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(57) [Technical Problem]
Provided is a copper particulate dispersion that can

facilitate the formation of a conductive film with low elec-
tric resistance by photo-sintering.

[Solution to Problem]
A copper particulate dispersion 1 comprises a dis-

persion vehicle and copper particulates 11 dispersed in
the dispersion vehicle. The copper particulate dispersion
1 contains a sintering promoter. The sintering promoter
is a compound that removes copper oxide from copper
at a temperature higher than ambient temperature. The
sintering promoter thereby removes surface oxide coat-
ings from the copper particulates 11 during the photo-sin-
tering of the copper particulates 11.
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Description

[Technical Field]

[0001] The present invention relates to copper partic-
ulate dispersion, a conductive film forming method using
the copper particulate dispersion, and a circuit board pro-
duced by using the conductive film forming method.

[Background Art]

[0002] Conventionally, there is a printed circuit board
in which a copper foil circuit is formed on a substrate by
photolithography. Photolithography requires a step of
etching copper foil, which incurs the cost of, for example,
treating wastewater generated by etching.
[0003] As a technique without the need of etching,
there is a known method for forming a conducting mem-
brane (conductive film) on a substrate using a copper
particulate dispersion (copper ink) that contains copper
particulates (copper nanoparticles) in a dispersion vehi-
cle (for example, see Patent Literature 1). According to
this method, a coating of the copper particulate disper-
sion is formed on the substrate, and the coating is dried
to form a copper particulate layer. The copper particulate
layer is photo-sintered by irradiation with light, thereby
forming a conductive film with low electric resistance.
[0004] However, even when the energy of light irradi-
ated in the photo-sintering is increased in the above-men-
tioned method, the photo-sintering may not sufficiently
proceed, thereby failing to form a conductive film with
low electric resistance.

[Citation List]

[Patent Literature]

[0005] Patent Literature 1: U.S. Patent Application No.
US 2008/0286488

[Summary of Invention]

[Technical Problem]

[0006] The present invention is made to solve the
above problem, and an object of the present invention is
to provide a copper particulate dispersion that can facil-
itate the formation of a conductive film with low electric
resistance by photo-sintering.

[Solution to Problem]

[0007] The copper particulate dispersion according to
the present invention comprises a dispersion vehicle and
copper particulates dispersed in the dispersion vehicle.
The copper particulate dispersion contains a sintering
promoter. The sintering promoter is a compound that re-
moves copper oxide from copper at a temperature higher

than ambient temperature.
[0008] In the copper particulate dispersion, the tem-
perature higher than ambient temperature is preferably
obtained by irradiation with light for photo-sintering the
copper particulates.
[0009] In the copper particulate dispersion, the sinter-
ing promoter is preferably a compound that forms a com-
plex with copper at a temperature higher than ambient
temperature.
[0010] In the copper particulate dispersion, the com-
pound is preferably selected from the group consisting
of alcohol, phosphate ester, carboxylic acid, polyamide,
polyamideimide, polyimide, amine, phosphonic acid, β-
diketone, acetylene glycol, thioether, and sulfate ester.
[0011] In the copper particulate dispersion, the sinter-
ing promoter may be an acid that dissolves copper oxide
at a temperature higher than ambient temperature.
[0012] In the copper particulate dispersion, the acid is
preferably acetic acid.
[0013] In the copper particulate dispersion, the sinter-
ing promoter may be an alkali that dissolves copper oxide
at a temperature higher than ambient temperature.
[0014] In the copper particulate dispersion, the alkali
is preferably potassium hydroxide.
[0015] The conductive film forming method according
to the present invention comprises the steps of forming
a coating comprising the copper particulate dispersion
on a base material, and irradiating the coating with light
to photo-sinter the copper particulates in the coating,
thereby forming a conductive film.
[0016] In the circuit board according to the present in-
vention, a circuit having the conductive film formed by
the conductive film forming method is provided on a sub-
strate comprising the base material.

[Advantageous Effects of Invention]

[0017] According to the copper particulate dispersion
of the present invention, a conductive film with low electric
resistance can be easily formed by photo-sintering, be-
cause a sintering promoter removes surface oxide coat-
ings from copper particulates during the photo-sintering
of the copper particulates.

[Brief Description of Drawing]

[0018]

[Fig. 1]
Figs. 1 (a) to (d) are cross-sectional schematic dia-
grams that show the formation of a conductive film
in chronological order using the copper particulate
dispersion according to one embodiment of the
present invention.

