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(57) Abréegée/Abstract:

A particulate film laminating apparatus (1) I1s provided with: a nanoparticle generating chamber (2), In which nanoparticles (12) of a
metal material (9) are generated; a nanofiber generating chamber (3), In which a nanofiber (13) of a resin material (11) Is
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(57) Abrege(suite)/Abstract(continued):

generated; a laminating chamber (4), In which the nanoparticles (12) and the nanofiber (13) are film formed and laminated on a
substrate (18); a nanoparticle film-forming region (15), in which the nanoparticles (12) are film formed In the film-forming chamber
(4); a nanofiber film-forming region (16), in which the nanofiber (13) Is film formed In the film-forming chamber (4); a moving unit
(17), which moves the substrate (18) between the nanoparticle film-forming region (15) and the nanofiber film-forming region (16);
an air-releasing unit (5), which releases air from the laminating chamber (4); and a cooling gas Introducing unit (3), which
Introduces a cooling gas into each of the nanoparticle generating chamber (2) and the nanofiber generating chamber (3).
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(57) Abstract: A particulate film laminating apparatus (1) is provided with: a
nanoparticle generating chamber (2), in which nanoparticles (12) of a metal
material (9) are generated; a nanofiber generating chamber (3), mn which a
nanofiber (13) of a resin material (11) 1s generated; a laminating chamber (4),
in which the nanoparticles (12) and the nanofiber (13) are film formed and
laminated on a substrate (18); a nanoparticle film-forming region (15), In
which the nanoparticles (12) are film formed in the film-forming chamber (4);
a nanofiber film-forming region (16), in which the nanofiber (13) is film
formed in the film-forming chamber (4); a moving unit (17), which moves the
substrate (18) between the nanoparticle film-forming region (15) and the nan-
ofiber film-forming region (16); an air-releasing unit (5), which releases air
from the laminating chamber (4); and a cooling gas introducing unit (8),
which introduces a cooling gas mto each of the nanoparticle generating cham -
ber (2) and the nanofiber generating chamber (3).
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DESCRIPTION

Title of the Invention: PARTICULATE FILM LAMINATING
SYSTEM AND PARTICULATE FILM LAMINATING METHOD USING SAME
Technical Field

[0001] The present invention relates to a particulate
film laminating system and a particulate film laminating
method using the particulate film laminating system.
Background Art

[0002] An ultrafine particle film forming method and an
ultrafine particle film forming system are described 1in
Patent Document 1. This system is configured such that an
ultrafine particle film is formed on a substrate by
generating vapor atoms from a material and moving the vapor
atoms through a carrying pipe together with 1nert gas. In
other words, the configuration of such particle film
forming system and method are expressed 1in general as
follows: Upper and lower chambers are 1nstalled so as to
communicate with each other by a narrow pipe. Then, the
upper chamber is vacuumed, and coolant gas 1s made to flow
into the lower chamber. Then, the vapor atoms evaporated
from the metal material are cooled and moved into the upper
chamber by the pressure difference between the upper and
lower chambers. Then, the vapor atoms are collected, 1n a
state of particles, on the substrate arranged 1in the upper
chamber. The coolant gas is, for example, helium gas or
argon gas and 1s made to flow so as to prevent aggregation
and grain growth of the particles during the movement.
[0003] However, such a conventional particle film
forming system has only been capable of depositing
particles on the substrate. Therefore, for example, in the

case where a hydrogen sensor is formed by using, as

particles, Mg, a Mg-Ni alloy, or the like, which absorbs
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and stores hydrogen, the diffusion property of hydrogen
(permeability of gas) becomes poor, so that the nylon~-pbased
resin is lowered. Further, in the case where such
conventional particle film forming system is used for metal
nanoparticles, when the metal nanoparticles are deposited

on the substrate, the metal nanoparticles re-aggregate, SO

that the fine nanoparticle state of the metal nanoparticles
cannot be maintained.

Prior Art Document

Patent Document

[0004] Patent Document 1l: Japanese Patent Application
Laid-Open Publication No. 2000-297361

Summary of the Invention

Problems to be solved by the Invention

[C005] The present invention has been made in view of
the above-described prior art techniques. An object of the
invention is to provide a particulate film laminating
system and a particulate film laminating method using the
particulate film laminating system which is capable of, in
the case where nanoparticles are generated by evaporating a
hydrogen storage alloy, improving the diffusion property of
hydrogen and preventing re-aggregation of the nanoparticles
collected on a substrate.

