PROCESS FOR PRODUCTI ON OF CORE- SHELL PARTI CLES, CORE- SHELL PARTI CLES, AND
PASTE COMPOSI TI ON AND SHEET COWPOSI TI ON WHI CH CONTAI N SAVE BACKGROUND OF
THE | NVENTION (1) Fi.eld of the Invention [0001] The present
invention relates to a technol ogy of covering the surface of a metal such
as a netal particle or a netal-wring wth a layer. Mre particularly, the
present invention relates to a technology of bringing an acid organic

mat eri al or phosphoric acid into contact with a netal to form on the

phosphatBroqgogon. Probu o TR ot Ml XAERLGA S8 19 8r e o
roh ¢ nEPRILCEERauRRD, PRy P Eaobt oy, A SHRRdaboRR iy "

netal particles are dispersed, and a covering nmaterial for a nmetal-wiring
or a netal joint area on a cir &P THPRrPME 2) Description of the Rel ated
Art [0003 As products wth a higher density, a higher frequency or
hi gher performance have been increasing in devices such as ICs , lasers
and LEDs in electronic equi pnent such as nobil e phones, personal conputers
and the like, the quant BAYKEROUBDaPFeTHEULNEBNGILONeat from t hese devices
i's increasing, and provisions for heat release becone inportant. Further,
el ect rodgné€tieddi nfether dnventiéoneen devices is also a problem For this
situation, a technology of inproving a thermal conductivity or a magnetic
per meabilloibby jof an insul ating material by dispersing netal particles with
a high thermal conductivity or a high magnetic perneability in the

i nsul ati ng matrBeipdedenk AawWantionenerat&HEBd Feghhbe od®tied cpaekliahes

di spersed in the insulating material are re-agglonerated into a string to

forma pakhswirdd®ol®l AktRardudd 88 4 Reth® ga&s@&@té 6& dRkeahaliriggul t ing
in the deterioration of insulation properties. [0004] For thi

situati QRinCPTgyabel | MPAE Patltqeulavhng &ébﬁ:@%&a&elﬁ%mmrmstégrface of
a netal particle is coveréd with a résin layer are known (e.g., Japanese

| gﬂﬁff‘?a??gnp P A §p?‘?‘Zg%%gﬁ?gﬁoﬁ@%oﬁ‘gﬁf?%%’z‘amﬁg rarent
cor e sheblosBALELS eél&gx%o%oo%dcadétsﬂﬂﬁhbanet o sBpheSpIE BfEcRRgn of the

met al rt| cores) i's covered w FRSte ayef
even—tho gh. the ﬁgie sh artl les.are anglonerated Urli% a_process,
t he patﬁ Fhth al %p P?l 8gn 81HEP Yt BPnBE9ISRECt ARSI H0504 Bt i oned

problen1 Be avoi ded. [0005] Exanpl es of a process for formng
a resmp 8?8 abf-the surface of a nmetal particle include a process in

whi ch netal particles are dispersed in a solvent such as water or an
organi c [980¢dnt, a nononer or a pol ynmeri zabl e polyner is added as a resin
for formng a sheII and further a thermal polynerization initiator for
pol yneri zi ng The cRTASEBE jeverbien 3RQ Irelataride aametedeparitdsias for
formng a shell are polynerized by a heating treatnent to forma shell of
a resi ncphxgredowithe siavfeac d sbelfile parinsybatie@oeiterial ha®ingha ot her
hand, as a process for covering a netal substrate with a resin |ayer, a
pr ocesshaghapidyinal comlwedivitguiod ef haghoryrestior penmedapridriitzablie pol yner
onto a substrate and pol ynerizing the applied nononer or polynmer is known
(e.g. , whaphngsembheX gameid:llai angé displereaid, cind tar consd @in@matbrPel
application) No.2001-523769 and Japanese Unexam ned Patent Publication
No. 2005£2326488¢ tal SIAMMARY 6F dhietdVENHHNAr0Gn a circuliewewakd.in a
conventional process for production of core-shell particles, there were a
probl emthat since the resin for formng a shell is polynerized not only
on the surface of the nmetal particle, but also at other |ocations,
startingpf rgggcglgghggegfoihghﬁeig§ba hpgpned at | ocations other than the
surface o the ne particle, particles are agglonerated with one

anot her r43gd 12 problemthat viscosity of a reaction liquid for formng a

shel | increases to |nterfere mnth the progress of a reaction. Further, an
area where th I ngﬂh eX| art f t he surface of
the netal par Oél%(ﬁésre r?o elnl’?s%yf'l &i %1n 8 nsu A1 p?opertl es

par i ol 539 %5-*&5‘ %%4%%&1%” '%m?n%'r%%%s”n@?%e%v&{%}?'sﬁéﬁ% fEsa

conventional process for covering a netal substrate, a resin Iayer is also
formed at a site other than a netal grea, and thereby the realization of a
smal l er and |ighter substrate may be inhibited or cracks of the substrate
may occur.



[0010] - "It is an object of the present invention to solve such
probl enms and provide a process in which a layer is selectively formed on
the surface of a netal. [0011] That is, the present invention
pertains to a process for production of core-shell particles conprising
- the step of mxing an acid organic material or phosphoric acid wth netal
particles to form on the surface of the netal particle, a |ayer
containing an organic acid salt formed fromboth the acid organic _
material _and the nmetal or phosphate formed from both the phosphoric acid
and t he HR%eFs gigbiBPs in eleqipanis eayapmrBt @S GPbﬁE@s@H?mFﬁwenti on
pertains to a process conprising the step of bringing an acid organic
mat er i al PRFSYKdL FREPUECES 2t hhe kidwm athewuantd teehllocelf eyed ubken he
surface of the netal, a layer containing an organic acid salt fornmed from
bot h t hechdiehorian dhesee deylicgsd lishéngreabiog. phodphueeisbomedidr om bot h
t he phosphoric acid and the netal. [0013] I n accordance with
present hewentébease heedcenperimpgoskhrct i FeintHeor,med eart idmagietfiace of t he
metal . When by applying this, core-shell particles, €ach of which
conpri sekntexberende coaretedn paticée bnchbsd ayeprdishah] ) Falr thdssur f ace of
the nmetal particle, are produced, the core-shell particles can be obtained
Wi t hout shtusathfogel 0aehablegydf iRPrpaihicCh ahdimal seagutyivieyesse of a
reaction liquid for form ng a shell. [0014] - On the other hand, when
the techa@ag@ktat PEasEES il Ve 1 inSudRRingthdfet®1 b dBdpORsfiga | ayer
covering.a netal-wring or a netal joint area on a circuit board, the
ayer caflebeL SehoeL el Yol OF T ch O YeAOhAE B dicBLRReY TP GRUGH o
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0015] Fig." 1 1s a view
show ng SXPIP| S Phe S SEM _ S & CPres | particle
obt ai nedﬁ%?/ a pr’olg%lgie% the&gfr&g?é}g% %Ibn%é%#%?#%ﬂeﬁﬁ;i gs ﬁg?(%“léng Vi ew
showi ng go.exanpl g _ i . . S ce. 0 core-shell particle
dﬁ{&’/ A goxf?ét%?e%EhMeﬂ_p t%{ éi‘.&u‘ﬁéé flsgel’?‘se ing tghe

obt ai ne ocess rese nventTon; is a view

howi | f.a . SEMir f th tion. of _shel |
par i of cEOBT R REIA B bt s Bp - Pl BhetaRed, e e nd €8 Fely” 4 | g

a SEM i mage qof the surface of core-shell particle obtained in Exanple 2;
Fig. 5i% a‘%l‘fl\ﬁ’ e %&?%ep%%"f‘é%’és o e ARG M e T8k ai ned i n
Exanple 3; . ... . -Fig. 6 1s a SEMimage of the surface of a core-shel
particl ARG 1 Baffeploration of ginsulatipmmrerakielas- t he
surface of a core-shell particle obtained in Exanple 10; Fig. 8is
a SEM i nb}®0%} the surface of a core-shell particle obtained in Exanple
17; Fig. 9is a SEMinmge of the -surface of a core-shell particle
obtained in g% t&rige situationy pong-shell fpantticdesy hfving @i nt face of

a sem conductor device; Fig. 11 is a front view of a joint face of a

subst r atgtregitiire in whipghgthé2susfacsesf imonmaitali partficde] bs ntowsmsd af t er
joining a sem conductor device to a substrate. - DETAI LED DESCRI PTI ON
OF THE RREHERREEs ENVBGERENTd B0d6h (e.q., Japaneser Uasgamihel Bdigent

t echnol ogy described in the present specification, a |layer containing an
or gani ¢ Bh i st {od avorest 22080 boddd aramtieb o Ngatamimd @ rpaternd a netal or
phosphate formed from both a phosphoric acid and a netal can be fornmed on
the sur frgrlDéatien Tetahshi thonngt T BEp2eLat26HINS. IFE LI Bd18Y) .
phosphoric acid into contact with the surface of the netal. Applying this
technol omye Sfe-afiall pRafticleas nedl geo-er eﬂgﬁeﬁs@mmynﬂna@ Agd £, or gani ¢
materi al or phosphoric acid with netal particles to form on the surface

of the nefdle Bakhi &2 %he%é@ﬁeéagggé?ﬁgi(%tr%%)O:[g%%iv%r%@vgiftgr t.dyred from

both the acid organic materia n or phosphat e me rom bot h
the phoslpi;&?éf cis%(élq. }qndl‘-‘ﬁg%hgﬂ aéVeIL Qc%loﬂgh the core-shell particles

are agglomerated during a process, the path of the metal

particles is not formed and the above-mentioned problem can be

avoided.



The contact between the acid organic material or phosphoric acid and the
nmetal is preferably perfornmed in a state in which the acid organic
mat eri al or phosphoric acid is dissolved in a solvent. Exanples of the
process of bringing an acid organic material or phosphoric acid into
contact with a netal in such a state include a process of mxing a netal
in a solution of an acid organic material or phosphoric acid, a process
of mxing an acid organic material or phosphoric acid in a dispersion of a
nmet al ﬁg%O%SHrocéss“of m xing an acid .organic nmaterial or phosphoric acid
and a netal i’'n a solvent. Any solution may contain a resin, a silane
coupling agengX a gglyngrization initiator and the l.ik describ%g | ater,
other than t h&*§8Pa®8r §anf PHAYEYT at o prodhHet it Te'd SteCq FUR
speci fic process of foiniqg a | er_oqlthe surface of a petal wll be
descri bEBPEACEePE P PAFET DRobAS[e 1ncLude dRuAGASSLY HIMAPCREEAY he
present technology, a |ayer is forned on the surface of the netal when the
aci d or §ARtEChECrTRIAISPeFRESpHD A EohErRt ISV BEGIATATPE FDRTIEPIGi th the
metal, is thought as follows. [0019] First, when the acid organic
mat er i aF%dVepkospREPPREEORIa PeImnLgiRal a potPReEAS afded @Sea sgsfilice of
the nmetal, reaction occurs between these to produce an organic acid salt
or phosplat &ogringe asghPdde ondt furkbexl a Theropdapprdymeirdzaglionor
phosphate grows while having a specific norphol ogy depending on the type
of the awidietganfer peflgmeziigciog aeeslis, far forpéngtasbedil Bs addetli,on
system and conditions of stirring a solution. In this manner, an organic
aci d sakhdf dthems résanstiver sordinggashel iairey palymari d@ byed akatdhg
phosphate formed fromthe phosphoric acid and the netal forns a | ayer.
[0020] treatmenthits #BEhaa sHelPF &5ta nEd€ech fromA g fold ewrFackasks.
First, elenental analysis of the surface of core-shell particles (Fig. 1),
whi ch ak@eppaprariedely the process described in the present specification
usi ng copper particles as anetal particle and a carboxyl group-containing
acryl at g gpggijn "HOA-MPL" (manufactured by KYCEI SHA CHEM CAL Co., Ltd.) as
an acid organic material, was perforned by Auger el ectron spectroscopy,
and consequengly , and, 0 re.det 2d.. FULLh W t al ysi s of
t he surface o?hcggg-g%%?? %g?pﬁc gsg(ﬁgésgﬁf,yakigﬁvgggﬁgfgpgéggﬂby t he
process _described _i.n.the_presel eci_fication i ng. ¢ er _patticles and
sﬁ%ﬁ%l‘ragg \?\éghpgr ngiﬁ Eéyﬁ,g‘ ne'agyracegs gF a%&f(?ggs aPRliked

phosphori ¢ "aci ormed I'Spérsive ay spec%?oscopy

EDX), and cq tly Ccu P and O tegted. Fromthese facts, it

Coul 8’ baLFERLIT ok FRAPHRT RO CEBSH B RRL BRORA LA LONIORERESof an
ic_materjal or a phosph d d. M t f f

he. aboPBORRR AR b CAeaP b APoB gL DR IR 0P RuPrer

transforminfrared spectraqoscopy ﬁFT-IR), and consequently the existences
of car bdRpeReEcaHaCERBIPpRGt BatBurdPHRLlicALiPRedtTpRE22f 10D of PER { he
present technology, a nmetal, of which a layer is going to be formed on the
sur f ace2Ppdifatipartt NeuRPaPLy SRBAPPeandaddrargnpl EaespaminednBasenincl ude
pure netal s such as copper, silver, alumnum iron, zinc, tin, nickel,

chr om uRubdiicatiiom Noed@0&nd9§@B8) -and al | oys such as sol der, brass,
bronze and stainless steel. Anong these, to pure netals of any of copper.
silver, alumnum iron, zinc, tin and gold, or alloys containing at |east
one of these elenents, the technol ogy of present invention can be
preferably applied. Furt simMars @R CCHRtENVENTEIGON ¢ conpounds cont ai ni ng at
| east one of these elenents, the technol ogy of present invention can be
pref er aplopoadppl i ed. For exanple, when the insulating material with

di spersed netal particles is produced by use of core-shell particles with
a |ayer fornegoQBvbbe $H'baggnPintiEngR! BloBassl 8b8. pHEGuetish! yer or
copper particles having a high thermal conductivity 1s preferred since
ther mal ceeadugbhy! §arOfc oS U BlRIROE s Bobllen diot] 8Lhad R eekah becomes
better. Further, use of iron particles having a high magnetic perneability
is preferred singc ' t 5 [ L in en the
cur od progucrhTig, 4 Ihd LOUE BOTTnEEAdeR! ROY InfPi iyl EhE2280 HE
circuit r r f f.ect n_pe_ achieved en,_ I he cured.product is used
25 an olBE PEra S G R PP el PR HOGs s MY b
core-shell particle is produced, a nunber average particle size of the
metal particles to be used is preferghly 10 nmor nore and 10 gm or | ess.
When t he nunber average particle size of the netal particles is 10 nm or
nore, since aggloneration between netal particles is inhibited, there is
no coarse particle and core-shell particles of a uniform particle

di aneter can be stably produced. On the other hand, the nunber average



Phosphoric acid is preferred since it has high reactivity with the netal
particle and rapidly reacts with the netal particle at the surface of the
netal even at a |low tenperature of 40 to 60C to forma |layer. [0028]

In the present technol ogy, when a layer (shell) is forned on the surface
of the nmetal particle to produce a core-shell particle, it is also
possible that a part of the acid organic material in a mxture is reacted
at the surface of the metal particle to forma shell and an unreacted
acid organic material exists in the mxture. In this case, the unreacted
acid or gﬁrﬁoéyﬁ{hﬁre?lfgzlhec’éﬁs%\? 0 BE9 R4 OFaTIORS T FReT EBPR the ABEE2S8di ng a
matrix resin separately in producing the insulating material with
disperseaanPa|mﬁéﬁ%ieﬁgglegﬁtapﬁrﬁgC%ﬁé gseeagadrnepakedcyeth ppe29)
Plural types of acid organic materials can al so be used in conbination.
The aci d2BP§EATFe R & PAPPARR HINRE pHgiqasidar @fcarredaisiae liaud g for

conbi nati on. For exanple, when phosphoric acid is used in conmbination wth
a car boxyPringpa c8mll dingreased &oeintsirierpiOni tPlthe enogadsse ofore- shel |
particles, the insulation property and the thermal conductivity of a cured
product véaghipnsulBuithpmnatasy aaeawiwhbrdi sher steell heitsanogatbirmedsmpyoduced
by m xi ng the obtained core-shell particles in an acrylate resin, as a
matri x resiiet imen fpsrdr alfl ¢heThisfase cof sihte md &10 phetdad ot othleebdpl | owi ng
t hat because the phosphate growing fromthe surface of the netal and the
organi c askadifglto dasu¥edchieam 1'i€ns MPLon padRleeaRsasE lah LABTL AL IREE
conpact network than the case of a single salt based on the difference in
the respggti¥eaardnass, b?' @xkpbrbiNgatdef pESR1PENGr Q¥EE-shé1is thought
that thereby, in the insulating material with dispersed netal particles
producedphytieeef ihhasmaerexshekigparticle, the metal particle and the
matrix resin forma void-less and conpact structure, and various
propertiggopg) the cured product of the insulating material are favorable.
[ 0030] In bringing the acid organic material or phosphoric acid
into contact w . es] .t h cid. organic.nmateria
or phosphoricw%%ﬁﬁ&$§t$§%ciﬂgﬁ Eﬁéégﬁg%ggglgg%ghénﬁ% Bl ﬁﬁ?gggegﬁﬁ?ained

inther t,i system. Wien the core-shell, particles prodyced [n.such a
react i ongg(yg/%%ée)irqnsar SN RiTH R hEYETF 5P fESrH\E%dﬂEea arr "engtﬂﬁf i ng

material wth di spersed net articles, the insulatign property of a
cured prBisnﬁEta B‘P%p eaF?‘@‘uIaé’taEl ﬁgeﬁﬁbgrpé? %@?%%M et & saliies At mal
conductiiltﬁ of the cured product jncreases. In the present technol ogy,
t heaci dotyaRFERat e Le “%4’0?&%??‘&1’&5?6 PeSaCkS of Ahpetabshratae
surface of the netal to forman organic acid salt or phosphate, but it is
t hought PRAtCE€YRR-a resin, which is not directly involved in this
reaction, is tangled with a network of the organic acid salt or the
phosphat E98&8A1i ncorporated in the network to constitute apart of the
| ayer, and therefore a nore conpact |ayer structure is forned.
. Accordi ngly, iftisstaouhiedthatf tthe ghesengr dpsenitdsnotot kelirasatiahi ng
material with dispersed netal particles, produced by using the core-shel
parti cl eprabiemns\ardpreoyvijde08 rdocsplieswhii chhe Iagm ikngéldetively
thernosetting or ultraviolet-curable resins having a polynerizable group
such as perwyed onathd, suibyter€8i &, m@OADOr nene resin, epoxy resin,
acrylate resin, epoxy-acrylate resin, cyanate resin, bisnaleimde-triazine
resin, bppaotycl obutene resin and siloxane resin. Al so, exanples of the
resin include thernoplastic resins such as aramd resin, polystyrene,
pol yet heri m dernhgel iDheRkl SREs &4 P SinAlHt e HERRLAR! £o RPLHFeds: féﬁ?en the
resin is a resin having a polynerizable group, after the layer is forned,
the resigp-5ah FUuLEher .ROoLyneyt i nake the. |l ayer b T
exanple,ﬂﬁﬁgﬂc?ﬁgﬁsﬁﬁfgéggo%ﬂt % %%?5%8%%Etﬁ%ﬁ€?%%ﬁ¥§ B%%r%§%% %%vered
using the, ) ¢ . r_exi.sti at a site.other _than the
hlﬁlgg_?é:#ﬁ féﬁ%“%@g%%]p {nﬁge EXE of sphos '}H) (-jL,G grc]:&dt H%%hameta{'

netal area a ormati 0 ayer renove n

pol yner i [ - cont ai ni resin in the layer formed at the netal area
bon’ be. pors ks o8 E8mhn Il Pls Sathimat the Rt gt T hin 2 LOREE | 0032)
Exanpl es_of . the,. solvent _preferably used in th resent technol ogy incl ude
uItrapur%oﬂﬁ?é?}n%iﬁ%tﬂ§$§ﬁ+?o§?ﬂ%,S?f5u%9¥%?§c-Bﬂ%,b%ﬁ%yYh?ai?h e,

i sopropyl al cohol, n-butyl acetate, nethyl isobutyl ketone, '

1- met hoxy- 2- propanol , 1-ethoxy-2-propgnol, 4-nethyl-2-pentanol, ethylene
gl ycol nono-n-propyl ether, diacetone al cohol, propylene glycol
nononet hyl et her acetate and tetrahydrofurfuryl al cohol (abbreviated to

THFA). When the core-shell particles with a |layer fornmed on the surface of
the nmetal particle are produced and nmixed in another matrix resin as



3-am nopropyl tri met hoxysi | ane, 3-nercapt opr opyl net hyl di net hoxysi | ane,

3-nmer caPt opropyl tri met hoxysi | ane, and 3-i socyanat epropyl tri et hoxysil ane.
Further, im dazole silanes "I M 1000" and "I'S-1000 are al so basic and can
be preferably used. [0035] In the present technol ogy, a

pol ymeri zation initiator may be contained in the reaction system Wen the
polynmerization initiator exists, it is preferred since it is possible to
pronote a reaction in which the netal surface and the acid organic
material formthe_ organic acid sal r a reaction in whi t he al
surface OE%We"‘Sﬁ(?%gﬁg“r F’B%aEP‘B PSFI D HATRP AT %bﬁ'gﬁfi%]?éﬂ ibg’ﬁg’of t he
acid organic material or the matrix resin, and the formed | ayer becones
-more ro PhegpRords Gcithansy Wsemerati-on initiator include a thermal

pol ynerization initiator which is activated by heating and a .

phot opollf¥drlzati on initiator which is activated by Iight irradiation.

