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Technical Field
[0001]

The present invention relates to a copper conductor film and a manufacturing method
thereof, a conductive substrate and a manufacturing method thereof, copper conductor wiring
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
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[0005]

The reason why the conductivity of such a conventional copper conductor film made
from silver/copper paste is low is that: in the copper conductor film obtained by the
silver/copper paste, in order that only some parts of particles of the metals physically contact
each other, the number of the contact points is small; contact resistance is generated in the
contact points; and the binder remains between some parts of the particles so that the particles
are hindered from contacting each other directly.

[0006]

Moreover, in conventional silver pastes, silver particles are in the form of flakes
having from 1 to 100 pum 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
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[0008]

However, when using nanoparticles of a noble metal such as gold or silver, the unit
price for producing a superfine-printing dispersion slurry thereof also increases since the
material itself is expensive. This matter is a seriously large economic obstacle against the
spread of the article as a versatile article into a wide range.

Furthermore, as the width of wiring lines and the space between the wiring lines
become narrower, in the case of silver nanoparticles, a drawback that electromigration causes a
fall in electric conductance between circuits becomes clearer as a problem.

[0009]

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 alky! group (for example, Patent

Documents 3 and 4).
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[0011]

As illustrated in FIG. 1, a fusion state between the particles is largely varied in
accordance with the temperature of the melt-bonding. The state has a great effect on physical
properties of a sintered film of the copper 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.
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Disclosure of the Invention

Problems to be solved by the invention
[0014]

In light of the above-mentioned problems in the prior art, the invention has been made.
A target of the invention is to attain the following objects:

An object of the invention is 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, 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
lonizing 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
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thy zill which &g further object of the invention is to provide copper conductor wiring dense 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 have made eager investigations. As a result, the inventors have found out a method
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(1) A copper conductor film obtained by 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 metallic copper.

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
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 3-diketones.

[0018]

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



are each a pathe whole of which is nmade of an oxi de copper only or a
particle having a shelleluding a copper oxide and a cote region

nct udi ugamwenal ot her than copper oxide. [0017] he copper
conductor filmaccordir to item (1), wherein the chem cal agent for
ionizinr or conplexing the copper oxide is at |east one selected from
the group consisting of basic nitroge ontanring conpounds, salts of
basi c n|t§og%n .cont ai ni.n

ound r nic a ails o
|norgan|c Se§HE? CPPYd 9%”” egﬁgmiggfﬁﬂ ? 83%F£§%E§5§¥TE“P§“iTgOf
aci ds, t ne dj thlzone yqui noline, MA DC |
hydr ogena yéjlﬁo OE‘BE“F[?B’BH‘B?S ﬁ‘?’g‘fo&ﬁ‘éﬁﬁ apumi PSHAOS, a”ﬁﬂ%i’f“&ﬂé’rane
hydr azi ne conpounds | ehydeconpounds, ohosphorous aci d conpounds,
hophos phob¥EREITS PP @ Gﬁiﬁ‘l}@e copaRagRdsi phosp}iorqys ecid €prapmds, pyrophosphorous
conmpounds netallic tin, and bydroxyan3i nes, [001.9] (4) The
copper co#rdlempourdfds) avrabic ovidi adgoreeidoforsicund, {lddhotsotin( (B) comprened, metafie
copper oxide contained in the copper based particle contaimg | ayer
i S cupr ousn,axd Belr&gsthi@es. cupri ¢ oxi de, [00201 (5) The copper
conductor filmaccordingo ens (1) to ( netal ha rfl)c cat; Lysto the

redur.ingoaggnt is a transition netal in a nmetallic formor an alloy.
[ 0021]

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

[0020]

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

[0021]

(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
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having catalyst activity onto the reducing agent and a shell region including the copper oxide.
[0025]

(10) 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 obtained
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
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oxide is patterned by printing, the wiring being obtained by treating the patterned copper based
particle containing layer in a treatment manner using 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.

[0029]

(14) The patterned copper conductor wiring according to item (13), wherein the
printing used to pattern the copper based particle containing layer is any one 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.

[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
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according o item03), wherein the printing used to pattern the
copper based particle containing |ayer SS any one selected fromthe
group consisting of ink-jetting, screenting, transfer printingg, jet
pr in disoensci, a comma coater, a slit coater, a die coater, and a
m avure coater. [00301 (15) A manufacturing nethod of a
conductive substrate, including the step of formng, on a substrate,

a | ayer El'fu%élq qQ9+& 1(%‘?}1 or%"611¥1 l i}ét l[h% c?P%texl' c\>/x|1(5ey ar(ljdn ai[ r%?uachnrélea%gn %S(fug}né a’

the :c3: le aye cont al nihg pa I cres yI Ng & core

h | udi n eII region including a
cggngg gxforegﬁﬁkggpgw%Fg %h@iﬂﬂfﬁﬁ°ﬁﬁ@ ESPPEt oxi de, and the step

of treatin the copper particle layer with a trea lent solution which
cont ai ns [(Y&léni cal agent 1 Org or cornpiexng the copper oxide, and a
reduci ng aeent for reducing a copper ion or copper conplex to be
maci ¢ xnt one [ 008 The manufacturing n@fhotivéa poradnuitvasibairitngccnwlitead iton 1 5),
conci ucusesubstrate according to item (15), wherein about the,
parti cl esviese)n dvavti thgeotiadsgiglaling tieyoteshd] standre el tpapdriiddsegintlgdibhee
copper oxide, the ratio 'y) by weight O the fornmer to the lager is
from 1/ 1 cbgped oxli, the ratio (x/y) by weight of the former to the latter is from 1/1 to 1/19.

[0032]

(17) The manufacturing method of a conductive substrate according to item (15) or
(16), wherein about the chemical agent (a) and the reducing agent (b) in the treatment solution,
the mole ratio (a/b) of the former to the latter is less than 5000.

[0033]

(18) The manufacturing method of a conductive substrate according to any 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
-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



100321 17) The inanufacturing nethod of a conductive
substrate according to item 15) or (16), Werein abOJE the chem cal
age (a) and the reducing agent (b) in the treatnent solution, the
nmole ratio (alb) of the forno the latter is | ess than 5000. [00331
(18) The manufltcturiug nmethod of a conductive substrate according to
any one of iti ris (15) to (YR wherein the chem cal agent for oni g
or conptgpéﬁ? the copper nti |east one selected horn the gt p citnsi

tg of ba nitrogg conpounds, salts of basic nitrcigencontaintng
conpounds, i nor anlc acids, salts of inorganic acids, organt a salts
of organic aci d&) Thewpaifsiking megiogef d cergyHIyA BYstrate pesOT i 2EDPIK ofand
P-di ket ori es. [00 (19) The :manufacturittu nethodconductive

subst r at etege €150 th (EN, Wberejnyhe(m@aldlhviog ¢alal@) activiie peb thetrbdicingdpoit g aent
fitr reducing a copper ion or copper conplex it one selecto map

consi st i ngnofiorhydsloge natabd fhar drmmedsgpounds, hydr ogenat ed al um num
conpoundsnnebor ane, hydrazi ne conpounds, ai dehyde conpounds,

phosphor goseaci d conpounds, hypopt ht aphot ous aci d conpounds, ascorbic
acid, adipic acid, tic acid, alcohols, tin (1.1) conpounds,

met al l'icand I's ) 1') frig ;n)(ﬁlfﬁvhﬂﬁl% metHod Q¥ §§Jndu((tgfg bubbB&e §§;g§!%gg?{gy 1t§1f11€('%)u ring

meth he n mor an ahoy

wherein at least one of the transition metal or the alloy is a metal selected from the group
consisting of Cu, Pd, Ag, Ru, Rh, Ni, Pt and Au.
[0037]

(22) A conductive substrate manufactured by a conductive substrate manufacturing
method as recited in any one of items (15) to (21).
[0038]

(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



at,3g to any one or ctivity onto the reducing agent is a [0036]
(21.) The manuflcturing nmethod of a conductive substrate according to
item (20 wherein at |east one of the transittonnetal or the alloy is
a netal selected fromthe group consisting [0037] (22) A constrate
manuf actured by a condueti substratel anufact nmethod as recited iens
(I5)to(21). [00311; (23) A manufactunethod of copper conductor
wiring, including: . .. . of formng, on a substrate, a |ayer
cont ai ni "8 aFttE’E"gﬂ metheA ??d‘?mé%\’t“dfe?’t{zé)' activity onto a reducing agent,
the step of drawing any wiring pattern using a painting slurry which
contar | es0H&Vi ng core/shel | structure having a core region includng
copper and a shell regiol a. copper oxide, and particles including
the copper oxi d%)dmanmhéctugyemethahol & dvedustivpsubstrate atuidmg: t he dr awn
wiring pattern,:eh is made fromthe painting with a treatnent

sol uti on whi ch tigzoxdpaif psntinge biesrs edlstraiganhinfiog slioniviicin gontrinsqartivtes having

a core/shell structure having a core region including copper and a shell region including 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
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
coppet.
[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 pB-diketones.
[0043]

(28) The manufacturing method of a conductive substrate according to any one of

13



copper oxide, atng agent for edr g a copper ion or copper conplex to
be made into metallic copper. [0039] (24) Copper conductor w ring,
manuf actured by a copper conductor wiring manufacturing nmethod as
recited 'to23). [0040] (25) A manufacturing nmethod of a conductive
substrate, including: the step of painting, onto a substrate, a
pai nting slurry which contains particles having core/shell structure
havi ng a core_ regjon eluding copper and a shell region including .
copper oXieg8 Y HEPébhFsiiimglus gAY rpueipg a copperion of ff@pgrt@ﬂip%ﬁ is at
subjecting the forned painted filmto oxidizing treatnent to decrease
t he di st ripasteriespleesd fir%th@@myercowitlaéowmﬁwﬂd%gfom@apwd%rhzznﬂnogmted
outernost region of the painted filmtoward the substrate, and

t he st ep abfmihyre a¢mpynds)elkpanmelegarfe] hywraubjcenp@adds, eldtlyde oxngiuning
treatment with a treatnent soli; n which contains a chem cal agent
for i oni zihaghoewucaipdoipbinglstHyportogmeroudxdidlesmmitispast@bidatidgadagendid,f or
reduci ng a copper on or copper conplex to be nade into netallic

copper . [1094ddcid 3ibhold g (mpRdipaetnr haadlit i€had gridyemastrate cortlicu

(25), wherein tit oxiclizaeatnent ccinducier3 otoQ tRe an r(-,C?
Y, (27) L[b('mg; nmet hod of a concluctve s st]accormd, 25) or

(29) A conductive substrate manufactured by a conductive substrate manufacturing
method as recited in any one of items (25) to (28).
[0045]

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

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 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
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]

14



ti.o]]chem cal fbi ionizing or conpie.xing the copper :Psieeted trots
he group c]..Nt frog:to-containing ceispounds, sails O basic
totrogen-,..0morgani c asoets; itioxinee, ditietts [00431 ntts of
toorgarac acids.. ortaltlii) acids, salts o e,tr, clouts he
manol acl oting Restacd 01 - conductive sunstrate accord: Rl one

| ect eoup coassting of - hydrogenated boron COPap0O1l. 10ClS, hydrogenat ed
al um num conpounds, ai ki am nebar ane, hydrazi ne conpounds, al dehyde

conmpounds: phosphdriEaneatiodtion stk 2 TP SPHBEFHOY 5138 deto a reducing
(i mpounds, ascorbic acid, adi formc acid, alcohols, tin ) conpounds,
met al | i c AEFH, 204 AdRYRYqTilaTaigate PQUr]e a copper oxiqegY Acesielatt | ve substrate
rnanuPactured by a conductive substrate manufrcturng 010110Cl as
ntc3ted i n any tlorteamieni tobnen CABIininga CRB)ica A6 ionizing or corfi3@ing\he
manuf acturing method of copperincluding: the slop of draw ng
an W ringopat beitd) abisi ftguangdigedorslediicing awbpzhiog@h t@ipBiscopdldkit@béisade into
havi nga cstructurecore region inetudng, copper and a. shell region
i ncl udi NGnetallic copper.

[0048]

(33) The treatment solution according to item (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.

[0049]

(33) The treatment solution according to item (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 (Il) 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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a copper Aide onto a substrate the step of subjecting the drawn
wiring pattern, which is niaue [TOMthe painted SOLU Q011" to
OXjdlzitl EZI iteatt OSecrease the distribution of the copper oxide
conponent Edualiy fromthe outernbst region of the wiring pattern
toward the substrate, the step of treating the wiring pattern
subjected to the oxidizing treatnent with a treatnment sol ution which
contans a chem cal. agent far ionizing or..conn exing the copper oxide
and a r eorﬁ?fF?fg\’g&%fnatngPﬁ er?e(é)i(fﬁ%qeﬁ&qngﬁg?f Y1'Pper conplex.metal tic
copper, and the step of washing away the_treatnent solutiaon. [0046. 1
(31) Copper cortfGete (uibe HE0tpRnt SaEe BPEP 4y PEVIdS e ReHETE frshod of a
W ring manuracturing nethod as recited in item (30). [0047]

(32) A t reeadusbive sussifate thas mncfusles thelkiemef tecatinget layer henfdipige e aerpeydigrpnd the
agent, andylam nate con tiling a copper t. dt no a conducto the

t r eat mentliks dly utingmtrexnéent asingpnavediewnoak, iageningfespiptiex aghdnnealagpper
oxi de, and a reducu3g agent for -educing a. copper ion or cooper

conpl ex  dapatheoM@tend dtcomprliak h c€peOPRERY arlddQ48Lking agent for redudidy a thgver
treatment sojuflon according to item (32), wherein the chem cal agent

foi  Mnziipgo0f copPRbANEDD tehiidE ARPREL DX LB el, ety bRBSIatRBR SR} @AY 85
fromthe group consisting of basic nxtrogen-conlaj mg conpounds,

pAPREL T T T T S I

di oxi nes, other than a desired region, and a conductive substrate yielded by the manufacturing method.

Furthermore, according to the invention, it is possible to provide a manufacturing
method of a copper wiring substrate that includes the step of treating a wiring pattern made
from a painting slurry which contains 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 or a copper complex to be made
into metallic copper, thereby precipitating copper, and that can give a conductive wiring low in
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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di t hi zone, hydroxyqui noline, EDT& and f 3di keones. t0049] (33)
The treanent solution according to item(32) or (33), wherein the
"educi ng agent for reducing a copper ion or copper conplex is at

| east one selected fromthe group consisting of hydrogenated boron
conpound- hydrogenated al - m nun) conpounds. alltylam nebora

hydr azi ne conpounds, al dehyde conpounds, phosphorous acid conpounds,
bypophosphorous_aci d conpounds, ascorbic st adipic acid, fOme acid,
siept:ids, tin BefPesrpouride Paatrgrlic and hydroxvani nes. Effects of
- h\"entOn [00cO1 According to the inversion, it is possible
to provi d€0alwpm : conductor filmthat can be manufacttexcellent in
conductivlty and for s pattern formation, and does not cause. a fall
in electric cordct andeofsepinpenogiphe shidvengewaes tihi@aintel erodiiets oicobpdre

wi dth and the space between the wiring lines arc narrow, a

manuf act ugartitges haahhacthvehgs eoficle dndetpadfer RadireRPRRE: MDNAIC T QinuMcir&id .
According to the invention, it is also possible to provide a

nat er act gy I9dn BN, Rhisd, eQNductiiMed.substrate that includes the step
of treating a | ayer containing a copper oxide and the |ike by using a

treatnent sol Utﬂl@@. ME gﬂhﬁ%gﬁeﬂaﬁérie&zpef&p& t3 ln{]&h& t§ g%s%ﬂquenagtéo%ho%m cal

agent capable of 1onizing or conplexing a copper o

reduci ng agent for reducjng a copper .ion_.or copper conplex to be
nmade i nt ocogr%rgi”ldf’canggﬁﬁ@?%@ﬁg%‘pﬁtggioﬁ?f“gf"l‘} Ky copper, and that can
give a COE3ChletiVe |ayer low in resistance and restrain copnu from
preci pi tating i'MCreyis ﬁ%CthSﬁ‘&?FnaP‘h&‘ﬁWél?‘HE%tﬂgé‘&F FrEgFEP! thydepta oxide and the
conductive substrate yielded by the nmanufacturing nethod.

FUrt her i 31g8"comaersstding to the invention, it is possible to provide
a marsifutdring nmethod of a copper wiring substrate that includes the
step of treati ngGatim schegatpatdverinstrbidga polpmide gphdtnte haging beoppeypankhine h
contains a copper oxide and the |like by using; a treatnent solution
whi ch cont ai ns,FIGB. 1 fie eghngksyvisodubititasd plavthehirefalredag @ndrd@apabbebatie

i oni zing or conpl exi ng copper oxide, and a reduci ng agent for

reduci ng @o&kperredcObh BEx@msepper conplex to he made into netallic
copper, thereby precipitating copper, and that can give a conductive

wiring low in rggkstapge, uﬁs%ﬁﬁédﬁih@togﬁgﬂsesrho&/fng@Q{ngﬁ#géag%gw in

regions other than a desir reglion, and a coppér wri Sstrate
yi el ded th nuf act uri.ng -net hod, Furt hernore, according
to the i%xean %(S)n,og’treslpgclﬁb’%l ’gaﬂﬁfrgdlfcglo%r ovi de a manufacturing method of

a conductive s rate that, is capabl e, of nmaking a copper. conduct or
Fi I m t hi ck andﬁé%s@arﬁﬁ%?g?d’ﬁvﬂ%% Sugamltf%fwgogaap&ég%a% Rilcipggeatment of a

resi stance thereof ~Furthernore, according to the invention,
it is pos¥byiae whstght ePPeex s ppdFicr BAG et frrd ngsea%ﬁgaéedaﬁﬁhstxa@w in
resi stance, and a manufacturing nethod thereof. Furt her nore,

accordi ng to t HBGErirenticbn, driving sibpgiesd ploographphovingle sinatipretbirmembstrate
solution with which a | ayer containing a copper oxide and the like is
treat ed, asherighyk-¢0ppeed tpprmtippitickt edresiepdsitat whdesaledyer i s made
into a conductor.
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
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| -3rief Description of the Drawings 1,00511 FIG | is mcroscope
phot ogr aphs showi ng states that pal oduets of copper parlicies

havi ngan average particle dianmeter of 200 rim (trade nane: MD11, 201,
manuf act ured by isetnara Sangyo Ksintered; FIGS. 2 are each a
schematii view referredto in order to describe the enution of a.
copper cadet-, and the reductioneci pon of a netal FIGS. 3 are each a
schematic tiewing the structurethe real oxide and the netal

conponent S.ubstlmtectrrgr@wﬂa@h Blsenena e LEM inage PThageraeiivg a pol yi rni de
substrate having copper patterns. FIGS Sare each a draw ng

substi tut ed phdilgghZphdeeirgrsplstitutie ihnatogragie shodémoniSHd imhee Praoddssvoofeda

reaction in Exanple 1. FIGS. 6 are dxawi ng substituted
phot ogr aphsssstitnh ntp @b @ padkledppearrtanoes l1of Exanples 2 to 5,
respectively, after reduction. FIGS. 7 are each a draw ng

mnd:tilted phatiggriaphdshow sagstititdighuGiagh tHoeatemRMMafhage SURSIB&foeked
wher ei n copper oxide particles were deposited on a Pd-seedireal ed

subst r at €rogs section ofd GPper PaRb 162CH (HnPWalge Bskpidiled phot ograph
showing a sit _ion that a substrate onwiich inkjet printed copper

| nanopar ti el es mere; depogl L 68 KasnldiGRb&Hraph (A) showind b8P irdlE ofLAM Ng
s" sho ng hal aﬁpgg 0

substituted photogi ap exte rance arat’i ve

Ls | to respectively ter reduction.. . FLG 10 is dr awi ng
subst i £ ut B ERBCUGrS SR TP R P iy € oBP i i SR ot Hedne
section 01 a copper particle |layer in Exapple 10. FIGS. 11. are a

ci rsubst | Stua%t@aeﬂgwm{%&%m shoying & TRMaee 8 harowISeiRBr ked ()| oss
section o copper particle layer in Conpimp}e 7, and a draw
subst hut eci phdt®ogidph of Ryferseewiupgrah TEM | mage of the cross section.

