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(57) ABSTRACT

The embodiments of the disclosure provide a method of
encapsulating a flexible OLED panel and an encapsulation
structure of a flexible OLED panel. The method of encap-
sulating a flexible OLED panel includes: forming a liquid
metal layer on a first inorganic barrier layer covering the
OLED device; using oxygen to oxidize the liquid metal
layer, and forming a liquid metal oxide layer on a surface of
the liquid metal layer; and sequentially forming an organic
buffer layer and a second inorganic barrier layer on the
liquid metal oxide layer to obtain an encapsulation structure.
The first inorganic barrier layer, the second inorganic barrier
layer, the liquid metal layer and the liquid metal oxide layer
could prevent penetration of water and oxygen, and the
liquid metal layer and the organic buffer layer could release
the interlayer stress of the encapsulation structure in order to
keep the flexibility of the encapsulation structure.
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METHOD OF ENCAPSULATING A
FLEXIBLE OLED PANEL AND
ENCAPSULATION STRUCTURE

RELATED APPLICATIONS

[0001] The present application is a National Phase of
International Application Number PCT/CN2017/113006,
filed on Nov. 27, 2017, and claims the priority of China
Application 201710964820.6, filed on Oct. 17, 2017.

FIELD OF THE DISCLOSURE

[0002] The disclosure relates to the technical field of
display device, and particularly to a method of encapsulating
a flexible OLED panel and an encapsulation structure.

BACKGROUND

[0003] The Organic Light Emitting Display (OLED) pos-
sesses many outstanding properties of self-illumination, low
driving voltage, high luminescence efficiency, short
response time, high clarity and contrast, near 180° view
angle, wide range of working temperature, applicability of
flexible display and large scale full color display. The OLED
is considered as the most potential display device.

[0004] The OLED can be categorized into two major types
according to the driving methods, which are the Passive
Matrix OLED (PMOLED) and the Active Matrix OLED
(AMOLED), i.e. two types of the direct addressing and the
Thin Film Transistor (TFT) matrix addressing. The AMO-
LED comprises pixels arranged in array and belongs to
active display type, which has high lighting efficiency and is
generally utilized for the large scale display devices of high
resolution.

[0005] OLED display technologies, which is different
from LCD display technologies, apply very thin organic
material coating and glass substrate, and then these organic
materials illuminate without backlight while current pass.
However, due to organic material’s easy reaction with water
and oxygen, as being display equipment of organic material,
the criteria of encapsulating of OLED display is very high.
In order to cast commercial of OLED display, relative
encapsulating technologies become research spotlight.
[0006] Currently, the encapsulating of the OLED device is
using the encapsulating glue to encapsulate the solid sub-
strate (such as glass or metal), but this method is not suitable
for flexible device. Therefore, there is technical solution that
using the stack films to encapsulate the OLED device, the
method is generally forming two inorganic barrier layers
with the capability of preventing penetration of water and
oxygen on the OLED device, and forming an organic buffer
layer with the flexibility between the two inorganic barrier
layers. The inorganic barrier layer is used for preventing
penetration of water and oxygen outside the OLED device,
and the organic buffer layer is used for releasing the inter-
layer stress, so the encapsulation structure could apply on
the flexible device. However, the organic buffer layer is not
compact enough to prevent penetration of water and oxygen,
so the capability of preventing penetration of water and
oxygen of the encapsulation structure is restricted.

[0007] Indium and the alloy of indium are new material in
recent years and have some unique properties such as low
permeability of water and oxygen, low melting point, good
plasticity, and good flexibility, so indium and the alloy of
indium have wild application in electronic industry.
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Wherein, the binary eutectic alloy (low melting point eutec-
tic alloy) consisted of indium and gallium has a compact
degree similar to the solid metal, so the capability of
preventing penetration of water and oxygen is good and the
state at room temperature is liquid. When the binary eutectic
alloy consisted of indium and gallium is exposed in the air,
the surface will react with the oxygen in the air to form an
oxide film. The oxide film is very compact and has good
capability of preventing penetration of water and oxygen, so
the inside of the material could be prevented from oxidation
in order to keep the liquid state and the flexibility.

SUMMARY

[0008] The purpose of the disclosure is to provide a
method of encapsulating a flexible OLED panel to enhance
the capability of preventing penetration of water and oxygen
and the flexibility, so the encapsulation effect of the flexible
OLED parel could be improved.

