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Description

TECHNICAL FIELD

[0001] This invention relates to a method of making a
metallic thin film and, in particular, to a method of making
a metallic thin film with a paste of superfine (ultrafine)
metallic particles.

BACKGROUND ART

[0002] Metallic thin films are conventionally used for
making conductor circuits such as wiring, electrodes or
the like of print circuit boards, thermal heads, condensers
or the like. As the methods of making such metallic thin
films, the following three are known.
[0003] A first method comprises the steps of: preparing
an ordinary metallic paste by mixing particles of a metal
or of an alloy thereof, whose particle size is 1 micron or
more, with an organic solvent, a binder and an additive;
and coating the paste on a substrate and drying and sin-
tering them, thereby making a metallic thin film. In this
method, the thickness of the metallic thin film is 5 microns
or more.
[0004] A second method comprises the steps of coat-
ing a substrate with a metal-organic substance of liquid
state in which a precious metal and an organic material
are chemically combined; and drying and sintering them,
thereby making a metallic thin film on the substrate. Ac-
cording to this method, it becomes possible to make a
metallic thin film of 1 micron thick or less.
[0005] A third method comprises the step of making a
metallic thin film by using a vacuum process such as a
vacuum deposition method, a sputtering method or the
like.
[0006] In making circuit patterns of conductive body in
the above-described methods, screen printing method is
employed in the first method, screen printing or pho-
toetching method is employed in the second method, and
photoetching method is employed in the third method,
respectively.
[0007] In the above-described first method, while the
content of metal particles in the metal paste is 50% or
more, their particle sizes are 1 micron or more (one "mi-
cron" corresponding to 1000 nanometers). Therefore, the
metallic thin film has a film thickness of as much as 5 to
10 microns. This method thus has problems in that it can-
not cope with promoting a decrease in the thickness of
the film and that the amount of consumption of gold, plat-
inum, paradium or the like which is high in material cost
increases, resulting in a product which is high in an overall
cost.
[0008] In the above-described second method, since
the precious metal is present in the organometallic sub-
stance in the atomic condition, it is easy to promote a
decrease in the thickness of the metallic film. However,
since the content of the metallic composition is 20% at
most, it is necessary to repeat 2 to 3 times the steps of

coating, drying and sintering in order to obtain the thick-
ness of 0.2 to 0.3 micron or more, resulting in a problem
in that much time is required for making the film. Further,
in this method, the organometallic substance to be used
often contains harmful substances such as cyanogen
and, therefore, there is a problem in safety and hygiene
in the step of sintering.
[0009] Furthermore, in the third method, since a vac-
uum batch treatment is required, the productivity is low.
In addition, since an easy patterning method such as
screen printing or the like cannot be employed, there is
a problem in that the productivity is low also in this re-
spect. Moreover, document US-A-4877647 shows a
method of forming a metallic thin film from a metallic so-
lution prepared by warming a frozen matrix of vaporized
metal atoms and organic solvent.
[0010] Considering the problems associated with the
above-described three methods of making metallic thin
films, this invention has an object of providing a method
of making a thinner metallic thin film in an easy way.

DISCLOSURE OF THE INVENTION

[0011] The method of making a metallic thin film of this
invention is characterized in that a metallic thin film which
has a range of film thicknesses between 0.01 micron and
1 micron is made according to the method of claim 1,
with a metallic paste and that the metallic paste is pre-
pared by uniformly and highly dispersing ultrafine metallic
particles of 0.001 micron to 0.1 micron in diameter in an
organic solvent.
[0012] As ultrafine metallic particles to be used in this
invention method, at least one of the group comprising
silver, gold, nickel, indium, tin, zinc, titanium, copper,
chromium, tantalum, tungsten, palladium, platinum, iron,
cobalt, silicon, rhodium, iridium, ruthenium and osmium
or an alloy of the metals may be used.
[0013] Further, as an organic solvent to be used in this
invention method, a solvent containing one or more of
alcohols having 5 carbon atoms or more such as terpin-
eol, citronellol, geraniol, nerol and phenethyl alcohol, or
a solvent containing one or more of organic esters such
as ethyl acetate, ethyl oleate, butyl acetate and glyceride
may be used. A suitable one may be selected out of them
depending on the purpose of the metal or metallic film to
be used. A suitable organic substance may be added to
the organic solvent depending on the necessity.
[0014] In order to enhance the adhesion between the
metallic thin film and the substrate and to enhance the
bonding force among the ultrafine metallic particles, the
following bonding agents may be added to the metallic
paste. One bonding agent may be B, Si, Pb, an oxide of
each of them, or the like, which agent softens in the proc-
ess of heat treatment and penetrates into the particle
layers on the substrate, thereby enhancing the adhesion
between the two and enhancing the bonding force among
the particles. Another bonding agent may be Cu, Zn, Bi,
an oxide of each of them, or the like, which bonding agent