[0052]

10 substrate

Best Mode for Carrying Out the Invention
[0053]

<Copper Conductor Film and Manufacturing Method Thereof>

The copper conductor film according to the invention is a film obtained by 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 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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FIG 12 is a drawi ng substituted photograph showing an SIMinage of an
FI B-wor ked cross section of a copper particle |ayer in Exanple

FIC 13 is a drawi ng substi Euted phot ograph show ng an SI M i nage of
an FI B-worked cross secion of a copper particle layer in CoEnpaxative
Exanple 10. FIGS. 14 are a draw ng substituted photograph A) show ng
an SIMimge of an FIB-worked cross section of a copper article |ayer
in substituted photograph (13) showng a TEMinage of the cross
section. 'PEIEF FPPFon of Reference [0052] substrate Best Mbde for
Carrying Gui. thein rapfe 12, and a drawi ng <Cooper Conductor Film
and Manuf act ur i RgeNBtcRBe, Tseroeds"copper condudtprelila prsars conaudiomadeiino
deconting to the invention is a filmobtained by treating a copper
based pard¢cmbeteont ai ni ng | ayer which contains both of a nmetal haying
catalytic activity onto a reduclng agent and a copper oxi desol ution
whi ch cont ai ns,HdréindfhRe tisd dphee camlittbi fiftaccadiaf enthealeigentd hor 1 o M ng
or conplex:lig the copper ncide, and a reducing ageth for 1,t-mn& a

copper i OfaRfackORPBihe@P] &ppdrRoRBci¥RHS) A06:QinIRS Ak hdventtRRAEbe described
The manufacturing nmethod of a cooper conductor filmaccording to the

mveuti on ting a copper based particle
\!Vl%luf'm%ﬁmg fﬁ% t@B %moafacﬁ 5tE&.

contatning | ayer contains both of a netal haying catalytic
activity @ ‘@ a redu0|ng agent and a copper oxide with a treatnent
sol ution .h COtaati single solution, a chem cal agent frig orci

T e oL o LG ColRel LD e LNt ol L0 YO N CORRE
copper film is dense and low in resistance. First, a principle thereof is described. A process
for manufacturing the copper conductor film according to the invention is shown in Figs. 2(A)
and 2(B). FIG 2(A) shows a state that a copper oxide 12 is partially eluted with a chemical
agent for ionization or complexing. FIG. 2(B) shows a state that a copper ion or copper
complex obtained in the (A) reacts with a reducing agent on the surface of a metal 14 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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a con Hereinafter, the copper conductor filmaccording to the 3
ention and the manufacturing nmethod of a copper conduetot tnt
accorhug to the invention will he described the sc o fromeach O her,
[ 0054] The copper conductor filmaccording to the. invention
is characterized in that the copoer filmis dense and low in
resistance. First, a principle thereof is described, A process for
manuflicturing é}h(? copper_ conductor filmaccording to the invention

i S shown TRPEYS® ‘2{“&?3%’&' 2(B). FIG 2(A) shows a state that a
copper oxide 12 is partially elated with a chem cal agent for

i oni zati on ori rfg tir ghehusRé calysarsE 2R rn aaEelp pefacesdhat gre ig @ pipdrenergy
conplex obtained in the (A reacts with a reducingt on the surface of
a netal 1sathavihngastsatf dleytsidaaehdrgy ars malied to bpbecikepict atleother acdvedihgtom of
metallic copper 16. In other words, in the production, the process
her eof ' adviednciesl sioghd 33000 @dance. Wida tehet, fhalph@idlengre hvded eaithi @ps2a
single solution is nade free in the formof a coppet a or copper
conpl exheyepddel iieQartRles enGestited ar@gambs, iiRfe ik @Ninf@hioQNictlease@kEXi N
(FIG 2(A), (2) The free copper :on or copper conplex is caused to
react w thga.teducing, agent on a netal surface having catalytic
activty onto the reducing azent, to be precipititeithe Fors netallic
copper (FIG 2( . Accor.di ng to thi t hod, copper  at.Q mad
Froetn the solttrirCEERiRA ot 5T SELID s SRERCLITRAL Pl ROf
nag di stance. Copper ongi.natir fromthe cooxide. can he enbedded info
Gags Dot wibHoR ACORGHe S B Shdn Bs Gie GoRgeSi s FGe PhiPBO TEPEpGIE
on the ratio between the netal conponent and the cop?er oxi de )
conponent Intorggonsipthsr B Hiepaigtcd spraror it Fesalpria : Tt thy laysnig ot effectively
structure exhibit a nature -l1ose to that of copper in the formof a
bul k. On mine igphepndvaind, onl y copper atons on p

[0055]

On the other hand, when a metal having catalytic activity onto a reducing agent is
present in or near a copper based particle containing layer as in the invention, metallic copper is
selectively precipitated onto the metal. Thus, only the patterned particle-deposited region can
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
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state on the basis of their so-face energy are nelted to be bonded to
eachaccording to conventional si:300C or |lower. As aarticles e necked
so that gaps between the particles renmain as they are. Thus, there is
alimt onto a decrease in the If particle coonly of a copper oxide
is treated with the treatnent on according to the invention, the
pai nt ed copper oxide is eluted or copper pre, into rethons other than
t he painted regjion or.n%o t he folutiqp. Thus tE@ Iayerlis not

ef f ect i veéPYPIREHE 19t B BRI Bt agent in the treatment ggphop osSUpih 3 FORREH™ Rhen
a netal having catalytic activity onto a reducing agent is present in
or near é”@ﬁbﬁ%ﬂﬂﬂﬁ§%dmﬁ§PWP%le containing layer as ifl the invention
sel ectively precipitated onto the netal. Thus, only the patterned
partici edeposi thethe irgiton, bachecswidsd ¢lyselibpd mbade dobrdingnicwirdels thyrcopper
each of the constita g elenents of the copper conductor film

accor di ngxtde issuspdincind forno nfmakticlds eod@smp itivedppef 60864s o Coppent (has-ea fter
particle cont The copper based particle contaiontnns a netal having

cat al yti GaBgitdoppek ¥xi0EHhBtidesy, @8I dihboaBent whhreh Gerapgetotiad & @ekddn the form
"catalyticallyl") and a copper exide. [005 (Copper oxide) The copper

oxi de conpeRents WEYeiR e CHRIOBSa I CRIPRAVEMBAT Whict)@ill be described later is

covered with the copper oxide, that is, particles having a core/shell structure containing a core
region including a catalytically active metal and a shell region including the copper oxide
(hereinafter called “core/shell particles”). First, the copper oxide particles will be described
hereinafter.
[0058]

-Copper oxide particles-

The copper oxide particles are each a spherical or bulk-form particle made of cuprous
oxide, cupric oxide or a mixture thereof, and may be, for example, particles obtainable as a
commercially available product, such as copper oxide nanoparticles manufactured by C.1. Kasei
Co., Ltd., which are produced by a gas phase evaporation process, or copper oxide nanoparticles
manufactured by Nisshin Engineering Inc., which are synthesized by a plasma flame process.
[0059]

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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conponent reacts with die chenucal agent M the treatnment solution to
supply a copper ion or copper cox into the solution. in the irnmention
the copper :E3XE into an enbodi nent wherein the copper oxide is used
in the formof particles cncopper oxide as a conponent (hereinafter
cal | ed copper oxide partseinhodinient wherein i he copper oxide is
used in the formwherein :he surface of a catalytically active nEtaI

2l en PR SR R BEPR .
|nclud|ng @ c calké?actlve neta{ and a shel* E gion Inctw the
copper oXi6e ( G rsiaPPr APt Perasiipn mefer @ the glioy may R @rmetal
oxi de part|cles mnll be describer net e 100581 -Copper oxtde. parti
The coppéfleeisd tem prterepesnsiiios ebieh Pd. A5 FreRi.A8l Ptord byl K poriyrantindize
made of oxide, cupric oxide or a mxture thereof, a id may be, for
exanpl e, (pmqrinmlr@@) theteanatab| egmca@dmimbidﬁtyahﬁyofmmi a ra@cwgpgcdmowtsuc h
as copper oxi de nanopar hbl es manufactured by ClI Kase; Co., Ltd.,

whi ch ar eopsradpige doryyle:asugpised foasie expppaixate0nrepicad 65 the saiface GRPLF, tokd de
nati oparticles manufactured by N ashin Engineering Inc., which are

synt hesi zegifitedin At BSMBf @M cpFReess. [0059] When the copper oxide
are used in the formof particles in the ithe urinmaryt average

paflicie gmﬁ ter is preferably from1l to 0,000 um nore preferably
fromO to , 000 inn, and preferably fromO to 500 3183, fromthe

vi ewpoi nt  of tl'i? th%?rpx} t?on {})1 z&!ﬁiﬂca tlv([;.)&xj%lg %lassﬁtleh'i 1}1 o%n%rrr]xgéglr%g‘rllt agent

C
in the treatnen SOIU on’ suc

wherein the metal is used in the form of particles, and an embodiment wherein the metal is used
as forming a film. Details of each of the embodiments will be described later.
[0062]

In the copper based particle containing layer, the copper oxide component and the
catalytically active metal component can be structured as illustrated in FIGs. 3. The structures
are specifically as follows:

{(a) An embodiment wherein the catalytically active metal and the copper oxide are
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 catalytically active nmedal is preferably a transition netal in a
metallic thin,an alloy, Specificallyt at |east one conponent of the
tra’ or the alloy may be E netal sel ectedhe group COEnnSt g of Cu Pd,
Ag, Re, Rh, Ni, Pt and Au, or an toy contain (one or nore of) there
netals. By a catalytic ability thereof onto a reduci ngcopper ion or
copper conpl ex supplied frontthe copper oxide is reduced on the

surface thereof to I ted the form of netal]l copper 100611
ot he i R BRED GHioRH eI B § U P it TR T ep o] it

etnbo( merit wherein the netal is used in the formof particles., and
an n bodiSTERPIR8FbTaRlidsidnchisting the copperepidsss ¢ erPRORENtENF!IY, A ciDeedint of
each of the enbodinents will be described later. [0062) In the copper
based parwheediepartclsse induvénecbppealytoalliBachipneeal @ngotdneare mixed withighyticles
actve netal conponent can be structured as illustrated in FIC s. 3The
st ruct ur 8 isnheliigpbe cdppaalxily camp@ithtawsirm a layer. 01) An enbodi nment
wherein the catalytically active netal nd the copper oxde are present

the tate of pand)igl @obmenNghdeit OficdrSNLe lay&t EdediMhEpHONEARNG cB11EOT €
region including the catalytically activeand; egion including g the

copper Oxbfifr otif@ire SefRBRALNTE n&yeﬂ&l myé? %f)ttafngd ﬁsdéﬁ'gﬁﬁr?é Partkids qm.ﬁﬁng the

oxi de conponent 18 is present ar ound

arti ol oppea ke TReEL! ﬁ#@mt@% %o.m‘éét Pl PEa R Tvane pre

szll,':lr Lf‘;?ts et 1bQ hlﬁ‘t\élg dzv Og ‘b%&%ﬁdf f?ger\sn%dnade of gr(-:itlt.l?ll(}:'tllcg, ymgle(?rlletal co t?'cgntent-le3 laﬁl
,*)Ei to have the copper nxide; or particles each havi ng an oxi de

tic My proddesd g ana shemiedtend @%ﬁmnaﬁﬁledtept%d kg4 cende REhe efrreb)

An enhodi nened particles in which the follow ng an, -nixed at an
oxide component is laid on the particle layer 26.

(d) An embodiment wherein one or more layers containing particles made of the
copper oxide are deposited on a layer containing the catalytically active metal, that is, an
embodiment wherein a film 30 of a catalytically active metal component is laid on a substrate
24, and further a particle-deposited layer 32 made of the copper oxide component is laid on the
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 (e)”), 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]
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arbitrary ratio are deposited inio a layer: particles including the
catalytically active netal as a conponent; and particles including

t he copper oxide as a conponent, that is, an enbodi nent wherein
particles 20 including the catalytically ned' I C netal conponent are
m xed with particles 22 including the copper oxide conponent Mforma
| ayer. (c) An enbodi nent wherein one or nore |ayers
cont ai ni ng part.j.cl made. of the copper oxide are deposited into a,
(ayer- on a | a;;llehr" f@fﬁ’twé‘?%‘%’& %Vrlg%b%&‘f)s%%ﬁgﬂgit T GOPF IRPddPTYgletcngtaming
catalytically active netal as a conponent, so as to contact the

parti cl e-lgepasitieef thagetodingtt(@ite (9an embodi ment wherein a particle

| ayer 2.6 nmade of the catalytically active netal conponent is |laid,
as a singPeddlayer, on a substrate 24, and further a

particl esdeposited | ayer 28 nmade of the copper oxide conponent is

| aid on the parfthecbmet Bagat pa2ificle containing layef d) thAamesddactit (@ Rin bhfefeidbyone
or nore |layers containing particles nmade of the copper oxide are
deposi t edhrgfarifg 4 ayRisiGOINrAl ddohiAGhidaterfatiabyid&ablancACtdcMBedRIAY, paihiiat
is, an enbodi ment whereinafthn 30 of a catalytically active neFa
conmponentiyd Sisdeadh : t her, ' - osited
| ayer 32 mdeﬂeﬁﬁtsﬁg%%;)%?&%%&lgrﬁ %%;k?g%{r?t &?éh@ﬁﬁ%ﬁ#@%ﬁg I'l m 30.
Furtherng-b%215 t he copper based particle containing |ayer nay have a
structur érein t he enmbodi nents (a), (b) and (c) are conbined with
each ot her. FOFCEXﬁ h;h.'t may be an enbodi nent wherein the

enbodi ments (a) gﬁdH¥ &Y be conbi ned with each other (called
"enbodi ment (e)"); that is, an enbodi nent wherein m xed particles in
whi ch the fol | OWFAgeAPS! neftickd czah haringp s Rieeioaind G he e eiceByadtine o a
| ayer: particles including the catalytically active netal as a
conponentmetyapd i el sedigrciheleding)the heppeoppésrcanki prediasd by conpondéng paragics
particles having a core/shell structure having a core region

i ncl udi ngfthveaebtiedlytacital rhoyal acthipagiche bithe empgeraxsleehyl precgiadng ihaebppdi Ng

t he copper oxide. (00631 The followng. will describe a
met hod f axide@hidipasiclet BEthe epfgticadpside pafal, ibG pecHit@ilp@bpier bato baYielks éM
each of the enbodinment (a) to (o): [0064] The copper based

particl e rOntA RN AY8Ea0hd HRE o8RALI RERLpdrddyet B8NPSRk Hﬁgllpycopper

preparing a dispersion slurry containing core/shell particles

obt ai ned pqg%fég h&ﬂﬂerpﬂl(gw?%&@ styfifee ﬂ{-elselBFgoﬁ%rQrpa ?rleH E})F fﬁe 6%)?3€€0ﬁide.

pai ntinc. substrate, an en dt-,isu cles - The
core/ shel | parg&%l e iF. Vi a cor.e region including the .
catalytically a e\?gﬁen%% 1 hlﬁ' cg SRR Of%?gcﬂ% TER NG pf\ﬁl,lgl%&roboggﬁr, 0%l ¥e
can be produced bx- qﬁnpornding particles of the catalylir-ally
active merRIOTSACEiRn andihe phefl gegigreatiheonieyhrBPeroRe eaS/sY PRtickpMER PRy t he
copper oxide onto particles of the cataivtealiy active inelal, by
preci pi t &ederddoppetiatoanstagaeied] esmprunt fepparcahyeindadisnersad tn apergreical
and t hencopper layer, or by formng netallic copper

solvent exhibiting no 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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particles and then oxidizing the surfacethereof' to forma shell of

t he copper oxide. When the catalytically active netal of the
core region is 1 particular, copper,E the core region and the shel
region each CAitcLE3 copper, the core/shell particles nay be
produced by irradiating a star tin metal conpound (copperd) dispersed
in an organic solvent exhibiting no reducing effect wtl1 a | aser ray

whi | e. SttErHSer(jitgre:[ tlﬂg st?t.g Itﬁﬁ?{l]lte c?p];@rec EIEI]I{ % gtﬁremat)ﬁe Ellnﬁ 8 pgu fng%d%(sg ﬁrgr%drcé?r(%e

byid:icing a starti li1g ni al conp copper compoun

[ [ d, t l i t d with ling. t
gas v ae BB AR R e REER M R B oy

controlled b .tqe kind of the starting copper conpound, the particle
di aneter @ “¥ﬂ§e§tarting copper conpound, anobunt of the starting
copper conmpound, the kind of the organic solver!, the wavel ength of
ti laser ray tHe&glisreobytlbistdessiipedhergirdicerj od for the irradiation
with the ser ray, iFs lenperature, the state that the copper
conpound [P463tirred, the kind of a bubbling gas introduced into the
organi ¢ solvent, the amount of the bubbling gas, an additive and

ot her condi ti on's Rappnopii ately. Details thereof wil | be described
hereinafter. A Raw nateri al The raw material is a copper

conpound, and speefw Ga@Xa M @ppdrRekE&ahdChill decaRRRE:DIOXhHEof iGIRRE opper
oxi de, e topper sul fide, copper cryand copper chloride, The size o?

éhei S pokyeRr é@Eﬁ‘Jﬂ (ﬂﬁox’icﬁ:}"bdﬁ?&u@ Bj(i@!:, icgp;jef Etﬁﬁi&ea{:ﬁgerr@&a&? aﬁ%pﬁ&%ﬁloggg ray
ensity, ore/shell particles having: a snal particle
The size of the raw material is important. Even when the raw material is irradiated
with a laser ray having the same energy density, core/shell particles having a smaller particle
diameter can be effectively obtained as the particle diameter of powder of the metal compound,
as the raw material, is smaller. As the form thereof, raw materials having various forms may
be used, examples thereof including a completely spherical form, a crushed form, a plate form, a
scaly form, and a rod form.
[0067]
B. Laser 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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di aneterhe effectively obtained as the particle dianeter of powder of
the netal conmpound, as the raw material is smaller As the form
thereof raw material sus forns may he used, exanples thereof including
a conpletely sphericalrushed form a plate form a scaly form and a
rod form [0067; The wavel ength of the laser ray is preferably
a wavel ength at which the absorptjon coefficient of the copper
conpound is ma s large .possible, in order 40, restrain the
Fowh of 1 ne dospereiarenTPilesE @F@Pm@w’e B(de 4 pE@i<F ay havirw a
short wavel ength, which produces, as a thermal ray, a small effect.
Exanpl es o:t t h&§r4eas- S‘Ff‘a}gﬂf‘i‘%IaEﬁiéeld?QMt‘%FA(‘iefFréf‘é’éP “See%ﬁ%PO Ve eich as
sem conductor |aser, and color Elt laser. In order to radiate a

hi gh- enerﬂgytoneagéﬂlybﬁh)d kefohear-getyminsiont ofycloheasoppethauapounety coinded as a
the same conditions, it is ntefened tOradiate the laser in the form
of pul sesdispeB0§8jediu@ foOrhgarpper @olpevent wish pizr taittlee sregr@lugeintberafred) It is
P'lea are yielded, it is preferred to use a ketone solvent, such as

acet one. dmetviit todisdh gytaabBekitOducke aDdimeyiglh @RexaddNanasyIbhliasgani C
sol vent used as a di spersing nmediumfor the copper conmpound when the

parti cl esyrgheenBbRelGRALaraEs 8M 1 J;d}ochl%oﬁhdlw%&l o RIHSE oBteR Bine.
sol vent, such as di met hyl acet owni I 'm sithylpyrrolicione or

propyl enehyis %I#‘tﬁéree e %@rﬁg‘@? g‘ﬁ‘lé‘&% %&ere@%?b?&se& 2 &)ﬁﬂﬁnaﬁ

t et radecanc. Cl ther mor et her eor may
be usn c n ani c olvent h V|n

per for manthe i ety oA el e HAR FrEPa T o B B PG o e
particles.i duned so. hatl de, uncovered. In this ay, regates
bre for metiel g tgfa??aa% Ppiygle %ﬁée%ﬁeds%w heryFtad s ipade g eed g ¥his Way,
Accordingly, it is preferred | o use an organi c sol vent exhi bdi ng no
red aggregates are formed to damage the dispersion stability of the particles. Accordingly, it is

preferred to use an organic solvent exhibiting no reducing effect.

