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(54) VAPOR DEPOSITION APPARATUS HAVING PRETREATMENT DEVICE THAT USES PLASMA

(57) A roller-type continuous vapor deposition film-
forming apparatus for a substrate that is to be conveyed
at high speed, comprising a plasma pretreatment device
and a film-forming apparatus provided in series, wherein
a substrate conveying compartment 12A, a pretreatment
compartment 12B and film formation compartment 12C
are formed inside a chamber 3; and a substrate S is
wound from an unwinding roller 13 onto a plasma pre-
treatment roller 20 and film formation roller 25, which are
provided in series, via guide rollers 14a-14d, and is taken
up by a take-up roller 15. In the pretreatment device,
plasma P is supplied toward the substrate S inside a gap,
wherein a plasma-forming gas to be supplied from plas-
ma supply nozzles 22a, 22b is surrounded by the pre-
treatment roller, the plasma supply nozzles and a magnet
21, as magnetic forming means, and the plasma is elec-
trically set to a positive electrical potential, power is sup-
plied between the electrodes positioned on the substrate
surface side, the plasma P is generated and an active
pretreatment surface is formed on the surface of the sub-
strate S. An inorganic oxide can be formed at high speed
by the film formation device by physical vapor deposition
or the like on a pretreatment surface of a substrate that
has been subjected to the pretreatment.
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Description

Technical Field

[0001] The present invention relates to a multiple roller-type continuous vapor deposition film-forming apparatus (here-
under referred to as "film-forming apparatus"), provided with both a pretreatment roller for plasma pretreatment and a
film-forming roller in series, that conveys a long substrate such as a film or sheet at high speed while continuously
forming a thin-film on the substrate surface, and particularly it relates to a film-forming apparatus that stably and con-
tinuously forms a homogeneous thin-film with excellent adhesiveness on the surface of a long substrate under reduced
pressure.

Background Art

[0002] In the prior art there exist methods such as vacuum vapor deposition, sputtering, wet coating by gel-sol methods
and the like, and thermal CVD, as means for continuously forming metal and metal oxide thin-films in chambers on
conveyed substrates for long films or sheets of plastics or the like, and film-forming apparatuses are known that form
films by sputtering or vapor deposition on the surfaces of substrates using such means.
[0003] As a specific film-forming apparatus there is known a production apparatus that accomplishes continuous film
formation from a barrier layer on the surface of a traveling substrate, by taking up a film-like substrate around a film-
forming roller in a vacuum chamber to convey the substrate, and supplying a source gas near the outer periphery of the
film-forming roller while using the film-forming roller as one electrode to produce plasma discharge near the outer
periphery of the film-forming roller, for plasma CVD (PTL 1).
[0004] Also in the vacuum chamber, the substrate that has been unwound from an unwinding roll is taken up around
a film-forming roll across a guide roll at the upstream end, and is taken up by a take-up roll across a guide roll at the
downstream end. There is also known a production apparatus for continuous formation of a barrier layer on the surface
of a traveling substrate, in which after evacuation of the vacuum chamber interior, a sputtering gas is supplied to the
prescribed gas pressure, and the substrate is conveyed from the unwinding roll to the take-up roll while accumulating
film-forming particles emitted from the sputtering vaporization source on the surface of the substrate on the film-forming
roll to form a film, and the film-formed substrate is taken up on a take-up roll (PTL 2).
[0005] In this type of known film-forming apparatus, the thin-film forming speed is not slow with vacuum vapor deposition,
but the precision of the thin-film homogeneity is poor, and therefore the yield is notably poor. Also, in sputtering, the
precision of thin-film homogeneity is satisfactory but the thin-film forming rate is very low and productivity is poor. In
thermal CVD processes, a source gas is oxidized and decomposed by the heat energy of the substrate to form a thin-
film, and they require the substrate to be at high temperature, such that when the substrate is a plastic film, decomposition
and oxidation of the plastic film can occur, making it impossible to form a homogeneous thin-film on the plastic film
substrate.
[0006] Furthermore, in known film-forming apparatuses, the thin-films formed on substrates cannot exhibit a sufficient
barrier property, and adhesiveness between the thin-film and substrate is insufficient.
[0007] It has been attempted to provide a film-forming apparatus that solves the problem of forming a thin-film on a
traveling substrate surface and can provide a substrate with a barrier thin-film, such as a known apparatus that performs
pretreatment on a substrate surface by reactive ion etching (RIE) utilizing plasma, for production of a vapor deposition
film that can improve adhesiveness between the substrate surface and vapor deposition film and can exhibit barrier
performance, and forms a film of a vapor deposition layer made of a metal or inorganic oxide by vacuum vapor deposition
on the pre-treated substrate surface (PTL 3).

Citation List

Patent literature

[0008]

PTL 1: Japanese Unexamined Patent Application Publication No. 2001-140079
PTL 2: Japanese Unexamined Patent Application Publication No. 2008-31492
PTL 3: Japanese Unexamined Patent Application Publication No. 2004-203023
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Summary of Invention

Technical Problem

[0009] Although continuous film formation can be accomplished with a conventional film-forming apparatus as de-
scribed above, it is not possible to homogeneously form the vapor deposition film, and adhesiveness between the
substrate and the vapor deposited thin-film is insufficient, while the thin-film formation speed is slow and productivity is
inferior.
[0010] The present invention has been accomplished in light of the problems mentioned above, and its object is to
provide a high-speed continuous film-forming apparatus that can stably form, with improved productivity, a vapor de-
posited thin-film that has excellent homogeneity and excellent adhesiveness between the vapor deposition film and
substrate and can exhibit barrier performance, without being affected by the temperature and humidity of the vapor
deposition film, even when the barrier layer is formed while conveying the substrate at high speed.