[Description of Embodiments]

[0019] The copper particulate dispersion according to
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one embodiment of the present invention is described.
The copper particulate dispersion comprises a disper-
sion vehicle and copper particulates. The copper partic-
ulates are dispersed in the dispersion vehicle. The cop-
per particulate dispersion contains a sintering promoter.
The sintering promoter is a compound that removes cop-
per oxide from copper at a temperature higher than am-
bient temperature. The copper oxide includes copper (I)
oxide and copper(II) oxide. The temperature higher than
ambient temperature is obtained by irradiation with light
for photo-sintering the copper particulates.
[0020] The sintering promoter is, for example, a com-
pound that forms a complex with copper at a temperature
higher than ambient temperature. Such a compound re-
moves oxide from copper by complex formation with cop-
per. Examples of the compound include, but are not lim-
ited to, alcohol, phosphate ester, carboxylic acid, polya-
mideimide, polyimide, amine, phosphonic acid, β-dike-
tone, acetylene glycol, thioether, sulfate ester, and the
like.
[0021] The sintering promoter may be an acid that dis-
solves copper oxide at a temperature higher than ambi-
ent temperature. Such an acid removes oxide from cop-
per by dissolving copper oxide. The acid is, for example,
acetic acid, but is not limited thereto.
[0022] The sintering promoter may be an alkali that
dissolves copper oxide at a temperature higher than am-
bient temperature. Such an alkali removes oxide from
copper by dissolving copper oxide. The alkali is, for ex-
ample, potassium hydroxide, but is not limited thereto.
[0023] The sintering promoter may be a compound that
removes oxide from copper by reducing copper oxide at
a temperature higher than ambient temperature.
[0024] These sintering promoters may be used singly
or in a mixture of two or more.
[0025] In this embodiment, the copper particulates are
particles of copper having a mean particle size of about
20 nm or more and about 1,500 nm or less. The particle
size of the copper particulates is not limited as long as
the copper particulates are dispersed in a dispersion ve-
hicle. Copper particulates having one mean particle size
may be used alone, or copper particulates having two or
more mean particle sizes may be used in mixture. The
copper particulate dispersion is a liquid dispersion sys-
tem in which copper particulates are dispersed in a dis-
persion vehicle. The dispersion vehicle is a liquid, such
as alcohol, but is not limited thereto.
[0026] The sintering promoter is added, for example,
to the dispersion vehicle. The sintering promoter may be
added during the production of the copper particulate dis-
persion, or after production of the copper particulate dis-
persion and before use. Examples of the sintering pro-
moter include, but are not limited to, carboxylic acid,
polyamide, polyamideimide, polyimide, amine, phos-
phonic acid, β-diketone, acetylene glycol, thioether, sul-
fate ester, and the like.
[0027] In this embodiment, a dispersant is added to
the dispersion vehicle. The dispersant disperses the cop-