The above-mentioned method for producing the core/shell particles is one example,
and the invention is not limited thereto. When core/shell particles are commercially available,
the particles may be used.

[0069]

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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The ahovenenti oned net hodthe coretsl OSm d; and the invention is it
limted thereto. When core/shell particles are. commercially the
particles n [0069] istioul the' shell particles used in the invention,
the in uher--average dianmeter o[priniarv particles is preferably from
Ito 1,000 run nore preferably froml to 500 P.M and even nore
preferably fromO to 100 um [0070] The di spersing nedi um

used when the djispersion slurry containing the caorel shel articles
S or epar ed mayl BERPRSR Bk AP B BHES g S Hgh i one
ket one; butyrol actone ot cvc. | ohex anon a polar solvent, such as

di met hy| a¢gteamrd Redwethg FHYRTEI TIEe . SERAs eMPBOGIYEY 2 TNERBERRT 2et her
or a hydrocarbon solvent, such as toluene or tetadecane. The
di Sper Si GBupfaycdiesiaanehgestseeh dyyan (BiTRGIZERyed bigrathdi- lperiglespesditaratypan
ultrasonic disperser or a bead ntll, a cavitation m xer such as a
honomi xer digperser sStll mer GIOPARBR & ap agtowciting @rd-reallitiogitype nprocessms uiblr as
an ULTIM ZER , rn uhrathin-filin high-speed rotary type disperser
such as amfhEAR SSS, an atnorotation and revolution type m xer, or
sonme ot her machi ne. [007 The concentration of the core/she!)
particl espgppt he dispersion slurry is restricted mainly by the

Vi scosity ané ciispersibility that can be used in the FllethQd for
pai nting or pri shi i o) : %. by
el ght | “ror e pr o arusio PR ok poB B Ble LA R LD £ Rl
preferably from.10.t0.50% by wei.ght 00.721.. 't he copper. .
Prced partiith S LS s Ae? PR B oo SEIa by e B P Prire
by preparing a dispersion slurry wherein particles including the
catal yti ciaf fqyrr&ew § @refEely re@ 540 Ehpy N@@P MORPT TPl ws 1§ W%Odv%g) ,
as a conponent, the copper oxide are m xed at an arbitrary ratio,

pai nting VHghtding semspera pefaiptily fromd 0 & W& bt Waghtsl urry, onto a
substrate, and then drying the resultant. The dispersing mediumin

t he di spelf870n slurry is the sane described about the enbodi mrent (a).
The particles including the catalytically active netal as a
conponent :, mearhepagiet bdseSpaeiE aintiinigy lalxe st the smbhEmeatg)l nydy tedbimed by
active netal, a copper oxide, a netal having no catalytic

per f or manGeariafdl daperiifs bt W RGeilBhaEahcihfal theSatRESEP hictivd n@fll ahpunt
not permtting the resistance of the final product to be raised and

is not r e(!o‘ie’t%gﬁ]en‘, gn(@%iél&%ﬁél&(ﬂ%fgaé ir'%‘({ilﬂ)r%nérﬁ,qﬁé ‘?E’Q% o RIE a%é}ﬁaettaﬂ §rbitrary

copper bas parti e contaln Into nduct or.

particles_j.ncluding the copper oxide. as conponent.. . mean, part.i ctes
Cont ai ni g PEAH PR aRARL XL AR Ry BRI B b bR

erformance, and_an .insul ati erial that i.s present in an apount
ﬁot resultant. The dlspersyng med?u%) glafﬁe ispersion s?urry 1S th% same escrgbeda out the

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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pertnil:ting the resist:pie-. of the final product to be raisc.d and
is not related to any reaction for the treatnent for naking the
copper based particle containing layer Into a conductor.

The blend ratio of the particles (x) tucluding the catalytically
active nmetal as a conmponent, to the particl esincluding the copper

oxi de as a conponent, preferably fromO00:1 to 1:100000preferably from
10 to 1:100000, nd.evenﬁfgr? greferabLy froml:1 tqg 1;10000 in order
toctor filHPHasdee BHa1cew PR lPESrEarde e reeraf vt diipd reY Beiordpal
is used in the formof particles as in the present enbodinent, it is
nor e pref8f FEdmemh &Y nafkie difroare baed BarHd e Faéiieag By tinte ageadugioty | s
hirer. Thus, the nunber--avera.ge primary particle thanretr is

pref erably frorhe btepd 120001 e GESCleveninmbieg preehelvabllly affi@mdtaltasa 100
mu. [0074] In order to formthe copper based rarticle contair g inye
i f the endogbmento fubpaticles (y) including the coppet dxddesianomyeieag (t:§)ds preferably
catalytically active netal as a conponent, are deposited is first
formed. Tien n&t hedf W00 GiotdYréielaBly Slon™Y1 106100000, SadAtNRbe: priBebly

pai spraying or printing -1' a the netal particle dispersed slurry,
aci di ¢ Pdyseed f 188008 brdedb §Rld 2 Bfp & eoutbeahI®RALe A0 106 5HEQshALT ©
absorption of the netal p Whén the netal particised shrpainted to
formthe @@%ﬁr., the concentration of Il etal particles in the dis
ion slurry i's preferably fromO001 to 50% by wei ght, nore preferably

by vei gnt. - WhePn e R SRR T te AP B PO OR PR FY | <
the sane as descri bed about the eraliodintall unber-averagefide
di amet er SEoCdKEL Binmese RroATTRg thah e SuragE picr Baigcatbiic gei Wt elpress  ghus,
conponent is nunerically the same as described int
the number-average primary particle diameter is preferably from 1 to 1000 nm, even more
preferably from 1 to 100 nm.
[0074]

In order to form the copper based particle containing layer of the embodiment (c), a
layer wherein particles including the catalytically active metal as a component, are deposited is
first formed. The method for forming this layer may be, for example, the painting, spraying or
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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enbodi ment (a). The layer thickness of the denotation |ayer is set
preferably into the range of to 500 am (after the layer is dried).

[ 0075] Next,or nore denos ion |ayer(s) obtained by pdispersion slurry
wher ei of the copper oxide are dispersed, as a painting
slurry, and then drying the painted slurry are lam nated onto the

f or med deposi tion layer made of the particles including the

catal ytical ly actiyveconmonent. For he formation of the two or

deposi t i offPegyRFE () ¢ Thedayeyrokpcss BftP%B%’ﬁflt‘?’hléyeﬁé?‘l Sﬁttl?rﬁfﬁragﬁdm?ﬁ}éf’réﬁa%ﬁ Hg
of the pa| nting slurr is preferred to Mnideposition |ayer(s)

i n10. Thelto3 QW(&ft?fégFlMeftsrﬁé‘e@Qopen oxi de pardi spersion stun mainly
by the vi SCOSIty and dispersibitity that can be used in the nethod
for painti0Aglor printing - me slurry, and S preferably from5 to 80%
by Tight nore preferably from10 to 60% by wetght, and even nore
preferably fronNd® dne ob8fedyighsiibn laYkes) dbisped By pghtiig didispersion E08y wheem
ion slurry is the sane as descri bed about the enbodi nent (a), The

llayer thigh@sos afe chbhifr 88008 Hikhepid) a@ﬁ%ﬁmﬁ@ sh!lr%i 8t th& 8§18 aRlMinkdat 0

the range of 0.1 to 100 inn (after dri In order to formthe

copper baggd, patliich& o‘ﬁmfl@f&rﬂ&l &e@é{s‘?ﬂonqg e Hﬁdf%frtﬁeqﬁ ks § (ftl‘glﬂff HET

contai ning the catalytically acti erreta |sf|rst or ne nmet hod

for form ny IRl }J ch}fjésmeytalba% athnel oa %n s ES nd {or rmtl on.o g hI% t‘t&g :? | IBOTC%QPOSIUOH

deposi ti on trate co

eat ai voc cti D mat al ng,.or a netallic. powder
pai nt ed afﬁﬁ%ﬁtﬂf Sl\aéfifd%f qTRpea ?(Palﬁt?ngr?ﬂfiﬁj Zlg%’gﬁ ft]é‘i'PaﬂI’(tm§éJHrr§| It is preferred

ol at di sper SI on slurry wherein part:cles of the copper oxide are
di sper sed© [aginafe faidarasivgn S ek yo 2 aeber Alehiodfyi ng t he pai nt ed

The concentration of the copper oxide particles in the dispersion slurry is restricted
mainly by the viscosity and dispersibility that can be used in the method for painting or printing
the slurry, and is preferably from 5 to 80% by weight, more preferably from 10 to 60% by
weight, and even more preferably from 10 to 50% by weight. The dispersing 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 pm (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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2 slurry are. lan rated onto the fornedactive netal containing iayer.
For the '"EtE slurry. | to 10. The di spersion slurry,
dcse. rbedabour the enbodi nent; [00771 ed to lam nate the deposition
In The copper based particle contaning |ayer of the enbodi nentbe
thrilled by preparing a dispersion shiny wherein the follow ng are
m xed at anarbitrary ratio, painting the dispersion shiny; as a pai

a, substrate t hen .dr the resul tant:

par i ol et HERAT WG Fha baf aFpePRRMY S dot bRt E re Bt e
20|t i oS e PRHEPEGINERb i gal rne 8 CHRSER GOR (P pypmre of
the sane descri bed about the enbed: nt (a). The lend ratio
of pi ri fl ubliond- t he eatal ocai| acf3VC netal as coi nponent, to the
pa/ticks tly) including thu copper oxide as a coMpOnentthly from: to
1; 100000, nor ef Tlemispergion slutty, ¥ORROOthanwbpevenicpartieleparetispalddy isfthemnmt ad 0
to 1:10000: The blend ratio of the particletper oxicie as a conponent
t o the codeedrihehboup@e smbodihédtan 100: 1 to 1:100 nore

[0077]

The copper based particle containing layer of the embodiment (e) may be formed by
preparing a dispersion slurry wherein the following are mixed at an arbitrary ratio, painting the
dispersion slurry, as a painting slurry, onto a substrate, and then drying the resultant: particles
including the catalytically active metal as a component; particles including the copper oxide as a
component; and core/shell particles as described above. The dispersing medium in the
dispersion slurry is the same described about the embodiment (a).

The blend ratio of the particles (x) including the catalytically active metal as a
component, to the particles (y) including the copper oxide 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 um, more preferably from 0.1 to 80 pm, and even more preferably from 0.1 to 50 um in
each of the embodiments.

[0079]

[Substrate]
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preferably from50:1 to 1.10, and even nore pre [0078]

| ayer thickness of the op er based particle containing |ayer is
prefbrably fromO0,1 to 100 f.m nore preferably to 80 pan, and even
nore preferably fromO0.1 to 50 pan in each of the enbodi nents.
1,00:11. [Substrate] The copper conductor filmaccordling to Inc
invention is preferaik,t formed on a laterial of the substrate ; bay
be six-a:rifles:afilm sheet or plate nade of e, yet hyl ene

napht hal al e. poih§&eRRET coaghcfes figm a%r%‘é&tﬁﬁeéﬁ‘@“‘t“éﬁbmeﬁﬁ%hl gmed on a
pclyantdeunule ol yet er et her xtone, polycatbonate, |liquid crystal
pol yner, sahdrip rghﬁl aterish ehibe sibglsteymay yfama@@caéxﬂéﬂm,ﬂégqt At pliie yade of
reinforced resnic particle filled resro, polyote: poiyam de,
poIyphenMbbmemsubbkdﬂkn@mmmmmwpmkénﬂmrmﬂ&p@b@yﬂhﬂhwﬁ@@ﬂﬂbﬂ@tass,
ceramic material, or the In the i vention. the copper based

particl e poamadegdd, pygEthaafeReosd, péledaebnat, lauidehatal y&dfer] @dky resin,
Eon: pen:we; thus, little restriction is inposed on the substrate to

be used hgeau %ﬁmoéyaﬁat@ st Eat bdrossfasl %ﬁnﬁgr hdic YSabk &nel SR fMvolefin,
matter, [OM ,t A treatment solution For treating the coppef

based pag;o Jnﬁie Exﬂ)‘léﬁg s&lﬂ% E)ol Qleaéos% blpﬁgqu d‘¥ %lats CQ‘? i< de

into ac ctor t at nt sofutl bn’ actor
i nvention |sm?or%] Llon whi ch contalns a chem cal agent for

|on|CCNbIe copper

In the invention, the copper based particle containing layer can be sintered at a
relatively low temperature; thus, little restriction is imposed on the substrate to be used because
of a substrate low in heat resistance is usable or some other matter.

[0080]

[Treatment solution]

A treatment solution for treating the copper based particle containing layer formed as
described above to be made into a conductor, that is, the treatment solution according to the
invention is a solution which contains a chemical agent for ionizing or complexing a copper
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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oxi de conponent, and a reducing agent fdr reducing an tinted copper
ion or be ocipitated into a netallicandch. optionally contains a
sol vent wherein these car be dissolved. The treatnent sol ution
usual Iy contains no copper ion. Hereinafter, each of the conponents
wi Il be described in detail. [.00811 (Chenical agent) The cheni cal
agee any agea copper oxide to be ionize conplexed to be dissol ved,

and is pr toa RSty . o . fr e.qrou 1113 1 .acids,
sail s 019 sﬁd?’ssagf or°8§“§‘|‘°§‘%§§’i°§1§?‘°E&@u@§5‘§c‘?g?““&?%%%r?@‘s’v.”‘s a‘f‘?ﬁmg%ﬂlées’

i dr oxyqgni nei i ne DTA, . and - -t hket enes, [00821
bovrnggtfgﬁg:n%H%%#@@Pm§@5n ,Aﬁﬁgﬁ" Yfbgencont ai ni n, g conpounds

are prefﬁféﬁﬁ since many reduci ng agents become active in the basic
side. Par larly preferred are am nes and amoni a. Mre preferred
are primary amties and ammoni a since these have a high power for
dsso) ving any cYppfetborkmertioned chemical agetipbagy eifregameniniexampbesowfds tive
basi ¢ ndrogentontai ni ng conpounds include tertiary am nes such .s

et hyl enetretitthalcetaimesymcanamg agenbecomi hgonanik basicgde. [ BR8Alardi frefefied
ord the organic acid sills include carboxylic acids and salts of

car boxyl iace aginkyese aexanipl eSlorepkateddredpaney PaInyhWHEiakintonGalReXEkd Bive a

aci ds,
high power for dissolving any copper oxide.

Other preferred examples of the basic nitrogen-containing compounds include tertiary
amines such as ethylenediamine tetraacetates, triethanolamine, and triilsopanolamine.
[0083]

Examples of the organic acids and the organic acid salts include carboxylic acids and
salts of carboxylic acids. Of these examples, preferred are polyhydric carboxylic acids,
polyhydric carboxylic acid salts, aromatic carboxylic acids, salts of aromatic carboxylic acids,
hydroxycarboxylic acids, and salts of hydroxycarboxylic acids. ~Specific preferred examples
thereof include tartaric acid, phthalic acid, 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 B-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 mol/L, and even more

preferably from 0.1 to 8 moV/L. If the concentration is less than 0.01 mol/L, the copper oxide
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pol yhydri c earhoxyhc acid sahisc carboxylic, acids, salts farornatici
carboxylic acids" hydroxycarboxylic acids, and sa Its of

hydr oxycarlioxylic acids Specific preferred exanples thereof inde
tartaric aci)E h a. ¢ -ad da:e,c arid, sUCC. 33 ca 3, fisingiri, icc,
as. acid, malic acid and citric acid; and salts thereot, [008/4]
Exanpl es of the clioxidnes include dinethylglyon hue, 33Mle, and

ycl ohexi nedi one. di gi VoAt 3 exanpl e of thep-diketrines is

act i tyl acBtgneDe iglvekdipresicstsraidni noaceri c acids incl ude gl yci ne,
and ot her am no acids. [00851 | he concentration of the chem cal
agent for P&l zi ng or cornplexjng 3 copper oxide is 0.003 to $0 inon"
nore preferably from0.01 to 15 non., and even inure nethO,1 to 8
inoilL. if the (Bohceptgat)ion is | ess thanthe copper oxide rmay not be
d owed a sufficient speed. [0086] (Reducing agent) The

reduci ng agent Ths rpuehesighd iy p@ferdbBaglicatinge s@dca@tieth the gup BehsBHiOLE
consi sting of hydrogenated boron conpounds, hydr ogenat ed al um num

Comound%ydﬁg&ﬁlea%ﬂaﬁ L& hpouG My YL AL AI3Gin6 AMBRYANSS, a8k B8Y6rane,
conpounds; osphorous aci d conpounds, hypophosphorous acid

p
conpound : i i ni i.d; i i
(1T oy Agactwute) oGl Qi the pBbHEaRF oo MR Sesitoly o,
ef erably dinicthyl.am neborane.. (DI Yl . _hydrazj ne,. For mal dehyde, ..
ascor bi & ‘S aTBIRER A PRRC A Gubige i drinie s EARE G il e et g
e P e e 00T e c oot kL O 08, 20 B e

hydrazine, formaldehyde, ascorbic acid or the like; besides, citric acid or the like can also be
preferably used.
[0087]

The concentration of the reducing agent used in the treatment solution is preferably
from 0.001 to 30 mol/L, more preferably from 0.01 to 15 mol/L, and even more preferably from
0.01 to 10 moV/L. If the reducing agent concentration is less 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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fromO0.001 to 30 non, nore preferably from0.01 tot 5 ntl/h,nore
prethrablv from0.01 to 10 nold_ If the reducing agent concentration
is less than 0.001 notcopper may not be generated at a sufficient
speed. [00881 If the nole ratio between the COi CCrkat 30E1 O the
chem c.al agent fbr ionizing or conplexing- a copper oxide and that
of the reducine: agent is 5,000 oroncentration of the copper ion nade
free in the soiutio isi-xionaris high so that copper unfavoraS ifl
regi ons ot her| e PaEFYEFRIARY e dfElipn Aifeneggf room temperatylge §iy SyglF may be
preferably a highly polar solvent since the solvent needs to dissolve
t herei n thseledipsweleq impgeagrane With Hie neesdtiy ey aserdmetingandecaleedpp Bie rpasHonr
Upper conpl ex. The sol vent nay be es: cater, glycei.in, or

i or xnal dehybmging Theestata @alievepper ifitm tdheGeSluatd. r doonderenpartat teeverifibs of the
symay be heated or cooled in accordance with the necessity for

accel er atdopgpr 6itm,deCrel@ibatata@ bubiging@att rantonpthe advamgi afign hdwstias edrengfhe
the cooper filmto be produced. In order to control the :the copper
film thewigadinRnubabe, @ihdilioh Bullrisohldevak &a6dy RRondubRdaddi tion of

an additive stixring? the swing ot the su the addition of ultrasonic
wai es maypkgconduct ed. [0090] <Treatnment with Treatiliitint

In the invengion, a copper based parucle contamme; |ayer irOXIELCd as
descri bed abovgq§alr§@tﬁgT&£ng %ﬁtg%gatnent sol ution. Specifnt.aik
fbr exanple, a substrate on whi ch’ the copped basedparticle treatnent
Mning layer is fortnersed in a contaner tided with itfe rt, or .the
treat ment sol uf‘PB’ﬁ PENEnt F‘??BB%?F??‘ PP FaR P BHIES Eh Y‘Eﬁtﬁiéirescﬂag‘{eﬁbove N

particle containing |ayer. In any case, the coPper oxide in the
copper b decaigd ﬁ‘)’é{htﬂ?eéfeémt?@'i‘ SOIAPR ré)epxgy‘%]'y, fogexample, a substrate on which the copper

based particle containing layer is formed is immersed in a container filled with the treatment
solution, or the treatment solution is continuously sprayed onto the copper based particle
containing layer. In any case, the copper oxide in the copper based particle containing layer is
ionized or complexed with the chemical agent in the treatment solution. Next, the resultant is
reduced with the reducing agent so that metallic copper can be embedded in gaps between the
particles. Thus, a dense copper conductor film can be formed.