[0009] The other purpose of the disclosure is to provide an
encapsulation structure of a flexible OLED panel with good
capability of preventing penetration of water and oxygen
and good flexibility, so the encapsulation effect of the
flexible OLED panel could be improved.

[0010] To achieve the above object, according to one
aspect, the embodiment of the disclosure provides a method
of encapsulating a flexible OLED panel, including the
following steps:

[0011] step S1: providing a TFT substrate, and manufac-
turing an OLED device on the TFT substrate;

[0012] step S2: forming a first inorganic barrier layer
covering the OLED device on the TFT substrate;

[0013] step S3: forming a liquid metal layer on the first
inorganic barrier layer;

[0014] step S4: using oxygen to oxidize the liquid metal
layer, and forming a liquid metal oxide layer on a surface of
the liquid metal layer;

[0015] step S5: forming an organic buffer layer covering
the liquid metal oxide layer on the first inorganic barrier
layer; and

[0016] step S6: forming a second inorganic barrier layer
covering the organic buffer layer on the first inorganic
barrier layer.

[0017] In one embodiment, wherein the TFT substrate
includes a flexible TFT substrate.

[0018] In one embodiment, wherein wherein a material of
the liquid metal layer includes a binary eutectic alloy
consisted of indium and gallium.

[0019] Inone embodiment, wherein a mass ratio of indium
to gallium of the binary eutectic alloy is 1:3.

[0020] In one embodiment, wherein the first inorganic
barrier layer is formed via plasma enhanced chemical vapor
deposition in the step S2, the liquid metal layer is formed via
ink jet printing in a nitrogen environment in the step S3, the
organic buffer layer is formed via ink jet printing in the step
S5 and further includes a step of curing the organic buffer
layer after the step S5, the second inorganic barrier layer is
formed via plasma enhanced chemical vapor deposition in
the step S6, an area covered by the second inorganic barrier
layer is the same as an area covered by the first inorganic
barrier layer, and the first inorganic barrier layer and the
second inorganic barrier layer include silicon nitride, silicon
oxide, or silicon oxynitride.



US 2020/0028115 Al

[0021] According to another aspect, the embodiment of
the disclosure provides an encapsulation structure of a
flexible OLED panel, including:

[0022] a TFT substrate;
[0023] an OLED device, disposed on the TFT substrate;
[0024] a first inorganic barrier layer, disposed on the TET

substrate and covering the OLED device;

[0025] a liquid metal layer, disposed on the first inorganic
barrier layer;
[0026] aliquid metal oxide layer, covering a surface of the

liquid metal layer;

[0027] an organic buffer layer, disposed on the first inor-
ganic barrier layer and covering the liquid metal oxide layer
and

[0028] a second inorganic barrier layer, disposed on the
first inorganic barrier layer and covering the organic buffer
layer.

[0029] In one embodiment, wherein the TFT substrate

includes a flexible TFT substrate.

[0030] In one embodiment, wherein a material of the
liquid metal layer includes a binary eutectic alloy consisted
of indium and gallium.

[0031] Inoneembodiment, wherein a mass ratio of indium
to gallium of the binary eutectic alloy is 1:3.

[0032] In one embodiment, wherein an area covered by
the second inorganic barrier layer is the same as an area
covered by the first inorganic barrier layer, and the first
inorganic barrier layer and the second inorganic barrier layer
include silicon nitride, silicon oxide, or silicon oxynitride.
[0033] Furthermore, according to another aspect, the
embodiment of the disclosure provides a method of encap-
sulating a flexible OLED panel, including the following
steps:

[0034] step S1: providing a TFT substrate, and manufac-
turing an OLED device on the TFT substrate;

[0035] step S2: forming a first inorganic barrier layer
covering the OLED device on the TFT substrate;

[0036] step S3: forming a liquid metal layer on the first
inorganic barrier layer;

[0037] step S4: using oxygen to oxidize the liquid metal
layer, and forming a liquid metal oxide layer on a surface of
the liquid metal layer;

[0038] step S5: forming an organic buffer layer covering
the liquid metal oxide layer on the first inorganic barrier
layer; and

[0039] step S6: forming a second inorganic barrier layer
covering the organic buffer layer on the first inorganic
barrier layer;