per particulates in the dispersion vehicle. When the cop-
per particulates are dispersed without using a dispersant,
a dispersant may not be added.
[0028] The sintering promoter may be a compound that
also serves as a dispersant. Examples of such a sintering
promoter include, but are not limited to, phosphate ester,
and the like.
[0029] The sintering promoter may be a compound that
also serves as a dispersion vehicle. Examples of such a
sintering promoter include, but are not limited to, alco-
hols, such as diethylene glycol and diethylene glycol mo-
noethyl ether.
[0030] A conductive film forming method using the cop-
per particulate dispersion of this embodiment is de-
scribed with reference to Figs. 1 (a) to (d). As shown in
Fig. 1 (a) and Fig. 1 (b), a coating 2 comprising the copper
particulate dispersion 1 is first formed on a base material
3. Copper particulates 11 are dispersed in the coating 2.
The coating 2 is formed by, for example, a printing meth-
od. In the printing method, the copper particulate disper-
sion 1 is used as ink for printing, and a predetermined
pattern is printed on an object by a printer, thereby form-
ing the coating 2 of the pattern. The printer is, for example,
a screen printer, an ink-jet printer, or the like. The coating
2 may be formed by spin coating, or the like. Examples
of the base material 3 include, but are not limited to, glass,
polyimide, polyethylene terephthalate (PET), polycar-
bonate (PC), glass epoxy, ceramic, metal, paper, and
the like.
[0031] Next, the coating 2 is dried. The drying of the
coating 2 is carried out at ambient temperature or by heat-
ing in a temperature range in which the sintering promoter
hardly undergoes a chemical change. As shown in Fig.
1 (c), the liquid component of the coating 2 is evaporated
by drying the coating 2; however, the copper particulates
11 and the sintering promoter remain in the coating 2.
The drying step for drying the coating 2 may be omitted.
For example, when the dispersion vehicle also serves as
a sintering promoter, the drying step is omitted.
[0032] In the subsequent step, the dried coating 2 is
irradiated with light. The copper particulates 11 in the
coating 2 are photo-sintered by the energy of light. The
copper particulates 11 are mutually fused during the pho-
to-sintering, and welded to the base material 3. Photo-
sintering is performed at room temperature in the air. The
light source used for photo-sintering is, for example, a
xenon lamp. The light source may instead be a laser de-
vice. The energy range of light emitted from the light
source is 0.5 J/cm2 or more and 30 J/cm2 or less. The
irradiation time is 0.1 ms or more and 100 ms or less.
The irradiation frequency may be once or more than once
(multi-step irradiation). Irradiation may be performed sev-
eral times with different amounts of light energy. The light
energy and the irradiation frequency are not limited to
these values. As shown in Fig. 1 (d), due to the photo-
sintering of the copper particulates 11 in the coating 2,
the coating 2 is bulked to thereby form a conductive film
4. The configuration of the formed conductive film 4 is a
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continuous coating. When the drying of the coating 2 be-
fore irradiation with light is omitted, the coating 2 is dried
by irradiation with light, while the copper particulates 11
in the coating 2 are photo-sintered.
[0033] The surface of the copper particulates 11 is ox-
idized by oxygen and covered with surface oxide coat-
ings. The surface oxide coatings prevent bulking of the
coating 2 comprising the copper particulate 11 during the
photo-sintering. Conventionally, it is considered that the
surface oxide coatings of the copper particulates 11 are
reduced to metal copper by photoreduction by the energy
of light during photo-sintering. However, according to the
experiments conducted by the inventor of the present
invention, even when the energy of light to be irradiated
during photo-sintering is increased, bulking of the coating
2 may be insufficient. Moreover, when the energy of light
to be irradiated is overly large, the coating 2 may be dam-
aged; thus, there are limitations on the amount of energy
of light to be irradiated during photo-sintering. The inven-
tor of the present invention considered that photo-sinter-
ing does not sufficiently proceed because light energy
alone is not sufficient to remove surface oxide coatings
from the copper particulates 11, and that bulking of the
coating 2 may be insufficient.
[0034] The inventor of the present invention found, by
many experiments, that photo-sintering was promoted
by removing surface oxide coatings from the copper par-
ticulates 11 by a chemical reaction. In this embodiment,
the sintering promoter hardly undergoes a chemical re-
action with the surface oxide coatings of the copper par-
ticulates 11 at a temperature before the coating 2 is irra-
diated with light, that is, at ambient temperature. The sur-
face oxide coatings of the copper particulates 11 prevent
oxidation of the inside of the particulates. When the coat-
ing 2 is irradiated with light for photo-sintering the copper
particulates 11, the copper particulates 11 absorb the
light energy to become a high temperature. The sintering
promoter present in the coating 2 is heated by the high-
temperature copper particulates 11 to a high temperature
(a temperature higher than ambient temperature). Since
the chemical reaction is promoted at a high temperature,
the sintering promoter removes surface oxide coatings
from the copper particulates 11 by the chemical reaction.
The copper particulates 11, from which the surface oxide
coatings have been removed, are sintered by the energy
of light, thereby forming a conductive film 4 with low elec-
tric resistance.
[0035] As stated above, due to the use of the copper
particulate dispersion 1 according to this embodiment,
the sintering promoter removes surface oxide coatings
from the copper particulates 11 during the photo-sintering
of the copper particulates 11; thus, the conductive film 4
with low electric resistance can be easily formed by pho-
to-sintering. Furthermore, due to the use of the copper
particulate dispersion 1, the conductive film 4 with low
electric resistance can be easily formed on a circuit
board.
[0036] Copper particulate dispersions 1 containing a

sintering promoter were prepared as Examples of the
present invention, and copper particulate dispersions
free from a sintering promoter were prepared as Com-
parative Examples. These copper particulate dispersions
were used to examine whether a conductive film was
formed on a substrate by photo-sintering.

