DESCRI PTI ON COPPER CONDUCTOR FI LM AND MANUFACTURI NG

METHOD THEREOF, CONDUCTI VE SUBSTRATE AND

MANUFACTURI NG METHOD THEREOF, COPPER CONDUCTOR W RI NG

AND MANUFACTURI NG METHOD THERECF, AND TREATMENT

SCOLUTI ON Technical Field [0001] The present invention

relates to a copper conductor filmand a manufacturing

method thereof, a conductive substrate and a

manuf act uri ng net hod t HBEFEORETEMper conductor wiring

and a manufacturing nmethod thereof, and a treatnent

sol ution. Background Art [0002] The formation of a

Wiring pattern by printing has been expected to be

pr COPBER G ONIHGGTGR FIIM IADID BANTIFACTIURINGASEBHODI THIEREOF,

t hr oughput, on-demand producti on, and ot her
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techni que: an ink paste containing a netal elenent is

UgeBPER CONDUETGR WIRNIG ANTPHANUFAG TURINGINIE THEBB R EOF,

conductivity is given to the printed wiring pattern.

[0003] Hitherto, f past e has been

used wherein sil veAr(iw%tlrr copper in a{JﬁPak formis

i ncorporated, together with an organic solvent, a

curing agent, a catalyst and the like, into a binder

of a _thernoplastic resin or thernosetting resin. The

usi ngeHBEHSEDf this paste is conducted by painting

the paste onto a target object with a dispenser or by
[008¢k een printing, and 1 then drying the resultant at

roomtenperature or heating the resultant to about

150CThopresgntentedngon telated & a cappérrrondubter Bloyarfd@rmdnn frc@ring method

copper conductor film [0004] The vol une resistance of
thetdd€ alchathictplisabsied a6®P pRfiufEddirthg GletHod flickdd¥, cofpet bondepandsing

on

and a manufacturing method thereof, and a treatment solution.

Background Art
[0002]

The formation of a wiring pattern by printing has been expected to be promising
because of low energy, low costs, high throughput, on-demand production, and other
superiorities. This purpose is achieved by following technique: an ink paste containing a metal
element is used to form a pattern by printing, and then metallic conductivity is given to the
printed wiring pattern.

[0003]

Hitherto, for this purpose, a paste has been used wherein silver or copper in a flake
form is incorporated, together with an organic solvent, a curing agent, a catalyst and the like,
into a binder of a thermoplastic resin or thermosetting resin.  The using method of this paste is

conducted by painting the paste onto a target object with a dispenser or by screen printing, and



conditions for formng the film ranges from10-6 to
10-7 Elm and is a value 10-100 tinmes the volune
resi stance of netallic silver or copper, which is 1.6
x 10-8 Qmor 1.7 x 10-8 nm respectively. The val ue
is a value that is not equivalent at all to the
conductivity of netallic silver or copper. [0005] The
reason why the conductivity of such a conventiona
thencdspippthe EsMERIEA! 6200 feMAPARERT beatgaiher eyl opper! SBé‘stpéure the
is lowis that: in the copper conductor fil m obtained
bindgyresingherehyl formringoespeer cpedycier filon or der that only some
parts of particles of the nmetals physically contact
[ooogach ot her, the nunber of the contact points is small
contact resistance is generated in the contact

POi NMths volAE resi@ndei I BR thus @BRINGS cdpperRBductH® fEn, FafidhSdepdnds on
the particles so that the particles are hindered from

condi@Hs %tfbrﬂgn%elﬂ nptre;}x%Es Ih 86¢ oY o7 EROQR is YREBOYS 00 firfles the

: conventl ona ver past es, silver particles are in

volu(r]ne rems:t)arnrcre]: 1S xﬁetalﬁ ksellsver Or. c%(f)p%g th{chﬂ 116 LQ¢- 19291 & 1I 7k 521lnC| e

principle |npOSS| l'e'to

hav [ipe w t han

resofa B Hleye U(s?ha? ot mwgfg%aﬁ A ﬁot Dl i ifani

Furt hernore, an |nk using particles having a particle
silV@iiORfRPPET of 100 amor less is desired in order to

make wiring finer and apply the ink to an ink jetting
[00Q31 ocess. From these viewpoints, conventional paste is

unsuitable for formng a fine wiring pattern. [0007]

As &hredabradvifyche anductiony ofgutthesavaitiovd egiper @hdigidr Vign made

or copper paste, a nethod of 2 formng a wiring
fronPaive@doBpdd adiSis v REHadlin thaRegpar édnthcbs fildsbiaRedby the

i nvestigated, and nethods using gold and silver

SllV&QBﬁQ@f)JS{CC n&3deh ﬁl‘éﬁor@}e&ﬁlegﬁitm ﬂaﬁﬁﬁg of tﬁ@ RictafsPhySoaf I Bbriact
Patent” Docunents 1 and Specifically, in a
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I'ne circul tern y using a |spe sl on
urr | ver
conB gt DT éefﬁg%m eiceriamgart porae 158 ey
to each other, it pOSSIPle to forn1mnr|ng wher ei n

arelﬁlﬁ‘éer%ff‘?%@ochfW%‘Pﬁdgﬁﬁyt he space between the

wiring lines are each from5 to 50 m and the vol une
[0006]

Moreover, in conventional silver pastes, silver particles are in the form of flakes
having from 1 to 100 pm in particle diameter; therefore, it is in principle impossible to print
wiring having a line width not more than the particle diameter of the flake-form silver particles.

Furthermore, an ink using particles having a particle diameter of 100 nm or less is
desired in order to make wiring finer and apply the ink to an ink-jetting process. From these
viewpoints, conventional paste is unsuitable for forming a fine wiring pattern.

[0007]

As a method for overcoming these drawbacks of silver or copper paste, a method of



resistance is 1 x 10-7 S2m or |ess. [0008] However,
when usi ng nanoparticles of a noble netal such as gold
or silver, the unit price for producing a
superfine-printing dispersion slurry thereof also
i ncreases since the material itself is expensive.
This matter is a seriously |arge econom c obstacle
against the spread of the article as a versatile .
formifiera wirige patean by uning &ckah pgeparielesihas pors i estigated.iqad fethogs using
of wring lines and the space between the wiring |lines
goldpad silver mraprativiss hayerbetthestabhished Gbe, $9r|cyamply datspidpechmerts 1 and
a drawback that electrom gration causes a fall in
2). Spedficailg, it o kighest dodyetypedinag fuyed abcainet] by daedrgesvecy f@rcdreuit
as a problem [0009] For a netal nanoparticle
pattehh BP@ipactisplidion ¥lufr9 odtAlBing 865168f {iRer @hofattitees Whd th&gsinteding the
is expected to use copper, which is lower in
metaf h:ﬁl%f)e;rﬁakﬂﬁ 8L b&MAed fot‘égcﬂ'ﬂ’fhctr, ik 'pss%ibféfto e vﬁﬁﬁ?%h&lein the wiring
Itse bei ng considerably | ower conpared to that of
. ol.d ar, silver.  Particles.
e By e e e B B AR e LT B0 B Fh B ol
_metal. Thys, as a surface treating agent therefor, an
r““Hﬂ%ﬁ?lﬁQQiﬁanﬁhkﬁnti-oxidizing effect besides a
dispersibility inproving effect is wused. The agent
[0008ked for such a purpose is a polyner having a
substituent which interacts with a copper surface, or
a t Hewmevengvhegesing eoparicles of & nople matiahsugh #d/golder sulyser,(thenit
exanpl e, Patent Docunents 3 and 4). 3 [0010]
pricéHot pieticing ssup@filoptidtiog dispksingshsuctheredppe incpasdsismbethe
having a surface treating agent has been consisted of
matdrBitdeFhd @PéRFel NTIREmStEL RS seliiiBlyIirgPedohgmid bbstdcladgniastitig
protecting groups on the surface of copper particles,
spre&f‘&f tid £l hd A veRhtile §HdIiRG a i rarpef ace oxide layer in a
reduci ng atnosphere, and preventing the particles
fro i oXi.di z i- | i L At
and PR A SPULE i Cark e e TP IR,
secinPRk BTt b D GBS i comes o
(iiié,of t he nelt-bondingB out ?f t hese steps, a
fall gleglaic SpRAugHpnGed SHERLTITCHES DoTPDSS Clter PS2 RISYERt i al to
mmg?at up to 200C or higher or to use an

For a metal nanoparticle dispersed slurry for the formation of fine wiring, it is
expected to use copper, which is lower in electromigration, the unit price of the material itself
being considerably lower compared to that of gold or silver. Particles of copper have a nature
of being more easily oxidized than those of a noble metal. Thus, as a surface treating agent
therefor, an agent having an anti-oxidizing effect besides a dispersibility improving effect is
used. The agent used for such a purpose is a polymer having a substituent which interacts with
a copper surface, or a treating agent having a long-chain alkyl group (for example, Patent

Documents 3 and 4).



energy ray together. Thus, a substrate usable therein
is restricted is a problem [0011] As illustrated in
FIG 1, a fusion state between the particles is
| argely varied in accordance with the tenperature of
the nelt-bonding. The state has a great effect on
physical properties of a sintered filmof the copper
conductor. FIG | is views showi ng states that
[0018hi nt ed products of copper particles having an average
particle dianmeter of 200 nm (trade nanme: MDL-201,
manifitheta) p ewthoy fdr simking sechSapryy paridglesdiasing b sefface tipaging agent
sintered. The painted products are processed at 300C
has bHafl esnsBtel3f Gasollblvingy thred stdpshibelstep @naf etifnenatigg protecting gettups on
i ndi vidual tenperatures under N2 and H2 gas flows

the sﬂlf\ﬁ%e‘?@ copp%%a%)cles Ahé@&;h(‘ﬂ? off reductnld @hSduFth &I dx 8@ 1dySr in a reducing
descri bed in, for exanple, Non-Patent Docunent 1.
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Are pat

a l.ong electrical conductlon ath
of “Fﬁ@m&fﬁﬁb?f thespiaTioE GFOUF] 1 e ﬁhg Frelthopding g\“&%?‘&
Such a copper conduct or fl|ﬁ]IS poor in
stepatldrsosicdly 2nsayitety , Thys dbik |eﬁ@ntwb@|h§%talﬁ 6%200%9 or higher or fo use an
heat - shock, since it is porous, which is also problem
enerdy {a@@qge]herpatrém a Pstatevsable thepgd iar@0G1d ds78roemPat ent
Docunent 2: JP-A-2003-203522 Patent Docunent 3:
[oodapanese Patent No. 3599950 Patent Docunent 4:
JP- A- 2005- 081501 Non- Pat ent Docunent 1: Technica
| nf QsRsk-ad IlaGI 1, Wiiidaltate Betveben tha@aitioRs is ldrgdly jaict
Fine Wring Form ng Techni que Using Copper
acc&?&rﬂ‘a@@ﬁﬁ i Ite@npleﬁklrg @istﬁeemelt-gﬁﬂﬁlg27T9€f stile hd¥BloBdat @tect on physical
thereof Disclosure of the Invention Problenms to be

propsér 1es g{d as 11)[’ce:r€:(ti1 Rinh vatggéopga' conductor. FIG. 1 is views showing states that

painted products of copper particles having an average particle diameter of 200 nm (trade name:
MDL-201, manufactured by Ishihara Sangyo Kaisha, Ltd.) are sintered. The painted products
are processed at 300°C under a N gas flow for 1 hour, and then sintered at individual
temperatures under N, and H, gas flows (N»/H; = 97/3). A method for the sintering is
described in, for example, Non-Patent Document 1. |

[0012]

In general, according to a processing at a temperature of 300°C or lower, not fusion
between particles but necking, which only contact regions thereof are partially bonded, is
mainly caused. Thus, a long electrical conduction path is generated so that the copper
conductor film becomes high in resistance. ~Such a copper conductor film is poor in

anti-oxidizability, breaking resistance and heat-shock, since it is porous, which is also problem.



[0014] In light of the above-nentioned problens in the
prior art, the invention has been nade. A target of
the invention is to attain the foll ow ng objects: An
object of the invention is to provide a copper
conductor filmthat can be manufactured at a
relatively low tenmperature, is excellent in
conductivity and for wiring pattern formation, and
[001gbes not cause a fall in electric conductance between
circuits even when the wring line width and the
s patetet dlopeagnt { HE-A200492y3P05nes are narrow, and a
manufacturing nethod thereof, and patterned copper
C on#areit @ocwhdnit AGP-A0003HHE3520) ect of the invention is
to provide a manufacturing nmethod of a conductive

subghkRTRchak 31 REdnkdesichitgo. StapPsef treating a |ayer
contai ning a copper oxide and the like by using a

tre?ﬁt@iﬁ'ﬁoc&ﬂé hJJ‘?’nA?ﬁbscé‘Slﬁ@lnt ains, in the single

sol ut1on, em cal agent capable of ionizing or
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conductive layer lowin resistance and restrai n copper
mﬂ¢ﬁbﬁﬂgﬂbre0|pltatlng in regions other than a desired

region; and a conductive substrate yielded by the

man Pissbswe phige eediod. Still anot her object of the

invention is to provide a manufacturing nethod of a

C op Pedblemaits bl ved bg the arventidnat i ncl udes the step of

treating a wiring pattern made froma painting slurry
[oopi ch contains a copper oxide and the like by using a

treatment sol ution which contains, in the single

sol lﬁ hﬁﬁ] of the %@M%on@@%ﬁleﬁ@ﬁﬁm Snd?farﬂ 88in%éfign B4s been made.

conpl exi ng a copper OXIde, reduci ng agent for
n o) conpl ex to be nade
Atargn{jolﬁhe lgvel% lonclggoagtﬁélﬁﬂe 8‘5&3{ eci pi tating copper,

and t i ve.can UCtI e W T eS|s ance
aind Araier e paw% FrtphiredhdoRy i bk
ot her than a desired region; and a copper. WIW

mangigpatef 3t arelajy by @@d@%gﬁrﬂr@ i rGHERE P roPSG YRt aRg 6°r wiring pattern
further object of the invention is to provide a

formatiomd aud dagene st p dallen elepiap FendpgtancehgtveRy GCeitssyer when the
conductor filmthick and dense and further realizing a

wirisielieorigth andhtht lygce between the wiring lines are narrow, and a manufacturing

method thereof; and patterned copper conductor wiring.

Another object of the invention is to provide a manufacturing method of a conductive
substrate that includes the step of treating a layer containing a copper oxide and the like by
using a treatment solution which contains, in the single solution, a chemical agent capable of
ionizing or complexing a copper oxide, and a reducing agent for reducing a copper ion (= a
copper ion species) or a copper complex to be made into metallic copper, thereby precipitating

copper, and that can give a conductive layer low in resistance and restrain copper from



resi stance thereof; and a manufacturing nethod
thereof. A still further object of the invention is to
provi de copper conductor wiring dense and lowin
resi stance; and a manufacturing nmethod thereof. An
addi ti onal object of the invention is to provide a
treatnment solution with which a |ayer containing a
copper oxide and the |ike is treated, whereby coppe
preqipjtafinginirpgiona ier hen 4 fesired Iegion; |apg & ponpluctive sHbstire pielded by the
conductor. Means for Solving the Problens [0015] The
marufacmnibpmsthbdlve acquired an idea that it is necessary
for a solution of the above-nentioned problens to use
a nmestilienotbérlvbiectt i@t iov@ntaict tojgoided maryfaaturing glathod of a copper
tenperature to shift parts of copper atons into gaps
wirin 8 bWReAle HONRGNdP Blelsich bEBeatify AwHRBPEUEORRAT frdH B PMBAR slurry
frim and have nade eager investigations. As a result,

whlrzlbc%nraﬂl\é %r&) FO)H Va%dft]%l'mg _b? Hgmg:la H%H?ng scﬁutg)fn \J}ﬁ&%htggs n the

netal part eposit w utlon whi ch cont ai ns

singggaoglélop ﬁlacggrg ical ag 8 D&H C%ﬂaglt% IO? 1on1t21ng Bra 3 n S 2 ing a4 %p&g o%dg%&ﬂl

as an

or a anpl ex, and a reducin du0|n

fed‘%?&’;&;ﬁ‘é?“ f%ﬁ@%&ﬁf?ﬁ?@r PR 8 ?Oaﬁ?ffgwﬁah“’g%ﬁ ‘él%‘b’%‘ aﬁw copper,
onplex made free in a conplex formto be made into

thefﬁ‘@t RIPGIpitatipmenpRer, and et eV TAYEICHETETIRG W ip fFBHRRFATd §sHain

ot her words, neans for solving the problens are as
copp@Ifﬂocvwecipi[aﬁﬂELiﬁ]regums othectbppedestairdgion; and 4 cipprerobiriag substrate

by treating a copper based particle containing |ayer
yieldbd ghhenndcasinpatethodf a metal having catal ytic

activity onto a reducing agent and a copper oxide

Wit hA BirfhBiEd| RBSHheSIBY datibOR to\tbeille £EAH@IRS subktfaté Eable of
single solution, a chem cal agent for ionizing or

malﬁf?é@éo%ﬁérr&gnéugt%r ARPRRK 20K idiSe andPehiRr fe@l%% DGR thEor
re UC|ng a copper ion or copper conplex to be made

resx§tﬁnce there ? ané m% 1B£’C rrglé meggota%he? 0(1%‘Sent speci fi cation,

A co pper I pﬁr Qﬁles nmeans partlcles
t hat
of aa‘ﬁStgLﬁ%H eregﬁs@? Bt Aot Raig StE S6ise and

low in resistance; and a manufacturing method thereof.

An additional object of the invention is to provide a treatment solution with which a
layer containing a copper oxide and the like is treated, whereby copper is precipitated so that the
layer is made into a conductor.

Means for Solving the Problems
[0015]

The inventors have acquired an idea that it is necessary for a solution of the
above-mentioned problems to use a manner other than conducting heating at high temperature
to shift parts of copper atoms into gaps between copper particles to a dense copper conductor

film, and bave made eager investigations. As a result, the inventors have found out a method



shel | region including a copper oxide and a core
region including a material other than copper oxide.
[0017] (2) The copper conductor filmaccording to item
(1), wherein the chem cal agent for ionizing or
conpl exi ng the copper oxide is at |east one sel ected
fromthe group consisting of basic
ni trogen-cont ai ni ng conpounds, salts of basic
of tregting @il e@”ﬂ@laﬁmoagw&lbwélerwaéﬁhlqhﬁam@@ﬁb%h OLACFHPONDL| t 5
of inorganic acids, organic acids, salts of organic
(cheamiatisgent) ewisig amicthd oxidé e singls, solutipn teibg diseolved as an ion or a
hydr oxyqui nol i ne, EDTA, and (3-di ketones. [0018] (3)
comphe, 0 pp&kciapatcioorfedidiign @pp fiahi raglting fiiotns pmifatipn or a copper
(2), wherein the reducing agent 7 for reducing a
com?féﬁ Rle F&in AleoBPIBP BRI mEOPPingde ihtS nittalllc@Bpier, aR@thSL hAemede the
romthe group consisting of hydrogenated boron
lnwﬁﬁgpounds hydr ogenat ed al um num conpounds,
cylan1neborane hydr azi ne conpounds, al dehyde
conmpoun hos ophosphor ous
aci gﬁ% %ﬁds 55%&0Vngﬁhgwﬁﬁggﬁgggiﬁgg%ﬁ formc
acid, alcohols, tin (Il) conpounds, netallic tin, and
Hﬂdroxyan1nes [0019] (4) The copper conductor film
according to any one of itens % wherein the
coppéra @qaperecoe@moa filpe ebtpied Wéree&ﬁft&?eqopb% &g ppitle e9reaiming
containing layer is cuprous oxide and/or cupric
layepxibidd coft@O2Bth ¢5) merk daviopertalytisandiotonio Fredueingeeent gidwcopper
to any one of itens (1) to (4), wherein the netal
oxidramingraataat yohitioaehichicontains) irotht hiegle sdutonmchageal agest for
transition nmetal in a netallic formor an alloy.

ioniliﬂ? %ﬂ-&on(p@xm-gh& PP Bkide AN b edd0dind dderd faCedictlig AGopper ichem
(5 wherein the transition netal or the alloy is a

amgg% Rﬁﬁgﬁﬁghﬁﬁfﬁ%fgg%%@gﬂ%@gf consi sting of Cu, Pd,

In the present specification, the wording “copper based particles” means particles that
are each a particle the whole of which is made of an oxide copper only, or a particle having a
shell region including a copper oxide and a core region including a material other than copper
oxide.

[0017]

(2) The copper conductor film according to item (1), wherein the chemical agent for
jonizing or complexing the copper oxide is at least one selected from the group consisting of
basic nitrogen-containing compounds, salts of basic nitrogen-containing compounds, inorganic
acids, salts of inorganic acids, organic acids, salts of organic acids, Lewis acids, dioximes,
dithizone, hydroxyquinoline, EDTA, and B-diketones.

[0018]

(3) The copper conductor film according to item (1) or (2), wherein the reducing agent



an alloy containing the nmetal. [0022] (7) The copper
conductor filmaccording to any one of itenms (1) to
(6), wherein the copper based particle containing
| ayer contains, as the netal having catal yst activity
onto the reducing agent and the copper oxide,
particles having a core/shell structure having a core
region including the netal and a shell region
for xedeIng @i CABPF 98 OF BPpETcoBRicy &, at feat 23§ selaghed ffﬁ@ tho@pw consisting of
conductor filmaccording to any one of itens(1l) to
hydioggnatedferoa icompdyads, Bydregspaed dhersiagmgampiugtis akplamaichorpy,
| ayer is a layer wherein m xed particles in which the
hydifagihé exthpoagndsasléehpilex@ehpaiindgphadphbronsdcyd doatpbandarhgpophosphorous
deposited: particles including the netal having
acideBiPbuhdl, asdfid A6id, ¥diPiDhad, Beni¢ £HAGlcBEDIAGE (I) Rpdunds, metallic
component,; and partlcles |nclud|ng t he copper oxide
ent. [0024] (9) The copper conductor film
acg%&gﬁggﬂgg'any one of items (1) to (6), wherein the
00ﬁ)pper based particle containing |ayer is a |ayer
erein mxed particles in which the follow ng are
m xed .at an arbitrary ratio are deposited;
i nc @dﬁﬁgom%cwﬁ?f Rmoragiip any ofe o et (1 Fa?%w gephe
reduci ng agent as a conponent particles, including the
copRSH BREP CopsanFd inthe SoPPEIdISRIMEricle capiaining laviers é@rﬂﬁwﬂ@ ang/or
core/shell structure having a core region including
cuptihexidret al  havi ng catal yst activity onto the reducing
agent and a shell region including the copper oxide.
[00J00025] (10) The copper conductor filmaccording to any
one of itens (1) to (6), wherein the copper based
par tsctiR oyt aindhdig flaYedordise @ ahAYRS of dbha{ 10 €41 Wherein the
| am nating, onto a | ayer obtained by depositing
metma-tuhg Efstysh Q&ivug b (R AcSLIRANS BlrahdifonMRhAlin DAY form or
catal yst activity onto the Trteducing agent, one or
ana1B5 € layers containing particles including the copper
x¥de so as to contact the deposition-obtained |ayer.

[0051?026]

(6) The copper conductor film according to item (5), wherein the transition metal or
the alloy is a metal selected from the group consisting of Cu, Pd, Ag, Ru, Rh, Ni, Pt and Au, or
an alloy containing the metal.

[0022]

(7) The copper conductor film according to any one of items (1) to (6), wherein the
copper based particle containing layer contains, as the metal having catalyst activity onto the
reducing agent and the copper oxide, particles having a core/shell structure having a core region
including the metal and a shell region including the copper oxide.

[0023]

(8) The copper conductor film according to any one of items(1) to (6), wherein the



(11) The copper conductor filmaccording to any one of
itenms (1) to (6), wherein the copper based particle
containing layer is a |layer obtained by Iam nating,
onto a layer containing the nmetal having catal yst
activity onto the reducing agent, one or nore |ayers
containing particles including the copper oxide
[0027] (12) A manufacturing nmethod of a cop
coppep habad pasticlé fanfainigghlayes sy layes piprein mygedngrtiolps ifawlilpleihé following
contai ning | ayer which contains both of a netal having
are mixedhtyniacbitary ratib bise depisveda pargcdexcinelgdingige mietal savahgaatalyst
copper oxide is treated with a treatnent sol ution
activilyi abd tBORUAINSageitAs b BEnfin&@); end metkcls imefuding tedveppet akide as a
agent for ionizing or conplexing the copper oxide, and
com@mkggu0|ng agent for reducing a copper ion or copper
conplex to be nade into nmetallic copper. [0028] (13)
wmﬁztterned copper conductor wring, wherein a copper
sed particle containing | ayer containing both of a

and ?g) '@18 Igg%%r gogiicéiiia | h§ agcé%cil tto% ? nlgeoog ?tle ns ﬂxgo, (@? S, the
Wirin being obtai ned by tre g th er ned r.
coppsh 8esgd PHHFIE FefanBR YA IS Ay ¥ iminﬁe(gpai ieaiwhlfhﬁlﬁﬁ‘ﬁgivmg

using a treatnent solution which contains, in th
are wixeg Rleangfiary stio aee depasiipd: arrtiglgeineluding the gisiay hwglgcwalyst
conpl exi ng the copper oxide, and a reducing agent for
activigdungd thgredudngqpent as @ normoncragpeﬁclezs ambldag theocopper wride as a
into nmetallic copper. [0029] (14) The patterned copper
conOtilt] @hdpartidlésilaging 6 care/chell Gtridure hawing d )¢ regibe ineluting e metal
printing used to pattern the copper based particle

having @itﬁllyﬁ'a%xtly%ﬂt%rthd 8RN AP 2Pl Sell fgich M dil3ehe GhHPdtRxide.
consi sting of ink-jetting, screen sprinting, transfer

inting, offset printing, jet printing, a dispenser,
A P
a“comua coater, a slit coater a die coater, and a

g Fav x@ﬁfh{% ?(\%@%r cg %lm gcco) 1%0 a1é§5J (f)r%aeco grl{lsng) HRBP %ﬂergm the

r at e,
s S AR 5 B e T s
by depositing particles including as a component the metal having catalyst activity onto the
reducing agent, one or more layers containing particles including the copper oxide so as to
contact the deposition-obtained layer.
[0026]

(11) The copper conductor film according to any one of items (1) to (6), wherein the
copper based particle containing layer is a layer obtained by laminating, onto a layer containing
the metal having catalyst activity onto the reducing agent, one or more layers containing
particles including the copper oxide.

[0027]

(12) A manufacturing method of a copper conductor film, wherein a copper based



the step of formng, on the |ayer, copper particle

| ayer containing particles having a core/shel

structure having a core region including copper and a

shell region including a copper oxide, and particles

i ncludi ng the copper oxide, and the step of treating

the copper particle layer with a treatnent solution

whi ch contains a 10 chemi cal ent for_ionizing or
partiglgepiteiing fpyerehichuiopiains beihgéa maﬁghaé(lqgéa‘aWh Pt iBAgto p gducing

reducing a copper ion or copper conplex to be made
agerit,rnd a nepipal dxids ictopprdrwith[20¢3thjen{ sbBiio waichuonidiag inth¢ viggle

nmet hod of a conductive substrate according to item
solufidi » chenvik¥e hginnfoaiapaizingtoh eongdextingthesppor Joxtiavand g rédoeing agent for

core/shel|l structure, and the particles (y) including
redubil® a cGPRPBE o cotnpiex foddeinghdé ¥ty metblic W&ipgint of the

ognegﬂ?o thﬂé?gfterﬁﬂs from1l/1 to 1/?%j [0032] (17)
[Omﬁge manuf acturi ng nmet hod of a conductive substrate -

cording to item (15) or (16), wherein about the

ch eglﬁgl %Cl' 5 lca;ep(era):on%ucg%r Wr}ﬁ%% %ﬁl%lr% Ilnl%o@}%? E%se& PZ)I‘ ﬂg C(;Jtlﬁnmg

era
forner to the | at ess than 5000 003

laye %‘H%‘?Qé‘b?f&rrf“?‘i@‘&‘ﬁ’@f‘% E?aa‘}S‘fC azi‘”d‘ér?&[?é’t TS ‘@&6?’1‘7 gi]‘ & “opper
~according to any one of ite (15) to Q17) mhereln

oxide ffgpaipie ‘zyanrmag% e Wigpe peng %t%r@edéw tfe%ﬂﬁ& hediafgrned fopper based
copper oxide is at |east one selected fromthe group

partclreentgining dayer inls dshtonen§ manpgreusing @ eatimeitrsglubionsbighepsitains, in the
salts of basic nitrogen-containing conpounds,

singlensoluga) iachagicad agens &l icnizifg dr nanglemingthacopger, oxalegandiageducing
acids, salts of organic acids, Lew s acids, dioxines,

agel |f(§rt}ch1@ﬁ% a cHPpEF 10X YEiatpp&|cbmplex HBEARadaftb mét3H1d ciplones.
[0034] (19) The manufacturing nethod of a conductive

[O%ﬁbstrate according to any one of itenms (15) to (18),
erein the reducing agent for reducing a copper ion

o o GPHRRE gtpfg% ag)&ﬁswaguctérmg ROGaE | B&LEd3 ] (Vgggsmge

p CORS rogenate n conpoun
dro

prmH %ﬁlsgg A a %rB mfg:bgéfng gasg%i aaéﬁ@%cgo%gaéﬂﬁ?%la ke¥ 1saarrr1]y rc}gebs%ll’ A& from the
group consisting of ink-jetting, screen sprinting, transfer printing, offset printing, jet printing, a
dispenser, a comma coater, a slit coater, a die coater, and a gravure coater.
[0030]

(15) A manufacturing method of a conductive substrate, including:

the step of forming, on a substrate, a layer containing a metal having catalytic activity
onto a reducing agent,

the step of forming, on the layer, copper particle layer containing particles having a
core/shell structure having a core region including copper and a shell region including a copper
oxide, and particles including the copper oxide, and

the step of treating the copper particle layer with a treatment solution which contains a

10



phosphorous aci d conpounds, hypophosphorous acid
conpounds, ascorbic acid, adipic acid, formc acid,
al cohols, tin (l11) conpounds, netallic tin, and
hydr oxyam nes. 11 [0035] (20) The manufacturing method
of a conductive substrate according to any one of
items (15) to (19), wherein the netal having catal yst
activity onto the reducing agent is a transition
cherpisplggent )éoraowga?rwp@plﬁﬁpmhs CORRST Qifepnd A redysie agent Yor pequcing a
manuf acturi ng nethod of a conductive substrate
coppee eamvod Ferger eomiptes he Ym3de intpimestadlicreoper.| east one of the
transition netal or the alloy is a netal selected from
[00x1he group consisting of Cu, Pd, Ag, Ru, Rh, N, Pt
and An. [0037] (22) A conductive substrate

manyf{@athy kR s fursig Gl G b YendatHIs bitalrRe ARBIIRGS Werh (IF),
nmet hod as recited in any one of itens (15) to (21).