[0040] wherein the TFT substrate includes a flexible TFT
substrate;
[0041] wherein a material of the liquid metal layer

includes a binary eutectic alloy consisted of indium and
gallium;

[0042] wherein a mass ratio of indium to gallium of the
binary eutectic alloy is 1:3; and

[0043] wherein the first inorganic barrier layer is formed
via plasma enhanced chemical vapor deposition in the step
S2, the liquid metal layer is formed via ink jet printing in a
nitrogen environment in the step S3, the organic buffer layer
is formed via ink jet printing in the step S5 and further
includes a step of curing the organic buffer layer after the
step S5, the second inorganic barrier layer is formed via
plasma enhanced chemical vapor deposition in the step S6,
an area covered by the second inorganic barrier layer is the
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same as an area covered by the first inorganic barrier layer,
and the first inorganic barrier layer and the second inorganic
barrier layer include silicon nitride, silicon oxide, or silicon
oxynitride.

[0044] By applying the technical solution according to the
embodiment of the disclosure, the method of encapsulating
a flexible OLED panel includes: forming a liquid metal layer
on a first inorganic barrier layer covering the OLED device;
using oxygen to oxidize the liquid metal layer, and forming
a liquid metal oxide layer on a surface of the liquid metal
layer; and sequentially forming an organic buffer layer and
a second inorganic barrier layer on the liquid metal oxide
layer to obtain an encapsulation structure. The first inorganic
barrier layer, the second inorganic barrier layer, the liquid
metal layer and the liquid metal oxide layer could prevent
penetration of water and oxygen, and the liquid metal layer
and the organic buffer layer could release the interlayer
stress of the encapsulation structure in order to keep the
flexibility of the encapsulation structure and enhance the
capability of preventing penetration of water and oxygen, so
the encapsulation effect of the flexible OLED panel could be
improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] Accompanying drawings are for providing further
understanding of embodiments of the disclosure. The draw-
ings form a part of the disclosure and are for illustrating the
principle of the embodiments of the disclosure along with
the literal description. Apparently, the drawings in the
description below are merely some embodiments of the
disclosure, a person skilled in the art can obtain other
drawings according to these drawings without creative
efforts. In the figures:

[0046] FIG. 1 is a flow chart diagram of a method of
encapsulating a flexible OLED panel according to an
embodiment of the disclosure;

[0047] FIG. 2 is a structural schematic view of the step S1
of the method of encapsulating a flexible OLED panel
according to an embodiment of the disclosure;

[0048] FIG. 3 is a structural schematic view of the step S2
of the method of encapsulating a flexible OLED panel
according to an embodiment of the disclosure;

[0049] FIG. 4 is a structural schematic view of the step S3
of the method of encapsulating a flexible OLED panel
according to an embodiment of the disclosure;

[0050] FIG. 5 is a structural schematic view of the step S4
of the method of encapsulating a flexible OLED panel
according to an embodiment of the disclosure;

[0051] FIG. 6 is a structural schematic view of the step S5
of the method of encapsulating a flexible OLED panel
according to an embodiment of the disclosure;

[0052] FIG. 7 is a structural schematic view of the step S6
of the method of encapsulating a flexible OLED panel and
an encapsulation structure of a flexible OLED panel accord-
ing to an embodiment of the disclosure.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0053] The specific structural and functional details dis-
closed herein are only representative and are intended for
describing exemplary embodiments of the disclosure. How-
ever, the disclosure can be embodied in many forms of
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substitution, and should not be interpreted as merely limited
to the embodiments described herein.

[0054] The disclosure will be further described in detail
with reference to accompanying drawings and preferred
embodiments as follows.

[0055] As FIG. 1 shown, is a flow chart diagram of a
method of encapsulating a flexible OLED panel according to
an embodiment of the disclosure. In this embodiment, the
method of encapsulating a flexible OLED panel includes the
following steps:

[0056] Step S1: please refer to FIG. 2, providing a TFT
substrate 100, and manufacturing an OLED device 200 on
the TFT substrate 100.

[0057] Specifically, the TFT substrate 100 includes a flex-
ible TFT substrate.

[0058] Step S2: please refer to FIG. 3, forming a first
inorganic barrier layer 310 covering the OLED device 200
on the TFT substrate 100.