[Example 1]

[0037] A copper particulate dispersion in which a dis-
persant was added to disperse copper particulates in a
dispersion vehicle was prepared. The dispersion vehicle
was alcohol (diethylene glycol). This dispersion vehicle
also served as a sintering promoter in this Example. The
dispersant was phosphate ester (trade name: "DISPER-
BYK (registered trademark)-102," available from BYK-
Chemie). The concentration of the dispersant was 2
mass% with respect to the copper particulate dispersion.
The copper particulates used had a mean particle size
of 50 nm, and the concentration of the copper particulates
was 40 mass%. A glass slide was used as a substrate.
[0038] The copper particulate dispersion was applied
to the substrate by spin-coating to form a coating with a
thickness of 1 mm. The color of the coating was black.
The coating was irradiated with light, without drying. The
light irradiation energy was 14 J/cm2.
[0039] The appearance of the coating was changed to
the appearance of metal copper by light irradiation, and
a conductive film was formed on the substrate. The sheet
resistance of the formed conductive film was measured
as the electric resistance of the film. The sheet resistance
of the conductive film was as low as 480 mΩ/sq.

[Example 2]

[0040] The dispersion vehicle used was alcohol (dieth-
ylene glycol monoethyl ether) different from that of Ex-
ample 1. This dispersion vehicle also served as a sinter-
ing promoter in this Example. The dispersant used was
phosphate ester (trade name: "DISPERBYK (registered
trademark)-111," available from BYK-Chemie) different
from that of Example 1. The other conditions were the
same as those of Example 1. The appearance of the
coating was changed to the appearance of metal copper
by light irradiation, and a conductive film was formed on
the substrate. The sheet resistance of the formed con-
ductive film was 500 mΩ/sq.

[Example 3]

[0041] A copper particulate dispersion was prepared
using copper particulates having a mean particle size of
70 nm. Then, phosphate ester (trade name: "DISPER-
BYK (registered trademark)-111," available from BYK-
Chemie) was added as a sintering promoter to the copper
particulate dispersion. This sintering promoter also
served as a dispersant. The concentration of the sintering
promoter was 10 mass% with respect to the copper par-
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ticulate dispersion. A glass substrate (trade name "EA-
GLE XG (registered trademark)," available from Corning)
was used as a substrate. The other conditions were the
same as those of Example 2. A coating comprising the
copper particulate dispersion was formed on the sub-
strate. After the coating was dried, the coating was irra-
diated with light. The light irradiation energy was 11
J/cm2. The appearance of the coating was changed to
the appearance of metal copper by light irradiation, and
a conductive film was formed on the substrate. The sheet
resistance of the formed conductive film was 170 mΩ/sq.

[Example 4]

[0042] A copper particulate dispersion was prepared
using phosphate ester (trade name: "DISPERBYK (reg-
istered trademark)-102," available from BYK-Chemie) as
a dispersant. Then, carboxylic acid (trade name: "DIS-
PERBYK (registered trademark)-P-105," available from
BYK-Chemie) was added as a sintering promoter to the
copper particulate dispersion. The other conditions were
the same as those of Example 3. The appearance of the
coating was changed to the appearance of metal copper
by light irradiation, and a conductive film was formed on
the substrate. The sheet resistance of the formed con-
ductive film was 350 mΩ/sq.

[Example 5]

[0043] After a copper particulate dispersion was pre-
pared, polyamideimide (trade name: "SOXR-U," availa-
ble from Nippon Kodoshi Corporation) was added as a
sintering promoter. The other conditions were the same
as those of Example 4. The appearance of the coating
was changed to the appearance of metal copper by light
irradiation, and a conductive film was formed on the sub-
strate. The sheet resistance of the formed conductive
film was 240 mΩ/sq.

[Example 6]

[0044] After a copper particulate dispersion was pre-
pared, polyimide (polyimide varnish) was added as a sin-
tering promoter. The other conditions were the same as
those of Example 5. The appearance of the coating was
changed to the appearance of metal copper by light irra-
diation, and a conductive film was formed on the sub-
strate. The sheet resistance of the formed conductive
film was 250 mΩ/sq.

[Example 7]

[0045] After a copper particulate dispersion was pre-
pared, alcohol (polyethylene glycol; molecular weight:
600) was added as a sintering promoter. The other con-
ditions were the same as those of Example 6. The ap-
pearance of the coating was changed to the appearance
of metal copper by light irradiation, and a conductive film

was formed on the substrate. The sheet resistance of the
formed conductive film was 300 mΩ/sq.

[Example 8]

[0046] After a copper particulate dispersion was pre-
pared, amine (triethanolamine) was added as a sintering
promoter. The other conditions were the same as those
of Example 7. The appearance of the coating was
changed to the appearance of metal copper by light irra-
diation, and a conductive film was formed on the sub-
strate. The sheet resistance of the formed conductive
film was 350 mΩ/sq.