Means for Solving the Problems

[0006] In order to achieve the above-described object,
the present invention is to provide a particulate film
laminating system which is featured by including: a
nanoparticle generating chamber in which a metal material
to be heated is arranged and nanoparticles of the metal
material are generated; a nanostructure generating chamber
in which a resin material to be heated is arranged and

nanostructures of the resin material are generated; a

laminating chamber which is connected to the nanoparticle
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generating chamber and the nanostructure generating chamber
respectively via a particle communication pipe and a
structure body communication pipe so as to enable the
nanoparticles and the nanostructures to be film-formed and
laminated on a substrate; a nanoparticle film-forming
region configured such that the nanoparticles are film-
formed in the laminating chamber; a nanostructure film-
formihg region configured such that the nanostructures are
film-formed in the laminating chamber; a moving unit which
moves the substrate between the nanoparticle film-forming
region and the nanostructure film-forming region; an
exhaust unit which exhausts the laminating chamber; and a
coolant—-gas introduction unit which introduces coolant gas
into each of the nanoparticle generating chamber and the
nanostructure generating chamber.

[0007] It is preferred that a nanoparticle film-forming
unit is formed by the nanoparticle generating chamber, the
particle communication pipe, and the nanoparticle film-
forming region, and that a plurality of the nanoparticle
film-forming units are provided.

[0008] It is preferred that the moving unit is formed by
a pair of rolls each arranged in each of the nanoparticle
film-forming region and the nanostructure film-forming
region, and that the substrate which is endless 1s wound
around the pair of rolls.

[0009] Further, the present invention is to provide a
particulate film laminating method which is featured by
including: a nanostructure generating process of generating
the nanostructures by heating and evaporating the resin
material in the nanostructure generating chamber; a
nanostructure film-forming process in which a pressure

difference 1is provided between the laminating chamber and

the nanostructure generating chamber by exhausting the



10

15

20

25

30

CA 02866573 2014-09-05

laminating chamber by the exhaust unit, and the
nanostructures are introduced into the nanostructure film-
forming region by the pressure difference through the
structure body communication pipe, and a nanostructure film
is formed by film-forming the nanostructures on the
substrate arranged in the nanostructure film-forming
region; a going process of moving the substrate with the
nanostructures film-formed thereon into the nanoparticle
film-forming region by the moving unit; a nanoparticle
generating process of generating the nanoparticles by
heating and evaporating the metal material in the
nanoparticle generating chamber; a nanoparticle film-
forming process in which a pressure difference 1is provided
between the laminating chamber and the nanoparticle
generating chamber by exhausting the laminating chamber by
the exhaust unit, and the nanoparticles are introduced 1nto
the nanoparticle film-forming region by the pressure
difference through the particle communication pipe, and a
nanoparticle film is formed by film-forming the
nanoparticles on the nanostructures film-formed on the
substrate arranged in the nanoparticle film-forming region;
and a returning process of moving the substrate with both
of the nanoparticle film and the nanostructure film formed
thereon into the nanostructure film-forming region by the
moving unit.

Advantageous Effects of the Invention

[0010] According to the present invention, 1t 1s
possible to perform a film—-forming process in which the
nanostructures are film-formed on the substrate in the
nanostructure film-forming region, in which the substrate
is moved into the nanoparticle film-forming region by the
moving unit, and then nanoparticles are film-formed on the

film-formed nanostructures, and in which the substrate 1s
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again moved into the nanostructure film-forming region by
the moving unit, and then the nanostructures are film-
formed on the film-formed nanoparticles. By repeating this
process, the film-formed nanoparticles can be held between
the film-formed nanostructures. Thereby, the nanoparticles
are film-formed so as to be arrayed in layers. Therefore,
in the case where the nanoparticles are generated from a
hydrogen storage alloy, the diffusion property of hydrogen
is improved by using, as a hydrogen sensor, a laminated
body obtained by laminating the film-formed nanoparticles.
Further, in the laminated body in which the nanoparticle
film is held between the nanostructure films, the
nandparticles stably remain in the nanoparticle state, and
hence the occurrence of grain growth is prevented.

[0011] Further, when the moving unit is formed by a pair
of rolls respectively provided in the nanoparticle film-
forming region and the nanostructure film-forming region,
and when the substrate which i1s endless is wound around the
pair of rolls, the nanoparticles and the nanostructures can
be continuocusly film-formed, and hence the working
efficiency 1s 1mproved.

