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(57) ABSTRACT

A manufacturing device is configured to manufacture a
molded product provided with a gas barrier layer, in which
the gas barrier layer is formed on a surface of the molded
product. The manufacturing device includes: a coater con-
figured to coat the molded product with the gas barrier
material; a drier configured to dry the gas barrier material
applied by the coater; a surface modifier configured to
modify a surface of the gas barrier material dried by the
drier; and a transfer unit configured to transfer the molded
product to the coater, the drier, and the surface modifier. The
coater, the drier, and the surface modifier are consecutively
connected and separated from each other by partitions.
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METHOD FOR MANUFACTURING MOLDED
ARTICLE PROVIDED WITH GAS BARRIER
LAYER

CROSS REFERENCE

[0001] This application is the U.S. National Phase under
35 US.C. § 371 of International Application No. PCT/
JP2016/059311, filed on Mar. 24, 2016, which claims the
benefit of Japanese Application No. 2015-063204, filed on
Mar. 25, 2015, the entire contents of each are hereby
incorporated by reference.

TECHNICAL FIELD

[0002] The present invention relates to a manufacturing
device of a molded product provided with a gas barrier layer.

BACKGROUND ART

[0003] In order to provide an alternative of a substrate in
a form of glass used in an organic EL device, there have been
typically proposed a manufacturing method and the like of
a gas barrier film having an excellent gas barrier property in
a short manufacturing time (see, for instance, Patent Litera-
ture 1).

[0004] More specifically, the manufacturing method of the
gas barrier film includes: coating at least one surface of a
base material with a polysilazane-containing liquid; heating
and drying the base material to provide a polysilazane film;
and subjecting the polysilazane film to an atmospheric
pressure plasma processing or a vacuum plasma processing.

CITATION LIST

Patent Literature(s)

[0005] Patent Literature 1: JP2007-237588A
SUMMARY OF THE INVENTION
Problem(s) to be Solved by the Invention
[0006] In the technique disclosed in Patent Literature 1,

since the coating step, the heating-drying step, and the
vacuum plasma processing step are each independently
performed, productivity is deteriorated and polysilazane in
the coating liquid adversely reacts with moisture in the air to
easily generate defects on the gas barrier film.

[0007] An object of the invention is to provide a manu-
facturing device configured to efficiently manufacture a
molded product provided with a gas barrier layer (herein-
after, also referred to as a “gas barrier layer-formed product)
having a favorable gas barrier property.

Means for Solving the Problem(s)

[0008] According to an aspect of the invention, a manu-
facturing device of a molded product provided with a gas
barrier layer, in which the gas barrier layer is formed on a
surface of the molded product, includes: a coater configured
to coat the molded product with a gas barrier material; a
drier configured to dry the gas barrier material applied by the
coater; a surface modifier configured to modify a surface of
the gas barrier material dried in the drier, and a transfer unit
configured to transfer the molded product to the coater, the
drier, and the surface modifier, in which the coater, the drier,
and the surface modifier are consecutively connected, and
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the coater, the drier, and the surface modifier are separated
from each other by partitions.

[0009] With the manufacturing device according to the
above aspect of the invention, since the coater, the drier, and
the surface modifier are consecutively connected, the
molded product can be transferred in a short time by the
transfer unit, so that the molded product provided with the
gas barrier layer can be efficiently manufactured.

[0010] Moreover, with the manufacturing device accord-
ing to the above aspect of the invention, since a transfer time
of the molded product is shortened, a reaction between the
gas barrier layer and moisture in the air during the transfer
is reducible, so that generation of defects or the like on the
gas barrier layer is preventable.

[0011] In other words, in the above arrangement, a manu-
facturing device configured to efficiently manufacture a
molded product provided with a gas barrier layer having a
favorable gas barrier property can be provided.

[0012] Inthe manufacturing device according to the above
aspect of the invention, preferably, the drier is disposed at a
center of the manufacturing device, a transfer opening of the
coater and a transfer opening of the surface modifier are
positioned facing the drier, and the transfer unit is disposed
in the drier.

[0013] With the above arrangement, after the gas barrier
layer is formed on the surface of the molded product by the
coater, drying of the gas barrier layer by the drier can be
started simply by the transfer unit carrying the molded
product out of the coater. Accordingly, the gas barrier layer
can be dried in the drier during being transferred from the
coater to the surface modifier, so that the gas barrier layer-
formed product can be further efficiently manufactured.
[0014] Inthe manufacturing device according to the above
aspect of the invention, preferably, a transfer opening of the
coater, a transfer opening of the drier, and a transfer opening
of'the surface modifier face a space in which the transfer unit
is disposed.

[0015] With the above arrangement, the same operation
and the advantages as the above are obtainable.

[0016] Inthe manufacturing device according to the above
aspect of the invention, preferably, the molded product is an
elongated base material in a form of a roll, the transfer unit
includes: a feeding roller configured to feed the elongated
base material; and a winding roller configured to wind the
elongated base material, the coater includes: a support roller
supporting the elongated base material; and a die coater that
is disposed opposite to the support roller across the elon-
gated base material and is configured to coat the elongated
base material with the gas barrier material, and the drier
includes: a plurality of transfer rollers configured to transfer
the elongated base material; and a heater disposed opposite
to the plurality of transfer rollers across the elongated base
material.

[0017] With the above arrangement, the elongated base
material fed by the feeding roller can be coated with the gas
barrier material by the die coater, and the gas barrier material
can be dried on the transfer rollers by the heater, so that the
gas barrier layer-formed product can be quickly manufac-
tured.

[0018] Inthe manufacturing device according to the above
aspect of the invention, preferably, the surface modifier
includes: an electrode roller configured to be wound with the
elongated base material; a voltage applying unit configured
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to apply a voltage onto the electrode roller; and an electrode
disposed opposite to the electrode roller across the elongated
base material.

[0019] With the above arrangement, since the surface
modification of the gas barrier layer formed on the elongated
base material can be conducted during the transfer of the
elongated base material, all of the coating step, the drying
step and the surface modification step can be continuously
conducted during the transfer of the elongated base material,
so that the molded product provided with the gas barrier
layer can be more quickly manufactured.

[0020] Inthe manufacturing device according to the above
aspect of the invention, preferably, the manufacturing device
further includes a measuring unit configured to measure at
least one of the gas barrier material applied by the coater, the
gas barrier material dried by the drier, and the gas barrier
material modified by the surface modifier.

[0021] With the above arrangement, the state of the gas
barrier layer can be measured in a manufacture line after
each of the coating step, the drying step, and the modifica-
tion step (i.e., in-line measurement). By constantly control-
ling the film state in the manufacture line of the gas barrier
layer-formed product, the film can be continuously evalu-
ated and controlled and the molded product provided with
the gas barrier layer can be continuously manufactured in a
series from the coating of the gas barrier material to the ion
injecting.

[0022] Inthe manufacturing device according to the above
aspect of the invention, preferably, the measuring unit is
consecutively connected to the coater, the drier, and the
surface modifier, and the coater, the drier, the surface
modifier, and the measuring unit are separated from each
other by the partitions.

[0023] Inthe manufacturing device according to the above
aspect of the invention, preferably, the measuring unit is
disposed inside at least one of the coater, the drier, and the
surface modifier.

[0024] With the above arrangement, since the coater, the
drier, the surface modifier and the measuring unit are con-
secutively connected, the gas barrier layer-formed product
can be efficiently manufactured in the same manner as
described above even by the manufacturing device installed
with the in-line measurement. Further, with the above
arrangement, generation of defects and the like on the gas
barrier layer is preventable in the same manner as described
above.

[0025] Inthe manufacturing device according to the above
aspect of the invention, the molded product is preferably
transferred to the coater, the drier, and the measuring unit in
this order.

[0026] With the above arrangement, since the molded
product is transferred to the coater, the drier, and the
measuring unit in this order, a state of the gas barrier layer
before the surface modification is measurable. Accordingly,
it can be checked before the surface modification whether
the gas barrier layer is in a state suitable for the surface
modification.

[0027] Inthe manufacturing device according to the above
aspect of the invention, when the molded product is an
elongated base material in a form of a roll, the measuring
unit is also preferably disposed between the drier and the
surface modifier.

[0028] With the above arrangement, since the measuring
unit is interposed between the drier and the surface modifier,
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the state of the gas barrier layer before the surface modifi-
cation is measurable. Accordingly, it can be checked before
the surface modification whether the gas barrier layer
formed on the elongated base material is in a state suitable
for the surface modification.

[0029] Inthe manufacturing device according to the above
aspect of the invention, the measuring unit preferably mea-
sures at least one selected from the group consisting of a
refractive index, light transmissivity, light reflectivity, chro-
maticity, film composition, film density, film defects and
film thickness of the gas barrier layer.

[0030] With the above arrangement, the film can be more
suitably evaluated and controlled.

BRIEF DESCRIPTION OF DRAWING(S)

[0031] FIG. 1 is a schematic cross-sectional view showing
a structure of a gas barrier layer-formed product manufac-
tured according to an exemplary embodiment of the inven-
tion.

[0032] FIG. 2 is a schematic plan view showing a structure
of a manufacturing device of a molded product provided
with a gas barrier layer according to a first exemplary
embodiment of the invention.

[0033] FIG. 3 is a schematic side view showing a structure
of a coater in the above exemplary embodiment.

[0034] FIG. 4 is a schematic side view showing a structure
of a surface modifier in the above exemplary embodiment.
[0035] FIG. 5 is a schematic illustration showing a struc-
ture of a manufacturing device of a molded product provided
with a gas barrier layer according to a second exemplary
embodiment of the invention.

[0036] FIG. 6 is a schematic illustration showing a struc-
ture of a surface modifier in the above exemplary embodi-
ment.

[0037] FIG. 7 is a schematic plan view showing a structure
of a manufacturing device of a molded product provided
with a gas barrier layer according to a third exemplary
embodiment of the invention.

[0038] FIG. 8 is a schematic plan view showing a structure
of a manufacturing device of a molded product provided
with a gas barrier layer according to a fourth exemplary
embodiment of the invention.

[0039] FIG. 9is a schematic plan view showing a structure
of a manufacturing device of a molded product provided
with a gas barrier layer according to a fifth exemplary
embodiment of the invention.

[0040] FIG. 10 is a schematic plan view showing a struc-
ture of a manufacturing device of a molded product provided
with a gas barrier layer according to a sixth exemplary
embodiment of the invention.

