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(57) ABSTRACT

A gas barrier substrate including a first gas barrier layer, a
substrate, and a second gas barrier layer is provided. The first
gas barrier layer has a central bonding surface bonded with
the substrate and a peripheral boding surface surrounding the
central bonding surface. The second gas barrier layer entirely
covers the substrate and the first gas barrier layer. The second
gas barrier layer is bonded with the substrate and the periph-
eral boding surface of the first gas barrier layer, wherein a
minimum distance from an edge of the substrate to an edge of
the first gas barrier layer is greater than a thickness of the first
gas barrier layer.
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GAS BARRIER SUBSTRATE, PACKAGE OF
ORGANIC ELECTRO-LUMINENSCENT
DEVICE AND PACKAGING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 99117433, filed on May 31, 2010.
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
this specification.

BACKGROUND
[0002] 1. Technical Field
[0003] The disclosure is related to a gas barrier substrate

and a fabricating method thereof, and in particular to a pack-
age of an organic electro-luminescent device and a packaging
method thereof.

[0004] 2. Related Art

[0005] Compared with general rigid substrates, flexible
substrates have applications in a wider range of areas. Flex-
ible substrates have advantages such as flexibility, portability,
compliance with safety standards, and wide range of appli-
cations, but they also have disadvantages such as inferior heat
resistance, inferior water and oxygen resistance, inferior
chemical resistance, and greater thermal expansion coeffi-
cients. Since conventional flexible substrates cannot com-
pletely block water vapor or oxygen, aging of electronic
devices on the substrate is accelerated, thereby shorting the
lifespan of the electronic devices. Commercial requirements
are hence unable to be fulfilled. In order to make flexible
substrates have better water vapor and oxygen resistance,
conventional art has provided a flexible substrate with a gas
barrier layer for enhancing reliability of the electronic
devices. FIGS. 1 and 2 are illustrated and conventional flex-
ible gas barrier substrate is described as follow.

[0006] FIG. 1 is a schematic cross-sectional diagram of a
conventional flexible gas barrier substrate. Please refer to
FIG. 1. A conventional flexible gas barrier substrate 100 is
generally fabricated on a carrier C and includes a substrate
110 and a gas barrier layer 120. The gas barrier layer 120 only
covers atop surface 110a and a sidewall 1105 of the substrate
110, and a bottom surface 110¢ contacts the carrier C. As
shown in FIG. 1, when the flexible gas barrier substrate 100 is
detached from the carrier C, the bottom surface 110¢ of the
substrate 110 is exposed. Since the bottom surface 110c of the
substrate 110 is not covered by the gas barrier layer 120, the
flexible gas barrier substrate 100 warps seriously due to
imbalance of stress.

[0007] Inorder to resolve the warp problems of the flexible
gas barrier substrate, the conventional art has provided a
solution, which is illustrated in detail in FIG. 2.

[0008] FIG. 2 is a schematic cross-sectional diagram of
another conventional flexible gas barrier substrate. Please
refer to FIG. 2. A conventional flexible gas barrier substrate
200 is also fabricated on the carrier C and includes a substrate
210, a first gas barrier layer 220, and a second gas barrier layer
230. The first gas barrier layer 220 only covers a bottom
surface 210c of the substrate 210, and the second gas barrier
layer 230 covers a top surface 210a and a sidewall 21056 of the
substrate 210 and a sidewall 220a of the first gas barrier layer
220. As shown in FIG. 2, the second gas barrier layer 230 is
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bonded with the sidewall 220qa of the first gas barrier layer
220. However, as limited by the thickness of the first gas
barrier layer 220, the bonding strength between the second
gas barrier layer 230 and the sidewall 220a of the first gas
barrier layer 220 is insufficient. Therefore, when the flexible
gas barrier substrate 200 is bended, the second gas barrier
layer 230 which covers the sidewall 2105 may be easily
broken. Moreover, if the thickness of the first gas barrier layer
220 is increased for increasing the bonding strength between
the second gas barrier layer 230 and the sidewall 220a of the
first gas barrier layer 220, the overall thickness of the flexible
gas barrier substrate 200 may increase.

[0009] Inlight of the above, one of the issues focused on by
developers is how to effectively improve the gas barrier char-
acteristic of the flexible gas barrier substrate without increas-
ing the overall thickness of the flexible gas barrier substrate.