1 2 



EP 0 449 309 B9 (W1B1)

3

5

10

15

20

25

30

35

40

45

50

55

chemically bonds with the substance of the substrate in
the process of heat treatment, thereby enhancing the
combination between the two. It is preferable to introduce
the bonding agents in the form of highly dispersed ul-
trafine particles.
[0015] Further, a high molecular substance such as
ethyl cellulose may be added to the metallic paste to ad-
just the viscosity, thereby obtaining optimum screen
printing characteristics.
[0016] Still further, a surface active agent such as lau-
ryl betaine, cocoyl aminopropyldimethyl aminoacetic ac-
id betaine, or the like may be added to the metallic paste
to enhance the dispersion stability of the ultrafine metallic
particles in the metallic paste, thereby eliminating the
change with the passage of time due to coagulation of
the particles.
[0017] In the method of making a metallic thin film of
this invention, the metallic film can be made, basically in
the same way as in the above-described conventional
first method, by coating a substrate with the above-de-
scribed metallic paste and then drying and sintering
them. A thickness of the produced metallic film of 1 mi-
cron or less was able to be attained. Further, when this
metallic film is used in a conductive circuit, it is also pos-
sible to attain a film thickness required for the conductive
circuit, i.e., 0.3 micron or more, by going through a single
step of coating, drying and sintering.
[0018] According to this invention, it is possible to
make considerably thin and fine metallic thin film in a
simple method. As a result, the amount of precious met-
als to be used can be reduced to a smaller amount, and
the cost of manufacturing the metallic thin film is consid-
erably reduced. In addition, when electronic parts are
manufactured by using this metallic thin film, their sizes
can further be made smaller.

BRIEF EXPLANATION OF THE DRAWING

[0019] Fig. 1 is a schematic view of an apparatus for
manufacturing a metallic paste to be used in making a
metallic paste according to this invention method, and
Fig. 2 is a photograph by a scanning electron microscope
of the conductive film made according to the first embod-
iment.

DETAILED DESCRIPTION OF THE INVENTION

[0020] A description is made hereinbelow, with refer-
ence to the accompanying drawing, about a method of
making a metallic thin film in accordance with a preferred
embodiment of this invention.

First Embodiment

[0021] Fig. 1 is a schematic view of an example of an
apparatus for manufacturing a metallic paste which is
used in the method of making a metallic thin film of this
invention.