[ 0036] When an acid organic material having a pol ynerizabl e group
i s used, or wHaxthesol gnethensispaptoop-reareiihilnyenddon pertafnhéo

contai ned, the polynerization initiator used in the present technol ogy can
be sel e& iprslopsigs edpmpeeriadiondhen sttiep ofpdrdhgtimngs @enpelcyude oirgablie gr oups.
For exanple, when the polynerizable group is an acrylate group, since the
acryl at magreguijplcan jieoputhgnie iaed hntpadeorbhcholitien matabntoforat,i oni C

pol yneri zation, the polymerization initiator to be used is Preferably a
conpouncr ehgenarfice afr theaadtdll, a Tayéd tditaaclinabhosrgdnid hesid when
the polynerizable group is an epoxy group, since the epoxy group can be
pol yner iszad Byreabi SRR HOLY Bid 2iid0Brgandbi ARLErPel yARd iZal eRalt he

pol ynerization initiator to be used is preferably a conpound to generate a
cation Qr giosph&be BHraeld ¥Abh YothlPRd bhosphorieXa8Ph 89a0tnd Beta1.

phot opol yneri zation initiator to generate a radical by light irradiation

i ncl ude (@139 type, al kyl phenone type, benzophenone type, ‘acyl phosphine .
oxi de type, triazine type and benzotriazol e type, and specific exanples

thereof inclugde " " v | RGACLR oL RG 651 " ,

| RGACURE gigugﬁ, a¢bf>§‘§égé§§g&3§7p;e,s B?%%%“'aﬁ' o IREREIE OXEo1 h
factured by Ciba J K K. Further. | es.of t |

phot opolHer AYETSn FoATEn ety s GUreRges oF TR BRtBY-1 | Bhe™: PYadi ati on

i ncl ude _phqsPhoni_yum type . sul foni um type and_i odoni ym type, and i fi

exanp! cSPRIREad telBer bt SoRsrEIRER actar R P by IEGN CHERFARES) APAN

LTD. [0038# ~In order to disperse_ the netal farticles w t hout -
aggl omePafPRE Phefmmetaf fagtsiahe R BeleBataf sl h athdhe s8rEERsyst em
[ 0039] ; Next, the process of formng a |ayer on the surface of the

metal p&¥ theaneral nRrtdasle i Bae prodecadl . the carashall PREtLSLESW ng
description is just an exanple, and the process of present invention is
not | i mca@dbe ehtpigted wdbhopt causingriagglomeratdgndodrigmniparivdcdeisal or
phosphoric acid, the solvent, and as required, the matrix resin, an

ul travi eireviapesi berinatea g by nerezattiion 1hdtidtinr, farpdbhgrneshedti.on

i nhibitor, and the silane coupling agent are m xed. Hereinafter, the

resul tin@otaiture is referred to as a "mxture for formng a | ayer”

[ 0041] Next, using the prepared m xture for formng a |layer, a

| ayer is formed ahet beheu hane,oivhihe thet gechabllbglyeofoppesdite a
core-shell particle. In order to produce an insulating material with

di sper sagvigkitralonPalst iappas by tésenef rokfatebe- ekl 189l eb@srihgr aexanpl e,
the follow ng operation is carried out. However, the followng I's just an
exanpl e it 1008 raRY 6t I:0Re t 81 WY idt BLEEDH 8 di¥Suit bBA4d], the 1ayel ISt
netal particles, as core particles, are prepared. The netal parglcles may
pe_subl eehehe [l QAN Fhriled A Rr A EABNEN] Rl thBe Bl LAl ML I On.
Exanpl es of a cleaning procedure include acid cleaning, alkali cleaning
and organic cleaning. As the surface treatnent, a treatnent by a sil ane
coupling agent is preferred since it can enhance adhesi on between the
netal particle and t e ( I 0 C ... As a treatnent by
the silane coupling %%&%?,bﬁﬁégéEﬁ§gh?8% gﬁ%n@ﬁég%gG rocess in which netal
particlj§oir% put in ultrapure water in which a silane coupling agent is
di ssol v it lan amount of 1 w% and the resulting mxture is sufficiently
stirred and left to stand to settle the netal particles. Then, a cake-Ilike
metal particle, which remains after genoving a supernatant liquid, is
heated at 100C for 1 hour in an oven to conbine the silane coupling agent
with the surface of the netal particle. [0043] Then, the netal
particles are mxed in the mxture for formng a |layer to allow the netal
particle to react with the acid organic material at roomtenperature or



container is fixed and a rotational blade is used, a circunferential speed
of atip of the rotational blade is preferably 1 nmimn or nore and 50
mmn or less. The reason for this is the sane as the reason for a
preferable range of a circunferential speed in the case of rotating the
container itself. [0047] Exanpl es of the nethod of formng a
conpact shell include, in addition to a nmethod of rotating a container
itself or a rotational blade at a constant speed, a nethod of rotating
themintermttently. It is effective, for exanple, to perform several
times, a proceftIt haiSt AevtInchowng an erapple Af & SEUCHFIS oft IR speed
of 50 Mmn for 1 mnute and then left to stand for 15 m nutes. [0048]
‘The reactPBhasetWech Cofe wledil rAgtikdeaebbabrgdnht anwredess of Phesphoric
acid may be inhibited by oxygen, and therefore it is preferred to inject
an i nertPfasestichnu@nhienogen into the reaction systemin such a case
since the inert gas injection enables the reaction to proceed quickly.
Exanpl es of thélgetthdd afvichalshbaming anséxampld dfhe SEMnitagm off thée shel |
of the particle after treatnent include a nmethod in which the shell forned
on t he ssmffigee odf teheoper-ishelld pardirceet bytabsedvie dypraceisM of i
Further, by perform ng these eval uations on the particle sanpled during
t he reacpresent irv@etabnfe and a time in the form ng of the shell can be
appropriately determ ned. [0049] The thickness of the shell to be
formed is prefei@bly it0améw sHH W nEn I cdidle |3S8. siaindfie oehtgkness of
the shell is 10 nmor nore, a current hardly flows between adjacent netal
particl esragd sastied i Of HIQRYIshdl1 a3 Wied obrduelh by EXEEbLERL 1N
produci ng a cured product of an insulating material forned by mxing the
- core-shebkpahtifl&seht iR§efBEISLX resin. Further, the affinity of the
shell for the matrix resin Is 1ncreased, and dispersibility of the
particles int in t ial _Ls,. a uni form.ty., of the
cured Product ]?Jggf a?/t)gf%b%lg%mrﬁéé%eo# h?%{ﬁée@s@% etﬁg E"sh(l‘é‘{’]fe'ts(’)h lei)f or med
is 10 m. _ . Sipce a.density of the particle in the matrix resin can
BarEete: EEmEr P ohkdnghe A

be hi gh, * propéer ori at e & metal particle, for exanple, a

| arge thermal c¢onductjvity_.or a |large neti.c_pernmeability of the cured
product of theECJr?]sﬂ%aJt? nY ?F%Fe%’[‘%ﬁ’? %%gtﬂlg% %‘HFE%E%Q‘?f[%O%%{?’Sheu The
shel | forned_bi_the_ resent technology has a network structure as shown in
a SEM i riRgBtifle eabbeined o Fr¥amBle A%: t he network structure is nore.
conpact, it is preferred since properties such as the.insulation property
and the ther ndll 1EonRiuks | ¥i $5M obmage ok dthy cuicfacs @ﬁeaiw.eﬁneﬂgfrmt erial
with dispersed netal particles using the core-shell particles are

favor abl Barfhelenebtairedelin obx@mple #ore conpact, for exanple, when a
pretreatnment by the silane coupling agent is applied to the netal
particles, or Eh@&n This m x$EM atroage of the swtfdcearf izl @sre rsHdiEL m xt ure
for formng a layer is increased. [0051] When a tenperature during
pr oduci- ngathecterebtsaihed pintExdmepls 1@ sed, a rate of shell formation

i ncreases and productivity is increased. However, since a filmthickness
of ‘the shell nBygbes unevensENrimage 6§ pgse cutiecaedfl a adslrd Nsheaxi d
organic material to be used, in such a case, it is often effective to
enpl oy npaetiglel ewpsiné@nse ERimEXanpre, a tenperature during a reaction
is lowered or a concentration of the acid organic material or phosphoric
acid is decreased. 400921 sEM imad®Xds £H NOANGED£04 Csoheldndpr ticl es
are mxed in the matrix resin to produce a paste-like insulating materi al
Wi th disggfgfglgﬁggiafgé&ifﬁeéxaﬁ%i%r3producing the core-shell particles,
the core-shell particles drawn o romthe mixture for forming a | ayer
may be m xed i th rj%. resi or a. li hi.lLi.c solvent.. in.which the
matrix resin iﬂ;‘l%'agiolr?gdé gggﬁée ,evsr;ﬁ’fa%éw%g%dlf ﬁrion’gap?%raﬁ%?%%u? &
core-she&évf@é;icle, and after producing the core-shell particles, the
matrix resin nhy be mxed in the mxture for formng a |layer to formthe
insulating material. wi,th dispersed netal particles. Further, the matrix
resin may be p%’(gi Tt HE @ fFEPE FOPYIOh it AQTRY £36f OFn2pFBRRiEF Rkt he
core-shell _particle, or an unreacted acid organic material may be used as
a matri x@M8sin. [0053] Wien the solvent, the unreacted acid organic
mat eri al or phosphoric acid in the m xture after producing the core-shel
particles are renoved to draw out the.core-shell particles, procedure is
as follows. First, a solvent is nixedFin the reacted m xture and the
resulting mxture is adequately stirred. Exanples of the solvent include
ultrapure water, acetone, ethanol, isopropanol, nethyl ethyl ketone, and
butyl acetate. Then, the stirred mxed liquid is left to stand or



~ bismal ei mde-triazine resin, benzocycl obutene resin and sil oxane resin.
Al so, exanples of the resin include thernoplasttc resins such as aramd
resin, polystyrene, polyetherimde, polyphenylene ether and thernoplastic
pol yi m de. [0056] As the core-shell particle to be m xed,
core-shell particles produced fromplural types of netal particles
different in material may be used, or core-shell particles produced from
- netal particles different in particle dianeter may be used. v%en t he
core-shel | ticl di fferent particle dianeter are_used,

referred s nEd% LadA aparerrrisbaten G ol thed Gt HooRdBioFar ge
particles and th refore a acklng fraction of particles can be increased.
[0057] @ Semicppdugkor Gf Getﬁ8 BorsEPsk&ERteparticles and the matrix
resin, the solvent or the dispersant, the photopol ynerization initiator,
the thermal polynerization fnitiator, t he pol ynerization inhibitor, the
ultravi ol et absorber, a surfactant, the silane coupling agent, an adhesion
ai d, other neRBRTATER | REZCRIRFION QF CTRE RREFERRED FSHHRMENRuch as net al
- oxide, netal nitride and netal carbide nay be added as required. [0058]
Next, al@Pdédss of producing a sheet-like dry film (uncured film froma
paste-like insulating material with dispersed netal particles, which is
produced by uSnngcthedaboeewdtheibbeltkechanlbgliyedeandibedntiini xheesin, will
be described. First, the paste-like insulating material w th dispersed
net al patesehesspecapptationntznlaybicl dostdbiindg enbyrgahig scimsateat er,
a bl ade coater, or a conma coater. Exanples of a material of the film
substr atermea EsemPbbthPahyadtide orgaaieomupeenricaaa ¥haatalfokmwi th a
rel easing agent of silicon applied to the surface thereof (release film

i s enpl pyedpnbitel $oPmehCELEH ﬁbﬂﬁeatﬁlﬁ‘oéﬂ;ﬂé&ﬁé‘t&éi@%&%nn@%aqaéhhy peel ed
and renoved when using the sheet-like insulating material with dispersed.

met al  pakliShaisy oRNHE I uced b
O—ITSUKIp%i%NDUSTRI AL CO él(ifl;fTQ‘f:e té’%gtﬂ%lé'rggég‘eqj *’%?% %}ég?’ﬁ A%A§g%%$/%NCED y

FILM Oope el o The H%Q%bﬂ?&'é&iﬁgﬂ% eéaaa%g}g el %%qf@%teag

partlcles appli |In1substrate 'S an oven

protect i is ded t drle | mas. re tain

Cheet -1 1H8 %en%%%ed ARG Pl At nedr spsﬂséé % KL EReres. A
f|In1su ectea ﬁlea5|n% treatnE t .as with the ahove ubstrate can
al so be "GsBH°FBF Fh Y oPELEY i 2 351 O Sgby] materia 5 8§P T4Se of the
insulating material with dispersed netal particles wll be descri bed bl ow.
I n addi PFgF? wihB “F%‘F?%ﬁ%“t‘fﬁs%r tBt For™; é”} e sHrERGRpIe then®edatet hod of
use is not linmted to this. First, a paste-like insulating material wth
di sper s@ATHECAR - par 1Y CANLAHIHINE @oATEARIE| FEi tSHTaE@TMeShEXaN ed t o
obtain an uncured product of the insulating material with dispersed netal
parti cl ®othpiheprdd efgamic sabsriglandihgdeeial pophesimnatafesmgded as an
electronic circuit board such as a silicon substrate, a ceram c substrate,
a gl assfapoxpothbsheapbosphdrdcpekidmand thenmedad.-conductive wiring of a
metal or the like, other insulating |ayers or sem conductor devices may
exi st orfi0oAg Jsubstrate. Exanples of the application nmethod include
falling-drop, bar coating, spin coating, screen printing and di p coati ng.
Al ternati vel yTheheoahave Bbegbehi kRei Agtilabirggniat aatakiwit brdi spersed
nmetal particles can be bonded to the substrate. This bonding can be

carri ed phgsphbriecdei® ana_rawmetan B Bﬁeéaﬁsabgytﬁémﬁéa enly sesikeg a roll
| am nat or or a vacuum | am nator. [0060] Next, an uncured fil m of

the 'nsﬁha%h&&h”%h%rh@debEBaﬁh%pﬁé%%Qlﬁﬁt6& BRbLpAbeScf QLRI QN the
substrate is subjecte to pol ynerlzatlon/curlng treatment such as heating

or ul t1 aukabsbell 130haLb 2Pehp. | Waflafly (U Gk REAAWGLAES! BE bRIHIHGNG

material wth |spersed net a par Itions o

DOl YIer EE2LER] GLEAM W SALIEN o HBESH)%L% 9623 ARNPRALLLY 3¢k 11

accordance w COFT'pOSI |on OI’ pro uction process o

circuit _b teri di sper sed articles
s one aﬁ%ﬁgcoﬁ}?a% Shateant ol A erdrets PFa% S poethoes o
mat ri x reS|E 8{ g?t |rrad ation such as uItraV| i rradiation, after
the ins@ SPHHGAB &Fi AR IFtHh WP PR o sé’?c’rslcf 8F18d Bn the
substrate, the material can also be patterned by a photolithography
process. [0061] The cured prgduct of the insulating material with
di spersed netal particles has good insulation properties because a shel
exists at an interface between the netal particle and the natrix resin and
t hereby formation of a conductive path due to connection between the netal
particles is suppressed. Further, adhesion between the netal particle and



| f the present technology is applied to the underf ill, since the underf

ill covers only the netal joeint area, an anmount of the underf ill existing
ultimately at the joint area can be reduced as conpared with a
conventional underf ill. Therefore, the cracks by thermal expansion of the
underf ill described above can be suppressed. [0066] Further, with
an increase of nore fine joint pitch, it is required to penetrate an
applying liquid of the underf ill into a gap between the sem conductor

device and the s%gstrate t hrou cl earance between cl ose joint areas.
For ¢ i DEptess Hoaeag, oS et SR st O BROSRBOKLEI 37 hg

liquid, but there mght be cases where the underf ill was run over out of
the joi nt? & ELSBRRSAPH O MeEAL AT BRTNCUEY PE M IBHE LA @sd oPr ganiPper
area of the sem conductor device and to a wide area on the substrate while
bei ng appttesia¥nercpbeephariexeesdi sedanvnrtabfin @ovelvertsrediny is
formed, an occupancy space of a nounting substrate could increase, or
bending plativRxndy ecoubainadcresitd desbhanei ¢oHupling agon67]a I n
accordance with the present technology, even if the underfill spreads on
an upperpatpeenizehioseim tohaiuet Gndlahe d ixed descaiedelaten, onthéae
substrate while being applied, since the layer is not fornmed in an area

ot her t helman heheretcald sugbade, maberialler phospheaic heci®mdetetaacordi ngly,
a volunme and a weight of the circuit board can be reduced to realize

smal | er spelcifibtpro@eEtdOFoemind ANEAYer[ OW6He surface BFOAdRELAD cover
the netal wiring or the netal joint area with the mxture for formng a
layer, tdelfobéoabssropetiathodetSitargted, out. First, the mixture for
formng a layer is applied to the netal area so as to cover the netal area
to be coyggeglysuch as the netal wiring or the netal joint area on the
substrate. Exanples of the application nethod include direct application