[Example 9]

[0047] A copper particulate dispersion was prepared
using copper particulates having a mean particle size of
50 nm, and adding amine (trade name: "Discole (regis-
tered trademark) N509," available from Dai-ichi Kogyo
Seiyaku Co. , Ltd.) to a dispersion vehicle as a sintering
promoter. The concentration of the sintering promoter
was 2 mass% with respect to the copper particulate dis-
persion. The substrate used was a glass slide. The other
conditions were the same as those of Example 8. The
appearance of the coating was changed to the appear-
ance of metal copper by light irradiation, and a conductive
film was formed on the substrate. The sheet resistance
of the formed conductive film was 150 mΩ/sq.

[Example 10]

[0048] A copper particulate dispersion was prepared
using polyoxyethylene tridecyl ether phosphate ester
(trade name: "Plysurf (registered trademark) A212C,"
available from Dai-ichi Kogyo Seiyaku Co., Ltd.) as a
dispersant, and adding polyamide (polyvinylpyrrolidone;
trade name: "PVP K25") to a dispersion vehicle as a sin-
tering promoter. The concentration of the sintering pro-
moter was 10 mass% with respect to the copper partic-
ulate dispersion. The concentration of the copper partic-
ulates was 60 mass%. The copper particulate dispersion
was pasty. This copper particulate dispersion was ap-
plied to a substrate by draw-down coating to form a coat-
ing with a thickness of 2 mm. The other conditions were
the same as those of Example 9. The appearance of the
coating was changed to the appearance of metal copper
by light irradiation, and a conductive film was formed on
the substrate. The sheet resistance of the formed con-
ductive film was 240 mΩ/sq.

[Example 11]

[0049] A copper particulate dispersion was prepared
using copper particulates having a mean particle size of
1,500 nm. The copper particulate dispersion was pasty.
The light irradiation energy was 20 J/cm2. The other con-
ditions were the same as those of Example 10. The ap-
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pearance of the coating was changed to the appearance
of metal copper by light irradiation, and a conductive film
was formed on the substrate. The sheet resistance of the
formed conductive film was 150 mΩ/sq.

[Example 12]

[0050] A copper particulate dispersion was prepared
using copper particulates having a mean particle size of
20 nm, and adding polyamide (polyvinylpyrrolidone,
trade name: "PVP K90") as a sintering promoter to a dis-
persion vehicle. The copper particulate dispersion was
pasty. The light irradiation energy was 10 J/cm2. The oth-
er conditions were the same as those of Example 11.
The appearance of the coating was changed to the ap-
pearance of metal copper by light irradiation, and a con-
ductive film was formed on the substrate. The sheet re-
sistance of the formed conductive film was 250 mΩ/sq.

[Example 13]

[0051] A copper particulate dispersion was prepared
using copper particulates having a mean particle size of
1, 500 nm, and using ethylene glycol as a dispersion
vehicle. The concentration of the copper particulates
were 40 mass%. The concentration of the sintering pro-
moter was 30 mass% with respect to the copper partic-
ulate dispersion. The copper particulate dispersion was
pasty. The light irradiation energy was 20 J/cm2. The oth-
er conditions were the same as those of Example 12.
The appearance of the coating was changed to the ap-
pearance of metal copper by light irradiation, and a con-
ductive film was formed on the substrate. The sheet re-
sistance of the formed conductive film was 770 mΩ/sq.

[Example 14]

[0052] A copper particulate dispersion was prepared
using copper particulates having a mean particle size of
70 nm, and using N-methylpyrrolidone as a dispersion
vehicle. The copper particulate dispersion was pasty.
Then, polyamide (polyvinylpyrrolidone; trade name:
"PVP K25") was added as a sintering promoter to the
copper particulate dispersion. The concentration of the
sintering promoter was 10 mass% with respect to the
copper particulate dispersion. The light irradiation energy
was 11 J/cm2. The other conditions were the same as
those of Example 13. The appearance of the coating was
changed to the appearance of metal copper by light irra-
diation, and a conductive film was formed on the sub-
strate. The sheet resistance of the formed conductive
film was 200 mΩsq.

