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(57) Abstract: The present invention
provides a multiple layer film compris-
ing a substrate layer and a multiple layer
having two or more sub-layers formed
by use of a single target material, pro-
vided on at least one side of the substrate
layer; and a method for manufacturing
the same.

Inorganic material layers repeatedly
formed with a distance of 4 to 5 nm,
chgerved in multiple deposition laver



WO 2008/147163 A1 | NI/ 000 000001000 00 0

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, Published:

7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), —  with international search report

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES,FI, — before the expiration of the time limit for amending the
FR, GB, GR,HR,HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, claims and to be republished in the event of receipt of
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, amendments

CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).



WO 2008/147163 PCT/KR2008/003091

[DESCRIPTION]
[Invention Title]

MULTIPLE-LAYER FILM AND METHOD FOR MANUFACTURING THE SAME
[Technical Field]

5 The present invention relates to a multiple layer film and its
manufacturing method, wherein the multiple layer is excellent in its gas
and moisture barrier properties and light transmittance.

This application claims priority benefits from Korean Patent
Application No. 2007-0053767, filed on Jun 1, 2007, the entire contents

10 of which are fully incorporated herein by reference.
[Background Art]

Internal electronic devices, used for manufacturing an organic or
inorganic light emitting device, a display device, a solar cell device
or the like, have to be protected from environmental chemicals such as

15 oxygen and moisture. Conventionally, glass plates are used as a substrate
material or a cover sheet to protect the internal electronic devices which
are susceptible to chemicals. The glass plates are advantageous in that
they exhibit satisfactory properties including light transmittance,
thermal expansion coefficient, and chemical resistance. However, since

20  they tend to break easily, are heavy and hard, there are some limitations
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in terms of easiness of handling and design.

Recently, there are many studies on replacing the glass plates used
as a substrate material for such electronic devices with plastic
counterparts, since the plastic substrate is advantageous over the glass
plate in terms of weight, impact-resistant and flexibility. Commercially
available plastic films, however, show inferior properties to the glass
substrate and therefore improvements 1in physical properties, in
particular, gas barrier property, are necessary to replace it.

In order to improve gas barrier property of substrates for
electronic devices, organic or inorganic materials are generally applied
and deposited by various methods such as a sputtering method, a chemical
vapor deposition method, and a sol-gel coating method. As the thickness
of the coating layer deposited on the substrate increases, the gas barrier
property can be improved but light transmittance is reduced. Inaddition,
residual stress increases with the thickness, thereby Ileading to
development of cracks and reduction of flexibility. In order to overcome
those drawbacks, disclosed is the gas barrier structure having multiple
pairs of alternating inorganic and polymer material layers (Barix™), but
there is a problem in that peeling off can easily occur between the

deposited inorganic and polymer material layers.
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Recently, in US Patent No. US 7,015,640 B2 (General Electric),
disclosed is a gas barrier layer having a multiple layered structure of
alternating organic and 1inorganic materials by controlling the
ingredients of the ihjected raw material gas using a Plasma-enhanced
chemical vapor deposition (PECVD) method, in which the composition of the
coating material continuously varies from the first composition to a
second composition, so as to solve the peeling-off problem between the
deposited inorganic/organic material layers (Barix™). However, as the
volume of PECVD equipment increases, it is difficult to suitably control
the composition of gaseous reactants inside the equipment in a prompt
manner as desired. As a result, the composition and thickness of each
layer are not easily controlled as designed. Such problems may become
more serious during cont inuous processing such as roll-to-roll deposition
process. In addition, there is a disadvantage of using hazardous
materials such as silane in the PECVD process and the use of safer raw
materials can cause an increase of undesired impurities in the deposited
layer.

[Disclosure]
[Technical Problem]

Accordingly, it is an object of the present invention to
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provide a multiple layer film which is excellent in gas and moisture
barrier properties and light transmittance, and amethod for manufacturing
the same.

[Technical Solution]

The present invention provides a multiple layer film comprising a
substrate layer and a multiple layer having two or more sub-layers formed
by use of a single target material, provided on at least one side of the
substrate layer.

The present invention provides a multiple layer film, comprising
a substrate layer; and a multiple layer provided on at least one side of
the substrate layer, in which the multiple layer has a structure of
stacking two or more sub-layers formed by use of one or more
layer—constituting materials selected from Si, Al, Sn, Ti, Ni, W, oxide
thereof, nitride thereof, and carbide thereof, and difference in each
element content between two sub-layers is 3 at% or less.

The present invention provides a method for manufacturing the
multiple layer film, comprising the step of forming two or more sub-layers
by use of a single target material in order to form the multiple layer
having two or more sub-layers on at least one side of the substrate layer.