[0041] FIG. 11 is a schematic side view showing a struc-
ture of a coater in the sixth exemplary embodiment.
[0042] FIG. 12 is a schematic side view showing a struc-
ture of a surface modifier in the sixth exemplary embodi-
ment.

[0043] FIG. 13 is a schematic illustration showing a struc-
ture of a manufacturing device of a molded product provided
with a gas barrier layer according to a seventh exemplary
embodiment of the invention.

DESCRIPTION OF EMBODIMENT(S)

[0044] Exemplary embodiments of the invention will be
described below with reference to the attached drawings.
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[1] Structure of Gas Barrier Layer-Formed Product

[0045] A gas barrier layer-formed product is a molded
product provided with a gas barrier layer. The gas barrier
layer is preferably formed at any portion of the molded
product. The portion where the gas barrier layer is formed is
appropriately selected according to usage of the gas barrier
layer-formed product. For instance, the gas barrier layer is
preferably formed on a surface of the molded product.

[0046] The molded product may be of any nature.
Examples of the molded product include plate-like compo-
nents, various containers and various electronic device com-
ponents. Examples of the plate-like components include a
film, sheet and plate. Examples of the various containers
include a food container, drink container, cosmetics con-
tainer, clothing item container, medicine container, and
bottles such as a food bottle, drink bottle, cooking oil bottle,
and seasoning bottle. Examples of the electronic device
components include an organic EL device, liquid crystal
device, quantum dot device, electronic paper device, organic
solar cell device, thin-film battery, organic thin-film transis-
tor device, organic sensor device and Micro Electro
Mechanical Systems (MEMS) device. In the exemplary
embodiments, even a thin plate-like component and an
elongated plate-like component are usable as the molded
product.

[0047] A gas barrier film will be described below as an
example of the gas barrier layer-formed product.

[0048] FIG. 1 shows a gas barrier film 1 according to an
exemplary embodiment of the invention. The gas barrier
film 1 is manufactured by forming a gas barrier layer 2 on
a molded product 3.

[0049] The gas barrier layer 2 is formed of polysilazane to
have a thickness approximately from 10 nm to 500 nm.

[0050] When the thickness of the polysilazane layer is
approximately from 10 nm to 500 nm, a refractive index of
the gas barrier layer 2 is easily controllable and the gas
barrier layer 2 is stably formable to provide the gas barrier
film 1 having an excellent gas barrier property and an
excellent transparency (total light transmissivity).

[0051] When the thickness of the polysilazane layer is
approximately from 10 nm to 500 nm, the gas barrier layer
2 exhibits an excellent flexibility and a favorable adherence
to the molded product.

[0052] When the thickness of the polysilazane layer is less
than 10 nm, it is sometimes difficult to control the thickness
to be uniform and/or to control the refractive index.

[0053] Moreover, when the thickness of the polysilazane
layer is less than 10 nm, a mechanical strength of the gas
barrier film 1 is sometimes decreased and a steam transmis-
sivity is sometimes increased to provide an insufficient gas
barrier property.

[0054] On the other hand, when the thickness of the
polysilazane layer exceeds 500 nm, it is sometimes difficult
to control the refractive index. Further, when the gas barrier
film 1 has the gas barrier layer in a form of the polysilazane
layer having the thickness exceeding 500 nm, flexibility of
the gas barrier film 1 is sometimes excessively decreased,
adherence between the gas barrier layer 2 and the molded
product 3 and the like is sometimes excessively decreased,
and transparency of the gas barrier layer 2 is sometimes
excessively decreased.
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[0055] A polysilazane material used for forming the poly-
silazane layer is a polymer compound having a repeating
unit including a bond of —Si—N— (silazane bond) in a
molecule.

[0056] Specifically, a polysilazane compound is prefer-
ably a compound having a repeating unit represented by a
formula (1) below.

[0057] A number average molecular weight of the poly-
silazane compound to be used is not particularly limited. The
number average molecular weight of the polysilazane com-
pound preferably ranges from 100 to 50000.

Formula 1
M
Rx Rz
L]
b
[0058] In the formula (1), Rx, Ry and Rz each indepen-

dently represent a hydrogen atom or a non-hydrolyzable
group such as a substituted or unsubstituted alkyl group, a
substituted or unsubstituted cycloalkyl group, a substituted
or unsubstituted alkenyl group, a substituted or unsubsti-
tuted aryl group, or an alkylsilyl group. A suffix “n” repre-
sents any natural number.

[0059] Examples of the alkyl group in the above “substi-
tuted or unsubstituted alkyl group” include alkyl groups
having 1 to 10 carbon atoms such as a methyl group, ethyl
group, n-propyl group, isopropyl group, n-butyl group,
isobutyl group, sec-butyl group, t-butyl group, n-pentyl
group, isopentyl group, neopentyl group, n-hexyl group,
n-heptyl group, and n-octyl group.

[0060] Examples of the cycloalkyl group in the above
“substituted or unsubstituted cycloalkyl group” include
cycloalkyl groups having 3 to 10 carbon atoms such as a
cyclobutyl group, cyclopentyl group, cyclohexyl group, and
cycloheptyl group.

[0061] Examples of the alkenyl group in the above “sub-
stituted or unsubstituted alkenyl group” include alkenyl
groups having 2 to 10 carbon atoms such as a vinyl group,
1-propenyl group, 2-propenyl group, 1-butenyl group,
2-butenyl group, and 3-butenyl group.

[0062] Examples of a substituent that may substitute the
alkyl group, cycloalkyl group, and alkenyl group include:
halogen atom such as a fluorine atom, chlorine atom, bro-
mine atom, and iodine atom; hydroxyl group; thiol group;
epoxy group; glycidoxy group; (meth)acryloyloxy group; a
substituted or unsubstituted aryl group such as a phenyl
group, 4-methylphenyl group, and 4-chlorophenyl group.
[0063] Examples of the above substituted or unsubstituted
aryl group include aryl groups having 6 to 10 carbon atoms
such as a phenyl group, 1-naphthyl group, and 2-naphthyl
group.

[0064] Examples of a substituent that may substitute the
aryl group include: halogen atom such as a fluorine atom,
chlorine atom, bromine atom, and iodine atom; an alkyl
group having 1 to 6 carbon atoms such as a methyl group and
ethyl group; an alkoxy group having 1 to 6 carbon atoms
such as a methoxy group and ethoxy group; nitro group;
cyano group; hydroxyl group; thiol group; epoxy group;
glycidoxy group; (meth)acryloyloxy group; a substituted or
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unsubstituted aryl group such as a phenyl group, 4-methyl-
phenyl group, and 4-chlorophenyl group.

[0065] Examples of the alkylsilyl group include a trim-
ethylsilyl group, triethylsilyl group, triisopropylsilyl group,
tri-t-butylsilyl group, methyldiethylsilyl group, dimethylsi-
1yl group, diethylsilyl group, methylsilyl group, and ethyl-
silyl group.

[0066] Among the above examples, Rx, Ry and Rz are
preferably each independently a hydrogen atom, an alkyl
group having 1 to 6 carbon atoms, or a phenyl group,
particularly preferably a hydrogen atom.

[0067] The polysilazane compound having the repating
unit represented by the formula (1) is preferably an inorganic
polysilazane compound in which all of Rx, Ry and Rz are
hydrogen atoms.

[0068] The molded product 3 may be of any nature. When
the molded product 3 is in a form of a plate-like component,
one or a combination of two or more of the plate-like
components selected from the group consisting of a glass
plate, ceramic plate, thermoplastic resin film, thermosetting
resin film and photo-curable resin film may be used.
Examples of the thermoplastic resin film include a polyester
film, polyolefin film, polycarbonate film, polyimide film,
polyamide film, polyamideimide film, polyphenylene ether
film, polyether ketone film, polyether ether ketone film,
polysulfone film, polyethersulfone film, polyphenylene sul-
fide film, polyarylate film, acryl resin film, cycloolefin
polymer film, and aromatic polymer film. Examples of the
thermosetting resin film include an epoxy resin film, silicone
resin film, and phenol resin film. Examples of the photo-
curable resin film include a photo-curable acrylic resin film,
photo-curable urethane resin film, and photo-curable epoxy
resin film.

[0069] A thickness of the molded product 3 in a form of a
plate and a film is not particularly limited. The thickness of
the molded product 3 preferably typically ranges from 0.5
pm to 1000 um, more preferably from 1 pm to 300 pm,
further preferably from 5 pm to 200 um.

[0070] Among the examples, in view of an excellent
transparency and versatility, the molded product 3 is pref-
erably a polyester film, polyamide film, polyimide film,
polyamideimide film, polysulfone film, polyether sulfone
film, polyphenylene sulfide film, polyarylate film or
cycloolefin polymer film, more preferably a polyester film,
polyamide film or cycloolefin polymer film.

[0071] Specific examples of the polyester film include
films made of polyethylene terephthalate, polybutylene
terephthalate, polyethylene naphthalate, polyarylate or the
like.

[0072] Specific examples of the polyamide film include
films made of all aromatic polyamides, nylon 6, nylon 66, or
nylon copolymer.

[2] First Exemplary Embodiment

[0073] A first exemplary embodiment of a manufacturing
device and a manufacturing method of a gas barrier film 1
as a gas barrier layer-formed product will be described. The
manufacturing device of the gas barrier film is also usable as
a manufacturing device of a gas barrier layer.

Manufacturing Device of Gas Barrier Film

[0074] FIG. 2 schematically shows a plan view of a
manufacturing device 4 of the gas barrier film according to
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the first exemplary embodiment. The manufacturing device
4 of the gas barrier film includes a drier 5 set in the middle
of the manufacturing device, a coater 6, a surface modifier
7, and a load lock chamber 8.

[0075] In the manufacturing device 4 of the gas barrier
film, the coater 6, the drier 5, the surface modifier 7, and the
load lock chamber 8 are consecutively connected.

[0076] Each of the coater 6, the surface modifier 7, and the
load lock chamber 8 includes an opening for loading and
unloading the molded product 3 (hereinafter, also referred to
as a “transfer opening”). The respective openings of the
coater 6, the surface modifier 7, and the load lock chamber
8 are disposed facing the drier 5. The openings of the coater
6, the surface modifier 7, and the load lock chamber 8 are
respectively blocked with a gate shutter 6A, a gate shutter
7A, and a gate shutter 8 A which are openable and closeable
partitions with respect to the drier 5.