[0091]

The period for the treatment with the treatment solution may be 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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coi xi piexed with the chem cal :igen reduced with the reduci ng agent
so that ne particles Thus a dense copper com cto [009 t he
treatnent solution. Next, the resultant ,s copper can be enbedded in
gaps between the can be forned. The period Ib he treatnment with. the
treatment solution nmay be approsince the period varied bg the
concentratnon or the tenperature or the ireatntnt solution. For
exanple, the treatnment period and the treatment tenperature X be

set into HA¥ lEkgHyewVEte reﬁbﬁ? Ge 3aigr P hcreipbraat thea dyygheim-forme
respectively. [0092] The substrate on which the copper
conduct orsUPifath is i hrtiled is exposed to extra. pure water or the

li ke, and then dried hydwith will hot plate, hot WThit oven or the
[ike. In order Asclesraked thoee, dregpregcedsyor filtn chsbahhomabiral. t o

squi rtmet hanol , ethanol or the |like, thereover to replace the watt
sol vent goobsihen dry the filmformed substrate, As described above,
a copper conductor film can be manuhi ctured.

<Patterned Copper Conductor Wiring>

The patterned copper conductor wiring according to the invention is wiring wherein a
copper based particle containing layer containing both of a metal having catalytic activity onto a
reducing agent, and a copper oxide is patterned by printing, the wiring being obtained by
treating the patterned copper based particle containing layer in a treatment manner using a
treatment solution which contains, in the single solution, both of 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.

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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009, 3] <Patterned Copper Coilductior Wring> The picopper conductor
W ring according to the invention is wiring wherein a copper ased
particle contaxmug | ayer containing both of a netal having eao
reduci ng agent, and a copper oxide 3s patterned by primng. the

Wi ring being obi: ned by treating the patterned coop treatnent

sol ution which contains, in CIT coinplcxng thecopper Oiik, and a
tech conplex to be made into nmetallic copper, |In others, the
patterned coppdf SEsh@wERGRe giPPigscddeBicdicagainme tdyer g dorm oppties infhei ng
obtained as fellows: at the nine of form ng a copper based partici

. ont anm ngnvayier tlbewobitedrabopartidhéandppd compendudt mrtictes bnd etboondiidge!t o
the invention, a painting slurry for formng the copper based
particl e menlaundiga bayelg shsryftitpeigorirtyd isdd@ OiimaheSddpsdr badee parsitleas
to forma layer which is to be a wiring pattern, and then the wiring

pattern tdeahalRaver RRRENSH0d K18 8t BBNEonsi8@ndliha® Mhe WiRGs 8 MdFBKLNG hhe
| ayer into a conductor, [009 The pr,o pattern the coont-ning |ayer is

any two Sﬁbﬁ&ti&@th&(e%xﬁ&&pﬂﬁmﬂg ?&&ﬁﬁ@t mp, of ink-jetting, screen
sprinting. transibr printing, offset
[0096]

The concentration of the particles in the painting slurry is preferably from 1 to 70% by
weight, more preferably from 10 to 60% by weight, and even more preferably from 10 to 50%
by weight.

[0097]

Specific examples of the material of the substrate used in the patterned copper
conductor wiring according to the invention 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.

[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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In order to print the copper baserEi der-1rto forma pattern in the

bl Ve Lon, the nunbern ordi aneter of copper oxide prttcles and ot her

i ndi vidual particles used ut a pairé&(dispersion slurto formthe
copper based particle coniammg | ayeroferably 500 nu or |ess,
consnlerns, that the wiring is made finer, or the artoticatinn

t hereof onto each printing machi ne. [0096] The concentrahe particles
in 010 txg slurry is preferably front 70% by wei ght, nore preferably
from 0 t oPre0Rkaby e gorpgRlRspRataE il R Al gy ef. o s INTletintgy crugor-.

[ 0097I pies of the material of the substrate used
i n the patddiimely, ovpllictoopper orpdertiteted glsabdwrai thgparioelds e thelveths piche layer;
cl odkde pol yethylt polyethersuifbne, polyethylene terephthalate,

pol yam dethtd, dense p@bytebhduetoe tvirepketivided. pobyeare) dieedfytsthd pgpetngdespper
epoxy resin, phenol resin, e anatv ester resi forced resin, polyelefin

Dk yam dendafd vRehyRbein: &Nge Sivbdiod & wiShpe@ist He 1pumufhateiang et thed
according to theMon does not haveany step in which high tenperature

is reqd S&Sper%gn(ﬁ%tm—ﬁhﬁ ic@ordﬁgme Hﬁerﬁ%%@iﬁEQeﬁ% LROMY icRRshAgr i ng heat

resi stance so nuc
[0099]

<Conductive Substrate and Manufacturing Method Thereof>

A first embodiment of the manufacturing method of a conductive substrate according
to the invention includes 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, a 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 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 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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[ 0098t After the wiring pattern is drawn as descri bed above, he
pattern , tathe sane way as n the thove-nenttouecl man"ring nethod of
a Copper conductor filmaccording to , invention, Specifically, the
pattern is opt tonally dried, and then the formed wiring naitemis
treated with the above-nentioned treatnent solution. As a result the
same manner as in the above, entioned manufacturing nethod of a
copper conductor film netallic. copper is precipitated in the
copper ba@é@l]parti cl e conkEainng .layer, to be made nto a couduc:.tor.
Addi tion:)"betweens or the depths of the |ayer, thus, dense copper
conductor wiringuBgay] el ded. In pr nipte, therefore, the psUerned
copper conductorccording Mthe nvenrion is wiring densein resistal ehe
copper conduct ok sibstrare eeble (ditiegpuboratd & thewaents gnerbieithegleskeipsen afvde | ow
[ 00991t, <Conductive Substrate and Manufacturing Method | aeof > A
first enmbagparediduobr filteacimring acthd idvegioiet fiadlaty toah€pgechh@cieElh 0
the invention includes the step of formng, on a substrate, s |aer

cont ai ni ngeoRRALA Wt irGeRBh théMaRMRurfg Q1 RGr the ibNSitiod 88ks LbGhave
| ayer, a copper a at 1,3 CoMes having a cordshell strut:Mcore

i el udi - ' : ' d
regi el udi fg lgg Etf:??lgvt Shehbet G &P{?&@P&ﬁgi‘m r@quﬁ'g&)gelgyg)ihed&%)lstﬁdge can

particles |n,c e copper oxide, and the ste trea
copper particie.layer with.a treatnent solutron which contains a
cheni cal at%f:gseer?fte‘% ‘6’?1}{?“6ﬁ%}ls‘rqeg“n&rhe?’tt%sbﬁta&? ?f’gm’tl%e copper oxide, and a

reduci ng [i%?g t for reducing a copperion or copper conplex to be nade
into neta copper. The condueti vesnbstrat emanuf hcturing
met hod according to the present enbodi nent nakes it possible to
produce a conduéfea)Bavingppiafigic actediguenrirdicinggest] ow i n resst ance

whil e copper is restrained fromprecipitating any region other than a
desi red regi on.The metal having catalytic activity onto a reducing agent is the same as given in the

description of the copper conductor film according to the invention.

The method for forming the metal seeding layer on the substrate is the same as
described about the embodiment (c) in the description of the copper conductor film according to
the invention.

[0103]

<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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Each of the steps of the manufacturing nethod of a conductive
substrate according to the invention (thst enbodiment) will be
descri bed below. di NI of formng,a substrate, a layer containing a
metal > In the present step, a layer containirfti a netalactivity onto
a reducing agent (hereinafter referred to as the "netal seeding
layer”) is rnmed on a substrate, [CH 01] [SE3bEi rate] A substrate

he sane as given tn thee iption of the copper conductor

usabl e) i f
i1 m accorl REFUES) AFaRT HErE P GRS HHoE e BEBEReISBRALRE HFD f egescription of
according to tho invention, manufacturing nmethod according to the
i nvent i onthdee¥eheedissy élmascominedpitirgnenag. hs ctsirefomintladgs sPRCUr et not
lower than it is required. Thus, the substrate can be selected w ' hou
consi der i pgfebeéemipgiisiaticeosio alkuedwival@l@@tto] Met al having catal ytico a
reduci ng agent] The metal having catalytic activity onto a
reduci ng Egesla_ is the sane as given the description of the copper
conductor filmaccording to the invention. The nethod for formng the
net al seedi ng I@mg@xgﬂ@§g&ﬁ&@qis t he sanp as descri bed about the
eni hodinicnil (c) indescription of the coppc conductor film according
t the inventiongy particles including the copper oxide (hereinafter referred to as the “copper oxide
particles”) are the same as given in the description of the copper conductor film according to the
invention. A preferred embodiment thereof is also the same.
[0106]

[Dispersing medium]

The copper particle layer can be formed by preparing a dispersion slurry wherein the
particles are dispersed into a dispersing medium, and then painting the dispersion slurry, as a
painting slurry, onto a substrate or the like, thereby forming a painted film. Examples of the
dispersing medium, which is used when the particle-containing dispersion slurry is prepared,
include ketone 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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[0103] <Step of formng a copper particle |ayer> A copper particle
layer is fornmed on therid netal seeding |ayer. The copper particle

| ayer contains particles having a core/shell structure having a core
region it copper andeget), including a copper nidde, and particles

i ncludi ng the copper oxide. Hereinafter, the copper/copper oxide core
shell particles will he first described, [0104] [ Copper/copper oxide
Core shell particles]_ The particles having a core/shel
structure havi ofegorspeatios §f dhthe aetile indrecbppeion aley & maerblyrfegh bip

i ncluding a copper oxide (hereinafter referred to as the

copper / coppieby oxighlemommecferebly fremsaime0% ba veashe anthevree nione privrabbyr fegrs hekd
particles givenpEECE33, O the. copper conductor filmacconhog to the
i nvent i on50% heweighte fro@ gheonevifotit uftesappoprifie ebesiteditella o dierbintihese of

is also equivalent thereto. [0 [ Copper oxide particles] The pas

i ncl udi ngpdiliRgGRpRaLs dsiddgeribesginafter referred to as the "copper
oxi de particles") are the sanme as given the description of the copper

tC ﬁg?gg; Oir . f ;: ?Oﬂtfeﬁgﬁégééyrn\g?iél? 8% J(I}g i&ﬂ}\éﬁ&ﬁa& Rxidf\chE SlBaftllE PG IR B per

oxide particles (y) (x/y) is preferably from 1/1 to 1/19, more preferably from 1/1 to 1/15, and
even more preferably from 1/1 to 1/10 for balance between the supply of a copper ion from the
copper oxide and the precipitation of copper onto the copper cores.
[0109]

<Formation of the copper particle layer>

The formation of the copper particle layer can be attained by painting, on the substrate
surface, the dispersion slurry, which contains the copper/copper oxide core shell particles and
the copper oxide particles, as a painting slurry, and then drying the resultant painted film. The
painting of the painting slurry can be attained, using a bar coater, a comma coater, a die coater, a
slit coater, a gravure coater or the like. The thickness of the painted film is preferably from
0.01 to 100 pm, more preferably 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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[ Di spersing nedi unj The copper particle |layer can be forned
by preparing a dispersion slurty wherein the particles are di spersed
into a dispersing nedium and then painting the dispersion slurry, as
a painting slurry, onto a substrate ohereby formng a sainted film
Exanpl es of the dispersing nedium wh |Ii is used whenthe
particle-contalt]xng dispersion slurry is prepared, include ketone
sol vents such as acetone kitnbutypol actorie, and eye-|obe io e polar
sol vents such A$XfeASED IPHRSEEARIFE S UGATPHY P HyHIMETSP bR theaghy
propyl ene glycol nonotathyl ether; and hydrocarbon sol vents such as
t ol uene, PEEItrEAHEEGFEPer[s02DP|make thgicapnst RirbHe i ertite a perdupier edhpy
using a nmedi um di sperser such as an ultrasonic disperser or a bead
mll, a davircatsobésn a thrormons giem iothealeSrib@r ol avppee pgndactor film according
eountercoliisoa process such as anan ultrafilinfilmhighspeed rotary
The concenthe atvegttonof Aatdfertddempaditneltie@sedf i dlda@hdbasper si on slurry is
preferably fromlI:0 70% by. weight, nore preferably from5 to 60% by
wei ght, amdipen noably from 10 to 50% by weight, fromthe e ocant of
apnate viscosity suitable for the minting or painting nethod of the

dt spersj on sl UL¥aiment with the CR8mEALHIRLHAY Wei ght. of the cop /copper
oxi de core shell particles (x) to the copper oxide particles (y)

(sly) is efera fromPi. to.1/1 no ref erab from1/1 to 1115
and bven ror e prorerant kg b8 B! fo PRt bRt unir
er. oxide 33recitutatiaon ofonto.th er cores,

of a copper co co
[ 0109] pglgi tﬁaaf[n?eghw%]:r t H’gat]é)srﬁ 6%1Pt1%1agj¥qndp gxelda%félpgon o? the cg per conductor film

according to the invention.

In the invention, the copper particle layer is treated with the treatment solution,
thereby precipitating metallic Jayer to make the layer into a conductor. At this time, the
precipitation of copper is generated by using the metal particles seeded onto the substrate as
nuclei; thus, copper precipitates in the depths of the copper particle layer, thereby a dense
copper conductor film is obtained. The precipitation of copper is generated also from the cores
of metallic copper incorporated into the copper particle layer, 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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The formanon of the copper particle |ayer can be attained by pa"Y, on
t he substrate surbsce, the disperston shun; which contai nscopner;
cooper oxide core shell particles ana the copper oxide parucles,
asanddrytng the resultant painted film The painting of the painting
starry can be attained, using a bar coater, a coimma coater, a die
coater, a slit corder, a gravure coor the like. The Meknes:" of the

pai nt ed frhzlnmalct%ngg S@tﬁgm;)ycofx&u% € Sug%)l'aEe !:O%n%%qh??l('%gv\%ff% t?)lox ime yl ng

0, to 50 tan even nore pr era From

f th b |

S to 30 mAvEReboi e fore g P o auehr apEleneafhg ﬁﬁ%gwae!&ves
he ik The f be d db th -k ryin

Teans. At e G T NG By e Tl e HE TR e BE DS PRETES

fromwhi ch oxygen is excluded earned out for metallic copper
parti cl eslesiengéo hpdaptiz o3 iof copper / copper oxi de core shell particles
are made of the copper oxide, [01101 <freatment wth a treatnent
sol uti onx0113] he forned copper particle layer is treated
with atrc.attnent sedubo precipitating netaillc copper so as to nake
the copper par t<ivGinefattayigy MtthedsEpperSntid@Witisgt he same as given in
the description of the.conductor toention. A preferred enbodi nent
thereof is al sqht RBIoSHFBYill describe the manufacturing method of copper conductor wiring
according to the invention.
A first embodiment of the manufacturing method of copper conductor wiring
according to the invention includes the step of forming, on a substrate, a layer containing a
metal having catalytic activity onto a reducing agent, the step of 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 to draw a wiring
pattern 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.
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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<Treatnment with the treatnent sol ution> The treat ment
solution is used io treat the copper particle, layer in the same way
as in the treatnent with the treatnent solution the description of

t he copper conductor filmaccording to the invention. In the inventim
the tiopriel it treated with the treatnent |otion, thereby
precipitating netallic layer to make the layer into a conductor, A
this tine precipi.tati on or -tipper is gcnei-ai:ed by using the netal
particl esseeded BH'8 StHE) substrate as nuclei: thus, copper
orcenmtates in the depths of 'he copper particle |ayer, thereby a
dense copper cdrepEiFre sfurynvhish estptaaisirerper/ Tpecprétsicpictshel] emtidés amdpper
is generated also fromthe cores of netallic. copper ncorporated into
t he copperppartiicpaetidlayenbe sotainbdby dispesactiede popgerin palispércing sicdiuen as
fixed while surplus coppers diffusing into the solution according to
only the damtiatd qgpavd i dlhesetppedleimiatheahimt 6s thtibpberddboppaabeidpt@e fidighadles
fromthe upper of the copper cores, to be consuned. Therefore,

met al | i Clan€ RREWpel Sxif Rehdhsliaddad 1R Maufa futidpemGORPRET PAGLIiEd SbdBYEr SO
that copper n not' Mated in any other region. Accordingly, a

conduct i vg, @l iGvdn bSdi fac ATl Ea]
conduct | NE-SURSLTRLE,L A MUSSLSIANRE, IR0 BRUDACLERR paricle s
S manut ACLO A By ERG TR hraCEUl g e RaG B s Beldli ATl

i s manuf acture nfac g

substrate Ei eenninkg to the invention (First enbodi ment _

Accor di ng) V?‘%(fngﬁ’é & @‘8 pRRdiFatiog ﬂre&‘rﬂﬁﬁw F?fé]é’a’f’ﬁ'ég ’Gg;g‘flﬁtg‘? Wéllbe {e5eribed later.
resistance is low Additionally, even when the substrate is made into
a thick film thecugssrren & thadartirle isthgpantingaturphe peifsdy Gere | den®e bup
to Inc depths tnereoh [fit 1d] PiciMrinfacinhine Method of nduct or

W ring> weight, more ifyisrabbl kowi ity 6004 by wegidrand even thae preémabthatomanfpg 50%
nmet hod of copper conductor wir accordo e inventicpn. A first

en: hod: i g wegthhod heblead pypie (radobweizmy batvednniye used copper/copper oxide core shell

particles and the used copper oxide particles is the same as in the above-mentioned
manufacturing method of a conductive substrate according 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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according to the invention includes Ifle step of formng on a
substrate, a |layer containing a netal lutvin. catalytic activity onto
a reduci ngof using a painting slurry which contains particles having
a coreisliell structure having a. core repcn including copper and a
shel | regione a cupper oxide, and Particles including the copper
oxide to draw a wiring pattern onlayer, and the swhich is nade flora
the painting slurry, with a treatnent. solution wi nch contains a.
chem cal agent h6mciheA oL raying apTesiatgniunes dsppetnpsiigecn hpsubsirate may
reduci ng agent for reductng a copperion O copper conplex to be nade
i nt o met diclaipgingppparinting that has beph dutlrgliotugddaie maini argninetih odeot dooppée
conductor wiring according to the invention is iliffet fEE fromthe
manuf act uriringpavetihods dbwable eppethe poinductioty 4nidluse @aceo pomings @t prieing,
invention (first enbodinent) in that a painting slurry which contains
copper / cappps poxXing @raaOEcsringhe lobfs Parikting] &% agesgarticles including, a
copper oxide is used to draw aand in a usable substrate. The two are
substantifg|i;y the same as each other in structures other than the
above. Accordingly, only the different points will he descri bed
hereinafter. [0 ook -pal.nti LY,: i

cont ai nser oxi he ef lﬂg grﬁ%gﬁg%%%‘g%l% éléﬁh%%u@aﬂ%%% thgglf' é?lﬁ%\% Sgyr Iy, the

di spersin he::.-q. i um as_descrned.above. These particles are the
At M T ek e R L A i AR
oxide particles used in the irtanul uetuniug nmethod of a eonaudwe
subst r at €408 BFgithig URRFCESHREY f4TE HIC VERKAIEE i AL AERBBBT AEAT) WV ER st he,
nunber - average particle diameter when the particles are dispersed s
pr ef er ablsyclydad ap gargerbou fas megnlliq aegeer peroiplst degeitkrgutihestis made dfgles aphirner
or the apphcanon thercot onto each pantng machine that win be

descri bedxldat er. The concentration of the pthe painting slurry isttly
from1l to 70% by prc bly from 10 to 60% by wei ght, and even nore

pref er abl[g1i8fom 10 to 50% by wei ght The blend ratio (ratio by wei he
used copper/copper oxi de cow shel

The treatment after the wiring pattern is drawn as described above is the same as in the
above-mentioned manufacturing method of a copper conductor film according to the invention
(first embodiment). Specifically, the formed wiring pattern is optionally dried, and then treated
with the above-mentioned treatment solution. As a result, in the same manner as in the
above-mentioned (first embodiment) manufacturing method of a copper conductor film,
metallic copper is precipitated on the copper particle layer, and the layer is made into 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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1 s and the used copper oxide partt..1St.ta :anmen:tone nmanufacturing
met hod of a conductive substrateling to the nion (first enbodinent).
Sneei fic exanples of the matehe substrate used in the manufacturing
met hod of copper conductor wiring according to the invenflon (Orst
enbodi ment) include poiyin polyethylene naplithalate,
poi yet her sut f one, pol yethyl ene terephthal atc, pol yam dettni de,
pci t ydher et ber ket one, pol yearbonate, Liquid crystal polynmer. epoxy
ream pheRBrer PR &) the cepipa ateal e it thegdfing is49vhBresi$4nas or ced resin,
pol yol efin, polyarinde, and pol yphenyl ene sulfide. Snoce t he
manuf det dph?é’ﬁ)math u according to the invention does not have any step
in which high tenperature is required such as sintering, the
substrate can hecsdlngtedsanbidmblbdieensifdermhaufactieiag medsd st anvaéusioe NTAC
[0116] <Drawine, a wiring tattern> The neld id of drawing a wiring
pattern ushsagteton thePaleibntif@u@tiDS slepbEpadting D@t QBEtHHE, B Qaidiingdlit wRigh
that has been hitherto used to paint an ink. In order to drawn the
Wi nnT - pardo@lins pdrtitiSs 13k n@WRRlRndI0 S G RGN PRLAE tAnIAM ding &Pgerléﬁ@ a shell
screenet printing ink-jet printing, transfer printing, offset
printing, by : . ' t | of
Phe v 11 nefon Boilife b bdpoke chlde, herty foring  paipted el Bl IS, HEAMBY O
ateni peragture es ing to.th olatilityof the .dispersing nedi.um At
b o & uheted s8R Mt R e EoalPred ol et M SR RE P U e
excluded, as carried out fox netalixecopper particles since the
surface iSTREYE! %P‘?“Plrlpég% P teERPY é‘?g‘%%?he painted film yqygarq the sehstpie, aaf ther
e wring pattern is drawn as described above is the sane
above- neritP ohEertina Mgraeted filp gunestaddel thefoxidizpgrseimesiowidiue treatmérit [sphution
according to the invention (first enbodi nent) Specifically, the
f or mred wiwlhighgeop@ins e chentigal ageni fon ainlzyngdr cedpleangtht hempet oxédy ed avetudvitghe
above-d treatnent: sokAs a result, in the simanner as in the

agent for reducing a copper ion or copper complex to be made into metallic copper.

