
DES(.2R113110N PRINTING INK METAL NANOPARTICLES USED IN THE SAME,
WIRING  ARD, AND SEMICONDUCTOR PACKAGE TECHNICAL F 100011
The present invention relates to an ink for printin2 processes, which
includes metal naropa-ttcles containing Cu and/or Ca0 and/or Cu20,
and to metal nanoparticles used in the ink for printing processes.
More particulariy, the present :invention relates to an ink for
printing processes used for the formation of conductor layers and
wiring patterns, to metal nanoparticles used in the ink for printing
processes, and to wiring, a circuit board. and a seiniconducior
pack-age formed by using the ink for printing processes. BACKGROUND
ART [00021, Attention is being .aid to techniques of printing and
form;ng variousks by a printing process that is represented by inkjet
pouting or the like. Among them, investigations are being conducted
on the ink in which particles containing Cu and/or Cu oxid,es are
dispersed, from the viewpoint of forming printed conductor wiring,.
in the process of printing by inkjeiting, since a. system of
scatterirm fine liquid droplets through fine nozzles is employed,
when coarse pai-ticies having a size close to the ink nozzle size are
included in the ink, clogging of nozzles occur. Furthermore, when
viscosity increases as a result of addition of pailicles, the ink
cannot be scattered as liquid droplets. Even in other printing:
processes, coarse particles are inappropriate for the printing of
fine lines.           Specifically, there has been disclosed a method
of forming a metal thin film using a dispersion liquid which has
dispersed therein copper fine particles having a particle size of IOU
inn or less that are produced according to a gas-mediated metal
evaporation method of evaporating a metal in a low vacuum gas
atmosphere and in a gas phase where the vapor of a solvent is
co-present, and thereby obtaining a dispersion liquid (see, for
example, Patent DocumentHowever; metal ultrafine particles obtainable
by such a gas-mediated metal evaporation method are in an aggregated
state, so that even if dispersion of the ultrafine particles in the
solvent :5 attempted, it is difficult to bring the particles to a
stable state. Therefore, even when such a dispersion liquid of metal
ultrafine particles is used as an inkjei   there a problem that
aggregates of the metal ultrafine particles cause dogging of inkjet
nozzles. [00031 



In the particle-containing inks for printing such as described above,
it is neeessaty to use particles having a small particle size and to
disperse the particles without aggregation. The upper limits of
particle size and viscosity may vary with the design of the
apparatus, and as finer liquid droplets are used, the limits become
more strict.           Furthermore, since metal surfaces possess high
activation energy, in the preparation of a dispersion Liquid
containing metal narioparticles having metal surfaces, it is
difficult to disperse the nanoparticles without any dispersant. Thus,
conventionally, in order to achieve such purposes, a dispersion
liquid prepared by dispersing particles after treating the particle
surfaces with a dispersant, has been used (see, for example, Patent
Documents 2 to 10). Particularly, in the case of copper
nanciparticles, surface ire,atments are effective even in order to
prevent oxidation of the particles, and from this viewpoint, various
protective dispersants have been used (see, for example, Patent
Documents IL and 12). [0004]           It is Imown that in a
dispersion liquid prepared by dispersing particles after treating the
particle surfaces with a dispersant, panicles having an average
particle size of single-digit manometers can be dispersed without
aggregation. However, in an ink using a dispersant, it is needed, at
the time of concluctorization, to bring the particles into contact by
removing the dispersant. Therefore, a large amount of energy is
required, and combined use with heating to a temperature of 200C or
higher or heating by energy radiation is needed (see, for example,
Patent Documents 13 and 14). in regard to the formation of a wiring
pattern, since conductorization is carried out by heating the wiring
pattern in the state in which a layer containing copper maimpartieles
has been formed on the substrate, a highly heat resistant substrate
is required so that the substrate can withstand high heat. in this
view, there is a problem that there are limitations on the substrate
that can be used.           Furthermore, there is also a problem that
the volumetric shrinkage accompanying detachment of the dispersant
causes cracks or peeling of the conductor layer, and thus conduction
cannot be obtained. [0005)           Under such circumstances, there
has been a demand for an ink for printing processes in which
particles of Cu andlor Cu oxides having a tine particle size are
dispersed without aggregation, without using any dispersant.  [0006]
In this regard, the inventors of the present invention found that
rianopartieles having copper oxide surfaces can he dispersed without
using a dispersant, by using a solvent which is highly polar and has
no hydrogen bondability (see, fix example, Patent Document 15).
However, for copper oxide nanopartieles from a different source of
acquisition, it has been a problem that there occur a problem of
chspersibility that the ntmoparticles cannot be dispersed, and a
problem of dispersion stability that precipitation occurs or a
supornatam is generated due to separation of the particles (see, for
example, Patent Documents 14 and 15). Therefore, only Ihnited types
of particles can be used in Cu-based inks for priming processes, and
there has been room for an improvement CITATION LIST PATENT DOCUMENTS
[0007] Patent Document 1: Japanese Patent No. 2561537 



Patent Document 2: Japanese Patent Application Laid-Open (JP-A) No,
2003-334618 Patent Document 3: JP-A No, 2003-311944 Patent Document
4: Japanese Patent No, 3764349 Patent Document .5: W02005/025787
Patent Document 6: JP-A No. 2004-211108 Patent Document 7: JP-A No,
2008-127679 Patent Document 8: JP-A No, 2008-88518 Patent Document 9:
W02006/019144 Patent Document 10: JP-A No, 2008-138286 Patent
DocumentJapanese Patent No. 3953237 Patent Document 12: JP- A No.
2004-315853 Patent Document 13: JP-A No, 2009-215501 Patent Document
14: JP-A No. 2004-H 9686 Patent Document 15: JP-A No. 2007-83288
SUMMARY OF THE INVENTION PROBLEM TO BE SOLVED BY THE INVENTION [0008]
The present invention was made in view of the above-described
problems of the related art, and is intended to achieve the objects
described below.          That is, an object of the present invention
is to provide an ink for printing processes winch includes metal
nanoparticles containing Cu and/or CuO and/or Cu20 (hereinafter, may
he referred to as "Cu-based natioparticies") and other metal
nanoparticies, and which exhibits satisfactory dispersibility and
sustained dispersion stability without using additives such as a
dispersant, metal nanoparticles appropriate for the preparation of
the ink for printing processes, and wiring, a circuit board and a
semiconductor package formed by using the ink for printing processes.
MEANS FOR SOLVING PROBLEM [0009]         In regard to the problem
that when the type of Cu-based nanoparticles is different,
dispersibility and dispersion stability arc not obtained, the
inventors of the present invention contemplated that the problem is
caused by any one of the following factors: I. the oxygen-deprived
state of cupric oxide at the surfaces of Cu-based nanoparticies, 2.
adhesion of organic impurities, 3. the difference in the amount of
adsorbed moisture, and 4. the difference in the amount of ionic
impurities. Thus, the inventors conducted investigations respectively
On the following factors: I. the effect of surface oxidation as a
result of heating at 200C in air, 2, a cleaning treatment for the Cu
particle surfaces by an RE plasma treatment, 3. vacuum drying, or
drying of Cu-based nanoparticle powder by heating and drying under
nitrogen, and 4. quantification of ionic impurities using ion
chromatography The inventors confititned that the factors (I) to (3)
do not affect the dispersibility and dispersion stability of the
particles, and found that there is a correlation between the other
factor, that is, the amount of ionic impurities, and the
dispersibility and dispersion stability, thus completing the present:
invention.        The inventors found that in addition to a decrease
in the amount of ionic impurities, when the absolute value of the
zeta-potential of the dispersion liquid is 30 TIN or higher, a metal
nanopartiele dispersion liquid having high dispersibility and
dispersion stability is obtained. 



Furthermore, the inventors conducted a detailed investigation on the
defects such as described above, and as a result, they found that
when metal rianoparticles having a volume average particle size of
the primary particles, LI (nin), and a dispersion medium are
incorporated, and when the average interparticle distance, L (un),
between the metal nanoparticies satisfies the relation: 1.6 LID r;
3.5, an ink for printing processes having excellent dispersibility is
obtained without using a dispersant.         In addition, when this
ink for printing processes is used, draw tig of wiring by a printing
process that is represented by an inkjet method can be carried out,
and desired wiring  follows. (I) An ink for prilnTOCCSSeS, COY.no at
ieas t metal nanoparticles, and having a carbon atom content in the
total solids content of 0.4 mass% or less, [00 U]         (2)1 he ink
for printing processes according (0, including metal nanoparticies
containing Cu and/or CuC) and/or Cu2O, wherein the amount of IC/the
impurities is 2600 ppill or less in the total solids content [00121
(3) The ink: for proorningorunt of ionic impurities is 1600 ppm or
lessdr5, powder of the metal nanciparticles, and the prepared by
dispersing metal nanoparticr containing Cu and/or CuO and/or Cu20 in
a dispersio3 [0013] dispersic 



(4) The ink for printing processes according to any) to (3), wherein
the 90% particle size of the metal nanoparticles containing Cu andlor
Cud and/or 0.10. is  equal to or greater than I 0 am and equal to or
less than 500 urn. [00141  (5) The ink for printing processes
according to ) wneretn the absolute valte of the. zeta potential is
30 tn'i or greater 100151                ink for printing processes
according to any of (-) ttovolume average particle size of the metal
nanoriarticles is equal to or greater than less than 500 mu, [0016]
(7) The ink for printing processes according to any or ) to (6),
wherein the metal nanoparticies containing Cu and/or CuO and/or Cu20
are dispersed in a dispersion medium having a vapor pressure at 25C
of less than 1"34s103 Pa, and the viscosity at 25C is 50 iriPa,s or
less. [00  or greater.. [0018] 



(9) The ink for printing processes acc rding to (1), containxug metal
nanoparficles having a volume average particle size of the primary
particles off) (am) and a dispersion medium, wherein when the average
interparlicle distance between adjitetni: metal natioparticles in the
ink for printing processes is designated as L (um), the relation: 1.6
:ea; VD ts:: 3.5 is satisfied, and the dispersion medium is such that
the polar term in the Hansen solubility parameter is 11 Mital).5 or
greater. [0019]         (10) The ink for printing processes according
to (9), wherein the volume average particle size (D) of the primary
particles of the metal naimparticles is 10 to 300 eirt. [0020]
(11) The mic for...dig processes according) or (10), wherein the
metal nanoparticies are formed from one kind, or a mixture of two or
more kinds, of at least one or more element selected from Cu, Ag, Au,
Al; Ni, Co, Pd, Sri, 1313, in and Ga, and/or partial or total oxides
thereof, [002         (12) The ink for printing processes according
to any of 1'9the ink is prepared without using a dispersant for the
metal nancipartieles. [0022]         (13) Theg processes according to
any of (9) to (12wherein the scosity at 25C. is 0.1 to 50 231
(14) The ink for printing processes according; to a , of (1) to (13),
wherein ti printing process is plate:less printing process. 



[002. 5) The ink "a, printing processes according to), wherein the
p..g process is a plateless printing process using an inkjet printing
apparatus or a dispenser apparatus. [0025]         (1 6) Metal
naneparticles used in an ink for printing processes, containing an
amount of ionic impurities of 1000 ppm or less, a 90% particle size
of primary particles of 200 BM or less, a volume average particle
size of 100 nin or less, and a cuticle surface formed of Cur.) and/or
etc. [0026]  processes according to any of (I) to [0027] 08) The
wiring according to (117) wherein electrical conductivity is
imparteda 280C or lower. [0028]                       stride formed
by using the wiring according to I7; or 80 in a portion or the
entirety of a circuit for electrical conducti [00'        (20)
Asc-sniconductor package IbtinCti by using the wiring according to '
) or (1R) in a. portion or the entirety of a circuit for electrical
conduction. 