et hods such 38 nfelld:iGnfl” QR wiPAkn GOALHAOp= SELA: G ociE! geflapLi Nt NG

and dip coatlng, a net in which't ure 1s ap 0 afilm
substrat g, d t r rt| arI en th mxture i's
applied onto 1 %gj%%E?Harégfé%égré?ggﬁgeo hgﬂegg A5t and the
, substrate hod Iln pre red en, the
subst rat'é W’fﬁai' ‘g %21 ingg P8B§%‘s’trfﬁ?‘h]t‘apﬁ%d at a
pr edet er mi € ﬁetenperat re for iven tlne to be dried and to-allow the
react i on™pEL eﬁStH%°5 b 2983 %mterial or phosphoric acid and the

net al to roceed, and thereby the organic acid salt or phosphate is
produced 4 lhls time, the produced organic acid salt takes in the acid
organic material not directly involved in the reaction with the netal or
ot her resin ex@&f§hgwhen Feemoikd padesictonatarialar pheswhpFichecid
production of the core-shell particle, the reaction occurs only in the
met al  wi % BFronghthéngetcontagthwiihcthe idoamfiasre ofithee methill, wedctkomss of
the Iayer may be uneven for some types of the metal, the acid organic
mat er i al oteube Useme@mdtb¢$@rt¢egtmﬁucénamu@hgani@smcldtsasto¢ten
effective to enploy nore mld conditions, for exanple, a tenperature
during aphesphabde ors theweuedace afctheandtal ] OThef ohandei dc0d gsai €

mat erial or phosphoric acid is decreased. [0070] After formng the

| ayer, coarphokitatiecChrows il eaeing aagpdcﬂfg@mo&pmtlesrglyache;ﬂénmmorl c

acid is cleaned away with a solvent, and a substrate in whi t he net al

Wi ring Qﬁntﬂ@er@f'?é .bplmeaé@fdlsrgmﬁeqﬁaﬂ\eﬁaweof%r@faw obt ai ned.
Exanpl es of th eani ng sol vent include organi c sol vents such as acetone,

et hanol , + doRF 298P0l of . @EE&EtQBHyéygﬁglﬁrﬁld %ﬂ%lﬂnﬁg%t Q{:grrilﬂg &n

aqueous solution of tetranethyl anmoni um de. I'n accordance”™wth this

process, s fieed gy er mthﬁg%éeeg eGh! SEbn P0'a61 b 1€ dBhfla hbhEhgnd the

net al 10|nt area, and thus an unreacted ‘material "In an area ot han

these |5, 88iddodil £aMREer04Rk ¢ e PROBEAG o BE L O

form ng yer-1n an area ot & mta

pr onot e on ation/curin f the | a heati and uItravroIet
|rrad|atﬁ%n a%gszhottﬁt?ﬁﬁé %h#) ‘ﬁ¥§] Tms ri%%ﬁFthe pr esent
teChnO|O@%Péi used to selectively fornta | ayer only in the netal area to
be cover tat stress by a difference in |linear expansion coefficient
bet ween the substrate and the |ayer can be reduced, and cracks or breaks
of the nmetal joint area can be suppressed. Further, since the anmount of
the |l ayer to be fornmed can be reduced, a volume and awei ght of the circuit
board can be reduced to realize snmaller and |ighter el ectronic equipnent.
EXAMPLES [ 0073] Herei nafter, exanples of the present invention wll
be described, but the present invention is not linmted to these exanples.

i o — & - - . [ ——



manuf actured by M TSU CHEM CALS, INC.) Silver particle "SPQ5S" (average
particle dianmeter: 0.82 Val, manufactured by MTSU CHEM CALS, INC.) Iron
particle "Fe(H4)" (average particle diameter: 2.0 pm nanufactured by BASF
Japan Ltd.) [0076]. <Acid Organic Material > Phosphate-containing acrylate
"P-1M (manufactured by KYCEISHA CHEM CAL Co., Ltd.) Carboxyl
group-contai ning acryl ate "HOA- MPL" (manuf actured by KYOElI SHA CHEM CAL
Co., Ltd.) Carboxyl group-containing acrylate "HOA-M5" (KYCElI SHA CHEM CAL

Co., Ltd. Resi.n A (carhoxyl, group-containing acrylate represented by the
Foi | o n for T RepRoRanly 46t GRLamEy Ry ERPRYAG BRI CAFIOD. FoEEd.) [ 007T)

[Chem 1] OH [0078] <Qher Resin> Epoxy group-containing acrylate
"LI GHT ESTER-celerentpdqanedppieactcshe spgtpcepgfy 6o56ySERe gl ycol
diacrylate "APG 700" (manufactured by Shin-Nakamura Chem cal Co., Ltd)
Bi sphen@larﬁléﬂéﬁy“f’h%i r;”"rj ER181281T€’( Eﬁﬁﬂﬁﬁéﬂlﬁiéah@ypw Eﬁ@ﬁjﬁlh@ﬁ ns Co.
Ltd.) [0079] <Polynerization Initiator> Thermal polynerization initiator
" Cur ezolin2tire pregentaspecdd lgp tSHNKOKLN CHIEIMIGA BaCORRPORATAON) med@30]
<Solvent> U trapure water. Tetrahydrofurfuryl alcohol (THFA) Propylene
gl ycol mpamdrieileybether cacboxlyd @RGMBAronyaintipgokacydade( GEk)in] 0081]
<Si | ane Coupling Agent >

"HOA-MPL" (manufactured by KYOEISHA CHEMICAL Co., Ltd.) as an

acid organic material, was performed by Auger electron

spectroscopy, and consequently Cu, C and O were detected.

Further, elemental analysis of the surface of .gore—shel-l

particles (Fig. 2), which are prepared by the process described

in the present specification using copper particles and

phosphoric acid, was performed by energy dispersive X-ray

spectroscopy (EDX), and conseqguently Cu, P and O were detected.

From these facts, it could be irer_ifi_ed that the shell coéntains

a _metal and & component of an organic material or a phosphorus

b‘a’sed compound. Moreover, the surfaces of the above-mentioned

two -types of particles were analyzed by Fourier transform

infrared spectroscopy (FT—IR‘) . and consequently the existences

of carboxyla_te and phosphate could be confirmed.

[0021]

In the present technology, a metal, of which a layer is
going to be formed on the surface, is not particularly limited,
and examples of the metal inciude pure metals such as c‘o.pper,

silver, aluminum, iron, zinc, tin, nickel, chromium, titanium,

lead and gold; and alloys such as solder, brass, bronze and
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KBM603 (manuf actured by Shin-Etsu Chem cal Co., Ltd, chem cal nane:

14- 2- (am noet hyl ) - 3-am nopropyl trinmethoxysilane) KBM 403 (nanufactured
by Shin-Etsu Chem cal Co., Ltd., chem cal nane:

3-gl yci doxypropyl tri met hoxysilane) KBM 503 (nmanufactured by Shin-Etsu
Chem cal Co., Ltd., chem cal nane: 3-nethacryl oxypropyltrinmethoxysil ane)

[ 0082] Eval uation nmet hods of properties of a core-shell parti.cle
formed by formng a shell on the surface of a netal particle and a cured
product of an_insulating material with dispersed netal particles using the
cor e- shefFapatesei5desrle aAMPBA| iRse | bogapramediadst PHRINECRCERPRAT For m and
Thi ckness_of Shell in Core-Shell Particle> The shell of the

cor e- shef117RF « PANBIREE . obe@} v Bdngr Hinsasdgodde endldoyistgortabsingct i on
usi ng a scanning el ectron mcroscope (SEM "S-4800" (nmanufactured by

Hi tachi 2% dlegst gre ohrithesatedenenvs. observechinmnledy o€ rpessaricti on, a
cross section of the core-shell particle was prepared by ion mlling, and
t he crostneeztion oars balprefechby capmhtkiti | Guritheat, meiso Bo coat i ng)
Further, in the observation of the cross section, thicknesses of the

shel | s ofnetmétallic eropasinds oSoned tn IR Salf ek £4t @ife avergussof ten
measurenents was taken as a thickness of the shell. Here, the thickness of
t he shelélaierioech thartéchtoVegy off pvesage iakehte ohhak BeSsragdsgsiyeasur ed
at eight points approximtely equally spaced on a periphery of the
particl eapp 00sd] Foralesabiplie Meied tole linawhallioy Reldeabidhi tyw@f Cured
Product of Insulating Material with D spersed Metal Particles>

The i nSL&féﬂ»&Ebé@'rh@@Ai']%é[r@ic‘}?e‘.&%@dpfﬁcﬂ%% & d Oa%@%@éi Weymterial,

with dispersed nmetal particles was evaluated by a test under high

sam e VAL prOr 0 Fol e gL e off SRR SRRy T
S PR R LG ¢ PR R e R

(thickne 0. Km. are lamnated in thi.s order,as an_ el ectrode material,
tnd o ooBfemd® ddHai o A BRarlede® sPh a8l rBRHRt A Tl | ne
and spacef%/_g%_ %re f8r d jsn_a conb teeth shape of 10 Km 10 Km was
pr epar ed®* [oGEEFE pProcuch of g Insplaling mafprial BeroResPet &l ed
product of the insulating material with dispersed netal particles is
formed oMTHELUYETS R WHIh Rakblples dyblnea Mighgwprateld r ode, was
prepared. The sanple was placed in a high tenperature and high humdity
chanber Rerpalhl bt éfpeFefereed sdngentie dindpalmncesef acigsCismpg5% RH,
respectively, and a voltage was applied between both ends of the conb
t eet h- sHpdarcaessedodhenfithe curiegppeodtct ok thieninsglatdngtmaterial
stabilization of environnment in the chanber and a change of insulation
resi st ant® wsed fome weesriess urtesl diorcdiON0 dwwa slarge apfiieciatdéaon ol t age
was 20 volts. The resistance value was read out every 5 mnutes to
measur e adteiehsthghenf thesobattioprod@isestianueedvas an Elediromadeetien t he
resi stance val ue reached | ess than 108 Q was considered as a retention
tinme of shbal@in®matedridn)ity and recorded. Further, a retention tinme of
insulation reliability of the sanple which retained a resistance val ue of
108 Q orfomzx] for 1000 hours or nore was taken as 1000 hours. [0087]
<Eval uation Method of Volume Resistivity and Wthstand Vol tage of Cured
Product of | nsifeH itk My ided (WhAd SPQS S8 JRIRIcJRT td drar A
cured product of the insulating material w th di spersed netal particles
was for Il r it t smin
AR S 01l B TG Sl U G Opdild 188, 3o RS d

t hi ckness, and an A e ( electrode "area was vapor -deposited

on the cured fi.l DC vol tage of 5.volts was applied between the Al
el ectro r%ﬁ%r'%%iér} siibq ircorPt gﬁ%ﬁ laé’tdel\\én #f 8T ngI'm"%é% e JHitheT
resistivity was determ ned fro resistance, value at the tinme of applying
ol t g S PRt Bk SR RRCSITPAEIRLER Y I Su pEmite mae |
carried out b uge. of an insylation resistance tester_ . . _
since agglomeration between metal particles is inhibited, there

is no coarse particle and core-shell particles of a uniform
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6517A n (trade nane , manufactured by Keithley Instruments | c . )
Further, using this tester, the DC application voltage was gradually
i ncreased, and a voltage at which resistance reached zero was read out and
this voltage value was defined as a withstand voltage of a material.
[ 0088] Example 1 An acid organic material "resin A", THFA, and a
sil ane coupling agent "KBM 503" were mxed in a weight ratio of 10 : 90 :
1 to prepare a mixture for formng a layer. Then, a drop of the prepared

m xture was .dropped with a dro per on a silican substrate wi th a copper
11 m T oPRBF 6T AL BEEPACOAE e GOy B=ORUCEAr rgo rttREe AP
substrate was heated at 90C for 1 hqur on a_hot plate The heat ed '
subst r aff@eWAYMPRFeFERE2TR RREBE RS fs'o‘rz%@fsééérfﬂ%, at| RametC %% HSULOr apur e
water, and dried at 90C for 15 minutes. It was confirmed that a l'ayer was
formed em oive lesised thebumvidioemitgy0®F] the insuletdogematesiiad wighl i con
substrate with a silver filmforned on the surface thereof by a sputtering
met hod, 44 spielrisedn medbdt pard iwlels ,a pyolddckid yf osiag dhet kerewshadd t her eof
by a sputtering met hod, a silicon substrate with a tin filmfornmed on the
sur f ace pahrdriediesbynd St cemedy preidoed, theralofnisuenbaatced,aastdai nl ess
steel plate, a zinc plate and a solder (tin: 60% |ead: 40% plate as the
subst r abmevielh@aesaneft phgsieal PpRSpEetios ®dch eyl £ G IMey indewas
confirmed that a |layer was forned on the dried substrate in all the
substr ated diRAWrEeRenditane Beddie® bmall. FurthEiNOwResi th&on
substrate, a glass substrate, a gl ass-epoxy substrate, and a pol yi mde

film as ihheauhsly AhleriBe $3MFothE@LITRY aaﬁab@eEéﬁar&dﬁpﬂlé@%w for med,
and consequently the formation of a layer on the dried substrate could not

be fou nq:l':r:%lﬂ.ltl bBQEdMé Yfsre b9 hmb% MY %llé)s such a? 108 9k gcopper

particles "MA-008J", 10 g of ultrapure Wwater an a silane

couplin t 0. 6 i rr to a
cup nadea?ﬁglﬁm num%%ﬁ%?ﬂﬂ%siﬁez Sgtg |ng{1ﬁ; E}aa{lfﬂ%]t%{te copper
particl to set out. Afte er nat uid was renoved, the

resul tart’ Was e 55 af™Psse a%&iliyp 1 1B&r%ﬂ?ﬁ§p?@§r§&?ﬁeﬁ§ of the
copper artic S. . 0.1, hos horic. acid. and

(1t T apul 2GR uer RIS A Be PR 6VBFapR s 13 1851t e m ng
| ayer. In addition, a pH of an aqueous sol utjon édenoted by "1 w % aqueous
‘sol ut i offetd PABEACLERNES a0 4B WPE) 1P6FmearBYkSi & rEP%JQFR? PrEfesEhori c
acid with 9.9 g of ultrapure water was 1.8. The pH was neasured by use of
a pH nefée refheesc ardpasldabihdiyt &t dPEY1BF1LOTPCAPPRSTROVERT Pte Ltd. )
. [ 0093] Next, the mxture for formng a Fayer was put in a 100 n
eggpl antf apoxglleandExamphes ofipmgthpdidfempasurdngdd ecoppeer ayeraldel es was
added (anount of the m xed netal particles: 18 vol% and a contai ner

(f1 ask) paaticdeasédefof dehmekslipantivies ipatlvdsf asbethodiingwhich
rotating/ mxing function of a rotary evaporator. A rotational speed during
t he tr epbnericlwas at@0 dipmcitd yciobcenfrede byl alsingead SEM 4 swahhisgr f ace of
the container: 19 minin). A sanple of a reaction liquid after treatnent
was t akeneatironpulicroiseopegaip! @ PEM |(€randmliektono edeatttonand a
supernatant |iquid was renoved. Then, ultrapure water was added, and the

resul t apti oS colplel)! £6d taeGl et Beeﬁagtal 188,c13N 81 26 tog tﬂx@@\ah:rt&cttee
particles to stand, a supernatant |iquid was renoved. Once nore, the

parti cl es apRice:cliganad sk, trgﬂééffi\@éfiyanélaﬁét:eié’ skagdy epg a
supernatant liquid was removed, and finally the particles were dried to
obt ain I g .Gl I eMth a
SEM ané%r?%%u BB (4R AR RO e, 6k Sy paeiEd ©

for med %'1 he ﬁﬂéﬂaf.@%gﬁ%x%%f&r18%&h8£§8ni§#9t fll: sxﬁ‘aiﬂﬁ& NESSa@l the

shel | was 8 I'nn € core-s par icles

was taken _o nd i.nt o e bottle n th|s of, t he
resin A %e resgn lgn% Slt’%e &%hgﬁ’a f"%bagg glga ‘?é’saftlfr%(?so ?ng of THFA
were ad d st|rred o0 produce a paste-like insuylati material with

i sper o dhoanaess: (ouPdshApS SEtpud %m%ﬂ%c BEAS @dPRLo t he
substrate mnth a cqpper:- conb teeth-shaped el ectrode for eval uation of

i nsul at Ioén he partlcles and do not embrace an area other than the
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reliability, and dried at -90C for 30 minutes in the air, and then heat
treated at 200C for 1 hour in a nitrogen atnosphere to polynerize and cure
a matrix resin. The resistance value of the resulting sanple in a | oad
test under high tenperature and high humdity conditions retained 108 Q
for 1000 hours or nore. [0095] Next, the paste-like insulating
material with dispersed netal particles was applied onto a release film
"SR-1" (manufactured by OHTSUKI | NDUSTRIAL CO ,LTD) so as to be 100 min
filmthickness by use of a bar coater and dried at 90C for 30 minutes in

t he air.PArEiFledmEabsesReetively slekerninedasanl sxeceweraghoef pl at e of
130C, and the obtained dried filmwas bonded to the substrate with a hand
rol | er atropgiegratal thessl d¥o andnthehapéseis tiakemclagasedianatemsopeel ed
of f. Then, the resultant was cured at 200C for 1 hour in a nitrogen

at nosphetketpartieles naand xthesi didmsbep| s hismken a3 unepaesictevity of 7.8
x 109 Q and a withstand voltage of 320 V. [0096] Next, the

past e- | i dtbamersen-ati ng material with dispersed netal particles was applied
onto a release film"SR-1" (manufactured by OHTSUKI | NDUSTRI AL CO. , LTD)
so as to[®@24P0 Rmin filmthickness by use of a bar coater and dried at
90C for 30 mnutes in the air. Subsequently, the dried filmwas peel ed off
fromthe rel eamgs fa&m%éﬁm;ﬁ@@éﬁdﬁi@%@é & ent HechdPilgd N @
nitrogen atnosphere to polynerize and cure-a matrix resin. The er ma
conduct i ¥b£&r&ftd he nfiSetddd NG SIS WASHMASH! BdoPYlSE Qfqdy tHeg el
conductivity measuring apparatus "HC 110" (manufactured by ElI KO

| NSTRUVENTS; , e &0 : Cliyity. : \ K. 10097]
Exampl e 3 = Wien aégrg g-l &%#%ﬁa&%&?ﬂ%ﬂ%&%'u%ég:%@@flﬁékvga%é g% gt‘?%’ge‘?rat eri al
wi th di sper - rticles e proguced. i,n_Exampl e wit hout

carryi ngﬂgu%%%ﬁ?%?%??ggt%nf 1 \rﬁ’M| ghggh%tesal ﬁ'glﬁgggguﬁmﬁasgseﬂf ¥has used:
for the er particles. . The eyaluation results, are shaowy in, Table 2.
For t hor , SerEBndiid e il aSy futaniind SpderSdin b atrgels’

net wor k of Bge shel | of the cgre-shell particle was rou%h‘conpared W th
that of tHe?dof®® AeMEASHECPE dBUREEET-n ERamRles 2T thgoBY BKLEH| es 4
to 10 Coye-shell, particles and a paste-like insulati ng material with

di sper setPGELSS pé%“ﬁré‘@é‘ W3 Oy paguEgciyrefl BXRPTRCE BNSHRIMENES
changing?the amounts of the copper particle and the ultrapure water in the
m xt ur e Tf Liter-ni hgen Yhgretherehd s osmdwnma e Thpl & sl notheorende kY on
results are shown in Table 2. Further, SEMimages of core-shell particles
pr oducedliFs EeghLasubtrppule watersaode barfi gwrehndmainsagpoditvel y. A
network of the shell of the core-shell particle produced in Exanple 6 was
fine conpeingl disselvred, i pHhecaories shighilaaly indasyprativcedis n Exanpl e 2,
and a network of the shell of the core-shell particle produced in Exanple
10 was rbagd konpared with that of the core-shell particle produced in
Example 2. [0099] Exanples 11 to 13 Core-shell particles and a paste-like
i nsul ati ng Examples of the acid organic material include methyl

phosphate and ethyl phosphate which are phosphate-containing
resins; "P-1M" and "P-2M" manufactured by KYOEISHA CHEMICA# Co.,
Ltd., which are phosphate-containing acrylate resins; and
"HOA-MS" and "HOA-MPL" manufactured by KYOEISHA CHEMICAL Co.,
Ltd., "KAYARAD ZAR-1395H" nmanufactured by Nippon Kayaku Co.,
Ltd., and "UES9000" manufactured by DIC Corp., which are
respectively carboxyl group-containing resins.