The manufacturing method of a conductive substrate according to the present
embodiment makes it possible to make a copper conductor film thick and dense and further
render the manufactured conductive substrate a conductive substrate capable of realizing a
decrease in the resistance of the substrate.

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 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
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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above-neiitiodi ment) manul acturjng nethod of a copper conductor film
metallic copper is pated on the copper particle Layer, and the |ayer
is made into a co dunetallic copper is precjpjtated in the depths of
t he copper particle layer; thus, dense copper conductor wiring is

yi el ded. <Copper Conductor Alls According to a first enbodi nente
copper conductor wiring of e inventionts rnanufhctured by the

manuf acturi ng nmet hod of copper conductor witding to the E
EIEiOElOiﬂpgg eni Fadi nei tt ACEEEE) t di ece oFt he copper wiring is nade
of dense According to a seem odi nent of the :manufacturing nmethod of
"A) int:dive dbbssurriagwedfmthe i nvention includes the step of
painting, onto a substrate, a paDi contains particles havingstructure
havi ng a core Megieonnifaghud mah@ogpepndniyeguisirelelacqoedngmn thavobemdiong a
copper oxide thereby .formng a painted film the step of subjecting.

t he for ngeecpai ditedinfenl)a digeBiinGiuziyngpréfeaitviRidin the plEcleLas eishdreed in a
distribution of the copper oxul c conponent gradually fro:outernost

region ofgid,BeinpaleAtugd frhl BIPWH Gty pSkBS ta AbAntiBNHiryNEhtS SbsRte or
treating the painted filmsubjected to the oxidizing treatment wth a

treat rrentthél‘ﬁie%& -fo(?m\MB-a gadqﬁ)rgt a’i‘ﬁ@diﬂ)e&nl%%eﬁﬁllm 1%9(?5&' PG othQSBAl‘léé fgt he
copper oxide, and a reducl ng
dispersion slurry, wherein the particles are contained, may be the same as the dispersing
medium given in the description of the manufacturing method of a conductive substrate
according to the invention (first embodiment). The dispersing machine used in the dispersion
and the concentration of the particles in the dispersion slurry are also the same as those in the
first embodiment.
[0123]

{Substrate]

The substrate used in the manufacturing method of a conductive substrate according to
the invention (second embodiment) is the same as the substrate given in the description of the
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 is
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agent for reducing a copper ion or opper conplex to be nmade into
nmetallic copper. The manufacturing nmethod of a conductive
substrate according to the present enbodi nent nmakes it poto nmake a
copper conductor El mdincand further render the manufactured
conductive substrate a conductive substrate capable or realizing

decrease in the resistnce of h The followng will describe the
constituting.elenents in fhe manufacturi nmet hod, of

R a B ROt o Bt e e e sy S b Sorp sopdueiongiper /
c.2. er oxide core shel|l particles': 'The particles having a

cor e/ shel3cc&tipg &ri8e PEFIWAR ncl udi ng copper and a shel |l regi on el uding
a copper oxide (hereinafter referred to as the ccippet-vet oxid"

shel | parlfi®lles) are the sane aswhere in the corel shell particles
given n the c3eserlpton. of the copper conductor filmaccording to

t he invention, Thedolpote widgharssivelyuesibe gppen theAngpntternngaetendoti nent
thereat is also the ne. [01221 [Dispersing flieCR fli in the

manuf act WohM@titedubaghtfccddia® ATUE InlMRios, LHA8 tétailseh f BB ORI if Bach @f tHRGteps.

i nvention (secondenbodi nment), a dispersion shiny is prepared wherein
the partiglgs are dispersed in a dispersing medium The dispena
paintine slurry. -into a substrate or the like to forma painted

film The dtspeﬁ%hﬂ%mggg%gggﬁgﬁﬁhé; the tinme oUprer ticks are

cont ai ned, may be sane e di spersng

The formation of the painted film can be attained by painting the dispersion slurry
containing the copper/copper oxide core shell particles, as a painting slurry, onto a surface of the
substrate, and then drying the resultant painted film. The painting of the painting slurry can be
attained, using a bar coater, a comma coater, a die coater, a slit coater, a gravure coater or the
like. The thickness of the painted film is preferably from 0.01 to 100 pm, more preferably
from 0.1 to 50 pm, and even more preferably from 1 to 10 pm. The drying of the painted film
can be attained, for example, by putting the film at 20 to 300°C for 1 to 30 minutes on a hot
plate, or in an oven, heating infrared rays 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.

[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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and the concentration of the particles in the dtspersion slurry are
al so the sanme as those in the first enbodi ment. [0123] (Substrate]
The substrate used in the manufacturing nmethod of a conductive
substrate co nEi to ntion (second enbodinent) is the same as the
substrate gi vendescription of copper conductor filmof the invention.
It is sufficient for the manufacturing nethod ;axon(second |ent) that

the substrate.is.a,substrate which can.resjist.against heating at the
Lime of oxOrIrRsRaTmPeRfs B v msdey PERN B M1 R ed et e
does not have, any step _.in_which tenperature not | owec\-33:ttii _such
as sint er‘f‘%‘.’d ‘Eafﬁ%meréﬁ‘ﬁélferfé{mdﬁtﬁ A58l QPR ARPIRIITS CONE e Blawe
resi stance so_nue_Iin,Z%%@%TreatnEnt_solution] The treatnment

sol ut hi enhee¥se inghe #t deprrsidesaon oh thesfilmyip glartedfram Beepisast eiops AnBmgane
as given in the &mi, he copper conductor film according to the :Lye.
tion, elapses, the oxidization advances toward the depths (toward the substrate). However, in a case

where the heating is stopped and then the film is cooled, or oxygen is blocked on the way, the
advance of the oxidization is stopped at the time. Thus, the film can be turned into a state that
only the vicinity of the outermost region is oxidized or the distribution of the copper oxide
component is gradually decreased from the outermost region toward the substrate.

When the film is heated in the air, the temperature is preferably from room
temperature to 800°C, more preferably from 60 to 300°C, and even more preferably from 100 to
250°C. The period for the heating is preferably from 1 to 1200 minutes, more preferably from
5 to 120 minutes and even more preferably from 5 to 60 minutes. However, the heating
temperature and the heating period are varied in accordance with the primary particle diameter
of the used particles, the scope of an oxidized region of the painted film, the thickness of the
painted film, and the like. Thus, the temperature and the period may be appropriately set.

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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[0125] The following will successively describe steps in the

i manut heturd of a COR3dEl ef ', substrate according to the inventi O,
and clot- s or operation in. eachof the steps. <ZFortnatiorj of the
The torruation cith painted filmcan be attained by p.atnting the

di spersion slurry containing the copper/copper oxide core shel
particles; as a painting slurry, onto a surface of the substrate,
tthen dryjongojt he resultant painted film The painting of the painting
slut ry can be attained, using a bar coater, a conma coater, a die

coatet, a slit "fl‘%%teﬁéd for ﬁl@%ﬂéﬁ%@ﬁ%lﬁﬂﬁé §§atrlmi:nléﬁc§}ut?;)rﬁ§s &agfeg E(nP a%gqurgggce twr}t?x

paini-ably from0.01 to 1 tam nore era rom gn} ?nd
even nore eferably.froml to 10 pm The i of. the paint ilm
can be at?ﬁ?&% ?% g%“%%?ﬁ%?@?“ﬁfrﬁﬁpﬁﬁﬁﬁet §M$ﬁﬁﬁ¥ﬂféﬁﬁm§8” 0 Ctor |
to 30 mnutes on a. hot plate, or_fthan oven, heating infrared rays or
theThe fi I'AiRTHY S}%h%/se‘ﬁnf%g‘?r ¥t RnoiREahd o At My s The igperafurg of the
unnecessary to dry the filmin an atnosphere from which oxygen is

ecl udect (reatregyf pqleipnsutet preietablyanialthe rengsop peom tomperptoteds 160°hce t he
surfaces of the copper/copper oxide core shell particles are nmade of
t heper oxliOh&)] <Oxi di zi ng : man - Next, the dried painted film
is subjected to oxidizing treatnent. 'The oxidizing treatnent isa

icted to decread@eihhie plosdss hoth X@stdlof titgecEOPME paiikd By GREAGEE
gradually fromthe outernost region of the painted filmtoward Ad tEe

substr at eyeatnldd@oRS NQCLHQS trea M@nOXi6linG k@b @BLIBNE dbLyibdsor exanple, a
met hod of heating the film at

As described above, about the painted film containing the copper/copper oxide core
shell particles in the invention, the outermost region thereof is partially subjected to oxidizing
treatment. In this state, the copper oxide component is distributed in the largest 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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a predetermned tenperature in the air, a method of subjecting the
filmto ozone treatnent, or a 'nethod of imersing the filminto a
sol ution containing an oxidizer Wien the painted filmis heated in
the M; the oxidization of the filmis started fromthe outernost
region. As time el apses, the oxidization advances toward the depths
(toward the substrate). However, in a case where the heating is

stopped and t heRechiigngly ilkd §e 9(9@ et e RBEYLER rhlle 9!118:9 lﬁ?ﬁe gébtﬁgﬂ%

t he advance of the oxidization is stopped at the t fi I m

can he t U(ﬁe@&ﬁ') g zeg E)[%:& ?o& that he(l)xlil% Xretsgg tl‘(’?lﬁ r&fugéﬁ o%fthe A8, QU eri actes

regl on is oxli stribution O € copper oXxide conponent

is gradu decre rom:t oute n toward t

subst rat ehets pf“lpf?%mﬁﬁ O i @ﬁB‘e&\é\?ﬁ‘gf‘ﬁ Copper s started
tenperature is ferably fromroomtenperature to .8001V, nore

pr ef er abl §OF FbSr‘ilF@gs 81 Bpbiee Prpgitaipa APTRwsE & BF abeleablBEreeism copet o
250C. The period for the heating is preferably from1l to 1200

m nut es, §PBAEtg D enabhya Whdara bedortzd i drlitians!la mdlerethe filmristreade thick, the
preferably from5 to 60 m nutes, However, the heating tenperature and
t he heat i ingtopat jobdioarcen pﬁmméaedintmhattapdmdaﬁm, the tholt ben tprmadadynspar ti cl e
di aneter of the used particles, the scope of an oxidized regi on of

t he pai nt[@difjil m the thickness of the painted film and the |iKke.
Thus, the tenperature and the period may be appropriately set.

When the pai nt eghefshilsBute $n W%fﬁfétc%gpe} Qortd& oo bl ZrRE] @ DR ex Y pure
heating, the drying of the painted filmcan he sinmultaneously

at t ai ned. . thus theihtk%8a?d %Hlér e 1¥h &110%@51% aaho?i M{enghot %\In? dr epq§§?e?1%gsqﬁt Iy

or separately. [01 nt wt e tr athent o)

After the dizin rea , ai.nt.e reated with the
above- nen }%éne(?g?n a&l {n&‘a rde ?Nrt;}h %bgcpg?rﬁﬂiﬂaﬁzheaftlggg%lele%fﬂnbagn?tﬁe
substrate on whjc B thei OXI d| za q\%treated painted filmis formed is
i mer sed YHtb oéthE Kt ailh & sy thgidpfing ®eY ida et s SbIVRIGASTEH ¢ he
treatment solution is sprayed onto the painted film 101291

The peri ddeiPer Metanalysdiopteethifl ety ketenear dietlive Hiereouiriie Fephics de water wigh
accordance with the treatnent solution concentration or tenperature.
Thus, t hehpwhicodaidsthemppy dprfilatfeimedselstraffhe peri od may be set into the
range of, for eX. nide, 0.1 to 24 hours The tenperature th treatnent
sol ution is se:Asprefideditoye ianbolitthie: subsmge 10§ i edimee cart B0 1301
Herein, the process fromthe step of subjecting the painted filmto
oxi di zatijors2yreatnment to the step of the treatnent with the treatnent
solution is deseribed. As descri bed above, about the painted
fil mcontaini ngd NG cEOPRRLGOPPEr oxide core shell particles in the

i nvention, the outernopst regl onof is pat'objected to OX3:33'

treatment. In tﬁw §rd§1% t({ %s:.ecg en%%ﬁf%%ent &)ﬁle cond C?l{\}g %stratte }éedlin\zt rglf)r? g;gd

in the | argest armu € out er nos i on ot pai ht

t he conponen r ese unt t ward t he
ot ot Btk fgeyd egfrl%fwfafﬁ%ﬁg FRlbaat ﬂ&%ﬁmwe SEPBYF eoBingto eimgntion

core shel|l parti cI es the : regi ons (copper oxide) of which are
thi ck ar €*4P&tepilie éepth%haeqfaff‘gaé%o TB6 GhEeymerPguc b, hasubsade Bilowin s
treated with the treatnent solutio the copper oxide is first

| enpl exedesjitanke.t Heddgivantie atennvhan thetshistrate st reaiciinfo g teckt filemtheemlistrate is in a
solution. However, in the di, ihs of the painted fitimthan in the
out er noststatesfatolm 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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thereof, the distribution of the particles the shell regions (copper
oxide)h are thick is smaller Thus, in the copper/copper oxide core
shell particles presel n the depths, the con of copperer exposed to

t he out si de. In general, a process of reducing a co!per On to
h enhrnei o copper is adyi iied on a netallic surface, by i catalytic
effect of the surface. 'Thus, copper precipitates on the netallic
surface. This NeRCERSndnsfaband Yeaovanegd: Qhadw: Wigs AR.aBde, arl y of a
copper. zicie copper does not nei:mta: Accordi ngl'y, when the
cores of prtald i ¢ cAPRELAr € made naked in the depths as descri bed
above, a copper ion and the like are selectively- reduced on the
copper cot urfaces . then the pxeci.pil.:atm of_ copper ad ces. |

ot her words, t%‘ecc%rfl e ?()p? G 8%1%’5rétr°q}thse o t‘elgg IP%tﬁﬁ)q/%%oH%eﬁf%@PCtgﬁd
then the precipitatton spreads to the whole, Therefore, 3. copper
conduct or"af”ilg ?ﬁqg‘é‘ﬁ%eé‘tlﬁ% mﬁlr“aﬁdﬁ%s“é’a‘ﬁ IFEGT YHEidE RHH YUIRA AXPURGRERY t he
filmis maclc thick, the solutiontreatnentcan erneate into the depths
Thus, t heVhifigoataaparhdeninyise gspgehel] gragpge having a core Tygeong yhadinggoppepnd
whi ch the copper conductor filmis fornmed is exposed to extra pure
wat er or asheljegike inchidig atchensr oniéadoryd wibstheteathe stip pf subgectint thpfiate widng
hot wind drier, a thernostat, dried nitrogen gas floss, dried air

fl ow, heatitag vidych infiaédy ch datphingd byludne ot dxotiEGedatGenvvRsreasethd | | ke.
In order to make the drying easy at this time, it is allowable to

squirt  distributiomBtthad@ber orldb anabonemretduyhiiyetdiy ihe ki@t REiokh BEthE ivkéhe

thereova to replacewater with the solvent, tdry the filmfraned

subst r at e,uhs (RGSChE RS ADANEshe @te;/? gﬂ%ﬁﬁg HEwiHBIhAAR Surh W 153

.resistance can he manuf act ur ed. 1321 <Conducti ve Substrat e>

Accordin g)x}d%u%\/t%?ﬁxgegﬁ\gh }HF ggalttlggﬁ EothEont\ﬂng(alchﬁg}ﬂg Ei icf{e 1 atlI IQ etn[ i%tr gosnf'zriné Oé

manuf act ure uring net a conauc e Su
accordng to %Qee A%cordinglg tgg d%Fth% thqgeof are al so nmade of1
dense copBEP ™ HhE “PINST Stifie P14 TSR 4 TTREPE £ SHRPST VBAT WIRBH CHBleE
substrate js gﬁge into a thick film the substrate is in a state that
the dept H3P% Hefedpp metadliccoPfénse. Moreover, the substrate is not eaed
in
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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the air, or corroded with whe |ike since the substrate is nade of
dense copper. [0133] <Manufacturing Method of Copper Conductor
Wring> the mans factoring nmethod of copper conductor
wui ng according to the invention will be descri bed. Accordi ng
to a second enbodi nent of the manufacturing nmethod of copper
conductor wiring. of the invention includes the step of draw ng a

W ring patifhd ovk RekidlePRIpPr iy SIUE ¥r MRI GRsiGQRE Al Ere RAYidd i€ hiBSe finer,
having a cc shell structure ving a core region including copper and a

shel | regj i 1d] i - "..Lhe step of
subj ect i gnﬂgr]%ﬁgﬁ%gﬁlﬂtﬂ%ﬁoﬁﬁgﬁa@%?%ﬁ %ﬁh?tsva?rlabggésf Ir%oe(rank%t e pai nt ed
solution, to oxidizing |l..teatinme.a to decrease the distributiaon_of
he copper - oxt & EERBTRURT P el Ty P aR T Re Ut S PIHTIY Bh e 3 ot
wiring pattern toward the substrate, andeating the wring pattern
subj ect ed" ¥ EHEC Breleeon ﬁﬁnéﬁ%éq freigiy PLEVETT WSEERERIETIAY HSa Ot &fitoda
agent for ;0B.]; e O conplexing OCa copper oxide, and a reducin

agent tor"o@@uetng a copper ion or copper conplex to be made into
metal lic copper. The manufacturing nmethod of copper conductor
wiring adel®did]lng to the invention (second enbed is different from

t he manufacturing nmethod of a conductive substrate according to the
nventi on (secomnde extoidi dTerts)bstitetubaltin ehepindiabngnCOppel feoppe tordsitee
core shell particles is used to drawmn a wiring pattern, and in a

usabl e sulitiana@b@ing The ivent@nes GbBStARhAbL e LulbSrSaiBeras 1RACRBLNESF M
essential equirenents other than the above, Accordingly, only the

di ffer entthecmmcml% Rfod sﬁ(gng Q%Qr/.da@(opiyﬂglgtas%rdi&g—t% i1 il]{‘léeinfig)@i nt The

paL ting slurry contatntng per/ copper Oxlde core s particles
can by d%qﬁ%ﬁsing the particles into the above-nenti oned di spersing
medni rn. e particles are the sane as the copper/copper oxide core
shel | particlei used i{ t he nanuigcturing nmet hod of a conductive
substrate accordrhy st hE PAPEIT™ or However, h number - aver age
particle dianmeter of the particles is preferably 500 amor |ess,
consi deri ng t hat tBOhCE frAYINE & WdkpP A PHSFINE Hie PRRENHPHTY uibf Sivstdeiseof
onto each painting niachine that will be described |ater. The
coneCnf t :t314me @Ed e dfawtiteemyibed §ivdngs thieetchiptiquadf titei magukiyring metdod of copper
preferably froml to 70% by weight, nore preferably from5 to 60% by
wei ght, andluevewirmgraecqpdief ertabihyenfivofird @mbodibefn.by wei ght .