Brief Description of the Drawings

[0012]

FIG. 1 is a schematic view of a particulate film
laminating system according to the present invention.

FIG. 2 is a schematic sectional view of a laminated
body manufactured by using the particulate film laminating
system according to the present invention.

FIG. 3 is a schematic view of another particulate film
laminating system according to the present invention.

FIG. 4 is a schematic sectional view of a laminated
body manufactured by using the particulate film laminating

system of FIG. 3.
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Mode for Carrying out the Invention

[0013] As shown in FIG. 1, a particulate film laminating
system 1 according to the present invention includes a
nanoparticle generating chamber 2, a nanofiber generating
chamber 3, and a laminating chamber 4. An exhaust unit 5
is attached to the laminating chamber 4, and the laminating
chamber 4 is vacuumed by the exhaust unit 5. The
nanoparticle generating chamber 2 and the nanofiber
generating chamber 3 are connected to the laminating
chamber 4 respectively via a particle communication pipe 6
and a fiber communication pipe 7. As the particle
communication pipe 6 and the fiber communication pipe 7, 1t
is possible to use, for example, 1/8 pipe. A coolant-gas
introduction unit 8, into which coolant gas is introduced,
is attached to the nanoparticle generating chamber 2Z and
the nanofiber generating chamber 3. The nanoparticle
generating chamber 2, the nanofiber generating chamber 3,
and the laminating chamber 4 are hermetically sealed except

the communication portions with the exhaust unit 5 and the

coolant—-gas introduction unit 8.

[0014)] A metal material 9 is arranged 1in the
nanoparticle generating chamber 2. As the metal material 9,
it is possible to use, for example, a metal wire made of
magnesium or nickel, or to use a metal wire made of an
alloy of these metals. Further, a heater 10 is arranged 1in
the nanoparticle generating chamber 2. The heater 10 1is
used for heating the metal material 9. A crucible, a
plasma generator, or the like, can be used as the heater 10.
The metal material 9 is evaporated by being heated by the
heater 10, so that nanoparticles 12 are generated.

[0015] On the other hand, a resin material 11 is

arranged in the nanofiber generating chamber 3. As the

resin material 9, it is possible to use, for example,
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nylon-based resin, polyvinylpyrrolidone (PVP), polyethylene
oxide (PEO), and the like. Further, the heater 10, which
is the same as the heater 10 arranged in the nanoparticle
generating chamber 2, is arranged in the nanofiber
generating chamber 3. The resin material 11 is evaporated
by being heated by the heater 10, so that nanofibers 13 are
generated.

[0016] A partition wall 14 is formed in the laminating
chamber 4, and the laminating chamber 4 is divided 1nto a
nanoparticle film-forming region 15 and a nanofiber film-
forming region 16 by the partition wall 14. A moving unit
17 is arranged in the laminating chamber 4. By the moving
unit 17, a substrate 18, on which the nanoparticles 12 and
the nanofibers 13 are to be film-formed, 1s made to
reciprocate between the nanoparticle.filmeforming region 15
and the nanofiber film-forming region 16. Specifically,
the moving unit 17 is formed by a pair of rolls 19. Each
of the rolls 19 is arranged in each of the nanoparticle
film-forming region 15 and the nanofiber film-forming
region 16. The substrate 18 which is endless is wound
around the pair of rolls 19, so that, by the rotation of
the rolls 19, the substrate 18 can be made to continuously

reciprocate between the nanoparticle film-forming region 15

and the nanofiber film-forming region 16.
[0017] In the following, a procedure at the time when a
particulate film is formed by using the particulate film
laminating system 1 configured as described above will be
described.

First, a nanostructure generating process 1s performed.
This process is performed in the nanofiber generating
chamber 3. Specifically, the resin material 11 1is
evaporated by being heated by the heater 10, so that the

nanofibers 13 are generatedﬂ The nanofibers 13 are
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generated in a gas phase environment. At this time,
coolant gas containing helium or argon is introduced into
the nanofiber generating chamber 3 by the coolant-gas
introduction unit 8 (as shown by arrow E 1in FIG. 1).