WheLé?ng’&].lt tﬁ@ﬁ&méhesm@ %RM&OMhH%tﬁ@QICOQndQM%CI&QﬂqH&ﬁcﬁﬁg the

W ring, including: e step of formng, on a

cop;?elfl?z%ﬁg ?ﬁe%aho%%ﬁ’%? Gve(ggtnotf%e%}?rg:r tﬂ?%éérl eélxh A & q‘}l@l ytic

a’ reduci ng agen p of draw ng
mo%ﬁy Wi ring pattern using a paintlng slurry which
ntains particles having a core/shell structure

havi ng a core region including copper and a.sh

regi (bﬂ Tibg grpypsiy nedneing9é p copdheive suhstiaty amde}gég e (15) or

i ncluding the copper oxide on the |ayer, and the step
(16)oWwhereia abdu thechanichl agant () aidibe vémrmraﬁent\(mp@ thejtrsatmgefesolution,

fromthe painting slurry, wth a treatnent solution
the mhlecitioqah] afithesforne Iethe &atkr iatpentharf ¥O0.0 oni zi ng or

conpl exi ng the copper oxide, and a reducing agent for
[0033¢duci ng a copper ion or copper conplex to be nade

into netallic copper. [0039] (24) Copper conductor

W T i (€) THR HdFraede i ndodd s & QOaREL ve QAHEE écoMlirl tH Sny one of
items (15) to (17), wherein the chemical agent for ionizing or complexing the copper oxide is at
least one selected from the group consisting of basic nitrogen-containing compounds, salts of
basic nitrogen-containing compounds, inorganic acids, salts of inorganic acids, organic acids,
salts of organic acids, Lewis acids, dioximes, dithizone, hydroxyquinoline, EDTA, and
B-diketones.

[0034]

(19) The manufacturing method of a conductive substrate according to any one of
items (15) to (18), wherein the reducing agent for reducing a copper ion or copper complex is at
least one selected from the group consisting of hydrogenated boron compounds, hydrogenated
aluminum compounds, alkylamineborane, hydrazine compounds, aldehyde compounds,
phosphorous acid compounds, hypophosphorous acid compounds, ascorbic acid, adipic acid,

formic acid, alcohols, tin (II) compounds, metallic tin, and hydroxyamines.

11



12 manufacturing nmethod as recited in item (23).

[0040] (25) A manufacturing nethod of a conductive

substrate, including: the step of painting, onto a

substrate, a painting slurry which contains particles

having a corelshell structure having a core region

i ncl udi ng copper and a shell region including a

copper oxide, thereby formng a painted film the step
[0036F subj ecting the formed painted fil mto oxidizing

treatnent to decrease the distribution of the copper

oxi (z0) Themandnturige acihall bfa ¢ondwtivheibsitatercnerding teagy one of

the painted filmtoward the substrate, and the step
item®{15 foq@9)] Wheréih thePdtd) hevdngd datalyssathiy @coeelthe pedhditg agent is a

oxidizing treatnment with a treatnment solution which
transtRIALAdA) $n AmERBEYS R or 38 8y, for ionizing or conplexing

the copper oxide, and a reducing agent for reducing a
[mnggpper ion or copper conplex to be made into netallic

pper [0041] (26) The manufacturing nethod of a

ve s trate cprdi [ |te
© he Ol SemieR bR riuie SPL Lodital Sl )i%“? G 2o
painted filmin the air, [00 (27 turlng
whelp b one o R ioon el gV & %telrsgieﬂgﬂa o s,
or (26), wherein the chem cal agent for ionizing or
consgstinp PG R A BuckibpirPi@sd e i s at | east one sel ected
fromthe group consisting of basic nitrogen-containing
[003@bnpounds, salts of basic nitrogen-containing
conpounds, inorganic acids, salts of inorganic acids,
Or gaa) @ cdbdudtve sabdtiate mnufacmgdny @ cacfucdive sileswhts racufdgyring
di oxi mes, dithizone, hydroxyquinoline, EDTA, and

metKod agkééﬁéd:lﬁﬁx%f one[d®R43 (168)21)he manufact uring nethod of
a conductive substrate according to any one of 13

(0038} €MB (25) to (27), wherein the reduci ng agent for
du0|ng a copper ion or copper conplex is at

(23) A manufacturing method of copper conductor wiring, including:

the step of forming, on a substrate, a layer containing a metal having catalytic activity
onto a reducing agent,

the step of drawing any wiring pattern using a painting slurry which contains particles
having a core/shell structure having a core region including copper and a shell region including
a copper oxide, and particles including the copper oxide on the layer, and

the step of treating the drawn wiring pattern, which is made from the painting slurry,
with a treatment solution which contains a chemical agent for ionizing or complexing the
copper oxide, and a reducing agent for reducing a copper ion or copper complex to be made into
metallic copper.
[0039]

(24) Copper conductor wiring manufactured by a copper conductor wiring

12



| east one selected fromthe group consisting of
hydr ogenat ed boron conpounds, hydrogenated al um num
conmpounds, al kyl am neborane, hydrazi ne conmpounds,
al dehyde conmpounds, phosphorous aci d conpounds,
hypophosphor ous aci d conpounds, ascorbic acid, adipic
acid, formc acid, alcohols, tin (Il) conpounds,
netallic tin, and hydro am nes. [0044] (29) A
Hwn@bﬁdM%mn@@ﬁgﬁb@ﬂ%@@éﬂwéﬁ%factured by a conductive
substrate manufacturing nethod as recited in any one
[0040f itenms (25) to (28). [0045] (30) A manufacturing
nmet hod of copper conductor wiring, including: the step
of drsawinguRrivg meth@ datchetubtiwesubgras, peludibg:ng sl urry
whi ch contains particles having a core/shel

St T UEtHD &f RaRingorfo £Qb&rate 8 piRtidgGlr A HIch GARRE barBEIek ving
shell region including a copper oxi de onto a

a co%‘é?%lf Jtl%&%fe h‘ébﬁ g ’§tc&'9r %fon ctad rg{\ldoﬁ%al i e%;%@\’%lo‘g"tu:iéé\frz:l%g a

OXIdIZIn eat nent ecrease the distribution of
CWWFHQHQ%HE% Y%§F&§“éﬁﬁ£gﬁg gradual |y fromthe

out ernmost regi on of the mnru{ pattern toward t ge

subdiesipof sqbrf»‘étl%& tapfogned naiits fﬁﬁ* t REidigingitngymeate decpease the

subjected to the oxidizing treatnent wwth a treatnent-
distrihwhien ofghe sonpe lexide peraonent gradwalyiftom) the geprmoptgegipefi the Ragpted

or conplexing the copper oxide, and a reducing agent
filmfteward &l sdhishigte,and opper i on or copper conplex to be made

into netallic copper, and the step of washi ng away

t he tid septofeadting Mephinea filth 8M4&led (Bthy oGdzppgtrestorotueithor

Wi ri ng manufactured by a copper conductor wiring

treat%ﬂﬂfgoﬁ:ﬁ%ﬂ whidf cORAROA RS ch Pkt Esk iblizing 8 opplking[tibpper oxide,
(32) Atreatnent solution for nmaking a netal having

and g%ﬁ&%% %g%ntafglt lleéﬁlcmé aQ3hRr onlcf it mphe 8Mbe mARGnE reAYIR

contalning a copper OXIde into a
. conductor, the treatnent solution containing a
PRfieni cal agent for ionizing or conplexing the

[0041]

(26) The manufacturing method of a conductive substrate according to item (25),
wherein the oxidizing treatment is conducted by heating the painted film in the air.
[0042]

(27) The manufacturing method of a conductive substrate according to item(25) or
(26), wherein the chemical agent for ionizing or complexing the copper oxide is at least one
selected from the group consisting of basic nitrogen-containing compounds, salts of basic
nitrogen-containing compounds, inorganic acids, salts of inorganic acids, organic acids, salts of
organic acids, Lewis acids, dioximes, dithizone, hydroxyquinoline, EDTA, and -diketones.
[0043]

(28) The manufacturing method of a conductive substrate according to any one of
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copper oxide, and a reducing agent for reducing a
copper ion or copper conplex to be made into netallic
copper. [0048] (33) The treatnent sol ution according
to item(32), wherein the chem cal agent for ionizing
or conpl exing the copper oxide is at |east one
sel ected fromthe group consisting of basic
ni t rogen-cont ai ni ng conpounds, salts of basic
itemm (25) td@N- whereiniheiredycioe aprotifed scdu¢ingr epaperdon EPppRer carpllexsis at
of inorganic acids, organic acids, salts of organic
leastamie deectddefiminstha giods condisting oftagdrogatatedbaromegmpounds, hydrogenated
hydr oxyqui nol i ne, EDTA, and (3-di ketones. [0049] (33)
alurhi\8n Edrdb AR k3 ahidét obdhe AG8AEHE B@ngoOnds] A8h{ &2JonPbur(ds3) ,
wherein the reduci ng agent for reducing a copper ion
phosphorb@Hefdl cof QHHJdQ)ﬁyff)(ﬁ)h@stphJ)r@@ssz{cim%p&ﬂdg GbRebif S MakibR acid,

group consisting 0 hydr ogenat ed” bor on conpounds,

hydr. e ] unds 1.nebor ane,
o R B B BN e B oo ous
i d conmpounds, hypophosphorous acid conpounds,
[Omgicorbic acid, adipic acid, formc acid, alcohols, tin
(1'l') conpounds, netallic_ tin, and hydroxyam nes. _
Ef f 629 & conducties spprbiaternashiaciesd o p copduiivaisilytrais mapwfacturing
invention, it is possible to provide a copper
metindrag trsttesyin piy enctof deme@p) o) manuf act ured at a
relatively |low tenperature, is excellent in
[004spnductivity and for wiring pattern formation, and
does not cause a fall in electric conductance between
Ci I 30)AsmBMBBuhEeRethbd6f ddbdr Behdhétorewivihg tifthaindg: t he
space between the wiring lines are narrow, a
BN Y A W 1A inkanP R Dalt 8 L8RS a pAGhe BRI ShRBLoRIRPEIticles
conductor wring. According to t%e invention, it is
. I \Y; - . .
b i
treatingﬁa I er cont ai ning a copper oxide and the
a coppeg gXiflg O P AP eat ment sol ution which contains, in
the single solution, a chem cal agent. c bl e of .
i oniths Sy o} FUDAS Bs iagm é”“é%ﬁ&?mo‘gl?‘ab’,s i om et g
agent for reducing a copper )
solution, to oxidizing treatment fo decrease the distribution of the copper oxide component

gradually from the outermost region of the wiring pattern toward the substrate,

the step of treating the wiring pattern subjected to the oxidizing treatment with a
treatment solution which contains a chemical agent for ionizing or complexing the copper oxide,
and a reducing agent for reducing a copper ion or copper complex to be made into metallic
copper, and the step of washing away the treatment solution.
[0046]

(31) Copper conductor wiring manufactured by a copper conductor wiring
manufacturing method as recited in item (30).

[0047]
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ion or a copper conplex to be made into netallic
copper, thereby precipitating copper, and that can
give a conductive layer lowin resistance and restrain
copper fromprecipitating in regions other than a
desired region, and a conductive substrate yielded by
t he manuf acturing nethod. Furthernore, according to
the invention, it is possible to provide a
man mattmtmqgt sohtiothivd mekinga giaplavingicrialyyc aqlisKY prie a reducing
that includes the step of treating a wiring pattern
agenffadéa lafyeramlammimad ¢coniangnesd eoppey owide oo camthaitaxss a copper
oxide and the |ike by using a treatnment solution
whi efe teaitiead soRition Sonta@ndd E@meaBapkrttfbrdbniziag 6@fipteAing the
agent capabl e of ionizing or conplexing a copper

copp%f(i))g@e, alﬁﬂfjre@lcfn%qg&it G réﬁ@iﬂé a EQper B8 BCdoPSEr BoRRIBPRbe Rl into
or a copper conplex to be made into netallic copper,

nmuﬁﬁg%ﬁg%_precip!tatlng copper, and that can give a
ive wiring lowin resistance and restrain
pper fromprecipitating in regions other than a
[mmgg5|red region, and a copper wiring substrate yiel ded
y the manufacturing method. Furthernore, according %
t h e (3D Fentsagnent F‘tl“tioé} aﬁ@%?ﬂ)‘loéte{"é?’@r Bhireip thg chemical agent or
manuf acturing nethod of a conductive substrate that
ionijing erapmblering fhe woikpiengide ig aid prst oneselaied fam thie |graup lsprsistiagel
dense and further realizing a decrease in the
basi¢ sirbghaiog@ininigenmpdunbs) silisef boicaitrazer-oonthimyg tanonrds, inorganic
invention, it is possible to provide copper conductor
acidWishltsd ifdEIABIe aélts] ofgaitic bélds, &8ts 8f @ e achRd ewvis acids, dioximes,
manuf acturi ng nethod thereof. Furthernore, according
dithizGnel Miirdx ?Hﬁﬁ@lin@ EDTA, ah& %ﬂﬁc%t_%h&l e to provide a
treatment sol ution which a layer containing a
[OA@Epper oxi de and the Ilke is treated, whereby copper
[ precipitated so that the layer is nmade into a

con l,ef Desc
[ OO?)J{B]S tTE? Ea%r&eq?golmo&ascso(gté pé) {o 1t%ﬁ1 o(?% or gﬁl)fswhe SRk reducmg agent
stat es that painted progucts of co dgp FIC es fing of
for RAHFINGG CAPPERIPBLRERPHAPPPER & diathorer® %‘Fe 68" (PUFOYR FoRRfEine 0
name: MDL-201, manufactured by Ishihara Sangyo
hydieagnated borop gompoypds, Bydseaspasel! alymiaggn compguadse alkplamineborane,
schematic view referred to in order to describe the
hydmking ¢amrpoofids paldebpdgrempoxidgephosphoronsasidraothpourids dyperdiosphorous
precipitation of a netal ion,
acid compounds, ascorbic acid, adipic acid, formic acid, alcohols, tin (II) compounds, metallic
tin, and hydroxyamines.
Effects of the Invention
[0050]
According to the invention, it is possible to provide a copper conductor film that can
be manufactured at a relatively low temperature, is excellent in conductivity and for wiring

pattern formation, and does not cause a fall in electric conductance between circuits even when

the wiring line width and the space between the wiring lines are narrow, a manufacturing
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FIGS. 3 are each a schematic view illustrating the
structure of the netal oxide and the netal conponent.
FIG 4is a schematic viewillustrating a polyimde
substrate having copper patterns. FIGS. 5 are each a
drawi ng substituted photograph referred to in order to
describe the process of a reaction in Exanple 1.
FIGS. 6 are draw ng substituted photographs show ng
metkod threrd)] ang ppiécared verpst eonducRE &ipiges 2 to 5,
respectively, after reduction. FIGS. 7 are each a
dr aviicngrdsig s thi inyewonphis tisg pessihlesh puividg 2 mapeldeiariinggnethod of a
treatment of a substrate wherein copper oxide
con@tivd Rb&ttanit erctlApnsé étatof@ratihgRdayee edhidinifpd &pper oxide and the
substrate. FIGS. 8 are each a draw ng substituted
like&?] QLiRgs FRIAMSH SMRE vhichl dotaind, Bthk BRble BolGtAS A Exthrfical Adnt
ich ink jet printed copper nanoparticles were

cap%ﬁeoocf%rﬁzq He gl\%?ig%g gc;apglj 0 e,ganﬁ ra@ed#l(;iﬁ%‘g%@% 1?)1" %ﬁéntlglg &)gper

3
otographs s ernal appearan

. _Conparatiyv mples. 1 t respgctively.. after

fon SORIBET ST ET (P ooy o RS ety by ek Srags g
showi ng an SIMinmage of an FI B-worked | cross section .

can gyve 3 cuplyefiie 19ygr IopdR Esiptagasang pestEain papper fios preqipitating ip rggigns
a drawi ng substituted photograph (A) show ng an SIM

other ghage defired rreion) Fad\ispidugtivespisirats gicideg hy g mpnpglagipadpe method.
particle |ayer in Conparative Exanple 7, and a draw ng
17 Swiohérivore adondngtt@te ayybnt{oB)it &ipossibigto @rovidylaimpaykactyfing
the cross section. FIG 12 is a drawi ng substituted

methhibifagogrhwihg wibdgata thaGhd deseigestepfof aeating Bwivirgh@tern made
cross section of a copper particle layer in Exanple

frord & paifitid@ shdryl which @h@itk REopperiiskidetatlll 8 1IROBY R gaPFeaMAVoNGion
an SIM1imge of an FI B-worked cross section of a

whi(%g&g%gnsgﬂgﬁe' sﬁ!gﬁa sloﬁl}{grg a!cﬂen%ﬁ@n@&dpgge @ﬁ@%ﬂ)&l& oﬂ&m_pl:ele;?g-a

raw ng substituted photograph (A) show ng an

SIM i f Fl B- K . i f
oS REE B PR 508 0L LSO

ot dr aw. n%)P Sutht i tuted g{}ot ogr %E I§ F shvovvi ng, a .",I'CEI\/I o low i

intoj MRS GPPEHESTERIEEIRIBIE GRPCT 801 ISPIREY W e o 1n
nuner al : o . :

resistance and restrain copper from precipitating in regions other than a desired region, and a

copper wiring substrate yielded by the manufacturing method.

Furthermore, according to the invention, it is possible to provide a manufacturing
method of a conductive substrate that is capable of making a copper conductor film thick and
dense and further realizing a decrease in the resistance thereof.

Furthermore, according to the invention, it is possible to provide copper conductor
wiring dense and low in resistance, and a manufacturing method thereof.

Furthermore, according to the invention, it is possible to provide a treatment solution

with which a layer containing a copper oxide and the like is treated, whereby copper is

precipitated so that the layer is made into a conductor.
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[0052] 10 substrate Best Mdde for Carrying Qut the
I nvention [0053] <Copper Conductor Film and
Manuf act uri ng Met hod Thereot> The copper conduct or
filmaccording to the invention is a filmobtained by
treating a copper based particle containing |ayer
whi ch contains both of a netal having catal ytic
activity onto a reducing agent and a copper oxide
wi t Bref Dessaptiaref thedrawingn whi ch contains, in the
single solution, a chem cal agent for ionizing or
[005apnpl exi ng t he copper oxide, and a reduci ng agent for
reduci ng a copper ion or copper conplex to be nmade
I nt @1t ighlidr§sc 6O PRkographeshia g fstieds tiat HgntBEIrB@RsQF cébper
copper conductor film according to the invention
t . - t aasdopakdal
P BB PRI AR NE 20 B Rl RS 108 bl e
ving catal.yti ctivity,onto a reduci ng agent and a
by I[%Lglbaﬁaegan&? Eély% ]lgtﬁj A%t ent  sol ution which
contaips, in the single solution, a chemcal agent for
 oni 6 e 5F S ASTERA e ECECTE S iar0r sk [oHencr b (pegToton of
reduci ng agent for reducing a copper ion or copper
copres Apideend ke prlusiogand pregipitagiopet amfteldokopper. In the
i nvention, the wording "copper conductor film neans a
copddES{] drereashdecliempidr view dlysicaliog the streqsyre pih¢ metal oxideeand the
copper conductor filmaccording to the invention and
metilltemporeatuf act uri ng nmet hod of a copper conductor film
according to the invention will be described wthout

di ViFdGngs 4 f8erhatio vigwoimistatky OfdMemide[sQRR4k hahe: @pPE Qhtterns.
conductor filmaccording to the invention is

ch arﬁ@k% ér@ efnhRr sugﬂi@ute(ﬁﬂ@f%%fapﬁ bdfdReli%o ﬁ{%p&? tcPddEkribe the

lowin resistance. First, a principle thereof is
;nm%%ﬁa%k?%ﬁbiﬁE&&%@§§s for manufacturing the copper
conductor frI'maccording to the invention is shown in

8 0 A A L T P

Examples 2 to 5, respectively, after reduction.

FIGS. 7 are each a drawing substituted photograph showing a reducing treatment of a
substrate wherein copper oxide particles were deposited on a Pd-seed-treated substrate.

FIGS. 8 are each a drawing substituted photograph showing a situation that a substrate
on which ink-jet printed copper nanoparticles were deposited was treated.

FIGS.9 are drawing substituted photographs showing external appearances of
Comparative Examples 1 to 3, respectively, after reduction.

FIG. 10 is a drawing substituted photograph showing an SIM image of an FIB-worked
cross section of a copper particle layer in Example 10.

FIGS. 11 are a drawing substituted photograph (A) showing an SIM image of an

FIB-worked cross section of a copper particle layer in Comparative Example 7, and a drawing

17



agent for ionization or conplexing. FIG 2(B) shows a
state that a copper ion or copper conplex obtained in
the (A) reacts with a reduci ng agent on the surface of
a metal 14 having catalytic activity so as to
precipitate in the formof netallic copper 16. In
ot her words, in the production, the process thereof
advances roughly in accordance with the follow ng two
substituedphoingraghi(B) slrvavige2y TEN ipagk ot igsenss sefiefe in a single
solution is made free in the formof a copper ion or
COp|FEE. 12 dsydrexing subbtiteted phaitdrayph shywiag ath®ivl mage afperitIBfvorked
ioni zation or conplexing (FIG 2(A)). (2) The free
cmsggpﬁ)&{oﬂa%p&f pEORPRYerGORRNgYe 11S caused to react with a
reducing agent on a nmetal surface having catalytic

act ipyd 1Y i O e Rwih b Subs@iflida bf'ﬂ(gog?%rﬁh®w1h%axpﬁl\/p fn?a%l: Bf 4At1BCvorked

|n the formof "netallic copper Accor di ng

cross s {1(%n F a'Csppe 1 ﬁdr&l&? ﬁg& a&%&ﬁ'at% ﬂﬁlﬂg %6 r ee in t he

Ion's can ted over a

reI | o dis ce. |nat| from.the
Coppiy s Bl érﬁatsaa@%ﬁs%gﬁgw mpgeedfan
particles although the possibility thereof de ends ,on

FIBTquaqubse@&wééﬁonmép%& laleyes dhpoyhrarttivg Faemme o gppe Arawing
oxi de conponent. The thus- obtalned copper filmturns

substifytes potdgnapte(B3 shaydngie EEMomesgdmifighetcress ppstior e cl ose to
that of 19 copper in the formof a bulk. On the other
handes@iptiyn cfRpfeencatongalon particle surfaces that are
in a high energy state on the basis of their surface

[oognergy are nelted to be bonded to each other according
to conventional sintering at 300C or |ower. Asa

resypt, thgspatticles are necked so that gaps between
the particles remain as they are. Thus, there is a

[im resistance. |If particle
congglﬁ?%%f@éyeéﬁﬁgégﬂ%2V§H§?1a copper oxide is

Om%ieated with the treatnment solution according to the
[ vention, the painted copper oxide is eluted or
copper is precipitate

tore s other than the

pai ATOBPT EGRBHOBF P ﬁP‘ngaﬂ a%%&flﬁlﬂo ﬁ"ﬁ’iﬁgg> the | ayer

is not effectively nmade into a conductor. [0055]

t he Toe Repetrendictapidm ageorrinedp tedmiepdondae Hlny phtainedyi trﬁatngg a

onto a reduci ng agent is pr e.sent in or nea'r a copper
copixadasdd patitle cdngimugiapdr by coutyios bails of aynethldaiing eafalytanactivity

metal lic copper is
onto a reducing agent and a copper oxide with a treatment solution which contains, in the single
solution, a chemical agent for ionizing or complexing the copper oxide, and a reducing agent for
reducing a copper ion or copper complex to be made into metallic copper.

The manufacturing method of a copper conductor film according to the invention

includes the step of treating a copper based particle containing layer which contains both of a
metal having catalytic activity onto a reducing agent and a copper oxide with a treatment

solution which contains, in the single solution, a chemical agent for ionizing or complexing the

copper oxide, and a reducing agent for reducing a copper ion or copper complex to be made into
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selectively precipitated onto the netal. Thus, only
the patterned particl e-deposited region can be
sel ectively nade into a conductor. Hereinafter, each
of the constituting el enents of the copper conductor
filmaccording to the invention will be described.
[ 0056] [ Copper based particle containing |ayer] The
copper based particle containing |ayer contains a
metalig e@ppdiavi ng catal ytic activity onto a reduci ng agent
(hereinafter called a "catalytically active netal"),
and Iathe dppeionothe derding[ 0@HE] cop Qo dim’oxeade } cdper tloppade into
oxi de conponent nay be cuprous oxide and/or cupric
a coftic@e. The 20 conponent reacts with the chem cal
agent in the treatnent solution to supply a copper ion

Of  ILARBEAE: HERpeXcdnilcor g a&Bldidg t e ihventidi€and the
i nvention, the copper oxide is classified into an

manﬁﬂptggﬁﬁahomrcgg&r E&%u&&&ﬁﬁrac%o%ﬁhg@ thesin%ﬁgn Wil l;ehféscribed
orm particles contal ning the copper oxide as a
..conponen herei nafter called copper oxide
W’thﬁlétlrrgfo‘flglp%gﬁe,gw%gnramaC%Cheo 56di nent wherein the copper oxide
is used in the form of particles wherein the surface
[0054f a catalytically active netal which will be
described later is covered with the copper oxide,
t hatThe sopppragopdustas §ilrp asgowdipedo tisiwentam) i cheractseiqgyin that the
containing a core region including a catalytically
coprae filvs dewse ahd mwdn gesstandel  Figli aprincipl] thedéad ¢ debraibed p pleprocess
oxide (hereinafter called "core/shell particles").
for frrusdcturihf) the cofpeetonduct @ dilpacdotdidgets thed ihtentien idl @sewmi i Eids. 2(A)
herei nafter. [0058] -Copper oxide particles The copper
and 9¢8) EFIRAS (A) GARE adlafe BRAGRoFbes RO 1208 barBAllyllltéet K #H Hhemical
particle nade of cuprous oxide, cupric oxide or a

e B S5 A AR i L,

co algzé cé:)?tgi%eec{ inQﬂ(e! (%% 13I8 ratréd%lcigg aé]é%p(&ﬂ‘ #E Eulilfagedofgym&allm having
catalytic activity so as to precipitate in the form of metallic copper 16. In other words, in the
production, the process thereof advances roughly in accordance with the following two
reactions (1) and (2): (1) A copper oxide in a single solution is made free in the form of a copper
ion or copper complex in the solution by a chemical agent for ionization or complexing (FIG
2(A)). (2) The free copper ion or copper complex is caused to react with a reducing agent on a
metal surface having catalytic activity onto the reducing agent, to be precipitated in the form of
metallic copper (FIG. 2(B)). According to this method, copper atoms are made free in the
solution so that the atoms can be shifted over a relatively long distance. Copper originating
from the copper oxide can be embedded into gaps between the particles although the possibility

thereof depends on the ratio between the metal component and the copper oxide component.