[Advantageous Effects]
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The multiple layer film according to the present invention 1is
excellent in gas and moisture barrier properties and light transmittance,
thereby being used as a substrate material, a protective cover, and a
packaging material in electronic devices such as a light emitting device,

5 a display device, and a solar cell device.
[Description of Drawings]

FIG. 1 is a schematic diagram 150 1llustrating deposition equipment
which can be used for manufacturing the multiple layer of the present
invent ion;

10 FIG. 2 is a schematic diagram 250 illustrating improved deposition
equipment of FIG. 1;

FIG. 3 is a cross—sectional view 350 of a multiple layer film,
manufactured by forming a multiple layer 310 on a substrate layer 320;

FIG. 4 is a cross—sectional view 450 of a multiple layer film,

15 manufactured by attaching two multiple layer films 350 using an adhesive
layer 410;

FIG. 5 is a cross—sectional view 550 of an electronic device,
manufactured by forming the multiple layer 310 on an electrical circuit
layer 420 which is formed on the multiple layer film 350 or 450;

20 FIG. 6 is a cross—-sectional view 650 of an electronic device,
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manufactured by stacking the multiple layer film 350 or 450 on the
electrical circuit layer 420 which is formed on a substrate material 430
such as glass and semiconductor wafer;

FIG. 7 is a cross—sectional view of a multiple layer according to
Example 1 of the present invention;

FIG. 8 is a cross—sectional view of a multiple layer according to
Example 2 of the present invention;

FIG. 9 is a cross—sectional view of a multiple layer according to
Example 3 of the present invention; and

FIG. 10 is a cross-sectional view of a multiple layer according to
Example 4 of the present invention.

[Best Mode]

The multiple layer film according to the present invention
comprises a substrate layer; and a multiple layer having two or more
sub-layers formed by use of a single target material, provided on at least
one side of the substrate layer.

The preferred substrate layer is one having excellent flexibility.
In order to manufacture a multiple layer film having transparency, if
necessary, a plastic film may be used or a substrate material prepared

by using a glass sheet, a semiconductor wafer, or a composite resin



10

15

20

WO 2008/147163 PCT/KR2008/003091

composition, or a substrate material prepared by using a metal may be
preferably used, depending on the purpose.

Examples of suitable materials for the plastic film used in the
substrate layer are one or more selected from polyethyleneterephthalate
(PET), polyarylates, polyethersulfone (PES), polycarbonates (PC),
polyethylenenaphthalates (PEN), polyimide (PI), polyarylates, and an
epoxy resin.

In order to improve the mechanical and thermal properties, the
plastic film used in the substrate layer may form a composite resin
composition with aid of the following simple fillers or fiber-type
fillers.

Preferred examples of the simple fillers include metal, glass
powder, diamond powder, silicon oxide, clay, calcium phosphate, magnesium
phosphate, barium sulfate, aluminum fluoride, calcium silicate, magnesium
silicate, barium silicate, barium carbonate, barium hydroxide, and
aluminum silicate.

In addition, preferred examples of the fiber—type fillers include
glass fiber and woven glass fiber.

Preferred examples of the metal used for the substrate layer include

one or more selected from stainless steel, copper, and aluminum.
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The multiple layer consists of two or more sub-layers, and two
sub-layers may be formed by use of a single target material, not multiple
target materials.

In this connection, the use of a single target material means that

5 each sub-layer is not formed by use of different targets, but formed by
use of one target material, for example, one inorganic target such as
silicon nitride (SisNy), but is not limited thereto.

The difference in each element content between two sub-layers which
is formed by use of a single target material may be less than 3 at%, O

10 to 1 at%, or 1 to 3 at%.

Since two or more sub-layers are formed by use of the single target
material, the manufacturing process can be simplified. In addition,
there is little difference (3 at% or less) in element content between the
sub-layers, thereby reducing peeling off which easily occurs between the

15 multiple layer films.

Accordingly, provided is a multiple layer film which is excellent
in gas and moisture barrier properties and light transmittance.

The single target material used for the multiple layer may include
one or more layer—constituting materials selected from Si, Al, Sn, Ti,

20 Ni, W, oxide thereof, nitride thereof, and carbide thereof.
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The element composition of each sub-layer may include silicon (Si),
oxygen (0) and nitrogen (N), and further include carbon (C).

The element composition of each sub-layer may include silicon (Si)
and nitrogen (N), and the element ratio (Si/N) of silicon (Si) to nitrogen
(N) may be 1 to 20. In addition, the element ratio (Si/N) of silicon (Si)
to nitrogen (N) may be 1.7 to 15.

The element composition of each sub-layer may include oxygen (0)
and nitrogen (N), and the element ratio (O/N) of oxygen (0) to nitrogen
(N) may be 0.1 to 30. In addition, the element ratio (0/N) of oxygen (0)
to nitrogen (N) may be 1.4 to 26.

The element composition of each sub-layer may include oxygen (0)
and silicon (Si), and the element ratio (0/Si) of oxygen (0) to silicon
(Si) may be 0.1 to 2. In addition, the element ratio (0/Si) of oxygen
(0) to silicon (Si) may be 0.8 to 1.7.