[0077] The drier 5 is configured to dry the gas barrier layer
2 formed of the gas barrier material applied by the coater 6.
[0078] A transfer robot 9 as a transfer unit is disposed at
the center of the drier 5. The transfer robot 9 includes: a
column 10 rotatable by a motor (not shown); a pair of arms
11 horizontally projecting from the column 10; and a plat-
form 12 attached to leading ends of the arms 11.

[0079] The pair of arms 11 are expandable in a direction
away from the column 10. By expanding the arms 11, the
molded product 3 of the gas barrier film 1, which is mounted
on the platform 12, can be carried into the coater 6, the
surface modifier 7, and the load lock chamber 8.

[0080] The load lock chamber 8 is connected to the drier
5. The load lock chamber 8 includes: an opening provided
facing the drier 5; and a transfer gate 8B. The opening of the
load lock chamber 8 is blocked with the gate shutter 8A as
a partition. In order to carry the molded product 3 into the
manufacturing device 4, the molded product 3 is carried
through the transfer gate 8B and a door of the transfer gate
8B is closed, and subsequently, the gate shutter 8 A facing the
drier 5 is opened and the molded product 3 is carried by the
transfer robot 9.

[0081] The coater 6 is configured to coat the molded
product 3 with the gas barrier material to form the gas barrier
layer 2. The coater 6 is connected to the drier 5. The gas
barrier layer 2 before being subjected to heating is some-
times referred to as a gas barrier material layer or a poly-
silazane layer.

[0082] As shown in FIG. 3, the coater 6 includes a top
board 13, a bottom board 14, a backboard 15, and a pair of
sideboards 16. The coater 6 has an opening facing the drier
5. The opening of the coater 6 is blocked with the gate
shutter 6A as a partition.

[0083] An inside of the coater 6 is isolated from an
outside. Since the inside of the coater 6 is isolated from the
outside, undesired dust and the like can be prevented from
adhering on the molded product 3 when the gas barrier layer
2 is formed on the molded product 3. In order to prevent a
progress of a polysilazane conversion reaction in the inside
of the coater 6 isolated from the outside, the gas barrier
material is applied at an atmospheric pressure under nitrogen
atmosphere.

[0084] A pair of rails 17 are provided to the respective
sideboards 16 in the coater 6. A die coater 18 is slidably
attached to the pair of rails 17.

[0085] The die coater 18 is configured to slide on the rails
17 by a drive motor (not shown). The die coater 18 includes
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a pair of dies 19 having narrow leading ends. A lip 20 is
defined between the pair of dies 19. The gas barrier material
such as polysilazane is applied through the lip 20 to a surface
of'the molded product 3. An interval between the pair of dies
19 is adjustable. A coating amount of the gas barrier material
is adjustable by adjusting a width of the lip 20.

[0086] The gas barrier material is fed into the lip 20
through a delivery hose 21. Specifically, the gas barrier
material is fed into the lip 20 through the delivery hose 21
from a tank (not shown) storing the gas barrier material by
a pump configured to transfer the gas barrier material from
the tank.

[0087] Inorderto apply the gas barrier layer 2 at a uniform
thickness, for instance, it is preferable to blend an organic
solvent and the like with a polysilazane compound to
provide a liquid and apply the liquid onto the molded
product 3.

[0088] A coating method of the gas barrier material onto
the molded product 3 in the coater 6 is not limited to the
above method. As the coating method of the gas barrier
material, various known methods such as a screen printing,
knife coating, roll coating, inkjet coating, spin coating, spray
coating, gravure coating and bar coating may be used.
[0089] Heating conditions in the drier 5 preferably include
a heating temperature ranging from 50 degrees C. to 200
degrees C. and a heating time ranging from 30 seconds to 60
minutes.

[0090] By setting such heating conditions, the gas barrier
layer 2 formed of polysilazane can be dried to form a film
without damaging the molded product 3 and the like, so that
the gas barrier film 1 having an extremely excellent gas
barrier property can be stably produced. The heating con-
ditions more preferably include the heating temperature
ranging from 60 degrees C. to 180 degrees C. and the
heating time ranging from 1 minute to 50 minutes, further
preferably the heating temperature ranging from 70 degrees
C. to 150 degrees C. and the heating time ranging from 2
minutes to 30 minutes. The heating conditions in the drier 5
are not limited to the above conditions. Various drying units
are usable as the drier 5 as long as being capable of drying
the gas barrier layer 2. Examples of the drying units include
ahot air heater and an IR heater. The gas barrier layer 2 dried
by the drier 5 is sometimes referred to as a modified
polysilazane layer. In order to control a polysilazane con-
version reaction in the drier 5, the gas barrier material is
dried at the atmospheric pressure under nitrogen atmosphere
or under humidified atmosphere.

[0091] The surface modifier 7 is configured to modify a
surface of the gas barrier layer 2 (a modified polysilazane
layer) dried by the drier 5. The surface modifier 7 injects
plasma ions into the gas barrier layer 2 to modify the surface
of the gas barrier layer 2.

[0092] As shown in FIG. 4, the surface modifier 7 includes
a chamber including a top board 22, a bottom board 23, a
backboard 24, and a pair of sideboards 25 opposed to each
other. The surface modifier 7 is connected to the drier 5. The
surface modifier 7 has an opening facing the drier 5. The
opening of the surface modifier 7 is blocked with the gate
shutter 7A as a partition.

[0093] An inside of the surface modifier 7 is isolated from
the outside. A gas inlet 26 penetrating the surface modifier
7 is provided on one of the sideboards 25 of the surface
modifier 7. An exhaust outlet 27 is provided at an upper part
of the backboard 24.
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[0094] An electrode 28 is provided in the inside of the
surface modifier 7. A high-frequency power source 29A and
a high-voltage pulse power source 29B are connected as a
voltage applying unit to the electrode 28. The top board 22,
the bottom board 23, the backboard 24, and the pair of
sideboards 25 are made of a metallic plate and grounded.
[0095] A basic method of injecting plasma ions using the
surface modifier 7 is exemplified by a method of injecting
ions (cations) present in plasma onto a surface of the
modified polysilazane layer, the method including plasma
generation under atmosphere containing a plasma genera-
tion gas (e.g., noble gas) and application of a negative high
voltage pulse.

[0096] Specifically, gas is injected through the gas inlet 26
into the chamber, the high-frequency power source 29A is
turned on to generate plasma on the surface of the gas barrier
layer 2 and subsequently the high-voltage pulse power
source 29B is turned on to apply a high voltage to the
electrode 28, thereby injecting plasma ions.

[0097] The ions injected to the gas barrier layer 2 may be
of any nature. Examples of the ions injected to the gas
barrier layer 2 include ions shown in (a) to (k) below.

(a) ions of noble gases such as argon, helium, neon, krypton
and xenon;

(b) ions of fluorocarbon, hydrogen, nitrogen, oxygen, carbon
dioxide, chlorine, water, fluorine and sulfur; and ammonia;
(a) ions of alkane gases such as methane, ethane, propane,
butane, pentane and hexane;

(d) ions of alkene gases such as ethylene, propylene, butene
and pentene;

(e) ions of alkadiene gases such as pentadiene and butadi-
ene;

() ions of alkyne gases such as acetylene and methyl
acetylene;

(g) ions of aromatic hydrocarbon gases such as benzene,
toluene, xylene, indene, naphthalene and phenanthrene;
(h) ions of cycloalkane gases such as cyclopropane and
cyclohexane;

(1) ions of cycloalkene gases such as cyclopentene and
cyclohexane;

(j) ions of conductive metals such as gold, silver, copper,
platinum, nickel, palladium, chrome, titanium, molybde-
num, niobium, tantalum, tungsten and aluminum; and

(k) ions of silane (SiH,) or an organic silicon compound.
[0098] Among the above ions, the ions of at least one
selected from the group consisting of hydrogen, nitrogen,
oxygen, water, argon, helium, neon, xenon and krypton are
preferable since the ions can be more easily injected to a
predetermined depth of the gas barrier layer 2 to obtain the
gas barrier film 1 stably having an excellent gas barrier
property even though the gas barrier film 1 is a thin film.
[0099] A pressure for injecting the plasma ions into the
chamber when injecting the ions is preferably in a range
from 0.01 Pa to 1 Pa.

[0100] When the pressure for injecting the plasma ions
falls within the above range, the ions can be injected easily,
efficiently and uniformly, so that the gas barrier film 1
having both of flexural resistance and gas barrier property
can be efficiently formed.

[0101] The pressure for injecting the plasma ions is more
preferably in a range from 0.02 Pa to 0.8 Pa, further
preferably in a range from 0.03 Pa to 0.6 Pa.

[0102] A voltage applied when injecting the ions is pref-
erably in a range from -1 kV to =50 kV.
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[0103] Next, an operation of the manufacturing device 4
of the gas barrier film according to the first exemplary
embodiment will be described. It should be noted that the
molded product 3 in the first exemplary embodiment is a thin
plate-like component (film).

[0104] A controller (not shown) such as a computer is
connected to the manufacturing device 4 of the gas barrier
film. The controller is configured to perform not only a
typical transfer process control of a semiconductor manu-
facturing device but also a coating amount control to adjust
an opening size of the lip 20 of the die coater 18 in the coater
6, humidity adjustment and temperature control in the drier
5, and an electrode adjustment control and applied voltage
adjustment control in the surface modifier 7.

Manufacturing Method of Gas Barrier Film

[0105] In a manufacturing method of the gas barrier
layer-formed product (gas barrier film 1) according to the
exemplary embodiment, the manufacturing device 4 of the
gas barrier film is used as a gas barrier layer-manufacturing
device.

[0106] The manufacturing method of the gas barrier film
1 according to the exemplary embodiment includes: coating
the surface of the molded product 3 with the gas barrier
material in the coater 6; subsequently carrying the molded
product 3 coated with the gas barrier material into the drier
5; drying the applied gas barrier material in the drier 5;
carrying the molded product 3 to the surface modifier 7 after
the gas barrier material is dried; and modifying a surface of
the dried gas barrier material in the surface modifier 7.
[0107] An example of the manufacturing method of the
gas barrier film 1 using the manufacturing device 4 of the
gas barrier film will be described below.