[0018] Next, a nanostructure film-forming process 1s
performed. In this process, a nanofiber film 20 1is formed
by forming a film of the nanofibers 13 on the substrate 18
arranged in the nanofiber film-forming region 16 of the
laminating chamber 4. Specifically, first, the nanofibers
13 generated in the nanostructure generating process are
guided into the nanofiber film-forming region 16. To this
end, the inside of the laminating chamber 4 is vacuumed by
the exhaust unit 5 (as shown by arrow G of FIG. 1), so that
a pressure difference is provided between the laminating
chamber 4 and the nanofiber generating chamber 3. In both
the chambers 4 and 3 connected to each other by the fiber
communication pipe 7, an air flow from the nanofiber
generating chamber 3 to the laminating chamber 4 1is
generated by the pressure difference (as shown by arrow A
df FIG. 1). By this flow, the nanofibers 13 are guided
from the nanofiber generating chamber 3 into the nanofiber
film-forming region 16 of the laminating chamber 4 through
the fiber communication pipe 7. Then, the nanofibers 13
are film-formed on the substrate 18 arranged 1n the
nanofiber film-forming region 16.

[0019] A going process is performed simultaneously with
the nanostructure film-forming process. The substrate 18
is made to reciprocate between the nanofiber film-forming
region 16 and the nanoparticle film-forming region 15 by
the moving unit 17, and hence the substrate 18 arranged 1in
the nanofiber film-forming region 16 is moved i1into the
nanoparticle film-forming region 15. That is, a process 1n

which the substrate 18 is moved from the nanofiber film-
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forming region 16 into the nanoparticle film-forming region
15 (as shown by arrow B of FIG. 1) 1s the going process.
During this movement, the nanofibers 13 are film-formed on
the substrate 18, and hence the membrane-like nanofiber

film 20 is formed on the substrate 18 while the substrate

18 is moved.

[0020] Then, a nanoparticle generating process 1s
performed. This process i1s performed in the nanoparticle
generating chamber 2. Specifically, the metal material 9
is evaporated by being heated by the heater 10, so that the
nanoparticles 12 are generated. The nanoparticles 12 are
generated in a gas phase environment. At this time,
coolant gas containing helium or argon is introduced into
the nanoparticle generating chamber 2 by the coolant-gas
introduction unit 8 (as shown by arrow F in FIG. 1).
Thereby, even in the case where the metal material 1s a
metal, such as magnesium, which can be easily oxidized,
unnecessary oxidation can be prevented by generating the

nanoparticles 12 in the gas phase environment.

[0021] Next, a nanoparticle film-forming process is
performed. In this process, the nanoparticles 12 are film-
formed on the substrate 18 arranged in the nanoparticle
film—fbrming region 15 of the laminating chamber 4, so that
a nanoparticle film 21 is formed on the substrate 18.
Specifically, the nanoparticles 12 generated in the
nanoparticle generating process are guided into the
nanoparticle film-forming region 15. When the inside of
the laminating chamber 4 is vacuumed by the exhaust unit 5
in the nanostructure film-forming process described above,

the pressure difference is also provided between the

laminating chamber 4 and the nanoparticle generating
chamber 2. Between both the chambers 4 and 2 connected to

each other by the particle communication pipe 6, an air
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flow from the nanoparticle generating chamber 2 to the
laminating chamber 4 is generated by the pressure
difference (as shown by arrow C of FIG. 1). By this flow,
the nanoparticles 12 are guided from the nanoparticle
generating chamber 2 into the nanoparticle film-forming
region 15 of the laminating chamber 4 through the particle
communication pipe 6. Then, the nanoparticles 12 are film-
formed on the substrate 18 arranged in the nanoparticle
film-forming region 15. At this time, the nanofiber film
20 1s already formed on the substrate 18 in the
nanostructure film-forming process. For this reason,
actually, the nanoparticle film 21 1s laminated on the
nanofiber film 20 formed on the substrate 18.

[0022] A returning process 1is performed simultaneously
with the nanoparticle film-forming process. As described
above, the substrate 18 is made to reciprocate between the
nanofiber film-forming region 16 and the nanoparticle film-
forming region 15 by the moving unit 17, and hence the
substrate 18 arranged in the nanoparticle film-forming
region 15 is moved into the nanofiber film-forming region
16. That is, the process, in which the substrate 18 is
moved from the nanoparticle film-forming region 15 into the
nanofiber film-forming region 16 (as shown by arrow D of
FIG. 1), 1is the returning process. During this movement,
the nanoparticles 12 are film-formed on the nanofibers 13
film-formed on the substrate 18, and hence the substrate 18,
on which the nanofiber film 20 and the nanoparticle film 21
are formed, 1s moved.