[0030]        The disclosure of e present aeni application is related
to the subject matter described M Japanese Patent Application No.
2009-215001 filed in japan on September 16, 2009; Japanese Patent
Application No. 20101 8417 filed in Japan on January 29, 2010; and
Japanese Patent Application No. 2010-23318 filed in japan on February
8, 2010, the disclosures of' which are incorporated herein by
reference. EFFECT OF THE 1.NVENTION [0031]         According to the
present invenUon, there can be prt which includes metal
ft:mop:I.:tides containing Cu and/or Cu and/ nanoparticies, and which
exhibits satisMetory dispasibility without us ak for printing
processes u20 and other metal additives such as a  dispersant; metal
nanoparticles appropriate for the preparation of the ink for priming
processes; and wiring, a circuit board and a semiconductor package
formed be using the ink for printing processes. .BRIEF DESCRIPTION OF
THE DRAWINGS [0032]         PIG. I is a drawing-suhstituled
photograph showing the image of a pattern printed using the ink for
prthiing processes of Example 1;     FIG 2 is a schematic diagram of
a hot wire type atomic hydrogen treatment apparatus; FIG. 3 is a
cross-sectional diagram of a coated substrate on which an ink for
printing processes according to an Example of the present invention
has been applied; FIG 4 is a cross-sectional diagram of the wiring;
eiectroless plated layer and/or  



electroplated layer of the present invention; and         FIG 5 is
drawing-substitute photographs showing the external appearance of art
ink for printing processes-coated substrate before and after a
reduction treatment by a hot wire type atomic hydrogen treatment
apparatus. BEST MODES FOR CARRYING OUT THE INVENTION [0033] <Ink for
print rig processes> The ink for printing processes of the present
invention is characterized n tthe content of the carbon atrims in the
total solids content is 0.4 mass% or less.         That is, the ink
for printing processes of the present invention is characterized by
not using a dispersant, a protective agent and the like, and does not
contain carbon derived from a dispersant, a protective agent and the
like. Therefore, the carbon content is very small. In other words,
dispersants, protective agents and the like are usually
carbon-containing compounds, which are organic compounds; however,
since the ink for printing processes of the present invention does
not use them, the ink for printing processes has a very small carbon
content. Specifically, the carbon content is 0.4 mass% or less, and
the lower limit is usually 0;01 mass%, and ideally 0.00 mass%
Meanwhile, the carbon content can be measured by a high frequency
induction-heated combustion-infrared absorption method. As the
measuring apparatus, EMIA-V series manufactured by iloriba, Ltd. can
be used. [0034]         Since the ink for printing processes of the
present invention does not use a dispersant, a protective agent or
the like as described above, there is a concern about whether
dispersibility and dispersion stability can be secured. However, in
the first embodiment and second embodiment described below, which are
practical embodiments of the present invention, the conditions in
which dispersibilitv and dispersion stability become satisfactory
have been found.         Now, the first embodiment and the second
embodiment of the ink for printing processes of the present invention
will be described below [0035] [Ink for printing processes of first
embodiment]         The ink for printing processes of the fast
embodiment or the present invention is characterized in that the
content of carbon atoms in the total solids content is 0.4 mass% or
less, the ink for printing processes includes metal nanoparticles
containing Cu andlor CuO and/or 



Cu20, and the amount of ionic impurities is 2600 ppm or less in the
total solids content. [0036]           In the present invention, when
an ink for printing processes is prepared using metal nanopartieles
containing Cu and/or CuO and/or Cu20 with a predetermined amount of
ionic impurities, a dispersion medium, and optionally additives,
satisfactory dispersibility is obtained even without using additives
such as a dispersant. Since a dispersant is not used, sintering of
copper particles occurs without requiring a large amount of energy
for removing the dispersant, and during the formation el a wiring
pattern, the ink for printing processes can be used even on
substrates having low heat resistance, so that the range of choice
for the substrate can be widened.           First, racial
nanoparticles containing Cu iinetiOS CuO and/or Cu{) for the ink for
printing processes of the present invention, which are particles
having a core/shell structure with the core part formed of copper and
the shell part formed of copper oxides, and/or particles formed of
copper oxides, will be described below. [0037] [Copper/copper oxide
core-shell particles]           For the particles having a core/shell
structure with the core part formed of copper an the shell part
formed of copper oxides (hereinafter, referred to as "copper/copper
oxide core-shell particles"), for example, use can be made of
particles produced by irradiating raw material metal compounds that
are dispersed in an organic solvent which does not exhibit reducing
action, with laser light under stirring. Furthermore, copper/copper
oxide core-shell particles produced by introducing copper raw
material into a plasma flame iti an inert gas, and rapidly cooling
the copper raw material with an inert gas for cooling, can also be
used. The characteristics of the copper/copper oxide core-shell
particles produced by using laser light can be controlled by
appropriately selecting various conditions such as the type of the
raw material copper compound, the particle size of the raw material
copper compound, the amount of the raw material copper compound, the
type of the organic solvent, the wavelength of the laser light, the
output power of the laser light, the time of laser light irradiation,
temperature, the agitated state of the copper compound, the type of
the bubbling gas introduced into the organic solvent, the amount of
the bubbling gas, and additives. [0038]          The amount of the
ionic impurities included in the copper/copper oxide core-shell
panicles is limited to 2600 ppm or less, and preferably to 1500 ppm
or less, from the viewpoint that if the amount of ionic impurities
included in the ink for printing processes is large,  dispersion
stability is decreased. The ionic impurities Meinthe copper/copper
oxide core-she particles can be analyzed by adding ultrapure water to
dried copper/copper oxide core-shell particles in an amount 10 times
the weight of the particles, sealing the mixture in a container made
of Teflon (registered trademark), subjecting the mixture to
extraction at 120C for 24 hours, separating the particles by
centriMeation, and subjecting the separated. supernatant to ion
chromatography. The amount of ionic impurities can be quantitatively
determined by making reference to the results previously obtained and
a calibration curve produced using standard solutions. [00391
In regard to the copper/copper oxide core-shell particles used in the
present invention, since coarse particles may cause clogging of pipes
or inkjet heads; the 90% dispersion particle size in the dispersed
state is preferably equal to or greater than 10 ma and equal to or



[0040] [Copper oxide particles]          As the particles formed of
copper oxides (hereinafter, referred to as "copper oxide particles"),
those available as commercially marketed products, such as copper
oxide nanoparticles manufactured by Cl. Kasei Co., Ltd,, that are
produced by a gas phase evaporation method; and copper oxide
nanoparticles manufactured by Nissei Engineering, that are produced
by a plasma :flame method, may be used.. [00411          In regard to
the amount of the o zit impurities contained in the copper ox., e
particles. from the e viewpoint that if the amount of the ionic
impurities included in the ink for printing processes is large,
dispersion stability is decreased, the total sun] of the amounts of
all ionic impurities that are included in the raw materials is Minted
to 2600 prim or less, and preferably 1500 porn or less. [0042] The
ionicincluded in the copper oxide particles can be analyzed by adding
ultrapure water to dried copper/copper oxide core-shell particles in
an amount 10 times the weight of the particles, sealing the mixture
in a Teflon (registered trademark) container, subjecting the mixture
to extraction at I 20C for 24 hours, separating the particles by
centrifugation, and subjecting the separated supernatant to ion
chromatography. The amount of ionic impurities can be, quantitatively
determined by making reference to the results  previously obtained
and a calibration curve produced using standard o o [0043]
in regard the copper oxide particles used in the present inventton,
since coarse particles may cause clogging of pipes or inkjet heads,
the 90% dispersion particle size in the dispersed state is preferably
equal to or greater than 10 rim and equal to or less than 500 ran,
more preferably equal to or greater than 0 rim and equal to or less
than 300 urn, and even more preferably equal to or greater than 10
310n and equal to or less than 200 inn, (0044]          When the
metal nanoparticies containing Cu and/or CuO and/or Cu,according to
th present invention as described above are di poised in a dispersion
MediUM that will be described below, the ink for printing processes
of the present invention can be obtained. 'The dispersion medium
according, to the present invention will be described below.
Meanwhile, when the ink for printing processes is prepared by
dispersing the metal nanoparticies described above in a dispersion
medium, specifically, a dry powder of metal nanoparticles is
dispersed in the dispersion Enedium, and the amount of ionic
impurities in the dry powder of metal nanoparticles is preferably i
600 p],lin or less, more preferably 1200 ppm or less, and even more
preferably 900 mini or less. Here, the term "dry powder of metal
nanopartieles" means metal nanopartieles in the state that the
dispersion medium is not included. 



[0045] [Dispersion medium] As the dispersiondisperses the
mencontaining Cu and/or CuO and/or Cu20 used in the printing present
imet referable to use a dispersion medium having a vapor pressure at
2,5C of less than 1,34x103 Pa, Such a dispersion medium can suppress
an increase in the ink viscosity due to volatilization of the Inn For
eKample, if there is only a dispersion medium having a vapor pressure
at 25C of  .34/ lt-f" or higher, the increase in the ink viscosity
due to volatilization of the dispersion medium is significant, and
for example, in art inkjet printing method, it becomes difficult to
discharge liquid droplets from the nozzles of art inkjet head, while
there is a tendency that clogging of the inkjet head is prone to
occur. Furthermore, in an offset printing method, coMwebbing occurs
in the step of ICITIOVing unnecessary parts of a pattern from an
inkapplicd surface applied on a plate cylinder, or ;31 the step of
transferring ink from the plate cylinder onto a print-receiving
object, and inconveniences are caused, as satisfactory pattern
formation cannot  he achieved.         In addition, a dispersion
medium having a vapor pressure of less than 1.34x103 Pa and a
dispersion medium having a vapor pressure of 1,34x103 Pa or greater
may be used together. However, in that case, the mixing ratio of the
solvent having a vapor pressure of .34x103 Pa or greater is
preferably set to 60 mass% or less, more preferably 50 :mass% or
less, and even more preferably 40 mass% or less, relative to the
total mass of the dispersion medium. Meanwhile, as the dispersion
medium, various media can be used as long as they have a vapor
pressure in the desired range and can disperse or dissolve insulating
resins. [0046]        Specific examples of the dispersion medium
having a vapor pressure at 25C of less than 1.34/103Pa include
aliphatic hydrocarbon solvents such as nenarie, decane, dodecane, and
tetradecane; aromatic hydrocarbon solvents such as ethylhenzene,
anisole, tnesitylene, naphthalene, cyclohexylbenzene, diethylbermene,
phenylacetonitrile, phenyleyelohexane, benzonitrile, and mesitylene;
ester solvents such as isobutyl acetate, methyl propionate, ethyl
propionate, -/-butyrolactone, glycol sulfite, ethyl lactate, and
ethyl lactate; alcohol solvents such as 1.-butatiol, cyclohexanol,
aderpineol, and. glycerin; ketone solvents such as cyclohexasione,
2-hexanone, 2-heptanone, 2-octanone, l,3-diexolan-2-one, and
1,5,51rimethylcyclohexen-3-one; alkylene glycol solvents such as
diethylime glycol ethyl ether, diethylenc glycol diethyl ether,
propylene glycol monomethyl ether, propylene glycol rrtotioethyl
ether, propylene glycol monopropyl ether, propylene glycol monobutyl
ether, propylene glycol monortiethyl ether acetate, Methylene glycol
eAlayi ether acetate, diethylene glycol propyl ether acetate,
diethylene glycol isopropyl ether acetate, diethy-lene glycol butyl
ether acetate, diethyletie glycol t-butyl ether acetate, triethylene
glycol methyl ether acetate, triethydene glycol ethyl ether acetate,
tHethylene glycol propyl ether acetate, triethylene glycol isopropyl
ether acetate, triethylene glycol butyl ether acetate, triethylene
glycol 1-butyl ether acetate, dipropylene glycol dimethyl ether, and
dipropylene glycol monobutyl ether; ether solvents such as diheityl
ether, butyl phenyl ether, pentyd phenyl ether, methoxytoluone, and
benzyl ethyl ether; carbonate solvents such as propylene carbonate,
and ethylene carbonate; amide solvents such as
N,N-dimethylformatnide, N,N-dirtiethylacetamide, and
N-methylpyrrolidone; and nitrile solvents such as inalonoriltrile.