[0022] The apparatus for manufacturing the metallic
paste is provided with an evaporating chamber 1 and a
collection chamber 2, both being in communication with
each other. A helium gas passage 3 is connected to the
evaporating chamber 1 for introducing helium gas there-
into. A valve 4 for opening and closing this passage 3 is
provided in the passage 3. A passage 5 for introducing
an organic solvent vapor into the collection chamber 2 is
connected to the collection chamber 2 in the neighbor-
hood of that connecting portion of the collection chamber
2 at which the vacuum chamber 1 is connected to the
collection chamber 2. In this passage 5 for introducing
the organic solvent vapor, there is provided a valve 6 for
opening and closing the passage 5. To the collection
chamber 2, there is further connected an exhausting pas-
sage 7 which is connected to a vacuum pump (not shown)
for evacuating the collection chamber 2. This passage 7
is also provided with a valve 8 for opening and closing
the passage 7.
[0023] Inside the evaporating chamber 1 there is dis-
posed a crucible 10 which contains therein a metal 9 to
be used. This crucible 10 is provided with a high-frequen-
cy induction heating apparatus 11 for heating the metal
9 inside the crucible 10. On the other hand, the collection
chamber 2 is provided therein with a cooling plate 12.
This cooling plate 12 is constantly cooled by a coolant
which is caused to be circulated by means of a coolant
circulating passage 13.
[0024] An explanation is made hereinbelow about the
manufacturing of the metallic paste by using the appa-
ratus for manufacturing thereof as described above. By
the way, in this embodiment, gold was used as the metal
and α-terpineol vapor was used as the organic solvent
vapor.
[0025] First, the valves 4 and 6 were closed and the
valve 8 was opened and the vacuum pump was operated
to evacuate the evaporating chamber 1 and the collection
chamber 2 down to a pressure of 10-6 Torr. Then, while
helium gas was being introduced into the evaporating
chamber 1 with the valve 4 open, evacuation through the
valve 8 was continued, thereby maintaining the inside
thereof at a helium gas pressure of 1 Torr. After this op-
eration, the valve 6 was opened and, while the α-terpineol
vapor 14 was being introduced into the collection cham-
ber 2, the gold 9 inside the crucible 10 was heated by
the high-frequency induction heating apparatus 11,
thereby generating gold vapor 15. The gold vapor 15 was
transferred from the evaporating chamber 1 to the col-
lection chamber 2 with the flow of the evacuating gas. In
this flow of evacuating gas the gold vapor 15 was con-
densed to superfine (ultrafine) gold particles. These su-
perfine gold particles were mixed with α-terpineol vapor
14 in the collection chamber 2 and were deposited on
the cooling plate 12 which was kept at a low temperature
by the coolant 13, as stabilized superfine gold particles
17 covered with thin films 16 of α-terpineol. When these
deposits were recovered and observed by a transmission
electron microscope, it was found that the superfine gold

3 4 



EP 0 449 309 B9 (W1B1)

4

5

10

15

20

25

30

35

40

45

50

55

particles were neither agglomerated nor chained togeth-
er but were well independently dispersed in the α-terpe-
neol. This phenomena seem to be due to the fact that,
because the superfine gold particles are well mixed with
the α-terpineol vapor, they are wrapped by the α-terpe-
neol in a film form before bonding of the gold particles
takes place. The gold particles were spherical in shape
and uniform, with their particle sizes being 0.01 micron
on the average. The particles thus obtained were mixed
together by adding a dispersing agent and a bonding
agent to obtain the metallic paste. The composition of
this metallic paste was, on weight basis, 40% of gold, 1%
of dispersing agent, 5% of bonding agent and 54% of
solvent.
[0026] A conductive film was made by using the
above-described metallic paste.
[0027] First, by using a 400-mesh screen, fine
line-and-space patterns of 50-50 microns were formed
on an aluminum substrate with the above-described me-
tallic paste. The coating thickness of the metallic paste
was about 12 microns. The fine patterns were dried by
keeping them at 120°C for 15 minutes in the atmosphere.
They were then sintered in a muffle furnace under con-
ditions of a peak temperature of 850°C and a retention
time of 10 minutes, thereby making the conductive film.
[0028] The thickness of the conductive film became
0.5 micron, and a resistance value of 90m Ω/K (0.5 mi-
cron) was obtained. This film thickness of 0.5 micron is
about one-third of the minimum film thickness of 1.5 mi-
cron that was obtainable in the manufacturing with a con-
ventional metallic paste, thus enabling a still thinner film
thickness. In point of the resistance value, too, it was
possible to obtain a value which is not far different from
a conventional value; therefore, there was no problem in
putting them into practical use. In addition, the deviation
in the resistance value from line to line was small, thus
verifying the feature of a paste of highly dispersed parti-
cles.
[0029] When the surface of the metallic thin film thus
obtained was observed by an SEM (scanning electron
microscope), it was confirmed, as shown in Fig. 2, that
a smooth surface free from pin holes was obtained. Fur-
ther, in order to test the adhesiveness of the metallic thin
film on the substrate, an ultrahigh-frequency treatment
was performed at 28kHz and 100W for 60 minutes. But
there was found no phenomenon of peeling off or the like.

