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(57) ABSTRACT 

Disclosed is a gas barrier film, which demonstrates Superior 
gas barrier properties and Surface Smoothness, demonstrates 
a high degree of adhesion between layers and is resistant to 
cracking when bent, and an electronic device provided there 
with. A gas barrier film of the present invention has a base, 
and a polyorganosiloxane layer and an inorganic material 
layer sequentially provided on at least one side of the base, 
and the inorganic material layer is deposited by dynamic ion 
mixing method. 
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GAS BARRIER FILMAND ELECTRONIC 
DEVICE 

0001. This application is a 371 application of PCT/ 
JP2010/001898, filed Mar. 17, 2010, which, in turn, claims 
priority of Japanese Patent Application No. 2009-083871, 
filed on Mar. 31, 2009. 

TECHNICAL FIELD 

0002 The present invention relates to a gas barrier film 
and an electronic device provided with that gas barrier film. 
0003. The present application claims priority on the basis 
of Japanese Patent Application No. 2009-083871 filed in 
Japan on Mar. 31, 2009, the contents of which are incorpo 
rated herein by reference. 

BACKGROUND ART 

0004 Transparent resin films have been attempted to be 
used in recent years as an alternative to glass Substrates in 
applications such as image display elements or Solar cell 
modules accompanying requirements for increased flexibil 
ity, lighter weight and reduced thickness. 
0005 FIG. 5 is a schematic cross-sectional view showing 
an example of a solar cell module in which a transparent resin 
film is used as a protective sheet. 
0006. This solar cell module 200 is generally composed of 
a solar cell 201 composed of crystalline silicon or amorphous 
silicon and the like, an encapsulant (filler layer) composed of 
an electrical insulator that seals the solar cell 201, a front 
protective sheet (front sheet) 203 laminated onto the front of 
the encapsulant 202, and a back protective sheet (back sheet) 
204 laminated onto the back of the encapsulant 202. 
0007. In order to impart weather resistance and durability 

to the solar cell module 200 enabling it to withstand outdoor 
and indoor use over a long period of time, it is necessary to 
protect the solar cell module 201 and the encapsulant 202 
from wind and rain, humidity, debris and mechanical impacts 
while also maintaining the inside of the solar cell module 200 
in a sealed state that is completely isolated from the outside 
air. Consequently, the front sheet 203 and the back sheet 204 
are required to have Superior weather resistance, and are 
required to have a low level of water vapor permeability 
(Superior gas barrier properties) in particular. 
0008. However, transparent resin films have poor gas bar 
rier properties in comparison with glass Substrates, and are 
unable to adequately prevent entrance of water vapor into 
Solar modules as is. In addition, since transparent resin films 
have low surface flatness, when an electrode film is deposited 
on the Surface thereof, protrusions that cause disconnections 
or short circuits are formed in the electrode film. 
0009. Therefore, a film (gas barrier film) has been pro 
posed that is imparted with gas barrier properties by laminat 
ing an inorganic thin film having gas barrier properties onto a 
synthetic resin film by sputtering method and the like (see, for 
example, Patent Document 1). 
0010. However, although conventional gas barrier films 
have improved gas barrier properties in comparison with 
transparent resin films alone, they are still considered to be 
adequately satisfactory. In addition, the inorganic thin film is 
Subject to the occurrence of cracking when the gas barrier 
films are bent, thereby resulting in the risk of gas easily 
permeating the film at locations where cracking has occurred. 
0011. In order to solve this problem of the occurrence of 
cracking caused by bending of the film, a technique has been 
proposed that makes the inorganic thin film resistant to crack 
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ing by alternately laminating an inorganic thin film and 
organic thin film on a synthetic resin sheet (see, for example, 
Patent Document 2). However, in addition the production 
process of this film being complex, adhesion between the 
inorganic thin film and organic thin film is low, thereby result 
ing in increased susceptibility to separation of the thin films. 

PRIOR ART DOCUMENTS 

Patent Documents 

0012 Patent Document 1: Japanese Unexamined Patent 
Application, First Publication No. H10-305542 
0013 Patent Document 2: Japanese Laid-Open Patent 
Application, First Publication No. 2005-289052 

SUMMARY OF THE INVENTION 

Problems to be Solved by the Invention 

0014 With the foregoing in view, an object of the present 
invention is to provide a gas barrier film having Superior gas 
barrier properties and surface flatness in which layers are 
securely adhered and is resistant to the occurrence of cracking 
when the gas barrier film is bent, and to provide an electronic 
device provided with this gas barrier film. 

Means for Solving the Problems 

0015. As a result of conducting extensive studies to solve 
the aforementioned problems, the inventors of the present 
invention found that by providing a layer containing a poly 
organosiloxane-based compound on a base, and depositing an 
inorganic material layer thereon by dynamic ion mixing 
method, a gas barrier film can be obtained that has Superior 
gas barrier properties and Surface flatness in which the layers 
are securely adhered and is resistant to the occurrence of 
cracking when the gas barrier film is bent, thereby leading to 
completion of the present invention. 
0016 Namely, the present invention is a gas barrier film 
having a base, and a layer containing a polyorganosiloxane 
based compound and an inorganic material layer sequentially 
laminated on at least one side of the base, wherein the inor 
ganic material layer is deposited by dynamic ion mixing 
method. 
0017. In addition, in the present invention, an inorganic 
compound that composes the inorganic material layer is pref 
erably at least one type of inorganic compound selected from 
the group consisting of an elemental metal, silicon, graphite, 
inorganic oxide, inorganic nitride and inorganic oxynitride. 
0018. In addition, in the present invention, the inorganic 
compound is preferably at least one type of inorganic com 
pound selected from the group consisting of silicon nitride, 
silicon oxide, silicon oxynitride, aluminum oxide, aluminum 
nitride, aluminum oxynitride, indium oxide and tin-doped 
indium oxide. 
0019. In addition, in the present invention, a plasma-form 
ing gas used in the dynamic ion mixing method is preferably 
contains at least one type of gas selected from the group 
consisting of helium, argon, neon, krypton and Xenon. 
0020. In addition, in the present invention, the plasma 
forming gas used in the dynamic ion mixing method is pref 
erably a mixed gas further containing at least one type of gas 
selected from the group consisting of hydrogen, oxygen, 
nitrogen and fluorocarbons. 
0021. In addition, in the present invention, the dynamic 
ion mixing method is preferably carried out by applying a 
negative high voltage of -50 kV to -1 kV to the base in pulses. 



US 2012/0031485 A1 

0022. In addition, in the present invention, the thickness of 
the layer containing a polyorganosiloxane-based compound 
is preferably 0.01 um to 100 um. 
0023. In addition, in the present invention, the polyorga 
nosiloxane-based compound of the layer containing a poly 
organosiloxane-based compound is preferably polydimethyl 
siloxane. 
0024. In addition, in the present invention, a layer contain 
ing a fluorine-containing resin is preferably provided on the 
base on the side opposite the side where the layer containing 
a polyorganosiloxane-based compound is formed. 
0025. In addition, the present invention provides a gas 
barrier film, wherein the content of the polyorganosiloxane 
based compound in the layer containing a polyorganosilox 
ane-based compound is preferably 50% by weight or more. 
0026. In addition, the present invention provides a gas 
barrier film, wherein the thickness of the inorganic material 
layer is preferably 10 nm to 1000 nm. 
0027. In addition, the present invention is an electronic 
device provided with the aforementioned gas barrier film. 
0028. In addition, in the present invention, the electronic 
device is preferably a solar cell module. 
0029. In addition, in the present invention, the gas barrier 
film is preferably used as a back protective sheet. 
0030. In addition, in the present invention, the electronic 
device is preferably an image display element. 