[0023] Then, the nanofibers 13 are film-formed on the
substrate 18 agailn moved into the nanofiber film-forming
region 1l6. At this time, the nanofiber film 20 is

laminated on the nanoparticle film 21. Then, the substrate

18 1s again moved into the nanoparticle film-forming regiocn
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15, and the nanoparticle film 21 is formed. Therefore,
when the substrate 18 is made to repeatedly reciprocate
between the nanofiber film-forming region 16 and the
nanoparticle film-forming region 15 by continuously
rotating the rolls 19, the nanofiber film 20 and the
nanoparticle film 21 are alternately laminated on the
substrate 16 as shown in FIG. 2, so that a laminated body
22 i1s manufactured. When the laminated body 22 1is used,
for example, as a hydrogen sensor, the laminated body 22 1s
cut to a sultable length.

[0024] As described above, it 1s possible to perform a
film-forming process in which the nanofibers 13 are film-
formed on the substrate 18 in the nanofiber film-forming
region 16, in which the substrate 18 is moved into the
nanoparticle film-forming region 15 by the moving unit 17,
and then the nanoparticles 12 are film-formed on the film-
formed nanofiber 13, and in which the substrate 18 is again
moved into the nanofiber film-forming region 16 by the
moving unit 17, and then the nanofibers 13 are film-formed
on the film~-formed nanoparticles 12. By repeating this
process, the film-formed nanoparticles 12 can be held
pbetween the film-formed nanofibers 13. In other words,

with the present invention, it 1is possible to laminate a

plurality of the nanoparticle films 21 by using the

nanofiber films 20. Thereby, the nanoparticles 12 are

film-formed so as to be arrayed in layers. Therefore, in
the case where the nanoparticles 12 are generated from a
hydrogen storage alloy, the diffusion property of hydrogen
is 1mproved by using the laminated body 22 as a hydrogen
sensor. Further, in the laminated body 22 in which each of
the nanoparticle films 21 is held between the nanofiber
films 20, the nanoparticles 12 stably remain in the

nanoparticle state, and hence the grain growth can be
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12

prevented.

[0025] Further, since the diameter of the particle
communication pipe 6 is very small, a large pressure
difference is generated between the laminating chamber 4
and the nanoparticle generating chamber 2, and hence a
large flow rate is also generated. For this reason, the
nanoparticles 12 are inhibited from colliding with each
other during the movement thereof, and hence the occurrence
of grain growth is also prevented during the movement.
[0026] FIG. 3 shows another particulate film laminating
system la according to the present invention. The system
la is different from the above-described system 1 in that
two-layers of the nanoparticles are formed on the nanofiber
film 20. That is, a nanoparticle film-forming region 13a
is further formed so as to be adjacent to the nanoparticle
film-forming region 15, and these regions 15 and 1l5a are
partitioned from each other by a partition wall 1l4a. In
the nanoparticle film-forming region 1l5a, nanoparticles lZa
different from the nanoparticles 12 are film-formed, so

that a nanoparticle film 21a is formed. The manufacturing
process of the nanoparticles 12a is the same as the above-
described manufacturing process of the nanoparticle 12.

Specifically, the nanoparticles 1lZa are generated by

heating a metal wire 9a by the heater 10 in a nanoparticle
generating chamber 2a while coolant gas 1is introduced from
the coolant-gas introduction unit 8 into the nanoparticle
generating chamber 2a (as shown by arrow H of FIG. 3). The
generated nanoparticles 12a are moved (as shown by arrow I
of FIG. 3), so as to flow into the nanoparticle film-
forming region 15a in the laminating chamber 4 through a
particle communication pipe 6a. With this structure, the
nanoparticle films 21 and 21la are laminated on the

nanofiber film 20 formed on the substrate 18, and these
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films can be further laminated on the substrate 18 by
repeating this film-forming process. In a laminated body
22a obtained in this way, a layer, in which the
nanoparticle film 21 and the nanoparticle film 2la are

laminated on the nanofiber film 20, 1s repeatedly formed as

shown in FIG. 4.