SUMMARY

[0010] A gas barrier substrate which has good gas barrier
abilities is provided herein.

[0011] A fabricating method of a gas barrier substrate for
fabricating a gas barrier substrate with good gas barrier abili-
ties is provided herein.

[0012] A package of an organic electro-luminescent device
which has good reliability is also provided herein.

[0013] A packaging method of an organic electro-lumines-
cent device for ensuring good reliability of the organic elec-
tro-luminescent device is further provided herein.

[0014] The disclosure provides a gas barrier substrate
which includes a first gas barrier layer, a substrate, and a
second gas barrier layer. The first gas barrier layer has a
central bonding surface and a peripheral bonding surface
which surrounds the central bonding surface. The substrate is
bonded with the central bonding surface of the first gas barrier
layer, and the second gas barrier layer entirely covers the
substrate and the first gas barrier layer. The second gas barrier
layer is bonded with the substrate and the peripheral bonding
surface of the first gas barrier layer. A minimum distance from
an edge of the substrate to an edge of the first gas barrier layer
is greater than a thickness of the first gas barrier layer.
[0015] The disclosure provides a fabricating method of a
gas barrier substrate, including: forming a de-bonding layer
on a carrier; forming a lift-off layer on the carrier and the
de-bonding layer, forming the first gas barrier layer on the
lift-off layer, wherein the first gas barrier layer has the central
bonding surface and the peripheral bonding surface which
surrounds the central bonding surface; forming the substrate
on the central bonding surface of the first gas barrier layer and
bonding the substrate with the central bonding surface; and
forming the second gas barrier layer to entirely cover the
substrate and the first gas barrier layer, wherein the minimum
distance from the edge of the substrate to the edge of the first
gas barrier layer is greater than the thickness of the first gas
barrier layer.

[0016] The disclosure provides a package of an organic
electro-luminescent device. The package includes a first gas
barrier substrate, a second gas barrier substrate, and an
organic electro-luminescent device. The first gas barrier sub-
strate includes a first gas barrier layer, a first substrate, and a
second gas barrier layer, wherein the first gas barrier layer has
a first central bonding surface and a first peripheral bonding
surface surrounding the first central bonding surface, the first
substrate is bonded with the first central bonding surface of
the first gas barrier layer, and the second gas barrier layer
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entirely covers the first substrate and the first gas barrier layer.
The second gas barrier layer is bonded with the first substrate
the first peripheral surface of the first gas barrier layer, and a
minimum distance from an edge of the first substrate to an
edge of the first gas barrier layer is greater than a thickness of
the first gas barrier layer. The first gas barrier substrate is
bonded with the second gas barrier substrate. The organic
electro-luminescent device is disposed between the first gas
barrier substrate and the second gas barrier substrate.

[0017] The disclosure provides a packaging method of an
organic electro-luminescent device, including: forming the
organic electro-luminescent device on the first gas barrier
substrate; providing the second gas barrier substrate; and
bonding the first gas barrier substrate with the second gas
barrier substrate, so that the organic electro-luminescent
device is sealed between the first gas barrier substrate and the
second gas barrier substrate, wherein at least one of the first
gas barrier substrate and the second gas barrier substrate is
fabricated by the above fabricating method of the gas barrier
substrate.

[0018] Several exemplary embodiments accompanied with
figures are described in detail below to further describe the
disclosure in detail.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings are included to pro-
vide further understanding, and are incorporated in and con-
stitute a part of this specification. The drawings illustrate
exemplary embodiments and, together with the description,
serve to explain the principles of the disclosure.

[0020] FIG. 1A is a schematic cross-sectional diagram of'a
conventional flexible gas barrier substrate.

[0021] FIG. 2 is a schematic cross-sectional diagram of
another conventional flexible gas barrier substrate.

[0022] FIGS. 3A to 3E are schematic cross-sectional dia-
grams showing a process of fabricating a gas barrier substrate
according to the first embodiment of the disclosure.

[0023] FIGS. 3D' to 3E' are schematic cross-sectional dia-
grams showing another process of fabricating a gas barrier
substrate.

[0024] FIGS. 4A to 4E are schematic cross-sectional dia-
grams showing a process of fabricating a gas barrier substrate
according to the second embodiment of the disclosure.
[0025] FIGS. 4D' to 4E' are schematic cross-sectional dia-
grams showing another process of fabricating a gas barrier
substrate.