[0059] Specifically, the first inorganic barrier layer 310
includes silicon nitride (SiN)), silicon oxide (SiO,), or
silicon oxynitride (SiO,N,)).

[0060] Specifically, the first inorganic barrier layer 310 is
formed via plasma enhanced chemical vapor deposition
(PECVD) in the step S2

[0061] Step S3: please refer to FIG. 4, forming a liquid
metal layer 400 on the first inorganic barrier layer 310, the
size of an area covered by the liquid metal layer 400 is
smaller than the size of an area covered by the first inorganic
barrier layer 310.

[0062] Specifically, a material of the liquid metal layer 400
includes a binary eutectic alloy consisted of indium and
gallium. The liquid metal layer 400 has a compact degree
similar to the solid metal, so the capability of preventing
penetration of water and oxygen is good. The state of the
liquid metal layer 400 at room temperature is liquid, so the
flexibility 1s good.

[0063] Selectively, a mass ratio of indium to gallium of the
binary eutectic alloy is 1:3.

[0064] Specifically, the liquid metal layer 400 is formed
via ink jet printing in a nitrogen (N,) environment in the step
S3.

[0065] Step S4: please refer to FIG. 5, using oxygen to
oxidize the liquid metal layer 400, and forming a liquid
metal oxide layer 500 on a surface of the liquid metal layer
400. The liquid metal oxide layer 500 is very compact and
has good capability of preventing penetration of water and
oxygen, so the liquid metal layer 400 inside the liquid metal
oxide layer 500 could be prevented from oxidation in order
to keep the liquid state and the flexibility.

[0066] Step S5: please refer to FIG. 6, forming an organic
buffer layer 600 covering the liquid metal oxide layer 500 on
the first inorganic barrier layer 310, the size of an area
covered by the organic buffer layer 600 is smaller than the
size of the area covered by the first inorganic barrier layer
310, and due to the organic buffer layer 600 covers the liquid
metal oxide layer 500, so the size of an area covered by the
organic buffer layer 600 is larger than the size of an area
covered by the liquid metal oxide layer 500.

[0067] Specifically, the organic buffer layer 600 is formed
via ink jet printing in the step S5.

[0068] Specifically, after the step S5, the method of encap-
sulating a flexible OLED panel further includes a step of
curing the organic buffer layer 600.
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[0069] Step S6: please refer to FIG. 7, forming a second
inorganic barrier layer 320 covering the organic buffer layer
600 on the first inorganic barrier layer 310.

[0070] Specifically, the second inorganic barrier layer 320
is formed via plasma enhanced chemical vapor deposition in
the step S6.

[0071] Specifically, an area covered by the second inor-
ganic barrier layer 320 is the same as the area covered by the
first inorganic barrier layer 310.

[0072] Specifically, the second inorganic barrier layer 320
includes silicon nitride, silicon oxide, or silicon oxynitride.

[0073] It should be noted that, the embodiments of the
disclosure provide a method of encapsulating a flexible
OLED panel. The method of encapsulating a flexible OLED
panel includes: forming the liquid metal layer 400 on the
first inorganic barrier layer covering 310 the OLED device
200; using oxygen to oxidize the liquid metal layer 400, and
forming the liquid metal oxide layer 500 on a surface of the
liquid metal layer 400; and sequentially forming the organic
buffer layer 600 and the second inorganic barrier layer 320
on the liquid metal oxide layer 500 to obtain the encapsu-
lation structure. The first inorganic barrier layer 310, the
second inorganic barrier layer 320, the liquid metal layer
400 and the liquid metal oxide layer 500 could prevent
penetration of water and oxygen, and the liquid metal layer
and the organic buffer layer 600 could release the interlayer
stress of the encapsulation structure in order to keep the
flexibility of the encapsulation structure and enhance the
capability of preventing penetration of water and oxygen, so
the encapsulation effect of the flexible OLED panel could be
improved.

[0074] Please refer to FIG. 7, the embodiment of the
disclosure further provides an encapsulation structure of a
flexible OLED panel. The encapsulation structure of a
flexible OLED panel includes a TFT substrate 100, an
OLED device 200 disposed on the TFT substrate 100, a first
inorganic barrier layer 310 disposed on the TFT substrate
100 and covering the OLED device 200, a liquid metal layer
400 disposed on the first inorganic barrier layer 310, a liquid
metal oxide layer 500 covering a surface of the liquid metal
layer 400, an organic buffer layer 600 disposed on the first
inorganic barrier layer 310 and covering the liquid metal
oxide layer 500, and a second inorganic barrier layer 320
disposed on the first inorganic barrier layer 310 and covering
the organic buffer layer 600.