Effects of the Invention 

0031. According to the gas barrier film of the present 
invention, since surface irregularities in the surface of the 
base are filled in by a layer containing a polyorganosiloxane 
based compound provided on the base, the shape of Surface 
irregularities in the surface of the base are inhibited from 
standing out on the Surface. Consequently, this gas barrier 
film allows the obtaining of high surface flatness. 
0032. In addition, as a result of providing the inorganic 
material layer on the layer containing a polyorganosiloxane 
based compound and depositing the inorganic material layer 
by dynamic ion mixing method, the layer containing a poly 
organosiloxane-based compound and the inorganic material 
layer are securely adhered, thereby inhibiting layer separa 
tion. When carrying out processing using the gas barrier film 
of the present invention, the gas barrier film can be applied to 
a processing apparatus having a small diameter roll, thereby 
facilitating handling. 
0033. In addition, since the inorganic material layer 
deposited by dynamic ion mixing method has few pinholes, 
Superior gas barrier properties, and is resistant to the occur 
rence of cracking when the film is bent, the gas barrier prop 
erties thereof can be maintained over a long period of time. 
Moreover, since both the inorganic material layer and the 
layer containing a polyorganosiloxane-based compound have 
gas barrier properties, this gas barrier film allows the obtain 
ing of extremely Superior gas barrier properties. 
0034. In addition, according to the electronic device of the 
present invention, as a result of being provided with a gas 
barrier film as described above, gas Such as water vapor which 
is present outside the electronic device is reliably prevented 
from entering inside the electronic device, thereby allowing 
the obtaining of Superior weather resistance and durability. In 
addition, even in the case of having a process by which an 
electrode film is deposited on the surface of a gas barrier film, 
since the Surface flatness of the gas barrier film is high, the 
formation of protrusions on the electrode film during the 
deposition process is prevented, thereby making it possible to 
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avoid disconnections and short circuits attributable to the 
protrusions on the electrode film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0035 FIG. 1 is a schematic longitudinal cross-sectional 
view showing a first embodiment of the gas barrier film of the 
present invention. 
0036 FIG. 2 is a schematic longitudinal cross-sectional 
view showing a second embodiment of the gas barrier film of 
the present invention. 
0037 FIG. 3 is a schematic longitudinal cross-sectional 
view showing a third embodiment of the gas barrier film of the 
present invention. 
0038 FIG. 4 is a schematic longitudinal cross-sectional 
view showing a Solar cell module that applies the gas barrier 
film of the present invention (electronic device of the present 
invention). 
0039 FIG. 5 is a schematic longitudinal cross-sectional 
view showing a Solar cell module that uses a transparent resin 
film as a protective sheet. 

EMBODIMENTS OF THE INVENTION 

0040. The following provides an explanation of embodi 
ments of the present invention with reference to the drawings. 
0041 <Gas Barrier Filmd 
0042. An explanation is first provided of embodiments of 
the gas barrier film of the present invention. 
0043 FIG. 1 is a schematic longitudinal cross-sectional 
view showing a first embodiment of the gas barrier film of the 
present invention. FIG. 2 is a schematic longitudinal cross 
sectional view showing a second embodiment of the gas 
barrier film of the present invention. FIG. 3 is a schematic 
longitudinal cross-sectional view showing a third embodi 
ment of the gas barrier film of the present invention. 
0044. A gas barrier film 10 shown in FIG. 1 has a base 11, 
and a layer 12 containing a polyorganosiloxane-based com 
pound (to be referred to as the “polyorganosiloxane layer') 
and an inorganic material layer 13 sequentially laminated on 
the base 11. This gas barrier film 10 is arranged so that, for 
example, the side of the inorganic material layer 13 is on the 
side of the electronic device in the case of being applied to an 
electronic device. 
0045. The following provides an explanation of the con 
figuration of each constituent. 
0046. The base 11 supports each constituent that com 
poses the gas barrier film. 
0047 Although there are no particular limitations on the 
material used to compose the base 11 provided it is able to 
satisfy the required level of performance of an electronic 
device in which the gas barrier film is applied, a resin film is 
preferable since it is advantageous in terms of reducing 
weight and increasing flexibility while also being able to be 
applied to roll-to-roll production. However, the base 11 is not 
limited thereto, but rather may also be in the form of a glass 
plate or metal plate. Examples of materials of the resin film 
include polyimide, polyamide, polyamidoimide, polyphe 
nylene ether, polyether ketone, polyether ether ketone, poly 
olefin, polyester, polycarbonate, polysulfone, polyetherSul 
fone, polyphenylene Sulfide, polyarylate, acrylic resin, 
alicyclic structure-containing polymers and aromatic poly 
mers, and the like, and one type thereof can be used alone or 
two or more types can be used in combination. In addition, 
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among these resins, polyester and polyamide are used par 
ticularly preferably from the viewpoints of versatility, trans 
parency and heat resistance. 
0048 Examples of polyesters include polyethylene 
terephthalate (PET), polybutylene terephthalate, polyethyl 
ene naphthalate and polyarylate, and the like. 
0049. Examples of polyamides include completely aro 
matic polyamides, Nylon 6, Nylon 66 and nylon copolymers, 
and the like. 
0050 Although there are no particular limitations thereon, 
the thickness of the base 11 is normally 1 um to 1000 um, 
preferably 5 um to 500 um, and in consideration of practical 
ity, 10um to 200 um. 
0051. In addition to functioning as a surface smoothing 
layer that prevents surface irregularities in the surface of the 
base 11 from appearing on the Surface by filling in Surface 
irregularities in the Surface of the base 11, the polyorganosi 
loxane layer 12 also functions as a gas barrier layer that 
obstructs the migration of gas such as water vapor from one 
side to the other side across the polyorganosiloxane layer 12. 
0052. The polyorganosiloxane-based compound con 
tained in the polyorganosiloxane layer 12 is a compound 
obtained by polycondensation of a silane compound having a 
hydrolyzable functional group. 
0053. There are no particular limitations on the main chain 
structure of the polyorganosiloxane-based compound, and 
may be in the form of a linear chain, ladder or cage. 
0054 For example, an example of a linear main chain 
structure is the structure represented by the following formula 
(a), an example of a ladder main chain structure is the struc 
ture represented by the following formula (b), and an example 
of a cage main chain structure is the structure represented by 
the following formula (c). 

Chemical Formula 1 

Chemical Formula 3 
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0055. In the above formulas, Rx, Ry and RZ respectively 
and independently represent a hydrogen atom or a non-hy 
drolyzable group Such as an unsubstituted or Substituted alkyl 
group, unsubstituted or Substituted alkenyl group or unsub 
stituted or substituted aryl group. Furthermore, a plurality of 
RX in formula (a) , a plurality of Ry in formula (b) and a 
plurality of RZ in formula (c) may be the same or different 
each other. However, both of the RX of formula (a) may not be 
hydrogen atoms. 
0056. Examples of alkyl groups of the unsubstituted or 
Substituted 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 or n-octyl 
group. 
0057 Examples of alkenyl groups include alkenyl groups 
having 2 to 10 carbon atoms. Such as a vinyl group, 1-prope 
nyl group, 2-propenyl group, 1-butenyl group, 2-butenyl 
group or 3-butenyl group. 
0.058 Examples of substituents of the alkyl groups and 
alkenyl groups include halogenatoms such as a fluorine atom, 
chlorine atom, bromine atom or iodine atom, hydroxyl 
groups, thiol groups, epoxy groups, glycidoxy groups, (meth) 
acryloyloxy groups, and unsubstituted or Substituted aryl 
groups such as a phenyl group, 4-methylphenyl group or 
4-chlorophenyl group. 
0059 Examples of aryl groups of the unsubstituted or 
Substituted aryl groups include aryl groups having 6 to 10 
carbon atoms, such as a phenyl group, 1-naphthyl group or 
2-naphthyl group. 
0060 Examples of substituents of the aryl groups include 
halogen atoms such as a fluorine atom, chlorine atom, bro 