[0108] Firstly, the molded product 3 is fed to the load lock
chamber 8 through the transfer gate 8B and a door of the
transfer gate 8B is closed. After the door is closed, the gate
shutter 8A is opened and the molded product 3 is carried out
of the load lock chamber 8 by the transfer robot 9. The
transfer robot 9 revolves to carry the molded product 3 to a
front of the coater 6. After the gate shutter 6 A of the coater
6 is opened, the transfer robot 9 carries the molded product
3 to an inside of the coater 6.

[0109] After the molded product 3 is placed at a prede-
termined position inside the coater 6, the gate shutter 6A is
closed and the die coater 18 slides along the rails 17 and
coats the surface of the molded product 3 with the gas barrier
material to form the gas barrier layer 2.

[0110] After the gas barrier layer 2 is formed, the gate
shutter 6A is opened, the transfer robot 9 carries the molded
product 3 out of the coater 6 to the drier 5 and holds the
molded product 3 in the drier 5 for a predetermined time to
dry the gas barrier material of the gas barrier layer 2.
[0111] After the molded product 3 is dried by the drier 5,
the transfer robot 9 transfers the molded product 3 to the
front of the surface modifier 7. When the gate shutter 7A is
opened, the transfer robot 9 carries the molded product 3
into the surface modifier 7. After the molded product 3 is
loaded, an argon gas or the like is injected into the surface
modifier 7 through the gas inlet 26 while air inside the
surface modifier 7 is removed through the exhaust outlet 27,
and the high-frequency power source 29A and the high-
voltage pulse power source 29B apply voltage, thereby
injecting plasma ions.
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[0112] After the plasma ions are injected, air is injected
into the surface modifier 7. When an internal pressure of the
surface modifier 7 reaches the atmospheric pressure, the
transfer robot 9 carries the molded product 3 out of the
surface modifier 7 and carries the molded product 3 into the
load lock chamber 8. An operator takes out the molded
product 3 having the gas barrier layer 2 (i.e., the gas barrier
film 1) through the transfer gate 8B.

[0113] According to the exemplary embodiment, the fol-
lowing advantages are obtainable.

[0114] Since the coater 6, the drier 5, and the surface
modifier 7 are consecutively connected, the molded product
3 can be transferred in a short time by the transfer robot 9,
so that the gas barrier film 1 can be efficiently manufactured.
[0115] Moreover, since a transfer time of the molded
product 3 is shortened, it is reducible for the gas barrier layer
2 to react with moisture in the air during the transfer, so that
generation of defects or the like on the gas barrier layer 2 is
preventable.

[0116] In short, with the manufacturing device and the
manufacturing method according to the exemplary embodi-
ment, a gas barrier film having a favorable gas barrier
property can be manufactured.

[0117] After the gas barrier layer 2 is formed on the
surface of the molded product 3 by the coater 6, drying of
the gas barrier layer 2 by the drier 5 can be started simply
by the transfer robot 9 carrying the molded product 3 out of
the coater 6. Accordingly, the gas barrier layer 2 can be dried
in the drier 5 during being transferred from the coater 6 to
surface modifier 7, so that the gas barrier film 1 can be
further efficiently manufactured.

[3] Second Exemplary Embodiment

[0118] Next, a second exemplary embodiment of the
invention will be described. It should be noted that an
explanation of components identical to the components
already explained will be omitted herein below.

Manufacturing Device of Gas Barrier Film

[0119] Inthe first exemplary embodiment, the thin molded
product 3 is transferred to the coater 6, the drier 5, and the
surface modifier 7 using the transfer robot 9, thereby coat-
ing, drying and surface-modifying the gas barrier layer 2.
[0120] However, a manufacturing device 30 of a gas
barrier film according to the second exemplary embodiment
is different from the manufacturing device 4 of the gas
barrier film according to the first exemplary embodiment in
that the manufacturing device 30 manufactures the gas
barrier film by a so-called roll-to-roll method. As shown in
FIG. 5, the manufacturing device 30 of the gas barrier film
in the exemplary embodiment transfers an elongated base
material 3A and an elongated base material 3B, which are
rolled as a molded product, using a drive roller 35 and a
drive roller 36. During the transfer, the elongated base
material 3A and the elongated base material 3B are sub-
jected to processings in a coater 32, a drier 33, and a surface
modifier 34. It should be noted that the elongated base
material 3A and the elongated base material 3B are the
molded product in a form of a film. The word of “clongated”
means, for instance, that a length of the material is ten times
or more as long as a width thereof.

[0121] As shown in FIG. 5, the manufacturing device 30
of the gas barrier film in the exemplary embodiment
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includes a chamber 31, the coater 32, the drier 33, the
surface modifier 34, the drive roller 35, the drive roller 36,
a partition 37, and a partition 38.

[0122] The manufacturing device 30 is entirely housed in
the chamber 31. Specifically, the coater 32, the drier 33, the
surface modifier 34, the drive roller 35, the drive roller 36,
the partition 37, and the partition 38 are housed in the
chamber 31.

[0123] The chamber 31 has a gas inlet 31A and an exhaust
outlet 31B each penetrating the chamber 31. When feeding
the base materials in A direction in FIG. 5, since the base
materials are subjected to coating and drying, an inside of
the chamber 31 is at the atmospheric pressure under nitrogen
atmosphere. On the other hand, when feeding the base
materials in B direction in FIG. 5, since plasma ions are
injected, the inside of the chamber 31 is at a low pressure
under argon atmosphere. Conditions for each of the coating,
drying and injecting plasma ions are the same as those in the
first exemplary embodiment.

[0124] The coater 32 includes a die coater 39 and a backup
roller 40 as a support roller. The elongated base material 3A
is wound around the backup roller 40. The die coater 39 is
disposed opposite to the backup roller 40 across the elon-
gated base material 3A. The die coater 39 coats the elon-
gated base material 3A with the gas barrier material.
[0125] The drier 33 includes a plurality of transfer rollers
41 and a heater 42.

[0126] The plurality of transfer rollers 41 transfer the
elongated base material 3A wound around a winding shaft
X.

[0127] The plurality of transfer rollers 41 are disposed
opposite to the heater 42 across the elongated base material
3A. The gas barrier layer on the elongated base material 3A
is dried by heat of the heater 42.

[0128] The number of the transfer rollers 41 and a length
of the heater 42 may be determined as needed according to
a feeding speed of the elongated base material 3A and a
heating temperature of the heater 42.

[0129] The surface modifier 34 includes a plurality of
plasma ion injecting units 43 as described in detail later. The
surface modifier 34 is configured to inject plasma ions into
the gas barrier layer formed on the elongated base material
3A.

[0130] It should be noted that coating conditions in the
coater 32, drying conditions in the drier 33, and surface-
modifying conditions in the surface modifier 34 are the same
as those in the first exemplary embodiment.

[0131] Each of the drive roller 35 and the drive roller 36
has a drive motor (not shown) at its shaft. The elongated
base material 3A in a roll can be fed by the drive roller 35
in the A direction and can be wound around a winding shaft
Y by the drive roller 36. When feeding the elongated base
material 3A in the A direction, the drive roller 35 serves as
a feeding roller and the drive roller 36 serves as a winding
roller. The elongated base material 3B can be fed by the
drive roller 36 in the B direction and can be wound around
a winding shaft X by the drive roller 35. When feeding the
elongated base material 3B in the B direction, the drive
roller 35 serves as a winding roller and the drive roller 36
serves as a feeding roller.

[0132] The partition 37 is provided between the coater 32
and the drier 33. The partition 38 is provided between the
drier 33 and the surface modifier 34. Processing units (the
coater 32, the drier 33 and the surface modifier 34) are
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separated from each other with the partition 37 and the
partition 38. Each of the partition 37 and the partition 38 has
a slit through which the elongated base material 3A and the
elongated base material 3B pass.

[0133] Each of the plasma ion injecting units 43 forming
the surface modifier 34 includes an electrode roller 44, a
high-frequency power source 45, a high-voltage pulse power
source 46, an electrode member 47 (electrode), and a guide
roller 48 as shown in FIG. 6.

[0134] The elongated base material 3B is wound around
the electrode roller 44. The electrode roller 44 is electrically
connected to the high-frequency power source 45 and the
high-voltage pulse power source 46 which serve as a voltage
applying unit. A structure and an operation of each of the
high-frequency power source 45 and the high-voltage pulse
power source 46 are the same as those in the first exemplary
embodiment.

[0135] The electrode member 47 is disposed opposite to
the electrode roller 44 across the elongated base material 3B.
The electrode member 47 is disposed along an outer cir-
cumference of the electrode roller 44 in a manner to sur-
round the electrode roller 44. The electrode member 47 is
grounded.

[0136] The guide roller 48 is configured to introduce the
elongated base material 3B to the electrode roller 44 and
guide the elongated base material 3B to the next one of the
plasma ion injecting units 43.

[0137] In the exemplary embodiment, a plurality of
plasma ion injecting units 43 are used. The number of the
plasma ion injecting units 43 may be set as needed according
to a required frequency of injecting plasma ions.

[0138] Next, an operation of the second exemplary
embodiment will be described.

[0139] A controller such as a computer is connected to the
manufacturing device 30 of the gas barrier film. The con-
troller is configured to perform not only feeding and winding
control of the elongated base material 3A and the elongated
base material 3B and a coating amount control of the gas
barrier material in the coater 32 but also humid adjustment
and temperature control in the drier 33, and an electrode
adjustment control and applied voltage adjustment control in
the surface modifier 7.

Manufacturing Method of Gas Barrier Film

[0140] In a manufacturing method of the gas barrier
layer-formed product (an elongated gas barrier film) accord-
ing to the exemplary embodiment, the manufacturing device
30 of the gas barrier film is used as a gas barrier layer-
manufacturing device.

[0141] The manufacturing method of the gas barrier film
according to the exemplary embodiment includes: feeding
the elongated base material 3A; coating the surface of the
elongated base material 3A with the gas barrier material in
the coater 32; carrying the elongated base material 3A
coated with the gas barrier material into the drier 33; drying
the coated gas barrier material in the drier 33; winding the
elongated base material 3A after the gas barrier material is
dried; subsequently feeding the wound elongated base mate-
rial 3A as the elongated base material 3B; carrying the
elongated base material 3B to the surface modifier 34; and
modifying a surface of the dried gas barrier material in the
surface modifier 34. After drying the gas barrier material and
before modifying the surface, a step of changing an atmo-
sphere inside the gas barrier layer-manufacturing device
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from the atmosphere in the drying is preferably performed.
Changing of the atmosphere inside the gas barrier layer-
manufacturing device is exemplified by changing a nitrogen
atmosphere to an argon atmosphere.

