () - 8+1 109%6$& () - 8+ 10%$& () - 8+ 10%$& () - 8+ 10%$& () - 8+5W
l'r R2B4! 10%$& d k- Sonpked@th& ()2 &+ 109%$& () - 835W 2.2 1.8
1110%$8& () -8+ 10%3$& () - 8+ - B4! 10%$&’ () - 8+5W

b strength (kgf/cm2)

Restoring rate (%) 58 51 64 36 16
1st layer/(2nd F/R F/R R/F/R F/R R/F

layer)/outermost layer

10 Note: Theletters "F" and "R" stand for "flexible" and "rigid", re spectively.

Table 4:
Example Example Example Comparative Comparative
5 6 7 Example 3 Example 4
15 resin particles(1) A B o D E
Conduction resistance:
Initial resistane 2.1 1.8 1.6 2.4 2.6
(Q)
After thermal shock 3.9 3.2 2.3 67 138
20 test () (2)
After high temp. 3.2 5.1 2.1 52 51

high humidity test

(Q) (3)

26 Notes: (1), Metal-covered, Multilayer-structured resin particles
(2), 1000 cycles of -40°C x 30 min to 85 °C x 30 min.

(3), 1000 hours at 80°C and 90% RH
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1 10%$& () - 8+! 10%$& () - 8+ 10%$&' () - 8+! 10%$&' () - 8+! 10%€$& () - 8+5W

| r R2B4! 10%$&' () - 8+! 10%$&' () - 8+! 10%€$& () - 8+5W

1-110%$& ()-8+! 10%$& () - 8+MLB4! 10%€$& ()- 8+5W

1 98 10%$8&' () - 8+! 10%€$& () - 8+! 10%$& () - 8+! 10%$& () - 8+#&) - 04_?B4! 10% 10%$&
'() -8+ 10%$& () - 8+! 10%$& () -8+ 10%3& () - 8+ 10%$&' () - 8+! 10%$& () - 8+456B
CDGr V6B4! 10%$& () - 8+! 10%$&' () - 8+! 10%€$&' () - 8+! 10%$&' () - 8+! 10%$& () - 8+5W
| GHl JK[ _vV6B4! 10%$& () - 8+! 10%$& () - 8+! 10%$& () - 8+5W

I-110%$& () -8+! 10%3$& () -8+ _cgknopl - B4! 10%$&' () - 8+5W
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The anisotropic conductive adhesives according to the
present 1invention, which contain the above-described
conductive, multilayer-structured resin particles, do not

10 require great magnitude of strength to achieve connection and
as a result, can suppress development of cracking of the ITO
electrode. Also, the adhesives provide wider surface area of
connection and can produce the advantageous effect of improving
reliability of electric connection.

15 In addition, the anlsotropic conductive adhesives
according to the present invention can get into contact with
the connecting sites at increased pressure, because the
conductive, multilayer-structured resin particles contained
therein exhibit excellent restoring rate, thus attaining the

20 desirable effect of facllitating the connection resistance to
be maintained at a constant level over a prolonged period of
time.

Furthermore, the anisotropic conductive adhesives
according to the present invention, which contain particles

25 having rubber elasticity, especially multllayer-structured
particles, can suppress warping caused by the difference in
coefficient of linear expansionbetween the cured adhesive resin
and the adhesion substrate, and as a result, can enhance

reliability as a conductive adhesive.
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the chemically bound, two adjacent layers contains a

graft-polymerizable monomer.

15 4. A conductive multilayer-structured resin particle
as claimed in claim 1, characterized in that said conductive,
multilayer-structured resin particie possesses a
three-layer structure consisting of a rigid, central core
layer, an intermediate layer which is more flexible than the

20 central core and the outermost layer which is more rigid than
the intermediate layer, with any adjacent two of these three
layers being chemically bound to each other.

5. A conductive, multilayer-structured resin particle
as claimed in claim 1, characterized in that said conductive,

25 multilayer-structured resin particle under stress of 10 %
deformation ratio exhibits a compressive strength of not more
than 10 kgf/mm?.

6. A conductive, multilayer-structured resin particle

as claimed in claim 1, characterized in that said conductive,
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multilayer-structured resin particle furthermore shows a
restoring rate of 5 to 90 %.

7. An anisotropic conductive adhesive which comprises
an adhesive resin component and a conductive,
multilayer-structured resin particle as claimed in claim 1.

8. An anisotropic conductive adhesive as claimed in
claim 7, characterized in that an adhesive resin component
contains particles showing rubber elastlcity.

9. An anisotropic conductive adhesive as claimed in
claim 8, characterlized 1n that a particle showing rubber

elasticity is amultilayer-structured particle congisting of

not less than two layers.
10. A stress relaxing agent, characterized in that said
stress relaxing agent comprises a particle showing rubber

elasticity as claimed in claim 9.