Solution to Problem

[0011] In order to achieve the aforementioned object, the invention provides a multiple roller-type continuous vapor
deposition film-forming apparatus that accomplishes plasma pretreatment of a substrate on a pretreatment roller surface
under reduced pressure using a plasma pretreatment device, to form a vapor deposited thin-film on the pretreated
surface of the treated substrate on a film-forming roller using a vapor deposition film-forming apparatus, the roller-type
continuous vapor deposition film-forming apparatus comprising a pressure reduction chamber, conveying means that
conveys the substrate in the pressure reduction chamber, means that isolates the pressure reduction chamber interior
into at least a pretreatment compartment and a film formation compartment, a pretreatment roller provided in the pressure
reduction chamber for at least plasma treatment of the taken-up substrate, a plurality of substrate treatment rollers
including a film-forming roller for film formation of a vapor deposition film on the pretreated surface of the substrate,
plasma pretreatment means comprising plasma-supply means that supplies a plasma source gas composed of oxygen,
nitrogen, carbon dioxide gas, ethylene or a mixture of one or more of these with argon and magnetic field-forming means,
and vapor deposition film-forming means for forming a vapor deposition film on the plasma-pretreated substrate surface,
the roller-type continuous vapor deposition film-forming apparatus having a construction in which the pretreatment roller
is disposed with the plasma-supply means and the magnetic field-forming means facing the pretreatment roller, and the
plasma source gas that has been supplied is introduced as plasma near the substrate surface and concentrated, with
a gap to entrap the plasma, while it is held with a desired voltage being applied between the plasma pretreatment roller
and the plasma-supply means.
[0012] It has a construction with a plasma pretreatment roller that conveys a substrate for pretreatment of the substrate
surface of the plastic material or the like using low-temperature plasma, and plasma-supply means and magnetic field-
forming means facing the pretreatment roller, the supplied plasma source gas is introduced as plasma near the substrate
surface and concentrated, with a gap to entrap the plasma, while also having a construction with a roller-type plasma
pretreatment device provided in series with the film-forming apparatus, allowing plasma pretreatment while holding it
with a desired voltage being applied between the plasma pretreatment roller and the plasma-supply means.
[0013] A continuous vapor deposition film-forming apparatus comprising a plasma pretreatment device according to
the invention has a magnet situated for holding powerful plasma in the treatment section in a plasma state with greater
reactivity than normal, and by pretreating a substrate surface which is a plastic material or the like in a powerfully formed
magnetic field, the radicals or ions generated during this time are utilized to generate functional groups on the surface
and promote bonding with inorganic oxides.
[0014] Also, adhesiveness between the substrate made of a plastic material or the like and the vapor deposited thin-
film made of an inorganic oxide is reinforced, which not only improves the gas barrier property and prevents cracking,
but also helps prevent delamination even during heat treatment with a retort or the like. Furthermore, the treatment
system is capable of treatment at high speed (480 m/min to 1000 m/min).
[0015] In the continuous vapor deposition film-forming apparatus of the invention, the pressure reduction chamber
has at least a plasma pretreatment compartment in which plasma pretreatment is carried out, and a film formation
compartment in which a vapor deposition film is continuously formed by any of various film-forming methods.
[0016] The pressure reduction chamber may be partitioned so as to have a substrate conveying compartment before
the pretreatment chamber, after the film formation compartment, or both.
[0017] The pressure reduction chamber may also be constructed with an exhaust chamber.
[0018] The plasma pretreatment compartment divides the plasma-generated space into another region and allows
efficient evacuation of the opposing space, thereby easily controlling the plasma gas concentration and improving pro-
ductivity. The pretreatment pressure resulting from pressure reduction is preferably set and maintained at about 0.1 Pa
to 100 Pa.
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[0019] The film-forming pressure of the film formation compartment in which vapor deposition film formation is con-
tinuously carried out by a film-forming method is preferably set and maintained at about 0.1 Pa to 100 Pa in order to
form a vapor deposition film having sufficient denseness of the vapor deposition film and adhesiveness with the substrate.
[0020] Also, the substrate conveying compartment or exhaust chamber is preferably set and maintained to have a
higher degree of vacuum than the chamber during pretreatment, in a range of 10 to 10,000 times greater, in order to
prevent the plasma in the pretreatment chamber from leaking into the substrate conveying compartment and resulting
in unstable plasma discharge, and to appropriately control convey of the substrate, and also to protect the substrate
conveying mechanism from damage by the plasma. Furthermore, in order to efficiently remove by-products generated
on the film-formed substrate surface and avoid formation of a vapor deposition film contaminated by impurities, it is
preferably in a range of 10 to 10,000 times greater than the degree of vacuum of the film formation compartment during
film formation.
[0021] The plasma pretreatment device of the invention comprises plasma pretreatment means including plasma-
supply means and magnetic field-forming means, and a pretreatment roller for plasma pretreatment of the substrate
surface while conveying the substrate.
[0022] For plasma pretreatment, the plasma-supply means supplies a plasma source gas comprising an inert gas
such as argon as a plasma source gas that does not form a coating film, and oxygen, nitrogen, carbon dioxide gas,
ethylene or the like, or a mixed gas of one of more of these gas components, as an active gas component.
[0023] The plasma source gas used may be one type of inert gas and active gas, or a mixture of two or more of these
gases. Preferably, a mixed gas of an inert gas such as argon and an active gas is supplied to the plasma-supply means.
[0024] The plasma-supply means is set at a position opposite the pretreatment roller and functions as a counter
electrode, while a high-frequency voltage is applied between the counter electrode and pretreatment roller to form
plasma, and the plasma is supplied near the supply port of the plasma-supply means with plasma being introduced into
the substrate surface treatment region.
[0025] The gas supply means is mounted on the counter electrode side provided facing the pretreatment roller that
conveys the substrate, and it supplies gas toward the substrate surface. The gas supply means may be on an electrically
floating level.
[0026] The magnetic field-forming means forms a magnetic field in order to create concentrated plasma and hold the
plasma while facilitating discharge, and a magnet is set at a location opposite the pretreatment roller in the plasma
pretreatment compartment. The magnetic field-forming means is set so as to combine the use of the counter electrode
and plasma-supply means with the magnet, for suitable concentration of the plasma in an efficient manner on the
substrate surface.
[0027] The magnet is not particularly restricted, and for example, it may be a ferrite magnet, or a rare earth magnet
such as neodymium or samarium cobalt (SamCo). It is not limited to being a permanent magnet, and may instead be
an electromagnet.
[0028] The plasma pretreatment means of the invention is configured so that a limited and surrounded gap is formed
by the counter electrode/plasma-supply means and magnetic field-forming means composing the plasma pretreatment
means, and the pretreatment roller, in order to create plasma from the supplied plasma source gas and form plasma in
a concentrated manner near the substrate being conveyed over the surface of the plasma pretreatment roller.
[0029] The plasma pretreatment means encloses plasma in the space of the gap, increasing the plasma density and
forming a plasma pretreatment region on the substrate surface in a controllable manner.
[0030] The plasma power source applies an alternating current voltage with a frequency of from 10 Hz to 50 MHz
between the counter electrode, with the plasma pretreatment roller set as the ground level, and accomplishes input
power control or impedance control.
[0031] The plasma pretreatment roller may be set on the electrical ground level, or it may be set on the electrical
floating level.
[0032] According to the invention, a power source is connected between the plasma pretreatment roller and the plasma-
supply means, forming a condition in which a desired voltage is applied between them, and a pulse voltage of 200-1000
volts as the applied voltage is applied to the power source.
[0033] By superposing a direct-current voltage with a negative voltage of minus several hundred volts with the applied
pulse voltage it is possible to perform maintenance of the electrode surface in the plasma, and this improves the power
efficiency while allowing efficient plasma pretreatment to be accomplished.
[0034] According to the invention, the flux density by the magnetic field-forming means is from 100 gauss to 10,000
gauss, and application of a magnetic field to the plasma encloses the plasma near the substrate surface, which when
held there has inhibited loss due to exhaust and seal leakage at the partitions, allowing pretreatment to be carried out
at high efficiency.
[0035] A plasma power source is supplied to the counter electrode side in the plasma pretreatment device, but there
is no limitation to this, and a plasma power source may instead be applied only to the plasma pretreatment roller, or the
plasma power source may be supplied to both the plasma pretreatment roller and the counter electrode. Also, the magnet
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is shown placed on the counter electrode side in the attached drawings, but this is not limitative, and the magnet may
instead be placed only at the plasma pretreatment roller, or the magnet may be placed at both the pretreatment roller
and the counter electrode.
[0036] The vapor deposition film-forming apparatus of the invention forms a vapor deposition film on the plasma-
pretreated substrate surface that is conveyed at high speed on the pretreatment roller surface in the plasma pretreatment
device, and the method of vapor deposition for film formation of the vapor deposition film may be any of various vapor
deposition methods such as physical vapor deposition or chemical vapor deposition.
[0037] The physical vapor deposition method may be selected from the group consisting of vapor deposition, sputtering,
ion plating, ion beam assist and cluster ion beam methods, or it may be selected from the group consisting of plasma
CVD, plasma polymerization, thermal CVD and catalyst reaction CVD methods.
[0038] The film-forming apparatus comprises a film-forming roller that is set in a reduced pressure film formation
compartment and takes up and conveys a substrate that has been pretreated with a plasma pretreatment device, with
the treated side of the substrate facing outward, and performs film-forming treatment, and also vapor deposition film-
forming means such as a vapor deposition film-forming apparatus, sputtering film-forming apparatus, ion plating film-
forming apparatus, ion beam assist film-forming apparatus, cluster ion beam film-forming apparatus, plasma CVD film-
forming apparatus, plasma polymerization film-forming apparatus, thermal CVD film-forming apparatus or catalyst re-
action CVD film-forming apparatus, that vaporizes a film formation source target set opposite the film-forming roller to
form a vapor deposition film on the substrate surface.
[0039] The film-forming apparatus of the invention may employ various physical vapor deposition apparatuses by
exchanging the vaporizing means for the film formation source target, or it may also have a construction allowing film
formation by a chemical vapor deposition apparatus, and various film-forming methods may be used.
[0040] The film-forming means may be a single film-forming apparatus, or two or more of the same or different film-
forming apparatuses in combination.
[0041] For example, when a thin-film is to be formed to a high thickness with a single film-forming apparatus, the thin-
film becomes fragile due to stress and cracking is generated, notably lowering the gas barrier property or causing
detachment of the thin-film during conveyance or during take-up, and therefore a plurality of film-forming apparatuses
may be provided to obtain a thick layer of the barrier thin-film, for multiple formation of thin-films of the same substance.
In addition, a plurality of film-forming apparatuses may be used to form thin-films of different materials, in which case it
is possible to obtain a multilayer film imparted with not only a barrier property but also various other functions.
[0042] The substance forming the vapor deposited thin-film is not particularly restricted, but when it is to be used as
a barrier thin-film, it may be a metal oxide such as silicon oxide, silicon nitride, silicon oxynitride, silicon carbide, aluminum
oxide, magnesium oxide, titanium oxide, tin oxide, indium oxide, zinc oxide or zirconium oxide, or nitrides or carbides
of these metals, or mixtures of the foregoing.
[0043] The film-forming roller is formed of a material comprising at least one from among stainless steel, iron, copper
and chromium, and the film-forming roller preferably has a surface average roughness Ra of between 0.1 mm and 10 mm.
[0044] The film-forming roller may be further provided with temperature-adjusting means that keeps the film-forming
roller at a constant temperature between -20°C and 200°C. The film-forming roller may also be provided with insulating
regions at both ends. The insulating regions are formed of one or more oxide films, nitride films or oxynitride films of Al,
Si, Ta, Ti, Nb, V, Bi, Y, W, Mo, Zr or Hf. Also, the insulating regions are covered with a compact, tape or coating film
made of polyimide resin, fluorine resin or mica.
[0045] A substrate charge-remover that removes charge from the substrate generated by film formation in the substrate
conveying compartment at a later stage than the film formation compartment, may be provided on one or both surfaces
of the substrate.
[0046] The post-treatment device used as the charge-remover may be any desired processing device such as, for
example, a plasma discharge device, electron beam irradiation device, ultraviolet irradiation device, charge-removing
bar, glow discharge device or corona treatment device.
[0047] When discharge is to be formed using a plasma treatment device or glow discharge device as electrostatic
treatment, a discharge gas such as argon, oxygen, nitrogen or helium may be supplied alone or as a mixture near the
substrate, and any desired discharge system such as alternating current (AC) plasma, direct current (DC) plasma, arc
discharge, microwave, surface wave plasma or the like may be used. Most preferred is an electrostatic treatment method
using a plasma discharge apparatus in a reduced pressure environment.
[0048] By setting the post-treatment device in a substrate conveying compartment in a stage after the film formation
compartment and eliminating the charge from the substrate, the substrate may be rapidly removed from the film-forming
roller at a prescribed location and conveyed, allowing the substrate to be stably conveyed, and it is possible to prevent
damage to the substrate or loss of quality due to electrification and obtain improved suitably for post-processing by
improved wettability of the front and back sides of the substrate.
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Advantageous Effects of Invention