The element composition of each sub-layer may include silicon (Si),
nitrogen (N) and oxygen (0), and the element ratio (Si/N) of silicon (Si)
to nitrogen (N) may be 1 to 20, and the element ratio (0/N) of oxygen (0)
to nitrogen (N) may be 0.1 to 30.

The element composition of each sub-layer may include silicon (Si),

nitrogen (N) and oxygen (0), and the element ratio (Si/N) of silicon (Si)
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to nitrogen (N) may be 1.7 to 15, and the element ratio (0/N) of oxygen
(0) to nitrogen (N) may be 1.4 to 26.

The element composition of each sub-layer may include silicon (Si),
nitrogen (N) and oxygen (0), and the element ratio (Si/N) of silicon (Si)
to nitrogen (N) may be 1 to 20, the element ratio (O/N) of oxygen (0) to
nitrogen (N) may be 0.1 to 30, and the element ratio (0/Si) of oxygen (0)
to silicon (Si) may be 0.1 to 2.

The element composition of each sub-layer may include silicon (Si),
nitrogen (N) and oxygen (0), and the element ratio (Si/N) of silicon (Si)
to nitrogen (N) may be 1.7 to 15, the element ratio (0/N) of oxygen (0)
to nitrogen (N) may be 1.4 to 26, and the element ratio (0/Si) of oxygen
(0) to silicon (Si) may be 0.8 to 1.7.

The element composition of each sub-layer may include 30 to 50 at%
of silicon (Si), 10 to 65 at% of oxygen (0), and 1 to 50 at% of nitrogen
(N), based on the total content of elements constituting each sub-layer.

The element composition of each sub-layer may include 30 to 50 at%
of silicon (Si), 10 to 65 at% of oxygen (0), 1 to 50 at% of nitrogen (N),
and more than O to 5 at% of carbon (C), based on the total content of
elements constituting each sub-layer.

Each sub-layer may have an element ratio of 0.5 to 1 for oxygen (0)

10
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and nitrogen (N) to silicon (Si) that are represented by the following
Formula 1.
(Formula 1)
(0g +Ny/3)/Si
5 Each sub—layer may have a thickness of 0.1 nm to 50 nm, preferably
0.5 nm to 30 nm, and more preferably 0.5 nm to 15 nm.
Two sub-layers may have a different thickness from each other.
Among two or more sub-layers, at least one sub-layer may have a
thickness of 0.1 to 50 nm, and other sub-layers may have a thickness of
10 0.1 to 10 nm.
In addition, among two or more sub-layers, two sub-layers having
a different thickness may be repeatedly stacked in turn.
For example, as shown in FIGs. 7 to 10, amultiple layer having two
or more sub—layers may have a multi-layered structure of alternately
15 stacking a first sub-layer in a thickness range of 0.1 to 50 nm, a second
sub-layer being thinner than the first sub-layer in a thickness range of
0.1 to 10 nm, the first sub-layer in a thickness range of 0.1 to 50 nm,
and the second sub-layer being thinner than the first sub-layer in a
thickness range of 0.1 to 10 nm.

20 The thickness of the multiple layer having two or more sub-layers

11
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may be preferably determined depending on the thickness of each sub-layer
and stacking number, preferably in a range of 10 nm to 5000 nm, more
preferably in a range of 10 nm to 1000 nm, and most preferably in a range
of 10 nm to 300 nm.

The multiple layer having two or more sub-layers may be formed on
one side or both sides of the substrate layer, and two or more multiple
layer films comprising the multiple layer according to the present
invention may be attached to each other, and then used.

Furthermore, the multiple layer film according to the present
invent ion may further include a coating layer which is provided on at least
one side of the multiple layer.

The coating layer may improve the physical properties of the
substrate layer, or provide new properties such as enhancement in
attachment between the substrate layer and multiple layer, relaxation of
stress which is applied to the multiple layer upon mechanical deformation
of the multiple layer film, and prevention of handling damage.

The coating layer may be formed by singly or in combination of one
or more materials selected from sol-gel materials, acrylic series, epoxy
series, and urethane series using a thermal curing and/or photo curing

method.

12
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Furthermore, another type of themultiple layer film of the present
invention comprises a substrate layer; and a multiple layer provided on
at least one side of the substrate layer, in which the multiple layer has
a structure of stacking two or more sub-layers formed by use of one or
more layer-constituting materials selected from Si, Al, Sn, Ti, Ni, W,
oxide thereof, nitride thereof, and carbide thereof, and difference in
element content between two sub-layers is 3 at% or less. A detailed
description thereof, which is the same as the above mentioned, will be
omitted.

The multiple layer film according to the present invention is
excellent in gas and moisture barrier properties and light transmittance,
thereby being manufactured as a substrate material having an electrical
insulating property depending on the materials which are deposited on the
substrate layer, for example, as a substrate material in electrophoretic
display (EPD), organic light emitting diode (OLED), inorganic light
emitting device, or the like.