[0025]
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material with dispersed netal particles were produced as in , Exanple 3
except for changing the conposition of the mxture for formng a |ayer to
that shown in Table 1. The evaluation results are shown in Table 2. [0100]
Exanples 14 to 15 Core-shell particle and a paste-like insulating
material with dispersed netal particles were produced as in Exanple 2
except for carrying out the pretreatment of the copper particle by use of
a conmpound shown in Table 1. The evaluation results are shown in Table 2.

[ 0101] Exanpl%grigego %ﬁego% sg%I B% Elgle%a%n%lglp%%ge like insulating

material with erée rreta Were produced as in Exarrple 2
except that aco shown__i ed to the mxture fo
For m ng B vapad 2AB1" 2308 8Pa§nP8 B T G SN e SEREE

uItrapure mater was changed to that shown jn Tabhle 1 The eval uation
resul t s %% BRsARRY i FFOMRY & 2 ISFRFERerTed SERFS MM Lzl ITRUPs
particle produced in Exanple 17 is shown in Fig. 8 However, in Exanple
19, the IFr 3¢} LEFERES WW%@% RESSFPEREeE Ut}ﬁlhi R gdReT 0 FOEWIPGr t he
copper particle was not carried out. [0102] Exanples 29 to 41

Cor e- shél 1ayRF todan arpugfaseEvprke ansthereforedbermemeghenigadper sed
nmetal particles were produced as in Exanple 2 except that the conposition
of the PreP@rdifsrandimsyd adiloaypropest teaedethe dayeat 1s femoriabl€abl e 3
and a process tenperature of core-shell particle production was changed to
t hat sh@snthe atddl er@anihaadealiadt haning thlese o Eymdoimab he Gablupss.
Further, a SEMimge of a core-shell particle produced in Exanple 31 is
shown i phieisphate -dontadninign abxgpites r2%iagd o33 catdbexgiiet r eat ment in which
the silane coupling agent is used for the copper particle was not carried
out . [GiR3Ap-cranpliaisd eersishel repahll ahres priadedapast @slidke i nsul ating
material wth dispersed netal particles were produced as in Exanple 38
except f[lpaizeiin process conditions in the core-shell particle production, a
cycl e of shaking/mxing a container for 1 mnute and then | eaving the
contai ner to ghaRdrhe mdfefhMHlCFeigne JRIEIe RALIH YrflE Mg tkeraat ed for

3 hours wi thout u3|ng the rotary evaporator. The evaluation results are

shown i P‘kTiiBbS l[e%:lsod'}:hgxégpé%%:gﬂa%fcpmé%egg 18- 80elds PR WiGl83RRd 2

" paste-| |nsu atin

in a solvent and has high reactivity, and therefore it is
preferred since the layer can be easily formed on the surface
of fhe metal.

[0027]

Phosphoric acid is preferred since it has high reactivity
with the metal particle and rapidly reacts. with the metal
particle at the surface of the metal even at a low temperature
of 40 to 6b°C to form a laver.

{00281 |

In the present technolegy., when a layer {shell) is formed
on the surface of the metal particle to produce a core-shell
particle, it is also possible that a part of the acid corganic

material in a mixture is reacted at the surface of the metal

13



material with dispersed netal particles were produced as in Exanple 2
except that the netal particle was changed to a silver particle "SPQ5S"

t he conposition of the mxture for formng a | ayer was changed to that
shown in Table 3 and a process tenperature of core-shell particle
production was changed to that shown in Table 3. The results of

eval uations of these are shown in Table 4. [0105] Exanple 45

Core-shell particles were produced as in Exanple 3 except for changing the

netal particle,tqQ an iron particle "Fe " . _The obtained particles were
obser ved* S FhCHE %I?l\/?oﬁﬂaa Eg‘ﬁgéq%‘ﬁﬁ’&uf‘?%ﬁgeﬁcﬂﬁfdf PRIETLEREE el | s
were forned on.the surfaces of _iron particles. A thickness of the shell
was 0.7 B Stdigethe mixturgeyt Infiasfasei koo WREPaET Y At THNYF t h

di spersed netal particles was produced as in Exanple 2 using the

cor e- sheP?toat et Fas 2157y be (ueed Bsse BAGEAXhTrgRinewhERaRtr2ddHeg i gh

hum dity conditions was carried out, and consequently resistance of the

i nsul at | PYCREE TN rsaRaTRde 10 nQpredutdog hber snsvlabieg Wakehial a
volune resistivity and a withstand voltage of the insulating material were
measur edwathi ¢isxenged wetahdavnbelpentoytdiringerize Godre-<HE0E Q and 420
V. respectively. [0107] Next, the paste-like insulating materi al
with di sperseclesetal Particles was applied onto a glass substrate so as to
be 15 pmin filmthickness and dried at 90C for 30 mnutes in the air, and
t hen heafoo2ehted at 200C for 1 hour in a nitrogen atnosphere to -
polynmerize and cure a matrix resin. A specific magnetic perneability of
the resul ting ERiflE tWafedTeasHEEH Sigafte Mlate il (dR0HeseybeatdEabi ity
measuring apparatus for thin film (manufactured by Toei Scientific

| ndust rish dombinkitdoh. afHel dci®Drgatidt mEPeftsPIHRE ?hﬁgfbﬁ_@i}!i.cn@&hﬂf“ c
field of 100 MHz. [0108] Exanple 4 Core-shell particles and a

past e-| i &kgn NS Bbi babiWhthodi S iGles wer
produced as in aan%%ﬁéﬁgggkﬁ%tkﬁgg't%&%%%po ﬁ%'oﬁﬁ%i‘ %ﬁ%ﬂﬂ%jﬁcﬁe for

formng a1 @ved MR GRARERD:HA LRt wrilgg"‘ﬁ- J-:Qrgg‘%f Cigﬂ-gga‘??fg{% BEE

tenperature of core-shell particle p uction wa 8t Shown i n
Table 3.1 al yati onresybts are shown in Table 4. [0109] Exanple 47
005 g oradhPLERE O BRbRAMELS PO BROR CBr L5 ke Y, pab PR DED

phot opol ynerjzation initiator »1RGACURE 819", and 10 g of THFA were m xed -
and sti r‘-%lltlarrs‘cei"1 %%Dor%p%ﬁ%pear%ﬁ‘lﬂ - Horthgma gc"dU“i1 e VitHOfp)a cured  next

the mxture for formng a J]ayer was put in a 200 m eggplant flask, and to
this, 0B ¢t SR ’?Jb-“r‘fjr%‘?lje%g W%‘b’a@l Wil RRRPYHHIMRLDE the ni xed
netal particles: 0.6 vol%_ , and the resultant was heated at 90C for 3
hours byPERLHF1eHRERKIRLOL Y S & the b taginedycoresshamd| rariickesken out
froma reaction liquid after treatnment, put into a sanple bottle and left
to standil &Y 2£TydpEenELaAR | AU Aty aepiad. aTrefiavarabdae lsisadded
and stirred to clean the particles, and after leaving the particles to
stand, alsupersitderad |toqliel des temhedoldmweinpriat teqgmrdd diles were
cleaned with acetone and left to stand and a supernatant |iquid was

r enoved, Plaorpladtealdirpwiing feonitheesunfacedif ¢tietmetdl aind theeshmlic
particles. The obtained particles were observed with a SEM and it was
found t hetid crgiar destisldds fwere "HORARRELONCbIPl Snehaaes] of E6BRREMAaS ti cl es.

A thickness of the shell was 120 nrn. [0111] Then, 5 g of a sanple
was t akesompdct rmuawditk titea athd aatdd @ |d Qi Tee i hsfd &n tidld ng. out
~for evaluating the shell, and put into a sanple bottle, and to this, 0.25

g of thelifEstdhde rHePieseHeadebyitBenboanELE, (1 e¥e51 POEEAS BhHrRl i X
resin and stirred to prepare a paste-like insulating material wth

i Sper sedk NSt hChes tnbilht! RHAthlGR! ©hhdl,pagn3aRbLedgoNt 0 the
substrate wth a copper conb teeth-shaped el ectrode tor evaluation of

i nsul at i i abi hi.t Tﬁg&g ' t_, . 6 nut inth i.r, and

t hen the@eés%%%ﬁ% lt\}/\l/a%’1 eat ‘?‘?E‘%ﬁ gg %%P%%%? %’?:O?u%%ﬁi?g Yr%& Y ﬂfg'tt?lolgsen

at nosph « I I nd .cur trix.resin. .The resistance val ue of
the resul s g aary et AN Gl BeRallhar ibTR fagptiactte d s ih

hum di tyf_ct’:lq{]%i‘tnijo _sléet ai rbgd 108ﬁg for ‘1000 hours or nore. [0112]

Next, the past&otikeeTAANGEPREafh: BrTAFtune n A periens Rihdpedas ol es

was applied so as to forma flat plate of 5 nmin thickness and dried at
90C for 30 minutes in the air, and thgn the resultant was heat treated at
.200C for 1 hour in a nitrogen atnosphere to polynerize and cure a matrix
resin. Then, the thermal conductivity of the resulting flat Plate sanple

was neasured by use of a thermal conductivity neasuring apparatus "HC 110"
(manuf actured by EIKO I NSTRUMENTS CO., LTD. ) , and the thernal



[0113] Conparative Exanple 2 Copper particles not subjected to a
core-shell particle production process were observed with a SEM and no
shell was found on the surfaces of copper particles. [0114] Next ,
a paste-like insulating material with dispersed netal particles was
produced as in Exanple 2, and their various physical properties were

eval uated. A resistance value in a |oad test under high tenperature and
high hum dity conditions was | ess than 108Q after a | apse of 190 hours.
Furt her, vol ume resistivit nd .a wi.t hstand voltage of the insulating
e aPEhS ed B Y B Bl oS AR et g vorabicr vl y.
A thernﬁb éﬁqductivity was 3.0 Wm K. [0115] Conparative Exanple 3

In the m%¥38e for formng a layer, the acid organic nmaterial -or
phosphoric acid was not m xed, but a resin "LI GAT ESTER G' was m xed in

pl ace of thisIPAPHIPSing the,\pgddRESRLS glafiardlopT RiesphEHERCEE was
4.6. By using this m xture, core-shell particles were produced as in
Exanpl e 12¢0 qpetapt Mifddthamatalosaiasinpibevddag theasEorgagitew
shells were formed on the surfaces of copper particles, and an average

| ayer t Madierded omPhpEpiiordic aedd td Deast at the suads of Pasmethbilke
insulating material with dispersed netal particles was produced as in
Exanpl em2yahe ¢tmtairnediioudhghysaciliopr spstémes Whsre thealcowaeedhelhe

eval uation results are shown in Table 4. [0117] Conparative Exanple 4

| n the paxttikdesoprbdnotagim dwstera richetdondspsgani sravittd@hwidh a
phosphoric acid was not m xed, but a resin "APG 700" was m xed in place of
this. Amairak fediwt €6 gusRite 96l UhbaDa0ingAKE SO0 WA dd.spBysedi Ng this
m xture, core-shell particles were produced as.in Exanple 29. The obtai ned

particl geteRr fapPsei¥ed thd hnduSEMioANSrbsuriie)d & ¥BFEa R dmiL10B £t he

surfaces of copper particles, and an average Tayer thickness was 10 nm or

less. [ Qhl8linsulatingMNidteriaR25LeEhlbeabisu! ahngnBRAkifbiW th di spersed

i
a !
metal particles was produced as in Exanple 2, and their various physical

propert| eLe. Hat V. it ipn, 3 are._s [ le 4.
Porh0) ConouBtivity IR Efle afed'BHUMEL ARG T Bt ERU LAY O

ul trapu [ f .a. thernal pol rization initiator :
Szobi ot cariblogir e d82a it MR e Y ERPSBBP R G AT RRREFe o
formng_a, layer. [0120 .. Next, the mxture for formng a |layer was
but | n HAEBA etau B e FPEgRceRh s PREEL 40 T918r oR G AREHE) os

" MA- 008J" yas a ded and a caontai ner h;lask) was rotated for 1 hour in a
wat er b8 LoPT 6&&0 SPRATY PYotidt tFgFRPRERY FRREISRP & T8 Sigt-appich
evaporator. A rotational speed during the treatnent was 100 rpm (a

ci rcunf &PeRPFafiEpebly atnzotied &r ke XFaqHeoodsaitadgleto wilthi /)
Viscosity of a reaction liquid increased during the treatnment and the
copper Ppatwpekeofsthekorganifinpriduphdtecosf thhephpgphataf 8ag t he
treatnment, the copper particles firmy stuck to a wall surface of the

fl ask wareoupsratkd dmdheonefiworkute rametel hweteem past asitiatheaidytlre
resultant was stirred to clean the -particles, and after |eaving the

parti cl sadt ¢herefidreaasupeenavmptcki jaydrwasrunetmyredisOfoemsdre, the
particles were cleaned with ultrapure water and left to stand and a

super napacbridigyilg, was ienmokedghandhhitnahkyabbeepprbpekesevebe dneed to.
obtain core-shell particles. The obtained particles were observed with a
SEM andnkulw@snboratetbal wore Podgdd<d b8 pATHaBREat edroaligbhs were
formed partly on the surfaces of sone particles and sone particles with no
shel | exi;sti@dngantet b6t 8h81t hgathlickBesaref ravebghhecoul d not be

determ ned. Moreover, polyners which do not contain copper particles and
containypgphkyja resin existed. [0121] Next, a paste-like insulating
material with dispersed netal particles was produced as in Exanple 2, and

t heir .various i e u A L.SL .value in a | oad test
under high teﬁ%é@ggé%esgngﬁ%iEﬁgﬁhn?%???déb%§$%§%%€gﬁéégl§§s than 108 Q
after a . . 30.h . _Further, a volu resi.stivity and a w thstand
S0l { o uiPav1810E3duRaNI & coll A vty % BRI RS GroPE.Buthi vel o A
t her nal condfctivigy w?s .3.% 161/ m K. ) _ . :
. as polyamlic clid, viny resin, norbornene resin, epoxy resin,
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[0122] 1 Treatnment conditions -1 liries ...... ul 0 H84 2 HO u-i k H
(94-7004-1E C kH HOWC) 161 61 61 61 61 | 61 61 161 61 1 61 61
161 F6l

co C4-i rcs 44 ra O,

acrylate resin, epoxy-acrylate resin, cyanate fesin,
bismaleimide-triazine resin, benzocyclobutene resin and
siloxane résin. Also, examples of the resin include
thermoplédstic resins such as aramid resin, polystyrene,
polyetherimide{ polyphenylene ether and thermoplastic
polyimide. When the resinlis'a ;esin having a polymerizable
group, after the layer is formed, the resin can bé further
polymerized-to maké the iayer'robust. For example, when the
surface of the metal onrthe-circuit board is covered using the
present technology, the layer éxisting at a site other than the
metal area after formation of the layer is removed; and then
a polymerizable group-containing resin in the layer formed at
the metal area can be polymerized by a héatihg treatment or by
light irradiation. |

[0032] “

Examples of the solvent preferably used in the présent
technology include ultrapure water, dimethylsulfoxide;
y-butyrolactone, ethyl lactate, isopropyl alcohol, nQbutyl'
acetate, methyl isobutyl kétone, l—methpxy—z—propaﬁo;,
l-ethoxy-2-propanol, 4-méthyl-2-pentanol, ethylene glycol
mono-n-propyl ether, diacetone alcohol, propylene glycol
monomethylether acetate and tetrahydrofurfuryl alcohol
(abbreviated to THFA). When the core-shell particles with a
layer formed on the surface of the metal particle are produced

and mixed in another matrix resin as required to produce a
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a. 4 rotary evaporator rotary evaporator rotary evaporator|l rotary
evaporator rotary evaporator rotary evaporator rotary evaporator rotary
evaporator rotary evaporator rotary evaporator rotary | evaporator
rotary evaporator =rotary evaporator- O0...", 2 n-|

insulating material with dispersed metal ﬁarticles, if.a
solvent in which the matrix resin is dissolved is used, it is
preferred since the solvent does not-have to be replaced after
production of fhe core-shell particles and therefore
productivitj is increased.

[0033]

Among solveﬁts, use of THFA is preferred since the layer
tends to be formed compactly on the surface of the metal. A
pH of a 1 wt% aqueous solution of THFA is 3, and THFA also has
a property as an acid organic material in the present invention
and it is thought to react with the surface of the metal toc form
a salt. Accordingly, it is thought that THFA supplements a

. reaction in which:another dcid organic material forms a salt
with the metal and a more compact layer is formed. Further,
ultrapure water is then inferior in affinity for phosphofic
acid and most of the acid organic materials and it cannot mix
‘the aci.d organic material in a high concentration. On the other
hand, since the acid orgénic material easily coordiné-tes_ to the
surface of the métal in a. reaction ligquid and therefore a
reaction of forming a layer easily prqceeds, it is preferred.
[0034]

In the present teéhnology,:a silane coupling agent may
be contained in the reaction system. When the silane coupling
agent exists, it is preferred since adhesion between the metal

and the layer is enhanced and insulation properties of a
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material are improved. Since a reaction system 1is acidic, in
ofder to enhance the adhesion between the surface of the metal
and the layer, it is more preferred to use a basic silane coupling
agent. ‘Examples of the basic silane coupling'agent include
N-2-(aminoethyl)-3-aminopropyltrimethoxysilane,
3?aﬁinopropyltrimethoxysilane,
3—mércaptoproPylmethyldimethoxysilane;
3-mercaptopropyltriméthoxysilane, and
3aisocyanatepropyltriethQXYSiléne. "Further, imidazole
silanes "IM-1000" and *IS-1000 are also basic and can be
preferably used.
[0035] |
In the present technology. a polymerization initiator may
be contained in.the reaction system. When the polymerization
initiator exists, it is preferred sincde it is possible to
promote a reaction in which the metal surface énd the acid
organic ﬁaterial form the organic acid salt or a reaction in
which the metal surface and the phosphoric acid form phosphate
and polymerization of the acid organic material or the matrix
resin, and the formed layer becomes more robust. Examples of
the polymerization initiator include a thermal polyﬁerization
initiator which is activated by heating and a
photopolymerization initiator which is activated by light
irradiation.