The thus-obtained copper film turns into a dense structure to exhibit a nature close to that of
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Co., Ltd., which are produced by a gas phase
evaporation process, or copper oxide nanoparticles
manuf actured by Ni sshin Engineering Inc., which are
synt hesi zed by a plasna flame process. [0059] Wen
the copper oxide are used in the formof particles in
the invention, the primary average particle dianeter
is preferably from1 to 10,000 nm nore preferably
coppier igrthetforme of abu00 nm and preferably from 10 to 500
ran fromthe viewpoint of the control of the reaction
r at ©n thd dther hivel, ol nopper ategreamtpaitisleshiefaces that aveimta high energy
sol ution, such as ammonia. [0060] (Catalytically
stateadditthat@sioef fbi} s@fbcdéierggateahalted cellel bpndedtto waeh wihkradccirding to
preferably a transition netal in a netallic form or

conv@Rtiond! difding PSP E E BkY . A8l rés@RIhe AR 1 AFIREIRA o Bt ddpe
transition netal or the alloy nay be a netal selected

bet\xflg%rp{g% ég}g‘?‘lgsrr%fﬁgm%g’ 31%* §1re.i nﬁh\@,f t_thﬁ' 1S aFl)gnit o 2 Blrealin il

or an alloy containing (one or nore of)
SiSﬁahese nmetals. By a catalytic ability thereof onto a
e 8ﬁcing agent, a copper ion or copper conplex

supplied fromthe co r oxide is reduced on th
ur REgsgicis fopiabtns Tt BRS: Qaachagopast B0 EHE P i ppatment
metal lic copper. [0061] In the invention, the .
solutiex agegring 0 thy inyertiop.cheainied GoRPE |0%is [Srefubesl qr |§PRPeRg precipitated
enbodi ment  wherein the netal is used in the formof
into peidns othestharethelpamtedrepiod priafetthededntionn Thye thelpydr is ot gffastvely
as formng a film Details of each of the enbodi nents
mad@iitd a benddaescri bed | ater. [0062] In the copper based
particle containing |layer, the copper oxide conmponent
[oognd the catalytically active netal conponent can be
structured as illustrated in FIGs. 3. The structures

are (ﬁp(ﬁgi)ttlér(hﬂh&, Yh@sa fnlal RV ch@l}lﬁﬂbti@i‘@&d& ARQhci &iif
the catalytically active netal and the copper oxide

e 50 by eI DU G R 60 AR i copc
e R R A Yy bE E 0G 8o co
be selectively made into a conductor.

Hereinafter, each of the constituting elements of the copper conductor film according
to the invention will be described.
[0056]

[Copper based particle containing layer]

The copper based particle containing layer contains a metal having catalytic activity
onto a reducing agent (hereinafter called a “catalytically active metal”), and a copper oxide.
[0057]

(Copper oxide)

The copper oxide component may be cuprous oxide and/or cupric oxide. The

20



enbodi nment using particles wherein a copper oxide
conponent 18 is present around each catalytically
active netal conponent 16. More specifically, the
foll ow ng maybe used: particles the surfaces of which
are positively nodified to cause the surfaces to have
copper oxide shells; particles wherein a
particle-nultiplying technique is used to cause the
comporepireacjs with thegheamior 2aea ip (hedrertimgat spitien toSupnly & popgertipn or
have the copper oxide; or particles each having an
coppex cahgplexciomtthargluppoduced by an uni nt ended oxi dati on of
the surface thereof. (b) An enbodi nent wherein m xed
par th thk &Sehtionyie Edppbtaidedd dlawifind)inay « efbxdicheat wirrein 2 copper
arbitrary ratio are deposited into a |layer: particles

oxide RCUsHPINNEE ohE oGkl kbR@AhinY (REbbPEEoBS Bla Bfpéhent (hereinafter
conmponent ; and particles including the copper oxide as

_ A i
el e PR b ad PR BTRP TR e B Gy B Form
of i e IReNERES § Sifie PapliEntd i DR s 8RR mer

wherein one or pore |ayers containin articles made
covged Witathe EoppaRxidsyihgfds, QP@CH%%&&aéBIC(Sﬁ?I stciugreptagipeg core

layer obtained by depositing particles including the
regiemingluging e satplyticaly pejize metahand ashell regipp wrlding thegoppsr pyde

contact the particle-deposited layer, that is, an
(hereindoftnd catied t‘condighed particlesTar thirst, ehelcegper oxi® pattigtes wfll badescribed

catal ytically active netal conponent is laid, as a
heréaftgd € | ayer, on a substrate 24, and further a

particl e-deposited | ayer 28 made of the copper oxide
[oosggnponent is laid on the particle layer 26. (d) An

enbodi nent wherein one or nore | ayers contai ni ng

part_ g §,g&%§tg§.1he copper oxide are deposited on a
| ayer lLon%alnlﬁg The catal ytically active netal, that

I's, -an __enbodi nent . wher ej ' ( :
ot AP PONRelsd A fiepart Bucsate Bhtbrnfyaricle sado of cuprous
.subst rat. 24, and further a ticle-deposited. | ayer
oxidsp AR N o BB o RS BB AT 1 ke b G R & o
film30. Furthernore, the copper based particle i
commsrrilyiivHibleRyRdpctnagh puipaPe oidr frnoparHclGtmnEfagtured by C.I. Kasci
enbodi nents (a), (b) and (c) are conbined with each .
Co.olthewhickare peodaerd|be 2 ghs phasgevaRoTaiion PEQSBG.OIT IPRIPEr Gitida napgparticles
the enbodi nents (a) and (b) nay be conbined with each
mamifheiredbyaisshh Eng@madrodilnenthiche)d Jynthedizd by 8 plaama flame process.
enbodi ment wherein m xed particles in which the
ool l owi ng are

When the copper oxide are used in the form of particles in the invention, the primary
average particle diameter is preferably from 1 to 10,000 nm, more preferably from 10 to 1,000
nm, and preferably from 10 to 500 nm from the viewpoint of the control of the reaction rate
with the chemical agent in the treatment solution, such as ammonia.
[0060]

(Catalytically active metal)
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m xed at an arbitrary ratio are deposited into a
| ayer: particles including the catalytically active
netal as a conponent; particles including the copper
oxi de as a conponent; and particles having a
core/shell structure having a core region including
the catalytically active netal and a shell region
i ncludi ng the copper oxide. [0063]. 23 The follow ng
wi | Thg é@gwoaléy aetive MRGHS Pesferatby Hiraition melrbig garetalisopm, or an
particle containing layer in each of the enbodi nents
alloy. a)Sptafiqaly, at Je@0 62F coTpenanbefiied tra@aiggdmgaqur ithel aloy may be a metal
contai ning |l ayer of the enbodinment (a) can be forned
seletryd frinh éeardup@omsistihg pECs IPOAS Ruy Rly Ng,dh buad Au, egan alloy containing
core/shell particles obtained described bel ow,
(ondXRinktré &XY thedeetAli. S B31 aSda@iytis labilifyMther & ofto Rabdting Ggedt, Wicbpper
onto a substrate, and then drying the resultant.
ion Lr%ﬁée}:l cérﬂaéﬂuﬁfﬁ% ltoRARL &&Jpasox;ﬁ@% £QIc6d ShBL burRdd thbebe® be
eac aving a core region including the catalytically
actijve tal can | region including the copper
1ﬂﬂg§?%éugggﬁggOgﬁggﬂﬁggaﬁé conmpoundi ng particles of the
talytically active netal with particles of the
[Omﬁipper oxi de, by precipitating the copper oxide onto
particles of the catalytically actjve netal, by .
pr edp gletarepting. e ppalytiHyY aetiyapietalss glassiffed 1jtp an embodiment
catalytically active netal and then oxidizing the _
whegaiphe metahipased ip thefgrnt ofipaitislys. #ad ail ¢mbodisesppwuhereip ghemeid] gsqused
and then oxidizing the surface thereof to forma shel
as faringefilao p Petailofiedeh of Wirambotieneo@vall Y desaibley lagert | ve
nmetal of the core region is, in particular, copper,
[oog2pat is, the core region and the shell region each
contain copper, the core/shell particles may be
Pr oy eRA obpér bdskPsHridlid RtltadhiSd 1RV R ofFE Bkid6 URARMAM and the
(copper conpound) dispersed in an organic solvent

catagﬁ?%lg); atﬁ{é%?ﬁé?ﬁ c&?@%%{ﬁrbgq_ﬁé gtﬁl‘é{ﬁréﬁ' a% hluﬁrét@isiﬁ Flésay.b\éﬂel sffuctures

e so e particles nmay al so
roduced i ntroducing a starting netal conpound
”e§¥@g5§§a&gﬁ%8ﬁnd) into plasnma flame in an inert gas,
and then cooling the conpound with a coolj inert.
gas. CPATERIAIRST Bherein diec RIS PG A BRHES gpPi i are

by using the |aser ray are controlled by the kind of
present in the state of particles having’a core/shell structure containing a core region including

the catalytically active metal and a shell region including the copper oxide, that is, an
embodiment using particles wherein a copper oxide component 18 is present around each
catalytically active metal component 16. More specifically, the following may be used:
particles the surfaces of which are positively modified to cause the surfaces to have copper
oxide shells; particles wherein a particle-multiplying technique is used to cause the vicinity of
catalytically active metal particles to have the copper oxide; or particles each having an oxide
coating produced by an unintended oxidation of the surface thereof.

(b) An embodiment wherein mixed particles in which the following are mixed at an
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the starting copper conpound, the particle dianeter of
the starting copper conpound, the anount of the
starting copper conmpound, the kind of the organic
sol vent, the wavelength of the |[|aser ray, the power
out put of the |aser ray, the period for the
irradiation with the | aser ray, the 24 tenperature,
the state that the copper conmpound is stirred, the
arbilkdrp tio frealeprsties] intog laees peviclep iglediag tewptalytisndly aptiygmictal as a
sol vent, the anpunt of the bubbling gas, an additive
compaeinty hrkdenarttclm dlictuidougshe capyer opidé ataedoyporat, dial &, antparbedifnent
will be described hereinafter. [0066] A Raw nateri al
wherthtEpaitailds TB iR dalg theScaflyEioAIyektieanged dortponaintchrapied ith particles
exanpl es thereof include copper oxide, copper (I1)

22 u@ﬁidﬁl{% th&éwﬁé%%ld@&ﬂ&ne&@m%ﬁ aSikd i de, copper octyl ate,
copper chloride. The size of the raw naterial is

' _n‘pgg)t rgrxbogﬂ%ﬁt M‘Eﬁ:? I)IQ%r %f&hﬁlm ahfcfe?q{aaé &9he

aser ray having t e sane ener gy densit
[ shel.l t h
copriy s BF SopghipeiEp e R § t%%?f*nbgac{e%&%ﬁgaﬂwle% inglpding the

di aneter of powder of the netal conp gf 9§P raw
catajyfigallyjagfve ni*eéal SR FITRONCTIASO PHQ CPUP%“FW@F’& dep?%t ayer, that is, an
materi als having various forns may be used, exanples.
embpéimeriofherqired prtfidiglazer 26 msde pithg caiaglitisailagtive wita) cogiponent is laid,
crushed form a plate form a scaly form and a rod
as abmplnlayp) 067 jubBrat¢ 24 end fuetirer Tipertinigrdepasitest Inyen£8 trade ¢fdlseqopper
ray is preferably a wavel ength at which the absorption
oxide @6hpdrenta@ntaida thd@irtedplpgs 26.0npound is made as |arge as
possible. In order to restrain the crystal growh of

f i Neq)CAPRYodRRNE WEE &S oftf ordndR@RPerS tchtinind particldd m@lie b 1Bel
to use a |l aser ray having a short wavel ength, which

cop;ﬂa? QQHQ ?r? deg)%§1te@ oB Iaq ﬁé fad)n NC% tle %lcal@}f a(c?l% metglx alqplk e

ray | [‘aser’, exci mer aser
TSB! Phud 3981, e

embrog megft erenh e s ?ytlcalllgfcgllct?vrearrr?e"tal SR 5nent 1plaf?iro‘iilearsu{)%ate

nto l"arge anny
20, SR G o SSTREARG UISE LD, S0 SO LLGn el 8 o
film 30.

Furthermore, the copper based particle containing layer may have a structure wherein
the embodiments (a), (b) and (c) are combined with each other. For example, it may be an
embodiment wherein the embodiments (a) and (b) may be combined with each other (called
“embodiment (€)”), that is, an embodiment wherein mixed particles in which the following are
mixed at an arbitrary ratio are deposited into a layer: particles including the catalytically active
metal as a component; particles including the copper oxide as a component; and particles having
a core/shell structure having a core region including the catalytically active metal and a shell
region including the copper oxide.

[0063]

23



[0068] 25 C. Organic sol vent (D spersing nmedi um when
particles are generated) \Wen nano-size particles are
yielded, it is preferred to use a ketone solvent, such
as acetone, nethyl ethyl ketone, y-butyrolactone or
cycl ohexanone, as the organic solvent used as a
di spersing nedium for the copper conpound when the
particles are produced therefrom It is allowable to
use Eepellogrngwilhdespribe & method for dormingihs eoppar baseil darticle containing
N- et hyl pyrrol i done or propyl ene glycol nonoethyl
layeptitheach ofthe embpddwentsarn)iofe)sol vent, such as tol uene or
tetradecane. One specie thereof may be used al one, or
[0064p0 or nore thereof maybe used in conbination. Wen
an organi c sol vent having reduci ng performance is

US €drhe@BpRX bR Sa@de dddRinidgdh % of 16 emSd¥Ghdnt B 4R formed by

copper particles is reduced so that the netal is nade

- ' S f.or -
pref e S eton ool cor A0 FORURSH AR LR thfBw. paining
Accor.di nal it.i.s referred to use an or i C
the TN MR 1o R HBFE B0 e M e B AR fesultant
Sove-nentioned met hod for producing the core/shel
[om% rticles is one exanple, and the invention is not
limted thereto. Wien core/shell particles are
comrepie/shel] gartiplesi | abl e, the particles may be used.
[ 0069] About the core/shell particles used in the
i nvertteicamg/she¢lhrtivlayioath-havieg agae pgidniigdhelingdhacaptlgicaldf active
primary particles is preferably from21 to 1,000 run,
metflzhé a Sieifrefiabinyludifi@tie todper Xk cafl B3 prafide®VEEoniPoRling particles
preferably from10 to 100 nm [0070] The di spersing
of R laWicA158dE Wl i@ paiSREPSHE Ebp%éﬂ&fcﬁé,bbaz%éc?ﬂitﬁﬁﬂg&h& l&g,per
y

core/shell particles is prepared na e, for exanpl €,

. . . | :
ox1c% o{flﬁ)tlﬁﬁﬁlé of e @Jt?lyéclalﬁy adive ﬁl@ﬁi, 89 ﬁrecl Mﬁ copgyteg%rit% ?amcles of

etone, y-butyrolactone or cyclohexanon
ven uch 0
e

e REHREERD 15V el R B Th SRS e g gtaticcopper
parttecie[s] %‘b@%ﬁ@dl%g ‘[h%%l?r(fakég I31631'86(()) t\(/)e ortni a giﬁ%ﬁ gf '[%GS: coptpcca)rI olilue e.e or

When the catalytically active metal of the core region is, in particular, copper, that is,
the core region and the shell region each contain copper, the core/shell particles may be
produced by irradiating a starting metal compound (copper compound) dispersed in an organic
solvent exhibiting ﬁo reducing effect with a laser ray while stirring the solvent. The particles
may also be produced by introducing a starting metal compound (copper compound) into
plasma flame in an inert gas, and then cooling the compound with a cooling inert gas.
Properties of the core/shell particles obtained by using the laser ray are controlled by the kind of
the starting copper compound, the particle diameter of the starting copper compound, the

amount of the starting copper compound, the kind of the organic solvent, the wavelength of the

laser ray, the power output of the laser ray, the period for the irradiation with the laser ray, the
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The di spersion may be conducted by using a nedi um

di sperser such as an ultrasonic disperser or a bead
mll, a cavitation m xer such as a honom xer or a
Silverson mxer, a counter-collision process such as
an ULTIM ZER, an ultrathin-film high-speed rotary type
di sperser such as a CLEAR SSS, an autorotation and

revolution ty m xer, or sone ot her, . chi pe, [0071
temperuTE dRE 4E ﬁ‘éﬁg“b‘iPPBTf cpweou&ﬁese%ﬂgﬁ RE ‘ﬁ%ff‘iafu a&“@@mﬁ 2% ‘Hgéduced
_ dispersion slurry is restricted mainly by the
into thergsgicsglverrdheipagyat ofiths hubping g3gtan é%ﬂ\@@nﬁ gider qopdifipps

net hod for painting or printing the slurry, and is
apprppustdy.ably from 5 to 80% by wei ght, nore preferably

from10 to 60% by weight, and even nore preferably

f r omMethils therebO®AIby degetipddtherdifa@é2] The copper based

particle containing | ayer of the enbodi ment (b) nmay be
[ooskpr ned by preparing a dispersion slurry wherein

particles including the catalytically active netal as

a GORRRNERLa and particles including, as a conponent,

the copper oxide are mxed at an arbitrary ratio,

ispersion slugr

pai Igl'thle S t!ﬂeriaq s S Whpoutd fa¥d siedisid e)Pa?ril Ii]ets it s lnl(':llrur ¢opper
bStrat’s, “dnd “Th |ﬁb {ﬁe est Ant" e

onto a su ra en dry
.dispersing.pediumin._the dispersion slurry i s the sa
oridgr OB DA GTHPTT B0 iRRBER SHLIE: CORRer OSFHatep B pRRE ghloride.

including the catalytically active netal as a ==
conpongint of theraw mpsgrie] ig frarortapto n Exenivhey thegaw imiesiak ip gradiated
catal ytically active netal, a copper oxide, a netal

withtadgdentgy heviegthesapte apergy denbity; nerr/slas]! partiglea haviimgsadnzellenpgrticle
material that is present in an anmpbunt not permtting

dianiele carf lesiffettanly@btained hethé pardle pinmetacdf pb@ddef tha insseadl c@ngbund,
is not related to any reaction for the treatnent for

as theRdel Bgtetifeis GRRRE! AABEeRrh@etdot rew Gantiak Rivg Jaa¥@folmtfay
a conductor. The particles including the copper oxide

be uftd, SamPIPARRE inclIBAD BAFIAY SsheRON RN B¥she® ERMIESatk RGm, a
copper oxide, a metal having no catalytic

samPﬁ££°£H%Q&Pmn§”d an insulating material that is
present in an amount not 27 permitting the resistance

OmﬁL the final product to be raised and is not rel ated
[ any reaction for the treatnent for making the

copper based particle containing layer into a
condhuE8S5F ray

The wavelength of the laser ray is preferably a wavelength at which the absorption
coefficient of the copper compound is made as large as possible. In order to restrain the crystal
growth of fine copper particles of a nano-size, it is preferred to use a laser ray having a short
wavelength, which produces, as a thermal ray, a small effect.

Examples of the laser ray include Nd: YAG laser, excimer laser, semiconductor laser,
and colorant laser. In order to radiate a high-energy laser onto a large amount of the copper

compound under the same conditions, it is preferred to radiate the laser in the form of pulses.

[0068]
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The blend ratio of the particles (x) including the
catal ytically active netal as a conponent, to the
particles (y) including the copper oxide as a
conmponent, (x:y) is preferably from100:1 to
1: 100000, nore preferably from 10:1 to 1:100000, and
even nore preferably from1:1 to 1:10000 in order to
yield a copper conductor filmdense and |ow in
r esi( Cagpais solvpry (7 Bperypmedive van paryelsscsd goperaict) ve
metal is used in the formof particles as in the
pr e SEn nasrHodiantelds arei yiclded, rompeefpredftenseadetohatoltant such as
surface area having catalytic activity is |larger.
acetdity Sethyl die/] RMSREY-b@YOI3@Ee G dyETBlietafdAE, lak Ce@dr@hd RBN &t ubed as a
preferably from1l to 1000 um even nore preferably
dlsptexrsfﬁg‘rrleﬁﬂmlfglothg BppE QB ApbuddviRh qﬁ@aﬁi@ltﬁ £E MdAhQISRPERIm. 1t is

based particle containing | ayer of th e enbodlnent (c),
allofabit B4ELa iﬂm?(rsgl'v&t RRE LSS REl A AN Rk Bladb 62! 1Y
Ive e as a conmponent, are epos t
propézgegﬁﬁgf%ol %er{l%gh d ;]rgg hyféigor rﬁs&ﬁve{;ﬂ: 515:3 X%{ uﬁxéé/ %ff qu!ldf(:ﬁ%e
nmet al partlcle di spersed slurr acjdic Pdﬁf
Onespecig eftf may bk 4Pqd afsge<& dtp onpergEEht maygfpe ugffl in combination.
el ectrostatic absorption of the metal particles. Wen
Whenrpa opgapig[solyent haéngaredlcigacfergnagee j nsgd,ag oide aeas that rmothen
the layer, the concentration of the catalytically
shelbeoftthe/@ppe patticlpais rédote@soithat thh enethl spmds hmovekdir Ay thisway,
preferably fromO0.01 to 50% by weight, nore
aggiep@éserafotriyedito dimdte Az disperkDiGlayilineif Hetpartidlesl emebrdifpheit is
preferably fromO0.1 to 5% by weight. The di spersing

prefBR&H b md£0¥%&c6bl$&ﬁéﬁhﬁﬁngsﬁd%&%ld sfthe sanme as
descri bed about the enbodinent (a). The

nu nbﬁ'x'é abbiE! nﬁgﬁorféﬂ Merh((‘)h ?orghﬁy g{he Obre i ﬂfc‘eﬁ & e example,

including t catal ytic aCtIVG met as a

and ggnpo ) ?OS]FIS no% 11 tg? [hl EF?]‘ || XN}ECII} core ]lé)afchcge 3 C rclf)%ﬁl%rmanly avallable

TR ciess 6
e SItI gyer is set preferably into the range of
theaar‘g SRy FB?F(after the layer is dried). [0075] Next,
one or nore deposition |ayer(s) obtained by painting a
[006f] sper si on slurry wherein

About the core/shell particles used in the invention, the number-average particle
diameter of primary particles is preferably from 1 to 1,000 nm, more preferably from 1 to 500
nm, and even more preferably from 10 to 100 nm.

[0070]

The dispersing medium used when the dispersion slurry containing the core/shell
particles is prepared may be, for example, a ketone solvent, such as acetone, methyl ethyl
ketone, y-butyrolactone or cyclohexanone, a polar solvent, such as dimethylacetoamide,
N-methylpyrrolidone or propylene glycol monoethyl ether, or a hydrocarbon solvent, such as

toluene or tetradecane.
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particles of the copper oxide are dispersed, as a
painting slurry, and then drying the painted slurry
are |lam nated onto the formed deposition |ayer nade of
the particles including the catalytically active
netal as a conponent. For the formation of the two or
nore deposition layers, it is sufficient to repeat
the painting and the drying of the painting slurry. It
i s prhefliepersen mabd capdusted &Y tteg Yepdamdispersdr 5ydrag 81 ulfrasogic
nunber of 1 to 10. The concentration of the copper
dispexxérabe a peadtniill] emvitatiot Iméxed s es s hampngikerror g Silgersop stixdrat ed
mai nly by the viscosity and dispersibility that can be
coum&ellisidn phRRessBidi@sl af ULTIDAZAR]| dxchltedthipfili highgpeet Rétary type
slurry, and is preferably from5 to 80% by wei ght,
dispPRESud 8L ERARYSSST Al @othRonRAG R utiv fnix e BFlsoReDher
nore preferably from10 to 50% by wei ght. The
i spersing nediumin the dispersion slurry is the
ame as described about the enbodiment (a). The | ayer
wo%?ickness of the deposition |ayer(s) is set
d eferably into the range of 0.1 to 100 m (after
dried). [0076] In order to faormthe copper based .
par tibE percensration ofithgeorashel! paticlenia LR Alprry @restricted
_Iager cgntainhga the catalytically active netal is |
maifly py thefviseopiisl andifigperpibility éhat esm be geediihiie prsthof ifqr ppinfigg gygprinting
t he adhesion of netallic foil, vapor deposition,
the Syt tuetis pgferdbhefrans 6 tof0%bnwtight, molsgrafattdy fromiOae 60°ay
the catalytically active netal, CvD, netal plating, or
weight /sl a¥dninfor@erafdeiblyfeonni @@ 5avby wedighit.er ed fil m Next,
one or nore deposition |ayer(s) obtained by painting a
oo spersion slurry wherein particles of the copper
oxi de are dispersed, as a painting slurry, and then
dryi ' ]
o g b PRt Shll | BfLor AR n ) ok U formed by
preql;rgné%% cglgp%st?on{s?uﬁ'%ﬁ\%lie%% g%]rttiglf?semctl%nég{m {%arelﬁicgl?}p;%ﬁ{/é h& as a

S I Cl ore palrnti ng an

the drying, of e painting slurry. It .is preferred t.o
conpli R e Bt B hipd SRS S
1t 010. The dispersion slurry, wherein the copper oxide
ratiqy ppipting the;dispepsion; sbie asaPainfing slyey, gaifa substratgad thep diying the
about the enbodi nent (c). [007q

resultant. The dispersing medium in the dispersion slurry is the same described about the

macf‘li
S

embodiment (a).

The particles including the catalytically active metal as a component, mean particles
containing, besides the catalytically active metal, a copper oxide, a metal having no catalytic
performance, and an insulating material that is present in an amount not permitting the
resistance of the final product to be raised and is not related to any reaction for the treatment for
making the copper based particle containing layer into a conductor. The particles including the
copper oxide as a component, mean particles containing, besides the copper oxide, a metal

having no catalytic performance, and an insulating material that is present in an amount not
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The copper based particle containing |layer of the

enbodi nrent (e) may be forned by preparing a

di spersion slurry wherein the foll ow ng are m xed at

an arbitrary ratio, painting the dispersion slurry,

as a painting slurry, onto a substrate, and then

drying the resultant: particles including the

catal ytically active netal as a conponent; particles
perniithigk thyiresiptanproidlepfnat prosctite basaized apdrponielated toyany reaction for

core/shell particles as described above. The
the teHasypat for makingthe uopperbasdiepartidiespatamingriayst wroraconductdne

same descri bed about the enbodi ment (a). The bl end

r at iM@e Blend fAGo PRRE pEH@S (KDhclidifd el tagdytidaRy stivainytal al |y

active netal as a conponent, to the particles (y)

| . Aril e EdiXthEEopBS Aide QPN Mherd Xk Y) isipSeferabl
Cmn%?%?%??@?@ ffg%?%$ii$%:1:fgoooo, nor e prefgrgll§ fron¥

i § 0B B ToA PASIL bt At i
o B 505 R 2 RRSH e

100:1 to 1:100, nore preferably from50:1 to 1:10,
[007¢hd even more preferably from20:1 to 1:1. [0078] The
| ayer thickness of the copper based particle
c ontVélienitaratalyjieallyjastiysrmedtad isatsed infthegfging ofjparticies 29 the present
nore preferably from0.1 to 80 m and even nore
embpdiefet @l oré pefer@d that the §0fape dren hagmg latalfyti¢ dvgvity is larger.  Thus,
enbodi nents. [0079] [Substrate] 30 The copper
the G@bELGleIpe priidary paiCiole diangtet B pdi@abiyemtlito M000SHhm, even more
preferably forned on a substrate. The material of the

pref&HhS koatigo MBYRe specifically a film sheet or plate
made of pol yim de, polyethyl ene naphthal at e,

[Ogﬂglyether sul fone, pol yethyl ene terephthal ate,
pol yam dei m de, pol yet her et her ket one, pol ycar bonat e,

liq Hlié?rggrrtg ?gé?)l tlI)cg cgo:p%e’:r ]Elsle%e?r%éx ccg zﬁ}npl% gnygrho? Eh%lemi%gﬂngnt I4|c)(,:a1

cya e rerntorc resin, nor ga
particle filled resgin, polyolefin, ol yam de o
Iy WP ERRF SN Ty gito fiteY g Pitab s RgRLteh piseposited i
pol yvinyl resin, glass, ceramic material, or the )
first|fpriaed. | Thepmppghodforclarmingthistlaist gay pre forisaararie pierpinging spraying or
contai ning |l ayer can be sintered at a
printing of a the metal particle dispersed slurry, acidic Pd seed treatment, alkali Pd seed
treatment, or an electrostatic absorption of the metal particles.
When the metal particle dispersed slurry is painted to form the layer, the concentration
of the catalytically active metal particles in the dispersion slurry is preferably from 0.01 to 50%
by weight, more preferably from 0.05 to 10% by weight, and even more preferably from 0.1 to
5% by weight.
The dispersing medium in the dispersion slurry is the same as described about the

embodiment (a). The number-average particle diameter of the particles including the

catalytically active metal as a component is numerically the same as described in the
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relatively low tenperature; thus, little restriction
is inposed on the substrate to be used because of a
substrate low in beat resistance is usable or sone
other matter. [0080] [Treatnent solution] A treatnent
solution for treating the copper based particle
containing |layer forned as described above to be nade
into a conductor, that is, the treatment sol ution
embadiosridbh g The lay ¢rdhickngsseod thieglapgssion layer iy sat prefapghilicito the range of
contains a chem cal agent for ionizing or conplexing a
1 toSOPppe(afteottie dyercodpainent, and a reduci ng agent for
reduci ng an el uted copper ion or copper conplex to be
[oop@feci pitated into a nmetallic form and which
optionally contains a solvent wherein these can be

di s9@kY 8k or Hitfe @lx{p@ﬁﬁmﬂ)ter@mwﬂlﬁe@%( ﬁ&ﬁﬁﬁé & dlﬁ)@fﬁ(ﬁ'Sﬁ%y%erem

copper ion. Hereinafter, each e conponents wi [l

partgﬁeg gﬁfﬁg $p§grdox geeJI%ered a£ Q %Hng@ rgn& ﬁlen ﬂx@ tﬁe pp-l;-ilﬂﬁed

n1ca gen e any ent t causes a copper
i de t I d
sy i iy U 5 s ”E‘gffé%%s §PpP 1%1%2198‘?%%&9”
consj sting of basic nitrogen- contalnlng compou

nds
catalyBFRTY 64VoiRE! as HPPIOBEHY. ORI PFHECTL SO s more depsition

inorganic 31 acids, salts of inorganic acids, organic
layegse it dissuffisignt o repeatdhapsinitiag ard He deE’é\F&? dhe aainiing sty x Itierreferred

di t hi zone, hydroxyqui noline, EDTA, and (3-di ketones.
tok@ﬂﬂﬁ&@&dﬁtheahb@@bmmHmnb@nﬁdt@hbnical agents, basic

ni trogen-contai ni ng conpounds are preferred since

Manyrhe ecitentigongfhd Soppe orite paditiesia therdisphiob alairg isskdécted

Particularly preferred are am nes and ammonia. Mre

malﬁlgl 8f ﬁfervf‘sqoﬁz BndditgERENit3 HaN &% b3 N6k 3ATHR Ricthod 'fcﬁ%mﬁ?e&%rmtmg
have a i gh power for dissolving any copper oxi

the 5{@3@ gntﬁg Sfe%lb%ﬁfr% §l’t{p§;dﬂ/s b?&r dl%ﬁe b)l"%%ﬁ‘&erably from 10 to 60% by

en- COﬂt al ni ng CO ounds 1 nclude tertiary am nes

Welé‘ljl ang %\Zerx]lgt h Eara% a/n n?O {02518%23610 etl 6}1& esfhe[dbsagél]ng medium in the
dispersion slurry is the same as described about the embodiment (a). The layer thickness of
the deposition layer(s) is set preferably into the range of 0.1 to 100 um (after dried).