Second Embodiment

[0030] By using the same apparatus as in the first em-
bodiment, gold metal was evaporated under a condition
of helium pressure of 10 Torr. By using butyl acetate as
the organic solvent, a gold metal paste in which gold met-
al particles are highly dispersed was prepared. By using
this metal paste a conductive film was made. The particle
size of the above-described gold metal particles was 0.1
micron. The composition of this metallic paste was, on
weight basis, 60% of gold metal, 1% of dispersing agent,

5% of bonding agent and 34% of solvent.
[0031] A conductive film was made by using the
above-described metallic paste.
[0032] First, by using a 400-mesh screen, fine
line-and-space patterns of 50-50 microns were formed
on an aluminum substrate with the above-described me-
tallic paste. The coating thickness of the metallic paste
was about 16 microns. The fine patterns were dried by
keeping them at 120°C for 15 minutes in the atmosphere
They were then sintered in a muffle furnace under con-
ditions of a peak temperature of 850°C and a retention
time of 10 minutes, thereby making the conductive film.
The thickness of the conductive film produced became
1.0 micron, and a resistance value of 40m Ω/K (1.0 mi-
cron) was obtained. As a result of this, it was shown that,
like in the above-described first embodiment, the con-
ductive film had characteristics which were superior to
those of the conventional paste for thick films or the or-
ganometallic paste.
[0033] Upon observation by an SEM, the surface of
the conductive film which was made in this embodiment
was found smooth without pin holes. Also good results
were obtained in a peeling test.

Third Embodiment

[0034] By using the same apparatus as in the first em-
bodiment, gold metal was evaporated under a condition
of helium pressure of 0.1 Torr. By using citronellol as the
organic solvent, a gold metal paste in which gold metal
particles are highly dispersed was prepared. By using
this metal paste a conductive film was made. The particle
size of the above-described gold metal particles was
0.001 micron. The composition of this metallic paste was,
on weight basis, 8% of gold metal and 92% of solvent.
[0035] A conductive film was made by using the
above-described metallic paste.
[0036] By using a 400-mesh screen, a conductive film
was formed on a glass substrate with the above-de-
scribed metallic paste. The coating thickness of the me-
tallic paste was about 1.2 microns. The film was dried by
keeping it at 120°C for 15 minutes in the atmosphere. It
was then sintered in a muffle furnace under conditions
of a peak temperature of 800°C and a retention time of
10 minutes, thereby making the conductive film. The
thickness of the conductive film produced became 0.01
micron, and a resistance value of 10 Ω/K (0.01 micron)
was obtained.
[0037] Upon observation by an SEM, the surface of
the conductive film which was made in this embodiment
was found smooth without pin holes.

Fourth Embodiment

[0038] By using the same apparatus as in the first em-
bodiment, a silver alloy containing, on weight basis, 25%
palladium was evaporated under a condition of helium
pressure of 0.5 Torr. By using α-terpineol as the organic
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solvent, an alloy metal paste in which silver-palladium
alloy particles are highly dispersed was prepared. By us-
ing this metal paste a conductive film was made. The
particle size of the above-described silver-palladium al-
loy particles was 0.02 micron. The composition of this
metallic paste was, on weight basis, 50% of silver-palla-
dium alloy, 0.5% of dispersing agent, 5% of bonding
agent and 44.5% of solvent.
[0039] A conductive film was made by using the
above-described metallic paste.
[0040] First, by using a 400-mesh screen, fine
line-and-space patterns of 50-50 microns were formed
on an aluminum substrate with the above-described me-
tallic paste. The coating thickness of the metallic paste
was about 8 microns. The fine patterns were dried by
keeping them at 120°C for 15 minutes in the atmosphere.
They were then sintered in a muffle furnace under con-
ditions of a peak temperature of 900°C and a retention
time of 10 minutes, thereby making the conductive film.
The thickness of the conductive film produced became
0.4 micron, and a resistance value of Ω/K (0.4 micron)
was obtained. As a result of this, it was shown that, like
in the above-described first embodiment, the conductive
film had characteristics which were superior to those of
the conventional paste for thick films or the organome-
tallic paste.
[0041] Upon observation by an SEM, the surface of
the conductive film which was made in this embodiment
was found smooth without pin holes. Also good results
were obtained in a peeling test.