[0026] FIGS. 5A to SE are schematic cross-sectional dia-
grams showing a process of packaging an organic electro-
luminescent device according to the third embodiment of the
disclosure.

[0027] FIGS. 6A to 6E are schematic cross-sectional dia-
grams showing a process of packaging an organic electro-
luminescent device according to the fourth embodiment of
the disclosure.

[0028] FIGS. 7A to 7E are schematic cross-sectional dia-
grams showing a process of packaging an organic electro-
luminescent device according to the fifth embodiment of the
disclosure.

DESCRIPTION OF EMBODIMENTS
First Embodiment

[0029] FIGS. 3A to 3E are schematic cross-sectional dia-
grams showing a process of fabricating a gas barrier substrate
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according to the first embodiment of the disclosure. Please
refer to FIG. 3A. First, a de-bonding layer DBL is formed on
a carrier C, and a lift-off layer L is formed on the de-bonding
layer DBL and the carrier C. According to the present
embodiment, the material of the de-bonding layer DBL is, for
example, a parylene material, and the material of the lift-off
layer L is, for example, polyimide or another material which
is capable of being lift off from the de-bonding layer DBL.
According to other embodiments of the disclosure, the de-
bonding layer DBL may be formed by performing a surface
treatment on a surface of the carrier C. According to the
present embodiment, the lift-off layer L. may also be peeled
off from the carrier C along with the de-bonding layer DBL.
[0030] Pleasereferto FIG. 3B. A first gas barrier layer GB1
is formed on the lift-off layer L. The first gas barrier layer
GBI has a central bonding surface S1 and a peripheral bond-
ing surface S2 surrounding the central bonding surface S1.
According to the present embodiment, the first gas barrier
layer GB1 is, for example, a single thin film (such as a single
silicon nitride layer) or a stacked layer formed by a plurality
of thin films. For example, the first gas barrier layer GB1 is,
for example, formed by alternately stacking at least one sili-
con nitride layer and at least one spin-on glass (SOG) layer.
According to other embodiments, the first gas barrier layer
GBI is formed by one or more pairs of a silicon nitride layer
and an SOG layer. However, it should be noted that according
to the disclosure, the number and material of the first gas
barrier layer GB1 are not limited to the above configuration.
[0031] Pleasereferto FIG. 3C, a pre-formed substrate SUB
is provided, and the pre-formed substrate SUB is bonded with
the central bonding surface S1. According to the present
embodiment, the substrate SUB has a sidewall SW which is
substantially perpendicular to the central bonding surface S1
of'the first gas barrier layer GB1. In addition, the material of
the substrate SUB is, for example, polyimide or another flex-
ible material.

[0032] Next, please refer to FIG. 3D. A second gas barrier
layer GB2 is formed to entirely cover the substrate SUB and
the first gas barrier layer GB1, wherein the second gas barrier
layer GB2 is bonded with the substrate SUB and a peripheral
bonding surface S2 of the first gas barrier layer GB. A mini-
mum distance D from an edge (i.e. the sidewall SW) of the
substrate SUB to an edge of the first gas barrier layer GB1 is
greater than a thickness T of the first gas barrier layer GB1. In
addition, the second gas barrier layer GB2 which covers the
first gas barrier layer GB1 and the substrate SUB is, for
example, a conformal thin film.

[0033] According to the present embodiment, the second
gas barrier layer GB2 is, for example, a single thin film (such
as a single silicon nitride layer) or a stacked layer formed by
multiple thin films. For example, the second gas barrier layer
GB2 is, for example, formed by alternately stacking at least
one silicon nitride layer and at least one SOG layer. Accord-
ing to other embodiments, the second gas barrier layer GB2 is
formed by one or more pairs of a silicon nitride layer and an
SOG layer. However, it should be noted that according to the
disclosure, the number and material of the second gas barrier
layer GB2 are not limited to the above configuration.