Chemical Formula 2) 
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mine atom or iodine atom, alkyl groups having 1 to 6 carbon 
atoms such as a methyl group or ethyl group, alkoxy groups 
having 1 to 6 carbonatoms Such as a methoxy group or ethoxy 
group, nitro groups, cyano groups, hydroxyl groups, thiol 
groups, epoxy groups, glycidoxy groups, (meth)acryloyloxy 
groups, and unsubstituted or Substituted aryl groups such as a 
phenyl group, 4-methylphenyl group or 4-chlorophenyl 
group. 
0061 Among these, Rx, Ry and RZare preferably a hydro 
gen atom, alkyl group having 1 to 6 carbon atoms or phenyl 
group, and particularly preferably an alkyl group having 1 to 
6 carbon atoms. 
0062. In the present invention, the polyorganosiloxane 
based compound is preferably a linear compound represented 
by the aforementioned formula (a), and is particularly pref 
erably polydimethylsiloxane in which the two RX in formula 
(a) are both methyl groups from the viewpoints of ease of 
availability and allowing the formation of a polyorganosilox 
ane compound layer having Superior gas barrier properties. 
0063 Polyorganosiloxane-based compounds can be 
obtained by a known production method consisting of for 
example, polycondensation of a silane compound having a 
hydrolyzable functional group. 
0064. The silane compound used is suitably selected cor 
responding to the structure of the target polyorganosiloxane 
based compound. Preferable specific examples include 
bifunctional silane compounds such as dimethyldimethox 
ysilane, dimethyldiethoxysilane, diethyldimethoxysilane or 
diethyldiethoxysilane, trifunctional silane compounds such 
as methyltrimethoxysilane, methyltriethoxysilane, ethyltri 
methoxysilane, ethyltriethoxysilane, n-propyltrimethoxysi 
lane, n-butyltriethoxysilane, phenyltrimethoxysilane, phe 
nyltriethoxysilane or phenyldiethoxymethoxysilane, and 
tetrafunctional silane compounds such as tetramethoxysi 
lane, tetraethoxysilane, tetra-n-propoxysilane, tetraisopro 
poxysilane, tetra-n-butoxysilane, tetra-t-butoxysilane, tetra 
S-butoxysilane, methoxytriethoxysilane, 
dimethoxydiethoxysilane or trimethoxyethoxysilane. 
0065. In addition, compounds available commercially as 
release agents, adhesives or sealants and the like can also be 
used as is for the polyorganosiloxane-based compound. 
0066. The polyorganosiloxane layer 12 may also contain 
other components within a range that does not impair the 
object of the present invention in addition to the polyorga 
nosiloxane-based compound. Examples of other components 
include curing agents, catalysts, other polymers, aging pre 
vention agents, photostabilizers and flame retardants. 
0067 Furthermore, from the viewpoint of allowing the 
obtaining a laminate having Superior gas barrier properties, 
the content of the polyorganosiloxane-based compound in the 
polyorganosiloxane layer 12 is preferably 50% by weight or 
more and more preferably 70% by weight or more. 
0068. There are no particular limitations on the method 
used to form the polyorganosiloxane layer 12, and can be 
produced by, for example, coating a layer-forming solution, 
containing at least one type of polyorganosiloxane-based 
compound, other components as necessary, and a solvent and 
the like, onto a suitable base 11, and heating (drying) the 
resulting coated film as necessary. 
0069. The film thickness of the polyorganosiloxane layer 
12 is preferably 0.01 um to 100 um, more preferably 0.02 um 
to 10 um and particularly preferably 0.03um to 1 um. In the 
case the film thickness is less than 0.01 um, there is the 
possibility of being unable to adequately obtain the functions 
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of the polyorganosiloxane layer 12 as a gas barrier layer and 
Surface Smoothing layer as previously described. In addition, 
in the case the film thickness of the polyorganosiloxane layer 
12 exceeds 100 um, corresponding effects are unable to be 
obtained and the resulting effects are opposite from those of 
reducing weight and decreasing thickness of the gas barrier 
film 10, thereby making this undesirable. 
0070 The inorganic material layer 13 is provided on the 
polyorganosiloxane layer 12. 
0071. The inorganic material layer 13 functions as a gas 
barrier layer that obstructs the migration of gas such as water 
vapor from one side to the other side across the inorganic 
material layer 13. 
0072 Although there are no particular limitations on the 
inorganic compound that composes the inorganic material 
layer 13 provided it is able to obstruct the permeation of water 
vapor and other gas, examples thereof include an elemental 
metal, silicon, graphite, inorganic oxide, inorganic nitride and 
inorganic oxynitride. Among these, silicon nitride, silicon 
oxide, silicon oxynitride, aluminum oxide, aluminum nitride, 
aluminum oxynitride, indium oxide and tin-doped indium 
oxide are preferable. 
0073. In the present invention, the inorganic material layer 
13 is deposited by dynamic ion mixing method. 
0074. Here, dynamic ion mixing method refers to a 
method of depositing a compound film consisting of a film 
forming material and an implanted ion species by simulta 
neously carrying out film formation and ion implantation. 
This dynamic ion mixing method facilitates film composition 
control and crystal control by simply altering the conditions 
of film formation and ion implantation, and by optimizing 
these conditions, allows the deposition of a film that has few 
pinholes and has Superior mechanical characteristics. In addi 
tion, during the early stages offilm formation, a portion of the 
atoms of the film-forming material that have reached the 
Surface of a film-deposited base are energized as a result of 
colliding with ions implanted in the film, enabling them to be 
knocked on to the film-deposited base. As a result, a mixed 
layer of atoms that compose the film-deposited base and 
atoms of the film-forming material is formed at the interface 
between the film-deposited base and the film. In this mixed 
layer, atoms of the film-forming material that have entered the 
film-deposited base have a structure in the manner of driving 
a wedge into the film-deposited base, and function as anchors 
that secure the deposited film to the film-deposited base. 
Consequently, the deposited film is securely adhered to the 
film-deposited base. 
0075 Thus, the inorganic material layer 13 that has been 
deposited by dynamic ion mixing method is securely adhered 
to the polyorganosiloxane layer 12, thereby inhibiting sepa 
ration from the polyorganosiloxane layer 12. In addition, 
since the inorganic material layer 13 has few pinholes, in 
addition to allowing the obtaining of Superior gas barrier 
properties, is resistant to the occurrence of cracking when the 
film is bent, thereby making it possible to maintain the gas 
barrier properties thereof over a long period of time. 
0076 Although there are no particular limitations on the 
deposition method used for dynamic ion mixing method, 
sputtering method is used preferably. As a result, the inor 
ganic material layer 13 can be deposited that is more securely 
adhered to the polyorganosiloxane layer 12. 
0077. The inorganic material layer 13 is formed in the 
manner described below, for example, in the case of dynamic 
ion mixing method using a sputtering method. 
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0078 First, the base 11 provided with the polyorganosi 
loxane layer 12 and a target is arranged in a vacuum chamber. 
After pressure inside the vacuum chamber has been reduced, 
plasma-forming gas is introduced into the vacuum chamber. 
0079 The plasma-forming gas contains a sputter gas (rare 
gas) and an gas capable of ionization (ionization (reactive 
gas) other than the rare gas as necessary, and plasma is formed 
by applying radio frequency electrical power to the base 11. 
0080 Next, together with applying the radio frequency 
electrical power to the base 11, a negative direct current high 
Voltage is successively applied in pulses. 
0081. As a result of the radio frequency electrical power 
being applied to the base 11, the plasma-forming gas is plas 
matized around the base 11, ions of the Sputter gas present in 
the plasma collide with the target, and Sputtered particles are 
scattered from the target. The scattered sputtered particles 
adhere to and accumulate on the Surface of the polyorganosi 
loxane layer 12 resulting in the formation of a deposited film 
of sputtered particles (film obtained from the target material). 
In addition, simultaneous thereto, as a result of applying a 
negative direct current high Voltage to the base 11 in pulses, 
ions in the plasma are attracted to the base 11 and are 
implanted in the deposited film. As a result, energy is 
imparted to the atoms that compose the film, causing the 
atoms to be knocked on to the polyorganosiloxane layer 12. In 
the case of using a reactive gas, in addition to the atoms being 
knocked on to the polyorganosiloxane layer 12, the atoms that 
compose the film also react with ions of the reactive gas. As a 
result, a compound film (inorganic material layer 13) of the 
target material and the reactive gas is formed on the polyor 
ganosiloxane layer 12 while securely adhered thereto. 
0082 Furthermore, in this dynamic ion mixing method, a 
charge of the base caused by ion implantation can be removed 
by applying radio frequency electrical power to the base 11. 
0083. In the dynamic ion mixing method as described 
above, the target and the plasma-forming gas are Suitably 
selected corresponding to the composition of the desired inor 
ganic material layer 13. 
0084 More specifically, examples of the target include an 
elemental metal, silicon, graphite or metal-containing com 
pound (such as an oxide, nitride or oxynitride) that composes 
the target inorganic material layer. 
0085. In addition, examples of the sputter gas in the 
plasma-forming gas include helium, argon, neon, krypton and 
Xenon, and one type thereof can be used alone or two or more 
types can be used in combination. In addition, examples of the 
reactive gas include hydrogen, oxygen, nitrogen and fluoro 
carbons, and one type thereof can be used alone or two or 
more types can be used in combination. 
I0086. In the case of reactive sputtering, the plasma-form 
ing gas is preferably composed mainly of the Sputter gas, and 
although varying according to the composite ratio of the 
target material and the desired film quality, the ratio of sputter 
gas in the introduced gas is specifically preferably 50% to 
100%, more preferably 55% to 98%, and particularly prefer 
ably 60% to 96%. As a result, the film deposition rate can be 
increased and the inorganic material layer 13 can be deposited 
efficiently. 
0087. In addition, the pressure of the plasma-forming gas 
(or total pressure in the case of a mixed gas) is preferably 
10x10' to 1.0x10 Pa, more preferably 1.0x10° to 1.0x10 
Pa and particularly preferably 10x10' to 1.0x10° Pa. 
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I0088. The negative pulsed high voltage applied to the base 
11 is preferably -100 kV to -100 V, more preferably -50 kV 
to -1 kV and particularly preferably -20 kV to -1 kV. 
I0089. In addition, the concentration of ions implanted in 
the film is normally 1x10" ions/cm or more, preferably 
1x10' ions/cm or more, and more preferably 1x10' to 
1x10" ions/cm. 
0090. As a result of using these conditions, the inorganic 
material layer 13 can be deposited that is securely adhered to 
the polyorganosiloxane layer 12 and has Superior gas barrier 
properties and bendability (referring to being able to be bent 
easily but being resistance to the occurrence of cracks when 
the film is bent). 
0091 Although there are no particular limitations on the 
thickness of the inorganic material layer 13, it is preferably 10 
nm to 1000 nm, more preferably 20 nm to 500 nm and par 
ticularly preferably 50 nm to 200 nm. In the case the thickness 
of the inorganic material layer 13 is less than the aforemen 
tioned ranges, there is the possibility of being unable to obtain 
adequate gas barrier properties. In addition, in the case the 
thickness of the inorganic material layer 13 exceeds the afore 
mentioned ranges, transparency of the gas barrier film 10 is 
impaired, thus presenting a problem in the case of using as a 
front sheet of a Solar cell module or in the case of arranging on 
the display Surface of an image display element Such as a 
liquid crystal display element or organic EL display element. 
0092. In the gas barrier film 10 composed in the manner 
described above, as a result of providing the polyorganosi 
loxane layer 12 on the base 11, surface irregularities in the 
surface of the base 11 are filled in, and the shape of surface 
irregularities in the surface of the base 11 are inhibited from 
appearing on the Surface. Consequently, this gas barrier film 
10 allows the obtaining of high surface flatness. 
0093. In addition, as a result of the inorganic material layer 
13 being provided on the polyorganosiloxane layer 12, and 
the inorganic material layer 13 being deposited by dynamic 
ion mixing method, a high degree of adhesion is obtained 
between the polyorganosiloxane layer 12 and the inorganic 
material layer 13, thereby inhibiting layer separation. 
0094. In addition, since the inorganic material layer 13 
deposited by dynamic ion mixing method has few pinholes, 
has Superior gas barrier properties. Since it is resistance to the 
occurrence of cracking when the film is bent, the gas barrier 
properties thereof can be maintained over a long period of 
time. Moreover, since both the inorganic material layer 13 
and the polyorganosiloxane layer 12 have gas barrier proper 
ties, the gas barrier film 10 allows the obtaining extremely 
Superior gas barrier properties. 
0095. In this manner, although this gas barrier film 10 has 
Superior Surface flatness and gas barrier properties, more 
specifically, center line average roughness (Ra) and water 
vapor permeability preferably have the values indicated 
below. 