[0142] An example of the manufacturing method of the
elongated gas barrier film using the manufacturing device 30
of the gas barrier film will be described below.

[0143] Firstly, an inside of the chamber 31 is set at the
atmospheric pressure under nitrogen atmosphere. Next, the
drive roller 35 is rotated in the feeding direction to feed the
elongated base material 3A, which is wound around the
winding shaft X, in the A direction. The die coater 39 of the
coater 32 coats the elongated base material 3A with the gas
barrier material. After coating of the gas barrier material, the
gas barrier layer is dried by the heater 42 of the drier 33. The
elongated base material 3A is wound around the winding
shaft Y by the drive roller 36.

[0144] Next, after the inside of the chamber 31 is changed
to a low pressure under argon atmosphere, a rotation direc-
tion of the drive roller 36 is reversed to feed the elongated
base material 3B, which is wound around the winding shaft
Y, in the B direction.

[0145] The surface modifier 34 injects plasma ions into the
gas barrier layer on the elongated base material 3B to modify
the surface of the gas barrier layer.

[0146] After the surface is modified, the elongated base
material 3B is wound around the winding shaft X by the
drive roller 35.

[0147] In case where a plurality of gas barrier layers are
layered, the above steps are repeated according to the
number of the layers.

[0148] According to the second exemplary embodiment,
the following advantages are obtainable in addition to the
above-described advantages of the first exemplary embodi-
ment.

[0149] With the manufacturing device and the manufac-
turing method according to the second exemplary embodi-
ment, the die coater 39 can continuously coat the elongated
base material 3A fed by the drive roller 35 with the gas
barrier material, the heater 42 can dry the gas barrier
material on the transfer rollers 41, and the high-frequency
power source 45 and the high-voltage pulse power source 46
can modify the surface of the gas barrier layer on the
elongated base material 3B fed by the drive roller 36.
Accordingly, with the manufacturing device and the manu-
facturing method according to the exemplary embodiment,
a gas barrier film can be manufactured continuously and
quickly.

[4] Third Exemplary Embodiment

[0150] Next, a third exemplary embodiment of the inven-
tion will be described. It should be noted that an explanation
of components identical to the components already
explained will be omitted herein below.

Manufacturing Device of Gas Barrier Film

[0151] In the first exemplary embodiment, a space where
the transfer robot 9 is disposed also functions as the drier 5.
In the first exemplary embodiment, the transfer robot 9 as
the transfer unit is housed in the drier 5.

[0152] In contrast, a manufacturing device 50 of a gas
barrier film according to the third exemplary embodiment is
different from the manufacturing device 4 of the gas barrier
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film according to the first exemplary embodiment in that the
drier 5 is independent of a space 9A where the transfer robot
9 is disposed.

[0153] The manufacturing device 50 of the gas barrier film
includes a transfer chamber 90 provided in the middle of the
manufacturing device, the drier 5, the coater 6, the surface
modifier 7, and the load lock chamber 8.

[0154] An inside of the transfer chamber 90 is defined as
the space 9A. The transfer robot 9 is disposed in the space
9A. A pair of arms of the transfer robot 9 are expandable in
a direction away from the column 10. By expanding the
arms 11, the molded product 3 mounted on the platform 12
can be carried into the drier 5, the coater 6, the surface
modifier 7, and the load lock chamber 8.

[0155] In the manufacturing device 50 of the gas barrier
film, the transfer chamber 90, the coater 6, the drier 5, the
surface modifier 7, and the load lock chamber 8 are con-
secutively connected.

[0156] The drier 5 is connected to the transfer chamber 90.
The drier 5 has an opening facing the space 9A of the
transfer chamber 90. The opening of the drier 5 is blocked
with a gate shutter 5A.

[0157] The coater 6 is connected to the transfer chamber
90. The coater 6 has an opening facing the space 9A of the
transfer chamber 90. The opening of the coater 6 is blocked
with the gate shutter 6A.

[0158] The surface modifier 7 is connected to the transfer
chamber 90. The surface modifier 7 has an opening facing
the space 9A of the transfer chamber 90. The opening of the
surface modifier 7 is blocked with the gate shutter 7A.

[0159] The load lock chamber 8 is connected to the
transfer chamber 90. The load lock chamber 8 includes: an
opening provided facing the transfer chamber 90; and the
transfer gate 8B. The opening of the load lock chamber 8 is
blocked with the gate shutter 8 A. The coater 6, the drier 5,
the surface modifier 7 and the load lock chamber 8 are
consecutively connected in an anticlockwise order around
the space 9A of the transfer chamber 90.

[0160] The structure and the operation of the coater 6, the
drier 5, the surface modifier 7 and the load lock chamber 8
are the same as those in the first exemplary embodiment.

Manufacturing Method of Gas Barrier Film

[0161] In a manufacturing method of the gas barrier
layer-formed product (gas barrier film) according to the third
exemplary embodiment, the manufacturing device 50 of the
gas barrier film is used as a gas barrier layer-manufacturing
device. The molded product 3 in the third exemplary
embodiment is a thin plate-like component.

[0162] The manufacturing method of the gas barrier film
according to the third exemplary embodiment includes:
coating the surface of the molded product 3 with the gas
barrier material in the coater 6; transferring the molded
product 3 coated with the gas barrier material into the
transfer chamber 90 through the transfer opening of the drier
5 and transferring the molded product 3 transferred from the
coater 6 into the drier 5 through the transfer opening of the
drier 5; drying the coated gas barrier material in the drier 5;
after the gas barrier material is dried, transferring the molded
product 3 into the transfer chamber 90 through the transfer
opening of the drier 5 and transferring the molded product
3 transferred from the drier 5 into the surface modifier 7
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through the transfer opening of the surface modifier 7; and
modifying a surface of the dried gas barrier material in the
surface modifier 7.

[0163] An example of the manufacturing method of the
gas barrier film using the manufacturing device 50 of the gas
barrier film will be described below.

[0164] In the third exemplary embodiment, since a pro-
cedure from the step of carrying the molded product 3 into
the load lock chamber 8 to the step of coating the surface of
the molded product 3 of the coater 6 with the gas barrier
material (i.e., coating step) is the same as in the first
exemplary embodiment, an explanation of the procedure
will be omitted.

[0165] After the coating step is finished, the transfer robot
9 carries the molded product 3 to a front of the drier 5. After
the gate shutter 5A is opened, the transfer robot 9 carries the
molded product 3 into the drier 5 and further places the
molded product 3 at a predetermined position. The gas
barrier layer 2 is dried in the drier 5. Heating conditions in
the drier 5 are the same as those in the first exemplary
embodiment.

[0166] After drying of the gas barrier layer 2 in the drier
5 is finished, the gate shutter SA is opened, the transfer robot
9 carries the molded product 3 out of the drier 5 and then
carries the molded product 3 into the surface modifier 7,
where plasma ions injection is performed in the same
manner as in the first exemplary embodiment.

[0167] After the plasma ion injection is finished, a step of
taking out the gas barrier film 1 through the transfer gate 8B
is the same as in the first exemplary embodiment, an
explanation of the step will be omitted.

[0168] According to the third exemplary embodiment, the
same operation and the advantages as in the first exemplary
embodiment are obtainable.

[0169] Further, with the manufacturing device according
to the third exemplary embodiment, after the surface modi-
fication step, the gas barrier film can be taken out of the
manufacturing device through the transfer chamber 90 and
the load lock chamber 8 without passing through the drier 5.

[5] Fourth Exemplary Embodiment

[0170] Next, a fourth exemplary embodiment of the inven-
tion will be described. It should be noted that an explanation
of components identical to the components already
explained will be omitted herein below.

Manufacturing Device of Gas Barrier Film

[0171] FIG. 8 shows a schematic plan view of a structure
of'a manufacturing device 60 of a gas barrier film according
to the fourth exemplary embodiment.

[0172] The manufacturing device 60 of the gas barrier film
is mainly different from the manufacturing device 4 of the
gas barrier film according to the first exemplary embodiment
in that the manufacturing device 60 includes a measuring
unit 100 for measuring the gas barrier layer 2.

[0173] The manufacturing device 60 of the gas barrier film
includes the drier 5 set in the middle of the manufacturing
device, the coater 6, the surface modifier 7, the load lock
chamber 8, and the measuring unit 100. A pair of arms of the
transfer robot 9 are expandable in a direction away from the
column 10. By expanding the arms 11, the molded product
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3 mounted on the platform 12 can be carried into the coater
6, the surface modifier 7, the measuring unit 100, and the
load lock chamber 8.

[0174] The structure and the operation of the coater 6, the
drier 5, the surface modifier 7 and the load lock chamber 8
are the same as those in the first exemplary embodiment.
[0175] The measuring unit 100 is configured to measure at
least one of the gas barrier material applied by the coater 6,
the gas barrier material dried in the drier 5, and the gas
barrier material modified in the surface modifier 7. In other
words, the measuring unit 100 measures the gas barrier layer
2 formed on the molded product 3.

[0176] The measuring unit 100 is connected to the drier 5.
As shown in FIG. 8, a connection portion between the
measuring unit 100 and the drier 5 is positioned between a
connection portion between the coater 6 and the drier 5 and
a connection portion between the surface modifier 7 and the
drier 5.

[0177] The measuring unit 100 has an opening facing the
drier 5. The opening of the drier 100 is blocked with a
partition in a form of a gate shutter 100A.

[0178] A measurement item(s) of the gas barrier layer 2 by
the measuring unit 100 is preferably at least one measure-
ment item selected from the group consisting of a refractive
index, light transmissivity, light reflectivity, chromaticity,
film composition, film density, film defects and film thick-
ness.

[0179] A refractive index of the gas barrier layer 2 can be
measured according to spectroscopic ellipsometry.

[0180] A light transmissivity of the gas barrier layer 2 can
be measured according to a spectral transmittance measure-
ment method.

[0181] A light reflectivity of the gas barrier layer 2 can be
measured according to a spectral reflectance measurement
method.

[0182] A chromaticity of the gas barrier layer 2 can be
measured according to spectral colorimetry.