The content proportIon of the dispersion medium in the ink for
printing processes is not partieularly limited, and the content
proportion is appropriately adjusted such that the viscosity at 25C
and the surface tension of the ink are in the ranges that will be
described below. However, usually it is preferable to adjust the
content proportion to 40 to 99 mass% o the mass of the ink. [00481
Furthermore, as the dispersion medium that disperses the
copper/copper core-shell particles or copper oxide particles used in
the ink for printing processes of the present invention, a dispersion
medium in which the polar term in the Hansen solubility parameter is
I MPall or greater, as described in JP-A No. 2009-215501, is used,
and it is preferable, in view of dispersibility, to use a dispersion
medium in which the hydrogen bonding term in the Hansen solubility
parameter is 8 MN, and the polar term in the Hansen solubility
parameter is II MPa"2,         Here, the Hansen solubility parameter
is one of the methods for defining the solubility parameter of a
solvent, and the details thereof are described in, for example,
"INDUSTRIAL SOLVENTS HANDBOOK" (PP, 35-68, Marcel Dekker, Inc.,
published in 1996), "HANSEN SOLUBILITY PARAMETERS: A USER'S HANDBOOK"
(pp. 1t41, CRC Press, 1999), "DIRECTORY OF SOLVENTS" (pp. 22-29,
'Mackie Academic & Professional, published in 1996), and the like.
The Hansen solubility parameter is a parameter intrinsic to a
substance, which has been introduced to estimate the affinity of a
solvent and a solute, and the question of whether, when a certain
solvent and a solute are brought into contact, the free energy of the
system would decrease or increase to what extent, can be speculated
from this parameter. That is, a solvent capable of dissolving a
certain substance has parameters in a certain. The inventors of the
present invention thought that the same applies to the relation
between the metal particle surfaces and the dispersion medium. That
is, the inventors suspected that when metal tiarsoparticles and a
dispersion medium are brought into contact, in order to stabilize the
system in terms of energy, the dispersion medium has a solubility
parameter in a certain range. (00491          Examples of a
dispersion medium which satisfies the above-described conditions
include y-butyrolactone. N-inetitylpyrrolidone, propylene carbonate,
ethylene carbonate, ethylene glycol sulfite, acetonitrile, and the
like, Among them, particularly, y-butyrolactone, propylene carbonate,
and ethylene glycol sulfite are preferred. [0050] Examples of a
dispersion medium hich satisfies all the above-described conditions
of  vapor pressure and Hansen solubility parameter include
y-butyrolactorie, Nunethyl yrrolidone, propylene carbonate, ethylene
carbonate, and glycol sulfite. [00511         In regard to the amount
of the ionic impurities included in the dispersion medium, from the
viewpoint that if the amount of the ionic impurities included in the
ink for printing processes is large, dispersion stability is
decreased, the total sum of the amounts of all ionic impurities that
are Mc/tided in the raw materials is preferably 2600 ppm or less, and
more preferably 1500 ppm or less, [0052]          The amount of ionic
impurities included in the dispersion medium can be determined by ion
chromatography, Specifically,dispersion medium is dried by heating or
under reduced pressure in a container made of leflon (registered
trademark), ultranure water is poured on the residue to dissolve out
i0BliC impurities, and the ionic impurities can be analyzed by ion
chromatography. The amount of ionic impurities can be quantitatively



[005.3]         In regard to the ink for printing processes of the
present invention, as described above, a dispersant which requires
high energy to remove from surfaces of copper particles is not needed
in the preparation of the ink for printing processes, but to the
extent that the effects of the present invention are not impaired, a
dispersant may be used without any problem in an amount equivalent to
a carbon content of OA mass% or less, for the purpose of further
enhancing dispersion stability, or the like. For example, a surface
tension adjusting agent can he used so as to make the ink for
printing processes suitable for a printing apparatus for drawing
wiring patterns, [0054]         Dispersion of the particles can be
carried out by using an ultrasonic: dispersing machine: a medium
dispersing machine such as a bead mill; a cavitation stirring
apparatus such as a homomixer or a Silverson stirrer; a counter
collision method such as an Ultimaizer; an ultrathin film high-speed
rotary dispersing machine such as Crea 555; a rotary and
revolutionary mixer, or the like. [0055]         The concentration of
the particles in the ink for printing processes is preferably
adjusted to I to 70 wt%, more preferably 5 to 60 wt%, and even more
preferably to 10 to 50  wt%. [0056;          can he contemplated that
when the particles of the ink for printing processes are not
dispersion stamlized by a dispersant. or a surface treating agent,
the particles are dispersion stabilized in the dispersion medium by
means of the repulsive force due to the zeta-potential at the
particle surfaces, In such a system, when a substance having an
electric charge that is coupled with zeta potential is present, it Is
expected that neutralization of zeta potential or shortening of the
operating distance occurs, and dispersion stability is decreased.
Examples of a substance having such an electric charge include bases,
acids, and salts thereof, and ions resulting from dissociation of
those substances include anions and cations. According to the present
invention" the ionic impurities collectively refer to the bases,
acids, salts thereof, anions, and cations included in the ink for
printing processes. [0057] Examples of dissociated ions that can be
detected by ion chromatography w ionic impurities are extracted with
pure water include, but are not limited to, the following: hydrogen
ion (ft), lithium ion (Li), sodium ion chla'11, potassium ion (IC),
silver ion (A); copper(i) ion (Cu), mercury(I) ion (Hg4), oxonium ion
(HO), ammonium ion (NR4'), di:mu:lines:Iva ion (Ag(N11:)2r), vie:tee
([CoCt2(N113)4]'1, magnesium ion (bile), calcium ion (Ca"), strontium
ion (5?), barium ion (Be): cadmium ion (:1d24), nickel(I0 ion (Ni2t),
zinc ion Znh, copper(Lt) ion (Cii.21)" niercury(H) ion clig'),
iron(II) ion (Feh, cobalt(H) ion tin(H) ion( ion (Pb2+),
marigaintse(11) ion (Me), tetraamminezinc(11) ion ({ZEUNI-L)41'),
tetraamminecopper(il) ion ([Cu(NI-13)4.124), tetratiquacopper(li) ion
thiocyanoiron(HI) ion ([1-lettSCNIC), hexitaniminenicitelOD ion
putpurw (lCoCKNI-12)2;2), aluminum ion (A13'), ircin(111) jot; (Feh,
eir oinium(III) ion (01-3-1), Itexiiamminecobalt011) ion
([Co(Nli2)61r), hexaaquaeobalt(ilp ion (1Co(f120)6113'),
liexaamminechromiumOID ion ([0r(N143)6;31), roseo
(12Co(Niii)4(11120),]3+), tin(INO ion (S hydride ion (ft), fluoride
ion (V), chloride ion (C1), bitilthile ion (Br), iodide ion 



hydroxide ion (Oft), cyanide ion (ON), nitride ton (NO3), nitrite ion
(NO2.1), hypochlorite ion (010), chlorite ion (002), chlorate ion
(02037), perchlciriate ion (01041 permanganate ion (1\4n04), acetate
ion (CHiC00), hydrogen carbonate ion (1-ICO3), &hydrogen phosphate
ion ($21)04), hydrogen sulfate ion (MOO, hydrogen sulfide ion (HS).
thiocyanate ion (SOW); te.trahydroxoalurninate ion
GIA1(011)411,[M(Oli)4(ti20)2I), dicyanoargentate(f) ion ([Ag(CN)2]);
tetrahydroxochroniatt(M) ion ([0(OH04), tetrachlomaurat4110 ion
([AuC14111, oxide ion sr:11'1de on (5b, peroxide on (02:on (SO41),
sulfite ion (503' 1, thiosullate ion  (52032-), carbonate ion (CO32),
chromate ion (Cr042), dichromate ion (C120721 monohydrogen phosphate
ion (HPO42-), tetrahydroxcizincate(1.1) ion alti(01-)42),
tetracyanozincate(11) ion tja(CN)412), tetrachlorocuprate(10 ion
riettel4lzI phosphate ion (1$043-), hexacyanoferrate(III) ion
(.[Fe(eN)6]3, bise0 loStilfatoiargentate(1) ion GAg(S203)713),
hexacyanolerrate(H) ion (ffe(CN)614), and the like. [0058;
The amount of the ionic impurities included in the ink for printing
processes of the present invention is 2600 ppm relative to the total
solids content, as described above, and examples of the technique for
adjusting the amount of ionic impurities to the relevant range
include deionization treatment using ion exchange resin, dialysis,
and the like. Alternatively, the 3TB1013ffi of the ionic impurities
can also be adjusted to the range described above, by taking caution
to prevent ionic impurities from being incorporated during the
production of metal nanoparticies, and to prevent nitrogen, halogen,
alkali metals and the like from being included. It is important not
only to eliminate the ionic impurities from raw materials, but also
to eliminate elements that produce ionic components from the
atmosphere because, in the case of using a treatment generating
radicals, such as sputtering or plasma, if nitrogen and carbon
dioxide gas are incorporated int() the atmosphere, they generate
nitrate ions and carboxylate ions, respectively. [0059] The amount of
the ioniceluded in the ink for printing processes can be determined
by ion chromatography. Furthermore, it is also possible to indirectly
estimate the amount of ionic impurities by detecting elements
originating from the ionic impurities by a fluorescence X-ray
analysis.         Quantification of the amount of tonic imputines by
ion chromatography can be carried out by drying the ink for printing
processes under reduced pressure or by healing, subsequently adding
uitrapure water in an amount of 10 times the weight of the dried
product, sealing the mixture in a container made of Teflon
(registered trademark), subjecting the mixture to extraction at 120C
for 24 hours, and analyzing the supernatant separated by
centrifugation by ion chromatography. The amount of ionic impurities
can be quantitatively determined by making reference to the results
previously obtained and a calibration curve measured and produced
using standard solutions. [0060]         For the ink for printing
processes of the present invention, in order to further enhance
dispersibility and dispersion stability, it is preferable to set the
absolute value of the zeta  potential to 30 inV or higher, in
addition to the reduction of the amount of ionic impurities.
Furthermore, the absolute value of the zeta potential is preferably
35 niv or higher, and more preferably 40 my Furthermore, the absolute
value is preferably 200 my or lower, Tithe absolute value of the zeta
potential is loss than 30there is a risk that the dispersion



of the metal nanoparticles may decrease. Meanwhile, the zeta
potential can be measured by using, for example, a. zeta potential
analyzer (manufactured by Beekman-Cou3l:er,Delsa 440SX) or the like.
Furthermore, in this case, the imual nanopa.rticies such as the
copper/copper oxide core-shell particles or copper oxide particles
are such that, from the viewpoint that large particles are prone to
settle under their own weight and it is difficult to achieve
dispersion stabilization, the volume average particle size at the
time of dispersion is preferably equal to or greater than 2 rim and
equal to or less than 500 um, more preferably 2 ma to 300 !BD, and
even more preferably 2 mu to 200 am, [0061; The ink for printing
processes of the present invention can be used in non-contact
processes such as an inkjet printing method and a dispenser printing
method; graphicg such as an onet printing tnethcd; stencil printing
such as a screen g method; intag.lio printing such as gravure
printing; and the like. [0062] iscosity (dynamic viscosity) of the
ink foresses of the present  invention iS preferably 50 inP&s or less
at 25C. Tithe viscosity of an insulator ink is 50 mPais or less, the
occurrence of a non-discharge nozzle at the time of irikjet printing
or the occurrence of clogging in the nozzle can be more surely
prevented. The cosity of the insulator ink is more preferably 1.0 to
30 raPas at 25C. When the ink viscosity is adjusted to this range,
there is a tendency that liquid droplets can be made to have small
diameters and the impact diameter of the ink can be further
decreased.         Therefore, as described above, when a dispersion
medium having a vapor pressure at 2.5C of I .34x103 Pa or gieater is
used, the viscosity of the ink for printing processes can be easily
adjusted to the range described above, and therefore, it is
preferable. That is, the ink for s processes of the present invention
is preferably such that metal mumpartides containing    allii101-
CutD andlor Ciiii20 are dispersed in a dispersion medium having a
vapor pressure at 25C of less than I.34x 103Pa, and the viscosity at
25C is 50 rti.Pms or less. [0063] 



preferably 20 niN/m or greater. if the surface tension is less than
20 inNini, there is a tendency that the ink liquid droplets wet and
spread over a base material after impact, and do not form a flat and
smooth film. The surface tension of the insulator ink is more
preferably in the range of 20 to 80 mNitn. This is btxxpase it the
surface tension of the ink exceeds 80 imNItm liquid droplets are
pulled back in the inkjet nozzle due to the surface tension, and it
becomes difficult to discharge the liquid droplets. The surthce
tension of the insulator ink is more preferably 20 to 50 mbilm.
Furthermore, if necessary, adjusting agents such as an ink
surfaradjusting agent, a coupling agent or an adhesive for imparting
adhesive force to the substrate, an oxidation inhibitor, and the like
may also be incorporated, [0064.] <Evaluatit         As discussed
above, if the amount of the ionic impurities contained in the metal
nanoparticles containing Cu andlor Ct.10 and/or Cu20 is 2600 ppm or
less, an ink for printing processes exhibiting satisfactory
dispersibility and dispersion stability can be prepared even t using
a dispersant. From an opposite point of view, when the amount of
ionic      dies in unknown metal nail:Tarn:des containing: Cu and/or
CuO andlor Cu20 is measured, and it is checked if the amount is 2600
ppm or less or not, evaluations can be made on whether the
dispersibility and dispersion stability of' the metal nanoparticies
are satisfactory, and also on whether a dispersant will be needed.
[0065] [Ink. for printing processes of second ernwrit)         'The
ink for printing processes of the second embodiment of the present
invention is characterized in that the content of carbon atoms in the
total solids content is 0.4 mass% or less, the ink for printing
processes includes metal nanoparticies having a volume average
particle size of urimary particles. 15 (ram), and a dispersion
medium, when the average interparticle distance between adjacent
metal nanopartieles in the ink for printing processes is designated
as L (tun), the relation: I.63,5 is satisfied; and the polar term in
the Hansen solubility parameter of the dispersion medium is I MPa'5
or greater.         If the value of [ID is 1.6 or greater, it is
preferable from the viewpoint that sattsfactorv dispersibility of
metal nanoparticles and a sustained dispersion state are obtained
without using a dispersant. Furthermore, if the value of L/D is
greater than 3.5, the concentration of the metal nanoparticles in the
dispersion medium is decreased, and during the process of forming
wiring , the amount of adhesion of metal nanoparticles is reduced.
For that reason, it is not  