[0036]

i8



STY 4-1 0Oa) v Hrioa;, 4-30ai .ri H M"Pii 0Zw 01.4>a, 91 T
OLE 9CET Zz' Z11 E' 9" E CE JAt Mxture conposition for formng
| ayer Solvent o --00 _ 01 Oz

When ah acid organic ﬁaterial having a polymerizable
group 1is used, or when a polymerizable group-containing resin
is further contained, the polymerization initiator used in the
bresent technology can be selectively u-sed. depending on the type
of those polymerizable groups. For example, when the
polymerizable group is an acrylate group, since the acrylate
g_'ro'up can be peolymerized by radical polymerization or cationic
polymerization, the polymerization initiator to be used is
preféerably a compound to generate a radical or alcation by
activation. Further, when the polymerizable gréup is an epoxy
~group, since the epoxy group can be polymerized by cationic
polymerization or anionic polymerization, the polymerization
initiator to be used is preferably a compound to generate a
cation or an anion by activation.

[0037]

Examples of‘the photopolymerization initiator to
Qenerate a radical by light irradiation include oxime type,
alkylphenone type, benzophenone type, acylphosphine oxide type,
triaziﬁe type and benzotriazole type, and specific examples
thereof include "IRGACURE 207", “IRGACURE 369", "IRGACURE
651", "IRGACURE 819", "IRGACURE 907", "DARCURE TPO" and
"TRGACURE OXE0Ol" manufactured by Ciba Japan K.K. Further,
examples of the photopolymerization initiator to generate a
cation by 1light irradiation include phosphonium type, sulfonium

type and iodonium type, and specific examples thereof include
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"UVI-6992" manufactured by DOW CHEMICAL JAPAN LTD.
[0038]

In orqer to disperse the metal particles without
agglomerating them, a disperganf.may be contained in the
reaction system.

[0039]

Next, the process of forming a layer on the Surfacé of
the metal particle will bé described in detail. In.addition,
the following description is just aﬁ example, and the process
6f present invention is not limited to these.

[0040].

First, the acid aiganic:material,ox'phosphoric écid, the
solvént;'and as required, the matrix resin, an ultraviolet
absorber, the polymeriéation initiator, a polymerization
inhibitor, and the silane coupling agent are mixed.
Hereinafter, the resulting mixture is referred to as a "mixture
for forming a layer".

[00411]

Next, using the prepared mixture for forming a layer, a
layer is formed on the surface of the metal particle to produce
a core-shell particle. In order to produce an insulating
material with dispersed me_ltal particles by use of the core-shell
particles, for example, the following operation is carried out.
However, the following is just an example and the operation is

not limited to this.
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[0042]

First, metal particles, as core particles, are prepared.
The metal p.art-icles may be subjected to cleaning or a sﬁrface;
rtreatme'nt prior to shell formation. Examples of a cleaning
procedure include acid cleaning, | alkali cleaning and organic
cleanincj. As the surface treatment, a ti:eatment by a silane
COupling'agent is preferred since it can enhance,adhesion
between the metal particle and the sh_ell to fom a compact shell.
As a treatment by the silane coupling agent, there is, for
example, a process in which metal particles are put in ultrapure
water in which a silane coupling agent is dissolved in an ambu_nt
of 1 wt%, and the ;:'e-sul:t-in-g mixture is sufficiently stirred and
left to stand to settle the metal particles. Then, a cake-like
metal part_icle, which remains after removing é supernatant
liquid, is heated a-t_ 100°C for 1 hour in an oven to combine the
silane coupling agent with the surface of the metal particle.
[6043]

Then, the met-ai- particles are mixed in the rﬁ_'i-xtur-e for
forming a layer to allow the metal particle to react with the
acid organic material atrroom temperature or while heating.
[0044]

In the process for forming a layer on the surface of the
metal described in present specification, theée acid organic
material or phosphoric acid reacts with the surface of the metalr

to form an organic acid salt or phosphate, and this process is -
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different in a mechanism of forming a layer from a conventional
proéess in which a resin is polymerized by activating the
polymérization ipit-ia‘t-or by heat. In the conventional process,
a resin might be polymerized at an area other than the surféce
of the metal particle during a reaction, and thereby particles
were agglomerated.or viscosity of a liquid increased. On the
other hand, in the technology-deSCribéd in the present
specifiCation; thé layer is selectively formed only on the-
surfabe-of the metal, and therefore the above‘&etriment can be
suppressed. Further, in the conventional process for
production of core-shell particles, it is required to
Sufficiently stir the particles in a relatively large amount
rof a reactién liquid in order to suppress the agglomeration
between the particles or an increase in viscosity of a liquid
during tﬁe reaction, but in-thé technology described in the
present sgecification{ there is not such constraints. In the
present technology, a compact shell can be formed by gently
stirring the metal particles in a relatively small amount of
a reaction solution. This is considered to be due to the
following that if the particles are vigorously stirred and move
too fast in a large amount of a reaction liquid, an organic acid
salt or phosphate produced by the reaction around the surface
of the metal peels off from the surface of the particle by a
frictional force between the metal particle and the reaction

liguid.
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[0045]

With respect to a mixing proportion between the metal
particles and the mixture for forming a layer, & mixed amount
of_thelnetal.particles is-preferably'S'vol% or more and 40 vol#%
or less of a tofal'amount of the mixture. When the mixing
pfoportion is within the above range, movement of the;pérticle
is moderately controlled while the reaction liguid maintains
moderate fluidity, and the acid organic material or phosphate
is sufficiently supplied to the surface of the metal*particle
to form a cémpact shell, In‘addition, the total amount of the
mixture refers to an amount of all of not only the metal par-ticles
aﬁd.the_écidnorganiCInaterial or phosphoric acid, but also the
solvent and substances contained as required.

[0046 ]

Examples of the metﬂod of stirring the reaction liguid
inciude a methed. of rotating a container itself, and a method
of stirring the reaction iiquid by uée of a rotational blade
with a container fixed. In the case of rotating a container
itself, a-circumferential speed of a wall surface of the
container is preferably 1 m/min 6r more and 50 m/min or less.
Whenthecircumferentialspeedisvﬁibintheaboverangefmixing
of the mixture is sufficient while movement of the particle is
moderately limited, and a compact shell is formed. Examples
of an apbar-atus of rotating a container itself inci-ude a rotary

evaporator, a rotary shaker, and ball milling stand. When a
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container is fixed and a rotational blade is used, a
circumferential speed of a tip of the rotational blade is
preférably 1l m/min or more and 50 m/min or less. The reason
for this is thé same as the reason for a preferable range of
a circumferential speed in’the case of rotating the container
itself.
[0047]

Exé‘mple's of the method of forming a compact shell include,
in addition to a mefhod of rotafing d container itself or a
rotational blade at a constant speed, a method of rotating them
-inférmittently. It is efféctive,'for example, to perform,
several times, a process that the container is rétated at a
circumferential speed of 50 m/min for 1 minute and fhen left
to stand for 15 minutes.
[0048] |

The reaction betwéen the metal and the acid organic
ﬁaterial or phosphoric acid may be Enhibiteﬂ by oxygen, énd
therefore it is preférred to inject an inert gas such as nitrogen
into the reaction system ip such a case since the inert gas
injection enables the reaction to proceed quickly. Examples
of the method of evaluatiﬁg a state of the formation of the shell
of the particle after treatment include a method in which the
shell formed on the surface of the -p_arficle is directly observed
by a.SEM or TEM. Further, by performing these evaluations on

the particle sampled during the reaction, a temperature and a
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tiﬁe in the forming of the shell cén be appropriately
determined.
[0049]

The thickness of the shell to be formed is preferably 10
nm or more and 10 ym or less. When the thickness of the shell
is 10 nm or more, a current hardly flows between adjacent metal
particles and insulation p;opefty of thé cured product is
excellent in producing a ¢ured p:oducf of an insﬁl--at_ing material
fgrmed'by;nixing the core—sﬁell particles in the matrix resin.
Further, the affinity of the shéll for the matrix resin is
incréased, and dispersibility of the particles in the
insulating material is improved, and uniformity of the cured
prodiict is favofable. When the thicknéss of the shell to be
formed is 10 um or less, since a density of the particle in the
matrix :r_e-s:i.ri c.anr be high, prop..er’tiés .originated from the metal
particle, for example, a large thermal conductivity or a large
magngtic-permeability of the cured product of the insulating
material, can be enhanced.

[0050]

The shell formed by the present teéhnolo.gy has a network
structure as shown in a SEM image of a section in Fié, 3. As
the network structure is more compact, it is preferfed.since
properties such as the insulation property and the thermal
conductivity of a cured product of the insulating ma‘terilal with

- dispersed metal particles using the core-shell particles are
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favorable. The shell to be formed is more compact, for example,
when a pretreatment by the silane coupling agent is applied to
the metal particles, or when the mixed amount of the rrfetal
particles in the r’n‘ixt-u-re- for forming a layer is increased.
[00511

When a temperaturée during producing the core-shell
parf_i-cle is raiséd, a rate of 'she’li formation increases and
p‘;‘:odtlctiv’ity"is increased. However, since a film thickness of
the shell may be uneven for some types of the xﬁetal and the acid
organicmaterial to be used, in such a case, it is often effective
to empioy rﬁo:r:e mild conditions‘, for example, a temperature
during a reaction is lowered or a concentration of the acid
organic material or phosphoric acid is decreased.
[0052] |

Next, the p_rbduced core-shell par-t:i.dles are mixed in the
matrix resin to produce a paste-like insulating material with
dispersed metal particles. After producing t‘ile core-shell
| particles, thk‘e core-shell' p.ar-ti.cles drawn out from the mixture
for forming a layer may be mixeﬁ in the matrix resin, or a
1ipophilic solvent, in which the matrix resin is easily
dis solved, may be used during producing the coré-shell particle,
and after pro.duciﬁg the co_r’e-sh.eli particles, f-he matrix resin
may be mixed in the mix't-.ure for forming a layer to form the
insulating material with dispersed metal particles. Further,

the matrix resin may be put in the mixture for forming a layer
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in producing the core-shell particle,‘or an unreacted acid
organic material may be used as a matrix resin.
[0053]

When the solvent, the unreacted.acid:organic matérial or
phosphoric acid in the mixture after producing the core-shell
particles are removed to -draw out the core-shell particles,
procedure is as follows. First, a solvent is mixéd-in the
reacted mixture and the resulting mixture is adequately stirred.
Examples of the solvent iﬁclude ultrapure water, acetone,
eﬁhano;, isopropanol, methyl ethyl ketone, and butyl acetate.
Then, the stirred;mixed liquid is left to stand or centrifuged
to settle_the.quershell.particles, and the supernatant liquid
is removed. Alternatively, the mixed liquidis filtered to draw
.out only the core-shell parti;les. As required, a solvent is
added to the coréaéhell_barticles again, and the mixed liquid
is stirred, and then the core-shell particles are drawn out in
the same manner. After the core-shell particles aré cleaned
several times in such a way, finally the miked liquid from which
the supérnatant liguid is removed 6r the core-shell particles
separated by filtration are dried and drawn out. Thé shell may
be further polymeriied/cured by subjecting the core-shell
particles drawn out to heating or ultraviolet irradiation.
[0054]

With respect to a mixing proportion between the

core-shell particles and the matrix resin, a mixed amount of
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the cbre~shell particles is preferably 10 vol$ or more aﬁd S0
vol% or less with respect to a volume of a total solid content
of the core-shell particles, the matrix resin and the like in
the-insuiating“material with disperséd.metal particles. When
thélnixed.amoﬁnt of the core-shell particles is 10 vol% or more
with respect to a volume of a total solid content of the
insulating material with dispersed metal particles, properties
originatedfromthenmtalparticle,fopexample,alargethermal
conductivity or a large'magneéic permeability of the cured
. product of the obtained insulating materiai-ﬁith dispersed
metal particles; can be enhanced. Further, when the mixéd
amount of the core-shell particles is 90 vol% or less with
respect to a volume of a total sdlid.cohtenf’df the insulatiﬁg
material with dispersed metal particles, the cured product of
theobtainédinsulatingmaterialwithdispersedmetalpartiéles
is tough and cracks are hardly produced.
[G055]

Examples of the matrix resin include thermOSétting'or
ultraviolet-curable resins having a polymerizable group such
as polyamic acid, vinyl resin, norbornene resin, epoxylresin,
acrylate resin, epoxy-acrylate resin, cyanate resin,
bismaleimide-triazine resin, benzocyclobutene resin and
siioxane resin. Also, examples of the resin include
thermoplastic resins such as aramid resin, polystyrene,

polyetherimide, polyphenylene ether and thermoplastic
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polyimide.
[0056]

As the core-shell particle to be mixed, core-shell
particles produced from plural types of metal particles
different in material may be used, or core-shell particles
produced from metal particles different in particle diameter
may be used. When the core-shell particles differént in
particle diameter are used, it is preferreé_since.a_small
particle pénetrates into the gap between large particles and
therefore a packing fraction of particles can be increased.
[0057]

In addition to the core-shell particles. and the ﬁatrix
resin, the solvent or the dispersant, the ph@fOpolymerizatiﬁn
initiator, thg thermél polymerization initiator, the
pelymerization inhibitor, the ultraviolet absorber, a
surfactant, the silane coupling agent, an adhesion aid, other
metal particles, or. particles of metal compounds siuch as metal
oxide, metal nitride and metal car;bifi_e may be added as required.
[0058]

Next, a process of producing a sheet~iike dry film
(uncured f£ilm) from a paste-like insulating material with
dispersed metal particles, which is brod’uc:e‘d by using the a_.;bove
core-shell particles and a matrix resin, will be described.
First, the paste-like insulating material with &ispers_ed metal

particles is applied onto a £ilm substrate by using a bar coater,
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é. blade boater, or a comma coater. Examples of a material of
the film substrate include PET, polyimide, and polypropylene.
W_hen a film wifh a releasing agent of silicon applied to the
sUrface thereof (release film) is employed, it is prefErreﬁ
since: the £film substrate can be easily peeled and removed when
using the sheet-like insulating material with dispersed metal
particles. Examples of the reléase film include *SR-1"
produced by OHTSUKI INDUSTRIAL CO., LTD. and "Cerapeel"
produced by TORAY ADVANCED FILM Co., Ltd. Then, the insulating
rﬁat--er'i-al with dispersed metal Jp.aritiicle_s applie-d onto the film
substrate is dried by an oven, and a protectivé film is bonded
to Vthe dried £ilm as r'equired to obtain a shée't--lik-e i:tn.cﬁr-ed
insulating material with dispersed metal particles. A film
su.bje'ct'e'(‘:'l to re_léasing_—\treat-ment das with the above f-il-m
substrate can also be used for the protective film.
f0059] |

Examples of use of the insulating material ﬁith dispersed
metal particles will be described blow. In addition, the
following description is just an example, and a method of use
is not limited to this. First, apaste-like insulatingmaterial

with dispersed metdl particles is applied onto a circuit beard,

. and dried to obtain an uncured product of the insulating

material with dispersed metal particles. Examples of the
substrate include various substrates used as an electronic

circuit board such as a silicon substrate, a ceramic substrate,
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a glass-epoxy substrate, and a polyimide film, and conductive
wiring of a metal or the like, other insulating layers or
semiconductor deviée_s may exist on the substrate. Examples of
the application method include falling-drop, bar coating, spin
rcoa_t-ing, screen printing énd dip coating. Alternatively, the
above sheet-like insulating material with dispersed metal
particles can be bonded to the substrate. This bonding can be
- carried out at room temperature or at moderate temperatu_re' by
using a roll laminator or a wvacuum lam;i.nafo'r.
[0060]

Next, an uncured film of the insulating material with
dispersed met-ai particles formed on the substrate is subjected
to p@lymerizatibn-/curing treatment such as heating or
ultraviolet irradiation to form a cured product of the
insulating material with dispersed metal particles.
Condi_tion's of pol_yme-r-ization/ curing treatment of materials are
appropriately set in accordance with a material composition or
a product.ioz;' process of a circuit b.o'arci. When the insulating
material with dispersed metal particles is one which contains
a photopolymerization initiator and polymerizes a matrix resin 7
by light irradiation such as ultraviolet irradiation, after the
insulating material with dispersed metal particles is formed
on the sﬁbstrate, the material can also bé patterned by a
photolithography process.

[0061]
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The cured product of the insulating material with

dispersed metal particles has good insulation properties

because a shell exiéts-at an interface between the metal

particle and the matrix resin and thereby formdtion of a

conductive path due to connection between the metal particles
is suppressed. Further, adhesion between the metal particle
and the matrix resin is good and the occurrence of voids or cracks
is suppressed. Further, in thé core-shell particles produced
bythepresenttechnology,sincéthereis]ittlecoarseparticle
formed by agglomeration betﬁeen particles, the particles cén
e filled uniformly and 'in a large number in the insulating
material. Accordingly, since propeities of the used metal is
imparted well to the insulating material, a material in which
silver or copper is uéed.as a metal particle can be used as a
high thermal conductivity material, and a mate_rial in which iron
is used as a metal particie.can'be used as a high magnetié
permeability*maferial. Further, since the-ﬁetal particle has

a lower linear expansion coefficient than that of a resin, its

0

use for various insulating materials in the electronic ¢ircuit

board is preferred because problems of cracks or peeling due
to heat are reduced.
[0062]

On the other hand, since the core-shell particles
produced by the present technology have good dispersibility in

a resin, the amount of a binder resin can be reduced when a
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sintéred type conductive paste isrproduced by use of the
core-shell particles and a binder resin.. Therefore, when the
bind?e_r- resin and the shell are burned off in a firing step after
applying the paste, the metal particles can be firmly joined
to one another tc form a metal wiring having good electrical
conductivity.

{00631

The present technology can be applied to not only the
production of the core-shell particle ‘put -al'so a cover of the
metal wiring on the circuit board or a metal joint area.
Hitherto, there is known a technology in which after a device
in electronic equipment is joined fteo a metal joint area on the
circuit board, the joint area or other exposed metal wi;‘ing' is
covered with a resin layer to secure insulation reliability
(e.g., Japanese Unexamined Patent Publication No.2008-31335).
[0064]

An underfill covering  a metal joint area between the
semiconductor device and the circuit board is used for enhancing
insulation properties and joint strength of the joint area, but
since it has é larger linear expansion coefficient than that

~of the semiconductor device, there is a problem that in a thermal
cycle test, cracks are prodiced in the joint area or the joint
area is broken‘ due to thermal expansion of the underfill itself.
When the substrate is a re-sin-—é:ontaining substrate such as a

glass-epoXxy substrate, the substrate might mitigate the stress
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due to thermal expansion of the underfill to suppress the
above-mentioned problem, but when the substrate is an ino_rg&nic
substrate such as a glass substrate or a silicon substrate, the
stress tends to concentrate in the joint areé as-is to cause
cracks.

[0065]

If the present technology is applied to the underfill,
since the underfill covers only the metal joint area, an amount
of the underfill existing ultimately at the joint area can be
reduced as compared with a conventional underfill. Thef.ef'ore,
thé c;ra‘cks‘ by thermal expansion of the underfill described above
can be suppressed.