[Example 15]

[0053] A copper particulate dispersion was prepared
using diethylene glycol as a dispersion vehicle. Then,
phosphonic acid (a 60 mass% hydroxy ethylidene di-

phosphonic acid aqueous solution) was added as a sin-
tering promoter to the copper particulate dispersion. The
concentration of the sintering promoter was 10 mass%
with respect to the copper particulate dispersion. The oth-
er conditions were the same as those of Example 9. The
appearance of the coating was changed to the appear-
ance of metal copper by light irradiation, and a conductive
film was formed on the substrate. The sheet resistance
of the formed conductive film was 270 mΩ/sq.

[Example 16]

[0054] A copper particulate dispersion was prepared
using diethylene glycol monoethyl ether as a dispersion
vehicle. Then, acetic acid was added to the copper par-
ticulate dispersion as a sintering promoter. The other
conditions were the same as those of Example 15. The
appearance of the coating was changed to the appear-
ance of metal copper by light irradiation, and a conductive
film was formed on the substrate. The sheet resistance
of the formed conductive film was 240 mΩ/sq.

[Example 17]

[0055] After a copper particulate dispersion was pre-
pared, β-diketone (acetylacetone) was added as a sin-
tering promoter. The other conditions were the same as
those of Example 16. The appearance of the coating was
changed to the appearance of metal copper by light irra-
diation, and a conductive film was formed on the sub-
strate. The sheet resistance of the formed conductive
film was 250 mΩ/sq.

[Example 18]

[0056] After a copper particulate dispersion was pre-
pared, acetylene glycol (trade name: "Surfynol (regis-
tered trademark) 420") was added as a sintering promot-
er. The concentration of the sintering promoter was 1
mass% with respect to the copper particulate dispersion.
The other conditions were the same as those of Example
17. The appearance of the coating was changed to the
appearance of metal copper by light irradiation, and a
conductive film was formed on the substrate. The sheet
resistance of the formed conductive film was 340 mΩ/sq.

[Example 19]

[0057] After a copper particulate dispersion was pre-
pared, thioether and alcohol (thiodiglycol) were added
as sintering promoters. The concentration of the sintering
promoters was 10 mass% with respect to the copper par-
ticulate dispersion. The other conditions were the same
as those of Example 18. The appearance of the coating
was changed to the appearance of metal copper by light
irradiation, and a conductive film was formed on the sub-
strate. The sheet resistance of the formed conductive
film was 160 mΩ/sq.
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[Example 20]

[0058] After a copper particulate dispersion was pre-
pared, sulfate ester (trade name: "Sundet EN") was add-
ed as a sintering promoter. The other conditions were
the same as those of Example 19. The appearance of
the coating was changed to the appearance of metal cop-
per by light irradiation, and a conductive film was formed
on the substrate. The sheet resistance of the formed con-
ductive film was 200 mΩ/sq.

[Example 21]

[0059] After a copper particulate dispersion was pre-
pared, amine and carboxylic acid (glycine) were added
as sintering promoters. The other conditions were the
same as those of Example 20. The appearance of the
coating was changed to the appearance of metal copper
by light irradiation, and a conductive film was formed on
the substrate. The sheet resistance of the formed con-
ductive film was 180 mΩ/sq.

[Example 22]

[0060] A copper particulate dispersion was prepared
using water as a dispersion vehicle, and an alkylolam-
monium salt of a copolymer with acidic groups (trade
name: "DISPERBYK (registered trademark)-180") as a
dispersant. Then, an alkali (potassium hydroxide) was
added as a sintering promoter to the copper particulate
dispersion. The concentration of the sintering promoter
was 1 mass% with respect to the copper particulate dis-
persion. The other conditions were the same as those of
Example 21. The prepared copper particulate dispersion
was dispersed; however, the dispersion became a blue
liquid after one day, because the dissolution of the copper
particulates in water proceeded. Therefore, the copper
particulate dispersion was used immediately after the
preparation thereof. The appearance of the coating was
changed to the appearance of metal copper by light irra-
diation, and a conductive film was formed on the sub-
strate. The sheet resistance of the formed conductive
film was 260 mΩ/sq.

(Comparative Example 1)

[0061] The copper particulate dispersion and substrate
used were the same as those of Example 1. A coating
with a thickness of 1 mm was formed on the substrate.
The color of the coating was black. After the coating was
dried, the coating was irradiated with light. Because the
coating was dried before irradiation with light, the disper-
sion vehicle did not function as a sintering promoter. The
light irradiation energy was the same as that of Example
1.
[0062] The color of the coating was changed to blue
by light irradiation. Since this blue color was the interfer-
ence color of the copper oxide coating, a conductive film

was not formed on the substrate. It is considered that the
coating was oxidized by reaction with oxygen in the air
because the progress of the sintering of the copper par-
ticulates was insufficient.