Fifth Embodiment

[0042] By using the same apparatus as in the first em-
bodiment, ruthenium was evaporated under a condition
of helium pressure of 0.5 Torr. By using α-terpineol as
the organic solvent, a ruthenium paste in which ruthe-
nium particles are highly dispersed was prepared. Fur-
ther, under the same conditions, a silicon paste and a
bismuth paste were prepared by using silicon and bis-
muth, respectively, instead of ruthenium. The particle di-
ameters of ruthenium particles, silicon particles and bis-
muth particles were 0.01 micron, 0.005 micron and 0.005
micron, respectively. Then, a metallic paste was pre-
pared by using them. The composition of the above-de-
scribed metallic paste was, on weight basis, 35% of ru-
thenium, 5% of silicon, 2% of bismuth, 1% of dispersing
agent, 5% of bonding agent and 52% of solvent.
[0043] A conductive film was made by using the
above-described metallic paste.
[0044] First, by using a 400-mesh screen, fine
line-and-space patterns of 50-50 micron were formed on
an aluminum substrate with the above-described metallic
paste. The coating thickness of the metallic paste was
about 11 microns. The fine patterns were dried by keep-
ing them at 120°C for 15 minutes in the atmosphere. They
were then sintered in a muffle furnace under conditions
of a peak temperature of 900°C and a retention time of

15 minutes, thereby making a conductive film. The thick-
ness of the conductive film produced was 0.5 micron,
and a resistance value of 240m Ω/K (0.5 micron) was
obtained.
[0045] Upon observation by an SEM, the surface of
the conductive film which was made in this embodiment
was found smooth without pinholes. Also good results
were obtained in a peeling test.

Claims

1. A method of making a metallic thin film from a metallic
paste, comprising the steps of:

preparing the metallic paste by evaporating met-
al and condensing metal vapor thus obtained in
an atmosphere of vapor of an organic solvent
(14) to form ultrafine metallic particles (17) each
of which has a particle size of about 0.001 Pm
to 0.1 Pm in diameter, coating the metallic paste
on a substrate; and then drying and sintering the
coated metallic paste to obtain the metallic thin
film of a thickness range between about 0.01
Pm and 1 Pm, characterized in that the metal
paste is prepared, according to an apparatus
provided with an evaporating chamber (1) for
evaporating the metal, to which a gas passage
(3) is connected for introducing a helium gas,
and a collection chamber (2) provided with a
cooling plate (12) therein, to which another pas-
sage (5) for introducing the vapor of organic sol-
vent is connected in the neighborhood of a con-
necting portion of the collection chamber (2) to
the evaporating chamber (1), both of the cham-
bers (1) and (2) being in communication with
each other, the metal paste preparation com-
prising the steps of first evacuating said evapo-
rating chamber (1) and collection chamber (2)
by means of a pump connected to the collection
chamber (2), introducing the helium gas through
the passage (3) into the evaporating chamber
(1) while continuing the evacuation, then gener-
ating the metal vapor in the evaporating cham-
ber (1) and transferring the metal vapor gener-
ated in the evaporating chamber (1) therefrom
to the collection chamber (2) with the flow of the
helium gas, the metal vapor (15) condensing in
the flow of helium gas to form the ultrafine me-
tallic particles (17) while introducing the organic
solvent vapor (14) through the passage (5) into
the collection chamber (2), mixing the ultrafine
metallic particles (17) with the organic solvent
vapor (14) in the collection chamber (2), and de-
positing the mixed ultrafine metallic, particles
(17) and organic solvent vapor (14) on the cool-
ing plate (12), each of the deposited metallic par-
ticles (17) being covered with a film of the or-
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ganic solvent (16), whereby the ultrafine metallic
particles (17) are uniformly and highly dispersed
in the organic solvent (14, 16).

2. A method of making a metallic thin film according to
claim 1, wherein said ultrafine metallic particles (17)
are at least one of the group comprising silver, gold,
nickel, indium, tin, zinc, titanium, copper, chromium,
tantalum, tungsten, palladium, platinum, iron, cobalt,
silicon, rhodium, iridium, ruthenium and osmium or
an alloy of said metals.

3. A method of making a metallic thin film according to
claim 1 or 2, wherein said organic solvent (14, 16)
is a solvent containing one or more of alcohols having
5 carbon atoms or more such as terpineol, citronellol,
geraniol, nerol and phenethyl alcohol, or a solvent
containing one or more of organic esters such as
ethyl acetate, ethyl oleate, butyl acetate and glycer-
ide.