[0034] Asshownin FIG. 3D, since the minimum distance D
is greater than the thickness T of the first gas barrier layer
GBI, the bonding strength between the first gas barrier layer
GB1 and the second gas barrier layer GB2 is effectively
improved. If the first gas barrier layer GB1 and the second gas
barrier layer GB2 have similar materials or the same material,
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the bonding between the first gas barrier layer GB1 and the
second gas barrier layer GB2 is a type of homogeneous bond-
ing, which thus provides good bonding strength. In addition,
since the minimum distance D is greater than the thickness T
of'the first gas barrier layer GB1, compared with the conven-
tional art (FIG. 2), if water vapor is to permeate into the gas
barrier substrate according to the present embodiment, a
longer permeation path is required.

[0035] Please refer to FIGS. 3D and 3E. After completing
the fabrication of the second gas barrier layer GB2, a gas
barrier substrate 300 is almost complete. According to the
present embodiment, in order to detach the gas barrier sub-
strate from the carrier C, the de-bonding layer DBL, the
lift-offlayer L, the first gas barrier layer GB1, and the second
gas barrier layer GB2 may be cut along cutting lines CL (as
shown by the dashed lines CL in FIG. 3D) so that the lift-off
layer L is separated from the de-bonding layer DBL. Accord-
ing to the present embodiment, the aforementioned cutting
process is, for example, a laser cutting process or another
suitable cutting process.

[0036] Still referring to FIG. 3E, after the lift-off layer L is
separated from the de-bonding layer DBL, the single gas
barrier substrate 300 is obtained. The gas barrier substrate
300 includes the first gas barrier layer GB1, the substrate
SUB, and the second gas barrier layer GB2. The first gas
barrier layer GB1 has the central bonding surface S1 and the
peripheral bonding surface S2 which surrounds the central
bonding surface S1. The substrate SUB is bonded with the
central bonding surface S1 of the first gas barrier layer GB1,
and the second gas barrier layer GB2 entirely covers the
substrate SUB and the first gas barrier layer GB1. The second
gas barrier layer GB2 is bonded with the substrate SUB and
the peripheral bonding surface S2 of the first gas barrier layer
GB1. A minimum distance D' from the edge (which is the
sidewall SW) of the substrate SUB to the edge of the first gas
barrier layer GB1 is greater than the thickness T of the first gas
barrier layer GB1.

[0037] According to the present embodiment, the first gas
barrier layer GB1 and the second gas barrier layer GB2 are
each, for example, a flexible gas barrier layer, and the sub-
strate SUB is, for example, a flexible substrate. In addition, as
shown in FIG. 3E, the edge of the first gas barrier layer GB1
is substantially aligned with the edge of the second gas barrier
layer GB2.

[0038] FIGS. 3D' to 3E' are schematic cross-sectional dia-
grams showing another process of fabricating a gas barrier
substrate. Please referto FIGS. 3D, 3E, 3D', and 3E'. In FIGS.
3D and 3E, the second gas barrier layer GB2 which covers the
first gas barrier layer GB1 and the substrate SUB is a confor-
mal thin film, whereas in FIGS. 3D' and 3E/, the second gas
barrier layer GB2 which covers the first gas barrier layer GB1
and the substrate SUB is a thin film which has a flat top
surface.

Second Embodiment

[0039] FIGS. 4A to 4E are schematic cross-sectional dia-
grams showing a process of fabricating a gas barrier substrate
according to the second embodiment of the disclosure. Please
refer to FIGS. 4A to 4E. According to the present embodi-
ment, a fabricating method of a gas barrier substrate 400 is
similar to that in the first embodiment. The main difference in
between is that a substrate SUB' according to the present
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embodiment has a tapered sidewall SW', and an acute angle 6
is included between the tapered sidewall SW' and the central
bonding surface 51.

[0040] It should be noted that according to the present
embodiment, the substrate SUB' is formed, for example, by
coating. In detail, according to the present embodiment, a
material layer may first be coated on the central bonding
surface S1. The material layer is then cured to form the
substrate SUB'. Since the substrate SUB' is formed by coat-
ing, the acute angle 0 is included between the sidewall SW' of
the substrate SUB' and the central bonding surface S1.
[0041] FIGS. 4D' to 4E' are schematic cross-sectional dia-
grams showing another process of fabricating a gas barrier
substrate. Pleasereferto FIGS. 4D, 4E, 4D', and 4E'. In FIGS.
4D and 4E, the second gas barrier layer GB2 which covers the
first gas barrier layer GB1 and the substrate SUB' is a confor-
mal thin film, whereas in FIGS. 4D' and 4F/, the second gas
barrier layer GB2 which covers the first gas barrier layer GB1
and the substrate SUB' is a thin film which has a flat top
surface.