[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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[0 35] The material of the substrate used in the
manuf act uri ng net hod of copper conductor mn.:171g according to the
invention is the sane as that of the substrate given in the
description of the manuractrai ng nmethod of copper conductor wring
according to the invention. [0 i 36] <Drawing of a wiring pattern, -
The method of drawing a wiring pattern using the painting slurry on
t he subs%éﬁ%g is the sane as the drawi ng nethod given in the
description of the manufacturing nmethod of copper conductor wring
according to tgfjinv ntéop g}irgt enbodi nent). [0137] The
treatnent after the wli'Sg patt%rn is drawn as described above is the
sane as in the_above-nentioned nmanufacturing nmethod of a conductive
substrate accordf APPEFOPFISIY M8 aCeRIINSIdes By @hiPr § M ciisdkgitce i s
optionally dried, and then subjected to oxidizing treatnment, and then
t he for meghniRpiRge pethediisoprsr eqndugterdviviig rcoEsdh By &Vl ofiegprdingly,
treatnment solution. As a result, in the same manner as in the

above- nentd wneg isfloaimiefisthret amtngcmeiphodviofig piecccghdedts meleslibstse atpper

t he copper oxide cmr,. of the copper/copper oxide core shel

parti cl esipitatht hetdepgibs thefeof he W ring pattern are reduced so that
metal lic, copper is made naked. Promthe netallic copper, the
precipitation okagepper is started, and then spreads to the whole

t hus dense copper conductor wiring is obtained. [013E1l1 <Copper
Conduct orgMbi i ng> The copper conductor wiring according to thention
is rnatiufae ared by the manul heturing nmethod of copper conductor

W ring accor di @%rér%ﬂterhﬁlelinr}/}é%p(}nlv&(l)lﬁ be ﬁ‘cscrl reqlbngklt% of Exhem M ring low in

resi stancee each coppér wui ng piece thereof 1°s “nede®of i se copper up
to the central re i?n t hereof. Exanples [0139) a subs yielder Haeii e
tion willicrib zﬁy”VHy of exanpies. [Exanple 11

As a substrate on which copper nanoparticles were deposited, the following was used:
a substrate having a copper nanoparticle deposited layer (copper based particle containing layer)
yielded by painting a 5% by mass dispersion slurry of copper nanoparticles (trial product,
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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A.s a substrate on which copperi C33.i were deposited, the totlowig
was used: e having a copper nanopa -15 sle deposited | ayer (copper
based particle cod:airing layer) painiing a 5% by mass di spersion
slurry of copper nanoparlides (triai prod nmanufactured by Fukuda
Metal Foil & Powder Co., Ltd.), produced in a solution by |aser
abl ation process” in i Thutyroluctorie onto a polyimde substrate
(trade n X - anuf g i : . ) .havtng
atH@bot%]Q% a a%lg%{ltﬁy glgﬁl m@%gﬁ%&@g%)ﬁlg‘%ﬁ \?%gwogfreg ﬁigﬁeéﬂt? hftélﬂe ?j smzﬁy

copper patterns in tor,

repeal ing.th ryin f the resultant at 100 under. a nitroge .
at nos pheg)éécgg{ 1(%:1 ?res‘fv.agf’@ TSl (g?%ék%sc‘f Stfa?eo%cﬂﬁggﬁp S@?Sg&tte IHBQB. oty gﬂhls
STEN¢"obser£aé{on that the present particles had _a core/shel

st ruct ur "RN8F BiTh"a EBI5P& PoRiddntp 4 yerdugigsFlFe sbnF G rébhdowe thacpprer
copper. [014-011 A solution prepared by weighing in accordance wth
col umm 1 TRRePTEIs|e@amtageabstiaie defars agy reagtina, Bsk ? @rslstvsa sitadyion duidrae dish,
The treatnment solution was poured thereinto while a snmall piece of
gl ass wasvhisathedimn endanwen deagfiort (aerdost) raat E1G 6(Qabees 4 Hivasubster tht e not
to float. In this way, the filmwas treated to be nade into a
conduct orredchigsova) fiveroGrs5( Ap a SB0MBT thiiReat:0@ 1 8 ro6:a Fdpfahir€ [ 28° PR tHREsher
substrate before any reaction, FIG 5(13) shows a situation during a

time whemakdperticieldgpddnetesimenit wae ek ﬂ@r&t?ﬁl@?ﬂAﬁ-wJﬁ%&al}@%eE e co?ﬁ)%]z

shows a situation after the reaction over five hours. a resul

the treat t e : RPAMLIiEl Givi
deposi t edc H%ﬁ%%%%?%é bl ac %E%%ﬁ?di(f?%tg) [%ﬁ‘%?%%ﬁgréqg‘% gﬁgg{hlwyt%{i glr ﬁied

into cop | or 03,11 ile the film generat.ed faoa ter
the t 1 ve i SoRET pRR byt b Oied B ThERGBLE SpPElep gl
Al t hough t he ii urc@s @r(@ beach i nonochrornie, actual colors thereof
wer e col ofE B ST BEU ABove. [01411 As shown in FIGs. 5,
the coloration of the solution and the precipitation of copper into
any regi W%t her than the copper oxide iiinopartiele deposited region
were not observed, only the particle deposited region was selectively
turned to a mettdalhiver igdiffped. he boivrecopyére sobHouotdghe fridipgationpf dogpe mito
fromthat in Conparative Exanple 3. After the treatnent over the five
hours, t hey sgbsbthat Bawhs coymsheddematdpapistealep@itat regian o eteh@notdedved ohly
the air at roomtenperature. [0142] Thereafter, a tester

( C. 0800a thepanitfeaiep ssitedreisn SanvaecEl @¢ tufie@ td NSkt BRI eCAim (cbifdr JondRSor
used to neasure the resistance between the central piece of each of

the coppefimp @ﬁfe%ﬂﬁorﬁ thaFn@ dhpa RV CB B3 €3G, R4, RfnCRBCEOE!d Iﬁmrs}E he

pi eces, and the outer circunferential piece thereof. In this way,

conduct i QR s {)stﬁ{e%ts Wag‘ﬂeh Wit“%ﬁre p?«%f ka%g ’theﬁ‘%rigi i'h?ﬁe%lirt at raj;o?n ttfrrrllgmtf,re > rum

concentrical l'y-circular copper patterns having gaps o
and 5 mn01r4§]zpect ively, low resistances, which were 2,0 0, 2,15,7)
and IT) (5 respectively, were shown, This treated netallic copper

film (copper coHduct or Fil was trench-worked by FM SIMS, A cross
Thereatter, 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

54



section thereof was observed. As a result,

the filmthickness was 8

unarm The vol une resistances cal cul ated by using his filmthickness
respectively. 10143]

were 2.0 x 10-5 citn,

(Table 111
Ammoni a wat er

2.1 xQ n,

and 1,1 10
No.i1l 2 3 4 Conpl exi ng agent 128% Anmoni a wat er 28%
Et hyl enedi arni ne n-entyl am ne Concentration (ntvi,/ 1

Qn,

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 Om, respectively.
[0143]

[Table 1]

No.1

1

2

3

4

Complexing agent 1
Concentration (mol.” L)

28% Ammonia water

1

28% Ammonia water
1

Ethylenediamine
1

n—Butylamine
1

Blend amount (ml) 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 (ml) 1.32 0.29 0.59
Reducing agent Dimethylamineborane | Dimethylamineborane | Dimethylamineborane | Dimethylamineborane
Concentration (mot.”L) 0.1 0.1 0.1 0.1
Blend amount (ml) 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 Q2 were shown, respectively; thus, high electroconductivity
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Bl end anount(m ) 27.37 27.37 6.31 14,63 Conp?axi ng agent 2 2,2
BiswiclYl 2,2 Bipyridyl 22 Bipyridyl Concentration (rnol/1..) 0.01
Nano 0.01 0.01 Bl and amobunt (oil) 0.70

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, o and 131 Q 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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0.16 0.31 Conpl exi ng agent 3 EDTA EDTA EDI A Concentration (not/Blend
amountColI:1 0.01 1.32 None 0,01 0.29 0.01 0O Reduci ng agent
D met hyl am nebor ane

treated with a treatment solution for conversion to a conductor (treatment solution) prepared in
accordance with the blend table (column 1 in Table 1).

In the concentrically-circular copper patterns having gaps of 1 mm, 2 mm and 5 mm,
respectively, the resistances thereof were measured with a four-point probe microresistance
meter (Loresta MCP-T610, manufactured by Mitsubishi Chemical Corp.). As aresult,
resistances of 0.17 Q, 0.99 Q and 0.9 Q2 were shown, respectively; thus, high
electroconductivity was shown.

FIGs. 6 show external appearances of Examples 2 to 5 after the reduction, respectively.
FIG. 6(A), 6(B), 6(C) and 6(D) show Examples 2, 3, 4 and 5, respectively.
[0148]

[Example 6]

A 10% by mass dispersion slurry, which was prepared by suspending copper/copper
oxide core shell particles (average particle diameter: 41 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 2, 1.2 Q and 26 Q2 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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D net hyt emi nebor ane Di r net hyl am neboran :irnethylarni nebor ne
Concentration (rnol/1.) 0.1 0.1 ci 0.1 Mend anmount crni) 2.05 2,135
0,59 1.18 Solvent. Pure water Pure water Pure water

copper patterns having gaps of 1 mm, 2 mm and 5 mm, respectively, resistances of 5.2 kQ, 107
Q2 and 11 Q were shown, respectively; thus, electroconductivity was shown.
[0150]

Details of the copper conductor films of Examples 1 to 7 are shown in Table 2.

[0151]
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WA 33 shown. [0145] [Exanple in accordance with the blend table
(colum 3 in Tabled substtalc as used Exanple 1, which had a deposit
filmof the copper natiopartichas, was prpared. The substrate was
treated witsolution fbi conversion to a CO81d11: 331( 'treatnent solt
tim using etftienediam nc instead of anmonia in the same way as in
Exanple 1. As a result, in the concentricully-circm ar copper
patterns having naps of 1 mm 2 non and 5 rum respectively,
resistanées %f 9.8 ig 0 and 131 KT; were shown, respectively: thus,
eleetroeonducr%%it 1hgs shown. !Exanple 41 in accordanceend table
(colum 4 ifableaf%, subs.; ate as used in E.xanple 1, winch had a
depositl of the copper nangparticles, wasP1lThe Tai nt. ate was )
treat edt r eat mertSUBBIRASGERBELIBHC | s emtddte ecefil B! sged solution
-Litton) iii n-butylamn stead of ammo in the sane wayresult,he as in
Exanpl e .(tr@,‘iﬁrﬁ’é@ﬁtl’ragé)ﬁ marefaceigaddy Feph &hempiset et <d hangitige g HSROFB.
2 mMmmand 5 ram respectively, resistances of 1.7 NM 15 kC2 and w

(fi e showmnufaespd by Hitedhy Chémicah Gadddd.r tbe amauestdf wihiop weas? $hedwend J00RU/E;

[ Exanpl e 5 di spersion slurry wherein copper

nai | : Tu. rtspel@selggpatirsoneappherdfoanimtoppend dxh deataianidpal M epequidaclutidrek
Cp0, manufactured by C. 1. Kasei. Co., Ltd.) were mxed at a ratio by

vei ght  ofof ildiriWasid RRi1nhiege ONTIQ rdsus MRk Bk diidll dt ROnS@MBerWak taFieldh
Exanpl e 1. The resultant was

substrate Pd particles were seeded on its surfaces.

[0153]

A 10% by mass dispersion slurry of copper oxide nanoparticles (Nano Tek CuO,
manufactured by C.I1. Kasei Co., Ltd.) in y-butyrolactone was painted onto the substrate in the
same way as in Example 1. The resultant was treated with a treatment solution for conversion
to a conductor (treatment solution) prepared in accordance with the blend table (column 1 in
Table 1) in the same way as in Example 1.

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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treated with a reatnent solution for conversion to a conduct ot
litre:Mnn)rcj accordance ith the blend table (colum | in Table )).
in the concentrically-eiteul ar copper patterns hatit an respectively,
t he resi stances thereof were nmeasured Wth a tour-point: probe

m etoren stance neter (Lotesta MCP-T6 U), nmanufactured by M tsubi shi
Chem cal .ciAs a resu)t, resistances of 0.17 CI, 0.99 n and 0.9 C2
wer e showpysaf espect wily; thus, ;Pei eteetroconductivity was shown.
EKE, 6 show -appearances of Exanples 2 to 5 after the

reduction, resp Ay, -1 : P.les 2, 3, 4
and 5., r espcc?llg{%lg&%%%hg cggﬁar]c)oppe%g,&f%@?ﬁgé %@g%l S angrss%ﬁ’ stent
whi ch was_prepar by suspendi r ocopper/ copper. oxi de core. shel.l

o ¢ 1ol ode DR e BpiiiEr EaGREr BRSbig SBR o RSt BBt tareny
Ito y--butyrol actone and then treating the suspenswn with an

ul trasor i“&g‘iﬂzté%é pampg Lossta Qi 80, n&%“fg‘%iﬁ“ﬁ‘? BYMyRtEhhClagiietl Fatre)- add 2
then dried in the sane way as in Exanple 1. Thereafter, the sane

t r eat mentresgl estameesd 031 Ohal CBHJ eeedhowen, sespestiugly., T treped
coneentrieallyeircuiar copper patterns havtng paps of 1 nm 2 mm and
5 mm regpeckidepdsicd filesvattandesorséd i@ IBQIME. . 2 dosanaitio?2Bersof. yaswer e
shown, respectively; thus, high electiocencluetivity was shown. 9]

3/ 31e observed A AOYoebylt, RIBmAhiSineSi wds 2SInUT Mhe {6k resistiBEds i1kl 8 by
b [ VAC Mal errais,| of copper nanoparucles in toluene was painted onto

a subs:: uen¥BYAEm tRicERaPLE - D.x AL el stkrert’esh | BptlfSaMEs, WRY% as in

Exanple 1, As a result, in the coneen i:opper patterns having gaps

of I MM 2. kHm@ReviR lkigsectively, resistances of 5.2 hr.& 107 Q
and I Q \/?erce ShQNI’?f,g' rese)éelct%ai/ei y; thus, electroconductiyity was

shown. [?&]%Qtnl | Jet: Pis of the copper conductor fil M of Ex:in:pies I
to 7 are sho in TAble 2. [0151]

[Example 9]

An ink-jet printer was used to ink-jet-print a 12% by mass dispersion slurry of copper
nanoparticles as used in Example 1, thereby yielding a sample wherein a copper nanoparticle
painted film was patterned into a rectangular form. FIG. 8(A) shows an external appearance of
the ink-jet-printed copper nanoparticles. This copper particle painted substrate produced by
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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[0 2] [Ili-:xanple 8.1 A substrate used in Example | was
mm ersed urto an acidic VallaChU3TlI seed so! o (trade nane: PD301,
manuf actured by Hitallo., Ltd., and trade 13:1131C. H3202B,

manuf actured by Hitachi Chemical Co., Ltd theits of Which were 250

gl E, and 30 inLA, respectively) at /DOMtenperature for 10 m nutes,
and then treated with a 1 N. 1 aqueous solution of sulfuric add for 1
m nut e, Thesureshbdftraric redstidn) e abiveetknbidi lidter cldcatparaiiaices W ere¥h@l @t a
substrate Pd particles sseeded or its ,surfaces. A 10% by nass

di sper si Qs HatkHeym@EGeméNan@. ' Mshoh| et FRBMBESU RGoD3bsSvid. !ﬁﬂﬁl@ﬁghco
Ltd.) in ybutyrol aetone was painme the substrate in the sanevie |.vas

d ] 1 S.a QC -a afc IS 0 -e €. ared
treated Whi findestt EALNEDL %h#é,' I %1% GRANCE %%ﬁsgi {c&ﬂé’&%to%

in accordance with the blend table olum I 1In in the sane
way as iQO an In EEGs. 7 are shown situathstrate froma tinme dining
the treatnen'the treatnentto a tine after the treatnment. FIG 7(A)

shows the situ after . the start of the reaction.- 7(8) shows

i |
thethe time of T@%‘ﬁ%ﬁ?tﬁg%mapl? ¢he

A substrate as in Example 1, which had a copper nanoparticle deposited film, was
treated with an aqueous solution containing only dimethylamineborane (0.1 mol/L), which did
not contain any amine component. During the treatment, the solution was colored into brown,
different from that in Example 1, wherein the treatment advanced in the state that the solution
was kept transparent.  The situation is shown in FIG. 9(A). As aresult, in all the patterns,
wherein their concentric pieces had gaps of 1 mm, 2 mm, and 5 mm, respectively, electric
conduction was not observed.

[0158]
- [Comparative Example 2]

A substrate as in Example 1, which had a copper nanoparticle deposited film, was
treated with an aqueous solution which was composed of ammonia, bipyridyl and EDTA and
not contained dimethylamineborane as a reducing agent. During the treatment, the solution
was colored into blue, different from that in Example 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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71.0 shows the situation thai. the surface was scratched w thezers.
As shown in Fkls. 7(A) and 7(B), the coloration of theon and the
pfi.,,ion of copper into any region other than the copper oxide
nanoparticl e depositedwere not observed, different fromthat in
Conparative Exanple 3. As a. result of the treatment, the surface of
the partide deposted region was dimand dull, copper color, However,
when t he surfaqgomﬁﬁmggmﬁggﬂ@g jwith the sharp tweezers, or the like,
copper gloss was observed and 1t was verified that the filmwas nade

of metallic, Qfm% by&ags%lsﬁ)gr@mg@lmryﬁf éo?gér%gfdﬁ%frlo artlglgslééllo }l‘ekZCuO In

the concentrical v circul copper” patterns havi

and 5 nun ect | the .re hereof asured wth a

f our - poi nIPanblfa(% re%tb @gflséeépgt gﬁé ﬁé‘ﬁgf’ FPraye m HW@ ’I,E, E’ft@; i,
nanuthcturedhls- r resi sti mnees of 0,035 0, and
0.171 Q W&PE"ahaWA x ?lééﬁéct ’fbﬂéﬁ%}*ﬂaﬁfmaé e e PRI P dSteaY Fipn
was trenelt-workedt FIB/ SIM5 A cross section thereol was observed. As
a resul t,!ofReEdpptpigireHmeReRgonaEerared rccorficy Bith e biaad fablegpelamn 1 in
calculated by using this filmthickness were 8.9 On and 4,5 104 1|1
eSpechVd\EableAus , Asti rgtulialf €otireaiieat indsiof its cextar biidegrirtidid® bsHied pEvdp! e

9] An ink-et punter was used to Mprint a 12% by mass di spersi on.

slurry oftreeeppestriddyvt@@pia. ana 1ds) ampdoppet precip@itedyn tie edpihenghttarns anpile of
wherem a copper nanoparticte aed filmwas patterned ntoA-A angul ar

form FlI Gue dlhds Gakels howssiaiidaxs axivelan aope@) aneQl efe fali@nd, Rielegtmay | Nt ed
copper nanoparticles. Tins copper particle painted substrate.

pcsluced clebfcem?i% pﬁelc&l 1k iﬁslfs olf”l 'nﬁ'l? 2%19 nti %%B,qgsﬂeaiv%@?elmcoﬂ@%ti% w.ld{'not

Exanple 1 for hour : a resdul

observed.
[0160]

[Comparative Example 4]

A substrate as yielded in Example 1, which had a copper nanoparticle deposited film
(copper based particle containing layer), was used. The substrate was subjected to heating
treatment at 200°C under 1 atmospheric pressure of hydrogen for 1 hour instead of the treatment
with any treatment solution, so as to make an attempt for making the film into 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 107 Q while in that having a gap of 2 mm, electric conduction
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the particle painted matte; which was bl ack before the
treatrent, copper color. FIG 8(8) shows s situation thereof at a
tinmel.0 mnutes) during a period when the filmreaction and FIG 8(C)

shows a situation thereof after the end of the reacuo 4;0.; In
the treated ;particle patnted substrate, the resistance heween two of
its copper tett electrodes were each neasured WBe' - envi e nane:

CD1100a neiubesskeyed by Sanwa El ectric Instrunment Coresult, he

resst ancehe el ectrodes havina an interval of 5 nun and that of 20
mn were ggoNatllt and 28 NAQ respectively. Wen the resstances were
measured before the reduction, the above-nentioned inter-electrode

resi stances wer‘@s_ sﬁg\(ﬂ‘xbinnﬁgl'e 1|, Sﬁagh %snl Ioh7e Erﬂ%‘g}gﬁ{ »%%hr{ghn% ?hlge}n@afsdgehtnfors hort,

el ectric conduction was not’ observed. Al ure
areionochroariq] col ors thereof. me%f cglors a% descri be .anve.
[01571 [ COHPAY SESCRIRET e RO HLT Pt 2 Al e gl &/ <5 CRRINER IHAEEE @b pper
n,ariopartjcie deposited i was r: treated with an aqueous SO titii,J

COnt ai | 3.50YHghIRF APRFE PR HabigrHneedoced asp eqpperTRidan cice oherbwidivediea any
am ne conponent. During the treatnent, the solutton was colored into

brown, diCHRSF 81 e4PF brivetethbeorperaattivisntvaaevzneled Thvs, o v sstigieeetrashavive
solution was kept transparent. The situation is shown in FIG 9(A) As
z resul t Hiwevel in Gonpapétd Branple Mhesdeting tdvei wascon@and but@o phades afad
gaps or 1 mm 2 mii. and 5 nun, respectively; electric conduction
was not obsesnmsided, 141G dparative Example 2, a chemical agent was contained but no reducing
agent was contained, each of which no effect based on the missing component was produced,
and the final step did not reach up to the generation of metallic copper.