[0075] Specifically, the size of an area covered by the
liquid metal layer 400 is smaller than the size of an area
covered by the first inorganic barrier layer 310, the size of
an area covered by the organic buffer layer 600 is larger than
the size of an area covered by the liquid metal oxide layer
500 and smaller than the size of the area covered by the first
inorganic barrier layer 310, and an area covered by the
second inorganic barrier layer 320 is the same as the area
covered by the first inorganic barrier layer 310.

[0076] Specifically, the TFT substrate 100 includes a flex-
ible TFT substrate.

[0077] Specifically, a material of the liquid metal layer 400
includes a binary eutectic alloy consisted of indium and
gallium. The liquid metal layer 400 has a compact degree
similar to the solid metal, so the capability of preventing
penetration of water and oxygen is good. The state of the
liquid metal layer 400 at room temperature is liquid, so the
flexibility is good.
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[0078] Selectively, a mass ratio of indium to gallium of the
binary eutectic alloy is 1:3.
[0079] Specifically, the first inorganic barrier layer 310
and the second inorganic barrier layer 320 include silicon
nitride (SiN,), silicon oxide (SiO,), or silicon oxynitride
(SiO,N,).
[0080] It should be noted that, the embodiments of the
disclosure provide an encapsulation structure of a flexible
OLED panel. The encapsulation structure of a flexible
OLED panel includes: the liquid metal layer 400 disposed
on the first inorganic barrier layer covering 310 the OLED
device 200; forming the liquid metal oxide layer 500 on a
surface of the liquid metal layer 400; and the organic buffer
layer 600 and the second inorganic barrier layer 320 sequen-
tially disposed on the liquid metal oxide layer 500. The first
inorganic barrier layer 310, the second inorganic barrier
layer 320, the liquid metal layer 400 and the liquid metal
oxide layer 500 could prevent penetration of water and
oxygen, and the liquid metal layer and the organic buffer
layer 600 could release the interlayer stress of the encapsu-
lation structure in order to keep the flexibility of the encap-
sulation structure and enhance the capability of preventing
penetration of water and oxygen, so the encapsulation effect
of the flexible OLED panel could be improved.
[0081] In summary, the embodiments of the disclosure
provide a method of encapsulating a flexible OLED panel
and an encapsulation structure of a flexible OLED panel.
The method of encapsulating a flexible OLED panel
includes: forming a liquid metal layer on a first inorganic
barrier layer covering the OLED device; using oxygen to
oxidize the liquid metal layer, and forming a liquid metal
oxide layer on a surface of the liquid metal layer; and
sequentially forming an organic buffer layer and a second
inorganic barrier layer on the liquid metal oxide layer to
obtain an encapsulation structure. The first inorganic barrier
layer, the second inorganic barrier layer, the liquid metal
layer and the liquid metal oxide layer could prevent pen-
etration of water and oxygen, and the liquid metal layer and
the organic buffer layer could release the interlayer stress of
the encapsulation structure in order to keep the flexibility of
the encapsulation structure and enhance the capability of
preventing penetration of water and oxygen, so the encap-
sulation effect of the flexible OLED panel could be
improved.
[0082] The foregoing contents are detailed description of
the disclosure in conjunction with specific preferred embodi-
ments and concrete embodiments of the disclosure are not
limited to this description. For the person skilled in the art
of the disclosure, without departing from the concept of the
disclosure, simple deductions or substitutions can be made
and should be included in the protection scope of the
application.
What is claimed is:
1. A method of encapsulating a flexible OLED panel,
comprising the following steps:
step S1: providing a TFT substrate, and manufacturing an
OLED device on the TFT substrate;
step S2: forming a first inorganic barrier layer covering
the OLED device on the TFT substrate;
step S3: forming a liquid metal layer on the first inorganic
barrier layer;
step S4: using oxygen to oxidize the liquid metal layer,
and forming a liquid metal oxide layer on a surface of
the liquid metal layer;
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step S5: forming an organic buffer layer covering the
liquid metal oxide layer on the first inorganic barrier
layer; and

step S6: forming a second inorganic barrier layer covering

the organic buffer layer on the first inorganic barrier
layer.