[0076]

In order to form the copper based particle containing layer of the embodiment (d), a
layer containing the catalytically active metal is first formed. The method for forming the film
may be the adhesion of metallic foil, vapor deposition, sputtering, the use of a metal substrate
containing the catalytically active metal, CVD, metal plating, or a metallic powder painted and
sintered film.

Next, one or more deposition layer(s) obtained by painting a dispersion slurry wherein

particles of the copper oxide are dispersed, as a painting slurry, and then drying the painted

slurry are laminated onto the formed catalytically active metal containing layer. For the
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Exanpl es of the organic acids and the organic acid
salts include carboxylic acids and salts of
carboxylic acids. O these exanples, preferred are
pol yhydri c carboxylic acids, polyhydric carboxylic
acid salts, aromatic carboxylic acids, salts of
aromati c carboxylic acids, hydroxycarboxylic acids,
and salts of hydroxycarboxyllc aci ds. Specific
formgiest efithediyo ox BATSI dsROSTHOR dyeisf it is sefficiget 19 Eppeaathie@aigtingjand the
phthalic acid, nmaleic acid, succinic acid, fumaric
dryiggeéfdhe pating §111rirx: Ttie préfernvdt lemiete theatappsition fayer(8di a puralred of
salts thereof. [0084] Exanpl es of the dioxines include
1 todd.met hyl gl yoxi ne, benzyl di gl yoxi me, and
1, 2- cycl ohexanedi onedi gl yoxi me. An exanpl e of the

( 3- gk GRS shfrydwBdrdth 8@bsHRE oxidd WhrticRX arglipers€d, is the same as
am noacetic acids include gl yci ne, and ot her am no

descRBdADoutROGmbaillRf: @pncentration of the chemical agent
or ionizing or conplexing a copper oxide is

wo@ieferably fromO0.001 to 30 nol/L, nore preferably
om 0.01 to 15 nol/L, and even nore preferably from

t he con entr n i.s |less than O.
ol 1P RS PetspaRicls P etio8 g e Tatigey é%’h %VQD prvigd by
sufficient speed. [0086] (Reducing agent)
PrepRigRp Acdisngrsiog .@erﬁrnéh%fo PYVipe gte migedat albﬁém@’én fé%‘t @gfnting the
fromthe group consisting of hydrogenated boron
dispereinp glumyd 95 2 baieiimg gl @it asubstiata, anddhensioyinglghe resultant: particles
al kyl am neborane, hydrazi ne conpounds, al dehyde

inclheibrgabeicacdyticghos phronaaiss acodpaenpgutingks indidogphosppaopids as a

aci d conpounds, ascorbic acid, adipic acid, formc

comp&iest; ardl BRVBEISpartidléd ab H&s):nlﬁddmﬂ&lén d$he diﬁkﬁlngln(i‘edlutm ,theand
ydroxyani nes, and is in particular preferably

dispEsBR LY, R \GRe e@s%béd@w&@he enfbp@irRE (R, formal dehyde,
ascorbic acid or the |like; besides, citric acid or the

I k%’hg ?@nﬂaﬁ@o ? }[)zﬁ{lc%s g)qmlé(dl tﬁgcatzllﬁ yac-{bg etal asa

concentration o e reduci ng gent

com})gneegtt, [](;Etﬂé pasrt?clle%t(gl)qgchllf néo tElg coepger ox}{ie as a component (x:y) is preferably
from 1:1 to 1:100000, more preferably from 1:1 to 1:100000, and even more preferably from
1:10 to 1:10000. The blend ratio of the particles (y) including the copper oxide as a
component to the core/shell particles (z) (y:z) is preferably from 100:1 to 1:100, more
preferably from 50:1 to 1:10, and even more preferably from 20:1 to 1:1.

[0078]

The layer thickness of the copper based particle containing layer is preferably from 0.1
to 100 pm, more preferably from 0.1 to 80 pm, and even more preferably from 0.1 to 50 pm in
each of the embodiments.

[0079]

[Substrate]
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fromO0.001 to 30 nol/L, nore preferably fromO0.01 to
15 nol /L, and even nore preferably from 0.01 to 10
nmol /L. If the reducing agent concentration is |ess
than 0.001 nol/L, netallic copper nmay not be
generated at a sufficient speed. [0088] If the nole
rati o between the concentration of the chem cal agent
for ionizing or conplexing a copper oxide and that of
t he Thegerpchepneeréantiilin geoprdymyo dre imspidon i prsfeeabhcionmedaniaon
of the copper ion nmade free in the solution becones
subdtiatsh $he mitatial obihp ewbsiwaié arpbadpkyifigile ¢ ifiph.tsheat or plate made of
regions other than the particle deposited region.
polyiRiI8 HolyEte et ohapathhlaieSpddyeeiee sidfohe palysth@deyterpsitialate,
sol vent since the solvent needs to dissolve therein
polyahfdesthias, %l«gzbﬂﬁgfe&aﬁ%&bne b&lanH%%’tG lf3gidaeRil %olﬁﬂé}, ok PRARS
ion or copper conpl ex. e solvent may be

pheﬁ‘(ﬁ Fr‘é% f bﬁlﬁ]ﬂtL‘ ¥st¥f@£s%{ ’ﬁbgl r¥1ﬁ§)¥ée@ resfﬁr ini %Eﬂ@bﬂﬁggnﬁﬁcd I%Qn,-ggﬁfoleﬁn,

treatment 1n the |nvent|on dvance

polyaacmg%r %‘g lelenwnte sgl{' aé/ PO ggrog\é Xl%e crf)sgf ﬁ(gg d(élpl\él \glt(%gslirg %Ialssn ceramic
decel %lng the reaction, or changing the state of

matgr gﬁg - filmto be produced In order to contro

the evenness of the er film the reaction rate or
bubdh thednyeatiqn, the cenper IP%%P afticde cu@iningdayensanda sintserdiat g e,
stirring, the swng of the substrate, or the addition

relagyelylowrterspemvitareyihyse Sttlepgstrighorcie rropasedeah, thg GOYGYe to be used because
<Treatnment with Treatnent Solution> In the invention,

of aaulesoptp dow hdsadesiaant¢ 6 heablean kahabtheg nlagtyrer f or med as
descri bed above is treated with the treatnent

[oog@l ution. Specifically, for exanple, a substrate on
whi ch the copper based particle containing |ayer is
for megladnind SRBbSEd i N a container filled with the
treatment solution, or the treatnent solution is

co ntA Qéﬁ%{gﬁt oh§tpoangretgea8£]%tge éogger%gﬁeﬁ %gl’tl?l%%gigal%é angrl fgxinhed as

cont al ni ng e copper oxi

ces AR BYER thT e N e e @%ﬁf@%@?&f@@?@%%@ﬁ% the

solution. Next, the resultant is_ reduced with the
inveneRyis i AefutigeWiichsoniains e chepisa! peeat ©0p BEINGE AP RR R eRRRY
i n gaps between the
oxide component, and a reducing agent for reducing an eluted copper ion or copper complex to
be precipitated into a metallic form, and which optionally contains a solvent wherein these can
be dissolved. The treatment solution usually contains no copper ion.
Hereinafter, each of the components will be described in detail.
[0081]
(Chemical agent)
The chemical agent may be any agent that causes a copper oxide to be ionized or

complexed to be dissolved, and is preferably at least one selected from the group consisting of

basic nitrogen-containing compounds, salts of basic nitrogen-containing compounds, inorganic
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particles. Thus, a dense copper conductor filmcan be
formed. [0091] The period for the treatnent with the
treatment solution nay be appropriately set since the
period is varied by the concentration or the
tenperature of the treatnent solution. For exanple,
the treatnent period and the treatnent tenperature may
.be set..into.the range aof 0.5 to 6 hours and.room.
wcid} gl HotiE e O O age IR 9b TR BT S S PY e
_.on which the copper conductor filmis fornmed is
dithigonse Bpionyguiaine E I3t @nd Besltkstongsr the 1i ke, and then
dried by/wwth wind drying, a hot plate, hot w nd
[00& yi ng, an oven or the like. In order to nmake the
drying easy, it is allowable to squirt acetone,
nmet xnisd aboetinemiohed Bdmioal aghres, badienitrbgen-eont@ning commmhdscaze
the water with the solvent, and then dry the
preférrddfiric© ARredTipSigEdd BecoAS adlies B thdedicalieV epar@cutelp peferred
conductor filmcan be manufactured. [0093] <Patterned

are §-BRRQNd HARIME! AVo IO ald1RinkA} 4RI 8eHld SRRBEK since these have a
conductor wiri ng accor di ng to the Invention Is wri ng

: Do : r article containing |ayer
lngﬂ%ﬁ%g?gP%Eh%%$ﬁ9gggg§ﬁg¥gl havi ng catal ytic activity

ont reduci n ent,, ,and .a copper. oxide is. . )
ot QPR BB ST e PRa: T pA R OBEPRg COBR ARt eriary
treating the patterned copper based partjcle .
amipes sYcljap Fihylenedipgying thirageqiaiestrishaRolamian apd dsopgjolgmine.
treatnment solution which contains, in the single
[00836] uti on, both of a chemical agent for ionizing or
conpl exi ng the copper oxide, and a reduci ng agent for
r ed dxhmplesof¢loppeamid aonls end tho pigeric acosaith exlutiocatxpiicdeids and
into nmetallic copper. In other words, the patterned
saltscdpR®oxytio BAdC t QI thekd dxafiplas; afaied gretpdlyhiidrici carbesilic @tids, s
Wi ring obtained as follows: at the tinme of formng a

poxyﬁg@wrb@aﬁ@qc@ At £rbBateQRtbBkNCcABidL, ANBIof a8RBEE bRy lic acids,
about the copper conductor filmaccording to the

B0 OB, AL LO: o167 T R0 e Capeeiy
therc\algf ririxcﬂx%e Pa?t%}:ig a{c?d, ];)ﬁhémc%@id,a maleic acid, succinic acid, fumaric acid, salicylic
acid, malic acid and citric acid; and salts thereof.

[0084]

Examples of the dioximes include dimethylglyoxime, benzyldiglyoxime, and
1,2-cyclohexanedionediglyoxime. An example of the 3-diketones is acetylacetone, and
examples of aminoacetic acids include glycine, and other amino acids.

[0085]
The concentration of the chemical agent for ionizing or complexing a copper oxide is

preferably from 0.001 to 30 mol/L, more preferably from 0.01 to 15 moV/L, and even more

preferably from 0.1 to 8 molV/L. If the concentration is less than 0.01 mol/L, the copper oxide
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substrate, so as to forma layer which is to be a

Wi ring pattern, and then the wiring pattern is

treated with the above-nentioned treatnent sol ution,

t hereby making the layer into a conductor. [0094] The

printing used to pattern the copper based particle

containing layer is any two selected fromthe group

consisting of ink jetting, screen sprinting, transfer
may gei hetdissglyedott psefficierspesli ng, jet printing, a di spenser,

a comma coater, a slit coater, a die coater, and a
[008¢t avur e coater. [0095] 35 In order to print t he

copper based particle containing layer to forma

pat (Re¢dacibadel® 1 nvention, the nunber-average particle

di aneter of copper oxide particles and other

| ndityé fd@ling ;fgaﬁttlg sikRmb S fadt BndseRated frbl'ﬁgheséréﬁﬂdénmstmg of
(di spersion slurry) uséd to formthe copper based

hydrggé Heg l)gron %@o@h&l‘ Mtég@%ﬁéd éhﬁmﬂﬁrﬁt:&{l&}ﬁha ggaxrﬂmel%rrane

considering t e wmring i s nadé tiner, or
e e e N R e hmoghosphorous

pai nting slurry s, pref rab 0 %

acid ﬁB‘F’%O“BPSeF%P’zE’B% agidy pdipif & rfe%%%ypmﬁsgﬂ% Défﬁ%‘%‘%ﬁ calic
nor e preferably from 10 to 50% by weight. [0097

tin, D deyfirP¥ yaminearAsH issn partieks Preierally dimegwlaphrsbergned ),
used in the patterned copper conductor wring

hydrazios faimalgeclyde taberhingadhorn thalikenpdsidde cyprad agidnir dles like can also be
pol yet hyl ene napht hal ate, pol yet hersul f one,

pref@edly ededy| ene terepht hal ate, pol yam dei m de,
pol yet her et her ket one, pol ycarbonate, liquid crystal

[oosppl yner, epoxy resin, phenol resin, cyanate ester
resin, fiber reinforced resin, polyolefin, polyamde,

and f
o ISR I Sy AL SR

from (5 8 etIQ ?)P} énm@{d S horlg h%?etrab? n%oer% gtr?ﬁj E)OS 1 SISn‘;i?]/eLg tqg%év%q R LRrefg %bly from
0.01 tc? rl‘(? ﬁ{, n[? the readum;lge gée%tt c%gge%trgt?on 1S ICess than 0.001 mol/L, metallic copper
may not be generated at a sufficient speed.

[0088]

If the mole ratio between the concentration of the chemical agent for ionizing or
complexing a copper oxide and that of the reducing agent is 5,000 or more, the concentration of
the copper ion made free in the solution becomes high so that copper unfavorably precipitates in
regions other than the particle deposited region.

[0089]
The solvent is preferably a highly polar solvent since the solvent needs to dissolve

therein the dissolving agent, the reducing agent, and a copper ion or copper complex. The

solvent may be specifically water, glycerin, or formaldehyde.
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[0098] After the wiring pattern is drawn as descri bed
above, the pattern is treated in the sane way as in
t he above-nenti oned manufacturing nmethod of a copper
conductor filmaccording to the invention.
Specifically, the pattern is optionally dried, and
then the forned wiring pattern is treated with the
above-nentioned treatnment solution. As a result, in
t he Thafeatme fthe Hyentin adY3aces BFORT (REMCTAPHiR g 1 he system may be
manuf act uri ng met hod of a copper conductor film
heaterbgrabdled incoppdanced witlgde pecsesitp far aecstrating eprdecd gping thema@ign,
particle containing |ayer, to be nade into a
or clempidp tearate of Addbppeo filmh toybe preiticdd| | b azdap reconirgl the evenness of the
preci pitated al so between the particles or the depths
copp?f fitoh) @hd r8dB6ri ratel dA BELbIEE HSBe £ARIPE! theaidilios bOan akiditivagtifrbg, the
ylelded I'n principle, therefore, the patterned copper
swxr%%%%ﬁl%ﬁat‘é" Jr R dARE L5 EiRBofi® whii8 nla) ¥EBEHdRAed. S W i ng
ense and low in resistance as well "as the copper
[Omﬁﬁnductor filmaccording to the invention being dense
and low in resistance. [0099] <Conductive Substrate
and nuf act t Thereof > A first enbodi ment
of fﬁh Hﬁﬂb?g%tﬁ%Fﬁﬁfgﬁgﬁgd of a conductive substrate
according to the invention includes the step
f or it Hig [VER108. SEARRE Pated Parkicke gonipining Fyer TRimeg aad?fere%ﬂd above is
having catalytic activity onto a reducing agent, the
treatsd with dfe teatmentrsglution  tSpecifiepllw for %a@ﬂapﬂeﬂﬁlbmmqneﬂ@m thg/eopper
containing particles having a core/shell structure
basddguitialy cantgioing layegs dmmedis limuensef io eppeaineidled with el tfeatment
regi on including a copper oxide, and particles
solutibig ot Bl Bgatinb@ sCIORREE caXind@islyapdyddiatosheqppér bated @aiticiag
the copper particle layer with a treatnent solution

cont\ﬁﬁﬁn%haﬁp NYRhRSTast, 0 eHpeRdxi®ds Me cbffer bdsepattidhdcdfaining layer is
conpl €xi ng the copper oxide, and a reducing agent for

iomgeg'\iq}l‘l %é%@a)%ri %B@?erchkrgﬁal%ﬁent GPRP ﬁéatxﬁaﬁpé)l@ﬁ% n. ON@@, ﬁﬁ@ge@ultant is

i c copper

reduth]cgwxglF éxlg \é%{lglu bSteétat att me aIl C c% ;}ref 09 peg em d%e(? &5 %ﬁsdlg @\geeh gne

pOSSI
conducti ve substrate haV| onductive | ayer Iom1|n
particles st AesfHTOPRST E%ﬁbﬁ?r fqg‘ CF”ég? E) Hed fr omy
recipitating in any region other than a desired
[OWﬁéglon Each of the steps of the manufacturing nmethod
of a conductive substrate according to the invention
(f i rBe pendsididi thetreatmenit [with e tehetsieni dobitiob ey he appropriately set since

the period is varied by the concentration or the temperature of the treatment solution. For
example, the treatment period and the treatment temperature may be set into the range of 0.5 to
6 hours and room temperature to 90°C, respectively.
[0092]

The substrate on which the copper conductor film is formed is exposed to extra pure
water or the like, and then dried by/with wind drying, a hot plate, hot wind drying, an oven or

the like. In order to make the drying easy, it is allowable to squirt acetone, methanol, ethanol
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[0100] <Step of formng, on a substrate, a |ayer
containing a netal> In the present step, a |ayer
containing a nmetal having catalytic activity onto a
reduci ng agent (hereinafter referred to as the "netal
seeding layer") is formed on a substrate. 37 [0101]
[ Substrate] A substrate usable (as the substrate) is
the same as given in the description of the _copper

or the dilselthercoyer 19 eplpesdoVH Pt the fohent Arddhen B the Glmiterarery
to the copper conductor film according to the

subsiratgent i on, t he manufacturing nmethod according to the
i nventi on does not have any sintering step in which a
t enpedadctivedl aboie, b copper dohduator filnh sanrbeguann@dcturedhus, t he
substrate can be selected w thout considering heat

[oogspsi stance so much. [0102] [Metal having catalytic
activity onto a reducing agent] The netal having
catQb*&h&d@g%%yt%Xmgg&gﬁgmﬁedu0|ng agent is the sane
as given in e description of the copper conductor
filmaccording to the inventi - T . .
for YRGS FbpiTohdBisk MR ARaind BRIRLAR, b iing yhereina
the sane.as described abaut, t he. enbodi nent (.c) in the

coppgb GRS coB R SR B GRS SR R RCg e Hgvibito
the invention. [0103] <Step of form ng .a copper .

reduging ageat, @nd HGAPPS OXIdS G3EprOpHSt Rrintipe (theyaring eigebiaired by
the fornmed netal seeding |ayer. The copper particle

treatirgytee pattomechdonper hagetl iperitiels cordaining lagerdn p &raimet|magner yeing? e
having a core region including copper and a shel

treativegti soltibm@hiohl contpiss, Hajxpenglosoludien, athtbf jpahdmicdl @gent for ionizing
i ncluding the copper oxide. Hereinafter, the

or cERNBEHY BORDPEr R¥de A GRERCIRE Bdnt PRFHIGEScOpbdrliodd chppest
descri bed. [0104] [ Copper/copper oxide core shel

comPRk td 6 BRIk into metallic copper.

In other words, the patterned copper conductor wiring according to the invention is
wiring obtained as follows: at the time of forming a copper based particle containing layer
described about the copper conductor film according to the invention, a painting slurry for
forming the copper based particle containing layer is printed into a wiring pattern form on a
substrate, so as to form a layer which is to be a wiring pattern, and then the wiring pattern is
treated with the above-mentioned treatment solution, thereby making the layer into a conductor.
[0094]

The printing used to pattern the copper based particle containing layer is any two
selected from the group consisting of ink-jetting, screen sprinting, transfer printing, offset
printing, jet printing, a dispenser, a comma coater, a slit coater, a die coater, and a gravure
coater.

[0095]
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The particles having a core/shell structure having a
core region including copper and a shell region
i ncluding a copper oxide (hereinafter referred to as
t he copper/copper oxide core 38 shell particles) are
the same as a case where in the core/shell particles
given in the description of the copper conductor film
according to the invention, the core region includes
coppe prderxo ppptdhe¢appd besed peltiele pentainiag lgér 1 Ermjagettern in the
equi val ent thereto. [0105] [ Copper oxide particles]
invefitien, femtinbéres eragaattdiatgandte of opperoxaleipdeiciehardaitiea frtderdual
referred to as the "copper oxide particles") are the
partEREBsedSn §paltihgishurrdyiéispdasarsiupiy) 05dd @f fofh theCOfREPased particle
conductor filmaccording to the invention. A

conttﬁfnﬁfg%}reﬁﬁ p?é?@ﬂ&dllj/ 5@ Yim bMesseQhsil@ing kPt DA Badd fQ}l:p @} the
|

Di spersing unj The copper particle |ayer can
e ersion slurry wherein the
appﬁcg{lg@ﬂfngés/f Og{;oequ][ %g%?gmgéhﬁr%t o a dispersing nmedium and
OOJFen pai nting the dispersion slurry, as a painting
é urry, onto a substrate or the like, thereby forning
a painted film Exanples of the. dispersing. nmed .
whi difte PencggoRpidhe Haﬁ‘éd%é‘? the BrBUREAHS; lﬁPrﬁﬁ’“’&?stffé‘i‘ é fofp% by
slurry is prepared, include ketone solvents such as
weight.apgp erefen@ﬂw@rm &9 F9y0%dst wmight, apd [gyanymest Brsfoebly, frapm 0 to 50%
cycl ohexanone; polar solvents such as
by whighet hyl acet oami de, N net hyl pyrrolidone, and
propyl ene gl ycol nonoethyl ether; and hydrocarbon
[00950| vents such as tol uene, and tetradecane. [0107] The
dispersion of the particles may be conducted by using

a Meglbdin GafPRE S8he SbEHa1 3B the 8ibsithit LRAMHLE palicaREESHEr OF

a bead mll, a cavitation m xer such as a honom xer or
|
B AR SO SE R iyl

polyreéeflers g?nse gp% lXlencl:'I t%regﬁtﬁalzg‘ pofa ami e{rﬂlge poféatg%ret‘ﬁg&étﬁ%lgg?
polycarbonate, liquid crystal polymer, epoxy resin, phenol resin, cyanate ester resin, fiber
reinforced resin, polyolefin, polyamide, and polyphenylene sulfide.

Since the manufacturing method according to the invention does not have any step in
which high temperature is required such as sintering, the substrate can be selected without
considering heat resistance so much.

[0098]

After the wiring pattern is drawn as described above, the pattern is treated in the same
way as in the above-mentioned manufacturing method of a copper conductor film according to
the invention. Specifically, the pattern is optionally dried, and then the formed wiring pattern
is treated with the above-mentioned treatment solution. As a result, in the same manner as in

the above-mentioned manufacturing method of a copper conductor film, metallic copper is
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39 The concentration of all the particles in the
di spersion slurry is preferably froml to 70% by
wei ght, nore preferably from5 to 60% by wei ght, and
even nore preferably from10 to 50% by wei ght, from
the vi ewpoint of an appropriate viscosity suitable for
the printing or painting nethod of the dispersion
slurry. The ratio by weight of the copper/copper oxi de
precipifpied iHbe¢ ¢opperbpsed parsicle gyniiping gercigpparade i aynductor.
particles (y) (x/y) is preferably from1/1 to 1/19,
Addivonglypmethbic adyipyr if pepipitdtdd 4l beiwiedn thaperticleyerthadepths of the layer;
preferably from1/1 to 1/10 for bal ance between the
thusSAHREY bpHr cenda@pPifing @Yidldedm Infeinciplepfherefote ihd @attambdichgper
precipitation of copper onto the copper cores. [0109]

condﬁE@f Tt QPcoRfing 10 eneGRRBESN B hirkroCdefseladd BF+Ain IRBtah& A¥BEII QR the
of the copper particle |ayer can be attained by

cop&?k&&i{la&* M%I%Qﬁéob&n ﬁ&q}?&l ﬁon il (@: anll h)%v 1§1'r§s %éé. on

sturry, Ich con alns t e copper opper oxl de core

[009 gell particles and the copper oxide particles, as a
% inting slurry, and then drying the resultant painted
film_The painting of the paintin | u rry can be

attaﬁcﬁé@"“ﬁ%@mée %MQ’E‘B@F@ mg Methgdhbereofater, a die

coater, a slit coater, a gravure coater or the Iike.
The 4 friscqediment of theemamfasiuepg mEthed ol GopEIEYePsrateagparding
0.01 to 100 m nore preferably from0.1 to 50 m and

to theierntimriachgies fhe stab bf/fof miogn od akubstratg(r layer coitanidg y imeg! kefving
the painted filmcan be attained, for exanple, by

cataBtit béthgy bite afrédutinghgeb() tHeGtep 20EnihgronShd layeB copprupasicle fuyer
a hot plate, or in an oven, heating infrared rays,

contlaﬁﬂig'pﬁglcf& RdviaV@ee/sBEll EtHﬁtukd HaQing ZRErefrédidh ifdYdiRECHBpér@dd a
by any other well-known drying neans. At this tine,

shel} {eglr%ﬁ V#erdﬁx%%%g eym&@e gﬁcypa}ttb?es fxﬂchdﬁﬂgﬁh@&)pﬁér ALY r&ﬁﬁ fhe step of

oxygden is excluded as carried out for

trea dc;‘é)tﬁtla l Le RP % la efa \Ev}tﬁg rgﬁma I.S?Clgtlotn &“{oﬁé&?% cQJmléah g%efnt for

i'de co es are na
the cogﬁi .(;Ol%OL <Tr eat ment ﬁA a. treat nen
ionigigg (i GOBR*Ing el\ct&’é% Pt ’F‘b HFREASEE g 84“? '8 Iaéol?p%/‘@P or
is treated with a treatnent solution, thereby
copper complex to be made 1nto metallic copper.

The conductive-substrate-manufacturing method according to the present embodiment
makes it possible to produce a conductive substrate having a conductive layer low in resistance
while copper is restrained from precipitating in any region other than a desired region.

Each of the steps of the manufacturing method of a conductive substrate according to
the invention (first embodiment) will be described below.