rireferable from a practical viewpoi t because, for example, a
printing process that represented by an inkjet printing method must
be repeated many times. Therefore, from the viewpoints of
dispersibility and wiring formability, the relation is such that 1.6
LID < Furthermore, from the viewpoints of dispersibility and wiring
fern:ability, the relation is preferably such that 1.6 < LID < 3.0,
and from the viewpoint of cutting down the number of printing
operations represented by an inkjet printing method, the relation is
more preferably such that 1.62.8. The dispersant as used herein means
an organic compound and/or inorganic compound that is made to adhere
to the meal flat/opal:titles surfaces for the putpose of enhancing
oxidation resistance, fusion resistance, and dispersibility. [00661
The term L (um) is defined as the average distance between the
eenters of metal nanoparticies, determined by using the following
geometric approximation formula, and using a neorneirleally
determined value of the average inter-surface distance between the
primary particles of metal nanoparticles in a dispersion medium, Ls
(mu), and the volume average particle size of the primary particles,
D (am): (un) = D/2 4- Ls (um) .= D x ((1/3 it x F 5/6)u - 1] Volume
of metal nanoparticies in ink for printingesse Mime of ink for
printing processes          Meanwhile, the volume of the metal
nanoparticles in the ink for printing processes and the volume of the
ink for printing processes can be respectively calculated by dividing
the mass by the density. According to the present invention, L (run)
is determined by the above formula, and then the value of LID is
determined. [0067] o the dispersion mediumthe Mk for
printing processes, the polar ed as I 1 MPaQ5 or greater, in order to
obtain lispersibility of the metal nanoparticles and a sustained
dispersion state without using a dnspasant.            is speculated
that when a dispersant which satisfies these conditions is used,
dispersibility of the particles is enhanced because the free energy
is decreased due to the contact between the metal particle surfaces
and the diSpaSiet3 medium, and the dispersed state is stabilized.
[0068] urthamnore, the dispersion medium according to the present
invention is such that the 



polar term in the Hansen solubility parameter is 11 MPa or greater,
and although it is indicated that the dispersion rued mm is highly
polar, the polar term is preferably 12 NINE'''. or greater, and more
preferably 13 Ni1Pa5 or greater. if the polar term is less than II
NIPau, the dispersed system aggregates, and an increase in viscosity,
settling of the particles, or separation of the particles and the
dispersion medium may occur, Furthermore, the upper limit is usually
2.0 r1/4.1Pa". [0069]         Examples of the dispersion medium that
satisfies the above-described conditions include water, dirnethyl
subloxide, N-rnethylpyrrotidone, 74butyrolactime, propylene carbonate
(propylene carbonate), ethylene carbonate (ethylene carbonate),
butylene. carbonate (butylene carbonate), ethylene glycol sulfite,
sulfolane, nialononitrile, phenylacetonitrile, aceionittile,
N-aeetylpyrroliclorte, acetyl fluoride, ammonia, 1,4-buianediol,
3-butenenitrile, cyclopentanone, N,N-dimethylacetainide,
N,N-diethylacetainide, N,N-diethylformarnicie, diethyl sulfite,
&ethylene glycol, diethylenetriamine, N,N-cliethylacetarnide, diethyl
sulfide, dimethylformarnicte, ethylideneacetone, formamide, glycerol,
methyl isopentyl ketone, and phenylaeetonitrile. Among them,
particularly dimethyl sutfoxide, Nunethylpyrrolidone,
y-hutyrcilactone, propylene carbonate (propylene carbonate), ethylene
carbonate (ethylene carbonate), britylene carbonate (birryiene
carbonate), ethylene glycol sulfite, sulfolane,
ptienylacetonitrile, acetrinitrile, acetyl chloride,
N-acetylpyrrolidorte, acetyl fluoride, acrylortitrile,
cyclopentanone, N,Nilieiliviiiceiairride, diethyl sulfite, and
plienylacetonitrile. [0070]         In addition, as a dispersion
tedium suitable for printing processes that are represented by an
inkjet method, an organic solvent (solvent) having a vapor pressure
at 25C. of less than 1.,31/, 0" Pa is preferred. Specific examples
have been illustrated in the first embodiment, and thus further
description thereon will not he repeated here. These solvents can be
used singly or jEl combination of two or more kinds. Furthermore, in
addition to the above, a dispersion medium in which the polar term in
the Hansen solubility parameter is 11 WiPafts or greater is also a
suitable dispersion medium, and a single dispersion medium can be
used alone or two or more dispersion media can be used in
COMbillatiOt3, as long as the resulting vapor pressure at 25C is less
than 1.34x10 Pa. [0071]        Next, the metal nanoparlieles will be
explained below, The metal nanoparticles can use all of Cu, Ag, Au,
Al, Ni, Co, Pd, Sn, Pb, In, Ga and oxides thereof, and may also
contain  small amounts of metal salts and metal complexes as
impurities. The metal nanopartieles may be entirely made of a metal,
or may be core-shell metal particles surrounded by an oxide, or
particles in which almost the entirety is made of an oxide (for
example, copper ox ide). The panicles may also be compounds of other
elements, as long as electrical conductivity can be exhibited in a
normal state or after a treatment. Further, particles formed of
cuprous oxide and having a core/shell structure are more preferred
since the particles can be easily reduced. As these metal
naimparticles, commercially available products may be used, or the
metal nanoparticles can ako be synthesized by using a known synthesis
method. These metal nanoparticles can he used singly or in
combination of two or more kinds. 100721         In general, metals
have high specific gravities, and when the particle size is large,



[0073] Furthermore, since the metal nanopmticles are applied by a
printing process, the  average dispersion particlee including
secondary aggregates and the like is'erahly 500 am or less. If the
average dispersion particle size is 200 cm or less, for example, in
an inkjet printing method, inconveniences such as clogging of the
nozzle do not easily occur, and thus it is more preferable. Particles
having a dispersion particle size of 500 nm or greater may he
preseni, but if the maximum dispersion particle size is 2000 rim or
less, clogging and the like do not occur during inkjet printing, and
it is preferable. Industrially, from the viewpoint of obtaining
dispersion stability with higher general-purpose usability, the
maximum dispersion panicle size is more preferably S00 am or less.
[0074]         The dispersion of the metal nanoparticles to be
applied in a printing process can he carried out using a general
method of dispersing a powder in a liquid. For example, a dispersion
treatment may he carried out by an ultrasonic method; a medium
dispersion method such as a bead mill; a three-roll method, a
homomixer or a Sitverson stirrer; a counter collision method such as
an Ultimaizer; an ultrathin film high-sped rotary dispersing machine
such as Crea SS5; or a rotaty and revolutionary mtxer. These
dispersion treatments may be carried out at room temperature (25C),
or may be carried out after heating in order to lower the viscosity
of the dispersion liquid. If the melting point of the dispersion
medium is high, it is preferable to carry out the above-described
operation while the dispersion liquid is heated to a temperature at
which the dispersion medium turns into liquid. Furthermore, in order
to obtain a more stable dispersed state without making active
fractured surfaces that are causative of aggregation on the surfaces
of the metal nanoparticles, an ultrasonic method, a medium dispersion
method such as a bead mill, and a rotary and revolutionary mixer are
more preferred. These dispersion methods can he used singly or in
combination of two or more kinds. [0075]          An ink. for
printing processes in which metal nanoparticles are dispersion
treated in a dispersion medium by the above-described methods, can be
prepared into a more stably dispersed state with a smaller average
particle size, by subjecting the ink for printing processes to a
centrifugal treatment. The speed of rotation and duration of
centrifugation, which are centrifuge treatment conditions, may vary
with the apparatus used, and therefore, conditions in which
centrifugation can he earned out to obtain a sediment particle size
of 1 pun or greater at the specific gravity of primary particles, are
appropriately selected. [0076]  proportion of the dispersion medium
so that the ratio LID of the average interparticle stance, L Ounj,
between the metal nanopartieles at 25C in the ink and the volume
average primary particle size, D (rim), the viscosity and the surface
tension are respectively in suitable ranges. However, usually, it is
preferable to adjust the content ratio to 40 to 97 mass% relative to
the mass of the ink for printing processes. in order to prepare the
ink for printing processes as a low-viscosity dispersion liquid
having a viscosity suitable for printing processes that are
represented by an inkjet method, it is more preferable to adjust the
content proportion of the dispersion medium to 50 to 90 mass%
relative to the mass of the ink for printing processes, and in order
to satisfactorily maintain the shape of the wiring formed by the
printing processes, it is even more preferable to adjust the content



In the ink for printing processes, a surface adjusting agent may be
appropriately added, in order to adjust the surface tension to be
suitable for printing processes that are represented by an inkjet
method. The surface tension at 20C is preferably 20 to 80 inNirm in
order to obtain satisfactory formability of wiring at ihe time of
printing; more preferably 21 to 50 mhflin in order to obtain more
suitable dischargeability in the case of printing by an inkjet
method; and even more preferably 22 to 95 raNirn, flora the viewpoint
of the formability of flat and smooth wiring. [0079]         Examples
of the surface adjusting agent include silicone compounds, vinyl
compounds, acrylic compounds, fluorine compounds, and the like. These
surface adjusting agents may be incorporated singly or in combination
of two or more kinds. [0080] <Metal nanoparticles> The metal
nanoparticles of the present invention are metal nanoparticles used
in an ink  for printing processes, and are characterized in that the
amount of ionic impurities is 1000 ppm or less, the 90% particle size
of primary particles is 200 am or less, the volume average particle
size is 100 nia or less, and the particle surface is formed of C.u0
or/and Cu20.         The metal natiopartieles of the present
invention are appropriate Cor the preparation of the ink for printing
processes of the present invention described above, and the ink for
printing processes of the present invention can be prepared by
dispersing those metal nancipartieles in a dispersion medium such as
described above, and subjecting the dispersion to other processes as
necessary         Furthetmcwe, the metal wanoparticles of the present
invention have their particle surfaces formed of Cm or/and C4,0 from
the viewpoint of the particle structure; however, these may be
copper/copper oxide core-shell particles or copper oxide particles
such as described above. [00S1]         in regard to the metal
nanopart cies of the present invention, when the 90% particle size of
the primary particles is 200 am or loss, clogging of inkjet pipes or
nozzles can be avoided. The 90% particle size of the primary
particles is preferably 150 urn or less, The lower limit is usually I
rim.         Meanwhile, the value of the 90% particle size is a value
obtainable from images obtained by observation by TEM or SEM, or
through measurement made by BET. [0082]         Furthermore, when the
volume average particle size of the metal nanoparlieles of the
present invention is 100 ma or less, settling of the particles under
their own weight can be suppressed. The volume average particle size
is preferably 70 Mil or less. The lower limit is usually 1 nm, 



[0083] ation of wiring pattern>         Next, as an example of the
method for forming a wiring pattern on a substrate using the ink for
printing processes of the present invention, a method for forming a
copper wiring pattern will be explained. First, the substrate that is
used will be described. [0084] [Substrate]         Specific examples
of the material for the substiate used in the method for forming a
wiring pattern of the present invention include, but are not Limited
to, polyirnide, polyethylene naphthalate, poly-ether sulfone,
polyethylene terephtlitalate, polyamideimide, polyether ether
ketone, polycarbonate, a liquid crystal polymer, an epoxy resin, a
phenolic resin, a cyanate ester resin, a fiber-reinforced resin,
popolyamide, polyphenylene sulfide, a glass plate, and the like.
[0085] As described above, when the ink for printing processesu
invention is used, a substrate having low heal resistance can be useA
thus, there are fewer limitations on the substrate to be used.. Next,
the procedure of the method for formingg pp and the details of the
operations in the respective steps wril be described in or 