In addition, the multiple layer film according to the present
invention can be used for the purpose of protecting internal electronic
devices susceptible to environmental gas such as moisture and oxygen, for

example, EPD, OLED, inorganic light emitting device or packaging the

13
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products which requires a gas-barrier.

A method for manufacturing the multiple layer film according to the
present invention may comprise the step of forming two or more sub-layers
by use of a single target material in order to form the multiple layer
having two or more sub-layers on at least one side of the substrate layer.
A detailed description thereof, which is the same as the above mentioned,
will be omitted.

In the step of forming two or more sub-layers, if themultiple layer
is not formed by use of multiple target materials, but formed by use of
a single target material by a single process, the manufacturing process
can be simplified. In addition, there is little difference in element
content between the sub-layers (3 at% or less), thereby providing a
multiple layer film which is excellent in gas and moisture barrier
properties and light transmittance.

In the case of using multiple target materials in the same
deposition chamber under the different conditions, the target materials
or process gas may be easily mutually contaminated. In the present
invention, the single target material 1s used for a single process. Thus,
in consideration of the productivity, even if the single target material

is repeatedly used, there is no risk of causing cross—contamination due

14
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to a difference in conditions of the target material and process gas.

In addition, in the case of forming the sub-layers using the single
target material, since the sub-layers which may be observed under an
electronmicroscope have differences in the element composition or crystal
structure, the initialization of deposition can be expected each time by
the repeated deposition of the sub-layers. That is, the suppression of
defect growth or propagation, due to the repeated stacking of organic and
inorganic material layers, between the layers can be provided by the micro
multi-layered structure in the present invention, thereby obtaining the
excellent gas barrier property.

Specifically, when two or more sub-layers are repeatedly stacked,
a difference in the element composition (3 at% or less) or micro-crystal
structure occurs in the interface to form a layered structure which can
be observed under an electron microscope.

The sub-layers between two adjacent layers are regularly stacked,
which functions to initialize each deposition.  Thus, during the
deposition using the single target material, defect propagation can be
prevented so as to improve the gas barrier property. Accordingly, in the
present invention, the micromulti-layered structure is repeatedly formed

to provide a multiple layer having two or more sub-layers.

15



10

15

20

WO 2008/147163 PCT/KR2008/003091

Two or more sub-layers can be deposited using silicon nitride
(SisNg) as the single target material in a mixed reactive gas atmosphere
of nitrogen and oxygen.

The mixed reactive gas of nitrogen and oxygen may be used in a ratio
of more than 0 and 60% or less, based on the total process gas.

The ratio of oxygen and nitrogen contained in the mixed reactive
gas may be 1:100 to 80:30. In the consideration of light transmittance,
the ratio of oxygen and nitrogen contained in the mixed reactive gas may
be 30:70 to 75:25.

The step of forming two or more sub-layers may be performed under
a pressure of 0.5 to 20 mTorr.

According to the method of manufacturing the multiple layer film
of the present invention, at least one of processing conditions such as
gas flow rate, processing pressure and deposition rate can be adjusted
depending on deposition conditions of the sub-layers, so as to change the
micromulti-layered structure, and control the element composition within
the predetermined range.

The sub-layer is preferably deposited by a sputtering method, an
ion plating method, a chemical deposition method, and a sol-gel coating

method. However, to effectively achieve the object of the present

16
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invention, a sputtering method or ion plating method may be preferably
used.

In this connection, the process parameters of the sputtering method
are adjusted to control the micro structure, element composition, or
thickness of each sub-layer which constitutes the multiple layer.

In the case of depositing several layers by a sputtering method,
target materials corresponding to the number of deposited layers are
generally used. However, in the case of using the single target material,
the composition of deposited layers can be changed by controlling the
composition of feeding reactive gas. For example, in the case of using
metals such as Si, Al, Sn, Ti, Ni, and W ets., various inorganic material
layers are formed and deposited by controlling the type (e.g., oxygen,
nitrogen) or concentration of reactive gas used in the sputtering process.
In addition, in the case of using carbide or nitride as the target, the
process gas is mixed with other reactive gas (e.g., oxygen, ammonia) to
adjust the relative reactivity with the target materials, and thus the
composition of the deposited sub-layer can be easily controlled.

In the sputtering method according to the present invention, in
addition to the composition of the process gas, other process factors such

as process pressure, feeding energy to the target, cooling conditions for

17
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the deposited 1norganic materials during deposition process, geometry of
deposition equipment, and deposition time are adjusted to control the
constitution of the multiple layer having the sub-layers. It is because
that the process factors are adjusted, thereby changing the element
composition or micro structure of each sub—layer. Therefore, even though
using the single target material and controlling the process factors into
a single condition, it is possible to form the multiple layer which
consists of various sub-layers having various micro—inorganic material
structures and element compositions.

Preferred examples of the process gas used in the sputtering method
according to the present invention include a mixed reactive gas of two
or more selected from argon, helium, nitrogen (or ammonia), oxygen,
nitrogen trifluoride (NF3), and methane trifluoride (CHF3).