[0100]
<Step of forming, on a substrate, a layer containing a metal>

In the present step, a layer containing a metal having catalytic activity onto a reducing

agent (hereinafter referred to as the “metal seeding layer”) is formed on a substrate.
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precipitating netallic copper so as to nmake the copper
particle layer into a conductor. The treatnent
solution is the same as given in the description of
t he copper conductor filmaccording to the invention.
A preferred enbodi nent thereof is also the sane.
[0111] <Treatnent with the treatnent solution> The
treatment solution is used to treat the copper
[01G3hrticle layer in the sanme way as in the treatnent
with the treatnment solution given in the description
of tHwbseasgdper conductor film according to the
invention. In the invention, the copper particle |ayer
i s tArsebdtacd usatld(at the sibseat)ietht send astgiven jn the Hesergidipn of the
precipitating netallic |ayer to make the layer into a
coppeP BshdGdt @ filmAbcok b Stolthd Bventie  SphiElyRd tha thgper @hdeaR Feh
is generated by using the netal particles seeded onto

acodkdlfe RURSITALS, 8% mAAHGEEHng hBHSI acERBRE o (RE BGLRich Bb&Sof Hve
the depths of the copper particle layer, thereby a

any %rgeeg%x?%slt%glﬁ Rélch %?&%}%‘Patt\ﬂg ncgtiljn{;gr itlﬁln (i)tqg %h&alrego ﬁ]ﬁ théf‘ lg}ué)s’[ra’te can

i'on of copper Is generate rom

ores . of netalli opper incorporated into the copper

be S%S??qs‘ﬁ‘fh@uﬁ °§§}%$e,r‘n§ Bea? ﬁep’rstaﬂ?ﬁsg é’&*ﬁlgd copper particles

are fixed while surplus copper ions diffusing into the
[01024) uti on according to only the netal particle

treatnment of the substrate are precipitated fromthe

uppéMeiol having cefplyiieactivity e a radudyeg ageghsuned. Therefore,

metallic copper is precipitated only in the copper

par tlihe netal ayog cstalytihadtivity opp e redisngagentps the sgnd atgean imthe

any other region. Accordingly, a conductive substrate
desckipthor oF thef RFpes t@idGRorCiaih Adcordmpisf tReintdntion. Wi t hout

precipitating copper in any region other than a

desiThe thethb® S BmidgedRbtaCIRAUET & YL hSwhstitalsaRe shRR as
conductive substrate according to the invention is

desc%gﬁé;b%&t,ttﬂg ngog%ehp(?) ianl'}e H)ﬁl@:?&ﬂﬁ% (ﬁ)gpgggmgtopﬁln??cic?rgitng to

conductive substrate according to I nventi on
theequdinent). Accordi ngly, dense copper is forned into
Phe"8&pt hs, and the resistance is low Additionally,

even when the substrate is made into a thick film the
018 pstrate is in a state that the substrate is

<Step of forming a copper particle layer>

A copper particle layer is formed on the formed metal seeding layer. The copper
particle layer contains particles having a core/shell structure having a core region including
copper and a shell region including a copper oxide, and particles including the copper oxide.

Hereinafter, the copper/copper oxide core shell particles will be first described.
[0104]

[Copper/copper oxide core shell particles]

The particles having a core/shell structure having a core region including copper and a

shell region including a copper oxide (hereinafter referred to as the copper/copper oxide core
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dense up to the depths thereof. [0113] <Manufacturing
Met hod of Copper Conductor Wring> The followi ng w |
descri be the manufacturing nethod of copper conductor
wiring according to the invention. A first enbodi nent
of the manufacturing nmethod of copper conductor wring
according to the invention includes the step of
form ng, on a substrate, a |layer containing a netal
Shelh%%ﬂlq%ﬁ%a% SPPP &5 R8T VHFS/ DGR BT AP BRI et g éfhthe despidption of
step of using a painting slurry which contains
the gompericenduston il srgording ¢ e gentionghe ¢pee igeien glHdprLoarEord
regi on including copper and a shell region including
prefarrgioppedineni tHecofarasopgnivaledt élsrdétmc| udi ng t he copper
oxide to draw a wiring pattern on the layer, and the
[013fep of treating the drawn wiring pattern, which is
made fromthe painting slurry, with a treatnent

sol ythgyar WhidGhnpet ai ns a cheni cal agent for ionizing
or conpl exing the copper oxide, and a reduci ng agent

for L100; - Lo ‘ i
The g%bl@&naﬁﬁ?%{ﬁg g%dﬁ)g{]ox(i)dﬁgﬁé}aﬁﬁ{e{ ge?éi%h &as th& cﬁ%)é:r 8)%1de

made 1 hto nmeta e nmanutacturing net

L T R R T RE e

. conductor_fi]maccording to the invention (first
inv H%diwﬁffve4 Hpofenbihgapiit ?I?Pgtg‘éfaﬁﬂer y whi ch cont ai ns
copper/ copper oxide core shell particles and

[014%4rti cl es including a copper oxide is used to draw a
wWring pattern, and in a usable substrate. The two
ar e [Busbstiagitedibiny t he sane as each other in structures
ot her than the above. Accordingly, only the different
POi NMiths copplel padtc] et cariedolned ®y pacbirgig.a diddidh sy wherein the
[Painting slurry] The painting slurry, which contains

part&QP a@rdés@a@mﬁtoqmg@[sﬁ% bRASMSAd tRAPainGhEte ai3frsiGONRSY, as a
oxi de particles, can be obtained by dispersing these

painﬁ%}é Eli.ll‘;;’, Gxto !aréul?strgﬂ.e P&RE ﬁk@ %eF@BQ 'fdfmixﬁsd pagx?e%l(\ﬂhinb efy XGf the

Thése particles are the sane” as the copper/coppe

. i I | i . : i de
55 IR B AP B0 AR s,

.__.conductiye substrate
inclu eI](etone solvents such as acetone, methyl ethyl ketone, y-butyrolactone, and

cyclohexanone; polar solvents such as dimethylacetoamide, N-methylpyrrolidone, and
propylene glycol monoethyl! ether; and hydrocarbon solvents such as toluene, and tetradecane.
[0107]

The dispersion of the particles may be conducted by using a medium disperser such as
an ultrasonic disperser or a bead mill, a cavitation mixer such as a homomixer or a Silverson
mixer, a counter-collision process such as an ULTIMIZER, an ultrathin-film high-speed rotary
type disperser such as CLEAR SS5, an autorotation and revolution type mixer, or some other
machine.

[0108]
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according to the invention (first enbodinent).
However, the nunber-average particle dianeter when
the particles are dispersed is preferably set to 500
rimor |ess, considering that the wiring is nmade
finer, or the application thereof onto each painting
machi ne that will be described |ater. The
concentration of the particles in the painting slurr¥
is Eﬁx@p@p%{ayoq ofsHh the pagicleg g %9 dlsmlgﬂﬁlur% pisferably from 1 to
preferably from10 to 60% by wei ght, and even nore
70%ﬁn@ﬁ@ﬂabhv€bﬁﬁmﬂﬁmﬁMES50@@6byWWGMQhﬁﬁV$hembmsﬁmﬂﬂﬁﬁbm10to
(ratio by weight) between the used copper/copper oxide
50%Cloreeigihghdm thp aietvpainies aaaphrofriatelssecsity ofipdle favthelgrinting or
particles is the same as in the above-nentioned

painfIBAHEDEd b thd\@speRidaa@ngf a conductive substrate
according to the invention (first enbodinent). [0115]

Spe GI'ht: 5‘&@10%%@& tﬁ’ef COH;@/ c%@le&h@cl coi:Qc shEtharﬁ&&%&)rtQ'i& copper

used I n thé manufacturing rmethod copper conduct or

oxide ﬁ)glllt lgeéfg %ﬁ???wgfg}aglyt K yﬁ?xepieéﬁ grg)ﬁc( rEfret y%{g%ogi F‘Eﬁié and
evefBIaP%arﬁ e 11 oo s et Ot Suphe A aapass gagiom the

qui d crystal polyner, epoxy resin, phenol resin,
COPR?yaﬁS%@t refipifEag of corneb@?t0¥f@i0ﬁm 8B r esi n,

pol yol ef i n, pol yam de, and pol yphenyl ene sul fi de.
[01081 nce the manufacturing nmethod according to the

i nventi on does not have any step in which high

t enp@oatative of the capgeripagdledayel» as sintering, the

substrate can be sel ected without considering heat

I eSiTht dR@eticf eGBppel Paiiéd lagéXcanbd@tatel\by pdi@ing 2dnl tBE Bstrate
43 The nmethod of drawing a wiring pattern using the

surfR@l Mt me&:&&mmy Qfich Bt EBD&/cBFPEr 0lie RrddBEINpdrAlesind
printing that has been hitherio used to paint an ink.

the Jogpé} QI%E srﬂclgg %‘iﬁ?ﬁ lexl aﬂtg [i]é/ﬁlrgr?he xjegult«lmct p%!egml The

Re par FOrT creen printing,

. | ntln i nk nt.i n nsfer rintin
pain o Bt iy C%ﬂ‘*eaat“aiﬁgdpsflg%?bﬂ e ecﬁa%sg%ﬁaater :
of the drawing of the wiring pattern b
slit ‘i?&feﬁtalgﬁad“@ Cﬂ?t?’y)r therfise- VWIEIEF & of thegppin éﬂ ﬁéﬁl lsé’referably from
erature corresgondlng to the volatility of the
0. Oldp g‘g@p@j mefepeefiirahy from 0.1 to 50 pm, and even more preferably from 0.1 to 20

pm. The drying of the painted film can be attained, for example, by putting the film at 50 to
200°C for 5 to 30 minutes on a hot plate, or in an oven, heating infrared rays, heating
microwaves or the like. The film may be dried by any other well-known drying means. At
this time, it is unnecessary to dry the film in an atmosphere from which oxygen is excluded as
carried out for metallic copper particles since the surfaces of the copper/copper oxide core shell
particles are made of the copper oxide.

[0110]

<Treatment with a treatment solution>
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At this time, it is unnecessary to dry the workpiece
in an atnosphere from which oxygen is excluded as
carried out for netallic copper particles since the
surface is made of the copper oxide. [0118] The
treatnment after the wiring pattern is drawn as
descri bed above is the sane as in the above-nentioned
manuf acturi ng nmet hod of a copper conductor film
acc o tg farmed epppermpadiste ot is tepted witlh fisendmens selytion, thereby
Specifically, the formed wiring pattern is optional
precghithtag, metailic ¢oppan s¢ petatmaie thajcorper pretickblayes intfemedndnese.  The
treatnent solution. As a result, in the same nanner as
treatividntt sbRtiodd thegamre i dicaneadl the fdescaipticard ddicomet Jonductor film according
manuf acturi ng net hod of a copper conductor film
to thABvéhtlonC & PRBGFedlembiiReit Midat Adisomelsh@e cOpper particle
| ayer, and the layer is nade into a conductor.
[O”fpditionally, metal lic copper is precipitated in the
dept hs of the copper particle |Iayer; thus, dense
copper_conductor. wi.ring.is vielded. [0119] <Copper
Condut %“renev‘?*} tﬁagea Ig%nct)?c(’}}ltﬁognxt o a first enbodi nent of
t he _copper conductor wiring. . of the invention is :
rran 0 RS BRI EN Sy PR e I HEAE B FOPRE FREEIE ob i (R as in
conductor wiring according to the invention (first
the teggisesat vriththy tregtpmpns sefutien gjvendn g dpiceptionof thegaprepgnpdyctor film
wiring is made of dense 44 copper up to the center
according wdlfie Mmton.t he wiring is low in resistance. [0120]
According to a second enbodi nent of the manufacturing
net mothe dfvedtionothelcopbenpartickuingt sategtedwith the treatmenttsplotion,
i ncludes the step of painting, onto a substrate, a
ther & ipadcipBtiri! htAINc Mk €maleQRd B SntPaténdedtes Aamhistnaithe
core/shell structure having a core region including
preciARRGT of 2hheis $hRlated t{y%gihg Pheinited] YEHtings Rede@BRBthebWBte as
thereby formng a painted film the step of subjecting
the for i.nt e [ t i di.zi t
ety B B ARl it ol Rl s G Ry d fnec
co nent. gr.adual |y om t.he .out ernost region .of_ th
coptsS HORAOTI S TUURY PR GHPAD EoPiRn i deRgH CLp g e cores
treating the painted filmsubjected tqQ the oxidizing .
of mefalligtcapieE IGPrPPTalgd ntthe RRIREr %aglrcé& laygs so that unreacted copper particles

are fixed while surplus copper ions diffusing into the solution according to only the metal
particle treatment of the substrate are precipitated from the upper of the copper cores, to be
consumed. Therefore, metallic copper is precipitated only in the copper particle layer so that
copper is not precipitated in any other region. Accordingly, a conductive substrate low in
resistance can be manufactured without precipitating copper in any region other than a desired
region.
[0112]

<Conductive Substrate>

The conductive substrate according to the invention is manufactured by the
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whi ch contains a chem cal agent for ionizing or

conpl exi ng the copper oxide, and a reducing agent for

reduci ng a copper ion or copper conplex to be nmade

into nmetallic copper. The manufacturing nmethod of a

conductive substrate according to the present

enbodi nrent makes it possible to make a copper
i T R U e AR

sybsirate capabl e of .reali zi a decrease jn the. .
Acc?fgglﬂ t LERES OB {SfRrmed e ﬁﬁtd&?tﬂgﬁ‘éd PRTPIRRGESS Wi | Adationally,

describe the constituting elenents in the _
evernkfifthrobitiatigs mederisig adiick Blng Giedulstpte & 18 al5@terthat éhe substrate is

according to the invention (second enbodi nent). [01211
dense @p ppibe Agptipplereabxi de core shell particles] The

particles having a core/shell structure having a core
[0118egi on i ncludi ng copper and a shell region including

a copper oxide (hereinafter referred to as the

C OPRBAMERRRE MEthStEofApFer Goh@lctor mﬁﬁ%>0| es) are the
same as a case where in the core/shell particles given

in tTtﬂ@ fﬁl@&fﬁ%'v{?& 'd«%@rﬂ?ef the ﬁ&&f&cﬁf?ﬁ&@ eS8 gf’é‘oﬁaﬁ& c_t)ﬁdu?@o(rjwiring

according t e I nvention, the core region includes

C r. A referred enmbodi ment thereof is also the
Ewu%%ﬁggtﬁgnraﬁgb] [ Di spersing nedium In the

manuf act uri ng nethod of _.a conductjve substrate .
o O o e VS CEG skl canb e
di spersion slurry is prepared wherein the ?articles
accodipe W@ithgiayentien inpludes the sispeyl &rmineneitn Wstrats a layprcpatpging s
slurry is painted, as a painting slurry, onto a
meta hivg g @tadytigactivity@niojakeducmg gmbrghestdprof veing 4 papting lskurry which
di spersing nediumused at the tine of preparing the
contaling patidésdnviag b cory/shelifsenaura hivieg pat¢ ieglos schuklmg copper and a shell
cont ai ned, may be the sanme as the dispersing mnedium

regi€l MEGdiha tdpperdR e dndiph@ibleOinclutliag MR ROHPRE S tb Araed Weklg
of a conductive substrate according to the invention

pattérh bh e 158DAH HBALY of wEAGAhSRENS Withe ?Sﬁa@é?ﬁ, RS ERHadd ¥l e
di spersifon and the concCentration of the particles in
pain%iﬁ%sl\glj{)% Q&P% Itr?}%mg!lt%gﬁli{o%ﬁicﬁko%%iﬁsQechérgigﬁ agélt }"ct}(?cﬁﬁziﬁgnor
I'rst enpodil nent.
complexing the copper oxide, and a reducing agent for reducing a copper ion or copper complex
to be made into metallic copper.

The manufacturing method of copper conductor wiring according to the invention is
different from the manufacturing method of a copper conductor film according to the invention
(first embodiment) in that a painting slurry which contains copper/copper oxide core shell
particles and particles including a copper oxide is used to draw a wiring pattern, and in a usable
substrate. The two are substantially the same as each other in structures other than the above.

Accordingly, only the different points will be described hereinafter.

[0114]
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[0123] [Substrate] The substrate used in the
manuf acturing met hod of a conductive substrate
according to the invention (second enbodinent) is the
same as the substrate given in the description of the
copper conductor filmof the invention. It is
sufficient for the manufacturing nmethod according to
the invention (second enbodinment) that the substrate
i s &aatpgelrarle which can resist against heating at the
time of oxidizing treatnent which wll be described
| at &he paditing slutthievingt deoding oeryerreppd aide oy shelleprticles and
which a tenperature not lower than it is required such
coppasodddpiagticiengran bé ebtaindidiyrdspersivg rhelpepasiel s @it @dispevditghoedium as
consi dering heat resistance so nuch. [0124] [ Treat nent
descEibddibb@N] THEE phrki€lad dFe e sGfd dstthedppeticbiperbXiddtotd Mell particles
painted filmis treated, whereby the filmis 46 nade

and 1B t:gi)p@r &%%BRQE useld $n thP fham e urfg ngaitﬁb%!'éf h BorddB&ive substrate
description of the copper conductor film according to

t he Jinventi . f | A L )
acccllfe o MM et WBeainilh ¢ o1 i SHEGEBR M Elcte
conductive substrate according to the inventio nd. .
wheg e JRgeR e GRS TP ROBATHO 10 PRE ISy eppisiderpng fisg fhe wiring

~ <Formation of the painted filn> The formation of the

is mffgi fweear the poplication thereqt ende fAsH pab\ytlrkgépeﬁ:mnﬁ ana{ wil be described later.
di spersion slurry containing the copper/copper oxide
cor &bs¢raréntigen ¢fdheepartictes insthppaipfinglyrsy |iyprefprablyrdtom hto 70% by
surface of the substrate, and then drying the

weighe snord¢ @oferaplyi firine th foi60Yh by Mreézhp aind tven gnood prefesblydiant 10hig 50%
slurry can be attained, using a bar coater, a comma

by wedt. €IThe Bleld £1ti6 Qati€hy wélglf) betwea dictised peErRYpPeLox@adotd shell
or the Ilike. The thickness of the painted filmis

partiRle€ I 8O¥d EqpBER Ridd badtieled RGheTamB R B (R BERL @R tHned rOM

0.1 to 50 m and even nore preferably fromlto 10 m
manIﬂStuxqugy &Qﬂodod‘f atcgﬁdugﬁéer&hﬁsgraﬂ‘eiau&ding to the invention (first embodiment).
[0115]

Specific examples of the material of the substrate used in the manufacturing method of
copper conductor wiring according to the invention (first embodiment) include polyimide,
polyethylene naphthalate, polyethersulfone, polyethylene terephthalate, polyamideimide,
polyetheretherketone, polycarbonate, liquid crystal polymer, epoxy resin, phenol resin, cyanate
ester resin, fiber reinforced resin, polyolefin, polyamide, and polyphenylene sulfide.

Since the manufacturing method according to the invention does not have any step in
which high temperature is required such as sintering, the substrate can be selected without
considering heat resistance so much.

[0116]

<Drawing a wiring pattern>
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can be attained, for exanple, by putting the film at
20 to 300C for 1 to 30 mnutes on a hot plate, or in
an oven, heating infrared rays or the |like. The film
maybe dried by any other well-known drying neans. At
this tinme, it is unnecessary to dry the filmin an
at nosphere from whi ch oxygen is excluded as carried
out for netallic copper particles since the surfaces
of Thhmeboppakivdappriringppigen eorsthe printing sk o thegubpirate may
made of the copper oxide. [0127] <Oxidizing treatnent>
be a Neixting dr Ipeintiirgithed hipcliepn eitheftd hyed kepagni b @bt ebh drder oxdrelvizihag
treatment. The oxidizing treatnment is conducted to
wiri§EHeASe istal@wablesth ubdaté pamin@klutif@and apRaEenPtindey, jet printing,
conponent gradually fromthe outernost region of the
ink- ﬁ?ﬁrﬂﬁlﬁg thahdfEPpHAMRY Bl inidD Sk b @lsperseihe method for the
oxidizing tréatnment is, for exanple, a nmethod of
[Onhﬁatlng the filmat 47 a predeternmi ned tenperature in
e air a met hod of subjecting the filmto ozone
t r egt.nent
ol QPO B4 ARG B R ar e s e 21&“?? ;
is heated in the air, the oxidization of the filmj
worlgyicgp fSetpicf AlGHPIPREAIBIG CRF FBYIined 6 yolallly of i disparsipamed .
t he oxi di zati on advances toward the depths (toward the
At thjy e, ritas Bynecaseeipelry the odpisas s anaRaseho hEoTh B'aich Agyges s
stopped and then the filmis cooled, or oxygen is
exclided ek elrigiput foe meailic coprer pathiesose die ‘surfuge isxhadi pEHE 0vppES
stopped at the tine. Thus, the filmcan be turned into
oxida State that only the vicinity of the outernost
region is oxidized or the distribution of the copper
[0118xi de conponent is gradually decreased fromthe
outernost region toward the substrate. Wen the film

i s %@trgﬂm&ﬂ ahg}(?hea\ku'hnéﬁﬁf%nl EAn&hat HesEritled 2BV ftsetflé@ilrﬁé as in the

fromroom temmrMUr 0C, nore preferably from

abO\fsrB%%OS% énafnu%cmrdx?%\! e (!t;% rf% ce}éfe]; &l %Qctgr ff lrrn ccor&g?%/{oqme 1nve:[1t10n

erro e he e a
00 minyte re erabl from
<fusmwh9§g%en2nd5e\9§ﬁalﬁﬁ i kg Py 8r‘?P%°“P@Y e fhspgreated
However, the heatllg temperature and the heating
withh¢ abote-BeRiioped realmenhsolEioBr dAhE ESWi iththe FrEegRanReray m the
particle dianmeter of the used particles, the scope of
abowrmentiogidA Gt enalgpidoment) fmanhiactpangmnetbiod éflargppieh eondhdterdims s
of the painted film and the like. Thus, the
metdl RGP & tisfrecipitackd toh eheppped dartiely bgeraprtiginyeaisahade sigd a
conductor. Additionally, metallic copper is precipitated in the depths of the copper particle
layer; thus, dense copper conductor wiring is yielded.
[0119]
<Copper Conductor Wiring>
According to a first embodiment of the copper conductor wiring of the invention is

manufactured by the manufacturing method of copper conductor wiring according to the

invention (first embodiment). Accordingly, each piece of the copper wiring is made of dense
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When the painted filmis subjected to the oxidizing
treatnment by heating, the drying of the painted film
can be simultaneously attained. Thus, it is
unnecessary to set a drying step independently or
separately. [0128] (Treatnment with the treatnent
solution) After the oxidizing treatnent, the painted
filmis treated with the above-nentioned treatnent
coprgo hpita thecen@pthetiedd ¢ d sy the reningds LRI &SS1staeE- subst rat e on
whi ch the oxidization-treated painted filmis forned
[01203 i mrersed into a container filled wth the treatnent
solution, or the treatnent solution is sprayed onto
t he Aabraingeb £ tekdnd chiboliht2 A thEeanpREtuatk hethod dfe conductive
treatment with the treatnent solution is varied in

sub DG EYr HRRGRNWntift ludeb e kief B fiRRg, SRloH JubfrafeDRN AR Tu9Rvhich
or tenperature. Thus, the period is appropriately set.
The i ad . : !llﬁi’ hell

confgt§ pREEAEKIRA AT b e A AP Rl ncl Rlog AP LRI 2 s
solution is set.preferaply. into the ran of. oo

reeiPLHEUIE 8 FrE ot oD Aeraien it A s sl be e
the step of subjecting the painted filmto gxidizathpn

formadepainird Alm fQ,0xidaing freasmett tq rerepsedhit fistibutig phihe fpper oxide
treatment solution is described. As described above,

compburnt graduallp pmitleacbutdringyt eagivnanf fiepgintes dile f5y9ed the ihpieate, and the
oxi de core shell particles in the invention, the

stepaif treating shie pamgaddibm tshigectatito the op@izirigatehtmesirbithertreatingnd solution
oxidizing treatnent. In this state, the copper oxide

whiElOEaReNE AtchébicAliagdnt Fdb iin@fhgl df cbiigleting the sdppamnaxite] ardra rtdveing
outernost region of the painted layer and the

age FOQA LM a'chﬂep%nlo@&'&)EJer' PmPlef $EBE mdda ifto sl bppeanount
toward the substrate. Specifically, in the outernost
regi b ducGRRBE G APRATIndXY il r&ehe
shefﬁﬁ6%$?@%+£%£@ﬁg&§ﬁgpﬁmfgglons fcoppeﬁn%&igﬁy of

ich are thic re .distributed i L ar ger

enipgsteos feies o P chare b Rore P Bk B e B M
sol ution t he copper oxide is first jonized o .

rendep SRR HCEE RORHENE U B4 CHEBYe Y e Bl tselidpe,
the treatnment solution. However, in the depths of the

decrsagerin & resistanee ¢fale Substialfe out er nost regi on

The following will describe the constituting elements in the manufacturing method of
a conductive substrate according to the invention (second embodiment).

[0121]

[Copper/copper oxide core shell particles]

The pafticles having a core/shell structure having a core region including copper and a
shell region including a copper oxide (hereinafter referred to as the copper/copper oxide core
shell particles) are the same as a case where in the core/shell particles given in the description of
the copper conductor film according to the invention, the core region includes copper. A

preferred embodiment thereof is also the same.
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thereof, the distribution of the particles the shel
regi ons (copper oxide) of which are thick is smaller.
Thus, in the copper/copper oxide core shell particles
present in the depths, the cores of copper are
earlier exposed to the outside. In general, a process
of reducing a copper ion to be returned to copper is
advanced on a netallic surface by a catal ytic effect
[0120f the surface. Thus, copper precipitates on the
metallic surface. This process is hardly advanced on
any [beghr9dp fetemonl y of a copper oxide, thus copper
does not precipitate. 49 Accordingly, when the cores

of  IRhalah G GRRRSetRdRf TRSRuARK Qthsirdte hdt6rddRRs e id&ntion
descri bed above, a copper ion and the |ike are

(sec?xﬁil e%l%%hl}él%l‘lt. rcﬁs%%x%ﬁi Fﬁﬂgﬁs{}y%p%%ﬁ%@re&‘%ﬁ@ Més%?@tﬁsp&s@@ﬂ a

precip tatl on o vances n ot her words,

sy RESEREL B T GPRRFEk 3t i Ay
whol e. Therefare, a copper nduct r flln1 ense.as

the igp G AHaEt F ek SR RE BRAI Ty So S TR PP
made thick, the treatnment solution can perneate into

disperiien slemy; hereirHhepartities afhrsininedimayde thsfame anthe dispessing |
The substrate on which the copper conductor filmis

medfuo giveh in sheaikpoipieh dftheandmbcipringmethad efra conduchiee subdtxate
and then dried by/with air drying, a hot plate, a hot

accobliifgltodhd i@Ventian e enB6didtat). dhe édpansiig magdimeqas! ifi thewjspersion
dried air flow, heating by infrared rays, heating by

and Ble@64JcAPRBA 6f th€ parh@MES the@isptrbien bl are hRo Be@@he 4sahdHB kbthe
the drying easy at this tine, it is allowable to

acetone, nethanol, ethanol, nethyl ethyl
fhﬁe %g%%w%r the like thereover to replace the water with
WIége solvent, and then dry the filmforned substrate.
descri bed above, a conductive substrate lowin

resi stance can be manufactured. [0132] <Conductive
Subdtybsr#sl According to a second embodi ment of the
conductive substrate of the invention is _manufactured
by tThe swhatiele ueed i the gapErgig e grethod obm aandpstiye subsale P‘é‘f”éﬁng to
according to the invention. Accordingly, the depths

the inmentienfseamd cabalimerddie thsfsamlerrsthe B gventiy e deseription of the
substrate is lowin

copper conductor film of the invention.

It is sufficient for the manufacturing method according to the invention (second
embodiment) that the substrate is a substrate which can resist against heating at the time of
oxidizing treatment which will be described later. ~ Since the method does not have any step in
which a temperature not lower than it is required such as sintering, the substrate can be selected
without considering heat resistance so much.

[0124]
[Treatment solution]

The treatment solution, with which the painted film is treated, whereby the film 1s
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resi stance. Additionally, even when the substrate is
made into a thick film the substrate is in a state
that the depths thereof are also dense. Mdreover, the
substrate is not easily oxidized in the air, or
corroded with water or the |ike since the substrate is
made of dense copper. [0133] <Manufacturing Method of
Copper Conductor Wring> 50 Next, the nanufacturing
madenistorrompndfctorapibe sanesors girer oy theigseringion etibe eonRef qopductes film
invention wll be described. According to a second
accohpad ihggmientddn. t he manuf acturing nmet hod of copper
conductor wring of the invention includes the step
[0129f drawing a wiring pattern using a painting slurry
ich contains particles having a core/shell structure
havirRgrfo Rk &ill §BEQAVANEdsHseREpE RRREhaRluridg SRMbA of a
regi on I ncluding a copper oxide onto a substrate, the
ten aof subiecti : i o . .
con TR B B IR St P B
to decrease the distribution of the copper oxide
“nzébnponent gradual ly fromthe outernost region of the
wiring pattern toward the substrate, and the step of
t r eaF oGt the nante fHW0t ern subj ected to the
oxidizing treatment with a treatnent sol ution which
confTh¢ fesmationeé thie painted Gl earrhsattpiper by naytiag the dispgssia slprgy
t he copper oxide, and a reducing agent for reducing a
contaiajap ee coper/coppeoppiercocehy] mxticlas.msbeamtiggsiimg ontpre swface ef the
copper. The manufacturing nethod of copper conduct or
subswhie] 42 (1RE A6/ tAgrebdtahtip@inted\fitmt | Dl pa(msieg ofitle panigongisivenytcyn be
is different fromthe manufacturing nethod of a

attaifi&Y) Qslﬁ?gd Ve S St dodtn® coReiC P Bidichert sl Béatdr,V@RMukOddater or the
second enbodinent) in that a pai nting slurry

' Cain , | .
hke.iC gﬂﬁgfél%g% 05 ?hg:\%ﬁﬁlgejd?@rﬁ refgr)ﬁblg%oﬁm.@l BN 8b LmPAableipedt&bly

wring pattern, and in a usable
substrate. The two ar tanti t
fonp it i ud Biepire SERTPRaRenls B, ‘1R Ao BAEQ oim
Accordingly, only the differe j il]). be
con Beaeine O SpEmE e OBt 24 aPHE 8 1 Gpresang ot
pai nting slurry containing copper/copper oxld% core
platg lyein| angaen; heatipg indfrared pays 91 %p bkg The film may be dried by any other

well-known drying means. At this time, it is unnecessary to dry the film in an atmosphere
from which oxygen is excluded as carried out for metallic copper particles since the surfaces of
the copper/copper oxide core shell particles are made of the copper oxide.
[0127]

<Oxidizing treatment™>

Next, the dried painted film is subjected to oxidizing treatment. The oxidizing
treatment is conducted to decrease the distribution of the copper oxide component gradually
from the outermost region of the painted film toward the substrate.