2. The method of encapsulating a flexible OLED panel
according to claim 1, wherein the TFT substrate includes a
flexible TFT substrate.

3. The method of encapsulating a flexible OLED panel
according to claim 1, wherein a material of the liquid metal
layer includes a binary eutectic alloy consisted of indium
and gallium.

4. The method of encapsulating a flexible OLED panel
according to claim 3, wherein a mass ratio of indium to
gallium of the binary eutectic alloy is 1:3.

5. The method of encapsulating a flexible OLED panel
according to claim 1, wherein the first inorganic barrier layer
is formed via plasma enhanced chemical vapor deposition in
the step S2, the liquid metal layer is formed via ink jet
printing in a nitrogen environment in the step S3, the organic
buffer layer is formed via ink jet printing in the step S5 and
further comprises a step of curing the organic buffer layer
after the step S5, the second inorganic barrier layer is formed
via plasma enhanced chemical vapor deposition in the step
S6, an area covered by the second inorganic barrier layer is
the same as an area covered by the first inorganic barrier
layer, and the first inorganic barrier layer and the second
inorganic barrier layer include silicon nitride, silicon oxide,
or silicon oxynitride.

6. An encapsulation structure of a flexible OLED panel,
comprising:

a TFT substrate;

an OLED device, disposed on the TFT substrate;

a first inorganic barrier layer, disposed on the TFT sub-

strate and covering the OLED device;

a liquid metal layer, disposed on the first inorganic barrier

layer;

a liquid metal oxide layer, covering a surface of the liquid

metal layer;

an organic buffer layer, disposed on the first inorganic

barrier layer and covering the liquid metal oxide layer;
and

a second inorganic barrier layer, disposed on the first

inorganic barrier layer and covering the organic buffer
layer.

7. The encapsulation structure of a flexible OLED panel
according to claim 6, wherein the TFT substrate includes a
flexible TFT substrate.

8. The encapsulation structure of a flexible OLED panel
according to claim 6, wherein a material of the liquid metal
layer includes a binary eutectic alloy consisted of indium
and gallium.

9. The encapsulation structure of a flexible OLED panel
according to claim 8, wherein a mass ratio of indium to
gallium of the binary eutectic alloy is 1:3.

10. The encapsulation structure of a flexible OLED panel
according to claim 6, wherein an area covered by the second
inorganic barrier layer is the same as an area covered by the
first inorganic barrier layer, and the first inorganic barrier
layer and the second inorganic barrier layer include silicon
nitride, silicon oxide, or silicon oxynitride.

11. A method of encapsulating a flexible OLED panel,
comprising the following steps:
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step S1: providing a TFT substrate, and manufacturing an
OLED device on the TFT substrate;

step S2: forming a first inorganic barrier layer covering
the OLED device on the TFT substrate;

step S3: forming a liquid metal layer on the first inorganic
barrier layer,

step S4: using oxygen to oxidize the liquid metal layer,
and forming a liquid metal oxide layer on a surface of
the liquid metal layer;

step S35: forming an organic buffer layer covering the
liquid metal oxide layer on the first inorganic barrier
layer; and

step S6: forming a second inorganic barrier layer covering
the organic buffer layer on the first inorganic barrier
layer;

wherein the TFT substrate includes a flexible TFT sub-
strate;
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wherein a material of the liquid metal layer includes a
binary eutectic alloy consisted of indium and gallium;

wherein a mass ratio of indium to gallium of the binary
eutectic alloy is 1:3; and

wherein the first inorganic barrier layer is formed via
plasma enhanced chemical vapor deposition in the step
S2, the liquid metal layer is formed via ink jet printing
in a nitrogen environment in the step S3, the organic
buffer layer is formed via ink jet printing in the step S5
and further comprises a step of curing the organic
buffer layer after the step S5, the second inorganic
barrier layer is formed via plasma enhanced chemical
vapor deposition in the step S6, an area covered by the
second inorganic barrier layer is the same as an area
covered by the first inorganic barrier layer, and the first
inorganic barrier layer and the second inorganic barrier
layer include silicon nitride, silicon oxide, or silicon
oxynitride.
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