In this connection, argon or helium is preferably used as a basic
process gas, and at least others used as a reactive process gas together
with the basic process gas. The total amount of gas feed is adjusted within
a range capable of maintaining the sputtering pressure of 0.5 to 20 mTorr.
The reactive gas mixed in the process gas may be used in a content of more
than 0 and 60% or less, based on the total process gas, in order to change

the element composition of inorganic material to be deposited. For

18
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example, the pressure may be maintained in the range of 0.5 to 20 mTorr,
and the content of a reactive gas mixture may be in the range of more than
0 and 35% or less, but is not limited thereto.

Using two or more of the reactive gas, for example, both oxygen and
nitrogen, within the above range, the element composition of inorganic
material to be deposited can be controlled.

In the sputtering process, the thickness of each sub-layer
constituting the multiple layer varies depending on feeding energy, gas
composition, moving speed of deposition substrate material, and process
pressure, and these factors can be adjusted depending on a deposition
system to achieve opt imum physical properties (gas barrier property, light
transmittance, etc).

In the sputtering process, the element composition of each
sub-layer constituting the multiple layer may vary depending on the type
of target material, the type and concentration of reactive gas, process
pressure, and feeding energy to the target.

In the sputtering process, the micro structure of each sub-layer
constituting the multiple layer may vary depending on the feeding energy,
and cooling conditions for deposited layers during deposition process as

well as element composition in the layer. In particular, with respect

19
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to the cooling conditions, the deposition system can be equipped with an
additional cooling mechanism in order to easily control the cooling of
deposited layer after or during the deposition process.

The sputter may preferably control the major process factors such
as the feeding energy to the target, moving speed of substrate material
(or cooling rate of substrate material), process pressure, and flow rate
and composition of process gas.

Herein below, the method of manufacturing the multiple layer film
according to the present invention will be described in detail with
reference to drawings.

FIG.1 1s a schematic diagram of a deposition system 150, which can
be used for manufacturing the multiple layer according to the present
invention by a sputtering method. In the deposition equipment 150, the
target 131 is fixed above the substrate material 120, and electric power
is supplied thereto by a power supply 132. The substrate material 120
1s placed on a conveyor belt 121, and moves right and left by rotation
of a pair of rollers 141 and 142. The rotation speed of the rollers 141
and 142 is controllable in a right and left direction, the moving distance
of the substrate material is variable in a right and left direction under

the target, and the stay time of the substrate material 120 on both ends

20
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of conveyor belt 121 is arbitrarily controllable.

FIG. 2 is a schematic diagram of an improved deposition equipment
250, manufactured by improving the equipment 150 of FIG. 1 for a continuous
process of films by means of the rollers 141 and 142, in which the improved
system is equipped with a cooling mechanism 220 under the moving substrate
material to control the cooling conditions for deposited layers during
or after deposition process. In addition, in the case of using the
deposition system (150 or 250) equipped with two or more targets, it is
possible to form the multiple layer having a variety of micromulti-layered
structures.

FIG. 3 shows a cross-section of a multiple layer film 350,
manufactured by forming the multiple layer 310 consisting of several
sub-layers on the substrate layer 320.

FIG. 4 shows a cross—section of a multiple layer film 450,
manufactured by attaching two multiple layer films 350 using an adhesive
layer 410.

FIG. 5 shows a cross—section of an electronic device 550,
manufactured by forming the multiple layer 310 on an electrical circuit
layer 420 which is formed on the multiple layer film 350 or 450.

FIG. 6 shows a cross—section of an electronic device 650,

21
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manufactured by stacking the multiple layer film 350 or 450 on the
electrical circuit layer 420 which is formed on a substrate material 430
such as glass and semiconductor wafer.

The present invention provides a light emitting device, a display
device, or a solar cell device, comprising the multiple layer film.

[Mode for Invention]

Hereinafter, the present invention will be described in detail in
light of Examples. The present invention may, however, be embodied in
many different forms and should not be construed as being limited to the
Examples set forth herein. Rather, these Examples are provided such that
this disclosure will be thorough and complete and will fully convey the
concept of the present invention to those skilled in the art.

<Examples 1 to 4>

A multiple layer was deposited on a PET substrate layer having a
thickness of 100 sm by sputtering a single silicon nitride (SisN4).
Examples 1 to 4 were performed by varying the composition of the process
gas and the process pressure, as shown in Table 1, and the composition
of the process gas was maintained in the ratio shown in Table 1, during
the deposition process in each example. The common process conditions

are as follows: The 2 kW of electric energy was fed to the target, the
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concentration of mixed reactive gas of oxygen and nitrogen was maintained
in 20%, based on the total process gas, and the moving distance of the
substrate material was adjusted in each direction under the target.

<Comparative Examples 1 and 2>

In Comparative Example 1, a substrate layer having nomultiple layer
was deposited, and in Comparative Example 2, a multiple layer film was
manufactured by sputtering Si0; target under the conditions of maintaining
the oxygen concentration of 10%, based on the total process gas, and the
feeding energy of 2 kW.