[0183] A film composition of the gas barrier layer 2 can be
measured according to at least one of an XPS measurement
method (X-ray photoelectron spectroscopy) and an IR mea-
surement method (infrared spectroscopy). XPS is an abbre-
viation of X-ray Photoelectron Spectroscopy. IR is an abbre-
viation of Infrared Spectroscopy.

[0184] A film density of the gas barrier layer 2 can be
measured according to an XRR measurement method (X-ray
reflection measurement method). XRR is an abbreviation of
X-ray Reflection.

[0185] Film defects of the gas barrier layer 2 can be
measured according to a method of taking an image of the
gas barrier layer 2 using at least one of a transmitted light
and a reflected light and subjecting the taken image of the
gas barrier layer 2 to an image processing.

[0186] A film thickness of the gas barrier layer 2 can be
measured according to at least one of the spectroscopic
ellipsometry, the spectral reflectance measurement method,
fluorescent X-ray spectroscopy, and a measurement method
using a contact step gauge.

[0187] A measuring device (not shown) is housed inside
the measuring unit 100. The measuring device is appropri-
ately selected depending on the measurement items and the
measurement methods. The measuring device housed inside
the measuring unit 100 is not limited to a single type. It is
only necessary that an appropriate measurement device(s)
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required according to a type and the number of the mea-
surement items is housed inside the measuring unit 100.

[0188] A controller (not shown) such as a computer is
connected to the manufacturing device 60 of the gas barrier
film in the same manner as in the first exemplary embodi-
ment. The controller in the fourth exemplary embodiment
can conduct not only the control explained in the first
exemplary embodiment but also, for instance, a control of
the measuring device of the gas barrier layer 2 in the
measuring unit 100 and collection and analysis of measure-
ment data.

Manufacturing Method of Gas Barrier Film

[0189] In a manufacturing method of the gas barrier
layer-formed product (gas barrier film) according to the
exemplary embodiment, the manufacturing device 60 of the
gas barrier film is used as a gas barrier layer-manufacturing
device. The molded product 3 in the fourth exemplary
embodiment is a thin plate-like component.

[0190] In addition to the steps of the manufacturing
method described in the first exemplary embodiment, the
manufacturing method of the gas barrier film according to
the fourth exemplary embodiment further includes measur-
ing at least one of the gas barrier material applied by the
coater 6, the gas barrier material dried by the drier 5, and the
gas barrier material modified by the surface modifier 7.

[0191] In the manufacturing method of the gas barrier film
according to the fourth exemplary embodiment, it is pref-
erable to measure the gas barrier material before the gas
barrier material is modified in the surface modifier 7.

[0192] An example of the manufacturing method of the
gas barrier film using the manufacturing device 60 of the gas
barrier film will be described below.

[0193] In the fourth exemplary embodiment, since a pro-
cedure from the step of carrying the molded product 3 into
the load lock chamber 8 to the step of drying the gas barrier
layer 2 in the drier 5 is the same as in the first exemplary
embodiment, an explanation of the procedure will be omit-
ted.

[0194] After the drying in the drier 5 is finished, the
transfer robot 9 carries the molded product 3 to a front of the
measuring unit 100. After the gate shutter 100A is opened,
the transfer robot 9 carries the molded product 3 into the
measuring unit 100 and further places the molded product 3
at a predetermined position. The gas barrier layer 2 is
measured in the measuring unit 100. Measurement items to
be measured after the gas barrier layer 2 is dried and before
the gas barrier layer 2 is subjected to the surface modifica-
tion are as described above.

[0195] After the gas barrier layer 2 is dried and before the
gas barrier layer 2 is subjected to the surface modification,
it is preferable to measure a modified polysilazane layer and
control a progress degree of a conversion reaction of a
polysilazane film and a coating film thickness.

[0196] The progress degree of the conversion reaction can
be checked by measuring at least one of a refractive index,
light reflectivity, film composition and film density of the
modified polysilazane layer. It is preferable to check the
progress degree of the conversion reaction of the polysila-
zane film by measuring the refractive index. Data on the
refractive index obtained by the refractive index measure-
ment is preferably fed back to the above-described control-
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ler. In this arrangement, the controller can suitably control
the heating conditions in the drier 5 based on the refractive
index data.

[0197] It is preferable that the refractive index of the
modified polysilazane layer after the gas barrier layer 2 is
dried and before the gas barrier layer 2 is subjected to the
surface modification is controlled in a range from 1.48 to
1.70.

[0198] By controlling the refractive index of the modified
polysilazane layer within the above range, a gas barrier film
having the gas barrier layer 2 excellent in the gas barrier
property (e.g., a steam transmissivity), transparency (e.g.,
total light transmissivity) and the like can be obtained with
the plasma ion injection in the surface modification step.
When the refractive index of the modified polysilazane layer
is less than 1.48, the steam transmissivity and an oxygen
transmissivity of the gas barrier film sometimes become
excessively high. When the refractive index of the modified
polysilazane layer exceeds 1.70, the transparency (total light
transmissivity) of the gas barrier film is sometimes exces-
sively lowered or the gas barrier film is sometimes colored.
[0199] It is more preferable that the refractive index of the
modified polysilazane layer after the gas barrier layer 2 is
dried and before the gas barrier layer 2 is subjected to the
surface modification is controlled in a range from 1.49 to
1.65, further preferably in a range from 1.50 to 1.60.
[0200] After the measurement of the gas barrier layer 2 is
finished, the gate shutter 100A is opened and the transfer
robot 9 transfers the molded product 3 from the measuring
unit 100 into the surface modifier 7.

[0201] In the fourth exemplary embodiment, since the
plasma ion injection in the surface modifier 7 is the same as
in the first exemplary embodiment, an explanation of the
plasma ion injection will be omitted.

[0202] After the surface modification, the transfer robot 9
transfers the molded product 3 from the surface modifier 7
to the measuring unit 100 and measures the gas barrier layer
2 subjected to the surface modification.

[0203] A modification degree of the modified polysilazane
layer can be checked by measuring at least one of the
refractive index, light transmissivity, light reflectivity, chro-
maticity, film composition and film density of the modified
polysilazane layer. The modification degree of the modified
polysilazane layer is preferably checked by measuring the
light transmissivity. Data on the light transmissivity
obtained by the light transmissivity measurement is prefer-
ably fed back to the above-described controller. In this
arrangement, the controller can suitably control conditions
for the plasma ion injection in the surface modifier 7 based
on the light transmissivity data.

[0204] After the measurement of the gas barrier layer 2 is
finished, the transfer robot 9 transfers the molded product 3
from the measuring unit 100. Since a subsequent procedure
until the step of taking out the gas barrier film 1 through the
transfer gate 8B is the same as in the first exemplary
embodiment, an explanation of the subsequent procedure
will be omitted.

[0205] In a process of using the polysilazane material as a
precursor of the gas barrier layer and conducting the surface
modification by injecting ions, thereby forming the gas
barrier layer, it is considered that a film state after the ion
injection (after the surface modification) greatly depends on
a state of the modified polysilazane layer before the ion
injection (i.e., after the coating and before the surface
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modification). It is considered that a control of the film state
after the surface modification is an important test item for
judging effectiveness of the surface modification.

[0206] According to the fourth exemplary embodiment,
the same operation and the advantages as in the first exem-
plary embodiment are obtainable.

[0207] Further, according to the fourth exemplary embodi-
ment, the state of the gas barrier layer can be measured in a
manufacture line from the coating step through the drying
step to the modification step (i.e., in-line measurement). By
constantly controlling the film state in the manufacture line
of the gas barrier film, the film can be continuously evalu-
ated and controlled and the gas barrier film can be continu-
ously manufactured in a series from the coating of the gas
barrier material to the ion injecting.

[0208] Furthermore, according to the fourth exemplary
embodiment, after the gas barrier layer 2 is dried and before
the gas barrier layer 2 is subjected to the surface modifica-
tion, the progress degree of the conversion reaction of the
polysilazane film and the coating film thickness of the
polysilazane film can be suitably controlled. Consequently,
according to the fourth exemplary embodiment, the gas
barrier film having the gas barrier layer 2 excellent in the gas
barrier property (e.g., a steam transmissivity), transparency
(e.g., total light transmissivity) and the like can be obtained.
[0209] Still further, according to the fourth exemplary
embodiment, the drier 5, the coater 6, the surface modifier
7, and the measuring unit 100 are separated from each other
by the gate shutters as the partitions. Accordingly, it is easy
to keep the inside of the measuring unit 100 in a state
suitable for the measurement, so that accuracy and quickness
of the measurement can be improved.

[6] Fifth Exemplary Embodiment

[0210] Next, a fifth exemplary embodiment of the inven-
tion will be described. It should be noted that an explanation
of components identical to the components already
explained will be omitted herein below.

Manufacturing Device of Gas Barrier Film

[0211] FIG. 9 shows a schematic plan view of a structure
of'a manufacturing device 70 of a gas barrier film according
to the fifth exemplary embodiment.

[0212] The manufacturing device 70 of the gas barrier film
is mainly different from the manufacturing device 50 of the
gas barrier film according to the third exemplary embodi-
ment in that the manufacturing device 70 includes the
measuring unit 100 for measuring the gas barrier layer 2.
[0213] The manufacturing device 70 of the gas barrier film
includes a transfer chamber 90A provided in the middle of
the manufacturing device, the drier 5, the coater 6, the
surface modifier 7, the load lock chamber 8, and the mea-
suring unit 100.

[0214] The structure and the operation of the coater 6, the
drier 5, the surface modifier 7 and the load lock chamber 8
are the same as those in the first or the third exemplary
embodiment. The structure and the operation of the mea-
suring unit 100 and the measurement items of the gas barrier
layer 2 in the measuring unit 100 are the same as those in the
fourth exemplary embodiment. A controller (not shown)
such as a computer is connected to the manufacturing device
70 of the gas barrier film in the same manner as in the fourth
exemplary embodiment.
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[0215] In the manufacturing device 70 of the gas barrier
film, the transfer chamber 90A, the coater 6, the drier 5, the
surface modifier 7, the load lock chamber 8, and the mea-
suring unit 100 are consecutively connected.