(Comparative Example 2)

[0063] A copper particulate dispersion was prepared
using diethylene glycol dibutyl ether as a dispersion ve-
hicle, and using copper particulates having a mean par-
ticle size of 70 nm. Neither a dispersant nor a sintering
promoter was added to the dispersion vehicle. The con-
centration of the copper particulates was 40 mass%. The
stable dispersibility of the copper particulates in this cop-
per particulate dispersion was low. The copper particu-
lates were dispersed for a while after stirring, but precip-
itated in about 1 hour. The substrate used was the same
glass substrate of Example 3. A coating comprising the
copper particulate dispersion was formed on the sub-
strate. After the coating was dried, the coating was irra-
diated with light. The light irradiation energy was 11
J/cm2. As a result of irradiation with light, the aggregated
copper particulates remained on the substrate as many
agglomerates. This state is called "blow-off." Although
the sintering of the copper particulates proceeded to
some extent, a conductive film was not formed.

(Comparative Example 3)

[0064] N-hexane was used as a dispersion vehicle.
Phosphate ester (trade name: "DISPERBYK (registered
trademark) -102") was used as a dispersant. The con-
centration of the dispersant was 2 mass% with respect
to the copper particulate dispersion. The other conditions
were the same as those of Comparative Example 2. A
coating comprising the copper particulate dispersion was
formed on the substrate. After the coating was dried, the
coating was irradiated with light. After irradiation with
light, the color of the coating on the substrate was black,
and the sheet resistance thereof was as high as 1 Ω/sq.
When the light irradiation energy was increased to higher
than 11 J/cm2, the color of the coating was changed to
blue, and surface oxidation of the coating occurred.

(Comparative Example 4)

[0065] 1,3-Dimethyl-2-imidazolidinone was used as a
dispersion vehicle. The other conditions were the same
as those of Comparative Example 3. After irradiation with
light, the color of the coating on the substrate was black,
and the sheet resistance thereof was 1 Ω/sq. When the
light irradiation energy was increased to higher than 11
J/cm2, the color of the coating was changed to blue, and
surface oxidation of the coating occurred.

(Comparative Example 5)

[0066] N-methylpyrrolidone was used as a dispersion
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vehicle. The other conditions were the same as those of
Comparative Example 4. After irradiation with light, the
color of the coating on the substrate was black, and the
sheet resistance thereof was 1 Ω/sq. When the light ir-
radiation energy was increased to higher than 11 J/cm2,
the color of the coating was changed to blue, and surface
oxidation of the coating occurred.

(Comparative Example 6)

[0067] Propylene carbonate was used as a dispersion
vehicle. The other conditions were the same as those of
Comparative Example 5. After irradiation with light, the
color of the coating on the substrate was black, and the
sheet resistance thereof was 1 Ω/sq. When the light ir-
radiation energy was increased to higher than 11 J/cm2,
the color of the coating was changed to blue, and surface
oxidation of the coating occurred.

(Comparative Example 7)

[0068] Water was used as a dispersion vehicle. An
alkylolammonium salt of a copolymer with acidic groups
(trade name: "DISPERBYK (registered trademark)-180")
was used as a dispersant. The other conditions were the
same as those of Comparative Example 6. The prepared
copper particulate dispersion became a blue liquid after
one day, because the dissolution of the copper particu-
lates in water proceeded. Therefore, the copper particu-
late dispersion was used immediately after the prepara-
tion thereof. After irradiation with light, the color of the
coating on the substrate was black, and the sheet resist-
ance thereof was 1 Ω/sq. When the light irradiation en-
ergy was increased to higher than 11 J/cm2, the color of
the coating was changed to blue, and surface oxidation
of the coating occurred.
[0069] As shown in Examples 1 to 22 above, when a
copper particulate dispersion that contained a sintering
promoter was used, a conductive film with low electric
resistance was formed on a substrate by photo-sintering.
As shown in Comparative Examples 1 to 7 above, when
a copper particulate dispersion that did not contain a sin-
tering promoter was used, a conductive film with low elec-
tric resistance was not formed on a substrate.
[0070] The present invention is not limited to the con-
figurations of the above embodiments, and various mod-
ifications can be applied within a range that does not
change the subject-matter of the invention. For example,
the form of the base material 3 is not limited to a plate
shape, and may be any three-dimensional shape.