[0049] The roll-type continuous vapor deposition film-forming apparatus of the invention has a pretreatment roller
provided in a pressure reduction chamber, that performs at least plasma treatment of a taken-up substrate, as pretreat-
ment of a substrate that has been carried out in the prior art, and plasma pretreatment means comprising plasma-supply
means that supplies plasma gas comprising oxygen, nitrogen, carbon dioxide gas and ethylene, or a mixed gas of one
or more of these with argon, and magnetic field-forming means, situated so as to concentrate the supplied plasma gas
near the substrate surface in a concentrated manner, with an enclosing gap being formed, and by application of a
prescribed voltage between the plasma pretreatment roller and plasma-supply means, it is possible to rapidly and stably
form a homogeneous thin-film continuously on a long substrate with excellent adhesiveness on the substrate surface.
[0050] According to the invention, in the plasma pretreatment device there is situated plasma pretreatment means in
such a manner that the supplied plasma mixed gas is concentrated near the substrate surface being conveyed on the
pretreatment roller surface, with an enclosing gap being formed, and by conducting plasma pretreatment with a desired
voltage actively applied between the substrate and the plasma-supply means, it is possible to control the plasma density
of the pretreatment plasma as desired, to reliably and effectively implant the plasma onto the substrate surface during
pretreatment, and physically or chemically modify the surface properties of the substrate, while helping to improve
adhesiveness between the vapor deposited thin-film and substrate in the film formation step to allow continuous treatment,
which as a result can reduce detachment of the vapor deposited thin-film.
[0051] Also, since the roller-type continuous vapor deposition film-forming apparatus of the invention is a roller-type
continuous vapor deposition film-forming apparatus comprising a plasma pretreatment device as a roll-to-roll type with
the pretreatment roll and forming roll installed in series, it is possible to accomplish continuous and stable conveyance
from pretreatment to film formation, while the substrate can be conveyed at higher speed than the conventional conveying
speed and film-forming treatment of the vapor deposition film can be accomplished at high speed, so that the film-forming
speed can therefore be increased, i.e. productivity improved, while having a low plasma output.
[0052] According to the invention, plasma pretreatment is carried out by using plasma-supply means to supply plasma
with increased reactivity that is argon plasma as an inert gas using a plasma-forming gas that does not form a film, and
active gas plasma, and the reactive plasma is supplied into a limited gap formed by a pretreatment roll, plasma-supply
means and magnetic field-forming means, to allow concentration of the plasma near the substrate surface, allowing
effective activation of the substrate surface by pretreatment while allowing film-forming treatment of the vapor deposition
film to be accomplished even when the substrate is conveyed at higher speed than the conventional conveying speed,
and effectively making use of the activated surface to allow reinforcement of adhesiveness between the vapor deposition
film and substrate surface.
[0053] Since the invention can also increase dense formation of the vapor deposition film and adhesiveness of the
vapor deposition film, that is seen with reduced water vapor transmittance and higher laminated strength, this allows
production at higher speed than in the prior art and allows continuous and stable production of a vapor deposition film
with excellent adhesiveness and excellent barrier performance.
[0054] The invention further allows membrane stress to be reduced and damage to the substrate to be reduced
(minimizing electrical charge-up, reducing substrate etching and reducing substrate coloration).
[0055] Furthermore, since it is not necessary to consider variation in impedance by the substrate according to the
invention, there is no need to optimize the film formation conditions for different types of substrates. In addition, the
placement and form of the electrodes allows adjustment in the size of impedance as necessary.
[0056] According to the invention, discharge impedance is increased by widening the distance between electrodes
that are situated as a pair. As a result, with application of constant power, the discharge voltage of the film formation is
high and the discharge current is low, such that the ion implantation effect is increased and a highly adhesive film can
be formed.
[0057] Furthermore, by narrowing the distance between electrodes situated as an opposing pair the discharge imped-
ance is reduced, and when the applied power is constant, the discharge voltage is low and the discharge current is high,
allowing increased film-forming speed (increased productivity), reduced film stress, and less damage to the substrate
(minimized electrical charge-up, increased adhesiveness due to less substrate etching, and reduced substrate colora-
tion).
[0058] The present invention can thus adjust the ion implantation effect on substrates, increase film adhesiveness,
reduce damage to substrates and form satisfactory films.