The method for the oxidizing treatment is, for example, a method of heating the film at
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by di spersing the particles into the above-nenti oned
di spersing nedium The particles are the sane as the
copper/ copper oxide core shell particles used in the
manuf acturi ng nethod of a conductive substrate
according to the invention. However, the
nunber - average particle 51 dianeter of the particles
is preferably 500 nmor |ess, considering that the
a pregieteimiged tempragtarefip the pir, a mgthadred subigsting e filh tor FeredERigAL 8T 2
each painting nmachine that will be described | ater.
metlibdef ponageng thafilno mtof sdition pentainiof esofidizerheWper the paigfed film is
slurry is preferably from1l to 70% by weight, nore
heat@d i@ftiey adihy ofidRaidn of the GO dnyariae frghitthe qunamest edspidiDr As time
preferably from10 to 50% by weight. [0135] The

elap§BUEE b:3diz#bn hiM@n&Y R¥laf Ph€ dpeR Ytolvardi thesubBiatl) a CliatidvByin a case
copper conductor wring according to the

met hod of
whe%eﬁﬂetel%%{ix%;s Etﬁ}lnﬁea gn@ﬁ%h@?ﬁﬁ% E%BOIQJ, of QJ?yg%'@ ﬂo%l@éﬁ%alglge]\!\%}, the

scription o manuf'act uri ng net ho

s RSk SRR ophe S BT S Bk 15 YR st o
drawing a Wwring pattern uysing the painting slurry on
onlyevigiie ol it pegiongn iz b e PRy RS ?Pé’ae%)f‘\ﬂs n
in the description of the manufacturing nmethod of
compeyspieip eragusiy deqressed ffqm g owlermeicaign tagvatdibe FURTEAR i on
(first enmbodinment). [0137] The treatnent after the
Wi 1 iWigenpizt filerinhdated dr thenir,dhe idapaatitsatipralombly fiom tohm sane
as in the above-nentioned manufacturing nethod of a
temSepatale €4 $008C,Ihta6 pricfetabdlyafed® 6@lior300t@ ahdieveh mesiréfanably from 100 to
Specifically, the workpiece is optionally dried, and
2504d1emrhs PRI RGLaHe fatitkdk Pickdrdtly £ré:8 AtSTEIV0, miAREs, mbReRefbrily from
formed wiring pattern is treated with the

5 to??@e) ¥&ulE Bhd QB ol atARY o0 Hi6h HinutdS ﬁgw&%ﬁ hel heathrld

same manner as i1 n the above-nentione

f [ th f .a,.: i .
tem%:a :ﬂllilrg ?rcl:% t;lfllg é&gn n?eensog %xfeQ/taﬁgd i %Qc%y(ﬁ;&ev\,%th tﬁygx;?’(x%n%gﬁv%gcl% Bﬁmeter

6pp e C e copper/ copper re

shel articles in the depths o the w.pi at ter
of e raBientba govlon fEEGrT e e Sppe s i B BRbAS e
"Fromthe netallic copger, the precipitation of copper
painted fdmggnddhe likgn JThusthe Epperayes and themeriohBnebe RROPHRAY get-
copper conduct or
When the painted film is subjected to the oxidizing treatment by heating, the drying of

the painted film can be simultaneously attained. Thus, it is unnecessary to set a drying step
independently or separately.
[0128]

(Treatment with the treatment solution)

After the oxidizing treatment, the painted film is treated with the above-mentioned
treatment solution. Specifically, for example, the substrate on which the oxidization-treated
painted film is formed is immersed into a container filled with the treatment solution, or the

treatment solution is sprayed onto the painted film.
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wiring is obtained. 52 [0138] <Copper Conductor
Wring> The copper conductor wiring according to the
invention is manufactured by the manufacturing method
of copper conductor wiring according to the invention.
Accordingly, the wiring is low in resistance since
each copper wring piece thereof is made of dense

Unz? pper up to the central region thereof Exanples

139] Hereinafter, the invention will be described by

way of exanpl es. Exanpl e 1] As substrate on i ch.
copp 3? PHIRASY A treef*{é%“ %ni?@e &é%i%?%@&fmﬂt if garfeginp %“\xx’fﬁ%“w&h
used: a substrate having a copper nanoparticle.
the trpafmeest tobiion ggreent{ageipYdempsar g pﬁruﬂ the Rerigd ift2RPIRPTReLY set.
| ayer) vyielded by painting a 5% by nmass di spersion
The pérurdryaydke setdpp ére raren of dortekahids 0(lt tp 24 hoyys. o dibe temperature of the
manuf actured by Fukuda Metal Foil & Powder Co., Ltd.),
treatRieMAORE6N isRetPprE@hbly intthbyange bfas&@h tenfpllagird 010pACOCESS,
in y-butyrol actone onto a polyimde substrate (trade
[o13ppne: MCF-50001, manufactured by Hitachi Chem cal
., Ltd.) having copper patterns in FIG 4 by neans of

an I-%pe% ltl?e}%&rfsg d%%jthg E@&ofr sﬁﬁ@@ﬁng ' Jafﬁ?ed%ﬂ it@&i%&a’tfoﬂ e

resul tant under” a ni'trogen at nosphere

times.. 11 is.understood from Auger el ec
o psslen RN SRLAYOI B Fk e
present parficles had a .corejshell structure wherein a
Cop RBRet P LAY Brovh e PHFES At CSHAIRGIDS HEPg PR oadC odl
copper. [0140] A solution prepared by weighing in
sholEqagléshat b 26 IWPRISnCIBF OHFTDS e rRBrE0tis by Sbkieciee g oxidizing
treatment solution. The substrate having the copper
treatiyeeniop & thiscla, theporsict exdddf dolpprgasis gistribated e theBrgest amount in the

outermost region of the painted layer and the component in the layer is present in a smaller
amount toward the substrate. Specifically, in the outermost region than in the depths,
copper/copper oxide core shell particles the shell regions (copper oxide) of which are thick are
distributed in a larger amount. When such a painted film is treated with the treatment solution,
the copper oxide is first ionized or complexed with the chemical agent in and the eluted in the
treatment solution. However, in the depths of the painted film than in the outermost region
thereof, the distribution of the particles the shell regions (copper oxide) of which are thick is
smaller. Thus, in the copper/copper oxide core shell particles present in the depths, the cores
of copper are earlier exposed to the outside.

In general, a process of reducing a copper ion to be returned to copper is advanced on
a metallic surface by a catalytic effect of the surface. Thus, copper precipitates on the metallic
surface. This process is hardly advanced on any region made only of a copper oxide, thus

copper does not precipitate.
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the bottom of a |l aboratory dish. The treatnent

sol ution was poured thereinto while a small piece of
gl ass was put onto an end of the substrate to cause
the substrate not to float. In this way, the filmwas
treated to be made into a conductor (FIGS. 5). FIG
5(A) shows the copper nanoparticle painted substrate

bef re shows a, si{ ng
t Rr SRR e s P Fri P ksmp e LSk 0 t Relha
hour and FIG 5(C). shows a sit atlon afL
descriped@Ppsna erparr ipy 4l throlilyeare selectiyelydediced gy the ﬁOé’Ptf reagHiieS
at roomtenperature (20C), the copper nanoparticle
then dfepoesiptitetdorf af lcoppehadvangas B albRrr veqrds; thegr ecipittEn of coRPpr ifgfarted
gradual ly turned into copper color [FIG5(B)] while
front theddpits mangd éree tlatpectifioton spihdsap thetvéofe v &hdrefaresa capher
filmexhibited vivid copper gloss [FIG 5(0O].
conddbibhBlddenidS afvWhglercas béfotm&a c A damioRdiiyviizh the famtisiahde thick, the
colors thereof were colors as described above. [0141]
treatBentSBRWEh daf pEinfdite imo tHelBptEO! Thad iHevhofe chilie Batlelehsen
and the precipitation of copper into any region other
Or%£an t he copper oxi de nanoparticle deposited region
re not observed, only the particle deposited region

o B S PP PR e
Co arat i ve Examl e Af ter th Y
water p/ge Ky prd then ‘H@dé’ﬁ/b"étt‘ragtdéy‘%g ‘tlﬁdgﬁ '@tﬂﬁ*@fm

and then dried in the air at roonttenperature [0142]
driedrnirpgeafepefiow, driedajt Bow, hextve bx infigred uvadicatinedyislecaprgactic

Electric Instrunent Co., Ltd.) was used to neasure
wavtsher theBltest anadertie akethe diymg casytat this tiieett & alipwatdete sqfirt

the copper patterns in FIG 4, which were each nade
acet6e, ROthGRI) tetha ol ph@b SthyBitetbnt bethe liketheredviecorrépeace ritel vedter with

pi ece thereof. In this way, the conduction of
the @lvaft &ddGh aﬁﬁn@&keaisubasata result, in the
concentrlcal -circul ar copper patterns havi ng gaps of

s d@sclzﬂj'}%daa%gvel5 a %Hdugtgl% Qﬁﬁ&é’c}! Wln rés%‘t’gncg &n |b§ aRgESured.
whi ch were .1 S2 and 1.0 Q respectively,

[Or%ﬁre shown. This treated metallic copper film (copper
nductor film was trench-worked by FIB/SIM5. A cross
54 éiﬁ on %reof was observed. Asa result, the film
t hi CRA& ﬁﬁglgf Fam The vol ume resistances
cal cul ated by using this filmthickness were 2.0 x
10- SA‘CEJPFFIIHB toja secopgiemnb, g&ﬁn Bt the. cgn@gctlve substrate of the invention is

manufactured by the manufacturing method of a conductive substrate according to the invention.
Accordingly, the depths thereof are also made of dense copper. Thus, the substrate is low in
resistance. Additionally, even when the substrate is made into a thick film, the substrateis in a
state that the depths thereof are also dense. Moreover, the substrate is not easily oxidized in
the air, or corroded with water or the like since the substrate is made of dense copper.

[0133]

<Manufacturing Method of Copper Conductor Wiring>
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10-5 Umn respectively. [0143] [Table 1] No.1 1 2 3 4
Conpl exi ng agent 1 28% Ammoni a wat er 28% Ammoni a wat er
Et hyl enedi am ne n-Butyl anine Concentration(nol/L) 1 1
11 Blend amobunt(m ) 27.37 27.37 6.01 14.63

Conpl exi ng agent 2 2,2 Bipyridyl 2,2 Bipyridyl 2,2

Bi pyridyl Concentration(nol/L) 0.01 None 0.01 0.01

EDTA DR Bk bt e e P R 8E R

. 0,01 Blend anmount(m) 1.32 0.29 0.59 Reducing agent
mveﬁi‘%"i“Hng?ﬁc’ﬁ%aggr ane Di met hyl am nebor ane

Di net hyl am nebor ane Di net hyl am neborane Concentrati on
( moiAcedrdigg to gseqong embegdiment B¥%‘ﬁ dhagpiatirnerngthos of soppergignductor
0.59 1.18 Solvent Pure water Pure water Pure water
wiriiy pfghanavestioBinelndes slrrostantof flayving20vigRg EipIngsing 4 pagtinggshiry7
| Total anmpount (g450 450 100 200 [0144] [Exanple 2] In
whichGonthElapaacled Hahing h eotlsipfidtrbctivle daicgnd commreBion mchding @oppkr and
a substrate as used in Exanple 1, which had a deposit

a shéll deploR{nchubBg & CHIRRF oI@ WARA dubsitats the W@ ofsubRalngdhe dFen wiring
substrate was treated with a treatnent solution for

patté}f?,%&lsig 09dd Lorf the PRHHLE s Ritidnl foRRIIBAY trRheblt fo ABIreddSink her
containing 2,2" bipyridyl nor EDTAin the sanme way as

distriibrl]ltici)zﬁ( gfr{Hel: & J T o%%e Qoth o%%t adilzﬂl tiﬁ)?n the outermost region of the wiripg
2P | ar oppely A

concentrically-circ patterns havihg gaps o

e 5 0 S SR VbR SRS e 2
oxid?ziirgghtrealn?eﬁ \EVS}?S Prgalflr(r:lgrit \s{ci)htjtlon which contains a chemical agent for ionizing or
complexing the copper oxide, and a reducing agent for reducing a copper ion or copper complex
to be made into metallic copper.

The manufacturing method of copper conductor wiring according to the invention
(second embodiment) is different from the manufacturing method of a conductive substrate
according to the invention (second embodiment) in that a painting slurry containing
copper/copper oxide core shell particles is used to drawn a wiring pattern, and in a usable
substrate. The two are substantially the same as each other in essential requirements other than
the above. Accordingly, only the different points will be described hereinafter.
[0134]

[Painting slurry]

The painting slurry containing copper/copper oxide core shell particles can be yielded
by dispersing the particles into the above-mentioned dispersing medium. The particles are the

same as the copper/copper oxide core shell particles used in the manufacturing method of a

conductive substrate according to the invention. However, the number-average particle
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55 was shown. [0145] [Exanple 3] In accordance with
the blend table (colum 3 in Table 1), a substrate as
used in Exanple 1, which had a deposit filmof the
copper nanoparticles, was prepared. The substrate was
treated with a treatnment solution for conversion to a
conductor (treatnent solution) using ethylenediam ne

d1arr§’[$ tgﬁtﬁf Par 1?1%%2%&3‘@@25 é)é E{%rosr ?es consYderq hgt t@(@ﬂrﬁé & rr]ade ’ﬁﬁer

y-Cl Fcu ar co
patterns havin a of. 1 nm.
or thF appliseitaniarset OI%P g%‘i Qﬂ%@g%}nezh% Wﬁ%’ ‘%fscaﬁﬁga A a)
were shown, respectively; thus, electroconduct;jvit
was The papaentrafigmofahe an;em tge Bqinting SHEE 7 Igieb! Y\X}i%l %/’HQ% by
blend table (colum 4 in Table 1), a substrate as used
weighn mofxrafetablylfronwh teod) Yhisoweigtd cqpd sven nhdrg pretsfablyhizone fpieed” by
nanoparticles, was prepared. The substrate was
weidnt.eated with a treatnment solution for conversion to a
conductor (treatnent solution) using n-butylan ne

[o13spstead of ammonia in the same way as in Exanple 1. As
aresult, in the concentrically-circular copper

pat tI%g &%teg? Or iR sOHate ‘i’ied]m m@}magufg&ﬁ]nr%'}geﬂ%dmopper conductor

respectiv resi stances 1.7 Mh, 15 kEI and

wu1%%ccorgwg\x%fhe r esxﬁx%%tlil t%e(s €a8 “@fof Aﬁé ds%génra{)e \Qeq lﬁ?{hle ﬁés@fptlon of

wher ei n. cop er nanopart cles as in Ex
the BEEEFIR DS ﬁ%wabeaf?wffeﬂegwkﬂﬂgﬁ%mﬁ&ﬁ%mventm

manuf actured by C. 1. Kasei Co., Ltd.) were mxed at a
[013%tio by weight of 1:1 was painted onto a substrate
in the sane way as in Exanple 1. The resultant was 56
t r eatDeawving bfe wirtng @gtenent sol ution for conversion to a
conductor (treatnent solution) prepared in
The method of drawing a wiring pattern using the painting slurry on the substrate is

the same as the drawing method given in the description of the manufacturing method of copper
conductor wiring according to the invention (first embodiment).
[0137]

The treatment after the wiring pattern is drawn as described above is the same as in the
above-mentioned manufacturing method of a conductive substrate according to the invention.
Specifically, the workpiece is optionally dried, and then subjected to oxidizing treatment, and
then the formed wiring pattern is treated with the above-mentioned treatment solution. Asa
result, in the same manner as in the above-mentioned manufacturing method of a conductive
substrate, the copper oxide cores of the copper/copper oxide core shell particles in the depths of
the wiring pattern are reduced so that metallic copper is made naked. From the metallic copper,
the precipitation of copper is started, and then spreads to the whole thus dense copper conductor

wiring is obtained.
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accordance with the blend table (colum | in Table 1).
In the concentrically-circul ar copper patterns havi ng
gaps of 1 mm 2 mmand 5 nm respectively, the
resi stances thereof were neasured with a four-point
probe mcroresistance neter (Loresta MCP-T610,
manuf actured by M tsubishi Chem cal Corp.). Asa
result, resistances of 0.17 0, 0.99 0 and 0.9 92 were
(0138 own, respectively; thus, high electroconductivity
was shown. FIGs. 6 show external appearances of
Ex affpprpsr Gondycter Wemgr t he reduction, respectively.
FIG 6(A), 6(B), 6(C and 6(D) show Exanples 2, 3, 4
andThg coppg pewtuptpeviying perbride tp Beanyshicons} manufgdarpd bythe s
di spersion slurry, which was prepared by suspendi ng
manCfa@peg/ mapjEert coppx dadear evistpeictordiag toithd ipgenfianv e riagerdingly,
particle diameter: 41 nm, manufactured by N sshin
the RS RS In6histdhGe dindelthéh QbpHud njirirg) et @ieeeofs GhatlbléMdense copper
treating the suspension with an ultrasonic washer for
] LKt ainted onto a substrate and then
up“ﬁgfgﬁﬂﬁﬁféﬁ%%ggﬁg way as in Exanple 1. Thereafter,
theEsa treatment as in Exanple 1 was conducted. As a
mples . .
restftoPfn  the concentrically-circul ar copper
tterns having gaps of 1 mm 2 mmand 5 mm
U”3§€spectively, resi stances of 0.9 0, 1.2 0 and 26 0
wer e shown, respectively; thus, high
el eEiercsabeetie rventiop wilhagdeseritgd by P AoTarRisanpl e 7] A
30% by nmass dispersion slurry (Cul T, manufactured by
ULVAGamateddi al s, Inc.) of copper nanoparticles in
tol uene was painted onto a substrate in the sane way
as AR aExissemt en Which aompet fvaopatticdateed: deposithd thiedniowiag wassused:
in Exanple 1. As a result, in the
a suls@ae @ifid £ &pbitrahdpaticRIdepBifediayp Gopkabised Ratidlavdnigning layer)
gaps of 1 mm 2 mmand 5 nm respectively, resistances

yielc?ﬁ B? pgindfréza 5% 8¢ ma&d Bpesibi siedy WEEBp& rr\@t}Mgiirgglj@ss@@éI biodgdty

S, electroconductivity was shown.
manufactured by Fukuda Metal Foil & Powder Co., Ltd.), produced in a solution by a laser
ablation process, in y-butyrolactone onto a polyimide substrate (trade name: MCF-50001,
manufactured by Hitachi Chemical Co., Ltd.) having copper patterns in FIG. 4 by means of an
applicator, and then repeating the drying of the resultant at 100°C under a nitrogen atmosphere 3
times.

It is understood from Auger electron spectroscopy and STEM-EDX observation that
the present particles had a core/shell structure wherein a copper oxide layer was present around
metallic copper.

[0140]
A solution prepared by weighing in accordance with column 1 in Table 1 was used as a

treatment solution. The substrate having the copper nanoparticle deposited film was put onto
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Details of the copper conductor filns of Exanples 1 to
7 are shown in Table 2. [0151] 58 NN 0 0. mU_: EN
m ~NCC m cOXLL] L Ta: o Uo: O N 4. 0.

RU nyoCGG C aN Eac. oN mWOa oO0ON
Oa; 0O NU n

the bottom of a laboratory dish.  The treatment solution was poured thereinto while a small
piece of glass was put onto an end of the substrate to cause the substrate not to float. In this
way, the film was treated to be made into a conductor (FIGs. 5). FIG. 5(A) shows the copper
nanoparticle painted substrate before any reaction, FIG. 5(B) shows a situation during a time
when the film underwent reaction (after 1 hour), and FIG. 5(C) shows a situation after the
reaction over five hours. As a result of the treatment at room temperature (20°C), the copper
nanoparticle deposited film that was black at first [FIG. 5(A)] was gradually turned into copper
color [FIG. 5(B)] while the film generated foam. After the five hours, the film exhibited vivid
copper gloss [FIG. 5(C)]. Although the figures are each monochromic, actual colors thereof
were colors as described above.

[0141]

As shown in FIGs. 5, the coloration of the solution and the precipitation of copper into
any region other than the copper oxide nanoparticle deposited region were not observed, only
the particle deposited region was selectively turned to a metallic copper film (copper conductor
film), different from that in Comparative Example 3.  After the treatment over the five hours,
the substrate was washed with pure water, and then dried in the air at room temperature.

[0142]

Thereafter, a tester (CD800a, manufactured by Sanwa Electric Instrument Co., Ltd.)
was used to measure the resistance between the central piece of each of the copper patterns in
FIG. 4, which were each made of concentric pieces, and the outer circumferential piece thereof.
In this way, the conduction of electricity was checked. As a result, in the
concentrically-circular copper patterns having gaps of 1 mm, 2 mm and 5 mm, respectively, low
resistances, which were 2.0 Q, 2.1 Q and 1.0 Q, respectively, were shown. This treated

metallic copper film (copper conductor film) was trench-worked by FIB/SIMS. A cross
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section thereof was observed. As a result, the film thickness was 8 pmm. The volume

resistances calculated by using this film thickness were 2.0 x 10° Qm, 2.1 x 10° Qm, and 1.1 x

10° Qm, respectively.
[0143]

{Table 1]

No.1

1

2

3

4

Complexing agent 1
Concentration{mol.”L)
Blend amount(ml)

28% Ammonia water

1

28% Ammonia water
1

Ethylenediamine
1

n—Butylamine
1

21.37 27.37 6.01 14.63
Complexing agent 2 2,2 Bipyridyl 2,2 Bipyridyl 2,2 Bipyridyl
Concentration (mol.”L) 0.01 None 0.01 0.01
Blend amount{ml) 0.70 0.16 0.31
Complexing agent 3 EDTA EDTA EDTA
Concentration (mol.” L) 0.01 None 0.01 0.01
Blend amount (m!) 1.32 0.29 0.59
Reducing agent Dimethylamineborane [ Dimethylamineborane | Dimethylamineborane | Dimethylamineborane
Concentration (mol.”L) 0.1 0.1 0.1 0.1
Blend amount (m1) 2.65 2.65 0.59 1.18
Solvent Pure water Pure water Pure water Pure water
Blend amount(ml) 422.63 422.63 94.00 185.37
Total amount(g) 450 450 100 200

[0144]

[Example 2]

In accordance with the blend table (column 2 in Table 1), a substrate as used in

Example 1, which had a deposit film of the copper nanoparticles, was prepared. The substrate

was treated with a treatment solution for conversion to a conductor (treatment solution) neither

containing 2,2’ bipyridyl nor EDTA in the same way as in Example 1.

As aresult, in the

concentrically-circular copper patterns having gaps of 1 mm, 2 mm and 5 mm, respectively,

resistances of 25 Q, 28 Q2 and 238 Q were shown, respectively; thus, high electroconductivity
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was shown.
[0145]

[Example 3]

In accordance with the blend table (column 3 in Table 1), a substrate as used in
Example 1, which had a deposit film of the copper nanoparticles, was prepared. The substrate
was treated with a treatment solution for conversion to a conductor (treatment solution) using
ethylenediamine instead of ammonia in the same way as in Example 1. As a result, in the
concentrically-circular copper patterns having gaps of 1 mm, 2 mm and 5 mm, respectively,
resistances of 9.8 MQ), B and 131 2 were shown, respectively; thus, electroconductivity was
shown.

[0146]

[Example 4]

In accordance with the blend table (column 4 in Table 1), a substrate as used in
Example 1, which had a deposit film of the copper nanoparticles, was prepared. The substrate
was treated with a treatment solution for conversion to a conductor (treatment solution) using
n-butylamine instead of ammonia in the same way as in Example 1.  As a result, in the
concentrically-circular copper patterns having gaps of 1 mm, 2 mm and 5 mm, respectively,
resistances of 1.7 MQ, 15 kQ and o were shown, respectively; thus, electroconductivity was
shown.