[0066]

Further, with an iﬁcrease of more fine joint pitch, it
is required to penetrate an applying liquid of the underfill
into a gap between the semiconductor device and the substrate
through a clearance between close j6int areas. For this, it
is necessary to decrease the viscosity of the applying liquid,
but there might be cases where the underfill was run over out
of the joint area beneath the semiconductor device and spread
on an upper area of the semiconductor device and to a wide area
on the substrate while being applied. Therefore, an excessive
amount of a cOveriﬁg resin is forméd, an‘occupancy-spade of a
mounting substrate could increase, or bending of a flexiblé

substrate could become difficult.
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[0067]

In_accordance with the present technology; even if the
underfill spreads on an uppe: area of the semiconductor device
and to a wide area on thg.substraie while being applied, since
the layer is not formed in an area other than the matall surface,
the undeffill can be removed. Accordingly, a volume and a
.weighf of the ciﬁcuit4board-can_be reduced to realize smaller
and lighter electronic equipment.

[0068]

In order to cover the mertal.wir-ing or the metal joint area
with the mixture for fﬁrming a layer, the following operatioén
is carried out. First, the mixture-foi fqrmiﬁg a lafer-is
applied to the metal area so as to cover the metal area torbe
covered,such és the metaJ.wiring*or the metal joint aréa on the
substrate. Examples of the application method include direct
application methods such as falling-drop, bar coating, spin
-co.ati.n-g., screen printing and ﬁip coat-ir_lg: and a method in which
the mixture is appliéd onto a film substratelonce and then
transferred. Particularly, when the mixture is applied onto
the joint area of the semiconductofkdevice such as IC and the
substrate, a method of:falling—drop is preferred.

[0069]

Then, the substrate with theimixtUre for forming a layer

applied is maintained at a p_red’ete'rmine.d temperat-uré for a given

time to be dried and to allow the reaction between the acid

35



KI3146 0 3 E 0O 9 MEDI 10 9141)1 KBMs 0 3 09149)! 09149)! KBP16 03 KBM6 03

0 1

01 0101010101010101010101-72E0"'" 90" 90" 80" 20"
90' 90" 9

organic matérial or phos‘phoric acid and the metal to 'proceed,
and thereby the organic acid salt or bhosphate is produced. In
this time, the produced organic acid salt takes in the acid
ordganic material not directly involved in the reaction with the
metal or cother fesin existing in the mixture to form a layer.
As with the production of the core-shell particle, the reaction
ocecurs only in the In_e-tal wir-i—r;g_ or the méetal joint area. However,
since a £ilm thickness of ‘the layer may be uneven for saﬁa‘e typés
of the metal, the acid organic material to be used and other
reésins, in such & case, it is often eff’ect’ivé to emp;oy moré
mild conditions, for example, a temperature during a reaction
is 1qwered or a concentration of the acid drgan‘ié material or
phosphoric acid is decreased.
[0070] .

After forming the layer, compounds such as aﬁ unreacted

acid organic material or phosphoric acid is cléaned away with

a solvent, and a substrate in which the metal wiring or the metal -

joint ar'e.a is Ac’overed with the layer is obtained. Examples of
the cleaning solvent include organic solvents such as acetone,
ethanol, isopropanol, methyl ethyl ketone, and butyl acetate;
and an agueous so‘lut_ion of tetramethylammonium hydroxide. In
accordance with this process, the layer is formed selectively
only in the metal wiring and the metal joint area, and thﬁs an
unreacted,material in an area other than these is easilf

cleaned.
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[0071]

After r_e‘moving the mixture for forming a layer in an area
other than the metal, in ordexr to further promote
polymerization/curing of the layer, heatiné and ultraviolet
irradiation may be further applied.

[0072] |

When the.presenf technology is used to selectively form
a layer only in the metél area to be covered, heat sfress by
a differenée in liﬁear expansion coefficient between the.'
substrﬁte and the layer can be-réducéd, and cracks or breaks
of the metal joint area can be suppressed. Further, sincé the
amdupt of the layer to be formed can be reduced, a volume and
a weight of the circuit board can be reduced to realize smali-e-r
and lighter electronic equipment,

EXAMPLES
[0073]

Hereinafter, examples of the presenf invention will be
described, but the present invenfion is not 1imited to theSe
examples.

[0074]

| Materials used in the present invention are described
below. |

[0075]

<{Metal Particle>

- Copper particle "MA-C08J" (average particle diameter: 8.0 pm,
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ménufactured by MITSUI CHEMICALS, INC.)

- Silver particle "SPQ05S" (average particle diameter: 0.82 um,
manufactured by MITSUI CHEMICALS, INC.)

—;Iron-parficle "Fe(HQ)" (averagée particle diameter: 2.0 um,
manufactured by BASF Japan Ltd.)

[0076].

<Acid Organic Mat§rial>

- Phosphate-containing acrylate "P-1M" (manufactured by
KYOETSHA CHEMICAL Co., Ltd.)

- Carbo#yl group—coﬁtaining acrylate "HOA-MPL" (manufactured
by KYOEISHA CHEMICAL Co., Lfd.) |

- Carboxyl group-containing acrylate "HOA-MS" (KYOEISHA
CHEMICAL Co., Ltd.)

- Resin A (carboxyl group-containing acrylate represented by
the following formula (1), manufactured by KYOEISHA CHEMICAL
Co., Ltd.)

[0077]

[Chem. 1]

[0078]
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(CGcm Wthstand voltage (V) Thermal conductivity (WmE) Specific
~magnetic Perneabilitiy Exanple 2 0.8 1000 7.8 x 109 320 4.6 - Exanple 3
3.0 1000 1.3 x 107 110 3.5 Exanple 4 1.0 1000 5.1 x109 300 4.5

<Other Resin>

- Epoxy group-containing acrylate "LIGHT ESTER G" (KYOEISHA
CHEMICAL Co., Ltd.)

- Polypropylene glycol'diacrylate "APG-700" (manufactured by
Shin-Nakamura Chemical Co., Ltd)

- Bisphenol A epoxy resin "jER 828" {manufactured by Japan Epoxy
Resins Co. Ltd.)

[0079]

{Polymerization Initiatoxr>
—Thérmalpolymerizationinitiator"CurezolZPZ“(manufactured
bf\SHIKOKU CHEMICALS CORPORATION) |

[0080]

<Solvent)

Ultrapure water.

Tetrahydrofurfuryl alcohol (THFA)

Propylene glycol monomethylether acetate (PGMEA)

'y—butyrolactone.(GBL)

[0081]

<Silané Coupling Agent)

- KBM603 (manufacfured by Shin-Etsu Chemical Co., Ltd.,
chemical name: N-2-(aminoethyl)-3-aminopropyl
trimethoxysilane) |

- KBM 403 (manuféctured by Shin-Etsu Chemical Co., Ltd.,
chemical name: 3-glycidoxypropyltrimethoxysilane)

- KBM 503 {(manufactured by Shin-Etsu Chemical Co., Ltd.,
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Exanple 5 1.2 1000 3.0 x 109 280 4.5 - Exanple 6 0.3 1000 9.7 x 109 330
4.7 Exanple 7 0.2 1000 7.3 x108 230 4 3 Exanple 8 1.9 1000 8.9 x 108 230
4.2 - Exanple 9 2.0

chemical name: 3-methacryloxypropyltrimethoxysilane)
[0082]

Evaluation methods of properties of a core-shell particle
formed by forming a shell-on-the-sUrface of a metal particie
and a cured product of an insulating'matérial with dispersed
metal particles using the core-shell particle are as follows.
[0083] |
-<Eval‘uation Methods of Form and Thickness of Shell in Core-Shell
Particle)

The shell of the core-shéll particle was observed at its
surface and at its cross section usihg a scanning electron
microscope (SEM)."S-4800" {(manufactured by Hitachi Ltd.). As
a pretreatment for observation of a cross section, a cross
section of the core-shell particle was prepared by ion miliing,
and the cross section was subjected to a conduCtioh treatment
(Pt coating). Further;inthedbserVationofthecrosSsection,
thicknesses of the shells of arbitrary ‘ten particles were
measured and an average of ten measurements was taken as a
thickness of the shell. Here, the thickness of the shell of
each particle was an average of the thickness values measured
at eight points appfox’imate-ly equally spaced on a periphery of
the particle.

[0084]
<Evaluation Method of Insulation Reliability of Cured Product

of Insulating Material with Dispersed Metal Particles>
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1000 5.8 x 108 210 4.1 Exanple 10 2.1 1000 2.5 x 108 190 4.1 Exanple il
3.0 1000 1.1 x107 110 3.6 - Exanple 12 4.0 1000 8.4 x 106 100 3.5 Example
13 2.5 1000 2.2 x107

The insulation reliability of a cured product of the
insulating material with dispersed metdl particles was
evaluated by a load test under high temperature and high
humidity cqnaitions . An insulation reliability test sample
was prepared as follows. |
[0085]

First, on a silicon subsfrate with 2 thermal oxide f£ilm
having a thickness of’0.4 um.and.a SiNx‘filnlhaving a thickness.
of 0.8 pm, Cx (thickness 0.08 um)/Cu (thickness 0.25 pm) are
laminated in this order as an electrode material, and a
substrate with a copﬁer comb teeth-shaped electrode, in which
lihe and space (L/S) are formed in a comb te‘eth shape of 10 um/10
um, was. prepared.

[0086]

A sample, in which a f£ilm comprising a cured product of
the insulating material with dispersed metal particles is
formed on the substrate with é copper comb teeth-shaped
electrode, was prepared. The sample was placed in a high
temperature and high humidity chamber in which a temperature
and a humidity were set at 85°C and 85% RH, respectively, and
a voltage was applied between both ends of the comb teeth-shaped
electrode after a lapse of five minutes from the stabilization
of environment in the chamber and a change of insulation
resistance over time was measured for 1000 hours. An

application voltage was 20 volts. The resistance value was read
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120 3.6 Exanple 14 1.5 1000 6.2 x109 310 4.6 - Exanple 15 2.8 1000 5.6 x
107 140 3.7 Exanple 16 1.1 1000 1.2 x 10" 340 4.8 - Exanple 17 0.9 1000

3.4 x 10" 380 4.9

out every 5 minutes to measure the change of insulation
resistance over time. The time when the resistance value
reached less t-h;a'ﬁ 10* @ was considered as a retention time Qf
insulation reliability and recorded. Further, a reténtiorn
time of insulation reliability of the sample which retained a
resistance value 6f 10®° Q or more for 1000 hours or more was
taken as 1000 hours.
[0087]
<Evaluation Method of Vo.;lﬁme Resistivity and Withstand Voltage
of Cured Product of Insulating Material with Dispersed Metal
Particles> |

A cured product of the insulating rﬁa.t:eri_al with dispersed
metal particles was formed on a silicon substrate with a Cr £ilm
s0 as to be 100 pm in thickne.ss, and an Al electrode {electrode
area 1 cm®) was vapor-deposited on the cured film. A DC voltage
of 5 volts was applied rbetween the Al electrode and the silicon
substrate with a Cr f_;i_lrﬁ.,- and a volume resistivity was
determined from a resistance value at ﬁhe time of applying a
voltage of 5V, and a £film thickness of a material. Measurement
was carried out by use of an insulation resistance tester
"6517A":- (trade name, manufactured by Keithley inst-rmnents
Inc.).

Further, using this tester, the DC application voltage
was gradually increased, and a voltage at which resiétance

reached zeroc was read out and =’chj.-s voltage value was defined
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Exanple 18 1.1 1000 5.4 x 10" 400 5.0 Exanple 19 1.2 1000 4.6 x 108 210
4.2 Exanple 20 1.0 1000 2.1 x 10" 360 4.8 - Exanple 21 0.9 1000 7.6 x109
320 4.6 - Exanple 22 '

as a wifhstaﬁd voltage of a material.

[0088] |

Example 1

| An acid organic material "resin A", THFA, and a silane

coupling agent "KBM 503" were mixed in a weight ratio of 10 :
90 : 1 to prepare a mixture.for forming a léyer. Then, a drop
of the prepared mixture was dropped with a dropp‘ér on a silicoen
- substrate with a copper film formed on the surface:thereof by
a sputtering method, and the substrate was héated at 90°C for
1 hour on a hot plate. The heated substrate was immersed.in
acetone for 30 seconds, cleaned with ultrapure water, and dried
at 90°C for 15 minutes. It was confirmed that a layer was formed
on the dried substrate.

[0089]

‘Mbreqver, using a silicon substrate with a silver film
formed on the surface thereof by a sputtering method, a silicon
substrate with a gold film formed on the surface;thereof by a
sputtering method,la-siliCOn substrate with a tin film formed
on the surface thereof b§'( a sputtering method, an aluminum plate,
a stainless steel plate, a zinc plate and a solder (tin: 60%,
lead: 49%) plate as the substrate, the same treatment was
performed, and consequently it.was confirmed that a layer was
formed on theé dried substrate in all the substrates.

[0090]

Comparative Example 1
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0.4 1000 7 4 x 10" 420 5'1 Exanple 23 0.3 1000 6.7 x109 320 4.6 Exanple
24 1.0 1000 2.7 x 10" 370 4.8 Exanple 25 1.0 1000 1.1 x1010 330 4.7
Exanpl e 26 1.2 1000

Using a silicon substrate, a glass substrate, a
glass-epoxy substrate, and a polyimide film as the substrate,
the same treatment as in Example 1 was performed, and
consequently the formation of a layer on the dried substrate
could not beé found in all the substrates.

[0051]
Example 2

10 g of copper particles "MA-C08J”, 10 g of ultrapure
water and 0.1 g of a silane c.oupl-inlg- agent "KBM 603" were mixed,
stirred, and then transferred to a cup made of aluminum,.and
the cup was left standing to allow the copper particles to settle
out. After a supernatant li-q'uid.'wa's removed, the resultant ﬁas
heated at 100°C for 1 hour to perform prétreatime'nt' of the copper
particles.

[0092]‘

0.1 g of phosphoric acid and 5 g of ultrapure water were
mixed and s.'.tir.red to prepare a.mixf:ur.e for forming a layer. In
addition, a pH of an agueous solution (denoted by "1 wt% aqueous
solution" in Table, séme as above) formed by mixing 0.1 g of
phosphoric acid with 9.9 g of ultrapure water was 1.8. The PH
was measured by use of a pH meter "CyberScan pH310"
(manufactured by EUTECH INSTRUMENT Pte Ltd.).

[0093]
Nekt, the mixture for forming a layer was put in a 100

ml eggplant flask, and to this, 10 g of the pretreated copper
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5.5 x 109 300 4.5 Exanple 27 9.6 1000 3.9 x 10" 390 4.9 Exarrplé 28 0.4
1000 4.3 x 109 290 4.5 [ 0124] Treatnent conditions | 4-)0 E .H o0 Ho
44 . kri ,9¢c9.000 F-1 0.-1H .-- 4-,

particles was added (amount of the mixéd metal particles: 18
vol%} and a container (flask) was fotated for 3 hours in a water
bath of 45°C, using a rotating/mixing function of a rotary
evaporator. A rdtational speed during the treatment was 100
rpm (a circumferential speed at a wall surface of the container:
19 m/min). A sample of a reaction liquid after treatmentlwas
taken out, put into a sample bottle and left to stand, and a
supernatant ligquid was removed. Then, ultrapure water was
added, and"the:resultant was stirred to clean the particles;
and after leaving thé particles to stand, a supernatant liquid
was removed. Once more, the particles were cleaned with-
ultrapure water and left to stand, and a supernatant liguid was
removed, and finally the particles were dried fa obtain
core-sheil barticles. The'obtained_particles:were_observéd
with a SEM, and consequently it was ﬁound_that_network shells
were compactly. formed on the surfaces of copper particles (Fig.
4). A thickness of the shell was 0.8 pm. -
[0094]

Then, 5 g of the dore~5hell‘particles was taken out and
put inté a sample bottle, and to this, 0.56 g of the resin A
represented by the formula (1) as a matrix resin and 0.7 g of
THFA were added and stirred to produce a paste-like insulating
material with dispersed metal particles. This insulating
material was applied onto the substrate with a copper comb

teeth-shaped electrode for evaluaiion of insulation
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reliability, and dried at 90°C for 30 minutes in the air, and
then heat treadted at 200°C for 1 hour in a nitrogen atmosphere
to polymerize and cure a matrix resin. The resistance valiie

of the resulting sample in a load test under high temperature

and high humidity conditions retained 10°® Q for 1000 hours or

more.
[0095]

Next, thejpasté—like insulatinglnaterial.with.dispefSGd
metal particles was applied onto a release film "SR-1"
(manufactured by OHTSUKI INDUSTRIAL CO. ,LTD) so as to be 100
um in £ilm thickness by use of a bar coater and dried at 90°C

for 30 minutes in the air. A silicon substrate with a Cr film

was placed on a hot plate of 130°C, and the obtained dried £ilm

was bonded to the-substrate-With a hand roller and adequately
cooled,'and.theréafter-the.release-filnlwas peeled off. Then,
the resultant was cured at 200°C for 1 hour in a nitrogen
étmosphere to cure a métrix_reéin. A sample had a volume
resistivity of 7.8 x 10° Q and a withstand voltage of 320 V.
[0096]

Next, the paste~like insulating material with dispersed
metal particles was applied onto a release film "SR-1"
Cmanufaétured.by OHTSUKI INDUSTRIAL CO.,LTD) so as to ﬁe 100
um in £ilm thickness by use of a bar c¢oater and dried at 90°C
for 30 minutes in the air. Subsequeﬁtly, the dried film was

peeled off from the release film and then heat treated at 200°C
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for 1 hour in a nitrogen atmosphere to polymerize and cure a
matrix resin. The thermal conductivity of the resulting sample
was measured by usé of a thermal conductivity measuring
apparatus"HC—llo"(ﬁahufacturedbyEIKOINSTRUMENTSCO;,LTD.),
and the thermal conductivity was 4.6 W/m-X,
- [0097] |
Example 3

Core-shell particles and a paste-like insulating:
material with dispersed ﬁetal particles were produced as in
Example without carrying out the pretreatmént in which the
silaﬁe coupling agent was used for the copper particles. The
evaluation results ére shown in Table 2. Further, a SEM image
of a core-shell particle is shown in.Fig. 5;. A network of the
shell of‘the-cdre-shell‘particle was :ough-compared.with that
of the cﬁre—shell particle produced in Example 2.
[0098]
Examples 4 to 10

Core-shell particles and a paste-like insulating
material with dispersed metal particles were produced as in
Example 2 except for changing the amounts of the cbpper particle
and the ultrapure water in the mixture for forming a layer to
those shown in Téble 1. The evaluation results are shown in
Table 2. Further, SEM images of core-shell particles produced
in Examples 6 and 10 are shown in Figs. 6 and 7, respectively.

A network of the shell of the core-shell particle produced in
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Example 6 was fine compared with that of the core-shell particle

producedrin Example 2, aﬂd a network of the shell of the

core-shell particle groduced.in Example 10 was rough compared

with that of the core—sheil particle produced in Example 2.

[0099]

Examplés 11 to 13

| Core-shell particles and a pasté-like insulating

material with dispersed metal particles were produced as in
., Example 3 except for chénging the-comp0sition of the mixture

for forming a layer to that shown in Table 1. The evaluation
- results are shown in Table 2.