<Experimental Example 1> Measurement of moisture permeability and
light transmittance

In order to evaluate properties of the multiple layers of the
present invention, the moisture permeability and light transmittance of
each multiple layer film were measured. The moisture permeability was
measured with a water vapor permeability tester (L80-5000, Lyssy) at 38T
under maintaining the humidity difference of 90 %RH on both sides of the
film, and the light transmittance was measured with a spectrophotometer
(Cary 3E, Varian). The cross-section of the multiple layer was analyzed
using a transmission electron microscope (TEM, TECHNAI 20-S, Philips).

The measured results are shown in the following Table 1.
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[Table 1]
Input Pressure |moisture light thickness of
oxygen: (mTorr) |permeability transmittance [multiple
nitrogen (g/m' - day) (%, 550 im) |layer (im)
Comparative - - 3.7 92 -
Example 1
Comparative - 2.0 0.09 91 55
Example 2
Example 1 0 : 100 2.0 < 0.03 82 38
Example 2 30 : 70 < 0.03 85 45
Example 3 70 30 < 0.03 90 50
Example 4 30 70 4.0 0.034 88 45
As shown in Table 1, the multiple layer films manufactured in

Examples 1 to 3 were found to have the moisture permeability under the
detection limit of the tester, and to maintain the excellent light
transmittance depending on sputtering conditions. FIGs. 7 to 10 show the
cross—sections of the multiple layers deposited in Examples 1 to 4,
observed using the transmission electron microscope (TEM), inbwhich the
multiple layer is formed by repeatedly stacking thin constitution layers
having a thickness of about 2 to 5 nm, even though a single target and
a single gas condition were used in each case.

<Experimental Example 2> Elemental analysis and measurement of
water contact angle of multiple layers

The elemental analysis of the multiple layers according to Examples
1 to 4 was performed using an XPS (X-ray Photoelectron Spectroscopy, ESCA
To evaluate

Lab 250 System), and the results are shown in Tables 2 to 4.

surface characteristic of the multiple layers according to Examples 1 to
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4, the water droplet contact angle was measured, and the results are shown

in Table 2.
[Table 2]

Example |Input Element content (at%) element ratio droplet
oxygen: Si 0 N C |Si/N| O/N | 0/Si | (Oy+Ng3)/Si |contact
nitrogen angle

1 0 : 100 45 14 39 2 1111041 0.31 0.80 41.7°
2 30 : 70 41 33 24 2 1171141 0.80 0.84 38.6°
3 70 @ 30 36 61 3 0 12 24 | 1.69 0.91 23.2°
4 30 : 70 40 40 20 0 [2.0]12.0] 1.00 0.88 37.1°
5 [Table 3]
Atom% Example 1 Example 2
Osec 10sec 30sec 80sec Osec 10sec 30sec 80sec
0 26.5 20.8 15.6 14.1 38.4 37.0 35.0 33.4
N 30.1 34.7 37.4 39.5 19.9 21.4 22.9 24.1
Si 35.5 42.3 44 .7 45.1 34.7 39.5 41.1 41.3
C 7.9 2.3 2.3 1.3 7.0 2.1 1.1 1.1
[Table 4]
Atom% Example 3 Example 4
Osec 10sec 30sec 80sec Osec 10sec 30sec 80sec
0 59.4 61.0 61.3 61.3 43.5 43.0 41.2 40.0
N 4.5 3.5 2.5 2.7 18.1 18.9 19.7 20.0
Si 29.9 35.6 36.2 35.9 31.6 35.9 38.5 40.0
C 6.2 - - - 6.8 2.3 0.6 0.1

¥ Tables 3 and 4 are the results of XPS elemental analysis,
10 performed by repeating Ar ion etching to remove impurities upon exposure
to atmosphere, in which a time point (sec) indicates a time period spent
for Ar ion etching under predetermined conditions, and elemental analysis
was performed at each time point.

As shown in the water droplet contact angle in Table 2, the surface
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characteristic of multiple layer can be controlled by varying the process
conditions.

In addition, as shown in Table 2, the sub-layers constituting the
multiple layers of Examples 1 to 4 according to the present invention were
found to have the element composition of Si, O, Nor O, N, Si, C, indicating
that the element composition of the multiple layer can be controlled by
adjusting the process conditions.

As shown in Tables 3 to 4 which are the results of analyzing the
element composition at each time point, when two or more sub-layers
constituting the multiple layers of Examples 1 to 4 were formed by using
a single target material, the differences in element compositions between
the sub-layers were maintained within the error range, upon etching for
10 seconds or more.