0096 First, although there are no particular limitations 
thereon, the center line average roughness (Ra) of the Surface 
of the gas barrier film 10 (surface of the inorganic material 
layer 13) is preferably 2.0 nm or less, more preferably 1.0 nm 
or less and particularly preferably 0.5 nm or less. Here, center 
line average roughness (Ra) is the value obtained by expand 
ing to 3 dimensions that defined in JISB0601 so as to be able 
to be applied to a measurement plane, and averaging absolute 
values of deviation from a reference plane to the measure 
ment plane, and is represented by the following formula: 
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1. YT frXR Equation 1 
R = - ? |F(X, Y) - Zod X dy 

So Ye Jxt 

(wherein, 
0097 F(X,Y) is the plane indicating all measurement data, 
0098. So is the area when a specified plane is assumed to be 
ideally flat, and 
0099 Zo is the average value of Z data within the specified 
plane). 
0100. This center line surface roughness (Ra) is an indi 
cator of surface flatness of the inorganic material layer 13, and 
means that the smaller this value, the higher the surface flat 
ness. As a result of the centerline Surface roughness (Ra) of 
the inorganic material layer 13 being within the aforemen 
tioned ranges, even in the case of applying the gas barrier film 
10 to an electronic device having a configuration in which an 
electrode film is provided on the surface thereof, protrusions 
are prevented from being formed on the electrode film and 
disconnections and short-circuits caused by these protrusions 
can be avoided. 

0101. In addition, although there are no particular limita 
tions thereon, the water vapor permeability of the gas barrier 
film 10 is preferably 1.0 g/m/day or less, more preferably 0.5 
g/m/day and particularly preferably 0.1 g/m/day. As a result 
of the water vapor permeability of the gas barrier film 10 
being within the aforementioned ranges, when the gas barrier 
film 10 is applied to various types of electronic devices, water 
vapor and other gas on the outside can be reliably inhibited 
from entering into the electronic device, thereby making it 
possible to greatly improve the weather resistance and dura 
bility of the electronic device. 
0102. In addition, although there are no particular limita 
tions thereon, the total light transmittance of the gas barrier 
film 10 is preferably 60% or more, more preferably 70% or 
more and particularly preferably 75% or more. As a result of 
the total light transmittance of the gas barrier film 10 being 
within the aforementioned ranges, when the gas barrier film 
10 is used as a front sheet of a solar cell module, light from the 
outside is able to efficiently enter the solar cell. In addition, 
when the gas barrier film 10 is arranged on the display surface 
of a liquid crystal display element or organic EL display 
element, an image displayed on that display Surface can be in 
visual contact distinctly. 
0103 Here, although the polyorganosiloxane layer 12 and 
the inorganic material layer 13 are provided on only one side 
of the base 11 in the gas barrier film 10 explained above, each 
of these layers may also be provided on both sides of the base 
11. As a result, the gas barrier properties of the gas barrier film 
10 can be further enhanced. 

0104. In addition, as shown in FIGS. 2 and 3, gas barrier 
films 20 and 30 of the present invention may be provided with 
the polyorganosiloxane layer 12 and the inorganic material 
layer 13 on one side of the base 11 and provided with another 
layer on the other side. 
0105. An example of another layer is a layer containing a 
fluorine-containing resin (to be referred to as a “fluorine 
containing resin layer”) 14. Fluorine-containing resins are 
resistant to adherence of water due to their high water repel 
lency. Consequently, the providing of the fluorine-containing 
resin layer 14 on the other side of the base 11 makes it possible 

Feb. 9, 2012 

to obtain more Superior gas barrier properties by reducing the 
amount of water vapor that reaches the other surface of the 
base 11. 