[0216] The transfer chamber 90A is formed substantially
in a pentagon in a plan view as shown in the schematic plan
view of FIG. 9. An inside of the transfer chamber 90A is
defined as the space 9A. The transfer robot 9 is disposed in
the space 9A. A pair of arms of the transfer robot 9 are
expandable in a direction away from the column 10. By
expanding the arms 11, the molded product 3 mounted on
the platform 12 can be carried into the coater 6, the drier 5,
the surface modifier 7, the measuring unit 100, and the load
lock chamber 8.

[0217] In the fifth exemplary embodiment, the coater 6,
the drier 5, the surface modifier 7, the load lock chamber 8,
and the measuring unit 100 are respectively connected to
portions of the transfer chamber 90A corresponding to sides
of the substantial pentagon in a plan view. The coater 6, the
drier 5, the surface modifier 7, the load lock chamber 8, and
the measuring unit 100 respectively have openings facing
the space 9A of the transfer chamber 90A. The respective
openings of the coater 6, the drier 5, the surface modifier 7,
the load lock chamber 8, and the measuring unit 100 are
respectively blocked with the gate shutter 6A, the gate
shutter 5A, the gate shutter 7A, the gate shutter 8A, and the
gate shutter 100A.

Manufacturing Method of Gas Barrier Film

[0218] In a manufacturing method of the gas barrier
layer-formed product (gas barrier film) according to the
exemplary embodiment, the manufacturing device 70 of the
gas barrier film is used as a gas barrier layer-manufacturing
device. The molded product 3 in the fifth exemplary embodi-
ment is a thin plate-like component.

[0219] In addition to the steps of the manufacturing
method described in the third exemplary embodiment, the
manufacturing method of the gas barrier film according to
the fifth exemplary embodiment further includes measuring
at least one of the gas barrier material applied by the coater
6, the gas barrier material dried by the drier 5, and the gas
barrier material modified by the surface modifier 7. Further,
in the manufacturing method of the gas barrier film accord-
ing to the fifth exemplary embodiment, the molded product
3 is transferred to the measuring unit 100 when measuring
the gas barrier material.

[0220] In the manufacturing method of the gas barrier film
according to the fifth exemplary embodiment, it is preferable
to measure the gas barrier material before the gas barrier
material is modified in the surface modifier 7.

[0221] An example of the manufacturing method of the
gas barrier film using the manufacturing device 70 of the gas
barrier film will be described below.

[0222] In the fifth exemplary embodiment, since a proce-
dure from the step of carrying the molded product 3 into the
load lock chamber 8 to the step of drying the gas barrier
layer 2 in the drier 5 is the same as in the third exemplary
embodiment, an explanation of the procedure will be omit-
ted.

[0223] After the drying step is finished, the transfer robot
9 carries the molded product 3 to a front of the measuring
unit 100. After the gate shutter 100A is opened, the transfer
robot 9 carries the molded product 3 into the measuring unit
100 and further places the molded product 3 at a predeter-
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mined position. Since the measurement in the measuring
unit 100 is the same as in the fourth exemplary embodiment,
an explanation of the measurement will be omitted.

[0224] Since steps subsequent to the measurement of the
gas barrier layer 2, specifically, the step of injecting plasma
ions in the surface modifier 7 and the step of measuring the
gas barrier layer 2 after the surface modification and taking
out the gas barrier film 1 through the transfer gate 8B are the
same as in the previous exemplary embodiments, an expla-
nation of the step will be omitted.

[0225] Even in the fifth exemplary embodiment, the same
operation and the advantages as in the first and fourth
exemplary embodiments are obtainable.

[0226] Further, with the manufacturing device 70 accord-
ing to the fifth exemplary embodiment, after the measure-
ment in the measuring unit 100 and the surface modification
step, the gas barrier film can be taken out of the manufac-
turing device through the transfer chamber 90 and the load
lock chamber 8 without passing through the drier 5.

[7] Sixth Exemplary Embodiment

[0227] Next, a sixth exemplary embodiment of the inven-
tion will be described. It should be noted that an explanation
of components identical to the components already
explained will be omitted herein below.

Manufacturing Device of Gas Barrier Film

[0228] FIG. 10 shows a schematic plan view of a structure
of'a manufacturing device 80 of a gas barrier film according
to the sixth exemplary embodiment.

[0229] The manufacturing device 80 of the gas barrier film
in the sixth exemplary embodiment is mainly different from
the manufacturing device 4 of the gas barrier film according
to the first exemplary embodiment in that the manufacturing
device 80 includes measuring units 101, 102 and 103 for
measuring the gas barrier layer 2. The structure and the
operation of the coater 6, the drier 5, the surface modifier 7
and the load lock chamber 8 are the same as those in the first
exemplary embodiment.

[0230] Moreover, the sixth exemplary embodiment is
mainly different from the fourth exemplary embodiment and
the fifth exemplary embodiment in that the coater 6, the drier
5, and the surface modifier 7 house the respective measuring
units in the manufacturing device 80 of the gas barrier film
according to the sixth exemplary embodiment, whereas the
measuring unit 100 is independent of the coater 6, the drier
5, and the surface modifier 7 in the manufacturing device of
the gas barrier film in the fourth and fifth exemplary embodi-
ments.

[0231] In the manufacturing device 80 of the gas barrier
film, the coater 6 has the measuring unit 101, the drier 5 has
the measuring unit 103, and the surface modifier 7 has the
measuring unit 102.

[0232] A setting position of the measuring unit 101 is not
particularly limited, as long as the measuring unit 101 is set
inside the coater 6. It is only required to select the setting
position depending on the measurement items in the coater
6. For instance, as shown in FIG. 11, the measuring unit 101
may be attached to the top board 13 of the coater 6.
[0233] A setting position of the measuring unit 102 is not
particularly limited, as long as the measuring unit 102 is set
inside the surface modifier 7. It is only required to select the
setting position depending on the measurement items in the
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surface modifier 7. For instance, as shown in FIG. 12, the
measuring unit 102 may be attached to the top board 22 of
the surface modifier 7.

[0234] The measuring units 101, 102 and 103 are not
limited to the measuring unit 100 as long as the measuring
units 101, 102 and 103 can measure the same measurement
items as those of the measuring unit 100. For instance, a
measuring device similar to the measuring device used as
the measuring unit 100 is also usable as the measuring units
101, 102 and 103. A controller (not shown) such as a
computer is connected to the manufacturing device 80 of the
gas barrier film in the same manner as in the fourth exem-
plary embodiment.

Manufacturing Method of Gas Barrier Film

[0235] In a manufacturing method of the gas barrier
layer-formed product (gas barrier film) according to the
exemplary embodiment, the manufacturing device 80 of the
gas barrier film is used as a gas barrier layer-manufacturing
device. The molded product 3 in the sixth exemplary
embodiment is a thin plate-like component.

[0236] In addition to the steps of the manufacturing
method described in the first exemplary embodiment, the
manufacturing method of the gas barrier film according to
the sixth exemplary embodiment further includes measuring
at least one of the gas barrier material applied by the coater
6, the gas barrier material dried by the drier 5, and the gas
barrier material modified by the surface modifier 7. In the
manufacturing method of the gas barrier film according to
the sixth exemplary embodiment, at least one of the mea-
suring units housed in the drier 5, the coater 6 and the
surface modifier 7 measures the gas barrier material.
[0237] Inthe manufacturing method of the gas barrier film
according to the sixth exemplary embodiment, it is prefer-
able to measure the gas barrier material before the gas
barrier material is modified in the surface modifier 7.
[0238] An example of the manufacturing method of the
gas barrier film using the manufacturing device 80 of the gas
barrier film will be described below.

[0239] The manufacturing device 80 of the gas barrier film
is different from the manufacturing device 4 of the gas
barrier film according to the first exemplary embodiment in
that at least one of the measuring units 101, 102 and 103 can
measure the gas barrier layer 2.

[0240] The measuring unit 101 of the coater 6 preferably
measures a film thickness of the gas barrier layer 2 before
the gas barrier layer 2 is dried.

[0241] The measuring unit 102 of the drier 5 can measure
the gas barrier layer 2 before and after the gas barrier layer
2 is subjected to the surface modification.

[0242] The measuring unit 103 of the surface modifier 7
can measure the gas barrier layer 2 before and after the gas
barrier layer 2 is subjected to the surface modification.
[0243] In the sixth exemplary embodiment, the same
operation and the advantages as in the first and fourth
exemplary embodiments are obtainable.

[0244] Further, in the manufacturing method of the gas
barrier film according to the sixth exemplary embodiment,
since the measuring units are respectively housed in the drier
5, the coater 6 and the surface modifier 7, the measurement
can be quickly started each time the processing is finished in
each of the drier 5, the coater 6 and the surface modifier 7.
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[8] Seventh Exemplary Embodiment

[0245] Next, a seventh exemplary embodiment of the
invention will be described. It should be noted that an
explanation of components identical to the components
already explained will be omitted herein below.

Manufacturing Device of Gas Barrier Film

[0246] FIG. 13 shows a schematic view of a structure of
a manufacturing device 30A of a gas barrier film according
to the seventh exemplary embodiment.

[0247] The manufacturing device 30A of the gas barrier
film has the same structure as that of the manufacturing
device 30 of the gas barrier film according to the second
exemplary embodiment, and further includes a measuring
unit 104 and a measuring unit 105. The measuring unit 104
is disposed between the drier 33 and the surface modifier 34.
The measuring units 104 and 105 may have any arrangement
as long as the measuring units 104 and 105 can measure the
same measurement item as those of the measuring unit 100.
For instance, a measuring device similar to the measuring
device used as the measuring unit 100 is also usable as the
measuring units 104 and 105.

[0248] In the manufacturing device 30A of the gas barrier
film, the structure and the operation of the chamber 31, the
coater 32, the drier 33, the surface modifier 34, the drive
roller 35, the drive roller 36, the partition 37, and the
partition 38 are the same as those in the second exemplary
embodiment.

[0249] A controller (not shown) such as a computer is also
connected to the manufacturing device 30A of the gas
barrier film in the same manner as in the second exemplary
embodiment.

Manufacturing Method of Gas Barrier Film

[0250] In a manufacturing method of the gas barrier
layer-formed product (an elongated gas barrier film) accord-
ing to the exemplary embodiment, the manufacturing device
30A of the gas barrier film is used as a gas barrier layer-
manufacturing device.

[0251] In addition to the steps of the manufacturing
method described in the second exemplary embodiment, the
manufacturing method of the elongated gas barrier film
according to the seventh exemplary embodiment further
includes measuring at least one of the gas barrier material
applied by the coater 6, the gas barrier material dried by the
drier 5, and the gas barrier material modified by the surface
modifier 7.