In each of Examples 1 to 7, a catalytically active metal was used, and the precipitation
of reduced copper was caused selectively around the catalytically active metal. Thus, the
precipitation of copper was observed only in the painted layer. On the other hand, in
Comparative Example 3, no catalytically active metal was used; thus, most of the painted layer
containing the copper oxide was eluted out, and further the precipitation of copper into a region
other than the painted layer was observed.

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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- [Conparative Exanpi A substrate as in Exanple 3 which had a copper
nanoparticie deposited film was treated with an aqueous sol ution
whi ch was conposed of a M1 and BMA and not nortethvi ai ni nehorane as
a. reducing agent. During the treatnent,the solution was col ored
intodifferent from.,....r...in the treatnent advanced in the state
that the solution was kept transparent. The copper oxide was el uted

into the sol ut i&f‘e()%)?y AbSeRPRICL-b8HE, hen@RIREELTHROotLEd 8] val) on
is showmn in FIG9(8). As a result o the treatnment, the treated

substrat %a\’)ﬁg gélﬁ,%&{ %H!(Ws,%atnﬁf&%red ‘6? SehaR) egg% g@.gﬂ@% m&%tf% €

patterns whe eir concentric pieces ha ,nd 5
mm respect.i ve el.e i ¢ -induction was not o rved. 59

[ Corpar aceet eibirafLRght B vk B Rup iR o E8e PRBERE St il fpagpons
copper oxi de na rricle Nano Tek CLI O, panufactured by Cl Kasei
oLt 0ol SRR Bl G Bb s Far AL a0y 681 FE (P e She
way as in Exanple I. The resultant was treated with a treatnent

sol uti on Watitaglpemngiabio-tlgda) at arduiet dminutas e gt hpenaticrs bk stlbisby Hrepar ed
in accordance with the blend table (colum in Table I). As a result
of the trieatrrehin ampgteons sditien odppertmox bgat Ppardhicsbesropaiiot @dPRME0 t he
treated substrate were eluted and lost, a id copper precipitated on
t he coppehanpattueidng Hitachealhksicolf Cd Had.gfas smivessebeed PA@asicled 6o tls shown
in FIG 9(C. In all the patlerns, wherein heir concentrichad gaps of

I iting Zubdiie (RBE RedMlayeBS PEGSeY&pYer oR1d8 64k iskel GRS (h AN AMASE
observed. [0160] [ Conpar g’[?ve %arr‘g;lpe 4] A substrate ascng’t

%’Lg' ded 'ﬁssﬁﬁ%ﬂﬁh&cﬂqg b &J}xbféﬁlgve%gg RHEE d%ﬂa@@ﬁ%‘i %'}nzl‘nﬁh &?B&%&ﬂi@d film
pper based particle cong | ayer s used. The substrate was
subj ect e%aﬁ(%anl%f%ts i(rgglufactured 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. While a

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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treatment at 200C under | atnospheric pressure of hydrogen for 1 hour
instead of the treatnment with any treatnent solution,so as to nake an
attenpt for making the filminto a conductor, As a result, in the
patt erns wherei nhe oncentr pieces had gaps of 1 mmand 2
respectively, electric conduction was not observed. [01611

Conparative Exa A substrate as vteided Exanple 5, wi nch bad k
cor per t anapakduliCl@ehi preBifating Copbbd MdWalls oORPR B RAPSH BRI U -t AlE
was treated in the sanme ay :Cil..fpper palterh havng 2" teS were

2. 3et haf[ rlli\r;hpgﬁlfﬁﬁfero tﬁqﬁ&gﬁ&%%%g ﬁaﬁéﬁg Rﬁgtted 0 ﬁ)%ra\f&}gélgg lecgige;_l@ alscﬁgrc%go%\y?

" Fabl e inl , In eac chernjc Ioniz
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enbeddi n copper nito gaps bet ween the copper particles_was obtai ned

Thus, a I'GWPRTASUEHOWAS InMRASY dite EEHIRFAYavdo B ampretirreyitheduci ng

agent was contai ned but no chemcal a,"."."it was contained, and
Conspar allihgrsafiex ghgoieailioe hesidoed indiperint  theut dorricairerisd hiing gvos pleldwei ang 5
agent was contai ned, each of -filah no effect based on the m ssing
conponentmmassppatiodyced]G dnidie tehetanden dlerebtteperdiae pch nreeacdl with 4 fout-pent
g, enerai.ionof netallic copper. In each of Exanples 1 to 7, a

cat al yt i @adbk yni@ciehiviende Me:tdd (B ttd MIOPat@ D, BinufRaueies Meppehi (r&iGaused.
selectively around the catalylicali) active nmetal. Thus, the

prenpi t amysingkheH1maRRRREs WMaSndd$S FIBEIN2 R} ¥s-iiid s B ah Sehil BYAS 0 3 E}a thbe
ot her hand. in Conparative Exrpie 3. no catalytically aetive netal

was useds ﬂxmé?esisﬂg§% e Lhepail nted liayer. ¢op .%iﬂo%ra,%g@faapﬁ&e-ége
n urt% copper into a

was doted out, a er he precipitation o regi on
other t h%jspécggelgal "{]st s%gwh 1any lﬁb ﬂf‘gccgr ?negrtg ﬁx% 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 kQ, 1.9 Q,
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Conparative Exanples 4 and 5, wherein the attenpt foring a copper
based paincie containing |layer into a conductor as nade, a high
resi stance was observed, or no electric eortducnon was observed. In
ot her words, the conparative exanpl es had aprobl em about

el ectroconduc.tivrtc [0163 i [Exanmple 101 (Steps fromthe
formation of a Pd stied seeded substrate to the fbrrmatiou of 3 cie
layer)  and 1.0 Q, rARe&@ROXY R

Hi t achi Chenlcalé%b E ﬁmg%%éﬁge?%gug%g%§35?§FS (FONs Bﬁf&g%ﬁ%?gggure
by Furukj@ﬁsﬁlectrlc Co., Ltd.) natterns (batched regions illustrated
in FIG 4) was first i mersed in an acidic pal | adi um seed sol ution
(aqueous solutlén quWegﬁlnq ?fanufactured by Hi tachi Chem cal Co.,
Ltd.) and P1) 301 TREHIEREFTRE by H tachi Chemical Co., Ltd.)) at
25C for 5 nlnutg& Thereafter, iubstrate 10. was immersed in an
aqueous sol uti oh 6Py 326y %FWEWF“&@@ FOPP B ORI 886 FOTR FRSIPRTLSHS (tABP601,
manuf actured by Hitachi Chem cal ., Ltd.) .for 5 mnutes to seed Pd
parti cl e gheloMerdacsiypdly Btkady lkvﬂé&alafoﬂs%é’e@@erlcay &9, Podpse i € Bypion by a
oxi de core shell particles (naiiriiitlien.ifed by N sshin

: Engi neerlisagabllation proaessbe r-batyeragee pas pdigteomo apeyieride stibstriedjradendme:
copper oxi de nanoparrieles (manufactured by Cl. Kase: Co,, Ltd.;
nunber - aveCBgeopwil £he caiten t Ths esulta@ viak d)icdhar £hoibXedt ato°a uhadia0 by
wei ght of 1:9, and the m xture was added to ii-butyrolactone to give

a COnenntuitedgen pid kv 12090 Byhudek V: Tﬂegaﬁﬁmn Aaehd dr&lﬁ%‘%éﬁ&pe\ﬁ‘@& 3R IEIrm a
wi th an ul basordc washer to disperse t e particle In this way, a

di sper si Q@pshidhhYin @ Sopy laff e layer. baIrheg% &k v&ﬁ@§e gtlfe@axﬂ@bv?}‘ g tLhi s

di spersion slurry onto the substrate, t hen t e palnted m was
dried on | a ro 0 m nutes
to toni z;ﬁ anlli} stlgat‘ég%g??lgggt% <he a%vanC&{W ep05| ed’ afuﬁle]layew'f%q

(Formati o er artlcle Ia t he i ndivi dua
conmponent’ gﬁe‘g’é’gla rdi‘sﬁglg‘ f HR‘& BTRRRTOlor ﬁ“?éfﬁ“léanf W\?&%?’éed\%ﬁ grealumg AepistANgREd

wi th each other to |eld a treatnment solution A The nole ratio of

t he chemiVtes obiesdtin fhgyampeWehe if Eguein g agdreesisERcs () 2.9 i 1P gﬂgn and 1.1
treatnment solution A was 10,2. The substrate having the ;topper
nanopar t i*cioe (Hepewrdtiedlyf | Timswéese pigte logiteo valinee treitthores Gfn & & Frabpteatior y
dish. While a small piece of glass was put onto an end of the
substrate to causiéustrited swHiSt.rlat estmotiretio thielf@at of atdassetthie ditmeat g@efattdioan
A was poured thereinto so as to conduct a treatnment (reaction) for 5
hours.  the sarfh@stitie,comict patitle PREXNPABIH K FnCRRR SFu@Rt, G swadths nfie tMBe
container or the like., the treatnment advanced wh]e only the copper
based pam&thﬁmgﬁﬁhaggmﬁ%ghpn was selectively dtscolored. By this
treatment, the copper particle |layer was discolored into dull copper
col or. Adbgﬁ the cud of the treatnment the resultant Was i mersed into
extra pure water to hehed therewith. Therea fl et the resuftant was
dried in the ajéd q the]egfctrodes havi ng gaps of 1 mmand 5 | MO
respecti vel y, e r SHTALF R ESURIR ebetmeen were each measured with probe
m croresistance neter t horesi a MCP4' 6 manuf act ured by M tsubi shi
Cheni cal Usi ng “CRETFPIPR ?"H‘?ec‘ioﬁfn%%]é P‘BB’%%? (rearfpsfurRa by Iﬁ?ﬁlﬁ? Ga&nasaes fnen
observation, which was 3 pm the volune resistances were

cal cul at é@nb%fﬁéefﬁ&%ﬁas@%@@@et%ﬂb@m and capiekr pxide ganoparticles (manufactured by C.1.

Kasei Co., Ltd.; number-average particle diameter: 50 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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re.specttvely. As shown inccording to the FIBISIN cross-seetaa
structure nmade of the copper nanoparticles, which were7 material,
cane to be seen,and a structure of copper xii the order of

m croneters was generated. [O[ 65] onparative Exanple A dispersion
slurry yi el ded by addi ng copper/copper oxide core she (manufactured
by Ni sshin Engineering Inc,; nunberaverage particle dianeterum to

b | t ed
y- but yr ol Rt Of®FEOmGl YR 1R CRNGERET EHchn@ O, I%Q%%n%‘fmog%er‘fﬁﬁ(g@%béq e

onto a 13d seeded epo substrate as I n Exanple cor der.

The resu Inrla%mact“%ﬁ b? 'F'uruﬁcg% Elgétf} iﬁég;gt%n!ils 1H tra%cé L ll;IE} ?WQP 9%% %Lt%%’v

for 10 m nutes orma su

L1 eat mont A HRT P 5§ EH aé’Bblg%tF Pl ?ﬁlekgen?a?ﬂ%’%‘éo Bioas

selectively discolored intocol or. Mreover, during the treatnent, the
copper pdPi EHEE ARk g rppRsr pyticlpEtredhe %‘h‘?t{aﬁeW@ﬁ‘B%tF‘F aitdevasieshin thet he
result tit is:idMthe same way as hi Exanple 10. The resistances
bet ween tshiee gheetin ddesplhaVi g thyapsewfexarmle, Zherirerimatiorbofipnpper was observed
respectively, iii FIG1 Wre 130 kr2., 1.9 G and 1,0 cl,
respect i veh yegiofihtisy thhn ghttbppehpagties layesi Blicandescwdreeyesh Owiciecxdapheng
10. [0166]
gaps of 1 mm, 2 mm and 5 mm, respectively, in FIG. 4 were 0.2 Q, 0.4 3, and 3.0 Q,
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 Q2, 0 Q2, 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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[ Conpar ati ve Exanpl e 7]
coppedeopper oxide core shell pathdes (tr

A 5% by mass di spersion slurry of
ial product, manufactured by

Fokoda Metal Foil & Powder Co., Ltd,), produced in a solution by a
| aser abl ation pigtlesf, 11 glefyp [intgd pniffo @ polyeni de substrate
(trade nan 0d wi tifBlagpar ¢oater.|' The|resultant was dried on
a hot plate at 1 (gtj‘gmder ia‘%ng.rog n gas flagw fory 10 m nut. The
caintirta and theudry| ng wéiégfepe ted |3 times|lclint: a substrate
havi ng a copper The [sppst rat® was'feat E-@ 9 |the same way as in
aapie 10. As a resulg| the Xrgatment advapcqd” whid e|only the copper
part;cle |ayer K [s& ectnw&lg di s¢ol oned| i nto| coppér coor The
resul tant was dri@@nd t R ume [resi|st andes|were|obtained in the
same way as in Ex&pl 10{fﬁhe resirstanees—vere—2-0{xla" Qi, and 1.1
Q ES, respectiveIugThugpquge<1igher vol upe |regi stamces than in
Exanpl e 10, E| S Elustented|in Figa,| 11, a $tructure in the
:ftrmof a dense tﬂ’li%] fajgmgzwa*é gengrated pn |the surface of the copper
chi layer. Bel ow|tfjesfid A fmir&) strlict ur ey @|kfuctuje made of the
copper nanop [01 Conparftile Exai |o|o |~ Copper/ copper oxide
core shell articl nﬁngﬂqgtg'ed by Nis ghiln Eng ng¢ering Inc.;
ril3".the-ge. partgq‘ﬁe;&j a:lr@tgr: 41 ara) and coppper |oxi de
nanoparti ci es (nm@yfaetu?edgby C.!| Kage:| Cq., |Ltd.; nunber-average
particle di amet efo B0 M) ~wagrernxedat—rgatifo 9, —and then m xture
was adoed to y-butyre| gcpottlelto give a cpngentration of 20% by
wei ght. The resul tgng \ﬁa@;tregtte& W teh [an uItrasegni ¢ washer to
di sperse the partﬁ%L@sm'En thgs May; oa di spersjoreslurry was yeided.
.Painnrig this disgesstolnt,d ah epoxy sGbsEra&e M )-6791dB,
manuf act ured by Kidlaghic Ehenitpl ~Co_= |kayorg- copper foil
t nanuf aet ur ect by giugulgaw@ H ert &i ¢. X09. , | Lt|d. Batferns illuslrated
in Ho 4 with a bar‘g'%h% pai nt&d fi |l mwas driled/on a|lhot plate at 100C
undo:: nitrogen $é§‘¥ ow fiorfrhutes o flonpa |substrate having a copper
particle |ayer. Thag spbsu=atje wastteatedpud—washed|M the sane way as
in Exanple 10 in uhegpﬁbgent‘gxanple, tthe| prlec]i ptatwt of coppt.r
was observed in Efe:g [cot heg| t han the cppper pagticle | ayer. The
resi stances bet .§$-gné;§ﬁectgodes havig% ggps|ofzl{mm 2 tomand 5
mm respectively, dngFlgf:ﬁ:A were, 012 n| DI % @1d§.() c;),
respectively. This| s Eggﬁly'ﬁ gher resitsf ances Wwere¢ shown than in
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A 20% by wei ght dispersion slurry of copper oxide f3allOpa ".CSel by
Kase; Co., Ltd.;Etherge: 50 uny-butyroiactone was painted onto a

Pet seeded epoxy substrate as in Exanple 10 with a hat cotdet The
resultant was dried on a hot plate at 100C under a nitrogen "as flow
tot 10 m nuteshaving a copper oxide particle deposited film The
substrate was treated in the same way as in Exanple 0. As a suit, a

| arge anmpygp4;;0f copper precipitated in a region other thanhe copper
parti ek pal nged region during the treatnentuhistrate was i ashed and
dried in the s in, .Exa esi st ances .bet n, the

el ect r odes hav?%gorgg%éﬁ?bhﬁ%’ﬁ%% Xarerprt]ﬁ) hglﬁtﬁeSg ﬁer‘ﬁasrlg‘gﬁg‘gﬁ'\rl%?rﬁo T G 4
were 0 Q 0.C2, and 0.1 O, respectively, which were not nost the
measur emeREcBRAM 31 Afdionth fhandhecopper cqnsycipeldim  Ondke the bapd i
rinentioned exanpl es and conparative exanptes are shown in Table 3.
Accor di nd;omparativerigAngles 6 tp §, i scpipipece 10's higheor comics paripiéatefas alremipragier
further no copper prec.tpitated M any region other than the copper
conduct orthdni thpgop@n comdeciot Aler aliangh the resiGenaraatiw e FExatiplresltsoft o 9,

the resi stance was high, or copper precipitated in a region other

t han t he Goppetite Brukiplds@rto b datfadtdrh eddgls wdaendt@biagit@nce was | ow. From
the results of Conparative Exanples 6 to 9, satisfactory results were
ct obtainer2)[ 0E721 [ Exanpl e 11] epsrrotn the tormanon of a substrate
to oxdzing treatnent;

[Example 11]

(Steps from the formation of a substrate to oxidizing treatment)

Copper/copper oxide core shell particles (manufactured by Nisshin Engineering Inc.;
number-average particle diameter: 41 nm) were incorporated into 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. This dispersion slurry
was painted onto a polyimide substrate (MCL-50001, manufactured by Hitachi Chemical Co.,
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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Copper/ copper oxide core shell particles (manufactured by Ni sl in
Engi neering Inc.; iranber-average particle dianeter: 4 ntn we

ncot porated into y-butyrolactotie to give a concentra.ton of 20% by
wei ght. The resultant was treated with an ultrasonc washer to

e particles. In this way, a dispersion slurry was yielded. Tins

di spersi on slurry was inted ont 0 a polyinide substrate (NCL 50001,
nanufacture ustrat

1 I

in FIG 4 W ‘ftn%dggsrpucﬁlﬁ%on Of%ﬁgbrﬁég G £ iYh mvvas lpt %Ot] aséwﬂ%'t’u
plate at t 00C2 er.an tro | ow f mnutes to fornma