0106 The fluorine-containing resin layer 14 can be 
formed by, for example, (i) a method in which a coating 
material containing a fluorine-containing resin is coated and 
dried on the base 11 followed by carrying out post-treatment 
as necessary as shown in FIG.2, or (ii) a method in which film 
containing a fluorine-containing resin (fluorine-containing 
resin layer 14) is adhered to the surface of the base 11 with an 
adhesive 15 as shown in FIG. 3. 

0107 Preferable examples of fluorine-containing resins 
include polymers composed mainly of chlorotrifluoroethyl 
ene (CTFE), such as Lumiflon (trade name) manufactured by 
Asahi Glass Co., Ltd., Cefral Coat (trade name) manufac 
tured by Central Glass Co., Ltd., or Fluonate (trade name) 
manufactured by DIC Corp., polymers composed mainly of 
tetrafluoroethylene (TFE) such as Zeffle (trade name) manu 
factured by Daikin Industries, Ltd., polymers having fluoro 
alkyl groups such as Zonyl (trade name) manufactured by E. 
I. DuPont de Nemours and Co. or Unidyne (trade name) 
manufactured by Daikin Industries, Ltd., and polymers com 
posed mainly of fluoroalkyl units. Among these, polymer 
composed mainly of CTFE and polymers composed mainly 
of TFE are more preferable from the viewpoints of weather 
resistance and pigment dispersibility, with Lumiflon (trade 
name) and Zeffle (trade name) being the most preferable. 
0108) <Production Method of Gas Barrier Filmd 
0109 Next, an explanation is provided of a method of 
producing the gas barrier film shown in FIG. 1. 
0110 First, the base 11 is prepared, and the polyorganosi 
loxane layer 12 is formed on the base 11. 
0111 Examples of methods of forming the polyorganosi 
loxane layer 12 include (i) a method in which a coating 
material containing a polyorganosiloxane-based compound 
is coated and dried on the base 11 followed by carrying out 
post-treatment as necessary, and (ii) a method in which a film 
containing a polyorganosiloxane-based compound is adhered 
to the surface of the base 11 with an adhesive. 

0112 Among these methods, the method of (i) is used 
preferably. According to the method of (i), the polyorganosi 
loxane layer 12 can be continuously formed on an elongated 
base 11, thereby allowing the obtaining of high production 
efficiency. 
0113 Formation of the polyorganosiloxane layer 12 
according to the method of (i) is specifically carried out by 
using a film conveying system that conveying the base 11 in 
one direction, and a polyorganosiloxane layer forming appa 
ratus having a coating device and a heating device arranged at 
intermediate locations of the film conveying system. 
0114 First, a coating material containing a polyorganosi 
loxane-based compound is prepared. 
0115 Although there are no particular limitations on the 
Solvent used to prepare the coating material provided it dis 
Solves the polyorganosiloxane and is resistant to dissolving 
the base, examples include methyl ethyl ketone (MEK), 
cyclohexanone, acetone, methyl isobutyl ketone (MIBK), 
toluene, Xylene, methanol, isopropanol, ethanol, heptane, 
ethyl acetate, isopropyl acetate, n-butyl acetate and n-propyl 
alcohol, and one type of these can be used alone or two or 
more types can be used in combination. In particular, Xylene, 
cyclohexanone or MEK is used preferably from the view 
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points of Solubility of contained components in the coating 
material and low persistency (low boiling point temperature) 
in the resulting coated film. 
0116 Furthermore, the coating material may also contain 
components other than the polyorganosiloxane-based com 
pound. 
0117 The coating material is then placed in a coating 
material tank of the coating device and an elongated base 11 
is placed across the film conveying system. While conveying 
the base 11 in one direction, the coating material containing 
the polyorganosiloxane-based compound is coated onto one 
side of the base 11 with the coating device, and then the 
coating material is dried with the heating device. As a result, 
the polyorganosiloxane layer 12 is continuously formed on 
the elongated base 11. 
0118. Next, the inorganic material layer 13 is formed on 
the polyorganosiloxane layer 12 by dynamic ion mixing 
method. The following provides an explanation of the method 
of forming the inorganic material layer 13 by using as an 
example the case of forming a silicon oxynitride layer by 
dynamic ion mixing method using a sputtering method. 
0119 First, the base 11 on which the polyorganosiloxane 
layer 12 has been formed is placed across the film conveying 
system provided in the chamber, and a silicon target is placed 
in the chamber. At this time, the base 11 is positioned so that 
the side on which the polyorganosiloxane layer 12 has been 
formed is face the targetatan intermediate location of the film 
conveying system. 
0120. After having reduced the pressure inside the cham 
ber with a rotary pump and an oil diffusion vacuum pump, the 
plasma-forming gas is introduced. Here, a mixed gas of 
argon, nitrogen and oxygen is used for the plasma-forming 
gaS. 

0121 Radio frequency electrical power is then applied to 
the base 11 while conveying the base 11 together with apply 
ing a direct current high Voltage is successively applied in 
pulses. For example, radio frequency electrical power of 
13.56 MHz that has been pulse-modulated to 10 us to 400 ms 
is applied to the base 11. 
0122. As a result of applying the radio frequency electrical 
power to the base 11, plasma-forming gas is plasmatized 
around the base 11, argon ions in the plasma collide with the 
silicon target, and silicon particles are scattered from the 
target. The scattered silicon particles adhered to the surface of 
the polyorganosiloxane layer 12 and are deposited thereon 
resulting in the formation of a deposited film of silicon par 
ticles. In addition, as a result of a negative direct current high 
Voltage simultaneously being applied in pulses to the base 11, 
ions in the plasma are attracted to the base 11 and are 
implanted in the deposited film. As a result, silicon atoms that 
compose the film being energized by the ions are knocked on 
to the polyorganosiloxane layer 12, and silicon atoms that 
compose the film react with ions of the reactive gas (nitrogen 
and oxygen), resulting in the formation of silicon oxynitride. 
As a result, a silicon oxynitride layer is formed that is securely 
adhered to the polyorganosiloxane layer. 
0123. This type of film formation process is carried out 
continuously along the lengthwise direction of the base 11 as 
it is being transported. As a result, an elongated gas barrier 
film 10 is completed in which a polyorganosiloxane layer and 
a silicon oxynitride layer (inorganic material layer) are 
sequentially laminated. 
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0.124 <Electronic Device.> 
0.125. Next, an explanation is provided of an electronic 
device in which the gas barrier film of the present invention is 
applied (electronic device of the present invention) by using a 
Solar cell module as an example thereof. 
0.126 FIG. 4 is a schematic cross-sectional view showing 
an example of a solar cell module in which the gas barrier film 
of the present invention is applied. 
0127. As shown in FIG. 4, a solar cell module 100 is 
roughly composed of a solar cell 101 composed of crystalline 
silicon or amorphous silicon and the like, an encapsulant 
(filler layer) 102 composed of an electrical insulator that seals 
the solar cell 101, a front protective sheet (front sheet) 103 
laminated onto the front of the encapsulant 102, and a back 
protective sheet (back sheet) 104 laminated onto the back of 
the encapsulant 102. 
I0128. In this solar cell module 100, when light enters each 
solar cell 101 from the side of the front sheet 103, optical 
energy is converted to electrical power in each solar cell 101, 
and the electrical power is output from an output terminal of 
each solar cell 101. 
I0129. In the solar cell module 100 of the present invention, 
the back sheet 104 is composed of the gas barrier film 10 of 
the present invention. Consequently, since the back sheet 104 
has Superior gas barrier properties, even in the case the Solar 
cell module 100 is subjected to conditions of high tempera 
ture and high humidity, water vapor on the outside is inhibited 
from entering inside the encapsulant 102 and each of the solar 
cells 101 by this back sheet 104. 
0.130. In addition, as a result of the polyorganosiloxane 
layer 12 and the inorganic material layer 13 being securely 
adhered in the back sheet 104, the base 11 and the polyorga 
nosiloxane layer 12 are prevented from separating from the 
inorganic material layer 13. Consequently, in this solar cell 
module 100, the gas barrier properties of the back sheet 104 
can be maintained over a long period of time, time-based 
deterioration of each of the solar cells 101 caused by external 
water vapor is inhibited, and Superior weather resistance and 
durability, can be obtained. 
I0131 Although the above has provided an explanation of 
the gas barrier film and electronic device of the present inven 
tion, each of the constituents that compose the gas barrier film 
and the electronic device in the aforementioned embodiments 
are merely intended to be exemplary, and can be suitably 
modified within a range that does not deviate from the scope 
of the present invention. 
I0132) For example, the solar cell module 100 may employ 
a configuration in which the back sheet 104 and the front sheet 
103 are composed with the gas barrier film of the present 
invention. In addition, the gas barrier film may be the gas 
barrier film 20 shown in FIG. 2 or the gas barrier film 30 
shown in FIG. 3. 
I0133. In addition, the electronic device in which the gas 
barrier film of the present invention is applied is not limited to 
a solar cell module. Examples of other electronic devices in 
which the gas barrier film is applied include a liquid crystal 
display, organic EL display, inorganic EL display and elec 
tronic paper. In these electronic devices as well, Superior 
weather resistance and durability as well as high Surface 
flatness are obtained by using the gas barrier film of the 
present invention. 