[0100]

Examples 14 to 15

Core~shell particle and a éa"ste:—.like insulatingmaterial

with dispersed ﬁetal particies were produced as in Example 2

exqept for cérrying out the pretreatment of the copper particile

by use of a compound shown in Table 1. The evaluation resuits

are shown in Table 2. .

[0101]

Examples 16 to 28

Core-shell particlgs and a paéte+like insulating -

material with disperseﬁ metal éarticleS'were'produced as in

Examplg'z eﬁcept that a compound shown in Table 1 was added to

the mixture for forming a layer as an acid organic material and

the amount of the ultrapure water was changed to that shown in
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Table 1. The evaluation results are shown in Table 2. Further,
a SEM image of a core-shell particle produced in Example 17 is
shown in FiAg_. 8. However, in Example 19, the pretreatment in
ﬁhich the silane coupling agent is used for the copper particle
was not carried out. A

[0102]

Examples 29 to 41

CoreaShell particles and a paste-like insulatingl

material with dispersed metal particles Wer-erproduce.d as in
Ei:ample 2 except that the composition of the mixture for forming
a layer was changed to that shown in Table 3 and a process
temperature of core-shell particle production was changed to
~ that shoﬁn in T-abler 3‘ . The evaluation results are sho{m :Ln Table
4. Further, a SEM image of a coréwshell particle produced in
Example 31 is shown in Fig. 9. However, in Examples 29 and 33,
the pretreatment in which: the silane coupling agent is used for
the copper particle was not carried.out.

[0103]

Example 42

Core-shell particles and a paste-like insulating

material with dispersed metal particles were produced as in
Example 38 except that in process conditions in the core-shell
particle production, a cycle of shaking/mixing a container for
1 minute and then leaving the container to stand for 14 minutes

in a water-'b'ath of 80°C was repeated for 3 hours without using
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the rotary evaporator. The evaluation results are shown in
Table 4.
[0104]
Examples 43 to 44

Core-shell particles and a paste-like insulating
material with dispersed metal particles were produced as iﬁ
Example 2 except that the metal particle was changed to a silver
particle “SﬁQ05S“, the cbmposition of the mixtufe for forming
a layer was changeq to that shown in Table 3 and 4 process
temperature of core-shell particle production was chahged to
that shown in Table 3. The reSults of evaluations of these are
shown in Table 4.
[0105]
E#ample 45

Co':r:e-—‘she_l-i particles‘ were produced as in‘ Example 3 except
for changing the metal particlé to an'iron particle "Fe(HQ)".
The obtained particles weére observed with a SEM, and
'cthequently it was found that compact shells were formed on
the.surfaces of iron particles. A thickness of the shell was
0.7 pm.
[0106]

Next, a paste-like insulating material with dispersed
metal particlés was produced as in Example 2 using the
core-shell pérticles, and a load test under high temperature

and high humidity conditions was carried out, and consegquently
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resistance of the insulating material retained 10% Q forﬂiOOO
hours or more. Further, a volume resistivity and a withstand
voltade of the insulatinglnaterial.ﬁerelpeasured.aé in Example
2, and consequently they were 6.0 x 10 Q and 420 V,
respectively.

[0107]

Next, the paste-like insulating material with dispersed
metal particles was applied onto a glasg substrate so as to be
15 pm in £ilm thickness.énd.dried at 90°C for 30 minutes in the
air, and then.heat treated at 200°C for 1 hour in a nitrogen
datmosphere to pélYmerize and cure a matrix résin. A specific
magnetic permeabiiity'of the resulting sample was measured by
use of a high frequency permeability measuring apparatus for
thin film (manufactured by Toel Scientific Industrial éo@,
Ltd.),'and_it was 2.2 at an alternate—current magnetic field
of 100 MH=z.

[0108]
Example 46

Core-shell particles and a paste-like insulating
material with dispersed metal particles were produced as in
Example 45 except that_the'composition of the mixture for
forming a layer was changed to that shown in Table 3 and a-process
tempefature of core-shell pafticle production was changéd to
that shown in Table 3. The evaluation results are shown in Table

4.
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[D109] -
Example 47
0.1 g of an acid oi:-ganic matérial "HOA-MS", 0.01 g of a
"photopolymerization initiator "IRGACURE 819%, and 10 g of THFA
were mixed and stirred to prepare a mixture for forming a layer.
[0110]
Next, the mixture for forming a 1ayer was put in a 200
mi e-ggpl-a‘nt flask, and to this, 0.5 g of copper particles
"MA-C08J” was added (amount of the mixed metal particles: 0.6
v’ol%j ., and the resultant was heated at 90°C f.o'r 3 hours by an
oil bath while being stirred. 0.1 g of a sample was. taken out
from a reaction liquid after treatment, put intoa sanple bottle
and left to stand, énd a supernatant liquid was removed. .Th_en',
acetone was added and stirred to clean the particles, and after
leaving -the particles to stand, a s'uperr_lata-'nt liquid was removed.
Once.more, the particles were cleaned with acetone and left to
stand and a supernatant liguid was removed, and finally thé
- particles were dried to obtain core-shell particles. The
obtained particles were observed with a SEM, and it was found
that compact shells were formed on the surfaces of copper
particles. A thickness of the shell was 120 nm.
fo111]
Then, 5 g of a4 sample was taken out from the treated
reaction liquid remaining after taking out for evaluating the

shell, and put into a sample bottle, and to this, 0.25 g of the
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resin A represented by the formula (1) was added as a matrix
resin-and stirred to prepare a paste-like insulating material
with dispersed metal particles. This insulating material was
applied onto the s‘ub‘st-r:a‘t_e with a c-_o.ppér comb teeth-shaped

electrode for evaluation of insulation reliability, and dried
at 9060 for 15 minutes in th;e air, and then the resultant was’
heat treated at 200°C for 1 hour in a nitrogen atm'os-bher;e to
polymerize and cure a matrix rgsin. The resistance value of
the resulting sample in a load te.st_ under high temperature and

high humidity conditions retained 10°® Q for 1000 hours or more.

7[01121

Next, the paste-like i_nsulatilng material with dispersed
metal '-p‘a_rtiic._le.s was applied so as to form a'flai‘:'r plaf:e of 5 mm
in thickness and dried at 90°C for 30 minu:tg.s in the air, and
then the resultant was heat treated at 200°C for 1 hour in a
nitrogen atmosphere to polymerize and cure amatrix -résin .« Then,

the thermal conductivity of the resulting flat plate sample was

" measured by use of a tiie_rmal conductivity measuring apparatus

"HC-110" (manufactured by EIKO INSTRUMENTS CC., LTD.), and the
thermal conductivity was 0.5 W/m K.
[0113] |
Comparative Example 2

Copper particles not subjected to a core-shell particle
productioﬁ process were observed with a SEM, and no shell was

found on the surfaces of copper particles.
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[0114]

Next, a paste-like insulating material with dispersed
" metal particles was produced ds in Examp'le 2, and their various
phyéical properties were evaluated. A resistance value in a
load test under high temperature and high h’urﬁidity conditions
was less than 10° Q after a lapse of 190 hours. Further, avolume
r‘esistivity énd a Wit‘hsta‘nd voltage of the in-s‘ul-atirig’ material
were measured, and they were 5.5 x 10* @ and 10 V, respectively. |
A thermal conductivity was 3.0 W/m'K.

[0115]

Comparative Example 3

In the mixture for forming a layer, the acid organic

- material or phosphoric acid was not mixed, but a resin "LIGHT
'ESTER G" was mixed in place of this. A pH of a 1 wt% aqueous
solution of "LIGHT ESTER G" was 4.6. By using this mixture,
coré—shell particles were produced as in Example 29. The
obtained particles were obserxlr'ed with a SEM, and few sh'ellls were
formed on the surfaces of copper particles, and an average layer
thickness was 10 nm or less.

[0116]

Next, a paste-like insulating material with dispersed
metal particles was produced as in Example 2, and their various
physical properties were evaluated. The evaluation results
are shown in Table 4.

[0117]
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Comparative Example 4

In the‘miéture for forming a layer, the acid organic
material or phosphoric acid was not mixed, but a resin "APG-700 "_
was mixed in place of this. A pH of a 1 wt% aqueous solution
p‘f" "APG-700" was 4.2. By using this mixture, rcore-shell
pért_icles We_ré p;odu.ced as in Example 29. The obtained
partic_ies were observed with a SEM, and few shells ;;ve're formed
on the surfa_caé: of copper pért_-icl.es, and an ayerage layer
thickness was 10 nm or less. |
[0118]

Next, a paste-like insulating material with dispersed
| me-tle-_il pa::ticlé-s was produced as in Example 2, and their various
ph_Ysica’l properties were evaluated. The eva_lu_ation;r results
are shown in Table 4.

[0119]
Comparative Eﬁcamp.le 5

0.1.g of "LIGHT ESTERG", 5 ¢ o.f‘ ultra_ipure‘ water- and 0.005
g of a thermal polyme.fization initiator azobisisobutylonitrile
Wé-ré mixed and stirred to prepare é mixture for fc_irminré a layer. -
[0120]

Next, the mixture for forming a layer was puit in a 100
ml eg_gp_laﬁt flask, and tr.o this, 10 g of copper particles
"MA-C08J"” was édde:d and a container (flask) was rotated for 1
hour in a water bath of 60°C, using a rotating/mixing function

of a rotary evaporator. Arotational speed during the treatment

55



N0 NO NO N0 noO Nno no no no no | Exanple 29 | Exanple 30 | Exanple 31 |
Exanple 32 | Exanple 33 | Exanple 34 | Exanple 35 | Exanple 36 LE eTdwex8
| Exanpl e

was 100 rpm (é circumferential speed at a wall surface of fhe
container: 19 m/min). Viscosity of areaction liquid increased
during theé treatment and the copﬁ'er particles stuck to a wall'
éurf‘a-ce of the flask. After the treatment . the copper part.-ié:les
firmly stuck to él wall surface of the flas‘k were unstuck, and -
to thisg, ult‘raj;)ure wéter was adde'd and t'he resultant was stirred
to ¢lean t-he*.part-:i-.'c'les' , and after leaving the particles-to st-_and,
a supernatant liguid Wés removed. Once m‘o‘r-e_, the particles were
cleaned with uli:raque water and left to stand and ‘a s‘ﬁp_e:rnat-ant
liquid was removed, and finally the particles were dried to
obt.a:in core-shell particles. The obtained particles were
obse‘rvéd with a SEM, and it was found that some particles were
agglomerated, shells were formed part.l‘ir on the sur!f-.ac.é-s of some
particles and some particles with no shell existed, and
therefore the thickness of a shell could not be determined..
Moreover, polymers which do hot contain copper particles and
contain only a resin existed.

[o121]

Next, a p’aste-lik:e; ins.ulat-ing- material with dispersed
metal particles was produced as in Exarhple 2; and their various
properties were evaluated. A resistance value in a load rtest
under high temperature and high humidity conditions was less
than 10* Q after a lapse of 23'07 hours. Further, a volume
-resistivity and a withstand voitage were measured, and they were

5.9 x 10" Q and 10 V, respectively. A thermal conductivity was
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3.2 W/m*K.

[0122]

57



en en 08 eV 09 GP 09 91100 08 91 91 O Z

IC en

rotary evaporator

I 9

guQU 92 Oz 9

84
. IoleIoGens . o L =T . PIOE OoT3 . . w.h. ;
61 J € = 4 8T g sandeaiTh suou |uou suou T°0 g°'T - oydsoyd £O0PHEN o1 0°g ng .mﬂmEmNmm
‘zojexodreas . k CRR-TY . . pPEOE OFI . €T .
61 Xxeq01 € [+ i1 gz sxti@RIL TR suau suocu suou 10 g1 - oudsoud suou 0T 0'8 no oTdumesy
zojerxodeas ) ; I93RM : ) B PIO® OTX . A :
61 Zreioz € oF 9°'€ [ sandeIaTn auou susu suou 1’0 g°'1 ~oudsoud sucu 0T 08 np orduexa
X aojzeTodess . . Tojem N ; Tproe o1x . 1T :
6T Axejox 2 S £°8 0z sxnderlTn euou euou euau o B°T -oydsoyd suau ot 08 nod m.mQ..Em.Nm“
xorerodean| . , TOqEM . . . pTOR OTI ' . 01 |
6T KTerox [ 534 T'T o1 sTndeaiTn euocu suou suol T°0 2°1 -oudsoud £09KHgN T 08 no o.mﬂammm.
. zorezodens . xojem ) . . pIoR OTI . . . 6
6T Ateiox £ S¥ z e 09 sIndeIaTn suou euou suou 10 8°1 —oydsoyd £09NEN 01 "] ﬂo, orduwexs
Io3eIodens . o ) Isiem . . pIoe oFx . m.
6T Kiejox € oF 9°t (1] sandesio suou mao.n . mﬂ.om T o 8'T -oudsotd £09Ha 0T 0'e ny ‘arduexy
Jzojezodpasg| . b CRL-TY . . . DTIOR OTX s A
61 Atoaox € 34 % 4 S°'1 sandexiTn uou |uoud suou 1'0 g ._” -oydsonyd £09KHEN 0T 0’8 np oTduexy
» xozerodess . ToieM . , ptoe oFI . 9
61 Zietex £ 25 om S'E sandezaTn |uou [UOU suou T°0 a'T -oydsoud £09HgM 0T 08 no oTduexy
Tojeaocdeas . . - aejes . i . PFOR o . 4§
6T ZTeiox € st £°Q 14 sxndeITn 8uou |2uou euou T°0 e'T -oudsoud £09Had 0T 08 no opdwexm
Iozeaxodeas Tojes . . . pIOR OTI . ¥
61 Arejox £ §¥ 01 0t jexnder)Tn ouou suou suou "0 81 -oydsoyud E09HEN ot 0'B nd eTduexy
‘TojrIofivas . i aedem . . PIOR RT3 . £
51 Axejox £ S¥ 81 S sandeziTn euou suou suou o 87T ~oydsoyd auou 0T U oo oTdwexy
IojezodeAs’ 1 zoies . . pPIo® OTI ’ . z
61 Zreioz € oy 8T < 'srnderyTn auou auour auou T°0 8'T | -oydsoua £0oHgd 0T 0's o orduexy
{utu/w) : TOTINTOS uoTanIos ’ {uni)
ButixTys ) & B gnobnbe B b i
TIITA (9,) {g104) (8) od&r {B) 0o odAL (6) | snoonbe odAL uem | (B) |axejeuerp LuewsTE
Jo snjezeddy (u) axng sToTaxed | 1UnoOwWy Junowy FAM junoury a4 =3B3IlsId lunowy stotired
MHHUOHG\» SWT.L etodusg Tel8uU 1 M,O yd T 30 Hd- abeisay
TeTrTjus PoxXTW “_.n,ob._”om ursex I pIoe oTIouydsoyd
HmﬂESUHﬁO FO junouy| TeTIslew otuebio pyor JsyyQy Io TETI®lRw oTuebIo prov aToTiaRd TEISH
SUOTITPUCD JUSUIERSIL Toket BuTwIoy Io3F UoTifsoduos SINIXTH
[T oTqeL]




Et 3l LL

oudu V3HI

0000 480011 911011 9UQU 9000 90011 9

LI v 57 T S'T |oznduaqrn| S0°0 | §'v |sze wal D adsona| EOOHEE | 0T 0 | diexa
S I e S s¥ o€ $'Z |amdesqqa| SO°0 | &7 [aze wdf D iodseta| EOOWEN | 0T B | dexa
61 Toiiaacame (1 9°€ 0f | snassarn| SO°O | &'v  [|aze wal D oasona| EOOHEM | oT no .aa%mwmm
61 |TOrmaocane v £g 02 |gsnduaqrn| S0°0 | 8'7  sze wal D ndsonal €oowax | ot o oﬂmwwxm
61 | roeoon® &¥ 81 S |ommdoaarn S0°0 | s'v  |sze wal D ndsonal £osuway | ot no .@ﬂmmwxm
o P s [ | | et | s | e v
61 Howwmmmw>@ oy ot §'7 | pimduasqn| §0°0 6'z |y ufsex S dsowa Eoomwa | 0T ng mﬁmuwxm
6T nowmmmmm>m g 9'¢ o€ _anwwwwmds 5070 6z |v ursex mﬁmwmmmm £O9WEN | OT no oﬁmmwxm
61 nowwmmmm>m or £'g 07 | grmduann| 50°0 6z |v ufsex S dsonal £ooMeX | oT no _oﬁmmwxm
LI i g o1 S |omawagrn| 5070 | 67 (v urses Ciageona| SUeu | o W duex
6T _uowwwmmm>m & 81 S |ornduasra| 5070 6z |v ursex WMMmeMM £0OWEY | 0T ] oﬂmuwxm
6T uowmmmmw>m N T g onmmwm”H: €0'0 £'%  |TdH-YOH mwmwmmmm £OOWEM | OT no mﬁmuwmm
6T | Thmgenat® &% 8T S |oxnduasrn| SO0 ¥'7 |SH-VOH B dsota| EO9HEX | 0T 0o oﬁmmem
61 nowwwwmw>o G 8T c .mHMMMMMHn auou auou suou .mwmwmwmw momz. 01 Eele) mﬂmﬁmxm

O O oa en en V3H L ultrapure water VdH ul trapure water

9uUCU 91100 BUCQU 91100 8000 ma o a




jivou 91100 911011 91100 011011 011011 LIGHT ESTER Gcs ro NO a, ,c4 10

TO TOmaomaoCmaoa-67Z-19TWV2 | 911011
[01231]
[Table 2]
' Retention
Thic’k_ness time of Volume . . Thermal Specific
of shell '|ingulation |resistivity Wltl_lstan'd_ conductivity magnetic
(jm) reliabilit (Gemy | OMEage (V) (W/m'K) | permeabilitiy
_ _ ¥ (h) .
Example 2 1009 7.8 x 10° 320 4.6 -
Example 3 1000 1.3 x 107 110 3.5 -
Example 4 1000 5.1 x 10° ' 300 . 1.5 -
Example 5 1000 3.0 x 10° | 280 4.5 -
Example 6 1000 9.7 x 10° 330 4.7 ‘ .'—
Example 7 “1000 | 7.3 x 10° 230 1.3 -
| Example 8 1000 6.9 x 10° | 230 4.2 -
Example 9 2.0 1000 5.8 x 10° | 210 4.1 -
Example 10 z.1 1000 - 2.5 x 10° 190 4.1 -
Example 11 3.0 1000 1.1 x 10’ 110 3.6 -
Example 12 4.0 1000 8.4 x 10° = 100 3.5 -
Example 13 2.5 1000 2.2 x 1907 120 3.6 [ T
Example 14 1.5 1000 6.2 x 10° 310 4.6 -
Example 1% 2.8 1600 5.6 x 16’ | 140 3.7 -
 Example 16 1.1 1000 1.2 x 10 340 . 4.8 ' -
Example 17 0.9 1000 3.4 x 10 380 4.9 -
Example 18 1.1 1000 5.4 x 10* 400 T 5.0 ' -
Example 19| 1.2 1000 4.6 x 10° 210 T 4.2 -
Example 20 1.0 1000 2.1 x 10" 360 4.8 -
Example 21 0.9 1000 7.6 x 10° 320 4.6 -
Example 22| 0.4 1000 7.4 % 10" | 420 5.1 -
Example 23 0.3 1000 6.7 x 10° 320 “4.6 -
Example 24 1,0 . 1000 2.7 x 10*® 370 .4.8 =
Example 25 1.0 1000 1.1 x 10 | 330 4.7 -
Example 26 1.2 1000 5.5 x 10° 300 4.5 -
Example 27 0.6 1000 3.9 x 10% 390 4.9 | -
Example 28 0.4 1000 4.3 x 10° 290 4.5 -
[0124]
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3 Conpara tive Exanpl e 4 [0125] [Table 4] Thickness of shell (urn)
Retention tine of insulation reliabilit y (h) Volunme resistivity Wthstand
vol tage(V) Thernmal conductivity (WmK) Specific magnetic perneabilitiy