[0252] In the manufacturing method of the gas barrier film
according to the seventh exemplary embodiment, it is pref-
erable to measure the gas barrier material before drying the
gas barrier material applied by the coater 6.

[0253] An example of the manufacturing method of the
elongated gas barrier film using the manufacturing device
30A of the gas barrier film will be described below.
[0254] Since the seventh exemplary embodiment is the
same as in the second exemplary embodiment except for the
measurement in the measuring units 104 and 105, an expla-
nation of the same structure will be omitted.

[0255] While the elongated base material 3A after being
dried in the drier 33 is transferred toward the surface
modifier 34, the measuring unit 104 measures the gas barrier
layer 2 (the modified polysilazane layer) before being sub-
jected to the surface modification. Also while the elongated
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base material 3B after being subjected to the surface modi-
fication 34 by the surface modifier 34 is transferred toward
the drier 33, the measuring unit 104 can measure the gas
barrier layer 2 after being subjected to the surface modifi-
cation.

[0256] The measuring unit 105 is disposed between the
surface modifier 34 and the winding shaft Y. After the
elongated base material 3A is subjected to the surface
modification in the surface modifier 34 and before the
elongated base material 3A is wound around the winding
shaft Y, the measuring unit 105 measures the gas barrier
layer 2 after being subjected to the surface modification.
[0257] According to the seventh exemplary embodiment,
the following advantages are obtainable in addition to the
above-described advantages of the second exemplary
embodiment.

[0258] With the manufacturing device and the manufac-
turing method according to the exemplary embodiment, the
gas barrier material of the elongated base material 3A can be
measured while the elongated base material 3A is transferred
from the drier 33 to the surface modifier 34. Accordingly, it
can be checked in advance whether the gas barrier layer 2 is
in a state suitable for the surface modification.

[0259] Further, with the manufacturing device and the
manufacturing method according to the seventh exemplary
embodiment, by constantly controlling the film state in a
roll-to-roll manufacture line, the film can be continuously
evaluated and controlled and the gas barrier film can be
continuously manufactured in a series from the coating of
the gas barrier material to the ion injecting.

[0260] Furthermore, with the manufacturing device and
the manufacturing method according to the seventh exem-
plary embodiment, even in the roll-to-roll manufacture line,
after the gas barrier layer 2 is dried and before the gas barrier
layer 2 is subjected to the surface modification, the progress
degree of the conversion reaction of the polysilazane film
and the coating film thickness of the polysilazane film can be
suitably controlled. Consequently, the gas barrier film hav-
ing the gas barrier layer 2 excellent in the gas barrier
property (e.g., a steam transmissivity), transparency (e.g.,
total light transmissivity) and the like can be manufactured
by the roll-to-roll process.

Modifications of Embodiments

[0261] It should be understood that the scope of the
invention is not limited to the above-described exemplary
embodiments but includes modifications and improvements
compatible with the invention. It should be noted that
components, the devices and the like identical to those
already explained in the above exemplary embodiments are
denoted by the same numerical signs and an explanation
thereof will be omitted herein below.

[0262] In the above exemplary embodiments, the manu-
facturing method and the manufacturing device mainly for
manufacturing the gas barrier film are described as an
example, but the method and the device are not limited those
for manufacturing the gas barrier film. The manufacturing
method and the manufacturing device described in the above
exemplary embodiments are applicable for the molded prod-
uct in a form of various containers and various electronic
device components.

[0263] The scope of the invention is not limited to the
embodiment of forming a single gas barrier layer on the
molded product, but encompasses an arrangement in which
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one or more gas barrier layers are further laminated on the
formed gas barrier layer. With the manufacturing method
and the manufacturing device of the gas barrier layer-formed
product, a molded product having a gas barrier layer with a
predetermined thickness can be manufactured by laminating
the gas barrier layers.

[0264] For instance, in the first and third to sixth exem-
plary embodiments, after the gas barrier layer is formed, the
molded product needs not to be carried out of the load lock
chamber but may be again transferred to the coater, the drier,
and the surface modifier in this order, whereby another gas
barrier layer can be laminated on the previously formed gas
barrier layer.

[0265] Alternatively, for instance, in the second and sev-
enth exemplary embodiments, after the elongated base mate-
rial subjected to the surface modification is wound around
the winding roller, the elongated base material may be again
fed in the A direction to be subjected to the processings in
the coater and the drier, and further fed in the B direction to
be subjected to the processing in the surface modifier,
whereby another gas barrier layer can be laminated on the
previously formed gas barrier layer.

[0266] When a plurality of gas barrier layers are lami-
nated, it is also preferable that the measuring unit measures
the film state of each of the gas barrier layers each time the
gas barrier layer is formed.

[0267] In the fourth, fifth, sixth and seventh exemplary
embodiments, it is described as an example that the mea-
suring unit measures the gas barrier layer before and after
the surface modification step. However, the scope of the
invention is not limited to such embodiments.

[0268] It is only required to measure the gas barrier layer
before the surface modification step and/or after the surface
modification step. It is more preferable to at least measure
the gas barrier layer after the gas barrier layer is dried and
before the gas barrier layer is subjected to the surface
modification.

[0269] In the sixth exemplary embodiment, it is described
as an example that the coater, the drier, and the surface
modifier have the respective measuring units. However, the
scope of the invention is not limited to such an embodiment.
[0270] Itis only required that the manufacturing device of
the gas barrier film provided with the measuring unit
includes a measuring unit in any one of the coater, the drier,
and the surface modifier. In an arrangement where the
measuring unit is not independent of the coater, the drier,
and the surface modifier, at least one of the coater, the drier,
and the surface modifier preferably includes the measuring
unit. For instance, it is also preferable that the coater has the
measuring unit but the drier and the surface modifier do not
have the measuring unit. It is also preferable that the drier
has the measuring unit but the coater and the surface
modifier do not have the measuring unit. It is also preferable
that the surface modifier has the measuring unit but the
coater and the drier do not have the measuring unit. It is
preferable to measure the modified polysilazane layer after
the gas barrier layer is dried and before the gas barrier layer
is subjected to the surface modification. In an arrangement
allowing such a measurement, a setting position of the
measuring unit is not particularly limited as long as the
modified polysilazane layer is measurable.

[0271] In the seventh exemplary embodiment, the manu-
facturing device 30A of the gas barrier film having the
measuring units 104 and 105 is described as an example.
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However, the scope of the invention is not limited to such an
embodiment. For instance, it is preferable that such a
roll-to-roll manufacturing device as shown in the third and
seventh exemplary embodiments has at least one measuring
unit. It is preferable to measure the modified polysilazane
layer after the gas barrier layer is dried and before the gas
barrier layer is subjected to the surface modification. In an
arrangement allowing such a measurement, a setting posi-
tion of the measuring unit in a roll-to-roll manufacturing
device is not particularly limited as long as the modified
polysilazane layer is measurable.

1. A manufacturing device of a molded product provided
with a gas barrier layer, wherein the gas barrier layer is
formed on a surface of the molded product, the manufac-
turing device comprising:

a coater configured to coat the molded product with a gas

barrier material;

a drier configured to dry the gas barrier material applied
by the coater;

a surface modifier configured to modify a surface of the
gas barrier material dried in the drier, and

a transfer unit configured to transfer the molded product
to the coater, the drier, and the surface modifier,
wherein

the coater, the drier, and the surface modifier are con-
secutively connected, and

the coater, the drier, and the surface modifier are separated
from each other by partitions.

2. The manufacturing device according to claim 1, further

comprising:

a measuring unit configured to measure at least one of the
gas barrier material applied by the coater, the gas
barrier material dried by the drier, and the gas barrier
material modified by the surface modifier.

3. The manufacturing device according to claim 2,

wherein

the measuring unit is consecutively connected to the
coater, the drier, and the surface modifier, and

the coater, the drier, the surface modifier, and the mea-
suring unit are separated from each other by the parti-
tions.

4. The manufacturing device according to claim 3,

wherein

the molded product is transferred to the coater, the drier,
and the measuring unit in this order.

5. The manufacturing device according to claim 2,

wherein

the measuring unit is disposed inside at least one of the
coater, the drier, and the surface modifier.

6. The manufacturing device according to claim 1,

wherein

the drier is disposed at a center of the manufacturing
device,

a transfer opening of the coater and a transfer opening of
the surface modifier are positioned facing the drier, and

the transfer unit is disposed in the drier.

7. The manufacturing device according to claim 1,

wherein

a transfer opening of the coater, a transfer opening of the
drier, and a transfer opening of the surface modifier
face a space in which the transfer unit is disposed.

8. The manufacturing device according to claim 1,

wherein
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the molded product is an elongated base material in a form
of a roll,

the transfer unit comprises: a feeding roller configured to
feed the elongated base material; and a winding roller
configured to wind the elongated base material,

the coater comprises: a support roller supporting the
elongated base material; and a die coater that is dis-
posed opposite to the support roller across the elon-
gated base material and is configured to coat the
elongated base material with the gas barrier material,
and

the drier comprises: a plurality of transfer rollers config-
ured to transfer the elongated base material; and a
heater disposed opposite to the plurality of transfer
rollers across the elongated base material.

9. The manufacturing device according to claim 8,

wherein

the surface modifier comprises: an electrode roller con-
figured to be wound with the elongated base material;
a voltage applying unit configured to apply a voltage
onto the electrode roller; and an electrode disposed
opposite to the electrode roller across the elongated
base material.

10. The manufacturing device according to claim 8,

further comprising:

Mar. 29, 2018

a measuring unit configured to measure at least one of the
gas barrier material applied by the coater, the gas
barrier material dried by the drier, and the gas barrier
material modified by the surface modifier.

11. The manufacturing device according to claim 10,
wherein

the measuring unit is disposed between the drier and the
surface modifier.

12. The manufacturing device according to claim 2,
wherein

the measuring unit measures at least one selected from the
group consisting of a refractive index, light transmis-
sivity, light reflectivity, chromaticity, film composition,
film density, film defects and film thickness of the gas
barrier layer.

13. The manufacturing device according to claim 10,
wherein

the measuring unit measures at least one selected from the
group consisting of a refractive index, light transmis-
sivity, light reflectivity, chromaticity, film composition,
film density, film defects and film thickness of the gas
barrier layer.