Third Embodiment

[0042] FIGS. 5A to 5E are schematic cross-sectional dia-
grams showing a process of packaging an organic electro-
luminescent device according to the third embodiment of the
disclosure. Please refer to FIG. 5A. First, a de-bonding layer
DBL is formed on a carrier C, and a lift-off layer L is formed
on the de-bonding layer DBL. and the carrier C. According to
the present embodiment, the material of the de-bonding layer
DBL is, for example, a parylene material, and the material of
the lift-off layer L is, for example, polyimide or another
material which is capable of being lift off from the de-bond-
ing layer DBL. According to another embodiment of the
disclosure, the de-bonding layer DBL may be formed by
performing a surface treatment on the surface of the carrier C.
According to the present embodiment, the lift-offlayer L may
also be peeled off from the carrier C along with the de-
bonding layer DBL..

[0043] Please refer to FIG. 5B. A third gas barrier layer
GB3 is formed on the lift-off layer L. The third gas barrier
layer GB3 has a second central bonding surface S3 and a
second peripheral bonding surface S4 surrounding the second
central bonding surface S4. According to the present embodi-
ment, the third gas barrier layer GB3 is, for example, a single
layer thin film (such as a single layer silicon nitride layer) or
a stacked layer formed by multiple thin films. For example,
the third gas barrier layer GB3 is, for example, formed by
alternately stacking at least one silicon nitride layer and at
least one SOG layer. According to other embodiments, the
third gas barrier layer GB3 is formed by one or more pairs of
asiliconnitride layer and an SOG layer. However, it should be
noted that according to the disclosure, the number and mate-
rial of the third gas barrier layer GB3 are not limited to the
above configuration.

[0044] Please refer to FIG. 5C, the second substrate SUB2
is provided, and the second substrate SUB2 is bonded with
the second central bonding surface S3. According to the
present embodiment, the material of the second substrate
SUB2 is, for example, polyimide or another flexible material.
As shown in FIG. 5C, the lift-off layer L, the third gas barrier
layer GB3, and the second substrate SUB2 form a gas barrier
substrate 500.

[0045] Please refer to FIG. 5D. After the second substrate
SUB2 is formed, an organic electro-luminescent device
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OLED is formed on the second substrate SUB2. According to
the present embodiment, the organic electro-luminescent
device OLED is, for example, an active organic electro-lumi-
nescent device or a passive organic electro-luminescent
device. The organic electro-luminescent device OLED may
be a display or a light source.

[0046] Please then refer to FIG. 5E. After the organic elec-
tro-luminescent device OLED is fabricated, the gas barrier
substrate 300 is provided, and the gas barrier substrate 300 is
bonded with the gas barrier substrate 500, so that the organic
electro-luminescent device OLED is sealed between the gas
barrier substrate 300 and the gas barrier substrate 500. In
detail, the gas barrier substrate 300 and the gas barrier sub-
strate 500 are bonded with each other by, for example, a frame
adhesive 600. According to other embodiments, a frit such as
a glass frit may be used to replace the frame adhesive 600, so
that the gas barrier substrate 300 and the gas barrier substrate
500 are bonded with each other.

[0047] According to the present embodiment, the gas bar-
rier substrate 300 shown in FIG. 3E' is used. However, the
present embodiment does not limit the gas barrier substrate to
be the one shown in FIG. 3E'". The gas barrier substrate 300 or
400 shown in FIG. 3E, 4E, or 4E' may also be used in the
present embodiment.

[0048] After the gas barrier substrate 300 and the gas bar-
rier substrate 500 are bonded with each other, in order to
detach the gas barrier substrate 500 from the carrier C, the
de-bonding layer DBL, the lift-off layer L, and the third gas
barrier layer GB3 may be cut along the cutting lines CL (as
shown by the dashed lines CL in FIG. 3D") so that the lift-off
layer L is separated from the de-bonding layer DBL. Accord-
ing to the present embodiment, the aforementioned cutting
process is, for example, a laser cutting process or another
suitable cutting process.