(52 -cm

[0125]
[Table 4]
Retention _ _
Thickness time of V_olume Withstand Thermal : Specific -
~ of shell |insulation |Tresistivity -J;_t Se-(v) conductivity magnetic’
(um) reliabilit (Q-cm) voltag (W/m*K) permeabilitiy
y {h) _

Example 29 0.2 1600 3.9 x 197 140 - | 3.7 -
Example 30 0.2 1000 4.1 x 10° 290 4.5 -
Example 31 0.2 . 1600 3.0 x 10° 280 4.5 -
Example 32 0.2 1600 2.3 % 10° 270 4.4 , : -
Example 33 0.1 1600 4.4 x 107 140 oy 3.7 | -
Example 34 0.1 1000 5.7 x 10° |° 310 4.6 ' -
Example 35 | 0.2 1000 3.5 % 10° 290 | 4.5 ' -
Example 36 0.1 1000 6.9 x 10° 320 4.6 -
Example 37 0.1 1000 5.5 x 1p° 3io 4.6 -
Example 38 0.1 1000 4.7 % 10° 300 4.5 -
Example 3% 0.2 1000 . 5.2 % 10* 300 4.5 -
Example 40 0.1 . 1000 1.5 x 1p® 250 4.4 -
Example 41 0.1 1000 2.7 x 10° 280 - 4.5 -
Example 42 0.2 - | 1000 6.2 x 10° 310 4.6 -
Example 43 0.5 1000 3.8 x 10° 290 4.5 -
Example 44 0.1 1000 1.6 x 10° 260 4.4
Example 45 0.7 1000 6.0 x 10 420 -
Example 46 0.2 1000 2.0 x 1o0'° 380 - 2.1
Comparative 4 . _
Example 2 0 190 5.5 x 10 10 | | 3.0 |
Comparative 1
Example 3 | <0701 .200 5.6 x.10 10 1 3.1 | -
Comparative ' 4 -
Example 4 <9.01 210 | 5.7 x 10 | ;o 3f1

[0126]

Example 48

lgof an acid organic material “"resin A", 0.1 gof a silane
coupling ageﬂt "KBM 503" and 9 g of THFA wereé mixed and stirred
to prepare a pasté-like mixture for formihg a lafer. A pH of
a 1 wt% agueous solution of "resin A" was 2.9;

[0127]
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Exanple 29 0.2 1000 3.9 x 107 140 3.7 Exanple 30 0.2 1000 4.1 x 109 290
4.5 - Exanple 31 0.2 1000 3.0 x 109 280 4.5 - Exanple 32 0.2 1000 2.3 x09
270 4.4 : :

Next, a silicon substrate on which the semiconductor
device for a test was flip-chip joined by a solder was prepared.
- This will be described by use of Figs. 10 to 12. First, in the
semic;o'nducf'o.r d.evic_e for a test shown in Fig. 10, 240 (60 per
a side) solder bumps 101 (Sn: 63%, Pb: 37%) of 150 um in diameter
é'r.e formed with 300—mic.3_;on pitches at the periphery of a silicon
chip 100 having a size of 20 mm x 20 mm. 'This was mounted on
a silicon substrate 50 (30 mm x 50 mm} Withla copper pad 51,
shown in Fig. 11, using a flip-chip bonding apparatus "FC-2000"
(manufactured by Toray Engineering Co., Ltd.). The copper pad
on the substrate is "located relative to a solder bump of the
semiconductor device for a test in such a way that a copper pad
abuts against two solder bumps. In addition, in Fig. 11,
~pbositions of the solder bump of the semiconductor device
corresponding to the copper pad on the substrate are indicated
by dashed circular lines. Further, in the solder bump of the
semiconductor device, two neighboring bumps are paired, and
each thereof is formed on one aluminum pad 102 and there -is
continuity between two bumps. When the semiconductor device
for a test is joined to the substrate, as shown in Fig. 12, there
is continuity through the solder bump between the aluminum pad
arranged on the semiconductor device for a test and the copper
pad arranged on the substrate to configurate an electric line
which conn_ects the semi'cqnductor device for a test to tﬁe

substrate in the form of daisy chain. Copper wirings 52 are
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- Exanple 33 0.1 1000 4.4 x107 140 3.7 - Exanple 34 0.1 1000 5.7 x 109 310
4.6 Exanple 35 0.2 1000 3.5s109 290 4.5 Exanple 36 0.1 1000 6.9 x 109
320 4.6 Exanple 37

drawn f£rom the copper pads corresponding to both ends of the
daisy chain on the substrate, and terminals 53 for joiniang to
the outside are dispose_d. Electric regsistance hetween these
two joint terminals (resistance between the external joint
terminals) is almost zero if all joint areas are j-o,ined well,
but since reéistance increases even though a defective joint
‘area is only one, paSs/fail of joint can be judged.
[0_-1._28']

The substrate having the s-emi_qo.n_duc.tor device for a test
thus mounted was heated at a peak temperature of 240°C for 30
seconds in a reflow oven‘an'd thereby t-hé solder bump reflow was
carried -out-. to join the semicon'dﬁctor device to the substrate.
Then, t_'hé paste-like mixture for forming-a layer was fl_own-. i_nt-o. :
the joint area witha dropper. In this time, the mixture for -
f:ormin'g a layer was run over out of the joiﬁt area and spr‘e'ad's
on an upper areé of the semiconductor device for a test and the
sur-fa_-c’_:'e of the sili-con siﬁbstrate while bei-ng applied. Then,
the substrate was he_é{ted at 90°C for 1 hour in the air, and after
heating treatment, the substrate was immersed in acetone f-or
30 seconds, cleaned with ultrapure water, and dried at 90°C for
15 minutes. In the ciried substrate, only a metal joint areé
between the semiconductor device for a test and the substrate,
and a coppér wiring from the joint area on the substrate were
covgered with a layer, and an upper area of thé semicon_du‘ctor.

device for a test and the surfaceé of the silicon substrate other.
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0.1 1000 5.5 x 109 310 4.6 - Exanple 38 0.1 1000 4.7x 109 300 4.5 -
Exanmple 39 0.2 1000 5.2 x 109 300 4.5 Exanple 40 0.1 1000 1.5 x109 250
4.4 Exanple 41 0.1 1000

than that were not covered with a layer.‘ Then, the substrate
was cured at 200°C for 1 hour in a 'nifrogen‘ .atmosphere to cure
a layer. A resistance value between external joint terminals
of the resulting substrate having the semiconductor device f.o.r
a test mounted was 0 Q.
[0129]
Next, a thermal cycle test of the substrate having the
semicond’uci:o‘r device for a test mounted, in which maintaining
at -40°C for 30 minutes and 'maintai-ning_-at 125°C for 30 minutes
forma 1 cycle énd this cycle is repeated 1000 times, was carried
out. A resistance value b:etwe-en external joint terminals after
. the test indicated' 0 Q, arid therefore it was confirmed that
there was not a defective location in a daisy chain and the
éubstr-a_te was well joined.
[0130]
Comparative Exami)le 6
1 g of bisphenol A epoxy resin "JER 828", 0.05 g of a silane
co’up.lihg agent "KBM 503", 0.05 g of a thermal p.oiyxn'eriz-a-ti'on
initiator "Curezol 2PZ"™ aq'd 9 g of THFA were mixed and stirred
. to prepare a paste-like mixture for formihg a layer. A pH of
a 1 wt% aqueous solution of "jER-828"™ was 4.5.
[6131] | |
. Next, as with Example 48, the paste-like mixture was flown,
“by a dropper, into a joint area of the silicon substrate on Whiéh

the semiconductor device for a test was f£lip-chip joined by a
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2.7x109 280 4.5 - Exanple 42 0.2" 1000 6.2x109 310 4.6 Exanple 43 0.5
1000 3.8x09 290 4.5 Exanple 44 0.1 1000 1.6x 109 260 4.4 Exanple 45 0.7
1000 6.0 x 1010 420

solder. In this time, the mixture was run over out of the joint
area and spreads on an upper area of the semiconductor device
for a té_st and the surface of the silicon substrate while being
applied. Then, the substrate was heated at 90°C fér 1 hour in
the air, and after h_ea-ting treatment,; the substrate was immersed
in acetone for 30 seconds, cleaned with ultrapure water, and
dried at 90°C for 15 minutes. In the obtained substrate, the
layer was run over out.of the joiﬁt area and covered the upper
aiea_ of the semiconductor device and é wide area of .t'he silicon
substrate. Then, the substrate was cured at 200°C for 1 hour
iﬁ a nitrogen atmbsphere to cure a resin 1a§er. A resistance
value between e#ternal joint terminals of the resulting-testr
sample was 0 Q.
[0132]

Next, é thermal cycle test of 1005 cycies for the

_ substrate having the semiconductor device for a test mounted

was carried out as in Example 48. A resistance value between
external joint terminals after the test was 10 MQ or more.
Further, a layer around the joint area of the semiconductor
device was observed with an optical microséope ., and it’was found
that many fine cracks existed.
[0133]
Explanation of Symbols

50 a silicon substrate

51 a copper pad
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2.2 Exanple 46 0.2 1000 2.0x 1010 380 2.1 Conparative Exanple 2 190 5.5x-

104 10 3.0 Conparative Exanple 3 <0.01 200 5.6 x 104 10 3.1

Exanpl e 4 <0.01 210 5. 7x 104

52
53 .
100
101

102

a copper wiring

" a terminal

a silicon chip

- a soclder bump

an aluminum pad
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10 3.1 - [0126] Exanple 48 1 g of an acid organic material "resin
A", 0.1 g of a silane coupling agent HKBM 503" and 9 g of THFA were m xed
and stirred to prepare a paste-like mxture for formng a layer. A pH of a

1 wt % aqueous solution of "resin A" was 2.9. [0127] Next, a
silicon substrate on which the sem conductor device for a test was
flip-chip joined by a solder was prepared. This will be described by use
of Figs. 10 to 12. First-, in the sem conductor device for a test shown in

Fi g. 1OHH%ﬁDIg?%&§§hF®r§§de) sol der bunmps 101 (Sn: 63% Pb: 379% of 150

FAmM i n diamet d with 300-mcron pitches at the periphery of a
silicon_chip %00 havi ng _a size of 20 mmx 20 nupn. This was _nounted on a

si | i donsubst FaPECEESE3E P B iAP wPEhCareoihErLpRETEIC1I8Rown in Fi g.
11, USiE% a flip-chip bonding apparatus |iFC-2000" (manufactured by Toray
Engi neeCPR§*ésind the ptepTré FgFdes pRda6AI REISNBSt PateTiial| 8&at ed
relative to a solder bunp of the sem conductor device for a test in such a
way t haPhaspbgpic paddapith mgbhahsparhickes der fnmmps.on thedgurifese in Fig.
11, positions of the solder bunp of the sem conductor device correspondi ng
to the edéppee medthbparitd cdebserayrenenbadindagednbyragasheaaid sallér | i nes.
Further, in the solder bunp of the sem conductor device, two nei ghboring
bunps aferpedr édpmahdtbathet heridobriganfior matieonadnandl thienmetpadot02 and
there is continuity between two bunps. Wen the sem conductor device for a
test i sphoisphdteofbheedubsdmm dicth ahesphesphorktdacid, andi@h® metaantinuity
t hrough the sol der bunp between the al um num pad arranged on the

sem conductor device for a test and the copper pad arranged on the
substrate to configurate an electric line which connects the sem conduct or
device £Qr a fBstpteckbs #BRSHraliictRohhssf €6PL0Endal SYachakiesCopper
wrings 52 are drawn fromthe copper pads corresponding to both ends of
the dai gycebaifigOfo téleaiﬁyas;t AL fe1 ANY na@/eHi 33! ﬁ.f%%(?r{e-ﬂﬂ:,\gh?gf_%?et he

out side are disposed. Electric resistance between these t

term nals { i53ichaege SELURERe RNl €00l o0l 13 uh Lk Ao | 3agbrost zero

if all joint areas are jJo ante incr éases even

t hough a.defecti joint area.is aonly_one, passl/fail of joi.nt, can be
judged.%fglégﬁ g61d. % h& st %Pyafgnﬁg%Pﬁagtﬁg é89§30888cP8r%88§Fce for a
t est thui mount ed was heated at a peak tenperature of 240C for 30 seconds
in a rePr87*BY&n and t hereby the sol der bunp reflow was carried out to
join the sem conductor device to the substrate. Then, the Paste-Ilike

m xture for formng a |layer was flown into the joint area with a dropper.
In this_tinme, the mxture for formng a |layer was run over out of the
joint afPea andP€pPERESSBnTAR Dpperchien of cavesshpddnBastdelddvice for a
test and the surface of the silicon substrate while being applied. Then,

t he sub3tfFardipdstpeateadmal @oC f othelredauthien acid grgandsdmatesiaheati ng
treatnment, the substrate was i mersed in acetone for 30 seconds, cleaned
w t h ul isapersbeaydrgreup-dontaintn@@€sfigr ot s phpepbstel-nobheidingd
substrate, only a netal joint area between the sem conductor device for a
test andeshe.substrate, and a copper wiring fromthe joint area on the
substrate were covered with a | ayer, and an upper area of the

sem conductor device for a test and the surface of the silicon substrate
other than that were not covered with a |ayer. Then, the substrate was
cured at.200Crher pobeys fﬂrapﬂbhﬁeﬁﬁﬁnaéﬁl)é@féf%é@lcﬁéﬁtﬁciéyer- A

resi stance val ue between external joint termnals of the resulting

subst rahgchading tHeas@nbL£aNUIGhON deYixe ubah A theSheMRUNpEH1BS0 Q
[0129] xt, a thermal cycle test of the substrate having fhe

sem con t i : o1 1 e L t [ i i.ntaini . -40C for
30 ninu?gg ﬁﬁﬁﬂﬁgfﬁﬁéﬁﬁ%ﬁﬁpé% g%%%?ggrﬁgghﬁ$ﬁﬁ?§§ﬂ?%?E?%iTgt§gfg£énd this
cycle is repeated 1000 tinmes, was carried out. A resistance val ue between
external joint termnals after the test indicated 0 Q and therefore it
was congirnme hat there was not.a defective |ocati in_a.daisy chain and
t he subéfra_t gﬂ\g/\%spﬁ% i o‘lx‘va]édprf‘ali%gi'o%o%%a?%f?V%ﬁﬁignﬁ?ﬁgﬁcfes 1 g of
bi sphenol A epoxy,resin "LER 828" 0.05 g of a . silane cqupling agent "KBM
503" 0SBSOGARI AT AT VSR 114 dn MEEPAToR ReHFS, BROSREPENd 9 g
of THFA were m xed and stirred to prepare a paste-like mxture for formng
a layer. A pHof a1l w%aqueous solggion of "jER-828" was 4.5. [0131]
Next, as with Exanple 48, the paste-like mxture was fl own, by a dropper,
into a joint area.of the silicon substrate on which the sem conduct or
device for a test was flip-chip joined by a solder. In this tine, the

m xture was run over out of the joint area and spreads on an upper area of



Expl anati on of Synmbols 50a silicon substrate 5la copper pad 52a copper
wiring 53a termnal 100 a silicon chip 101 a solder bunp 102 an al um num
pad WHAT IS CLAIMED IS: 1. A process for production of core-shel
particles conprising the step of m xing an acid organic material or
phosphoric acid with netal particles to form on the surface of the netal
particle, a layer containing an organic acid salt formed from both the
acid organic material and the netal or phosphate formed fromboth the
phosphoric acid and the nmetal. 2. The process for production of

cor e- shefhregagtat| RAT BteR%i ¥y T I LI%iah morghapdi A0avAdfepraless ehe net al
particle is a pure netal of any of copper, silver, alumnum iron, zinc,
tin and @ordtabrameunt | of temtmintwyeat | east one of these elenents. 3.
The process for production of core-shell particles according to claim1l or
2, wherein the acid organic material is a carboxyl group-containing resin
or a phosphate-containing resin. 4. The process for production of
core-shebl pardjaimes sieddr gang icdeaoptaineld dyehe poodeseSatgotdingret al
particle, the surface of which is treated with a silane coupling agent.

5. The ptocess doelpiadulticn ,0ivheeeenshe dydiaicontlads iaCahdbRgath Dc any of
clainms 1 to 4, wherein a m xed anount of the nmetal particles is 5 vol % or
nor e andadfdved ¥ G IRssspatee i Horai@dh ehet BArFb¥bULE. thé métal
core-shell particle obtained by the process according to any of clains 1
to 5, whgsetfc8el ayer containing an organic acid salt or phosphate is
formed on the surface of the netal particle. 7. A paste conposition
cont ai ni ng core-shell particles produced by using the process for
production of core-shell particles according-to any of clainms 1 to 5, and
a matrixsresing _8... . siLtlon. co L -sh ticles

pr oduced7 by us% n%% é(? %gr}%%ss]g@?%? %é%%:‘ﬁrg%aéo&%%rlggisﬁeﬁ %‘l‘[e%ia?‘ é|3ch es

accordi 10. ai 1 to 5 and_.a matrix resin._ 9. A process
corpr 1 s MEoRuERY 85 SoPad Hlr eS8 ton BRddc iR o SerdiheEor ¢
acid into cgntﬂct_mjth .ne%al_to forf],on t he surface of the netal, a
layer cORPATATIGS ATOSHEMGL LA 05 $1HPRATE onPBGtH e ST H yani ¢
material and the nmetal or phosphate fornmed from both the phosphoric acid
and the netal. 10. A process for production of a covered netal-wring
circuit board conprising the step of applying a solution containing an
acid org®ni c natEheel FMRPRHEHERR | ok cere tiheld teaeakeilemvi ng a
netal-mﬁring to form on the surface of a metal on the circuit board, a
| ayer coPfeineed by @9iRei thechrosess for neoeduokidnt of seexe aghel br gani c
material and said netal or phosphate formed from both said phosphoric acid
and sai deaeptifles according to any of claims 1 to 5, and a matrix resin.

9. A process co’mpri'si'n'g the si;-ep. of bringing an acid organic
mé‘terial or phosphoric acid into contact with a metal to form,
on the surface of the metal, a layer containing an organic acid
salt formed from both the acid organic material and the metal

or phosphate formed from both the phosphoric acid and the metal.

10. A process for production of a covered metal-wiring
circuit board comprising the step of applying a solution

. containing an acid organic material or phosphoric acid onto a
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circuit board.having a metal-wiring to form, on the surface of
a metal on the circuit board, a layer containing an organic acid
salt formed from both gaid acid organic material and sald metal
or phosphate formed from both said phosphoric acid and said

metal.
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