[0147]

[Example 5]

A dispersion slurry wherein copper nanoparticles as in Example 1 and copper oxide
nanoparticles (Nano Tek CuO, manufactured by C.I. Kasei Co., Ltd.) were mixed at a ratio by

weight of 1:1 was painted onto a substrate in the same way as in Example 1.  The resultant was
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RO NIf) E mResistance values 59 [0152] [Exanple
8] A substrate as used in Exanple 1 was imersed into
an acidic palladium seed solution (trade name: PD301,
manuf actured by Hitachi Chem cal Co., Ltd., and trade
name: HS202B, manufactured by Hitachi Chem cal Co.,
Ltd., the anmounts of which were 250 g/L and 30 nL/L,
respectively) at roomtenperature fo 0 m nut.es, and..
neatp Ry § FEEY SR 1 O AR G BReN PG PlPRe
acid for 1 mnute. The resultant was then dried at
accopdgpin Withpeblard iplde (cglupnd) ig Table Sybstrat e Pd particl es
were seeded on its surfaces. [0153] A 10% by nass
di speths conersiliatly-giroflar comeepations Hevingaappelritig] Lmm(ayd Agum,
Tek CuO, manufactured by C. 1. Kasei Co., Ltd.) in
respactibely, Yiicakagimeahaas ead méasdedwith a fdve psivtsdheatieroresistethee
same way as in Exanple 1. The resultant was treated
metdMLdesth MCOALNE Hhansfbidied BH MiRiibise YRSl @arp. ). O A3 a result,
conductor (treatnent solution) prepared in accordance
resisintdd of D& 7 B, 699 f AR10® & GRtUfTA rc’&sgmtia—@ﬁltﬁls,lﬁigﬁ n the
same way ad in Exanple 1. In FIGs. 7 are shown

situatj.ans of, the substrate froma tine during the
elec{roc (?111 {Vl[g’ was shown. h g
FQAPTRAY V" he treatnent solution to a time after

the treatment., FIG 7(A) shows the situwuation just .

ot BICSChowspal Sipehses SARATBIR £ 9 1 e b rpnegively

situation at the tine of stopping the reaction, and
FIGE(4D), 6(B)( &) aSWR) thaw Expmplst 3-0n® el TPREUEHY f ace was

scratched with tweezers. As shown in FIGs. 7(A) and
[0143{B), the coloration of the solution and the

precipitation of copper into any regi on other than

t he [Exmpér6]oxi de nanoparticl e deposited region were

not observed, different fromthat in Conparative

Exanpioe, By m&s dapérsishlbiirrg fwhidhevak pepirs@bit susiehding sappéréoopper
of the particle deposited region was di mand dull,

oxidE QBRERIGRHRes (FVRMBY SrticlSRAetbD#1 nm), manufactured by Nisshin
Engineering Inc.) into y-butyrolactone and then treating the suspension with an ultrasonic
washer for 20 minutes, was painted onto a substrate and then dried in the same way as in
Example 1. Thereafter, the same treatment as in Example 1 was conducted. ~ As a result, in
the concentrically-circular copper patterns having gaps of 1 mm, 2 mm and 5 mm, respectively,
resistances of 0.9 Q, 1.2 Q and 26 Q were shown, respectively; thus, high electroconductivity
was shown.
[0149]

[Example 7]

A 30% by mass dispersion slurry (CulT, manufactured by ULVAC Materials, Inc.) of
copper nanoparticles in toluene was painted onto a substrate in the same way as in Example 1,

and then treated in the same way as in Example 1.  As a result, in the concentrically-circular
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surface was scratched with the sharp tweezers, or the
i ke, copper gloss was observed and it was verified
that the filmwas made of netallic copper up to the
depths thereof [FIG 7(C)]. 60 [0154] In the
concentrical ly-circul ar copper patterns having gaps of
2 mmand 5 mm respectively, the resistances thereof

were measured wit.h a four-pei ) i.CrK [
conrfGrBr Ty Era pid ot B Fh (RGP B PR R 20 E 107
ubi shi Chemni cal rp.). Asa, result,, resistances
2 ) B '5arg Spworeepepehs e R s Sl vl o i s

treated particle-deposited filmwas trench-worked by
[015¢) B/ SI MS. A cross section thereof was observed. Asa
result, the filmthickness was 2 m The vol une
r es Dstadnefélse avpbes gprivetdr flyns ofiBxamplasHite 7 picishewrhindikbleds
were 8.9 x 10-8 S2m and 4.5 x 10.7 Qmn respectively;
[015thus, high electroconductivity was exhibited. [0155]
[ Exanple 9] An ink-jet printer was used to
ink-jet-print a 12% by mass di spersion slurry of
copper nanoparticles as used in Exanple 1, thereby
yielding a sanpl e wherein a copper nanoparticle
painted filmwas patterned into a rectangular form
FIG 8(A) shows an external appearance of the
i nk-jet-printed copper nanoparticles. This copper
particle painted substrate produced by the ink-jet
printing process was treated in the sane way as in
Exanple | for 3 hour. As a result, the particle
pai nted matter, which was bl ack before the treatnent,
was turned into copper color. FIG 8(B) shows a
situation thereof at a time (after 10 m nutes) during
a period when the film underwent reaction, and FI G
8(C) shows a situation thereof after the end of the
reaction. [0156] In the treated particle painted
substrate, the resistance between two of its copper
foil electrodes were each neasured with a tester
(trade nane: CD800a, manufactured by Sanwa Electric
Instrument Co., Ltd.). As a result, the resistance of
the el ectrodes having an interval of 5 mmand that of
20 M were 12 M52 and 28 M) respectively. Wen the
resi stances were
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61 neasured before the reduction, the above-nenti oned
i nter-el ectrode resi stances were each not |ess than
t he neasur enent

limt.
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Example 2

25Q
28Q
238Q

Exampie 1
Polyimide substrate| Polyimide substrate | Polyimide sgbstrate

Core/shell particles| Core/shell particles | Gore/shell

21Q

20Q
1.0Q

[Table 2]

Substrate
Particles

Treatment solution

1~mm Gap
2-mm Gap
5-mm Gap

Resistance

values
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A 10% by mass di spersion slurry of copper oxide
nanoparticles (Nano Tek CuO, manufactured by C. I
Kasei Co., Ltd.) in y-butyrolactone was painted onto a
substrate in the sane way as in Exanple |I. The
resultant was treated wwth a treatnent solution for
conversion to a conductor (treatnent sol ution)
epared in accordance with the blend table (colum 1
[OISEL Table 1). As a result of the treatnent, nost of
t he copper oxide particles painted onto the treated
sub&¥¥egple 8lere el uted and | ost, and copper
preci pitated on the copper patterns or walls of the
gl adssubstateals useit e Exdnpleat Wesnimmerssh gjhar 3¢idi alladgrrpeed splution
all the patterns, wherein their concentric pieces had
(tradg@pme:AfD30 1 manucturad bafbitadhi GhpmicaSre ditd. yeml yradetaget HP202B,
conduction was not observed. [0160] [Conparative
manfE4ediRl By Hitadhi SHEBAIAE LAS, the @hébad of whick aefel 250 /L aniBC ImL/L,
had a copper nanoparticle deposited film (copper
respgf’i‘igag) R0 ChPeaRPY B! U ABulcRRA then WESedUsCh 1| MNQueous solution
substrate was subjected to heating treatnent at 200C
der .L -at her4 g
of syl astd G TRRRC [ ik RLRAR VAP Bl el RERTen oM
SO to. ymake an attenpt for making the filminto a
S“bsgé?‘?gﬁc??‘é’rcg‘saﬂgre S%ledf‘%%rh’lt S,urgf“‘f‘fs't he patterns wherein their
concentric pieces had gaps of I mmand 2 mm
[013éspectively, electric conduction was not observed.
[0161] [ Conparative Exanple 5] A substrate as yiel ded
i n BxHipbemass dighersian Hady af «opp oridp amepatelssdNano Tek CuO,
deposited film (copper based particle containing
manhfiy@red, by Wak Kasedo., Tide isyubgyohttenamss famgdtoat) thewsubsirate in the
sane way as in Exanple 4. As a result, in the
samé YA estinExa@ple ) - CThigdudtint AP pedtedpeittt et catrikaw sahgioa fgapnefsion
1 nun, the resistances were 2.3 x 10 Qwhile in that

to 2 RGN uBSr @re&ﬁ@n@glugox@\'epﬁlle@ 6t dct G dFROGUE tHe®lend BBlewesuri®t in
observed. [0162] shown in Table 1, in Exanples 1

Tabfeq) fit thi &n{%%l'}l, agﬁnm%?)p:: 1@ chenical agent for

In FIGs. 7 are shown situations of the substrate from a time during the treatment with
the treatment solution to a time after the treatment. FIG. 7(A) shows the situation just after the
start of the reaction, FIG. 7(B) shows the situation at the time of stopping the reaction, and FIG.
7(C) shows the situation that the surface was scratched with tweezers.

As shown in FIGs. 7(A) and 7(B), the coloration of the solution and the precipitation
of copper into any region other than the copper oxide nanoparticle deposited region were not
observed, different from that in Comparative Example 3.  As a result of the treatment, the
surface of the particle deposited region was dim and dull, copper color. However, when the
surface was scratched with the sharp tweezers, or the like, copper gloss was observed and it was

verified that the film was made of metallic copper up to the depths thereof [FIG. 7(C)].
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i oni zing or conpl exing a copper oxide, and a reducing
agent were contained in a treatnent solution, the
copper oxide was finally reduced into copper, and an
ef fect of enbedding the copper into gaps between the
copper particles was obtained. Thus, a | ow resistance
was shown. However, in Conparative Exanple 1, a
reduci ng agent was contai ned but no chem cal agent was

“nsgbntained, and Conparative Exanple 2, a chem cal agent
was _ contai ned hut no reducing gent was._cont aj ned,
eac i B¢ capRerirraHrCiEqas CoPPIRASH n@ﬁavtlr}gegam 42 285 P8hent
was produced, and the final step did not reach up to

respechively drparattinoes théreafeierd theaguredypled four-poiatprEppegnicPieaitpnes
Ito 7, a catalytically active netal was used, and the

metep (tede pirhea Loesta MEP-T €y mechfeopaEry Masibsbifshehical Corp.). Asa
sel ectively around the catalytically active netal .

resul__!:r}ék%tant:&%_f 0los S0l Hdtoat7 enwark sk fkpasasel b Iak westednl y
in the painted layer. On the other hand, in

partiggmgﬁd’sﬁéd. M TR AR e Rked W IBISTUBL | A} dsyseBdnl tN@edTBad!

was used; thus, nost of the painted |ayer containing

th [ t .
observed, CRPPELIOHe m‘é‘l%%kﬁgirs%agg gglu Thgpcgurtxy%%xﬁtglﬁce% gcrllﬂattfﬁieby

precipitation o a region

) i.nted | ayer was _obsgrved. rati ve Exanpl.es nd
wsinB i B e R RE Sl o R S GRBE BB fef
particle containing |ayer into a conductor was nade, a
electrpegpductidystas fEibigds observed, or no electric
conduction was observed. In other words, the
[0156bnpar ati ve exanpl es had a probl em about
el ectroconductivity. [0163] [Exanple 10] (Steps from
t he [Bxampiidlon of a Pd seed seeded substrate to the
formation of a copper particle |ayer) 64 An epoxy
subginrigit-Rt fridtd:+&¥ Q6B to fiRjetpaiat L1126 bppadsidisperkion Sineyrofxapper
Co., Ltd.) 10 having copper foil (FOA5 manufactured
nandp¥rtiidé AKAWRIn EX8RBIE 1 Cthéreby yibitidle h sRAHIE @hdtein Regpeh@toparticle
regions illustrated in ﬁiG. 4§ was first inmmersed in
_ i . uti .
) B P AL S ' AT oD . b e o
and . PD30 manuf actured ..by Hi tachi L cal
the i g pinag cHBR Pioitlef s, moobhdrBiDle PFTh St proguccy by

10 was : :
the ink-jet printing process was treated in the same way as in Example 1 for 3 hour.  As a result,

the particle painted matter, which was black before the treatment, was turned into copper color.
FIG. 8(B) shows a situation thereof at a time (after 10 minutes) during a period when the film
underwent reaction, and FIG. 8(C) shows a situation thereof after the end of the reaction.
[0156]

In the treated particle painted substrate, the resistance between two of its copper foil
electrodes were each measured with a tester (trade name: CD800a, manufactured by Sanwa
Electric Instrument Co., Ltd.). As a result, the resistance of the electrodes having an interval

of 5 mm and that of 20 mm were 12 MQ and 28 MQ, respectively. When the resistances were
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i mrersed in an aqueous solution of a treatnent agent
for adhesion pronotion (ADP601, nmanufactured by

Hi tachi Chem cal Co., Ltd.) for 5 mnutes to seed Pd
particles onto the substrate (nmetal seeded | ayer).
Copper/ copper oxide core sheII particles (manufactured
by Nisshin Engineering Inc.; nunber-average particle

meaH SIRESL the é’eliua@l tﬂ@%o@@ Hﬁﬁtﬁon@d(in@@ ele&ﬁﬂl@ P&fstah&ds &Rre each not
(manufactured by C. 1. Kasei Co., Ltd.; nunber-average

less V%\/grll gq%?neg?ugef?eg{aﬂl%{t I?Qh&{r]n%lecty}@ E&ldﬁgt?&ﬁ Q&/gégot %8!6?\’6'(1.0 Rﬁ’hou gh

xture was ad

the ST RIS e PRI A0 FRROCH R HodRoaP T PASBEC

washer to disperse the particles. In this way, a

[015d] spersion slurry was vyiel ded. Abar coater was used to
paint this dispersion slurry onto the substrate, and
t hefCerhpargtiae Bxaeplé 1l m was dried on a hot plate at
100C under a nitrogen gas flow for 10 mnutes to form
a subsbdtateas raksiangleal, ebjch &ad pamppéerahepadielsaspdsiel flin, was
[0164] (Formation of a copper particle |ayer) Next,

treatbd @ith Blhdoksld 3@ RaRReonH e EthyIReinktbrael(® MholL), Which did
Table 1 were weighed, and m xed with each other to

not é@nﬁkrﬁan@ alﬁrﬁ@%ﬂﬁ(ﬁ{ems Y b‘dﬁh%tg e ReathBR, tHDdRutioR Wa céred B brown,

c en1ca agent to t reduci ng agent (b) (a/b) in

dxffeﬁent %ro;nrtgm Enr@&{‘n eol %érgllﬂ tté t%eqlpfgi%anc &151 tgé"%i’zﬁ% fi@ e solution

nanopart eposite m was put

t he bot n1 f a. borat sh
was i Ganggres) aig i BR3P AR s PRI aélt*f?eaea“e%
cause the substrate not to float, the treatnent
whege} ieif eRRCoRiRGERIqSH bAdeaP Hd e Bms BpdasmmoresRSAId e clgetric
treatnent (reaction) for 5 hours. 65 As a result,
condpctigrowas not @seped at i ng copper onto walls of the
container or the like, the treatnent advanced while
[0158hl y the copper based particle painted regi on was
sel ectively discolored. By this treatnent, the copper
par-fCehgardtiy Bkanils 21di scol ored into dull copper col or.
After the end of the treatnment, the resultant was
| MRy 8 @rakets O Exdhnipfe RDWhRh'Wad £Eo é]b& mfopsariedpdshed v, ths

Thereafter, the resul’tant was ied in the air. About

treatteﬁ] Gith |a§ & Jeﬁg%ﬁlu \ék/%gh ggso%m‘ﬁf)sea o%ﬂ&ga Bi pyHiiY1 and EDTA and

respecti e’ resistances therebetween
not gt ég?e&"iasﬁerbﬁ%f%“ eBeabiehe el e degagen
was colol\c/eldtms’ccl)J ‘k:)) 1fferent Lat lgyglrerle 1, wherein the treatment advanced in the
state that the solution was kept transparent. The copper oxide was eluted into the solution as a
copper ammine complex. The colored situation is shown in FIG. 9(B). As a result of the
treatment, the treated substrate was kept black without undergoing any change. In all the
patterns, wherein their concentric pieces had gaps of 1 mm, 2 mm, and 5 mm, respectively,

electric conduction was not observed.

[0159]
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Using the filmthickness obtained by FIB/ SIM
cross-section observation, which was 9.3 m the
vol une resi stances were cal cul ated. The resi stances
were 2.3 x 10.7 Qm and 1.0 x 10-6 f2m respectively.
As shown in FIG 10, according to the FIB/SIM
cross-section observation, no structure nade of the
copﬁam)a%%gggrtuj s which were a raw naterial, came
Hd a structure of copper in the order of

m cr.o ers enerat e 0165 Conpar at j.ve l e
AR SR e A R R L e R el
oxi de core shel | artlcles (manuf act ured by leshln
mangagfiigd By CrigKessicCo., Iﬁérh‘é’é’rhué}v@ﬁ%t@@ wraPRipted antg Pé\ﬁbétreﬁ inthg
nm to y-butyrol actone to give a concentration of 20%
sampyayvei ig Franyde 1.pafhetresdltaph ves eared witbadeatmepigwiption for conversion
substrate as in Exanple 10 with a bar coater. The
to a tagudtérafrtatmes salutie)l prepared inatcoplaateewitit thd BIEd tabla detuna 1 in
nitrogen gas flow for 10 mnutes to forma substrate
TablB@Y | NG adetQRPRE tBAEhtCh6st bBYEEopperNRide parltibles Sdiiied 6rdd Be
was treated in the sane way as in Exanple 10. The

treatkd %Etpﬁp&fer@gM@ﬁ Qﬁcglostmﬁﬁdlcgp&pb%clf)ﬁ%&ﬁﬁﬁ@éo p@%@t@ems or walls of

particle painted region was selectively discol or ed

the %Ilz?]sts (\)les(s:fg P p'?he sctg{tx%ﬁ is shMaﬁ 1%%8@(?? u rI){) ngthg E%te[g[ SCFAIER Lhelr

cl'es were fromt
substrat resul ant was dr ie

concgppe a*gcrsﬁw%ﬁ%’ﬁéft% @n?émr%m%cg O BT O R Vos o

el ectrodes having gaps of 1 mm 2 nnrand 5 mm
obsgreedpectively, in FIG 4 were 130 kL2, 1.9 S2, 66 and
1.0 Q respectively. Thus, slightly higher resistances
[0l6@8kre shown than in Exanple 10. [0166] [Conparative
Exanple 7] A 5% by mass di spersion slurry of
coppeshcopive Exonplelé] core shell particles (tria
product, manufactured by Fukuda Metal Foil & Powder

Co. A dubélraje asRTeQidd GEEkaplea , S@ilch hhddcdpyeraandpasiele deposited film
abl ation process, in y-butyrolactone was painted onto

(cop@exﬂﬁkéﬁ'pﬁhfé% cOMBiainG dyer) (WdsdR1. NRABsubsiiddwaAE dotedb hbhtiag

ar coater. The resultant was dried on a hot plate at

treat%n%gt%t 5@61’% under 1%&15 ?yl n geéschré & gén %10 %Houq lﬂts%§d of-lt Etreatment

I Ng an t he vverer tIrTEStO or na
w1t1§all§g isz}rt%x%xé \t}\ﬁ‘é&{,‘ ? PRL tégp %itg ttgt?)Trle r%el\llxlar? t%e ﬁl ?o a conductor. As
a result, in the patterns wherein their concentric pieces had gaps of 1 mm and 2 mm,
respectively, electric conduction was not observed.

[0161]

[Comparative Example 5]

A substrate as yielded in Example 5, which had a copper nanoparticle deposited film
(copper based particle containing layer), was used. The substrate was treated in the same way
as in Example 4.  As a result, in the concentrically-circular copper pattern having a gap of 1

mm, the resistances were 2.3 x 10’ Q while in that having a gap of 2 mm, electric conduction
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Exanpl e 10. Asa result, the treatnent advanced while
only the copper particle |ayer was selectively
di scol ored into copper color. The resultant was dried
and the volunme resistances were obtained in the sane
way as in Exanple 10. The resistances were 2.0 x 10-5
Qn and 1.1 x 10-5 f2m respectively. Thus, these
her vol unme resistances than in Exanple 10. As
“QS&ﬁfgspigted in FIGs. 11, a structure in the formof a
ense thin filmwas generated on the surface of the
pper particle |ayer. BeIOM/the filmformstructure,
a structure made of the per a Ies was
seefs shayrgr faieh i Srannisrd g ’a‘HﬁTC Og]‘gtég §mcad pgrat for
oxi de core shell particles (manufactured by Ni sshin
ioniziigrfir semplexine # papper oxifgnane e refueing agenhuere ctaned;in Afgatment
41 mu) and copper oxi de nanoparticles (manufactured by
solutfanl the céfpeedxidéovas finhlt. reduvedringrcoppesraad en pifact pfcimbedding the
dianeter: 50 nm) were mixed at a ratio by weight of
coppi to @P&ibdrien the coppbi Parvielss wakthdahiied. YFHugta)loo rattanerewdsghown.
give a concentration of 20% by weight. The resultant

Howd@e, ih r(’,%ﬁ‘ﬁ)ﬁqtlw Exlamﬁfé 1U4 kﬁé‘&r@‘ﬂg@n’t%§ B&ifiaihdd bt SRBeSRal dgent
partlc es. In this way, di spersion slurry was

was gél)J ?Al %dand%gnly{ﬂ)%\*/gﬁe %{}g@lecf 3 Qlﬁe'&?éa‘l) Qgeﬁi \Vz{src)ﬁntgﬂgcpb@ Ho Fdaf2eie

ate actured by Hitach

agen%ﬁﬁeoggf:ﬁgoe&é}b@i vgh%; Y gﬁéct gfl R ﬁlr n%:gslmg c&{ng%%ht wats tproduced

illustrated in FIG ﬁﬁ ater. The painted

and the figghtteR Al qoL EPaPA° HSECHF aa‘(’tog 3 ’t"eti ERPder a nitr ogen
gas flow for 10 mnutes to forma substrate having a
copperachaf Bragipies [l 4y & catrlybcalypsifieancial was vt & PEigpation
washed in the sane way as in Exanple 10. In the

of redne@d empeewanphed sdingvey el thatitdyicelly wtppaetahadhus, the
observed in a region other than the copper particle

precipyitidn, of Thef €& dbtandealylie thapeintet eyee| entthcoaies hinalyinng
gaps of 1 nun, 2 mmand 5 mm respectively, in FIG 4

ConpafaBvOEanpe 3, Qo datfiicaBysttide Metdl wasiBed) €fut, iVl Of.thelfaiised layer
slightly higher resistances were shown than in Exanpl e

con%:&ns&t%lc@@%er L)ﬁgm% Atk Sut AR TS BE prig MR ¥r c\@@f)éﬂ Bto a region

rry of copper oxide nanoparticles
othe‘ 8 H’lfe%gltn%éd ?ayerb\xas observed.

[016

Comparative Examples 4 and 5, wherein the attempt for making a copper based
particle containing layer into a conductor was made, a high resistance was observed, or no
electric conduction was observed. In other words, the comparative examples had a problem

about electroconductivity.

[0163]

[Example 10]

(Steps from the formation of a Pd seed seeded substrate to the formation of a copper
particle layer)
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C. 1. Kasei Co., Ltd.; nunber-average: 50 nn) in
y-butyrol act one was pai nted onto a Pd-seeded epoxy
substrate as in Exanple 10 with a bar coater. The
resultant was dried on a hot plate at 100C under a
nitrogen gas flow for 10 mnutes to forma substrate
havi ng a copper oxide particle deposited film The

S era o S ok &gtlgé%agxﬁfgs At oY a8 ChlnE R LE1) 10
t at ed
e A 1 8 L0 S 00 L SOPRRE v

Thereafter, the substrate was washed and dried in the
regica iHistwigd in FEG. idh wiBsdansimenensed impacidis opladaveissd sl &queous

the el ectrodes having gaps of 1 mm 2 mmand 5 nmm
soluti @S @ISR 038 (nyanufattufell Gy Hdtacke Cher@icaDCoQ Lol.) aad @DB01 (ngrnufactured

respectively, which were not nore than the

by HiB&s Ch&ARAIC , 0Xe)) at 299T tforGf miltes. t Ehtreafter, [tRklnBstralkelOutat s
of the above-nentioned exanples and conparative

immESERf SR SHAYRNof dreathith e fol meYSEHn B&ndRod (ADP6, O
I Emt % 00 N9y Ga OCi OOTy OCEO a

mam(l%a((:%ureg bg Hli\gac%i Ehen%cg (,%., ﬂd.) for 5 minutes to seed Pd particles onto the
substrate (metal seeded layer). Copper/copper oxide core shell particles (manufactured by
Nisshin Engineering Inc.; number-average particle diameter: 41 nm) and copper oxide
nanoparticles (manufactured by C.I. Kasei Co., Ltd.; number-average particle diameter: 50 nm)
were mixed at a ratio by weight of 1:9, and the mixture was added to y-butyrolactone to give a
concentration of 20% by weight. The resultant was treated with an ultrasonic washer to
disperse the particles. In this way, a dispersion slurry was yielded. A bar coater was used to
paint this dispersion slurry onto the substrate, and then the painted film was dried on a hot plate
at 100°C under a nitrogen gas flow for 10 minutes to form a substrate having a copper particle
deposited film.
[0164]

(Formation of a copper particle layer)

Next, the individual components described in column 1 in Table 1 were weighed, and
mixed with each other to yield a treatment solution A.  The mole ratio of the chemical agent (a)
to the reducing agent (b) (a/b) in this treatment solution A was 10.2. The substrate having the
copper nanoparticle deposited film was put onto the bottom of a laboratory dish. Whilea

small piece of glass was put onto an end of the substrate to cause the substrate not to float, the

treatment solution A was poured thereinto so as to conduct a treatment (reaction) for 5 hours.
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As a result, without precipitating copper onto walls of the container or the like, the treatment
advanced while only the copper based particle painted region was selectively discolored. By
this treatment, the copper particle layer was discolored into dull copper color.  After the end of
the treatment, the resultant was immersed into extra pure water to be washed therewith.
Thereafter, the resultant was dried in the air.  About the electrodes having gaps of 1 mm and 5
mm, respectively, in FIG. 4, the resistances therebetween were each measured with a four-point
probe microresistance meter (Loresta MCP-T610, manufactured by Mitsubishi Chemical Corp.).
Using the film thickness obtained by FIB/SIM cross-section observation, which was 9.3 pm, the
volume resistances were calculated. The resistances were 2.3 x 10”7 Qm, and 1.0 x 10° Qm,
respectively.  As shown in FIG. 10, according to the FIB/SIM cross-section observation, no
structure made of the copper nanoparticles, which were a raw material, came to be seen, and a
structure of copper in the order of micrometers was generated.

[0165]

[Comparative Example 6]

A dispersion slurry yielded by adding copper/copper oxide core shell particles
(manufactured by Nisshin Engineering Inc.; number-average particle diameter: 41 nm) to
y-butyrolactone to give a concentration of 20% by weight was painted onto a Pd-seeded epoxy
substrate as in Example 10 with a bar coater. The resultant was dried on a hot plate at 100°C
under a nitrogen gas flow for 10 minutes to form a substrate having a copper particle layer.
Next, the substrate was treated in the same way as in Example 10. The treatment advanced
while only the copper based particle painted region was selectively discolored into copper color.
Moreover, during the treatment, the copper particles were partially peeled from the substrate.
Next, the resultant was dried in the same way as in Example 10. The resistances between the

electrodes having gaps of 1 mm, 2 mm and 5 mm, respectively, in FIG. 4 were 130 kQ2, 1.9 Q,
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and 1.0 Q, respectively. Thus, slightly higher resistances were shown than in Example 10.
[0166]

[Comparative Example 7]

A 5% by mass dispersion slurry of copper/copper oxide core shell particles (trial
product, manufactured by Fukuda Metal Foil & Powder Co., Ltd.), produced in a solution by a
laser ablation process, in y-butyrolactone was painted onto a polyimide substrate (trade name:
MCF-50001) with a bar coater. The resultant was dried on a hot plate at 100°C under a
nitrogen gas flow for 10 minutes. The painting and the drying were repeated 3 times to form a
substrate having a copper particle layer. The substrate was treated in the same way as in
Example 10. As a result, the treatment advanced while only the copper particle layer was
selectively discolored into copper color. The resultant was dried and the volume resistances
were obtained in the same way as in Example 10. The resistances were 2.0 x 10° Qm, and 1.1
x 10® Qm, respectively. Thus, these were higher volume resistances than in Example 10.

As illustrated in FIGs. 11, a structure in the form of a dense thin film was generated on
the surface of the copper particle layer. Below the film-form structure, a structure made of the
copper nanoparticles was seen.

[0167]

[Comparative Example 8]

Copper/copper oxide core shell particles (manufactured by Nisshin Engineering Inc.;
number-average particle diameter: 41 nm) and copper oxide nanoparticles (manufactured by C.1.
Kasei Co., Ltd.; number-average particle diameter: S0 nm) were mixed at a ratio by weight of
1:9, and then mixture was added to y-butyrolactone to give a concentration of 20% by weight.
The resultant was treated with an ultrasonic washer to disperse the particles. In this way, a

dispersion slurry was yielded. Painting this dispersion slurry onto an epoxy substrate
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values a 69 [0171] According to Tabl e 3, in Exanple
10, the resistance vvas Iow and further no copper

MC {ﬁ?ﬁ b b ere L G ﬂa?fmtgggrw%o Hrqus,

nples 6 to 9, the resistance_was or .copper
mampfpféereé by BerakewarElestiier orid dpHisms ﬂ%lﬁféﬁe‘% lﬁgl% Gptjdra bar coater.

conductor film although the resistance was | ow. From
The pdigted Bbuesdrefl on Chotydatati 106" Fde migogn go W for 10 minutes to
satisfactory results were not obtained. [0172]
form| Evnastkechatibl a Cqipepgartidlolayedr.heTHeansahic ovas oatal apd bathed inethe
to oxidizing treatnment) Copper/copper oxide core shell

samd@hyf dsGh ERarhfTRIM T 3 thid hRMenb Yx abiphsS thie PreCipEAARE tdpPer WS observed
nunber - average particle diameter: 41 nm were

ina fe@ﬁ)ﬁ oBRf Ahete 'cSHpQr }yarthz'fg 1X§e?.| e QR tanCes BEtWRerPthe electrodes having

gaps of 1 mm, 2 mm and 5 mm, respectively, in FIG. 4 were 0.2 Q, 0.4 Q, and 3.0 3,
respectively. Thus, slightly higher resistances were shown than in Example 10.
[0168]

[Comparative Example 9]

A 20% by weight dispersion slurry of copper oxide nanoparticles (manufactured by
C.I. Kasei Co., Ltd.; number-average: 50 nm) in y-butyrolactone was painted onto a Pd-seeded
epoxy substrate as in Example 10 with a bar coater. The resultant was dried on a hot plate at
100°C under a nitrogen gas flow for 10 minutes to form a substrate having a copper oxide
particle deposited film. The substrate was treated in the same way as in Example 10. Asa
result, a large amount of copper precipitated in a region other than the copper particle painted
region during the treatment. Thereafter, the substrate was washed and dried in the same way
as in Example 10. The resistances between the electrodes having gaps of 1 mm, 2 mm and 5
mm, respectively, in FIG. 4 were 0 Q, 0 Q, and 0.1 Q, respectively, which were not more than
the measurement lower limit of the tester.
[0169]

Results of the above-mentioned examples and comparative examples are shown in
Table 3.

[0170]
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[ Exanpl e 12] The sane treatnent and washing as in

Exanpl e 11 were conducted except that the substrate

was subjected to heating treatnent on a hot plate 200C

in tenperature in the air for 20 mnutes. The

resi stances were neasured with a tester. As a result,

the resi stances were each 0 S2, which was not nore

t han the nmeasurenment lower limt. Thus, about the
[017&] ect rodes having gaps of 1 nmand 5 nm

respectively, the resistances therebetween were each

neadasasdingiot Tablg 3, indupmplsil ftthgyessancaivgs lomedr fpstie copper

neter (Loresta MCP-T610, manufactured by M tsubish
preciphatad mahy fgiop.ojher Hhaethe egipst @ndeworfibne On the 9therhanddn

0.060 0O, respectively. [0175] [Conparative Exanple 10]
ComPara SRITamPRE 6 Y, ihetbastaae wheldgls ubsippatpeecpitnte@th a ragibinether

same way as in Exanple 11 was 71 subjected to liquid
than RRASEp e ESRLABNEInAMEoVRIY Bgstict Radbwberde thehebed to

heating treatnment (oxidizing treatnment) on any hot

. ' ' M or 10 m nutes.