[0049] As shown in FIG. 5E, the package of the organic
electro-luminescent according to the present embodiment
includes the gas barrier substrate 300, the gas barrier substrate
500, and the organic electro-luminescent device OLED. The
gas barrier substrate 300 is shown in FIG. 3E' and is bonded
with the gas barrier substrate 500, and the organic electro-
luminescent device OLED is disposed between the gas barrier
substrate 300 and the gas barrier substrate 500.

Fourth Embodiment

[0050] FIGS. 6A to 6E are schematic cross-sectional dia-
grams showing a process of packaging an organic electro-
luminescent device according to the fourth embodiment of
the disclosure. Please refer to FIG. 6A. First, the de-bonding
layer DBL is formed on the carrier C, and the lift-off layer LL
is formed on the de-bonding layer DBL and the carrier C.
According to the present embodiment, the material of the
de-bonding layer DBL is, for example, a parylene material,
and the material of the lift-off layer L is, for example, poly-
imide or another material which is capable of being lift off
from the de-bonding layer DBL. According to another
embodiment of the disclosure, the de-bonding layer DBL
may be formed by performing a surface treatment on the
surface of the carrier C. According to the present embodi-
ment, the lift-off layer may also be peeled off from the carrier
C along with the de-bonding layer DBL.

[0051] Please refer to FIG. 6B. The third gas barrier layer
GB3 is formed on the lift-oft layer L. The third gas barrier
layer GB3 has the second central bonding surface S3 and the
second peripheral bonding surface S4 surrounding the second
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central bonding surface S4. According to the present embodi-
ment, the third gas barrier layer GB3 is, for example, a single
thin film (such as a single silicon nitride layer) or a stacked
layer formed by a plurality of thin films. For example, the
third gas barrier layer GB3 is, for example, formed by alter-
nately stacking at least one silicon nitride layer and at least
one SOG layer. According to other embodiments, the third
gas barrier layer GB3 is formed by one or more pairs of a
silicon nitride layer and an SOG layer. However, it should be
noted that according to the disclosure, the number and mate-
rial of the third gas barrier layer GB3 are not limited to the
above configuration.

[0052] Please refer to FIG. 6C, the second substrate SUB2
is provided, and the second substrate SUB2 is bonded with
the second central bonding surface S3. According to the
present embodiment, the material of the second substrate
SUB2 is, for example, polyimide or another flexible material.
As shown in FIG. 5C, the lift-off layer L, the third gas barrier
layer GB3, and the second substrate SUB2 form a gas barrier
substrate 500'.

[0053] Please refer to FIG. 6D. After the second substrate
SUB2 is formed, the organic electro-luminescent device
OLED is formed on the second substrate SUB2. According to
the present embodiment, the organic electro-luminescent
device OLED is, for example, an active organic electro-lumi-
nescent device or a passive organic electro-luminescent
device. The organic electro-luminescent device OLED may
be a display or a light source.

[0054] After fabrication of the organic electro-luminescent
device OLED is complete, a fourth gas barrier layer GB4 is
formed to entirely cover the organic electro-luminescent
device OLED, the second substrate SUB2, and the third gas
barrier layer GB3. The fourth gas barrier layer GB4 is bonded
with the organic electro-luminescent device OLED, the sec-
ond substrate SUB2, and the second peripheral bonding sur-
face S4 of the third gas barrier layer GB3, and a minimum
distance D" from an edge of the second substrate SUB2 to an
edge of the third gas barrier layer GB3 is greater than a
thickness T' of the third gas barrier layer GB3. In addition, the
fourth gas barrier layer GB4 which covers the third gas barrier
layer GB3 and the second substrate SUB2 is, for example, a
conformal thin film. According to other embodiments, the
fourth gas barrier layer GB4 may be a conformal thin film. As
shown in FIG. 6D, the lift-off layer L, the third gas barrier
layer GB3, the second substrate SUB2, and the fourth gas
barrier layer GB4 form the gas barrier substrate 500'.

[0055] According to the present embodiment, the fourth
gas barrier layer GB4 is, for example, a single thin film (such
as a single silicon nitride layer) or a stacked layer formed by
a plurality of thin films. The fourth gas barrier layer GB4 is,
for example, formed by alternately stacking at least one sili-
con nitride layer and at least one SOG layer. According to
other embodiments, the fourth gas barrier layer GB4 is
formed by one or more pairs of a silicon nitride layer and an
SOG layer. However, it should be noted that according to the
disclosure, the number and material of the fourth gas barrier
layer GB4 are not limited to the above configuration.