Brief Description of Drawings

[0059] Fig. 1 is a diagram showing a continuous vapor deposition film-forming apparatus according to an embodiment
of the invention.
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Description of Embodiments

[0060] A film-forming apparatus according to an embodiment of the invention will now be described in detail with
reference to the accompanying drawings. This example is merely for illustration and is not intended to limit the invention
in any way.
Fig. 1 is a diagram schematically showing the overall construction of a roller-type continuous vapor deposition film-
forming apparatus 1 according to an embodiment of the invention.
[0061] As shown in Fig. 1, the roller-type continuous vapor deposition film-forming apparatus 1 of the invention has
partitions 35a-35c formed in a pressure reduction chamber 12. The partitions 35a-35c form a substrate conveying
compartment 12A, a plasma pretreatment compartment 12B and a film formation compartment 12C, and particularly
they form a plasma pretreatment compartment 12B and a film formation compartment 12C as spaces surrounded by
the partitions 35a-35c, with each chamber having an exhaust chamber formed therein if necessary.
[0062] In the plasma pretreatment compartment 12B,the substrate S to be pretreated is conveyed, with the plasma
treatable section of the plasma pretreatment roller 20 being exposed into the substrate conveying compartment 12A,
and the substrate S is taken up while being transferred from the substrate conveying compartment 12A into the plasma
pretreatment compartment 12B.
[0063] The plasma pretreatment compartment 12B and film formation compartment 12C are provided in contact with
the substrate conveying compartment 12A, so that the substrate S can be transferred without contacting air. The pre-
treatment chamber 12B and the substrate conveying compartment 12A are connected by a rectangular hole, a section
of the plasma pretreatment roller 20 protruding out through the rectangular hole toward the substrate conveying com-
partment 12A side, and a gap is opened between the walls of the conveying chamber and the pretreatment roller 20,
the substrate S being transferable from the substrate conveying compartment 12A to the film formation compartment
12C through the gap. The same structure is provided between the substrate conveying compartment 12A and the film
formation compartment 12C, allowing the substrate S to be transferred without contacting air.
[0064] The substrate conveying compartment 12A is provided with a take-up roller as take-up means for taking up
into a roll form the substrate S on which the vapor deposition film has been formed on one side and that has been
transferred back into the substrate conveying compartment 12A by the film-forming roller 25, and this allows the vapor
deposition film-formed substrate S to be taken up.
[0065] In the pressure reduction chamber 12 there is provided a vacuum pump via a pressure-adjusting valve, and it
can reduce the pressure throughout the entire substrate conveying compartment 12A, plasma pretreatment compartment
12B and film formation compartment 12C that are divided by the partitions 35a-35c.
[0066] In the plasma pretreatment compartment 12B surrounded by the partitions 35a, 35b there is further provided
a vacuum pump via a pressure-adjusting valve, and either via an exhaust chamber or without it, and it allows control of
the plasma pretreatment conditions and control of inflow of the plasma P into the other chambers. Similarly, a vacuum
pump is also provided in the film formation compartment 12C surrounded by the partitions 35b, 35c, via a pressure-
adjusting valve.
[0067] The vacuum pump used as reduced pressure evacuation means may be a dry pump, turbo-molecular pump,
cryopump or the like, and adjustment of the evacuating performance and the aperture of the pressure-adjusting valve
allows the pressure reduction degree to be set as desired, up to 9.0 3 10-5 Pa.
[0068] In the substrate conveying compartment 12A, there are provided a wind-out roll 13, a take-up roller and guide
rolls 14a-14d, as conveying means.
[0069] A plasma pretreatment roller 20 is situated straddling the substrate conveying compartment 12A and the plasma
pretreatment compartment 12B, and guide rolls 14a-14d are provided between the wind-out roll 13 and the plasma
pretreatment roller 20.
[0070] Also, a film-forming roller 25 is situated in the film formation compartment 12C, and guide rolls 14a-14d are
provided between the plasma pretreatment roller 20 and the film-forming roller 25 and between the film-forming roller
25 and the take-up roller, forming a film formation conveying pathway by the group of rollers.
[0071] The substrate film formation conveying pathway may also be provided with a tension pickup roller if necessary,
allowing conveyance while adjusting the tension.
[0072] If the substrate S supply roll is attached to the wind-out roll 13 in the pressure reduction chamber 12, and set
along the pathway from winding out of the substrate S to the take-up roller, the substrate S can be freely wound out
allowing film-forming treatment to be carried out with the film-forming apparatus.
[0073] The thickness of the substrate is preferably 6 to 100 mm. If the thickness of the substrate is within this range,
it will be easily bendable and manageable with the continuous vapor deposition film-forming apparatus of the invention,
without tearing during conveyance.
[0074] The substrate conveying speed is not particularly restricted, but from the viewpoint of allowing high-speed film-
forming treatment and increasing production efficiency, it is at least 200 m/min and preferably from 480 m/min to 1000
m/min according to the invention.
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[0075] In the plasma pretreatment compartment 12B there is provided a plasma pretreatment device comprising a
pretreatment roller 20 for plasma pretreatment of the conveyed substrate S, and plasma pretreatment means for pre-
treatment of the substrate S on the pretreatment roller.
[0076] The plasma pretreatment roller 20 serves to prevent shrinkage or damage of the substrate S by heat during
plasma treatment by the plasma pretreatment means, and to apply the plasma P to the substrate S in a uniform manner
across a wide region.
[0077] The pretreatment roller 20 has temperature-adjusting means inside it, and specifically, tubing is provided for
circulation of a temperature-adjusting medium such as a refrigerant or heating medium for temperature control of the
pretreatment roller 20.
[0078] The pretreatment roller 20 is preferably adjustable to a constant temperature between -20°C and 100°C by
adjusting the temperature of the temperature-adjusting medium circulating in the pretreatment roller. Electrical insulators
are provided on both sides of the center section of the roller main body and around the rotating shaft, and the substrate
S is taken up at the center section of the roller main body.
[0079] The pretreatment roller 20 is installed at an electrical ground level. When the pretreatment roller has been set
at a ground level, the electrical charge accumulated on the surface of the substrate S is open to the ground level, allowing
stable film formation as a result. In this case, a metal conducting material can be used for the roller main body, rotating
shaft, bearing or roller support.
[0080] Also, the pretreatment roller 20 may be set at an electrical floating level, i.e. an insulating potential. If the
potential of the pretreatment roller 20 is at a floating level, it will be possible to prevent leakage of electric power, the
input power for plasma pretreatment can be increased, and utilization efficiency for pretreatment will be high.
[0081] If the pretreatment roller is at an electrical floating level, it will be possible to install a mechanism for applying
a direct current potential to the pretreatment roller and reinforcing or weakening the implantation effect of the plasma P
on the substrate S. In order to increase the plasma implantation effect, it is preferred to impart a minus potential to the
substrate S, and in order to weaken the plasma implantation effect it is preferred to impart a plus potential to the substrate S.