ConfBhife B B TR e et 0 1 i and s
wlﬁﬂP respectively, in FIG 4, the resistances

‘Ther ebet ween were neasured wth a four-point probe

m croresistance neter (Loresta MCP-T610, nanufactured

by Exeawlsi dhi  Cheni cal Corp.). The vol une resistances

were cal cul ated usin the filmthickness obtained by

FI BASemsl feomoths fosmatiqng 2 o83 EG by (xéshizingikialPenilas 9.7 m

Asa result, the resistances were 4.2 x 10-6 am and

1. 3 CopisdcéppOnyxideaopebeli patigles (Manuddvowed HynNiFyh@ Engineering Inc.;

was not observed that a structure of copper turned
numb&aveRgdRiticle diBetSUDBiM BV &e ABorpbilates it@f-buatyiotucieh&o ghid.a

[0176] [Conparative Exanple 11] The sane treat nent and

condbRSAHoR B B9 bPwERRIP ITEe rbdultal viis GeAt el iesh @xsopt wakiat to
the substrate was subjected to heating treatnment on a

dispg'% th h%tlasﬁi OQ&:th.ﬁs_rlN A m%e?sﬁdﬁrsﬁmiynwats Qﬁlcﬁa.r _ TRl di?pgrsion slurry

secon e resistances were neasured with a tester.

was 'g‘?in?eg énté %ltplto{yxeqtn?/g suﬁagt%cltes {N’f@f—g 600Wa%uigctgr%& by ﬁ?tach@@gengc;g %1) ,

e
Y
Ltd.) 10 having copper foil patterns (hatched regions) illustrated in FIG. 4 with a bar coater.
Next, the painted film was dried on a hot plate at 100°C under a nitrogen gas flow for 10
minutes to form a substrate having a copper particle painted film. The substrate was subjected
to heating treatment on a hot plate 200°C in temperature in the air for 10 minutes, to be
subjected to oxidizing treatment. In this way, the surface of the painted film changed from
dark brown to greenish black.
[0173]

(Treatment with a treatment solution)

Next, the individual components described in column 1 in Table 1 were weighed, and

mixed with each other to yield a treatment solution A.  The substrate on which the painted film
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[0177] [Conparative Exanple 12] A 5% by nass

di spersion slurry of copper/copper oxide core shel
particles (trial product, manufactured by Fukuda
Metal Foil & Powder Co., Ltd.), produced in a solution
by a |aser ablation process, in y-butyrolactone was
pai nted onto a polyi m de substrate (trade nane:

was (TRT SAL OB MALP oM RES PRYE DR e Fsf e gt of et was put

pl ate at 100C under a nitrogen gas flow for 10 .

ontorgnepd elsthe sphgtrateiogeyss élezi\ﬁbd‘tfﬁtﬁ got tei Floatrige festraent sqfeiondavas
times to forma substrate having a copper based

pouned thefegrit@sorsitmtaadudt i [maatmentiier Sshebest r By éhisnasstonané dlteeedpiwr t h
the treatnment solution Ain the sane way as in Exanple

partitlb.paifited filid was dataliend ineocind Rogdr adidr] eAberlthe dndef the ppement, the
particle painted region was sel ectively discol ored

resultdtk Qas HORREA 186 EQfa putdwit&i 8o BEWRh¥WBMerdwith. N ThéRARr 8hdrksultant
the resultant was dried and then the vol une

was Eiﬁéd 1%&@}%95N%ﬁr&09hhéél&%@desm@né gk of ﬁﬂ)ﬁﬁﬁld\@‘%ﬁrﬁ réspBetiely,
5 Qn and S2m respectlve y. Thus, these

in FiQ?l ’US? re%hgrli eélf?lerﬁﬁ%gge%%f% %nﬁ ?‘lr UC ur étlhq fﬁ %%‘H]# TO él- AS

rmof a

se th|n f rate sur.f.ace
micogaRapeida gl o SRRl B helita gy %R’ﬂef&u*w?ﬁl B o).
structure, a structure nade of the cop
Usingaheotlay thickness ojpinedby dikB/SIM erosy- %&Hbﬁg""é@n’l‘:‘&@%‘i‘”@§ 3 ym, the
to 12 and Conparative Exanples 10 to 12 are shown in

voluTwiypsistandes Yed POIaTG. OThe 1@yitarigeswery 48 EL0X (Bm.Rné 5G a0y,
QQN-ONiIin>UCOCD

respectively. As shown in FIG. 12, according to the FIB/SIM cross-section observation, a

structure of copper near the substrate grew to be coarse.

[0174]

[Example 12]

The same treatment and washing as in Example 11 were conducted except that the
substrate was subjected to heating treatment on a hot plate 200°C in temperature in the air for 20
minutes. The resistances were measured with a tester.  As a result, the resistances were each
0 €2, which was not more than the measurement lower limit. Thus, about the electrodes having
gaps of 1 mm and 5 mm, respectively, the resistances therebetween were each measured with a
four-point probe microresistance meter (Loresta MCP-T610, manufactured by Mitsubishi
Chemical Corp.). The resistances were 0.129 2 and 0.060 Q, respectively.

[0175]

[Comparative Example 10]

A copper nanoparticle painted substrate formed in the same way as in Example 11 was
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subjected to liquid phase treatment and washing without being subjected to heating treatment
(oxidizing treatment) on any hot plate 200°C in temperature in the air for 10 minutes. Next,
about the electrodes having gaps of 1 mm and 5 mm, respectively, in FIG. 4, the resistances
therebetween were measured with a four-point probe microresistance meter (Loresta MCP-T610,
manufactured by Mitsubishi Chemical Corp.). The volume resistances were calculated using
the film thickness obtained by FIB/SIM cross-section observation, which was 9.7 um. Asa
result, the resistances were 4.2 x 10 Om, and 1.3 x 10° Qm, respectively.

As shown in FIG. 13, it was not observed that a structure of copper turned coarse near
the substrate as illustrated in FIG. 12.

[0176]

[Comparative Example 11]

The same treatment and washing as in Example 11 were conducted except that the
substrate was subjected to heating treatment on a hot plate 200°C in temperature in the air for 30
seconds. The resistances were measured with a tester.  As a result, the resistances were 0.041
Q, and 0.061 Q, respectively.

[0177]

[Comparative Example 12]

A 5% by mass dispersion slurry of copper/copper oxide core shell particles (trial
product, manufactured by Fukuda Metal Foil & Powder Co., Ltd.), produced in a solution by a
Jaser ablation process, in y-butyrolactone was painted onto a polyimide substrate (trade name:
MCF-50001, manufactured by Hitachi Chemical Co., Ltd.) with a bar coater. The resultant was
dried on a hot plate at 100°C under a nitrogen gas flow for 10 minutes. The painting and the
drying were repeated 3 times to form a substrate having a copper based particle painted film.

The substrate was treated with the treatment solution A in the same way as in Example 11. The
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treatment advanced while only the copper particle painted region was selectively discolored into
copper color. In the same way as in Example 11, the resultant was dried and then the volume
resistances were obtained. The resistances were 2.0 x 10 Qm, and 1.1 x 10®° Qm,
respectively. Thus, these were higher volume resistances than in Example 11.

As illustrated in FIGs. 14, a structure in the form of a dense thin film was generated on
the surface of the copper based particle layer. Below the film-form structure, a structure made
of the copper nanoparticles was seen.

[0178]

Results of Examples 11 to 12 and Comparative Examples 10 to 12 are shown in Table

4.

[0179]
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Pl 1 A copper conductor filmobtained by treating a

copper based particle containing |ayer which contains

both of a metal having catalytic activity onto a

reduci ng agent and a copper oxide with a treatnent

sol ution which contains, in the single solution, a

chem cal agent for ionizing or conplexing the copper
i de, and a reducing agent for reducing a copper ion

copper conplex to be made into netallic copper

[ 2] _The copper. conductor film according tq.claim1,

WheHat FIPRBOE ferh1aslF 4 sbinceatort Exppies | lnagldg% LRI &GO

the copper oxide is at |east one selected fromthe

film gavesn pr reBivirics weheptaified thmsn Eomparptigdvramplat Hl Wildg It is presumed
conpounds, salts of basic nitrogen-containing

that thisnip cansealishat ia densg asyiper filacvaorngdlint the ddptlisne wghad io theaiutksmost
organic acids, salts of organic acids, Lewi s acids,

rq;aﬁﬁgkﬁﬁgﬁ_ di t hi zone, hydroxyqui nol i ne, EDTA, and
(3-di ketones. [3] The copper conductor film according
to claiml or 2, wherein the reduci ng agent for
reduci ng a copper ion or copper conplex is at |east
one selected fromthe group consisting of
hydr ogenat ed boron conpounds, hydrogenated al um num
conpounds, al kyl am neborane, hydrazi ne conpounds,
al dehyde conpounds, phosphorous aci d conmpounds,
hypophosphorous acid conmpounds, ascorbic acid, adipic
acid, formc acid, alcohols, tin (Il) conpounds,
nmetallic tin, and hydroxyam nes. [4] The copper
conductor filmaccording to any one of clains | to 3,
wherein the copper oxide contained in the copper
based particle containing |layer is cuprous oxide
and/ or cupric oxide. [5] The copper conductor film
according to any one of claims | to 4, wherein the
nmetal having catal yst activity onto the reducing
agent is a transition netal in a nmetallic formor an
alloy. 76 [6] The copper conductor filmaccording to
claimb5, wherein the transition netal or the alloy is
a nmetal selected fromthe group consisting of Cu, Pd,
Ag, Ru, Rh, NI, Pt and An, or an alloy containing the
metal. [7] The copper conductor film according to any
one of clainms Ito 6, wherein the copper

[018
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based particle containing | ayer contains, as the netal
havi ng catal yst activity onto the reducing agent and
t he copper oxide, particles having a core/shel
structure having a core region conprising the netal
and a shell region conprising the copper oxide. [8]
The copper conductor filmaccording to any one of
CLfg to 6, wherein the copper based particle
ontalnlng | ayer is a layer wherein m xed particles in
which the followng are mxed at an arbitrary ratio
are deposited: particles conprising the netal having
catal yst activit onto the reducing agent as a
[11 conpoiverar conguefoniala ghgdined by Grgsing gicprper basedriptisdy copteaingng layer
as a conponent. [9] The copper conductor film
whidkaootahs hgth bbHa metyl lomeg oftalylicicheitylont@a Sduongmgeitand feopper
copper based particle containing |ayer is a |ayer
oxideRgthaitiRatiextedlufiad Which emitding, iMhedingldw@hitioh, la@hémigalapent for
m xed at an arbitrary ratio are deposited: particles

joni SRNEH dofhbREink AR cOFeRbxifd M d Wrebin! aﬁ&ﬁ f@GéduVing ¥ coppBt ibn or
t he reduci ng agent as a conponent; particles

as a conponent; and
“m&§g$%%?gBgﬁ%@&%%RHR%%PQ&%ﬁg]I Sstructure haV|ng a core
gﬁ? Ig%? ﬁ()é)pnlp u%ulcﬂog ﬁEanrl] gcrclz En%ldo c %lv I gYheCelant tﬁ% %hse%:néc% zg Ie}lltl t%xy
t.he co de 1Q The co er co uctor f||
lomae%wrca?“ﬁﬁ% (FOPRShEXIYT s af lggs 18“%‘{1 AREC ST PP FW@“tmg of
copper based particle contalnlng | ayer is a |layer
basie Bra gl BipinsLATRRHh §alish basicaniToppR-rOniARiAg pragpopiyds, inorganic
depositing particles conprising as a conponent the
acidsrstltel of rmvganig acids, atggsit agds, palls pforgamicacidsglewiseabifdsi digrimes,
agent, one or nore |ayers containing particles
dithzomegphy dsdxyquihdlme CRIPPre andRidiketoass. as to contact the
deposi tion-obtai ned | ayer. [11] The copper conductor
[3] fi | mhaesgpeion@ictd? iR YccBfithgQb clginfl 652, WhbiRinGhe MMRAR ABent for
the copper 77 based particle containing layer is a

redulcﬁag 8leofpiet Rh BEhpPY chAp {1 flat 266t o eRcRd EBYGhe O RhINHAF of
netal having ca a yst activity onto the reducing
hydr%gce

et bgr%g ?rﬁ%oqgﬁselﬁycé(y %ﬁast %ﬂfx?&? ng &1?15 l?if%meborane,
hydfﬁ”%tggé’o%“ﬁ e 2%95%?%} bz W s cﬁ?f%” %.*ﬂ?fé’%swomus

of a netal having catal t|c activity ontgo a reducing
acidggpeunds, 3prarbic acgh pipic % of@mrl%actlﬁl»ék?e P 1R camppungs, r‘ﬁ%ﬁ‘ﬁ“lc

sol ution which contains, in the single solution, a
tin, and hydroxyamines.

"O;.

[4] The copper conductor film according to any one of claims 1 to 3, wherein the copper
oxide contained in the copper based particle containing layer is cuprous oxide and/or cupric
oxide.

(5] The copper conductor film according to any one of claims 1 to 4, wherein the metal
having catalyst activity onto the reducing agent is a transition metal in a metallic form or an

alloy.
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chem cal agent for ionizing or conplexing the copper
oxi de, and a reducing agent for reducing a copper ion
or copper conplex to be made into netallic copper

[13] Patterned copper conductor wiring, wherein a
copper based particle containing |ayer containing
bot h of a netal havi ng catalytic activity onto a

[6] [)reld ﬂfxft 1;.' pe &L\ﬁOF F ﬁ@a%%r % BIOX érer:gm tfx)r tef';lntgﬁlgr? xdnteﬁyor the
patterned copper based particl c n er
alloy 15 & geetpd pRlecHRdriioBY the giopRyCRshineh gt Gk & fftii i‘g‘glqinﬁi Alor'an

contains, in the single solution, a chenm cal agent
ﬂbf@WﬁMmWE%¢ﬁ@mbr conpl exi ng the copper oxide, and a
reduci ng agent for reducing a copper ion or copper
7] conhexopper doedusted 8o adcordimgttahiyi ane ob@pes 1 t¢ 4.47hefffrethe copper
patterned copper conductor wiring according to claim
based PartiAld €6:@4iRin R erWohtaink, g the iSet: hivingnatatysr detitityeontoihp &xducing
based particle containing |layer is any one sel ected

agerlt At DpE RUR, patiRNS hddihd\DcRE/steN Kirkc@iré hd¥ehg aofed8flon
sprinting, transfer printing, offset printing, |jet

comgrrl%r:;gethgglcta?andqls %ﬁ‘%&‘éﬁ €0 rféﬂl e e?;?et?{ a Sl it coater,

oat er a grav

51 Comitr it CRET B Gpr Pt o et Gt 3%%% P e copper
| ayer contajning a metal having, cat ctiyv
based gRigcls CPRBIOEE ey iy er Wheeeis eggd B?mraieg ?i&ﬁ ﬂberiofi‘?i%ng are
| ayer, copper particle layer containing partijcles
mix ¢t ian grbararscrei«errs Hertopitedt parealescamprisighe Belaldiaing sgfpiyy activity
conpri sing copper and a shell region conprising a
ontogbprréucingxiges as apemppactt] al earticlengmipsising theleppsoppéaras a
oxide, and 78 the step of treating the copper particle
compéeat. With a treatnent solution which contains a
cheni cal agent for ionizing or conplexing the copper
[9] OXi Oifhe caiper @nihREVH Gl GccdERY to bR orle@dbiGinRY 86, WIRPEEthe c&fper
or copper conplex to be made into netallic copper.

' aic1edid Which ¥ foll
e lﬁélé&% B O T

mix r? Jtlah & b%s raglo Ay %gxtedn%arﬁﬁés%él%hg ulé% t%& ﬁ]%%f ﬁé@&ﬁ thlgst a@t@vxty

artic
ht of t f or |atter i
ontofiiay%tr%a s e S GO WetRDH opiE4° & Rponent;
conducti ve substrate according to claim15 or 16,
and piréieles hpvis Gprefshel SINEHTCAYIng 3 E9FF IEIOP camBrisinehe matakhanipe

agent (b) in the treatnent solution, the
catalyst activity onto the reducing agent and a shell region comprising the copper oxide.

[10] The copper conductor film according to any one of claims 1 to 6, wherein the copper
based particle containing layer is a layer obtained by laminating, onto a layer obtained by
depositing particles comprising as a component the metal having catalyst activity onto the
reducing agent, one or more layers containing particles comprising the copper oxide so as to
contact the deposition-obtained layer.

[11] The copper conductor film according to any one of claims 1 to 6, wherein the copper
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nole ratio (a/b) of the former to the latter is |ess

t han 5000. [18] The manufacturing nethod of a
conductive substrate according to any one of clains

15 to 17, wherein the chem cal agent for ionizing or
conpl exi ng the copper oxide is at | east one selected
fromthe group consisting of basic nitrogen-containing

onpounds,. salts .of basic. njtrogen-containin ..
baseq BrPEIGRRAINR 5 Gnt RV b ined by fapBnatpe Pl At Prtainghe
organic acids, salts of _organic acids, Lew s acids, .
meta} heRngelystRciikitzStthe FRPNTBRAEGH: PRSI more lprstsconigippe particles
(3-di ketones. [19] The nmanufacturing nethod of a
compraei (be ¢opperiisist rat e according to any one of clains
15 to 18, wherein the reducing agent for reducing a
[12]coppenadufaatucing methpéof coppdr ecndustorafiln, whertin @ veppes bdsedpagiable
fromthe group consisting of hydrogenated boron
contSIRIHR Y8k hicKydhaa 6 BBl d ndtaliidvitigitata GOR@HIgSHto a reducing agent,
al kyl am nebor ane, hydrazi ne conpounds, al dehyde

and § PSFROURER is PHAARNA QKA R Bluti6RWRRH B6lRains, in the single solution, a
hypophosphor ous aci d conmpounds, ascorbic acid, adipic

i i C.aci | i .
chen?irgel%l gg?n}zt gorrE‘c}nﬁz’lx?ggéﬁgo?%@g?gg@g?ﬁpﬁgé A 1 6(2%1(1)3 _I:E(gmg ‘AE&% for reducing a

nanufacturinglgﬁghﬁd 9#'% COEQUCtive substrate
COPESE P8 PHF WGt B™RITY “ONET T P AHE " ‘Mt o 19, wherein the
nmetal having catal yst activity onto %he redqcing,a ent
[131i s Rattqrugiaopnes porgrdten Wirpg, wheyelraoppe bpss RIHLe S30 %‘Fl%%(}.yer
[21] The manufacturing method of a conductive o
contgigiyg bpthtod a a@@bhmwalagﬂé Reivity om0 aviplipiag peeal andmycopper oxide is
| east one of the transition nmetal or the alloy is a
patteraddaly psietiggs thedvifingmirttgbtagred bp treasing ks tpritgyneadfcofier baddd particle
Ag, Ru, Rh, Ni, Pt and An. [22] A conductive substrate
contiiidllaet wraattatmentmaaadistiia\veattishisbludbewhialn ednsedisyinitikgsingle
nmethod as recited in any one of clains 15 to 21. [23]
soluflor 1B REdAE41 Wfdnh fr MR 06mBORREM e 6PREUSIAR] anMalrbdging agent for
conprising: the step of formng, on a substrate, a

redulgﬁ %rcoﬁp%p ﬂiopkﬁge@oﬁ?feﬁlko lnsar}{aid@ ht& ﬂlﬁ:ﬁhﬂékbﬁbe@a i Yi ty

nto a reducl ng age the step of drawng a wiring

pattern usi a painting.slurry which. t ai -
napar cig el Someb SRk BT P B% b0 s priging

egi on conpri sj ng copper a shell reqgio
usec{ to %attern t%e copper bas part%?e contaxrx]xgngQayer 1S any onegseleaed from the group

consisting of ink-jetting, screen sprinting, transfer printing, offset printing, jet printing, a
dispenser, a comma coater, a slit coater, a die coater, and a gravure coater.
[15] A manufacturing method of a conductive substrate, comprising:

the step of forming, on a substrate, a layer containing a metal having catalytic activity
onto a reducing agent,

the step of forming, on the layer, copper particle layer containing particles having a
core/shell structure having a core region comprising copper and a shell region comprising a

copper oxide, and particles comprising the copper oxide, and
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conprising a copper oxide, and particles conprising

t he copper oxide on the |ayer, and the step of
treating the drawn wiring pattern, which is made from
the painting slurry, wth a treatnment solution which
contains a chem cal agent for ionizing or conplexing

t he copper oxi de, and a reducing agent for reducing a

coppe or. cqpper c lLex to.be made in tallic
cop et o R EPIEE TR 1o Y R LR P BT By o
copper conductor wrjing manufacturin nmet hod as .

cherpiga] jage@ fqr jpreging ghcompleipgthe %Ppﬁﬁ‘rﬂ}fd&c%‘%ﬁ TRECRE eEdE opFedycing
conductive substrate, conprising: the step of

“mnmmonptﬂ@pﬂanm@bat@@b@%kéﬁ@pwﬁﬂbabmﬁing slurry which
contains particles having a core/shell structure

[16]hav Thg mandadt@ingegstiond of @ nprligivagubsopp arcoding taclginel S, wherein
region conprising a copper oxide, thereby fornmng a

abou® @He%ﬁﬂleﬁ () Mavihd@e Sérephelfstredtib 6l the@atibRs (9 Esmdising the
painted filmto oxidizing treatnment to decrease the

coppq{’ Stifid, Bt b @B b REiokQP Hférfor% QenLIRR NG 191adyel |y

romthe outernost region of the painted filmtoward

17]t he rgub EJthn‘?rgxgt%‘Ql%cﬁi 184 28 Bch sisGak %&&d@&\?\? 'n[‘fse% 46

f|In1su Jec € OoXl |Z|n trea

t solu talns a ent. fo
wheleP TR SO NOB P S BEpp BRenDg ahe Eipageiion the
reduci ng agent for_ reducing a co&Per |on or copper
molei3fp (3R of Beumentvdhs it et 41aniSeY0. copper. [26] The
manuf acturing nmet hod of a conductive substrate
[18]ac c dihdimagnfaafurisizanatho@®f 2 gpndpeiva subshiete asehdingitagny one of claims
treatnment is conducted by heating the painted filmin
15 té hE wéetein th@qtemidabagesirfof iagiting pmngmpixingdheaiopizer onidelis @t leasgone
substrate according to claim?25 or 26, wherein the
seleGtBLRbIE @e cR@PRbndisting bOAkiZ iniheg&i-confdhokipGuidiealtOf Pasic
oxide is at |east one selected fromthe group

nltr(%@[tﬂéé)n%é{lﬁlﬁ cSHpRAG! mofdhilif RIRNsRO O iBbrPidAdaERNRLHRARIds, salts of
salts of basic nitrogen-containing compounds,

orgahﬂ%raiggie&?saa% gsd’xox%ﬁtl:st gﬁthgoné %g&g%hﬁloﬂl?é gﬁgA,oAfng@ndllgetones

or gani c aél Lew s i oXI mes

[19][ Izié]h[l h%-%gle%%%%&%l S ga/ieE:D\;;li)As\ga € accqie 1(d3 qo ar%g QRGP claims

15 tc? lIJSb Sv&h%raegnethg ?e(c:h?crngé a%%nttfgr r%%lngg%ogpfer 1%|n aolr g)%per complex is at least one
selected from the group consisting of hydrogenated boron compounds, hydrogenated aluminum
compounds, alkylamineborane, hydrazine compounds, aldehyde compounds, phosphorous acid
compounds, hypophosphorous acid compounds, ascorbic acid, adipic acid, formic acid, alcohols,
tin (IT) compounds, metallic tin, and hydroxyamines.

[20] The manufacturing method of a conductive substrate according to any one of claims

15 to 19, wherein the metal having catalyst activity onto the reducing agent is a transition metal

in a metallic form or an alloy.

[21] The manufacturing method of a conductive substrate according to claim 20, wherein at
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25 to 27, wherein the reducing agent for reducing a
copper ion or copper conplex is at |east one selected
fromthe group consisting of hydrogenated boron
conmpounds, hydrogenat ed al umi num conpounds,

al kyl am nebor ane, hydrazi ne conpounds, al dehyde
conpounds, phosphorous acid conpounds,

hypophosphor ous aci d conpounds scorbi ¢ _acid, adipic
leastgBp g be B hon e or e S5 Lmeafseff ey [ s e Rete f Cu,

metallic tin, and hydroxyam nes. [29] A conductive
Pd, AgyRay RN, PreRdifBct ured by a conductive substrate

manufacturing method as recited in any one of clains
[22]25 toofdictif S@pstatamanufagradby agorductieduptrategppeiacturing method

conductor wring, conprising: the step of drawing a
as reditdd in gnyp@ictoétlaingdisng2h pai nting slurry which contains

particles having a coreishell structure having a core
[23]" €9iARa QiR b S indGio€ BRPEFer 3B HudoSRBInE, dofglahg:

conprising a copper oxide onto a substrate, the step
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omo%%gﬁﬁﬁﬁ%,&Qe di stribution of the copper oxide

cornfponent "81 gradually fromthe outernost region of

the wirin attern toward the substrate, t.he step of.
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treatnment with a treatnment solution which coqiains a
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oxi de, and a reducing agent for reducing a copper ion
comprisietppwpereaide] st particlorcomprising fregopnst efidd en thelgppeand

and the step of washing away the treatnent sol ution.

[ 31]theGogppe kreatimp checdrovn wiring pajtens mbich i madedrapythapggpygesturry,

conductor wiring manufacturing nethod as recited in
withGl tedafihedPsolltda whishich@ah® Hemsdaal afehtdfor baizingakiongl&ingekdal

having catalytic activity onto a reducing agent, and
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conductor, the treatnment solution containing a
1ndﬁﬁ§%%ﬁ§! agent for ionizing or conplexing the copper

oxi de; and a reducing agent for reducing a copper ion
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[25] A manufacturing method of a conductive substrate, comprising:

the step of painting, onto a substrate, a painting slurry which contains particles having
a core/shell structure having a core region comprising copper and a shell region comprising a
copper oxide, thereby forming a painted film,

the step of subjecting the formed painted film to oxidizing treatment to decrease the
distribution of the copper oxide component gradually from the outermost region of the painted

film toward the substrate, and

the step of treating the painted film subjected to the oxidizing treatment with a
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or conpl exing the copper oxide is at |east one

sel ected fromthe group consisting of basic

ni trogen-contai ni ng conpounds, salts of basic

ni trogen- cont ai ni ng conmpounds, inorganic acids, salts
of inorganic acids, organic acids, salts of organic
acids, Lew s acids, dioxines, dithizone,
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group consisting of hydrogenated boron conpounds,
copeydr ogenat ed al um num conpounds, al kyl am nebor ane,
hydr azi ne conpounds, al dehyde conpounds, phosphorous
[26]aci d’heoapdantd g nieyipd pfie spidoctve subsaae accomimgdwlclais) 25, wherein
ascorbic acid, adipic acid, formc acid, alcohols, tin
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[27] The manufacturing method of a conductive substrate according to claim 25 or 26,
wherein the chemical agent for ionizing or complexing the copper oxide is at least one selected
from the group consisting of basic nitrogen-containing compounds, salts of basic
nitrogen-containing compounds, inorganic acids, salts of inorganic acids, organic acids, salts of
organic acids, Lewis acids, dioximes, dithizone, hydroxyquinoline, EDTA, and B-diketones.
[28] The manufacturing method of a conductive substrate according to any one of claims
25 to 27, wherein the reducing agent for reducing a copper ion or copper complex is at least one
selected from the group consisting of hydrogenated boron compounds, hydrogenated aluminum
compounds, alkylamineborane, hydrazine compounds, aldehyde compounds, phosphorous acid
compounds, hypophosphorous acid compounds, ascorbic acid, adipic acid, formic acid, alcohols,
tin (IT) compounds, metallic tin, and hydroxyamines.
[29] A conductive substrate manufactured by a conductive substrate manufacturing method
as recited in any one of claims 25 to 28.
[30] A manufacturing method of copper conductor wiring, comprising:
the step of drawing a wiring pattern using a painting slurry which contains particles
having a core/shell structure having a core region comprising copper and a shell region
comprising a copper oxide onto a substrate,

the step of subjecting the drawn wiring pattern, which is made from the painted

solution, to oxidizing treatment to decrease the distribution of the copper oxide component
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gradually from the outermost region of the wiring pattern toward the substrate,

the step of treating the wiring pattern subjected to the oxidizing treatment with a
treatment solution which contains a chemical agent for ionizing or complexing the copper oxide,
and a reducing agent for reducing a copper ion or copper complex to be made into metallic
copper, and the step of washing away the treatment solution.
[31] Copper conductor wiring manufactured by a copper conductor wiring manufacturing
method as recited in claim 30.
[32] A treatment sélution for making a metal having catalytic activity onto a reducing agent,
and a layer or laminate containing a copper oxide into a conductor,

the treatment solution containing a chemical agent for ionizing or complexing the
copper oxide, and a reducing agent for reducing a copper ion or copper complex to be made into
metallic copper.
[33] The treatment solution according to claim 32, wherein the chemical agent for ionizing
or complexing the copper oxide is at least one selected from the group consisting of basic
nitrogen-containing compounds, salts of basic nitrogen-containing compounds, inorganic acids,
salts of inorganic acids, organic acids, salts of organic acids, Lewis acids, dioximes, dithizone,
hydroxyquinoline, EDTA, and B-diketones.
[34] The treatment solution according to claim 32 or 33, wherein the reducing agent for
reducing a copper ion or copper complex is at least one selected from the group consisting of
hydrogenated boron compounds, hydrogenated aluminum compounds, alkylamineborane,
hydrazine compounds, aldehyde compounds, phosphorous acid compounds, hypophosphorous
acid compounds, ascorbic acid, adipic acid, formic acid, alcohols, tin (II) compounds, metallic

tin, and hydroxyamines.
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