Accordingly, when the multiple layer having two or more sub-layers
is not formed by use of multiple target materials, but formed by use of
a single target material and a single set of process conditions, there
is little difference (3 at% or less) in element content between two or
more sub-layers formed by use of the single target material, thereby
providing the multiple layer film which is excellent in gas and moisture

barrier properties and light transmittance.
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[CLAIMS]
[Claim 1]

Amultiple layer film, comprising a substrate layer; and amultiple

layer having two or more sub-layers formed by use of a single target
5  material, provided on at least one side of the substrate layer.
[Claim 2]

Amultiple layer film, comprising a substrate layer; and amultiple
layer provided on at least one side of the substrate layer, wherein the
multiple layer has a structure of stacking two or more sub-layers formed

10 by use of one or more layer—constituting materials selected from Si, Al,
Sn, Ti, Ni, W, oxide thereof, nitride thereof, and carbide thereof, and
difference in each element content between two or more sub-layers is 3
ath or less.

[Claim 3]

15 The multiple layer film according to claim 1, wherein the single
target material comprises one or more selected from Si, Al, Sn, Ti, Ni,
W, oxide thereof, nitride thereof, and carbide thereof.

[Claim 4]
The multiple layer film according to claim 1, wherein the difference

20 1in each element content between two or more sub—layers is 3 at% or less.
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[Claim 5]
The multiple layer film according to claim 1 or 2, wherein the
difference in each element content between two or more sub-layers is 0
to 1 at%.
5 [Claim 6]
The multiple layer film according to claim 1 or 2, wherein the
difference in each element content between two or more sub-layers is 1
to 3 at%.
[Claim 7]
10 The multiple layer film according to claim 2 or 3, wherein the
element composition of each sub-layer comprises silicon (Si) and nitrogen
(N), and the element ratio (Si/N) of silicon (Si) to nitrogen (N) is 1
to 20.
[Claim 8]
15 The multiple layer film according to claim 2 or 3, wherein the
element composition of each sub-layer comprises silicon (Si) and nitrogen
(N), and the element ratio (Si/N) of silicon (Si) to nitrogen (N) is 1.7
to 15.
[Claim 9]

20 The multiple layer film according to claim 2 or 3, wherein the
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element composition of each sub-layer comprises oxygen (0) and nitrogen
(N), and the element ratio (0/N) of oxygen (0) to nitrogen (N) is 0.1 to
30.

[Claim 10]

The multiple layer film according to claim 2 or 3, wherein the
element composition of each sub-layer comprises oxygen (0) and nitrogen
(N), and the element ratio (0/N) of oxygen (0) to nitrogen (N) is 1.4 to
26.

[Claim 11]

The multiple layer film according to claim 2 or 3, wherein the
element composition of each sub-layer comprises oxygen (0) and silicon
(Si), and the element ratio (0/Si) of oxygen (0) to silicon (Si) is 0.1
to 2.

[Claim 12]

The multiple layer film according to claim 2 or 3, wherein the
element composition of each sub-layer comprises oxygen (0) and silicon
(Si), and the element ratio (0/Si) of oxygen (0) to silicon (Si) is 0.8
to 1.7.

[Claim 13]

The multiple layer film according to claim 2 or 3, wherein the
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element composition of each sub-layer comprises silicon (Si), nitrogen
(N) and oxygen (0), the element ratio (Si/N) of silicon (Si) to nitrogen
(N) is 1 to 20, and the element ratio (0/N) of oxygen (0) to nitrogen (N)
is 0.1 to 30.

[Claim 14]

The multiple layer film according to claim 2 or 3, wherein the
element composition of each sub-layer comprises silicon (Si), nitrogen
(N) and oxygen (0), the element ratio (Si/N) of silicon (Si) to nitrogen
(N) is 1.7 to 15, and the element ratio (O/N) of oxygen (0) to nitrogen
(N) is 1.4 to 26.

[Claim 15]

The multiple layer film according to claim 2 or 3, wherein the
element composition of each sub-layer comprises silicon (Si), nitrogen
(N) and oxygen (0), the element ratio (Si/N) of silicon (Si) to nitrogen
(N) is 1 to 20, the element ratio (O/N) of oxygen (0) to nitrogen (N) is
0.1 to 30, and the element ratio (0/Si) of oxygen (0) to silicon (Si) is
0.1 to 2.

[Claim 16]
The multiple layer film according to claim 2 or 3, wherein the

element composition of each sub-layer comprises silicon (Si), nitrogen
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(N) and oxygen (0), the element ratio (Si/N) of silicon (Si) to nitrogen
(N) is 1.7 to 15, the element ratio (O/N) of oxygen (0) to nitrogen (N)
is 1.4 to 26, and the element ratio (0/Si) of oxygen (0) to silicon (Si)
is 0.8 to 1.7.

[Claim 17]

The multiple layer film according to claim 2 or 3, wherein the
element composition of each sub-layer comprises 30 to 50 at% of silicon
(Si), 10 to 65 at% of oxygen (0), and 1 to 50 at% of nitrogen (N), based
on the total content of elements constituting each sub-layer.

[Claim 18]

The multiple layer film according to claim 2 or 3, wherein the
element composition of each sub-layer comprises 30 to 50 at% of silicon
(Si), 10 to 65 at% of oxygen (0), 1 to 50 at% of nitrogen (N), and more
than 0 to 5 at% of carbon (C), based on the total content of elements
constituting each sub-layer.