Patentansprüche

1. Verfahren zum Herstellen eines Metall-Dünnfilms
aus einer Metallpaste, welches die Schritte umfasst
des:

Vorbereitens der Metallpaste durch Verdamp-
fen von Metall und Kondensieren des Metall-
dampfes, der so erhalten wird, in eine Atmo-
sphäre aus Dampf eines organischen Lösungs-
mittels (14), um ultrafeine Metall-Partikel (17) zu
bilden, von welchen jeder eine Partikelgröße
von ungefähr 0,001 Pm bis 0,1 Pm im Durch-
messer aufweist,
Schichtens der Metallpaste auf ein Substrat;
und dann Trocknen und Sintern der geschich-
teten Metallpaste, um den Metall-Dünnfilm in ei-
nem Dickenbereich zwischen ungefähr 0,01 Pm
und 1 Pm zu erhalten,

dadurch gekennzeichnet, dass

die Metallpaste gemäß einer Vorrichtung vorbe-
reitet wird, welche mit einer Verdampfungskam-
mer (1) zum Verdampfen des Metalls, an welche
ein Gasdurchgang (3) zum Einführen eines He-
liumgases angeschlossen ist, und einer Sam-
melkammer (2) versehen ist, welche mit einer
Kühlplatte (12) darin versehen ist, an welche ein
weiterer Durchgang (5) zum Einführen des
Dampfes des organischen Lösungsmittels in der
Umgebung eines Verbindungsabschnitts der
Sammelkammer (2) zu der Verdampfungskam-
mer (1) angeschlossen ist, wobei beide der
Kammern (1) und (2) in Kommunikation mitein-
ander stehen, wobei die Metallpastenvorberei-

tung die Schritte umfasst des
zuerst Evakuierens der Verdampfungskammer
(1) und Sammelkammer (2) mittels einer Pum-
pe, welche an die Sammelkammer (2) ange-
schlossen ist,
Einführens des Heliumgases durch den Durch-
gang (3) in die Verdampfungskammer (1), wäh-
rend die Evakuierung fortgesetzt wird,
dann Erzeugens des Metalldampfes in der Ver-
dampfungskammer (1) und
Transferierens des Metalldampfes, welcher in
der Verdampfungskammer (1) erzeugt wurde,
von dort zu der Sammelkammer (2) mit dem
Strom des Heliumgases, wobei der Metalldampf
(15) in dem Strom des Heliumgases konden-
siert, um die ultrafeinen Metallpartikel (17) zu
bilden, während der organische Lösungsmittel-
dampf (14) durch den Durchgang (5) in die Sam-
melkammer (2) eingeführt wird,
Mischens der ultrafeinen Metallpartikel (17) mit
dem organischen Lösungsmitteldampf (14) in
der Sammelkammer (2), und
Ablagerns der gemischten ultrafeinen Metallp-
artikel (17) und des organischen Lösungsmittel-
dampfes (14) auf der Kühlplatte (12), wobei je-
der der abgelagerten Metallpartikel (17) mit ei-
nem Film des organischen Lösungsmittels (16)
bedeckt ist, wobei die ultrafeinen Metallpartikel
(17) einheitlich und hoch dispergiert in dem or-
ganischen Lösungsmittel (14, 16) sind.

2. Verfahren zum Herstellen eines Metall-Dünnfilms
gemäß Anspruch 1, wobei die ultrafeinen Metallpar-
tikel (17) zumindest eines sind aus der Gruppe um-
fassend Silber, Gold, Nickel, Indium, Zinn, Zink, Ti-
tan, Kupfer, Chrom, Tantal, Wolfram, Palladium, Pla-
tin, Eisen, Kobalt, Silizium, Rhodium, Iridium, Rut-
henium und Osmium oder eine Legierung der ge-
nannten Metalle sind.

3. Verfahren zum Herstellen eines Metall-Dünnfilms
gemäß Anspruch 1 oder 2, wobei das organische
Lösungsmittel (14, 16) ein Lösungsmittel ist, wel-
ches einen oder mehrere der Alkohole enthält, wel-
che 5 Kohlenstoffatome oder mehr aufweisen, wie
beispielsweise Terpineol, Citronellol, Geraniol, Ne-
rol oder Phenethylalkohol, oder ein Lösungsmittel,
welches eines oder mehrere der organischen Ester
wie beispielsweise Ethylacetat, Ethyloleat, Butyla-
cetat oder Glyzerid enthält.