EXAMPLES 

I0134. Although the following provides a more detailed 
explanation of the present invention through examples 
thereof, the present invention is not limited by these 
examples. 
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0135 <Production of Gas Barrier FilmD 

Example 1 

0136. A polyethylene terephthalate film (produced by 
Mitsubishi Plastics, Inc., trade name: PET38 T-100) having a 
thickness of 38 um was prepared for use as a base. 
0.137 Next, a silicone resin (produced by Shin-Etsu 
Chemical Co., Ltd., trade name: KS847H), mainly composed 
of polydimethylsiloxane for the polyorganosiloxane-based 
compound, was coated onto the Surface of the base and dried 
to obtain a polydimethylsiloxane layer (polyorganosiloxane 
layer) having a thickness of 100 nm. 
0138 Next, a silicon nitride (Si N) film (inorganic mate 

rial layer) was deposited on the polydimethylsiloxane layer 
by dynamic ion mixing method using a sputtering method. 
0.139. The conditions of dynamic ion mixing method are 
indicated below. 
0140 Plasma-forming gas: Mixed gas of argon and nitro 
gen 

0141 Target: Silicon 
I0142 Plasma-forming gas flow rates: argon: 100 cm/min 
(atmospheric pressure: 1013hPa; 25°C.), nitrogen: 60 cm/ 
min (atmospheric pressure 1.013 hPa; 25°C.) 
0143 (Radio Frequency Electrical Power) 
0144) Frequency: 13.56 MHz 
(0145 Applied electrical power: 2500 W 
0146 (Negative Pulsed High Voltage) 
0147 Pulse repetition frequency: 1000 Hz 
0148. Applied voltage: -10 kV 
0149 Duty ratio: 0.5% 
0150 Pulse width: 5 usec 
0151 Chamber internal pressure: 0.2 Pa 
0152 Treatment time: 50 sec 
0153 Film thickness: 50 nm. 
0154) A gas barrier film was produced according to the 
process described above. 

Example 2 

0155. A gas barrier film was produced in the same manner 
as Example 1 with the exception of using a mixed gas of argon 
and oxygen for the plasma-forming gas when forming the 
inorganic material layer, and depositing a siliconoxide (SiO2) 
film by setting the argon flow rate to 100 sccm and setting the 
oxygen flow rate to 30 sccm. 

Example 3 

0156. A gas barrier film was produced in the same manner 
as Example 1 with the exception of depositing an aluminum 
nitride (Al N) film by using aluminum for the target when 
forming the inorganic material layer. 

Example 4 

0157. A gas barrier film was produced in the same manner 
as Example 1 with the exception of depositing a tin-doped 
indium oxide (ITO) film by using ITO for the target, setting 
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the argon flow rate to 100 sccm and setting the oxygen flow 
rate to 5 sccm when forming the inorganic material layer. 

Example 5 

0158 Agas barrier film was produced in the same manner 
as Example 1 with the exception of changing the applied 
Voltage to -15 kV when forming the inorganic material layer. 

Example 6 

0159. A fluorine resin coating agent was prepared in the 
manner described below. 

0160 Procedure for Preparing Fluorine Resin Coating 
Agent 
0.161 120 parts by weight of methyl ethyl ketone, 18.2 
parts by weight of hydrophobic silica (Cabot Specialty 
Chemicals, Inc., trade name: CAB-O-CIL TS-720) and 100 
parts by weight of titanium oxide (E. I. duPont de Nemours 
and Company., trade name: Ti-Pure R-105) were mixed fol 
lowed by dispersing for a prescribed amount of time with a 
disperser or pigment disperser to prepare a pigment disper 
S1O. 

0162 Here, a TK Homodisper (Tokushu Kika Kogyo Co., 
Ltd.) was used for the disperser, while the Heavy Duty Mixer 
5410 (Red Devil Equipment Corp., preliminarily filled with 
400 parts by weight of Zirconia beads) was used for the 
pigment disperser. 
(0163 Next, 100 parts by weight of CTFE-based copoly 
mer (Asahi Glass Co., Ltd., trade name: Lumiflon LF200), 
10.7 parts by weight of curing agent (Sumika Bayer Urethane 
Co., Ltd., trade name: Sumidur N3300), 0.004 parts by 
weight of accelerator (Toyo Ink Co., Ltd., trade name: 
BXX3778-10) and 110 parts by weight of MEK were blended 
into 87 parts by weight of the prepared pigment dispersion to 
prepare a fluorine resin coating agent. 
0164. Next, a base on which a polydimethylsiloxane layer 
and an inorganic material layer were formed was prepared in 
the same manner as Example 1. 
0.165. The fluorine resin coating agent was coated onto the 
opposite side of the base from the side of the deposited layers 
were formed using a bar coater followed by drying for 1 
minute at 120° C. and allowing to stand for 7 days in an 
environment at a temperature of 23°C. and relative humidity 
of 50% to obtain a fluorine-containing resin layer. 
0166 A gas barrier film was produced according to the 
process described above. 

Example 7 

0.167 A base on which a polydimethylsiloxane layer and 
an inorganic material layer were formed was prepared in the 
same manner as Example 1. 
0168 A fluorine-containing resin layer was formed by 
adhering a fluorine resin film (E. I. duPont de Nemours and 
Company., trade name: Tedlar TUB10AAH4) having a thick 
ness of 25um to the opposite side of the base from the side of 
the deposited layers were formed using a polyester-based 
adhesive (Toyo Ink Co., Ltd., trade name: AD-76P1 and CAT 
10L (curing agent)). 



US 2012/0031485 A1 

0169. A gas barrier film was produced according to the 
process described above. 

Comparative Example 1 

(0170 A polyethylene terephthalate film (Mitsubishi Plas 
tics, Inc., trade name: PET38 T-100) having a thickness of 38 
um was prepared for use as a base. 
0171 Next, a silicon nitride film having a film thickness of 
50 nm was formed on the surface of the base by sputtering 
method. 
0172 A gas barrier film was produced according to the 
process described above. 

Comparative Example 2 

0173 A gas barrier film was produced in the same manner 
as Example 1 with the exception of not forming the polydim 
ethylsiloxane layer and forming a silicon nitride film directly 
on the base using dynamic ion mixing method. 