[Claim 19]

The multiple layer film according to claim 2 or 3, wherein each
sub-layer has an element ratio of 0.5 to 1 for oxygen (0) and nitrogen
(N) to silicon (Si) that are represented by the following Formula 1.

(Formula 1)
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(02 +Ny3)/Si
[Claim 20]

The multiple layer film according to claim 1 or 2, wherein each

sub-layer has a thickness of 0.1 to 50 nm.
5 [Claim 21]

The multiple layer film according to claim 1 or 2, wherein among
two or more sub-layers, at least two sub-layers have a different thickness
from each other, and at least one sub-layer has a thickness of 0.1 to 50
nm, and other sub-layer has a thickness of 0.1 to 10 nm.

10 [Claim 22]

The multiple layer film according to claim 21, wherein among two
or more sub-layers, two sub-layers having a different thickness are
alternately stacked.

[Claim 23]
15 The multiple layer film according to claim 1 or 2, wherein the
multiple layer has a thickness of 10 to 5000 nm.
[Claim 24]

The multiple layer film according to claim 1 or 2, further

comprising a coating layer provided on at least one side of the multiple

20 layer.
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[Claim 25]
A display device comprising the multiple layer film according to
claim 1 or 2.
[Claim 26]
5 A solar cell device comprising the multiple layer film according
to claim 1 or 2.
[Claim 27]
A method for manufacturing a multiple layer film, comprising the
step of forming two or more sub—layers by use of a single target material
10  in order to formamultiple layer having two or more sub-layers on at least
one side of the substrate layer.
[Claim 28]
The method for manufacturing a multiple layer film according to
claim 27, wherein the single target material comprises one or more selected
15 from Si, Al, Sn, Ti, Ni, W, oxide thereof, nitride thereof, and carbide
thereof .
[Claim 29]
The method for manufacturing a multiple layer film according to
claim 27, wherein the difference in each element content between two or

20 more sub-layers is 3 at% or less.
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[Claim 30]

The method for manufacturing a multiple layer film according to
claim 27, wherein the difference in each element content between two or
more sub-layers is 0 to 1 at%.

5  [Claim 31]

The method for manufacturing a multiple layer film according to
claim 27, wherein the difference in each element content between two or
more sub—layers is 1 to 3 at%.

[Claim 32]

10 The method for manufacturing a multiple layer film according to
claim 28, wherein the element composition of each sub-layer comprises
silicon (Si), nitrogen (N) and oxygen (0), the element ratio (Si/N) of
silicon (Si) to nitrogen (N) is 1 to 20, the element ratio (O/N) of oxygen
(0) to nitrogen (N) is 0.1 to 30, and the element ratio (0/Si) of oxygen

15 (0) to silicon (Si) is 0.1 to 2.

[Claim 33]

The method for manufacturing a multiple layer film according to
claim 28, wherein the element composition of each sub-layer comprises
silicon (Si), nitrogen (N) and oxygen (0), the element ratio (Si/N) of

20 silicon (Si) tonitrogen (N) is 1.7 to 15, the element ratio (O/N) of oxygen
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(0) to nitrogen (N) is 1.4 to 26, and the element ratio (0/Si) of oxygen
(0) to silicon (Si) is 0.8 to 1.7.
[Claim 34]

The method for manufacturing a multiple layer film according to
claim 28, wherein the element composition of each sub-layer comprises 30
to 50 at% of silicon (Si), 10 to 65 at% of oxygen (0), and 1 to 50 at%
of nitrogen (N), based on the total content of elements constituting each
sub-layer.

[Claim 35]

The method for manufacturing a multiple layer film according to
claim 28, wherein the element composition of each sub-layer comprises 30
to 50 at% of silicon (Si), 10 to 65 at% of oxygen (0), 1to 50 at% of nitrogen
(N), and more than O to 5 at% of carbon (C), based on the total content
of elements constituting each sub-layer.

[Claim 36]

The method for manufacturing a multiple layer film according to
claim 27, wherein two or more sub-layers are deposited using silicon
nitride (SisNy) as a single target material under a mixed reactive gas of
nitrogen and oxygen.

[Claim 37]
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The method for manufacturing a multiple layer film according to
claim 36, wherein the mixed reactive gas of nitrogen and oxygen is used
in a ratio of more than 0 and 60% or less, based on the total process gas.

[Claim 38]

5 The method for manufacturing a multiple layer film according to
claim 36, wherein the ratio of oxygen and nitrogen contained in the mixed
reactive gas of nitrogen and oxygen is 1:100 to 80:30.

[Claim 39]
The method for manufacturing a multiple layer film according to
10 claim 27, wherein the step of forming two or more sub—layers is performed
under the pressure of 0.5 to 20 mTorr.
[Claim 40]

The method for manufacturing a multiple layer film according to

claim 27, further comprising the step of forming a coating layer on at

15 least one side of the multiple layer.
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