[0082] By performing such adjustment, the plasma implantation effect into the substrate S can be adjusted, damage
to the substrate S can be reduced, and conversely the adhesion rate of film onto the substrate S can be reinforced.
[0083] The pretreatment roller 20 is formed of a material comprising at least one from among stainless steel, iron,
copper and chromium. The surface of the pretreatment roller may be subjected to chromium hard coat treatment for
damage prevention. These materials are easy to process, and provide satisfactory thermal conductivity for the pretreat-
ment roller itself, and therefore when carrying out temperature control the temperature control property is excellent.
[0084] The plasma pretreatment means comprises plasma-supply means and magnetic field-forming means. These
cooperate with the plasma pretreatment roller 20 and enclose the plasma P near the surface of the substrate S, and by
changing the shape of the surface of the substrate, the chemical bonded state and functional groups, it is possible to
alter the chemical properties and increase adhesiveness between the substrate and the vapor deposited thin-film formed
on the substrate during film formation in subsequent steps.
[0085] The plasma pretreatment means is provided covering a portion of the pretreatment roller 20. Specifically, the
plasma-supply means and magnetic field-forming means composing the plasma pretreatment means are placed along
the surface near the outer periphery of the pretreatment roller 20, and are placed so that a sandwiched gap is formed
by the plasma-supply means having a pretreatment roller 20 and plasma supply nozzles 22a, 22b that supply plasma
source gas and comprise electrodes that generate plasma P and the magnetic field-forming means having a magnet
21 to promote generation of plasma P. Thus, plasma supply nozzles 22a, 22b open into the space of the gap to create
a plasma-forming region and form regions with high plasma density near the surface of the pretreatment roller 20 and
substrate S, thereby forming a plasma treatment surface on one side of the substrate.
[0086] The plasma-supply means of the plasma pretreatment means comprises a starting material volatilizing and
supply apparatus 18 connected to a plasma supply nozzle provided on the exterior of the pressure reduction chamber
12, and source gas-supply nozzles 19a-19d that supply a source gas from the apparatus. The supplied plasma source
gas is oxygen, nitrogen, carbon dioxide gas or a mixed gas comprising one or more of these gases and an inert gas
such as argon, supplied from a gas reservoir at a gas flow rate measured by a flow rate controller.
[0087] The supplied gases are mixed in a prescribed proportion to form a mixed gas for plasma formation, and supplied
to the plasma-supply means. The mixed gas is supplied to the plasma supply nozzles 22a, 22b of the plasma-supply
means, the supply ports of the plasma supply nozzles 22a, 22b being supplied near the outer periphery of the pretreatment
roller 20 where the supply port is open. The nozzle opening is directed toward the substrate S on the pretreatment roller
20 allowing plasma P to be uniformly diffused and supplied on the substrate surface, so that homogeneous plasma
pretreatment can be accomplished on a large-area section of the substrate.
[0088] The plasma supply nozzles 22a, 22b are designed to have electrode functions, functioning as counter electrodes
against the ground electrode of the pretreatment roller 20, and by the potential difference produced by high-frequency
voltage supplied between them and the pretreatment roller 20, the supplied plasma source gas is brought to an excited
state and plasma P is generated and supplied.
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[0089] Also, the plasma-supply means is provided with a power source 32 that can apply a desired voltage to the
plasma pretreatment roller 20, and that can apply a bias voltage for conversion to a positive potential of the plasma P
that is capable of physical or chemical modification of properties of the surface of the substrate.
[0090] Such plasma-supply means is capable of supplying the plasma P near the outer periphery of the pretreatment
roller 20 to the desired density, and it can increase the power efficiency of the plasma pretreatment.
[0091] The plasma density used for the invention is between 100 and 8000 W·sec/m2, and at 50 W·sec/m2 or lower
there is no effect of plasma pretreatment, while at 4000 W·sec/m2 or higher the substrate will tend to undergo degradation
by plasma, such as ablation, breakage, coloration or burning.
[0092] The plasma pretreatment means has magnetic field-forming means. The magnetic field-forming means has an
insulating spacer and base plate provided in a magnet case, with a magnet 21 in the base plate. An insulating shield
plate is provided in the magnet case, with an electrode being attached to the insulating shield plate.
[0093] Therefore, even when the magnet case and electrode are electrically insulated, the magnet case is placed and
anchored in the pressure reduction chamber 12, the electrode can be at an electrical floating level.
[0094] Power supply wiring 31 is connected to the electrode, the power supply wiring 31 also being connected to the
power source 32. A temperature-adjusting medium tube is also provided inside the electrode to cool the electrode and
magnet 21.
[0095] The magnet 21 is provided to concentrate the plasma P from the plasma supply nozzles 22a, 22b serving as
electrode/plasma-supply means, on the substrate S. By providing the magnet 21, it is possible to increase reactivity
near the substrate surface and to rapidly form a satisfactory plasma pretreatment surface.
[0096] The magnet 21 has a flux density of between 10 gauss and 10,000 gauss at the location of the surface of the
substrate S. If the flux density at the substrate surface is at least 10 gauss it will be possible to adequately increase the
reactivity near the substrate surface, and to rapidly form a satisfactory pretreated surface. On the other hand, an expensive
magnet or magnetic field-generating mechanism is necessary in order to increase the flux density at the substrate surface
to higher than 10,000 gauss.
[0097] The configuration and shape of the electrode magnet 21 is such that, since the ions and electrons formed
during plasma pretreatment move according to the configuration and shape, the electrons, ions or substrate decompo-
sition product evenly diffuse across the entire electrode surface even when plasma pretreatment is carried out on a
substrate with a large area of 1 m2 or greater, to allow homogeneous and stable pretreatment even when the substrate
has a large area.
[0098] Furthermore, the invention eliminates local bias in the electrode unit including the electrode and magnet 21,
and consequent accumulation of thermions and ions, and this allows inexpensive fabrication of parts since the heat
resistance of the structural members can be low, while problems such as heat deformation or perforation or cracking of
structures can be minimized.
[0099] The electrode is preferably made using a material that is conductive for introduction of electric power, has
excellent plasma resistance and heat resistance, has high cooling efficiency by cooling water (high thermal conductivity),
is a non-magnetic material and has excellent workability.
[0100] Specifically, aluminum, copper and stainless steel are suitable for use.
[0101] The insulating shield plate is preferably made using a material that is insulating, has excellent plasma resistance,
and has heat resistance and excellent workability. Specifically, fluorine resins and polyimide resins are suitable for use.
[0102] The present invention has guide rolls 14a-14d provided in the substrate conveying compartment 12A for sub-
sequent introduction of the substrate S having a plasma-treated surface formed on one side, that has been moved back
into the substrate conveying compartment 12A by the plasma pretreatment roller 20, into the film formation compartment
12C. It is conveyed from the substrate conveying compartment 12A to the film formation compartment 12C.