Comparative Example 3 

0.174. A gas barrier film was produced in the same manner 
as Example 1 with the exception of forming a layer (thick 
ness: 1 um) containing urethane acrylate (Arakawa Chemical 
Industries, Ltd., trade name: Urethane Acrylate 575BC) 
instead of the polydimethylsiloxane layer. 

Comparative Example 4 

0.175. A gas barrier film was produced in the same manner 
as Example 7 with the exception of not forming the polydim 
ethylsiloxane layer, and forming a silicon nitride film directly 
on the base. 

Comparative Example 5 

0176 A gas barrier film was produced in the same manner 
as Example 7 with the exception of forming a layer (thick 
ness: 1 um) containing urethane acrylate (Arakawa Chemical 
Industries, Ltd., trade name: Urethane Acrylate 575BC) 
instead of the polydimethylsiloxane layer. 

Comparative Example 6 

0177. A polydimethylsiloxane layer was formed on a base 
in the same manner as Example 1. 
0.178 Next, ionized argon was implanted as plasma ions 
into the Surface of the polydimethylsiloxane layer using a 
plasma ion implantation apparatus. Furthermore, argon was 
confirmed to be present at approximately 10 nm from the 
Surface of the layer containing the polydimethylsiloxane by 
measuring with an X-ray photoelectron spectroscope (XPS). 
0179 The conditions used for plasma ion implantation are 
indicated below. 
0180 Plasma-forming gas flow rate: Argon: 100 cm/min 
(atmospheric pressure: 1.013 Pa, 25°C.) 
0181 (Radio Frequency Power Source) 
0182 Frequency: 13.56 MHz 
0183) Applied electrical power: 1000 W 
0184 (Negative Pulsed High Voltage) 
0185. Duty ratio: 0.5% 
0186 Repetition frequency: 1000 Hz 
0187. Applied voltage: -10 kV 
0188 Chamber internal pressure: 0.2 Pa 
(0189 Line speed: 0.2 m/min 
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0190. Next, a silicon nitride film having a film thickness of 
50 nm was formed on the plasma ion-implanted polydimeth 
ylsiloxane layer by magnetron Sputtering method using a web 
Sputtering apparatus. 
0191) A gas barrier film was produced according to the 
process described above. 

Comparative Example 7 

0.192 A polydimethylsiloxane layer was formed on a base 
in the same manner as Example 1. 
0193 Next, a silicon nitride film having a film thickness of 
50 nm was formed on the polydimethylsiloxane layer by 
magnetron Sputtering method using a web sputtering appara 
tuS. 
0194 Next, ionized argon was implanted as plasma ions 
into the Surface of the polydimethylsiloxane layer using a 
plasma ion implantation apparatus. Furthermore, argon was 
confirmed to be present at approximately 10 nm from the 
surface of the Si N film by measuring by XPS. The condi 
tions used for plasma ion implantation were the same as in 
Comparative Example 6. 
0.195 A gas barrier film was produced according to the 
process described above. 

Reference Example 1 
0196. A polydimethylsiloxane layer was formed on a base 
in the same manner as Example 1. 
0.197 Next, ionized argon was implanted as plasma ions 
into the Surface of the polydimethylsiloxane layer using a 
plasma ion implantation apparatus. Furthermore, argon was 
confirmed to be present at approximately 10 nm from the 
Surface of the layer containing the polydimethylsiloxane by 
measuring with an X-ray photoelectron spectroscope (XPS). 
0198 The conditions used for plasma ion implantation are 
indicated below. 
(0199 Plasma-forming gas flow rate: Argon: 100 cm/min 
(atmospheric pressure: 1.013 Pa, 25°C.) 
(0200 (Radio Frequency Power Source) 
0201 Frequency: 13.56 MHz 
(0202) Applied electrical power: 1000 W 
(0203 (Negative Pulsed High Voltage) 
(0204 Duty ratio: 0.5% 
(0205 Repetition frequency: 1000 Hz 
0206. Applied voltage: -10 kV 
0207 Chamber internal pressure: 0.2 Pa 
0208 Line speed: 0.2 m/min 
0209 Furthermore, in Examples 1 to 7 and Comparative 
Examples 2 to 5, ions were confirmed to be implanted in the 
inorganic material layer by measuring using an X-ray photo 
electron spectroscope (XPS, Ulvac-Phi Inc., trade name: 
Quantum 2000). 
0210 A Summary of the organic layer, inorganic layer and 
other layers formed in the examples, comparative examples 
and reference example is shown in Table 1. 

TABLE 1 

Inorganic Material Layer 

Deposition. Other 
Organic Layer Type Method Layers 

Ex. 1 Polydimethyl- Silicon nitride 
siloxane layer film 

Dynamic ion — 
mixing 
method 
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TABLE 1-continued 

Inorganic Material Layer 

Deposition. Other 
Organic Layer Type Metho Layers 

Ex. 2 Polydimethyl- Silicon nitride Dynamic ion — 
siloxane layer film mixing 

(O 

Ex. 3 Polydimethyl- Aluminum Dynamic ion — 
siloxane layer nitride film mixing 

(O 

Ex. 4 Polydimethyl- TO film Dynamic ion — 
siloxane layer mixing 

(O 

Ex. S Polydimethyl- Silicon nitride Dynamic ion — 
siloxane layer film mixing 

(O 

Ex. 6 Polydimethyl- Silicon nitride Dynamic ion Fluorine 
siloxane layer film mixing containing 

(O resin layer 
Ex. 7 Polydimethyl- Silicon nitride Dynamic ion Fluorine 

siloxane layer film mixing containing 
(O resin film 

Comp. — Silicon nitride Sputtering 
Ex. 1 film (O 
Comp. — Silicon nitride Dynamic ion — 
Ex. 2 film mixing 

(O 

Comp. Urethane Silicon nitride Dynamic ion — 
Ex. 3 acrylate film film mixing 

(O 

Comp. — Silicon nitride Dynamic ion Fluorine 
Ex. 4 film mixing containing 

(O resin layer 
Comp. Urethane Silicon nitride Dynamic ion Fluorine 
Ex. S acrylate film film mixing containing 

(O resin film 
Comp. Argon-implanted Silicon nitride Magnetron — 
Ex. 6 polydimethyl- film sputtering 

siloxane layer (O 
Comp. Polydimethyl- Argon-implanted Magnetron — 
Ex. 7 siloxane layer silicon nitride sputtering 

film (O 

Ref. Argon-implanted — 
Ex. 1 polydimethyl 

siloxane layer 

0211 <Evaluation> 
0212. The gas barrier films produced in the examples, 
comparative examples and reference example were evaluated 

Ex. 
Ex. 
Ex. 
Ex. 
Ex. 
Ex. 
Ex. 7 

10 

Comp. Ex. 1 
Comp. Ex. 2 
Comp. Ex. 3 
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for water vapor permeability, water vapor permeability after a 
folding test, bendability, surface flatness and adhesion in the 
manner described below. 
0213 (1) Water Vapor Permeability 
0214) Water vapor permeability was measured under con 
ditions of a temperature of 40° C. and relative humidity of 
90% using a water vapor permeability tester (Lyssy Inc.). 
0215 (2) Water Vapor Permeability After Folding Test 
0216. The gas barrier film was folded in the center so that 
the side on which the polydimethylsiloxane layer and inor 
ganic material layer were formed is on the outside by using a 
piece of pasteboard having a thickness of 1 mm as a Support, 
followed by passing through a laminator (Fujipla Inc., trade 
name: Lamipacker LPC1502) while folded in this manner. 
Water vapor permeability was subsequently measured in the 
same manner as Test (1). 
0217. Furthermore, conditions during passage through the 
laminator were as indicated below. 
0218 Temperature: 23° C. 
0219 Laminating speed: 5 m/min 
0220 (3) Occurrence of Cracking After Bending Test 
(Bendability Test) 
0221) The gas barrier film was wound onto a stainless steel 
rod having an outer diameter of 3 mm so as to contact the 
surface on the side on which the polydimethylsiloxane layer 
and inorganic material layer were not formed, followed by 
moving up and down 10 times on the stainless steel rod. 
Subsequently, the gas barrier film was removed from the 
stainless steel rod and the surface on the side on which the 
polydimethylsiloxane layer and inorganic material layer Were 
formed was observed using a light microscope (Keyence 
Corp., VHX-100) at a magnification of 2000x to examine for 
the presence of occurrence of cracking. 
0222 (4) Surface Flatness 
0223) The surface of the gas barrier film on the side on 
which the polydimethylsiloxane layer and inorganic material 
layer were formed was observed using anatomic force micro 
scope (AFM, Seiko Instruments Inc., trade name: SPA300 
HV) followed by measurement of the center line average 
roughness (Ra) within the respective ranges of a lum' square 
and a 25um square. 
0224 (5) Adhesion Test 
0225. Adhesion was evaluated to one of six levels from 0 
to 5 according to a cross-cut test using cellophane tape in 
compliance with JIS-K5600-5-6. Furthermore, the larger the 
indicated value, the poorer the adhesion. The results of the 
aforementioned evaluations are shown in Table 2. 