Revendications

1. Procédé de préparation d’un film mince métallique
à partir d’une pâte métallique, comprenant les éta-
pes consistant à :
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préparer la pâte métallique en évaporant un mé-
tal et en condensant la vapeur de métal ainsi
obtenue dans une atmosphère de vapeur d’un
solvant organique (14) afin de former des parti-
cules métalliques ultrafines (17) ayant chacune
une taille de particule d’environ 0,001 Pm à 0,1
Pm de diamètre,
déposer la pâte métallique sur un substrat ; et
ensuite
sécher et fritter la pâte métallique déposée afin
d’obtenir le film mince métallique avec une
épaisseur dans la plage de 0,01 Pm à 1 Pm
environ,

caractérisé en ce que la pâte métal-
lique est préparée au moyen d’un appareil équipé
d’une chambre d’évaporation (1) pour évaporer le
métal, à laquelle est relié un passage de gaz (3)
pour introduire de l’hélium gazeux, et d’une cham-
bre de récupération (2) munie d’une plaque réfrigé-
rante (12) contenue dedans, à laquelle est relié un
autre passage (5) pour introduire la vapeur de sol-
vant organique au voisinage d’une partie de raccor-
dement de la chambre de récupération (2) à la
chambre d’évaporation (1), les deux chambres (1)
et (2) étant en communication l’une avec l’autre, la
préparation de la pâte métallique comprenant les
étapes consistant à :

premièrement, faire le vide dans ladite chambre
d’évaporation (1) et dans ladite chambre de ré-
cupération (2) au moyen d’une pompe reliée à
la chambre de récupération (2),
introduire l’hélium gazeux par le passage (3)
dans la chambre d’évaporation (1) tout en con-
tinuant de faire le vide,
ensuite, générer la vapeur de métal dans la
chambre d’évaporation (1) et
transférer la vapeur de métal générée dans la
chambre d’évaporation (1) vers la chambre de
récupération (2) avec le flux d’hélium gazeux, la
vapeur de métal (15) se condensant dans le flux
de l’hélium gazeux pour former les particules
métalliques ultrafines (17), tout en introduisant
la vapeur de solvant organique (14) par le pas-
sage (5) dans la chambre de récupération (2),
mélanger les particules métalliques ultrafines
(17) avec la vapeur de solvant organique (14)
dans la chambre de récupération (2), et
déposer les particules métalliques ultrafines
mixtes (17) et la vapeur de solvant organique
(14) sur la plaque réfrigérante (12), chacune des
particules métalliques déposées (17) étant re-
couverte avec un film du solvant organique (16),
les particules métalliques ultrafines (17) étant
ainsi uniformément et hautement dispersées
dans le solvant organique (14, 16).

2. Procédé de préparation d’un film mince métallique
selon la revendication 1, dans lequel lesdites parti-
cules métalliques ultrafines (17) sont faites de l’un
au moins des métaux du groupe comprenant l’ar-
gent, l’or, le nickel, l’indium, l’étain, le zinc, le titane,
le cuivre, le chrome, le tantale, le tungstène, le pal-
ladium, le platine, le fer, le cobalt, le silicium, le rho-
dium, l’iridium, le ruthénium et l’osmium, ou d’un al-
liage desdits métaux.

3. Procédé de préparation d’un film mince métallique
selon la revendication 1 ou la revendication 2, dans
lequel ledit solvant organique (14, 16) est un solvant
contenant un ou plusieurs alcools ayant 5 atomes
de carbone ou plus tels que le terpinéol, le citronellol,
le géraniol, le nérol et l’alcool phénéthylique, ou bien
un solvant contenant un ou plusieurs esters organi-
ques tels que l’acétate d’éthyle, l’oléate d’éthyle,
l’acétate de butyle et un glycéride.

11 12 



EP 0 449 309 B9 (W1B1)

8



EP 0 449 309 B9 (W1B1)

9


	bibliography
	description
	claims
	drawings