(Vapor deposition film-forming apparatus)

[0103] In the film formation compartment 12C there is provided a vapor deposition film-forming apparatus comprising
a film-forming roller 25 and vapor deposition film-forming means 24. The film-forming means of the vapor deposition
film-forming apparatus performs pretreatment with plasma pretreatment means and forms a vapor deposition film on
the pretreated surface of the substrate that has the plasma-treated surface formed on one side, so that a vapor deposition
film is formed on one side of the substrate.
[0104] The vapor deposition film-forming means 24 used may be a physical vapor deposition apparatus such as a
resistance heating vacuum film-forming apparatus, sputtering apparatus, ion plating film-forming apparatus, ion beam
assist film-forming apparatus, cluster ion beam film-forming apparatus or the like, or a chemical vapor deposition appa-
ratus such as a plasma CVD film-forming apparatus, plasma polymerization film-forming apparatus, thermal CVD film-
forming apparatus or catalyst reaction-type CVD film-forming apparatus.
[0105] Here, when a vacuum film-forming apparatus is used as the vapor deposition film-forming means 24, the vapor
deposition film-forming means may be one having an aluminum metal material filled into a crucible as the vaporization
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source and heated to high temperature, the aluminum metal vapor being aluminum metal vapor that has been oxidized
by introduction of oxygen gas supplied from gas supply means to the aluminum metal vapor, to form an aluminum oxide
film on the substrate surface.
[0106] When the vapor deposition film-forming means 24 employs resistance heating, an aluminum wire may be used
for oxidation of the aluminum metal vapor in the same manner while forming a film on the substrate surface. The
vaporization source for film formation may be a sputter vaporization source, arc vaporization source or a plasma CVD
film formation mechanism such as a plasma generation electrode or source gas-supplying means.
[0107] In the film formation compartment there may be provided a single film-forming apparatus, or two or more of the
same or different film-forming apparatuses.
[0108] The thickness of a vapor deposited thin-film formed by a single film-forming apparatus is preferably 7 to 200
nm and more preferably 10 to 50 nm.
[0109] When a thin-film is to be formed to a high thickness with a single film-forming apparatus, the thin-film becomes
fragile due to stress and cracking is generated, notably lowering the gas barrier property or causing detachment of the
thin-film during conveyance or during take-up. A plurality of film-forming apparatuses may therefore be provided to obtain
a thick layer of the barrier thin-film, for multiple formation of thin-films of the same substance.
[0110] In addition, a plurality of film-forming apparatuses may be used to form thin-films of different materials, in which
case it is possible to obtain a multilayer film imparted with not only a gas barrier property but also various other functions.
[0111] The substance forming the thin-film is not particularly restricted, but when it is to be used as a gas barrier thin-
film, it may be a metal oxide such as silicon oxide, silicon nitride, silicon oxynitride, silicon carbide, aluminum oxide,
magnesium oxide, titanium oxide, tin oxide, indium oxide, zinc oxide or zirconium oxide, or a nitride or carbide of these
metals, or a mixture of the foregoing.
[0112] The film-forming roller 25 is formed of a material comprising at least one from among stainless steel, iron,
copper and chromium. The surface of the film-forming roller 25 may be subjected to chromium hard coat treatment for
damage prevention. These materials are easy to process, and provide satisfactory thermal conductivity for the film-
forming roller 25 itself, and therefore when carrying out temperature control the temperature control property is excellent.
[0113] The surface of the film-forming roller 25 of the film-forming apparatus is preferably as flat as possible. The film-
forming roller 25 has a temperature-adjusting mechanism that can be set to a constant temperature of between -20°C
and 200°C by using a cooling medium and/or heat source medium or a heater.
[0114] The film-forming roller 25 can minimize variation in the temperature of the substrate S by heat generated during
film formation by the temperature-adjusting mechanism. Specifically, an ethylene glycol aqueous solution may be used
as a cooling medium (refrigerant) or silicon oil may be used as a heat source medium (heating medium), and the
temperature adjusted by circulating it in the film-forming roller 25, with a heater placed at a location facing the film-
forming roller 25.
[0115] In a vapor deposition film-forming apparatus it is particularly preferred for the preset temperature to be set to
a constant temperature of between -20°C and 100°C, from the viewpoint of heat resistance restrictions on the related
mechanical parts and for general purpose use.
[0116] The operation of the continuous vapor deposition film-forming apparatus will now be explained.
[0117] A roll-shaped substrate S supply roll is set on the wind-out roller 13 in a substrate conveying compartment 12A,
and a vacuum pump is used to reduce the pressure in the substrate conveying compartment 12A and in the plasma
pretreatment compartment and film formation compartment 12C.
[0118] After the pressure has been reduced to the prescribed pressure, the substrate S is wound out from the substrate
supply roll by the wind-out roller 13, the substrate S is directed to the plasma pretreatment device via the guide roller
14a, and the substrate S is taken up onto the pretreatment roller 20 for plasma pretreatment, whereby the substrate S
is transferred from the substrate conveying compartment 12A to the pretreatment chamber 12B.
[0119] The substrate S taken up on the pretreatment roller 20 has a plasma pretreated surface formed by the plasma
pretreatment means on one side.
[0120] The substrate S with the plasma pretreated surface formed on one side is conveyed back to the substrate
conveying compartment 12A by being wound around the guide roller 14b from the pretreatment roller 20. Next, the
substrate S is transferred from the guide roll 14b, 14c into the substrate conveying compartment 12A, and taken up onto
the film-forming roller 25 with the plasma treated side facing outward, thereby being conveyed into the film formation
compartment 12C. On the substrate S, a vapor deposition film is formed by vapor deposition film-forming means 24 on
the pretreated surface of the substrate S in the film formation compartment 12C.
[0121] The substrate S with the vapor deposition film formed in this manner is conveyed back to the substrate conveying
compartment 12A from the film-forming roller 25, and taken up as a roll by a take-up roller via the guide roller 14d.
[0122] Thus, according to this embodiment of the roller-type continuous vapor deposition film-forming apparatus of
the invention, the substrate S prior to formation of the vapor deposition film is situated on a pretreatment roller in a gap
formed near the outer periphery of the pretreatment roller 20 by the pretreatment roller 20 and the plasma-supply means
and magnetic field-forming means 21, and plasma P is introduced from the plasma supply nozzles 22a, 22b toward the
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substrate S in the gap for plasma pretreatment with a positive applied voltage applied between the plasma P and the
pretreatment roller 20, and therefore the atmosphere in the plasma pretreatment means is improved and a homogeneous
and high-quality plasma pretreatment surface is obtained, and it is possible to obtain a substrate having a homogeneous
vapor deposition film with excellent adhesiveness by the vapor deposition barrier film formed by the subsequent vapor
deposition film-forming means 24.
[0123] The substrate conveying compartment 12A has a different pressure than the plasma pretreatment compartment
in which the electrode resides, by being partitioned with the partition 35a (zone seal). By forming spaces in the substrate
conveying compartment 12A and pretreatment chamber 12B with different pressures, this eliminates plasma discharge
of the pretreatment chamber 12B from becoming unstable due to leakage of the plasma P in the pretreatment chamber
into the substrate conveying compartment 12A, or damage to the members of the substrate conveying compartment
12A, and electrical damage to the electrical circuits that serve to control the substrate conveying mechanism, which can
lead to control failures, and as a result stable film formation and conveying of the substrate can be accomplished.
[0124] Specifically the plasma treatment pressure of the pretreatment chamber 12B is between 0.1 Pa and 100 Pa.
By conducting pretreatment at such a pretreatment pressure, it is possible to form stabilized plasma P.
[0125] The plasma pretreatment of the invention avoids electrical coupling, without forming a film with the substrate
on an electrode, and therefore it is possible to prevent increase in impedance of plasma discharge, allowing easier
formation of plasma P and allowing stabilized discharge and plasma treatment for prolonged periods.
[0126] In addition, since the discharge impedance of the plasma P does not increase, it is possible to accomplish
plasma treatment with a greater processing speed, reduced film stress, and less damage to the substrate (minimized
electrical charge-up, reduced substrate etching and reduced substrate coloration).
[0127] The plasma pretreatment of the invention thus allows discharge impedance to be optimized, and can adjust
the ion implantation effect onto the substrate and increase adhesiveness of the pretreated surface, while reducing
damage to the substrate and forming a satisfactory pretreated surface.
[0128] A preferred embodiment of a continuous vapor deposition film-forming apparatus comprising a plasma pre-
treatment device according to the invention was described above with reference to the accompanying drawings, but the
invention is not limited to this example. The invention may of course incorporate various modifications and alterations
by a person skilled in the art within the scope of the disclosed technical concept, and it is to be understood that these
are naturally within the technical scope of the film-forming apparatus of the invention.

Examples

[0129] Vapor deposition films were actually formed using a film-forming apparatus of the invention as shown in Fig.
1 and a film-forming apparatus of the prior art as a comparative example, and the produced barrier films were evaluated
using the criteria listed below.

(Example 1)

[0130] Using a plasma pretreatment device of the invention, plasma was introduced from plasma supply nozzles onto
one side of a substrate of PET (by Nan Ya Plastics Corp.) with a thickness of 12 mm and a width of 1000 mm, under the
following plasma conditions, for plasma pretreatment of the PET substrate at a conveying speed of 480 m/min, by passing
it through plasma at a density of 550 W·sec/m2 in a gap formed by the pretreatment drum, the magnetic field-forming
means 21 and the plasma supply nozzles.
[0131] Next, on the continuously conveyed substrate in the film formation compartment there was formed a vapor
deposited thin-film layer (thickness: 10 nm) made of aluminum oxide, using aluminum metal as the target, by vacuum
vapor deposition based on resistance heating.
[0132] The plasma pretreatment conditions were as follows. Plasma pretreatment conditions:

High-frequency power source output: 4 (2+2) kw
Plasma density (Ed value): 550 W·sec/m2

Plasma-forming gas: Plasma-forming gas of oxygen 3000 (sccm) and argon gas 1000 (sccm), with introduction of
mixed gas of oxygen:argon at 3:1.
Magnetic field-forming means: 1000 gauss permanent magnet
Applied voltage between pretreatment drum and plasma supply nozzles: 420 V
Vacuum vapor deposition conditions
Vacuum: 2.0 3 10-1 Pa
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(Evaluation method)

[0133] Using a barrier film produced by a film-forming apparatus, a barrier coat layer was formed on the metal oxide
vapor deposition film of the barrier film, and a urethane-based adhesive was used on the barrier coat layer of the laminated
film to bond a biaxially stretched polyamide resin as a heat seal layer by a dry laminating method, while unstretched
polyethylene was further bonded to the heat seal layer side using a urethane-based adhesive by a dry laminating method,
to fabricate a laminated film sample.
[0134] Here, the barrier coat layer used had a gas barrier composition obtained by adding a prepared hydrolysate
comprising ethyl silicate 40, isopropyl alcohol, acetylacetone aluminum and ion-exchanged water to an EVOH solution
comprising EVOH (ethylene copolymerization ratio: 29%) and a mixed solvent of isopropyl alcohol and ion-exchanged
water, stirring the mixture, and then further adding a prepared liquid mixture comprising a polyvinyl alcohol aqueous
solution, acetic acid, isopropyl alcohol and ion-exchanged water, stirring the mixture, and subjecting the obtained colorless
transparent barrier coated film-forming composition to polycondensation by a sol-gel method.
[0135] The obtained laminated film was molded into a 4-sided pouch and filled with tap water, and then subjected to
hot water recovering retort treatment at 121°C for 40 minutes.
[0136] The values for the water vapor transmittance and laminated strength were measured before retort treatment
and after retort treatment, and the presence of any raised sections on the vapor deposition film due to folding of the film
was observed.
[0137] The performance evaluation results before and after retort treatment are shown in Table 1.
[0138] The method of evaluating each performance parameter was as follows.