TABLE 2 

Water vapor 
permeability Occurrence Surface 

Water vapor after of Cracking flatness Adhesion 
permeability folding test after Ra (nm test 

(g/m/day) (g/m/day) bending test 1 Im 25 im’ (O-5) 
O.O3 O.2O No O.19 1.55 O 
O.O7 O.18 No 0.55 3.05 O 
O.O3 O.26 No O.33 2.07 O 
O.10 O3S No O45 3.08 O 
O.O1 O.10 No O.10 1.99 O 
O.O2 O.17 No O.2O 1.59 O 
O.O3 O.15 No O.23 1.66 O 
0.55 1.21 Yes 1.60 13.2 1 
O.33 O.92 No 1.OO 15.3 O 
O40 1...SO Yes O.78 10.9 4 



US 2012/0031485 A1 Feb. 9, 2012 

TABLE 2-continued 

Water vapor 
permeability Occurrence Surface 

Water vapor after of Cracking flatness Adhesion 
permeability folding test after Ra (nm test 

(g/m/day) (g/m/day) bending test 1 Im 25 Jim (O-5) 

Comp. Ex. 4 O.30 O.8O No 1.78 16.8 O 
Comp. Ex. 5 O.23 1.24 Yes O.67 9.89 4 
Comp. Ex. 6 O.O3 O.82 No O.70 13.7 O 
Comp. Ex. 7 O.62 1.OS No OSO 1S.O 1 
Ref. Ex. 1 O.60 O.8O No O.30 3.80 O 

0226. As shown in Table 2, the gas barrier films produced 
in Examples 1 to 7 had low water vapor permeability and low 
water vapor permeability after the folding test and demon 
strated Superior gas barrier properties. In addition, the occur 
rence of cracking in the inorganic material layer was not 
observed during the bending test, layer adhesion was Superior 
and Surface flatness was high. In addition, in Examples 6 and 
7 in which a fluorine-containing resin layer was provided on 
the other side, gas barrier properties were further improved as 
compared with Example 1. 
0227. In contrast, the gas barrier film of Comparative 
Example 1, in which only an inorganic material layer was 
deposited by Sputtering method without forming a polydim 
ethylsiloxane layer, had high water vapor permeability and 
cracks occurred in the inorganic material layer after the bend 
ing test. In addition, layer adhesion was inferior and Surface 
flatness was low. In addition, although the gas barrier films of 
Comparative Examples 2 and 4, in which a polydimethylsi 
loxane layer was not formed, inhibited the occurrence of 
cracking after the bending test and demonstrated favorable 
layer adhesion, water vapor permeability was high and Sur 
face flatness was inferior. 
0228. Moreover, although the gas barrier films of Com 
parative Examples 3 and 5, in which a urethane acrylate layer 
was formed instead of the polydimethylsiloxane layer, dem 
onstrated somewhat high Surface flatness, all other properties 
were inferior. 
0229. Moreover, the gas barrier film of Comparative 
Example 6, in which ions were implanted in the polydimeth 
ylsiloxane layer and the inorganic material layer was depos 
ited by Sputtering method, and the gas barrier film of Com 
parative Example 7, in which the inorganic material layer was 
deposited by sputtering method followed by ion implantation, 
both demonstrated low surface flatness. 

INDUSTRIAL APPLICABILITY 

0230. According to the gas barrier film of the present 
invention, since Surface irregularities in the Surface of a base 
are filled in by a layer containing a polyorganosiloxane-based 
compound provided on the base, the shape of the Surface 
irregularities is inhibited from appearing on the Surface of the 
base. Consequently, in addition to demonstrating Superior 
Surface flatness and gas barrier properties, a gas barrier film 
have Superior layer adhesion and is resistant to occurrence of 
cracking when the film is bent, and an electronic device can be 
applied that is provided therewith. 

BRIEF DESCRIPTION OF THE REFERENCE 
SYMBOLS 

0231. 10.20.30: gas barrier film, 11: base, 12: polyorga 
nosiloxane layer, 13: inorganic material layer, 14: fluorine 

containing resin layer, 15: adhesive, 100,200; solar cell mod 
ule, 101.201: solar cell, 102.202: encapsulant, 103.203: front 
protective sheet (front sheet), 104,204; back protective sheet 
(back sheet) 

1. A gas barrier film, comprising: a base, and a layer con 
taining a polyorganosiloxane-based compound and an inor 
ganic material layer sequentially laminated on at least one 
side of the base; wherein, 

the inorganic material layer is deposited by dynamic ion 
mixing method. 

2. The gas barrier film according to claim 1, wherein an 
inorganic compound that composes the inorganic material 
layer is at least one type of inorganic compound selected from 
the group consisting of an elemental metal, silicon, graphite, 
inorganic oxide, inorganic nitride and inorganic oxynitride. 

3. The gas barrier film according to claim 2, wherein inor 
ganic compound is at least one type of inorganic compound 
selected from the group consisting of silicon nitride, silicon 
oxide, silicon oxynitride, aluminum oxide, aluminum nitride, 
aluminum oxynitride, indium oxide and tin-doped indium 
oxide. 

4. The gas barrier film according to claim 1, wherein a 
plasma-forming gas used in the dynamic ion mixing method 
contains at least one type of gas selected from the group 
consisting of helium, argon, neon, krypton and Xenon. 

5. The gas barrier film according to claim 4, wherein the 
plasma-forming gas used in the dynamic ion mixing method 
is a mixed gas further containing at least one type of gas 
selected from the group consisting of hydrogen, oxygen, 
nitrogen and fluorocarbons. 

6. The gas barrier film according to claim 1, wherein the 
dynamic ion mixing method is carried out by applying a 
negative high voltage of -50 kV to -1 kV to the base in pulses. 

7. The gas barrier film according to claim 1, wherein the 
thickness of the layer containing a polyorganosiloxane-based 
compound is preferably 0.01 um to 100 um. 

8. The gas barrier film according to claim 1, wherein the 
polyorganosiloxane-based compound of the layer containing 
a polyorganosiloxane-based compound is polydimethylsi 
loxane. 

9. The gas barrier film according to claim 1, wherein a layer 
containing a fluorine-containing resin is provided on the base 
on the side opposite the side where the layer containing a 
polyorganosiloxane-based compound is formed. 

10. The gas barrier film according to claim 1, wherein the 
content of the polyorganosiloxane-based compound in the 
layer containing a polyorganosiloxane-based compound is 
50% by weight or more. 



US 2012/0031485 A1 Feb. 9, 2012 
12 

11. The gas barrier film according to claim 1, wherein the 14. The electronic device according to claim 13, wherein 
thickness of the inorganic material layer is 10 nm to 1000 nm. the gas barrier film is used as a back protective sheet. 

12. An electronic device provided with the gas barrier film 15. The electronic device according to claim 12, wherein 
according to claim 1. the electronic device is an image display element. 

13. The electronic device according to claim 12, wherein 
the electronic device is a solar cell module. ck 