[0086] The wiring is a dot-shaped, line-shaped or fitra-shaped prjnl
pronuct proc c patteror printing processes by a printing process that
is represented by an in if.tE method, and is obtained by removing the
dispersion medium, after printing, through a vacuum drying treatment,
a heating and drying treatment or the like as necessary; and
subjecting the dried ink to a sintering; treatment or a reduction
treatment so as to impart electrical conductivity, The thickness of
the wiring is preferably 0.1 to 25 LtUE3, and from the vieaYpoint of
connection reliability, the thickness is more preferably 0,2 to 10
pm, In order to efficiently carry out the sintering treatment or the
reduction treatment for imparting electrical conductivity, the
thickness is even more preferably 0.4 to 3 pin. [00R7i         As the
punting processes of the ink for punting processes, for example,
vanous printing processes such as a screen printing method, a
letterpress printing method, an intaglio printing method., a transfer
printing method, aF., avure printing method, an Mktet printing
method, a super inkjet printing method, a dispenser printing method,
a needle dispenser printing method, a jet dispenser method, a
mmoimprint printing method, a contact printing method, and a spin
coat printing method can be applied, Among them, an ialcid printing
method is preferred because a desired amount of ink can be printed on
a desired position, without using a special plate, and the method has
features such as the efficiency of material usage or the ease of
coping with hap es in the pattern design. FIG 3 is a cross-sectional
diagiam scheniatiealtv showing.on which the ink for printing
processes is applied. Reference Numeral I l represents wiring,
reference numeral 12 represents a metal nanoparticle, and reference
numeral 13 represents a substrate. [0088] After a wiring pattrn is
drawn using the ink for printing processes or the present   invenbon,
drying is carried out at a temperature adjusted in accordance with
the volatility of the dispersion medium. As the drying technique, a
heating treatment method such as heating of the substrate or blowing
of het air can be employed. Such a drying treatment can be carried
out, for example, at a heating temperature of 30C to 200C for a
heating time of Di to 2.0         in addition to that, the dispersion
medium can also be removed in an environment at a low pressure or in
a vacuum. in this case, since the copper/copper oxide core-shell
particles and the copper oxide particles all have surfaces formed of
copper oxides, it is not necessary to dry the particles in an
oxygen-deprived atmosphere, as in the case of the copper metal
particles, [0089]          Subsequentiv, copper oxides of the
copper/copper oxide core-shell particles and the copper oxide
particles are reduced, and thereby copper metal is produced. The
reduction treatment may be carried out by any method appropriate for
the respective wiring types, and there are no particular limitations.
The volume resistivity after reduction or sintering is preferably Ix
[0-5am or less. When the volume resistivity is equal to or higher
than this, there is a risk that the particles may not find a use as
electrical wiring. From the viewpoint of obtaining satisfactory
electrical conductivity, the volume resistivity is more preferabiy
Ixlffs am or less, and front the viewpoint of use as a suitable fine
wiring with a reduced loss of electrical resistance of the wiring,
the volume resistivity is even more preferably I x1.0J am or less.
[0090] 



As the reduction treatment method, fixt example, in the case of a
wjrng layer ust, copper particles in which copper oxides have been
incorporated into metal nanoparticles, reduction method of using
atomic hydrogen, or a reduction method of heating in a reducing gas
atmosphere such as hydrogen or ammonia may be taken as examples. As a
method for generating atomic hydrogen, a hot wire type atomic.
hydrogen treatment apparatus shown in FIG, 2 can be used, The
pressure inside the apparatus is reduced to 10-3 Pa or less, and air
inside the system is removed. Subsequently, a hydrogemcontaining raw
material gas containing hydrogen, ammonia, hydrazine and hydrazine is
sent through a gas inlet port to a showet head for difPasing the gas
into the chamber When the gas diffused from the shower head is passed
through, for example, a high-temperature catalyst body rbrnied of a
tungsten wire (when current is passed, heated to a high temperature,
for example, I 700C), the raw material decomposed, and thereby atomic
hydrogen is generated. Copper oxide particles are reduced by this
atomic hydrogen, and sintering is achieved. Meanwhile, a shutter or a
masking shield, which both have gaps that do not shield gas, is
inserted between the catalyst: body that is heated  (i) a high ten pe
aturea the sample substrate, so that the substrate is not directly
subjected to the radiant heat from the catalyst body. During this
treatment, the temperature of the substrate shifts to 50C or lower if
the substrate is not directly subjected to the radiant heat from the
catalyst body, or if the substrate holder is not heated. However,
even at such a low temperature, fusion between reduced copper
particles proceeds simultaneously with reduction. In addition to
that, the copper particles can be reduced by atomic hydrogen
generated by a vacuum plasma apparatus using RP or microwaves, or an
atmospheric pressure plasma apparatus.         In addition to this,
wiring having a desired volume resistivity can be obtained by a
reduction method fusing a reducing liquid and/or gas selected from
alkylainitieborarte, hydrazine, a hydrazine compound, formaldehyde,
an aldehyde compound, a phosphorous acid compound, a hypophosphorous
acid compound, adipic acid, for compound, tin metal, a hydroxylarnine
compound, and ascorbic acid. [009]; cid, alcohol, a MA(I)  When it is
acknowledged thateduction reaction has progressed to a certain extent
by a reduction treatment method such a.s described above, the wiring
is heated to a temperature at which the copper particles in the
wiring can he sintered (hereinafter, referred to as "sintering
temperature"), By maintaining this sintering temperature for a
certain time period, the copper particles slater with each other, and
the overall wiring is conductorized (imparted with electrical
conductivity). Meanwhile, when a dispersant is not used, the energy
required to remove the dispersant is not necessary, and sintering can
be achieved at a relatively low temperature, Furthermore, sintering
may be carried out simultaneously with the reduction treatment, or in
the case where conduetorization can be sufficiently achieved only by
the reduction treatment, sintering may not be carried out, [0092-1
The sintering temperature is preferably- 120C to 300C, and more
preferably i 30250C, from the viewpoint of obtaining satisfactory
electrical conductivity, and is even more preferably 140C to 200C.
from the viewpoint of forming a wiring having low volume resistivity,
Furthermore, the upperof the treatment temperature is defined 1w the
heat 



resstant temperature of the substrate, in the case of forming wiring
on an organic substrate, the treatment temperature is preferably 280C
or lower, and from the viewpoint of the type of substrate that can be
used, the treatment temperature is more preferably 200C or lower.
F009:3I  sintering time is iii-ferably set to 0.5 to 60 minutes, and
from the viewpoint Ofring an efficient sintering treatment process,
it is more preferable to set the sintering time to 1 to $0 minutes.
After sintering, e substrate on which a conductor layer has been
formed may be exposed to ultrapme waler or the like, and then dried
over acetone or the like.         In this mariner, a wiring which has
excellent electrical conductivity in any form can be produced.
Furthermore, in tile case of forming a thick film fine wiring, this
wiring can be used as a seed layer for eleetrolis plating, so that
the wiring may be made thick by subjecting the wiring to electrolytic
plating (see FIG 4). FIG 4 is a cross-sectional diagram of wiring and
an eleciroless plated layer and/or an electroplated layer, and in FIG
4, reference numeral 14 represents wiring, while reference numeral 15
represents an electro1ess plated layer and/or an electroplated layer.
Furthermore, a circuit board or a semiconductor package may also be
produced by using the wiring described above in a portion or the
entirety of a circuit as a circuit for electrical conduction. There
are no particular limitations on the material of the circuit board or
the semiconductor package, and any of a resin substrate and an
inorganic substrate may be used. EXAMPLES [0094]                 er,
the. present invention will be specifically described by way of Exa
but the present invention is not intended to be limited to these.
[00951 [Example 1] (Preparation of inkjet ink)         27 g of copper
oxide nanopartieles (cupric oxide, average primary particle sire 74
run, product name: Nanotek Cut), manufactured by C.1. Kasai Co.,
Ltd.) was added to 73 g o y-btityrolactone (concentration of copper
oxide I:armpit:cies 27 mass%), and the mixture was treated with an
ultrasonic homogenizer (US-600, manufactured by Nippon Seiki Co.,
Ltd.) at 19.6 kHz and 600W for 5 minutes to thereby obtain a
dispersion liquid. This dispersion liquid was treated in a centrifuge
at 1500 rpm for 4 minutes to eliminate coarse particles, and thus an
inkjet ink (ink for printing processes) was obtained.        The
dynamic viscosity of the inkjet ink thus prepared was measured with a
smalhsized vibration viscometer SV-10 manufactured by A&D Co., Ltd.,
and the viscosity was 8 MP. - 



The surface tension of the same inkjet ink was measured with a adty
automated surface  tensiometer CBVP-7, manufactured by 1 'o-1"ace
Science Co L tnesion was 45 triN/m. [0096] (Evaluation of
Fpersioilitv ar disperson stabilitY)         One day lt he
preparation of the ink, the particle size distribution was measured
using a laser scattering type particle size distribution analyzer
(Beckman-Coulter. Inc,, LS 3 320). Thereafter, 0 ml of the ink was
taken in a 10-ml capped test tube, and the test tube was tightly
stopped and then was left to stand in a vertical position, The
occurrence of precipitation and the presence or absence of
supernatant after one week were evaluated by visual inspection.
As a result, the particle size disi.rxbuicm exhibited a prude size
distribution with a volume average particle size of 0,07 pm and(90%
particle size): 0.2 tim, and the dispersibility was satisfactory
without any coarse particles having a SiZe of I nin or larger, lix
ink that was left to stand did not show any precipitate or
supernatant after one week, and had satisfactory dispersion stability
[0097] (Quantiiative analysis of ionic impurities of copper oxide
nanopartieles)         3.5 g of copper oxide nanopartieles (average
primary particle size 74 nm manufactured by C. Kasei Co., Ltd.) was
added to 35 nil: of tiltraptire water, the mixture sealed in a
container made of Teflon (registered trademark), and then ionic
components were extracted for 24 hours at 120C. The extract liquid
was filtered through a 0.2-ttm or 0.02-pm filter, and then the
filtrate was analyzed by cation and anion chromatography. The
detected peaks were calibrated using standard solutions, and thus the
respective amounts of ionic extract were quantitatively determined.
The results of the measurementtun ted in Table 1. The total amount
.utim impurities was 1510 ppm, [0098] 



(Quantitative analysis of ionic impurities in inkjet ink) The inkjet
ink thus prepared was heated in a Teflon (registered traderra remove
the dispersion medium, and the residue was dried in a vacuum.
Subsequently, the dried product was analyzed in the same manner as in
the Section "Quantitative analysis of ionic impurities of copper
oxide nanoparticles", and thus ionic impurities were quantitatively
determined, As a result, the total amount of ionic impurities
contained in the inkjet ink was 1920 ppm.  [0099] (Inkjet discharge
test)         The inkjet ink was discharged  with an inkjet apparatus
(NUP Printer, manulktured Mien:del. Technology Co.; Ltd.) through
continuous discharge for 5 minutes and intermittent discharge at an
interval of 3 minutes, in a discharge amount of 90 ng/droplet. In all
eases, satisfactory discharge without dogging or the nozzle or
abnormality in the discharged liquid droplets was confirmed, [0100]
(Ink jet printing test ig of a coinb-like pattern was carried out on
a glass substrate using the nn; et apparatus (MW Printer,
manufactured by isilicrojet Technology Go,, Ltd.); and satisfactory
printing properties were confirmed at a line width of 110 pm The
relevant printed pattern is shown in the drawing-substitute
photograph of FIG I, [0101] [Example 2] (Preparation of inkjet ink) 



An inkjet ink was prepared in the same manner as in Example I, except
that NA4P (N-indliyipyrrolidorused as the dispersion medium instead
of y-butyrolactone. Subsequently; an analysis of the total amount of
ionic impurities was carried out in the same manner as in the Section
"Quantitative analysis of ionic impurities" of Example I. The
analysis results are presented in Table 1. 1.0102] (Dispersion stabil
In the same manner as in the Section "Evaluation dispersibility and
dispersion stability" of Example , the particle size distribution
after one day; and the occurrence of precipitation and the presence
or absence of supernatant after one week were evaluated. As a result,
the particle size distribution exhibited a monomodai particle size
distribution with a volume average particle size of 0.07 gm and dy:
0,1 pm, and the dispersibility was satisfactorv. The ink that had
been left to stand did not show any precipitate or supernatant after
one week, and the dispersion stability was satisfactory. [01031
(Inkjet printing test) Art inkjet discharge test was carried out in
the"Inkjet printing test" of Example I. SatisPac.tory discharge
without clogging of nozzles or abnormality  of discharged liquid
droplets was confirmed. [0104] [Example 3] (Preparation of :inkjet
ink)         10 g of copper nanoparticles (avet age pat ticle size 76
run, manufactured by Nissei Engineering, Inc.) having a corelshell
structure in which the core part is made of copper and the shell part
is made of copper oxides, and 40 g of y-butyrelactone were weighed in
a sample bottle, and then the bottle was tightly stopped. The mixture
was treated with an ultrasonic cleaner for 60 minutes, and thus an
inkjet ink was obtained. 