D lbse b AVGGHEN PhUH MR iraa TERRRI G ( Jout s Eodi sob e A b
heati ng treat ment on a hot plate 200C in tenperaturefor 0 m nutes,
subj ect ed°vi§d Bireingg fRpsttp epdigs Afreatgntiipy Shoygs, ¢ Be iy irfagrpent. ghe qopper

pai nted fil mchange dark brown to greenish black. ; (TrreatilleSt
'Mn a tmediclswninted dilmtvias Apcdlesd intat dyd cdppeMbadr. ¢ dftpohestdsf tenentnient, ihg
Table t wer G wei ghed, and each other to yield a treztrnent sol The

subst i on rwuttant whhiennpadadtied eftia pire wntrao Bwesheld hEretviie SIHashfia, @e teultant
cause the substrate not io Boat, the treatment solution A was poured

t her ei nt Qva$ @ri@Sin R HONHUAL ab@uttth@élédﬁﬂéﬂés Ha@hg BaQBN $om BY L inSrespectively,
| . reatnent, the copper ps li cks painted fil mwas discolored into dull

copper co piG 4 Afté t%glstﬁlff&%s ﬁt@l@b&&/eé}thﬁeré LRI ed V\Mﬂeﬂl fgtﬁﬁ%h&gf&) waser sed

into extra pure water to he washed therew th.result s dried in

the air. nh??é{es@tggcléh g}?agtl %M&dﬁﬁﬁo Wg%gm%%%?e]\%&suﬁghm&nglcﬁ (ji‘l né 8”, ed

r espect e resistan etween wer enea
I )
wth af (UsmgQ trl tglcl(()ness o talne y%ﬁfSﬁ\Q%re()lss,s-ée%:t%gn 0 ser\'\//;t;[o%uvtallngﬁl wascg.l3 pm, the

volume resistances were calculated. The resistances were 4.0 x 10”7 QOm, and 5.7 x 107 Qm,
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 €, 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 Q 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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i.Jsina the filmthickness obtained by FIB/ SIM cross-sechon
observation,was 8,3 g the volune Shital3.en were cal cul ated, The

resi stances were 4.0n and 5,7 respectvely. As shomn in FIG 12,
aecoruing to the FIE/SINI cross-section observation a structure of
copper near the substrate grew to be coarse, [01741 [ Exanple 12]

The sane treatnment and washinc as in Exanple 11 were conducted except
that the e | -' :

200C i 1t aar ap iR HBlEEk S bRy R Ao 1P BEAb
measured wi.t.h. a tester. As .a resyh..-t.he resistar. es each 0

Wit oh vadHEEnRePERHE! on i B PSR AL LB S RhE Bt BRLE-AR6M 0 Gtos
of rumand :5 nm respect: Feely, the resistances th et ween were
each neafg?lé&lw?ﬁmgsgwg%f py BRGBE S Her6PEAREENE @L EHResTa
MCPT610, manuf hctured by M tsubi shi Chennea lov,, The FOS: stances were
0. 129 QthgaebctvoByew, mpapgeEyith § &uyreiprg]e migighssenedntd (Wpissty MiHaselo,
treatnment anct washinp without being sub ected to heating a nent

di ni ng t meabfrentel bpMignlisih dihempicalt@r2D0 G he nolverpesaness evei aratchtddrusingr
10 m nute about the electrodes havinsnr and :5 ruin, espectivoly. in
FI G 4, tiheflrasickieanottdigddriglieBSBdRrose e titeas e atbnywhibh @ad DULmPOIARt
probe mcrotes stalnter (Loresta MCP T610, nanufactured by M tsubi shi

Cheni cal (£Qrtfhd residiBfoeY QLMNE £ €81 Sh; AAESx V&7 @mCRsiRciivedy. t he film
t hi ckness obt ai ned by FIELSI M crosssecti on observation, ', Finch was

9.7 um As ar %%h&wn fnﬁ@G{ lg,si-t %%?-ﬁ‘cﬁ ©BseWeh ﬁmfla ?tr\fétu}fpéfﬁ,o T t\flﬂ:q cgyarg’e rear

eli As shown in FIG 13, it was not observed that a structure

ol copper tﬁetsugﬂra?eoa%ril?u%trﬁ@@intﬂi'& 1aybst rate 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
laser 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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10176] i Conparative The ne treatnment and washing as in
Exanple Il were conducted execipt that the subs o was suNected to
heating treat3xtent on a hot plate 200C in tenperature in the air for
) seconds, The resistances were neasured with a testet As a result,
the resistances were 0.041 Cd, and 0.061 ca, respectively. [0177]

[ Conpar ati ve Exanple 12; A 5% by nmass dispersion slurry of

/ i | icl ; . . by.
Fakuaa Mera o EeBhE gk B Ep RRRAE A A AR A me
I bl at i "o ' hut t i nt ed
ool yi m dec 2ubor Phr 47 BE pue e ERERTS Qo0 CRHur AL et By fic sl

Chem cal Cq Ltd ) withcoatet The resultant was dried on a hot plate
at 100C URIERICE Wire Pligiarf: gdde Fosinges veree -tk eSm. Fel- buil At £7y and t he
drying were repeated 3 times to forma substrate havi ngbased particle
pai nt ed fiIPEFITRE: sTlst thepeavoyplsher selvmelfenistahees Samin Kwappis!li n Exanpl e |
. "Filo treatnent advanced while only the copper particle pained
regi on was sel etillvstlated di IGo! ok @ einichiroindiopiorn ofzodense, thinrilintvers gaweeatsbyh
as in Exanmple I,t , the resultant was dried and then the vol une

resi st ancessuniaceofold @ppee Based pertitle tiyet aBeRs thefiler-Rrf siudnle, @Rruai@ ndd
X le Cn respectively. Thus, these were higher volune resistances
than in E@f@{ayo%eyngnopamcles wasASed | lustrated M FIGs. 14, a structure in
the formof a dense thin fil mwas generated on the surface of the
copper bq@pﬁg]parti cle layer. Below the filmformstructure, a
structure nade of the copper nainpartieles was seen. :0178.1 Results

4.

[0179]
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42x107°
1.3x107°

Example 12

core shell particles

Copper/copper oxide

200°C for 20 minutes

80%x107Q m
40%x107Q-m

[Table 4]

Example 11

Copper/copper oxide
core shell particles

Particles

Treatment solution A | Treatment solution A

40x107Q m
57%x107Q *m

1-mm gap
5-mm gap

Oxidizing treatment] 200°C for 10 minutes

Treatment solution

Resistanceq
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The copper conductor filin according to any ()tic of clalinS

10-Tell - the nti al having catal yst activity for she red"it agent is
atransition metal in a nmetalic tormor an cotltanuc one or nore of
the metals. 161The c.ner conct uctor fihin accora chitin 5, wherein
the no:1st:to is a netal selectetOrel!, Pd,Rh, Ni,Pt and Atan all oy

coma The copper conductor filmaccording to any One of
clains | bz, wherein the cop. per based partr |e conedning |ayer
contains, as'|., nmetal having catalyst activity for the aticaig agent

a- d copper oxigde hn?e%téogq{‘o%?};a %SA{ tlichZCil.tl al op )\(lalrrg1 esql 416 Cogpﬁ)ceg? co&g]lca%r

conprising the neta on conp rls ng

| 8i e per_co duc n accor to any_One. of

cl ai msl fgméow?m'éfeé’isﬁ ‘iehvg‘segtﬁ (5" nﬁ’éfalt“"ég fﬁtlglt‘hhg lyigpesuped
| ayer wherein mxed particles in \thlef/ the 2i:towng are mxed at
an ar hi ttP%{rﬁg}S B atysed g‘?@ daposPree§im pay foresdes theglopis a5 WYl ashiethmepigrmost
having catal yst activity tbr the reducing agent as a. COM)OE3Cfk and
parti cl escgor mpirsinnlgs-t he copper oxide is a conponent. The
copper conductor filmaccording to any one ot cialmt to 6, wherein
the opp Lased particle containing layer is |ayer wherein m xed
particles in whi owing are m xed at an depoparticles conprising the
nmetal having catalyst activity for the recincing- nd particles having
core/shell structure having a core rersion conpdsing the netal having
catal yst activity for the reducine agent and a sit-11 region
conprising the copper oxide The copper conductor di maccording
to any one ofciaints | to 6, wherein the copper based ide
eont ai i sl ayer obtained by | MAO ai ayer obtai ned by depositing

=



particles conprising as a conponent at netal having catal yst activity
for the redione or nore iuycrs contatning particles conprising the
copper oxide so as to contact he cieposttionoptatned |ayer [111The
copper conductor film according to any one of clainms | to 6 wherein

t he copper based parbeie corinois a ayer obtained byating, for a

| ayer cc )tam ng the netal having catalystM): onto the reducing
agent, one or re layers containing particles conprising the copper
oxi de, 11§iﬁﬂg§nufa0turine nmet hod era copper conductorwh emn a
copper based parucle containing layer s ','contains both of a netal
havi ng catal ytccfor educing agent, and a copper oxide is treated
with a treatnent solution which contains, in the single SOKIlid , a
cheni cal &dent foepieopingidigy fdm obBim Bxirergng heorpenpeqd retickeontapdnedayer
reduci ng agent for reducing a copper ion or copper conplex to be nmade
i nt o net amhict conpiperoth §fl3hPathbennedhgopperitydordudicon agemgnd avhepei axida
copper nased article containing |ayer contanung both of a netal

havi ng catah tiegrmaitsbMtibrywhiolf catdidinchesihgggenition,antemicgdappe foraxiitles brS
patterned by printing, the wiring being obtained by treating the

pat t er ned .&RNPEHg RasGPeRAldel HUQ r&RBIAbFNNGr FAYEg d é‘bpﬁertiélﬁ&tcﬁ'ﬁﬁﬁr complex
manner using a treatnment solution which contains in the single

sol ution, ; & Ghem cal,.agent, & 'ionizing or conplex My the copper
oxi de, and a reducing agent |Mreducing a pper or copper conplex 1:0

be made | fb{]o maIl“f?e! clolfge;rgzel%e?tlo? fri]l:g{z}%:cggfgg GJ CEE% ICORBED « e%gl;lic\é\f z{gje% or

according to clarm e g pattern the coppe ased
por 10, SO LI D, 3 Iy SRS eSSl LIBIAAS, 81 24, eonl i o
di spenser, a comma (mate( a slit coaleb a die coater, and a gravure
coat er. 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.
[3] The copper conductor film according to claim 1 or 2, 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.
[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 for the reducing agent is a transition metal in a metallic form or an alloy

containing one or more of the metals.
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[ S]A re:tong nethod of a conductive substrate., conposi ng: t he
step of formng, on a substrate, a |layer containing a netal having
catalytic activity for a reducing agent, the step of fbrmng,
on the layer, copper particle |ayer eontianing particles having

core/ shell structure having a core region conpCoad a shell region
conprising a the step of treating the copper particle aver

with a treatnment, sol ution whi.ch contains.chem cal ,agent. for jonizin
LAAAS Rl e o T R TR RS Mt R S
copper ion or copper s,ci pl.:ix to be made into netalljc copper.

r' The manifetd F"ﬁ%&d PEEHEE P A EBMAUEL Ve e-diB b ratié i Ae Br digY t o
claim 15, wherein about the particles (x) having the core/shel

st ruct ur e c@lfnithiee paitk i cl es (y) conpruang the copper oxide, theweight
of the former 1( the latter is from1/I tol/ 1 . [171The

| nannf act Uifli ng et depekr ofndiecta did excbiding $1dps breatfelaingd so p.dvhngint tboe CRadrlbased
15 or 5, where about the chem cal agent (a) and the reduci ng agent he
t r eat ment psotle tlaginpadyeocofi@ihb)as Of mktaehaliap paalyst activityl fat heredictng gss abdran
5000, [Ih; The manufacturing nmethod of a conductive substrate

accor di ng céPedie.PaARICRE ha@indla 0Bre/diRl siARM Gding 9@ B tegfoR Eorh@RInZ LHRGN@N and a
conplex log the opper oxide is at | east one selected fromthe group

consi st i NgheAfe RALGHLRILDERMRIR Ng COMQLi I I thi, salts of basic
ni trogen. c. ontai ni ng conpounds, 1norganic acids, salts of inorganic

G ont? LD L P PSS P S0l
t nanufi swri

Igg met hod of a fonq#Ftive substrate a corqsn to any, one
of cl ai ms PAETE CTERREPET 2 2R WEGHATRG PAGERT MrOreN R Oﬁ”g"gaar%'BB‘%%? Ton
or copper conplex is at |east one selected fromthe. group consisting
of hydr og@REPEdAGFOIFPEHHP BURIE, CORY Gt d d2 At @b ppe ity sor the reducing
al kyl am nebor ane, hydrazi ne conpounds. al dehyde Conll) 03MCl S,
phosphor o8gsnae i dorerrpirnd sartids sophiogpiisreopss: addeds e omponsds, ascor bic
acid, adipic acid, formclcohols,
9] The copper conductor film according to any one of claims 1 to 6, wherein the copper based
particle containing layer is a layer wherein mixed particles in which the following are mixed at an
arbitrary ratio are deposited: particles comprising the metal having catalyst activity for the reducing
agent as a component; particles comprising the copper oxide as a component; and particles having a
core/shell structure having a core region comprising the metal having catalyst activity for the
reducing agent and a shell region comprising the copper oxide.
f10] 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 for 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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tin (11)conpounds, netallic : AT and hydroxyam nen [201' The

Mai | Uf acturing nmet hod of a conductive substrate according to atol
ciaiiris 5 to 1the nmetal having catalyst ad ivity br the reducing
agent is a trarisi'on nmetal in a nmetallic ibrrn or an all oy
containing One or nore of e nmetals The manufacturing nethod of a
conductive s bstrale according to claim20 wherein at |east one of

ilsiti tel the . ail . taj secetcd.fromthe group. .
consi st i ng 6 PEIC B R S R QPR R Y Guttdery aine the meta

substrate manufactured by a conductive substrate nanui h¢turing net hod
as recited®|hB %@Sbﬁfav'&%& he f19'82 ?59“23‘,“’%"P‘Pé‘?w'ﬁ}’eé%‘f‘}‘ﬁa"‘i'?gg‘?a”hfg‘ishod of

copper conductor wiring, canpy the step of formng, on a substrate,
al i ng net &PMiKisimEdhe @PPEQYEF-ng agent , the step of drawing a
wiring pattern using a paint 3, slurry wh ;eh contains particles
havi ng a ¢@ie/ shefanpfagitiringemethed dfasappes cordugoaridmy etranm e onpros baygd popper
and a abel region cQiloGs igd particles conprising the copper oxide
onl ayer, cemhitihglag¢refhidtcobt@abothgf 4 hetatiraaing cavhlytieactipag foer maltiafagent,
is'rnade fromthe pain ng shiny treatnent solution which contains a
el | enagentind Ddopp@ it RGEARP WaK iaMGatiBst 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.
[13] Patterned copper conductor wiring, wherein a copper based particle containing layer
containing both of a metal having catalytic activity for a reducing agent, and a copper oxide is
patterned by printing, the wiring being obtained by treating the patterned copper based particle
containing layer in a treatment manner using 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.
[14] The patterned copper conductor wiring according to claim 13, wherein the printing
used to pattern the copper based particle containing layer is any one 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.
[15] A manufacturing method of a conductive substrate, comprising:
the step of forming, on a substrate, a layer containing a metal having catalytic activity
for 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

78



a agent fbr redummg a copper ion copper co npex to be nade into c¢
copper. [ 24] Copper conductor wiring manul hctrred by a copper
conductor w ring manul aduring nethod as recited in claim23. [25;A
n' t anut act 3et hod of a conductive substrprinrg; the stop of

pai nti ng,

onto a substrate, a painting slurry which coma ins

partieles having a core/shell structure hay lie, a core region

conpriia

: I . I. OXI t her.eb
Form no . bai e Ba-ERE! SUURS BF “uirE) HOiT T T RA A Qe RERT Ba g gh somine {

oi di i dng

treatnment to dj,e the distribtaion ofthe copper oxide

conponent “GTHSRIAIY! 1oF DAL OF BYTRIFH BT e FREPHAN I P OHRF 38 B8t Foarluciang

the step

of treating the painted filmsubjected to the yid bring

treat nenfOoPPETieRPTRORPE SHINIEX BrPeviadp ete weiatiaceiea chen ical agent for

i oni zi 08'
reduci ng
[ 26. 1The
cl ai m 25,

conpl exi ng the copper oxtde, and a reducing agent the
al6¢ oppéhe ingnifastiyiop methest ofl Dcdnduatmel eibstrttoaaretdalg|te daigopeherein
manuf acturi ng net hod of a conductive substrate according to
abwuetheiparticles (x) having the core/shell structure, and the particles (y) comprising the
copper oxide, the ratio (x/y) by weight of the former to the latter is from 1/1 to 1/19.
[17] The manufacturing method of a conductive substrate according to claim 15 or 16,
wherein about the chemical agent (a) and the reducing agent (b) in the treatment solution, the
mole ratio (a/b) of the former to the latter is less than 5000.
[18] The manufacturing method of a conductive substrate according to any one of claims
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.
[19] The manufacturing method of a conductive substrate according to any one of claims
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 (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 for the reducing agent is a transition metal

in a metallic form or an alloy containing one or more of the metals.

[21] The manufacturing method of a conductive substrate according to claim 20, wherein at
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the oxtduz.rig treatnment-4-td by heating tepainted ulni in the air,
[271The manufacturing nmethod of , conductive substrate according to
claim?25 or 26, wherein the chem cal agent for ionizing or eonplexing
t he copper oxide ise -elected Fromthe group consisting of basic

ni t rogencont ai ni ng conpounds, salts of basic ogen-cont ai ni ng
conpounds, inorganic acids, salts of inorganic acids, organic acids,

sails of organic.acids;. Lewis aci 2i oxi nes, di t hi zone -

Pydr oxyqui O PRE TEISTAITOS R Bohr S0 g1 1 B G IATR AR SR RS G
of a conductive substrate according to 25 to 27, wherein the reducing
agent for PletuidindAiddppefii on or copper conplex at Nast on sel ected
firmthe group consisting of'hydrogenated boron conpounds; ogena ed
al ummur n  ¢&poundsndustivadubiiiatrann Baeredipy dreapduaéverrsptiagsnanafagierygiaethod
conpounds, phosphorous acid conpounds, bypophosphorous acid

conpounds 2s asitoribhiy @eiofclaiadilpite2laci d, form c acid, alcohols, tin
(ii1) co pounds; netallic i in, and vatilineS, [29] A conductive

subst r at eBizact unashnbfac@aricomellicd oepsubstdnabewmagrotdpfisitg: my met hod as
recited lone of cktirns 25 to 28. [30] A manufacturing method of

copper conduct otheWep loNEhimGQNIM A subdtRE, $1a@8 Bfitaidm@Winktgal dawihgd éa@yt}%aatﬁﬁ\lﬁfyn

using a painting slurry which contains particles re/ shel |
structureﬁnggﬂgmgaggqe region conprising copper and a shell region
coui pns; ng 3 coppér oxXide onto a substrate, the step of

subj ecting the dra L rin pa.ﬁer whi ch is.made from
Sor i on O oo e ol RALS S lher Mg R oA LA

copper oxi de conponept radually fromthe outernost region of the
Wi t1ag palPapH SR Srdind [idie 2ol reaton CompHSjag SOREEIIGFNPLIEBIAG t he
wnrbp pattarn subjected to the OKK8 :ng treatnment with a treatnent
sol uti on WARPIsKBriFcapRer oxghaRd BaliclergerPTising the 6pHPeT Bigdeat te lesppdfoxi de

and a reducing)t tot -ducing a copper on or copper con:ie. made nl:o
Sir the step of treating the drawn wiring pattern, which is made from the painting slurry,

R

1 on

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.
[24] Copper conductor wiring manufactured by a copper conductor wiring manufacturing
method as recited in claim 23.
[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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copper, p of washing away the treatnent sointion. [311Copper conductor
wnns, manut acturedby a copper conductor wi ring rnanutac mnmethod as
recited in ciaim30.

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