<Measurement of water vapor transmittance>

[0139] This was measured using a water vapor transmittance measuring apparatus (PERMATRAN by Mocon Co.)
under measuring conditions of 40°C, 90% RH according to the method of JIS K 7126 B. A water vapor transmittance of
0.5 (g/m2/24 hr) or less for the laminated film was considered to be a practical level.

<Measurement of laminated strength>

[0140] This was measured by preparing a laminated sample with a vapor deposition film and biaxially stretched
polyamide, bonded by dry lamination using a two-pack curable polyurethane-based adhesive on the laminated film,
forming it into a pouch, cutting the retort treated laminated film into a 15 mm-wide strip, and using a TENSILON general
purpose material testing machine according to JIS K6854-2 to determine the bonding strength at the bonding interface
between the vapor deposition film and the biaxially stretched polyamide at a peel rate of 50 mm/min, by 180° peeling
(T-peel test).

<Measurement of wetted laminated strength>

[0141] This was measured by preparing a laminated sample with a vapor deposition film and biaxially stretched
polyamide, bonded by dry lamination using a two-pack curable polyurethane-based adhesive on the laminated film,
forming it into a pouch, cutting the retort treated laminated film into a 15 mm-wide strip, and using a TENSILON general
purpose material testing machine according to JIS Z6854-2 to determine the bonding strength at the bonding interface
between the vapor deposition film and the biaxially stretched polyamide at a peel rate of 50 mm/min, by 180° peeling
(T-peel test), with water droplets from a dropper being dropped on the release surface.

<Observation of raised sections on the film by folding>

[0142] The laminated film sample was folded with the evaluation film side as the valley side, anchored to a clip and
subjected to retort treatment. After retort treatment, it was restored to room temperature and the presence of any raised
sections on the film at the folded locations of the film was observed.

(Example 2)

[0143] Plasma pretreatment was carried out under the same conditions as Example 1, except for using a plasma
output of 12 (6+6) kw, to form a vapor deposited thin-film layer (thickness: 10 nm) comprising aluminum oxide by vacuum
vapor deposition on the plasma pretreated side.
[0144] The evaluation method was the same as in Example 1.
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(Example 3)

[0145] Using a plasma pretreatment device of the invention, in the same manner as Example 1, plasma was introduced
from plasma supply nozzles onto one side of a substrate of PET (by Nan Ya Plastics Corp.) with a thickness of 12 mm
and a width of 1000 mm, under the following plasma conditions, for plasma pretreatment of the PET substrate at a
conveying speed of 480 m/min, by passing it through plasma at a density of 550 W·sec/m2 in a gap formed by the
pretreatment drum, the magnetic field-forming means 21 and the plasma supply nozzles.
[0146] Next, on the continuously conveyed substrate in the film formation compartment there was formed a vapor
deposited thin-film layer (thickness: 10 nm) made of aluminum oxide, using aluminum metal as the target, by vacuum
vapor deposition based on resistance heating.
[0147] The plasma pretreatment conditions were as follows. Plasma pretreatment was carried out under the same
conditions as Example 1, with a plasma output of 12 (6+6) kw, and a plasma-forming gas of oxygen 1500 (sccm) and
argon 1000 (sccm).

Plasma pretreatment conditions:

[0148]

High-frequency power source output: 12 kw (6+6) kw
Plasma density (Ed value): 550 W·sec/m2

Plasma-forming gas: Plasma-forming gas of oxygen 1500 (sccm) and argon gas 1000 (sccm), with introduction of
mixed gas of oxygen:argon at 1.5:1.
Magnetic field-forming means: 1000 gauss permanent magnet
Applied voltage between pretreatment drum and plasma supply nozzles: 420 V
Vacuum vapor deposition conditions
Vacuum: 2.0 3 10-1 Pa

[0149] The evaluation method was the same as in Example 1.

(Example 4)

[0150] Plasma pretreatment was carried out in the same manner as Example 3 under the same conditions as Example
1, except for having an output of 12 kw (6+6) and a plasma-forming gas of nitrogen 3000 (sccm) and argon 1000 (sccm),
to form a vapor deposited thin-film layer (thickness: 10 nm) comprising aluminum oxide by vacuum vapor deposition on
the plasma pretreated side.
[0151] The evaluation method was the same as in Example 1.

(Example 5)

[0152] Using a plasma pretreatment device of the invention, plasma was introduced from plasma supply nozzles onto
one side of a substrate of PET (by Nan Ya Plastics Corp.) with a thickness of 12 mm and a width of 1000 mm, under the
following plasma conditions, for plasma pretreatment of the PET substrate at a conveying speed of 600 m/min, by passing
it through plasma at a density of 188 W·sec/m2 in a gap formed by the pretreatment drum, the magnetic field-forming
means 21 and the plasma supply nozzles.
[0153] Next, on the continuously conveyed substrate in the film formation compartment there was formed a vapor
deposited thin-film layer (thickness: 10 nm) made of aluminum oxide, using aluminum metal as the target, by vacuum
vapor deposition based on resistance heating.
[0154] The evaluation method was the same as in Example 1.

Plasma pretreatment conditions:

[0155]

High-frequency power source output: 1 (1+1) kw
Plasma density (Ed value): 188 W·sec/m2

Plasma-forming gas: Plasma-forming gas of oxygen 3000 (sccm) and argon gas 1000 (sccm), with introduction of
mixed gas of oxygen:argon at 3:1.
Magnetic field-forming means: 1000 gauss permanent magnet
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Applied voltage between pretreatment drum and plasma supply nozzles: 300 V
Vacuum vapor deposition conditions
Vacuum: 3.3 3 10-1 Pa

(Example 6)

[0156] Using a plasma pretreatment device of the invention, plasma was introduced from plasma supply nozzles onto
one side of a substrate of PET (by Nan Ya Plastics Corp.) with a thickness of 12 mm and a width of 1000 mm, under the
following plasma conditions, for plasma pretreatment of the PET substrate at a conveying speed of 600 m/min, by passing
it through plasma at a density of 313 W·sec/m2 in a gap formed by the pretreatment drum, the magnetic field-forming
means 21 and the plasma supply nozzles.
[0157] Next, on the continuously conveyed substrate in the film formation compartment there was formed a vapor
deposited thin-film layer (thickness: 10 nm) made of aluminum oxide, using aluminum metal as the target, by vacuum
vapor deposition based on resistance heating.
[0158] The evaluation method was the same as in Example 1.