[0105] (Dspersion stability) In the same manner as in the Section
"Evaluation ofsibility and dispersion stability of Example 1, the
particle size distribution after one day, and the occurrence of
precipitation and the presence or absence of supernatant after one
week were evaluated.        As a result, the particle size
distribution exhibited a bimodal particle size distribution with a
volume average particle size of 0.2 um and d90%: 0.6 p.m, which
included a small amount of aggegates, and the dispersibility was
satisfactory without coarse particles haying a size of 1 p.rn or
Larger. The ink that had been left to stand did not show any
precipitate or supernatant after one week, and the dispersion
stability was satisfactory. [0106] (Quantitative analysis of ionic
impurities)        Ionic impurities were quantitatively determined in
the same manner as in Example I The results are summarized in Table
1. The total amount of ionic impurities was 473 ppm, [0107] [Example
4] (Preparation of inkjet ink.)        An inkjet ink was prepared in
the same manner as n Example 3, except that NMP was used as the
dispersion medium instead of y-butyrolactone. [0108] (Dispersion
stability)         The occurrence of precipitation and the presence
or absence of supernatant after one week were evaluated in the same
manner as in the Sec:tion "Evaluation of dispersibility and
dispersion stability" of Example 1. As a result, the ink that had
been left to stand did no show precipitate or supernatant after one
week, and the dispersion stability was satisfactory.  



[0 09] [Comparative Example 1] (Preparation of inkjet ink) 20 g of
copper natiopinticles (copper, but natural oxides, average pritnar,
100 nu; manufactured by TEKN.A. Plasma Systems, inc.) and 80 g
ofyThutyrolactone were pied, and the mixture was treated according to
the Section "Preparation of inkjet ink" of Thus, an inkjet ink was
obtained. [0110] (Dispetsion stability)         The particle size
disfrihudon after one day, and the occurrence of precipitation and
the "IreSeirr or absence of supernatant after one week were evaluated
ni tim ,tarre mum- as :3' the Section ''Evaluation Of dispersibility
and dispersion stability" of Exampie 1. As a result, the particle
size distribution exhibited a monomodal particle size        on with
a volume average parlicle size of 0.3 tun and d.)00, 0.4 .LE31, and
the dispasibilivy. However, the ink that had been left to stand
showed a large amount of precipitate and supernatant after one week;
and the dispersion stability was poor. [01 I 1] (Ion quantitative a
Ionic impurities wie quanttatively determined in the same manner as
in Example 1. The results are SUM:Bla .zed in Table i" The total
amount of ionic impnpm. 



[0112] [Comparative Example 2] (Preparation of inkjet ink)         An
inkjet ink was prepared in the same =MKT as nt Comparative Example 1,
except that NMI) was used as the dispersion mediumof y-hutyrolacione.
(Dispersion stability)          The particle size distributio.n after
one day and the occurrence of precipitate and the presence or absence
of supernatant after one week were evaluated in the same manner as in
the Section "Evaluation of dispersibility and dispersion stability'
of Example 1.          As a result, the particle size distribution es
hunted a monomodal particle size distribution with a volume average
particle size of 0.3 .trri and d9tett.: 0.4 wn, and the
dispersihiiity was satisfactory. However, the ink that had been left
to stand showed the occurrence of a large amount precipitate after
one week, and the dispersion stability was poor. [tH 13]
[Comparative Example.)] (Preparation of inkjet ink) 20 g of copper
oxide nanciparticlesc oxide, average primary particle size 7.9 urn
matinfinaured by Nano-Size, Ltd.) was mixed with 80 g of
y-butyrolacitone (particle concentration 20 mass%), and the rnixture
was treated in the same manner as m the Section 'Preparation of
inkjet ink" 0 r E.X.alEETIC I. Thus, an ink jet ink was obtained.
[0114] (Dispersion stability) The ink jet ink thus81 was evaluated in
the same manner as in the Section 



"Evaluationsibility and dispersion stability" or Example . As a
result, the particle size distribution exhibited a particle size
distribution with a volume average particle size of 0.9 fr.m and d90:
.5 nni, and included aggregates having a size of i.i311 or larger,
Thus, the dispersibility was poor. The inkjet ink that had been left
to stand showed the occurrence of supernatant after one week, and the
dispersion stability was poor. [0115] (Quanutathre analysis of ionic
impurities) Ionic impurities were quantitativelynod m the same manner
as in Example The results are summarized in Table 1. The total
aini)Uri of ionic impurities was 170,000 ppnx. [01161 [Coinparative
Example 4] (Preparation of inkjet ink)         An inkjet ink was
prepared in the same manner as in Example 3, except that
N'methyipyrro1ickxte was used as the dispersion medium, [0117]
(Dispersion stability         The inkjet ink thus prepared was
evaluated in the same manner as in the Section 'Evaluation of
dispersibility and dispersion stability" ofnpie I. As a result, the
particle size distribution had a volume average particle size of 5.6
[tin and (190, 14.57 (1311, and the dispersibidity was poor. The
inkjet ink that had been left to stand showed the occurrence of
supernatant after one week, and the dispersion stability was poor [0
:18] [k_.0:81pdf a:1ample 5] 



(Preparation of inkjet ink) 20 g copper oxide nanoparticies (average
primary particle size 41 mu, manufactured  by Nissei Engineering,
Inc.) was80 g of .y-butyrolae ne (Parntration 20 tuass.%), and the
mixture was treated in the same manner as in the Section "Preparation
of ink jet ink" of Example. 1 Thus, an inkjet ink was obtained.
[0119] (Dispersion stability)         The inkjet ink thus prepared
was evaluated in the same manner as in the Section "Evaluation of
dispersibility and dispersion stability" of Example 1. As a result,
the particle  (e distribution exhibited a particle size distribution
with a volume average particle size of 15 pm and dni: 47 pm, which
included a peak of aggregates, and the dispersibility was poor,
more, the inkjet ink that had been left to stand showed the
occurrence of supernatant after one week., and the diversion
stability was poor. [0120] (Quantitative analysis of ionic
impurities) ionic impuritiesquantitatively detertnined in the same
manner as ni Example . The results are presented in Table I, The
total amount of ionic impurities was 10800 ppm, [01211 [Comparative
Example 6] 



(Preparation of inkIet ink)         An inkjet ink was prepared n the
same manner as in Comparative -; ample 5, e. that
Ngnethylpyrrolidorte was used as the dispersion medium, [0122]
(Dispersion stability)         The inkjet ink thus prepared was
evaluated in the same manner as in the Section Evaluation of
dispersibility and dispersion stab y' of Example . As a result, the
part el size distribution exhibited a volume average particle size of
6 pm and d9eJ 18 p.m. The inkjet ink that had been left to stand
showed the occurrence of supernatant after one week, and the
dispersion stability was poor. [0123j         As discussed above, an
nvestigation was condExied on various Cu-based nartoparticies, and as
a result, when Cu-based nanoparticles having a small amount of ionic
impurities were used, satisfactory diapersibility and dispersion
stability were obtained. In addition, while the amount of ionic
impuritie,s of the Cu-based minima:aides used in the ink, et ink of
Example I was 1510 pptn, while the total amount of ionic impurities
contained in the relevant inkjet ink was 1920 ppm. That is, during
the preparation of the inkjet ink, the amount  of ionic impurities
increased by 410 ppnri compared with the raw material Cu-based
nanoparticles, and it is speculated that this increment has been
incorporated from the dispersior medium, the dispersing apparatus or
the containa. However, it is understood that the amount of impurities
is very small as compared with the amount of ionic impurities
contained in the various Cu-based nanopariicles themselves. it is
thought that this fact applies even in the case where an inkjet ink
is prepared using other Cu-based nanoparticies. Therefore, evaluating
and reducing the ionic impurities contained in the raw material
C:u-based nanopartieles is effective in the evaluation of dispersion
stability and an enhancement of stability. [0124] [Table I]       The
evaluation or dispersibility was carried out by observing the
precipitation state standing tor 7 days, and performing an evaluation
according to the following evaluation 



(Evaluation criteria) S: The liquid is uniformly dispersed, and
almost no precipitation occurs. 0: The liquid is substantially
dispersed, and a small amount of precipitate acorn's.    There is no
transparent supernatant, but a large amount of precipitate occurs. x
The supernatant is transparent, and the liquid is hardly dispersed.
[0i251         In Table I, C3BL stands for hutyiolactone, and NNW
stands for NmethylpyrroUdoue, The same applies to Table 2 and Table 3
as well. [0126] [Comparative Example 7] (Preparation of inkJet ink)
27 g of copper oxide nanoparlicles (cupric oxide,  average particle
size 74 mm, product name: Nanotek CuO, manufactured by CI Kase: Co.,
Ltd.), 2.'7 mg of sodium chloride (manufactured by Vial") Pure
Chemical Industries, Ltd) corresponding to 10' to the copper oxide
nanoparticles, and 73 g of 7-btayrolactene (copper oxide ua:nopartx
concentration 27 xnass%) were weighed in a sample bottle, and an
it3kjet ink was prepared in the same manner as in Example 3, 10127]
-ion stahilit         The inkjet ink thus prepared was sealed in a
0-ml capped test tube, and the test tube was left to standvertical
position. The occurrence of precipitation and the presence or absence
of supernatant after one week were evaluated. As a result, a
supernatant occurred, and the dispersion stability was poor. 



(Quantitative analysis of ionic impurities)        A powder prepared
by adding, to copper oxide nanoparticles, sodium chloride in an
amount of 000 ppm with respect to the copper oxide nanoparticies, was
quantitalively determined in the same manner as in Example.' The
results are presented in Table IThe total amount of ionic impurities
was 2710 ppm, [01291 [Comparative Example 8]  (Preparation of inkjet
ink)              jet ink was prepared in the same manner as in
Comparative Example 7, except that N-inethylpyrrolidone (copper oxide
nanoparticle concentration 27 mass%) was used as ihe dispersion
medium. [0130] (Dispersion stability)        The inkjet ink thus
prepared was evaluated in the same manner as in the Section
"Evaluation of dispersibility and dispersion stability" of
Comparative Example 7. As a result, a large amount of precipitate
occurred, and dispersion stability was poor. [0131]        As such,
when ionic ;odium chloride is added in an amount of 1000 ppm to an
inkjet ink having high dispersibility and high dispersion stability,
the dispersibility and dispersion stability deteriorated. It is
understood that the ionic impurities in the inkjet ink deteriorate
clispersibility and dispersion stability. [0132] [Table 21 



The evaluation of dispersibility was carried out by observing the
precipitation state after standing for 7 days, and performing an
evaluation according to the following evaluation criteria.
(Evaluation criteria) 0: The liquid is uniformly dispersed, and
almost no precipitation occurs, 0: The liquid is substantially
dispersed, and a small amount of precipitate occurs. A: There is 130
transparent supernatant, but a large amount of precipitate occurs.
The supernatant is transparent, and the liquid is hardly dispersed.
[0133] [Example 5] (Preparation of inkj ink)           10 g of the
copper oxide nanopartieles used in Comparative Example 5 were
suspended in 200 g of ultrapure water, and then the suspension was
sealed in a hag of dialysis membrane, The hag of dialysis membrane
containing the suspension was immersed in ultrapure water, the
electrical conductivity of the ultrapure water was measured after 24
hours, and then the ultrapure water was exchanged. Dialysis was
carried out. After a lapse of one month, the electrical conductivity
became constant, and thus dialysis was completed. The water in the
suspension was removed by centrifugation (15,000 rpm x 40 min), and
the residue was dried in a reduced pressure dryer for 24 hours, Thus,
copper oxide nanoparticles from which ionic impurities had been
eliminated were obtained.          0,3 g of the copper oxide
nanoparucles from which ionic impurities had been eliminated, and 5 g
of N-methylpyrrolitione were weighed, and the resulting mixture was
treated for 30 minutes in a bead mill (800 rpm /, 30 min). 'Elms, an
inljet ink was obtained. [0134] (Dispersion stability) 



The particle size distribution after one day, and the occurrence of
precipitation and the presence or absence of supernatant after one
week were evaluated in the same manner as in the Section "Evaluation
of dispersibility and dispersion stability" of Example I. [0135] ;Ion
quantitative analysis]         The copper oxide nanoparticles from
which ionic impurities id been eliminated were used to quantitatively
determine the ionic impurities in the same manner as in Example 1.
The results are summarized in Table 1. The total amount of ionic
impurities was 255 ppiri, As such, it is understood that when ionic
impurities are removed from Cu-based  particles having poor
dispersibility and dispersion stabiliy (Comparalive Exampled then the
particles are dispersed, dis esibihtv and dispersion stahijty are
enhanced. [0136.] Rabic:31            The evaluation of
dispersibility was carried out by observing the precipitation state
after standing for? days, and performing an evaluation according to
the following evaluat.mn criteria, (E va Inane criteria) 