[Reference Numerals and Signs]

[0071]

1. Copper particulate dispersion
11. Copper particulates
2. Coating

3. Base material
4. Conductive film

Claims

1. A copper particulate dispersion comprising a disper-
sion vehicle and copper particulates dispersed in the
dispersion vehicle, characterized in that:

the copper particulate dispersion contains a sin-
tering promoter; and
the sintering promoter is a compound that re-
moves copper oxide from copper at a tempera-
ture higher than ambient temperature.

2. The copper particulate dispersion according to claim
1, wherein the temperature higher than ambient tem-
perature is obtained by irradiation with light for photo-
sintering the copper particulates.

3. The copper particulate dispersion according to claim
1 or 2, wherein the sintering promoter is a compound
that forms a complex with copper at a temperature
higher than ambient temperature.

4. The copper particulate dispersion according to claim
3, wherein the compound is selected from the group
consisting of alcohol, phosphate ester, carboxylic
acid, polyamide, polyamideimide, polyimide, amine,
phosphonic acid, β-diketone, acetylene glycol,
thioether, and sulfate ester.

5. The copper particulate dispersion according to claim
1 or 2, wherein the sintering promoter is an acid that
dissolves copper oxide at a temperature higher than
ambient temperature.

6. The copper particulate dispersion according to claim
5, wherein the acid is acetic acid.

7. The copper particulate dispersion according to claim
1 or 2, wherein the sintering promoter is an alkali that
dissolves copper oxide at a temperature higher than
ambient temperature.

8. The copper particulate dispersion according to claim
7, wherein the alkali is potassium hydroxide.

9. A conductive film forming method characterized by
comprising the steps of:

forming a coating comprising the copper partic-
ulate dispersion according to any one of claims
1 to 8 on a base material; and
irradiating the coating with light to photo-sinter
the copper particulates in the coating, thereby
forming a conductive film.
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10. A circuit board in which a circuit having the conduc-
tive film formed by the conductive film forming meth-
od according to claim 9 is provided on a substrate
comprising the base material.

Amended claims under Art. 19.1 PCT

1. (Amended) A copper particulate dispersion com-
prising a dispersion vehicle and copper particulates
dispersed in the dispersion vehicle, characterized
in that:

the copper particulate dispersion contains a sin-
tering promoter; and
the sintering promoter is a compound that re-
moves copper oxide from copper at a tempera-
ture higher than ambient temperature, and it is
a compound that forms a complex with copper
at a temperature higher than ambient tempera-
ture, and it is selected from the group consisting
of polyamide, polyamideimide, polyimide, phos-
phonic acid, β-diketone, acetylene glycol,
thioether, and sulfate ester.

2. (Amended) A copper particulate dispersion com-
prising a dispersion vehicle and copper particulates
dispersed in the dispersion vehicle, characterized
in that:

the copper particulate dispersion contains a sin-
tering promoter; and
the sintering promoter is a compound that re-
moves copper oxide from copper at a tempera-
ture higher than ambient temperature, and it is
an alkali that dissolves copper oxide at a tem-
perature higher than ambient temperature, and
the alkali is potassium hydroxide.

3. (Amended) The copper particulate dispersion ac-
cording to claim 1 or claim 2, wherein the tempera-
ture higher than ambient temperature is obtained by
irradiation with light for photo-sintering the copper
particulates.

4. (Canceled)

5. (Canceled)

6. (Canceled)

7. (Canceled)

8. (Canceled)

9. (Amended) A conductive film forming method
characterized by comprising the steps of:

forming a coating comprising the copper partic-
ulate dispersion according to claim 1 or claim 2
on a base material; and
irradiating the coating with light to photo-sinter
the copper particulates in the coating, thereby
forming a conductive film.

10. A circuit board in which a circuit having the con-
ductive film formed by the conductive film forming
method according to claim 9 is provided on a sub-
strate comprising the base material.

Statement under Art. 19.1 PCT

In Claim 1, the copper particulate dispersion contains
a compound selected from the group consisting of polya-
mide, polyamideimide, polyimide, phosphonic acid, β-
diketone, acetylene glycol, thioether, and sulfate ester.

In Claim 2, the copper particulate dispersion contains
potassium hydroxide. It is not described in the cited ref-
erence that the above-described compound is contained
in the copper particulate dispersion.

The present invention achieves an effect that by con-
taining the above-described compound in the copper par-
ticulate dispersion, the photo-sintering of the copper par-
ticulates is promoted and a conductive film with low elec-
tric resistance can be formed.
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