Plasma pretreatment conditions:

[0159]

High-frequency power source output: 3 (1.5+1.5) kw
Plasma density (Ed value): 313 W·sec/m2

Plasma-forming gas: Plasma-forming gas of oxygen 3000 (sccm) and argon gas 1000 (sccm), with introduction of
mixed gas of oxygen:argon at 3:1.
Magnetic field-forming means: 1000 gauss permanent magnet
Applied voltage between pretreatment drum and plasma supply nozzles: 350 V
Vacuum vapor deposition conditions
Vacuum: 2.9 3 10-1 Pa

(Example 7)

[0160] Using a plasma pretreatment device of the invention, plasma was introduced from plasma supply nozzles onto
one side of a substrate of PET (by Nan Ya Plastics Corp.) with a thickness of 12 mm and a width of 1000 mm, under the
following plasma conditions, for plasma pretreatment of the PET substrate at a conveying speed of 600 m/min, by passing
it through plasma at a density of 1824 W·sec/m2 in a gap formed by the pretreatment drum, the magnetic field-forming
means 21 and the plasma supply nozzles.
[0161] Next, on the continuously conveyed substrate in the film formation compartment there was formed a vapor
deposited thin-film layer (thickness: 10 nm) made of aluminum oxide, using aluminum metal as the target, by vacuum
vapor deposition based on resistance heating.
[0162] The evaluation method was the same as in Example 1.

Plasma pretreatment conditions:

[0163]

High-frequency power source output: 16 (8+8) kw
Plasma density (Ed value): 1824 W·sec/m2

Plasma-forming gas: Plasma-forming gas of oxygen 3000 (sccm) and argon gas 1000 (sccm), with introduction of
mixed gas of oxygen:argon at 3:1.
Magnetic field-forming means: 1000 gauss permanent magnet
Applied voltage between pretreatment drum and plasma supply nozzles: 910 V
Vacuum vapor deposition conditions
Vacuum: 2.3 3 10-1 Pa

[0164] Next, film formation was carried out using a film-forming apparatus of prior art, as a comparative example, and
the produced barrier films were evaluated using the same criteria as for the invention.
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Comparative Example 1

[0165] A vapor deposited thin-film layer made of aluminum oxide was formed by vacuum vapor deposition (thickness:
10 nm) on the pretreated surface, under the same conditions as the examples, except that only oxygen gas was used
as the plasma-forming gas for the plasma pretreatment with the plasma pretreatment device of the invention, without
using argon gas as an inert gas component.
[0166] The evaluation method was the same as in Example 1.

Comparative Example 2

[0167] A vapor deposited thin-film layer (thickness: 10 nm) made of aluminum oxide was formed by vacuum vapor
deposition on the pretreated surface under the same conditions as the examples, except that pretreatment was carried
out by reactive ion etching (RIE) utilizing plasma, instead of the plasma pretreatment device of the invention.
[0168] The evaluation method was the same as in Example 1.

RIE treatment conditions

[0169]

Plasma output: 4 kw
Plasma-forming gas: Argon gas

[0170] As shown in Table 1, based on comparison of Example 1 and Comparative Example 2, the barrier films produced
using the plasma pretreatment device of the invention had low water vapor transmittance and high laminated strength
before and after retort treatment, without raised sections on the film by folding, and the continuous vapor deposition film-
forming apparatus comprising a plasma pretreatment device of the invention produced a barrier film with improved
performance by vapor deposition film-forming treatment, with notably superior production efficiency.
[0171] When the film-forming apparatus of the invention is compared with the comparative example of the prior art, it
is seen that with a film-forming apparatus according to the invention as shown in Fig. 1, the discharge voltage is reduced,
discharge is more easily stabilized, adhesiveness between the substrate and vapor deposition film is improved and a
high-quality, homogeneous vapor deposition film can be formed.
[0172] Furthermore, according to the invention, when the 2p energy level of aluminum was measured in the film
thickness direction of the substrate on which the vapor deposition film had been formed, and the peak value near 80
(CPS) and the peak value near 60 were connected with a straight line and the bond energies compared, it exceeded
76 (eV) with plasma pretreatment but was 75.5 (eV) in the case of an untreated sample without plasma pretreatment,
and therefore a clear difference in energy levels emerged. A bond energy of 76 (eV) or greater as the effect of treatment
was evaluated as being a significant pretreatment effect.

[Table 1]

Examples

Water vapor transmittance 
(g/m2·24h)

Laminated strength (N/15 mm) Folding

Before retort After retort Normal peeling Wetted peeling Presence of raised sections

Example 1 0.2 0.8 5.9 3.6 -

Example 2 0.3 0.8 3.5 2.8 -

Example 3 0.3 0.8 4.2 2.4 -

Example 4 0.5 1.5 3.9 2.1 -

Example 5 0.3 0.8 5.2 2.5 -

Example 6 0.2 0.7 6.5 3.2 -

Example 7 0.4 0.8 5.4 3.8 -

Comp. Ex. 1 0.7 1.7 6.7 0.1 +

Comp. Ex. 2 0.6 1.3 3.6 1.6 -
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[0173] Also, even with low electric power introduced during plasma pretreatment, it can be effectively used for adhesion
and film formation of the vapor deposition material with a film-forming roller, and it was therefore judged that effective
surface modification of the substrate and improved power efficiency had been achieved, and it was further judged that
the film-forming speed of the vapor deposition film was improved, a film with excellent vapor deposition film density, i.e.
excellent vapor deposition film denseness, had been formed, and that film products with excellent barrier properties can
be produced at high speed.

Industrial Applicability

[0174] The invention relates to a continuous vapor deposition film-forming apparatus that can carry out plasma pre-
treatment homogeneously over a large area on a long substrate surface under reduced pressure, and can form a
homogeneous vapor deposition film having a highly active surface and increased adhesiveness, being applicable for
both physical vapor deposition and chemical vapor deposition for high-speed formation, and it can be applied for pro-
duction of a barrier film and a layered material employing it, as well as a packaging material having a barrier property
that prevents permeation of oxygen gas, water vapor or the like and especially having an excellent water vapor barrier
property as well as excellent adhesiveness of the layered material, that can withstand, for example, the heat treatment
conducted during processing in retort treatment and the like.

Explanation of Symbols

[0175]

1 Roller-type continuous vapor deposition film-forming apparatus
S substrate
P Plasma
12 Pressure reduction chamber
12A Substrate conveying compartment
12B plasma pretreatment compartment
12C Film formation compartment
13 Wind-out roller
14 Guide roller
15 Take-up roller
18 Source gas volatilizing and supply apparatus
19 Source gas-supply nozzle
20 Pretreatment roller
21 Magnet
22 Plasma supply nozzle
25 Film-forming roller
26 Vapor deposition film-forming means
30 Vacuum pump
31 Power supply wiring
32 Power source
35a-35c Partitions

Claims

1. A multiple roller-type continuous vapor deposition film-forming apparatus having a plasma-employing roller-type
pretreatment device installed in series, the roller-type continuous vapor deposition film-forming apparatus comprising
a pressure reduction chamber,
conveying means that conveys the substrate in the pressure reduction chamber,
means that isolates the pressure reduction chamber interior into at least a pretreatment compartment and a film
formation compartment,
a pretreatment roller provided in the pressure reduction chamber for at least plasma treatment of the taken-up
substrate, and a plurality of substrate treatment rollers including a film-forming roller for film formation of a vapor
deposition film on the substrate pretreated surface,
plasma pretreatment means comprising plasma-supply means that supplies a plasma source gas composed of
oxygen, nitrogen, carbon dioxide gas, ethylene or a mixture of one or more of these with argon and magnetic field-
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forming means, and
vapor deposition film-forming means for forming a vapor deposition film on the plasma-pretreated substrate surface,
having a construction in which the pretreatment roller and the plasma-supply means and the magnetic field-forming
means are disposed with the pretreatment roller facing the pretreatment roller, and the plasma source gas that has
been supplied is introduced as plasma near the substrate surface and concentrated, with a gap to entrap the plasma,
while it is held with a desired voltage being applied between the plasma pretreatment roller and the plasma-supply
means.

2. A multiple roller-type continuous vapor deposition film-forming apparatus according to claim 1, wherein the plasma
pretreatment is treatment of the substrate under conditions with a plasma density of 100 to 8000 W·sec/m2.

3. A film-forming apparatus according to claim 1 or 2, wherein the vapor deposition film-forming means is physical
vapor deposition means.
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