0: The liquid is uniadmly dispersed, and almost no proem t.occurs, 0:
The liquid is substantially dispersed, and a small amount of
precipitate occurs. L': There is no transparent supernatant, but a
large amount of precipitate occurs. The supernatant is transparent,
and the liquid is hardly dispersed. ol (Prep:,for printing processes
(metal rianopartiele dispersion liquid;)         27 g of' copper
oxide naimparticies (cupric oxide., average particle size 74 nm,
product name: Natiotek CM), manufactured by. C.I KaSe). Co., Ltd.)
was added to 73 g of y-butrolactone (t3B11.) (copper oxide
nanoparticie concenaation: 27 mass.%), and the mixture was treated
with an ultrasonic homogenizer (US-600, manufactured by Nippon Seiki
Co.. Ltd.) at 19.6 kHz and 600 W for 5 minutes. This dispersion
liquid was treated in a centrifuge at 1500 rpm for 5 minutes to
eliminate coarse particles, and thus an ink: for printing processes
(metal nanoparticle dispersion liquid) for an inkjet system was
prepared.         The dynamic viscosity (measured with a small-sized
vibration viscometer SV-10, manufactured by A&D Co. Ltd.) of the ink
(metal 'antiparticle dispersion liquid) thus prepared was 8 niPms,
and the surface tension (measured with a fully automated surface
tensiometer 713VP-Z, manufactured by Kyowa Interface Science Co Ltd)
was 45 intlim. [013.8] (Evaluation of dispersibility and dispersion
stability)                preparation of the ink (metal nanciparticie
dispersion liquid) for printing processes, the m de size distribution
was analyzed using a laser scattering type particle size thstribution
analyzer (manufactured by Beekman-Coulter, Inc., I,S13 320).
Thereafter, 10 ml of the ink was taken in a 0-3111 capped test tube,
and the test tube was tightly stopped and was left to stand M a
vertical position. The occurrence of precipitation and the presence
or absence of supernatant after one week were evaluated by visual
inspection.        As a result, the particle size distribution
exhibited a particle size distr3hution with an average particle size
of 0.07 urn, without any coarse particles having a size of 1 tin or
larger, and the dispersibility was satisfactory. The ink that had
been lel to stand did not show any precipitate or supernatant Mad one
week, and the dispersion stability was satisfactory,  [0139]
(Measurement of zeta potential) TO mg of copper oxide nanopart cies
(average particle size 74 urn, manufactured by     Kasei Co., LW.)
was added to 100 nth of GBL., the container was sealed, and then the
mixture was treated with an ultrasonic cleaner for 20 minutes. This
dispersion liquid (Mk) was equilibrated for 24 hours, and then the
zeta potential was measured using a zeta potential analyzer
(manufactured by Beekman-Coulter, Inc., Deka 440SX). The measurement
results are summarized in Tait 4. 



[0140] (Quantitative analysis of ionic impurities)         3.5 g of
copper oxide nanoparticles (average particle size 74 urn,
manufactured by CA. Kasei Co., Ltd.) was added to 35 ml, of ultrapure
water, the mixture was sealed in a container made of a fluororesin,
and then ionic components were extracted at 120C for 24 hours. The
extract liquid was filtered though a 0.2inn or 0.02-pm fitter, and
then was analyzed by cation and anion chromatography The detected
peaks were calibrated using standard solutions, and thus the amounts
of various ionic extracts were colamitatively determined. The
measurement results are summarized in Table 4. [0141] (Inkjet
discharge test)         The ink for printing processes was discharged
with an inkjet apparatus (.4.11; Printer, manufactured by Microjet
Technology Co., Ltd.) through continuous discharge fbr 5 minutes and
intermittent discharge at an interval of 3 itni3rales, in a discharge
amount of 90 rig/droplet. In all cases, satisfactory discharge
without clogging of the nozzle or abnormality in the discharged
liquid droplets was confirmed, [0142] (Inkjet printing test)
Printing of a comb-like pattern was carried out on a glass substrate
using the ink for printing processes with an inkjet apparatus (MN
Printer, manufactured by Microjet Technology Co., Ltd.), and
satisfactory printing properties were confirmed at a line width of
110 itm (see FIG 1; the unit indicated in the diagram is um). [0143]
[Example 7] ("Preparation of ink for printing processes) An ink for
printing processes was prepared in the same manner as in Example 6,
The dynamic viscosity (measured with a small-sized vibration
viscometer SV10, manufactured by AskID Co, Ltd.) of the ink for
printing processes thus prepared was 4.7 mPa-s, and the surface
tension (measured with a fully automated surface tensiometer CDVP-Z,
manathetmed by Kyowa Interface Science Co,, Ltd.) was 40 inNhrt. 



(Dispersion stability) In the same mariner as inple 6 (evaluation of
dispersibility and dispersion stability), the particle size
distribution after one day; and the occurrence of precipitation and
the presence or absence of supernatant after one week were evaluated.
As a result, the particle size distribution exhibited a monortiodal
particle size distribution with an averageticle sizeof 0.07 jun, and
the dispersibility was satisfactory, The ink that had been left to
stand did not show any precipitate or supernatant after one week, and
the dispersion stability was satisfactory. (Ion quantitative
analysis)          Ionic impurities were quantitatively determined in
the same manner as in Example 6 The results are summarized in Table
4. The total amount of ionic impurities was 1500 ppm. (Measurement of
zeta potential)         The zeta potential of the dispersion liquid
was measured in the same manner as in Example 6, except that NNW was
used as the dispersion medium instead of GEL. The measurement results
are presented in Table 4. (inkjet printing test) An inkjet discharge
test was carriedsame manner as in Example 6. and satisfactory
discharge without clogging of nozzles or abnormality in the
discharged liquid droplets was confirmed. 101441 [Example 8]
(Preparation of ink for printing processes')         An ink for
printing processes was prepared in the same manner as in Example 6,
except: that ionic impurities-reduced surface copper oxide
nanoparticles (average particle size 100 373M, manufactured by TEKNA
Plasma Systems, Inc) were used instead of the copper oxide
snooper:tides, and propylene carbonate was used as the dispersion
medium instead of GEL         The dynamic viscosity (measured using a
viscoelasticity analyzer MCR501 equipped with a measurement jig
(IPSO-), manufactured by Nihon Siberliegner K.K.) of the ink for
printing processes thus prepared was 30.0 rams. 101451 



(Dispersion stability)         in the same manner as Example 6
(evaluation of dispersibility and ispersion stability), the particle
size distribution after one day, and the occurrence of precipitation
and the presence or absence of supernatant after one week were
evaluated. As a result, the particle size distribution exhibited a
bimodal particle size distribution with average particle sizes of 0,1
pm and I pm, and the 90% dispersion particle size was 400 urn. The
ink that had been loft to stand did not show any precipitate or
supernatant Mier one w ek, and the dispersion stability was
satisfactory [0]461 (Ion quantitative analysis)         Ionic
impurities were quantitatively determined in the same manner as in
Example 6. The results are summarized in Table 4. The total amount of
ionic tmpurties was 830 ppm, (Measurement of zeta potential) The zeta
potential of the dispersion liquid was measured M ther as in Example
6, except that propylene carbonate was used as the dispersion medium
instead of GEL. The zeta potential was -31 mV 1-0 icomparative
Example 91 (Preparation of ink for printing processes)         An ink
for printing processes was obtained by treating in the same manner as
in Example 6, except that 20 g of copper nanoparticles (ayerag,e
particle size 100 me, manufactured by TEKNA Plasma Systems, Inc.)
were used, and NMP was used as the dispersion medium. (Dtspersion
stability) 



In the same rminier as in Example 6, the particle size distribution
fter one day, and the occurrence of precipitation and the presence or
absence of supernatant after one week were evaluated..         As a
result, the particle stze distribution exhibited a partic,e taze
dtstnnuuon with an average particle size of 0.3 um, and the
dispersihility was satisfactory. However, the ink for printing
processes that had been left to stand exhibited a large amount
ofprecipitate and supernatant after one week, and the dispersion
stability was poor. (Ion Quantitative analysis) Ionic impurities were
quantitatively determinede mamier as in Example 6.  The results arc
summarized in Table 4 The total amount ofs 2600 ppm, (Measurement of
zeta potential)         The zeta potential of the dispersion liquid
was measured in the same manner as in Example 6, except that NMP was
used as the dispersion medium instead of (3B1,.. The zeta potential
was -25 mV, (Inkjet printing test)         Since the ink contained a
large amount of precipitate, and there was a possibility of causing
clogging in the nozzle and the head of the inkjet printing apparatus,
the inkjet printing test was not carried out. [0149] [Comparative
Example 10] (Preparation of dispersion liquid)        A dispersion
liquid was prepared in the same manner as M Example 6, except that 20
g of copper oxide nanopartieles (average particle size 41 run,
manufactured by Nissei Engineering. Inc.) were used, and SO g of NMP
was used as the dispersion medium. (Dispersion stability) 



In the same manner as in Example 6, the particle size distribution
after one day and the occurrence of precipitate and the presence or
absence of supernatant after one week were evaluated.         As a
result, the particle size distribution exhibited a particle size
distribution with an average particle size o16 um, The ink that had
been left to stand showed a large amount of precipitate and
supernatant after one week, and the dispersion stability was poor.
(Ion quantitative analysis)         Ionic impurities were
quantitatively determined in the same manna as in Example 6, The
results are summarized in Table 4. The total amount of i0Blie
impurities was 11000 ppm. (Measurement of zeta potential)         The
zeta potential of the dispersion liquid was measured in the same
manner as in Example 6, except that NMP was used as the dispersion
medium instead of liBL. The zeta potential was -16 UN. (Inkjet
printing test)         Since the ink contained a large amount of
precipitate, and there was a possibility of causing clogging in the
nozzle and the head of the inkjet printing apparatus, the inkjet
printing test was not carried out, [0150]  [Comparative Example I I]
(Preparation of ink for minute printing processes)         An ink for
printing processes was prepared in the same manner as in Example 6,
except that 5 g of copper nanopatticles (copper, but natural oxides,
average particle size t 00 run, manufactured by TEKNA Plasma Systems,
Inc.) and 20 g of Gat. were used. (Dispersion stability)         In
the same manner as in Example 6, the particle size distribution after
one day, and the oecurience of precipitate and the presence or
absence of supernatant after one week were evaluated.         As a
result, the particle size distribution exhibited a particle size
distribution with an average particle size of 0.1 (um without coarse
particles having a size of I pm or larger, and dispersibility was
satisfactory-. The ink that had been left to stand showed a large
amount of precipitate after one week, and the dispersion stability
was poor 



(Quantitative analysis of ionic impurities)        The amount of
ionic impurities was quantitatively determined by using, ion
ehromatogyaphy in the same manner as in Example 6. The results are
presented in Table 4. (Measurement of zeta potential)        The zeta
potential of the dispersion ;quid was measured in the same manner as
in Example 6. The zeta potential was -57 tn.V. (inkjet printing test)
Since the ink contained a large amount of precipitate, and there was
a possibility of dogging in the nozzle and the head of the inkjet
printing apparatus, the inkjet printing test was not carried out.
10151]        As discussed above, an investigation was conducted on
various Cu-based nanoparticles, and as a result, when the amount of
ionic impurities was small, and the absolute value of the zeta
potential was large, satisfactory dispersion stability was obtained.
[0152] [Fable 4.1           As can be seen from Table 4, Example 6
and Example 7 exhibited an absolute value of the zeta potential of 30
tnV or higher, and an amount of ionic impurities of 2600 ppm or less,
and they had satisfactory dispersion stability         On the other
hand, Comparative Example 9 had an amount of iomc mipurities of 2 tO
ppm or less, but since the absolute value of the zeta potential was
smaller than 30 mV, the dispersion stability was poor, Comparative
Example 10 had an amount of onic impurities2600 upin, and an absolute
value of the zeta potential of smaller than 30 inV, and therefore,
the dispersion stability was poor,         Comparative Example ii had
an absolute value of the zeta potential of 30 my or higher, but since
the amount of onic impurithcsexceeded 2600 ppirt, the dispersion
stability was poor. 