[0027] It should be noted that, in the case where
another nanoparticle film is to be further laminated, it 1s
only necessary that a nanoparticle film-forming unit 23 1is
formed by the nanoparticle generating chamber, the particle
communication pipe, and the nanoparticle film-forming
region, and that a plurality of the nanoparticle film-
forming units 23 are provided. Further, although the
present embodiment is described by using the nanofiber 13
as an example of the nanostructure formed of the resin
material 11, the present embodiment may also be configured
such that the nanoparticle of the resin material 11 1s
formed as a nanostructure, such that a porous film 1s
formed by the nanoparticles, and such that the nanoparticle
film 21 is formed on the porous film. That 1s, the portion
described as the nanofibers in the above can be replaced by
nanoparticles (nanostructures) generated from a resin

material.

Explanation of Reference Signs

[0028]
1, la Particulate film laminating system
2, 2a Nanoparticle generating chamber
3 Nanofiber generating chamber (Nanostructure

generating chamber)

4 Laminating chamber

5 Exhaust unit

6, ba Particle communication pipe

7] Fiber communication pipe (structure body
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communication pipe)

8 Coolant-gas introduction unit
9, 9a Metal material
10 Heater

5 11 Resin material
12, 12a Nanoparticle
13 Nanofiber (Nanostructure)
14, 1l4a Partition wall
15, 15a Nanoparticle film-forming region

10 16 Nanofiber film—-forming region (nanostructure

film-forming region)

17 Moving unit
18 Substrate
19 Roll
15 20 Nanofiber film (nanostructure Film)

21, 21la Nanoparticle film
22, 22a Laminated body

23 Nanoparticle film-forming unit
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CLAIMS

1. A particulate film laminating system comprising:

a nanoparticle generating chamber in which a metal
material to be heated is arranged and nanoparticles of the
metal material are generated;

a nanostructure generating chamber in which a resin
material to be heated is arranged and nanostructures of the
resin material are generated;

a laminating chamber which is connected to the
nanoparticle generating chamber and the nanostructure
generating chamber respectively via a particle
communication pipe and a structure body communication pipe,

so as to enable the nanoparticles and the nanostructures to
be film-formed and laminated on a substrate;

a nanoparticle film-forming region configured such
that the nanoparticles are film-formed in the laminating
chamber;

a nanostructure film-forming region configured such

that the nanostructures are film-formed in the laminating
chamber;

a moving unit which moves the substrate between.the
nanoparticle film-forming region and the nanostructure
film-forming region;

an exhaust unit which exhausts the laminating chamber;
and

a coolant-gas introduction unit which introduces
coolant gas into each of the nanoparticle generating
chamber and the nanostructure generating chamber.

2. The particulate film laminating system according
to claim 1, wherein a nanoparticle film-forming unit 1is
formed by the nanoparticle generating chamber, the particle

communication pipe, and the nanoparticle film-forming

region, and a plurality of the nanoparticle film-forming
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units are provided.

3. The particulate film laminating system according
to claim 2, wherein the moving unit is formed by a pair of
rolls each arranged in each of the nanoparticle film-
forming region and the nanostructure film-forming region,
and the substrate which is endless is wound around the pair
of rolls.

4, A particulate film laminating method using the
particulate film laminating system according to claim 1,
the method comprising:

a nanostructure generating process of generating the
nanostructures by heating and evaporating the resin
material in the nanostructure generating chamber;

a nanostructure film-forming process in which a
pressure dlfference 1s provided between the lamingting
chamber and the nanostructure generating chamber by
exhausting the laminating chamber by the exhaust unit, and
the nanostructures are introduced into the nanostructure
film-forming region by the pressure difference through the
structure body communication pipe, and a nanostructure film
1s formed by film-forming the nanostructures on the
substrate arranged in the nanostructure film-forming
region;

a going process of moving the substrate with the
nanostructures film-formed thereon i1nto the nanoparticle
film-forming region by the moving unit;

a hanoparticle generating process of geherating the
nanobarticles by heating and evaporating the metal material
in the nanoparticle generating chamber;

a nanoparticle film-forming process in which a
pressure difference 1s provided between the laminating

chamber and the nanoparticle generating chamber by

exhausting the laminating chamber by the exhaust unit, and



CA 02866573 2014-09-05

17

the nanoparticles are introduced into the nanoparticle
film-forming region by the pressure difference through the
particle communication pipe, and a nanoparticle film is
formed by film~-forming the nanoparticles on the
5 nanostructures film-formed on the substrate arranged 1in the
nanoparticle film-forming region; and
a returning process of moving the substrate with the

nanoparticle film and the nanostructure film formed thereon

into the nanostructure film-forming region by the moving

10 unit.
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