[01541 [Examples 8 and 9] (Formation of wiring pattern and
eonductorizatio            wiring pattern (line width Ito ult, and
thickness I pin) was formed on a glass substrate using the ink for
priming processes (metal nanoparticle dispersion liquid) of Example 6
or Example 7 with an inkjet apparatus (MP printer, manufactured by
Mierojet Technology Co., Ltd.), The wiring pattern was heated at 180C
for 30 minutes under a reducing gas (formic acid) atmosphere, and was
subjected to a reduction treatment Thus, the wiring pattern was
conductorizod The 3,03113 id wiring pattern was measured with a
digital muhitesi  manufactured by Custom Co,, Ltd. As a result he
volume resistivity calculated from the wiring resistance was such
that when the ink for printing processes (metal nanopartiele
dispersion liquid) of Example 1 was used, the volume resistivity was
3x10 am, and when the ink for printing processes (metal nanoparticle
dispersion liquid) of Example 2 was used, the volume resistivity was
4x 104 am, [0155] [Examples 10 to 16 and Comparative Examples 12 to
17] (Preparation of ink for printing processes)         The metal
nanoparticles were mixed with the dispersion medium in each of the
Examples and Comparative Examples. The types of the dispersion medium
are presented in Table 5, The types of metal nanoparticles and
Wending amounts of the metal nanopartieles and the dispersion medium
each mixture are presented in Table 6. The mixture was treated for 5
minutes with an ultrasonic homogenizer US-600 CCVP manufactured by
Nippon Seiki Co,. Ltd. at an output power of 600W, a vibration
frequency of 19.5 kHz, and an amplitude value of 26.5 ]trn, and 35 g
oldie mixture was weighed in a 50-ml centrthigal precipitation tube_
The      e was subjected to a centrifugal treatment at 1500 rpm for 4
minutes, and the supernatant was used as the ink for printing
processes. For the metal nanoparticles, Cul (NanoTek Cut),
manufactured foy CIK Nanotek Corp,, specific surface area 12 m1/g,
primary particle size 75 urn, copper oxide), and Cu2 (CuO-MIX40,
manufactured by NanoSize, Ltd., specific surface area 130 m2/g,
primary particle size 10 am, copper oxide) were used. [0156]
(Evaluation method for dispersibility)         Meanwhile, for the
evaluation ot dispersibility, first, each metal nanoparticle
dispersion liquid prior to the centrifugal treatment was left to
stand for 30 minutes, and the presence or absence of precipitation
was evaluated by visual inspection. Those having satisfactory
dispersibility without the occurrence of precipitation were subjected
to a centrifugal treatment, and then the particle size distribution
analysis was carried out with a laser diffraction scattering particle
size distribution analyzer (Beckman-Coulter, inc., LS 13 320). 



Dispersibility was evaluated according to the following evaluation
criteria. The results are presented in Table 7. 10157] (LID value)
The volume of the metal nanoparticles in the ink for printing
processes thus prepared, and the volume or the ink for printing
processes were respectively calculated by dividing the   mass by the
density; and the F value was determined. Furthermore, L (run) was
determined hy the following formula, and the value of VD was
determined. The results are presented in Table 7. L (rim) -(am) Ls
(inn) D [(1/3 xnxF+ 5/015 -1]         F - Volume of metal
nanoparticles in ink for printrngproccses/voiume of ink for pi-lining
processes [0158] (Evaluauo3m criteria for thspersibility)
(c): The average particle size was less than 300 rim, and the minium
particle size was less than 800 mm.         0: The average particle
size was 300 am to 800 mm, and the maximum particle size was 800 am
to 2000 urn. Afta standing for 30 minutes, no precipitation occurred.
x : After standing fro 30 minutes, precipitation occurred, 



[0159] (Evaluation of conductivity)         The ink for printing
processes thus obtained was applied on a slide glass using an
applicator with a gap of 150 pa and the ink was dried on a hot plate
at 60"C for 30 minutes in   nitrogen atmosphere. Thus, a coated
substrate was obtained. The coated substrate was mounted on a hot
wire type atomic hydrogen treatment apparatus having the same
structure as shown in FIG 2, and a reduction treatment was carried
out for 20 minutes under the conditions of hydrogen at 0,1IS Pam3/s,
a tungsten wire temperature of 1 SOO'C, a pressure of 5.3 Pa, and a
stage temperature (temperature of substrate holding unit) of 44C Au
electric current was passed through the tungsten wire, and hydrogen
was stopped. Subsequently, the system was cooled fox 10 minutes, and
then was returned to normal pressure. The ink for printing
processes-coated substrate was taken out. The coated substrate which
was black in color here the treatment changed to red copper color
after the treatment (see FIG 4), The coated substrate after the
treatment was subjected to cutting work by means of an FIB (focused
ion beam) apparatus, and the film thickness was measured by observing
the cross-section by SIM (scanning ion image). The surface
resistivity Of the .613X3wa.s measured with a fourprobe type
microresistance analyzer (Loresta MCP-T6 i 0, manufactured by
Mitsubishi Chemical Corp.), and the measured value of surfnce
resistivity was converted to volume resistivity using the measured
value of the film thickness. If the value uus le am or less, the
electrical  Dispersion NameCAS No. medium  SoIviPropylene
carbonate108-32-7 So1v2y -Butyrolactone96-48-0 Solv3Dimethyl
suifoxide67-58-5 Solv4N-methylpyrrolidone872-50-4
S,o1v5Isophorone78-59-1 SolveDipropylene glycol monornethyl
ether34590-94-9 



Soly72-Butexyethyl acetate112-07-2 SolveTetradecane629-59-4  [0161]
[Table 6] 1Copper narioparticles Dispersion medium    52  As shown
lit Table '7, the kis for c$,lit, processes of hxz.raues 10 to th.
each of   ntel 3atisfies the relation of'JD 3.3, bees a dispersion n;
edium to which the polar term in the Hansen solubility pataM(tkl is
it N1Paa or greater, and :s prepared without using a dispersant, a:it
had trAcellen: dispersibi'thy. Furthermore, h was thund that the
.cryarirkg rouned using these inks for r"trniting proateses did not
hiVE. 31;:yrprobkan th eke:herd' ookiductivity even   eiectrthal
conditclisthy avast :imparted tied:lc:inn treatment) at a iow
.:turatrtrature. rtetiat to at Lower than 280"C (44''(:).  



[0164] <Carbon contera>         For each of the Examples and
Comparative Examples described above, in order to obtain the content
of carbon atoms in the total solids content in the ink for printing
processes, the carbon atoms of the coppii,t oxide nanoparticies or
the copper nanoparticles of each Example were measured by a
high-frequency induction heating combustion-infrared absorption
method (using EMIAV SCFiCS manuhictured by Horibii, Ltd.). [H 65]
[Examples, 0 to 16, and Comparative Examples 12 to 171         The
carbon atom content of the copper oxide nanoparticies (cupric oxide,
average primary particle size 74 mu, product name: Nanotek CuO,
manufactured by CI Kasei Co., Ltd.) used in these Examples and
Comparative Examples was 0.15 mass. [0166] [Examples 3 and 41
The carbon atom content of the copper nanoparticles having a
core/shell structure in which the core part is made of copper and the
shell part is made of copper oxides (average particle size 76 tilE),
manniktured by Nissei Engineering, Inc.) used M these Examples was
0.04 mass% [0 671 [Example 8,]         The carbon atom content of the
ionic impur ms-reduced surface copper oxide nanoparticles (average
particle size 100 am, manufactured b TEKNA Plasma Systems, Inc.) used
in this Example was 038 mass%. [016]t1 [Examples I 0 to lti and
Comparatve Examples :3, 4 12 to 17] The carbon atom content of the
copper oxide. nanoparticiesoxi& average 



pnrnarv particle size 7.9 am, NanoSize. Ltd.) used in these Examples
and Compara Examples were not known [0169] [Comparative Examples 1, -
and 91         The carbon atom content of the copper nanoparticles
(copper, but natural oxides, average primary particle size 100 mn,
manufactured by TEKNA Plasma Systems, Inc.) used in these
Compara.trvc Lxampes was 0.82 mass%. [0 70]  [Comparative Examples
5,6 and 11]         The. carbon atom content of the copper oxide
nanoparticles (average primary particle size 41 not manufactured by
Nisse,i Engineering, Inc.) used in these Comparative Examples was
0.13 mass%. [0171]         FLOM the above results, it can be
considered that in the various Examples that do not use a dispersant
or a protective agent, which serve as carbon sources, the carbon atom
content is directly equivalent to the carbon atom content of the ink
for printing processes. That is, the carbon content is 0,4 mass% or
less. REFERENCE SIGNS LIST [0172] 01Hot wire type atomic hydrogen
treatment apparatus 02Gas inlet port 03Shower head 



04Exhaust port 05Substrate holding unit 06Temperature regulator
07Catalyst body 08Shutter 09Substrate 10, 11Wiring 12Metal
nanoparticie Substrate 14Wiring 15Ele,ctroless plated  layer and/or
electroplated layer  CLAIMS         An ink. For printing processes,
comprising at least metal narioparteies,and haying a carbon atom
content in the total solids content of 0.4 mass% or less. 3.'The ink
for printing processes according to claim 1, comprising metal
nanoparticles 



containing Cu andlor CuO and/or Cu20, wherein the amount of ionic
impurities is 2600 ppm or less in the total solids content.  3. The
ink for printing processes according to claim 1 cr2, wherein the
amount of impurities is 1600 ppm or less in a dry powder of the metal
nanoparticles, and the ink is prepared by dispersing metal
nanoparticles containing Cu and/or Cut) and/or Ott20 in a dispersion
medium.  4.   The ink forprinting90/s
recesses according to any one of claims 1 to 3, wherein the
dispersion particle size of the metal nanopinticles containing Cu
and/Or. Cut) and/or Cu20 is equal to or greater than 10 ran and equal
to or less than 500 inn  5. The ink tbr printing processes according
to claim 2, whffein the absolute value of the zetaEitial is 30 mV or
greater. 6. The imlc for printing processes according to any one of
claims 2 to 5, wherein the 'erage particle size of the metal
nanoparticles is equal to or greater than 2 mu and equal to or less
than 500 urn.  7. The ink for printing processes according to any one
of claims 1 to 6, wherein the metal nanopartieles containing Cu
and/or CuO and/or Cu20 are dispersed in a dispersion medium having a
vapor pressure at 25T of less than I .34x 10' Pa, and the viscosity
at 25C is 50 naPa,s or less. S.The ink for printing processes
according to claim 7, whereinthe dispersion medium it an organic
polar solvent in which the polar term in the Hansen solubtilty
parameter is 11 IMIPaft' or greater  9. The ink for printing
processes according to claim 1, comprising metal nanoparticles having
a volume average particle size of the primary particles of D (nn) and
a dispersion medium, wherein when the average interparticle distance
between adjacent metal nanoparticies in the ink for printing
processes is designated as 1. (run), the relation; 1.6 is: I../D it-,
3.5 is satisfied, and the dispersion medium is such that the polar
term in the Hansen solubility parameter is 11 hdPit'13 or greater
10. The ink for prmtmg processes according to claim 9, wherein the
volume average particle size (P) of the primary particles of the
metal nanoparticles is 10 to 300 am. iiThe ink; for printitrecesses
according to claim 9 or 10, wherein the metal  



nanoparticles are formed from one kind, or a mixture of iwo or more
kinds, of at least one or more element selected from Cu, Ag"ku, Al,
Ni, Co, Pd, So, Ph, In and Cia, andilor partial or total oxides
thereof.         The ink for printing processes according to any one
of claims 9 to 11, wherein the ink is prepared without using a
dispersant for the metal nanoparticles. 13.The ink for printin.g
piocesscs according to any one of claims 9 to 12, wherein the
viscosity at 25C is al. tO 50          The ink for printing processes
according to any one of claims 1 to 13, wherein the printing process
is plateless printing process. /5.The ink for printing processes
according to claim 14, wherein the printing process is a piateless
printing process using an inkjet printing apparatus or a dispenser
apparatus, )6.Metal nanoparticies used in an ink for printing
processes, cpmprising an amount of ionic impurities of 1000 ppm or
less, a 90% particle size of primary particles o1200 ran or less, a
volume average particle size of 100 um or less, and a particle
surface formed of CuO and/or Cu20,  17. A wiring formed on a
substrate by a printing process using the ink for printing processes
according to any one of claims I to 16.  18. The wiring according to
claim 17, wherein electrical conductivity is imparted at 280C or
lower.         A circuit substrate formed by using the wiring
according to claim 17 or [8 in a portion or the entirety of a circuit
for electrical conduction 20.A semiconductor package formed by using
the wiring according to claim 17 or 18 in a portion or the entirety
of a circuit for electrical conduction. 