[0056] As shown in FIG. 6D, since the minimum distance
D" is greater than the thickness T" of the third gas barrier layer
GB3, the bonding strength between the third gas barrier layer
GB3 and the fourth gas barrier layer GB4 is effectively
improved. In addition, if the third gas barrier layer GB3 and
the fourth gas barrier layer GB4 have similar materials or the
same material, the bonding between the third gas barrier layer
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GB3 and the fourth gas barrier layer GB4 is a type of homo-
geneous bonding, which thus provides good bonding
strength.

[0057] Please then to FIG. 6E. After the organic electro-
luminescent device OLED and the fourth gas barrier layer
(B4 are fabricated, the gas barrier substrate 300 is provided,
and the gas barrier substrate 300 is bonded with the gas barrier
substrate 500", so that the organic electro-luminescent device
OLED is sealed between the gas barrier substrate 300 and the
gas barrier substrate 500". In detail, the gas barrier substrate
300 and the gas barrier substrate 500" are bonded with each
other by, for example, an adhesive layer 700. In other words,
the second has barrier layer GB2 and the fourth gas barrier
layer GB4 are bonded with each other through the adhesive
layer 700.

[0058] According to the present embodiment, the gas bar-
rier substrate 300 shown in FIG. 3E' is used. However, the
present embodiment does not limit the gas barrier substrate to
be the one shown in FIG. 3E'". The gas barrier substrate 300 or
400 shown in FIG. 3E, 4E, or 4E' may also be used in the
present embodiment.

[0059] After the gas barrier substrate 300 and the gas bar-
rier substrate 500' are bonded with each other, in order to
detach the gas barrier substrate 500' from the carrier C, the
de-bonding layer DBL, the lift-off layer L, the third gas
barrier layer GB3, and the fourth gas barrier layer GB4 may
be cut (as shown by the dashed lines) so that the lift-off layer
L is separated from the de-bonding layer DBL. According to
the present embodiment, the aforementioned cutting process
is, for example, a laser cutting process or another suitable
cutting process.

Fifth Embodiment

[0060] FIGS. 7A to 7E are schematic cross-sectional dia-
grams showing a process of packaging an organic electro-
luminescent device according to the fifth embodiment of the
disclosure. Please refer to FIG. 7A. First, the de-bonding
layer DBL is formed on the carrier C, and the lift-off layer LL
is formed on the de-bonding layer DBL and the carrier C.
According to the present embodiment, the material of the
de-bonding layer DBL is, for example, a parylene material,
and the material of the lift-off layer L is, for example, poly-
imide or another material which is capable of being lift off
from the de-bonding layer DBL. According to another
embodiment of the disclosure, the de-bonding layer DBL
may be formed by performing a surface treatment on the
surface of the carrier C. According to the present embodi-
ment, the lift-off layer L. may also be peeled off from the
carrier C along with the de-bonding layer DBL.

[0061] Please refer to FIG. 7B. The third gas barrier layer
GB3 is formed on the lift-oft layer L. The third gas barrier
layer GB3 has the second central bonding surface S3 and the
second peripheral bonding surface S4 surrounding the second
central bonding surface S4. According to the present embodi-
ment, the third gas barrier layer GB3 is, for example, a single
thin film (such as a single silicon nitride layer) or a stacked
layer formed by a plurality of thin films. For example, the
third gas barrier layer GB3 is, for example, formed by alter-
nately stacking at least one silicon nitride layer and at least
one SOG layer. According to other embodiments, the third
gas barrier layer GB3 is formed by one or more pairs of a
silicon nitride layer and an SOG layer. However, it should be
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noted that according to the disclosure, the number and mate-
rial of the third gas barrier layer GB3 are not limited to the
above configuration.

[0062] Please refer to FIG. 7C, the second substrate SUB2
is provided, and the second substrate SUB2 is bonded with
the second central bonding surface S3. According to the
present embodiment, the material of the second substrate
SUB2 is, for example, polyimide or another flexible material.
[0063] Please then refer to FIG. 7D. After the second sub-
strate SUB2 is formed, the fourth gas barrier layer GB4 is
formed to entirely cover the second substrate SUB2 and the
third gas barrier layer GB3, wherein the fourth gas barrier
layer GB4 is bonded with the second substrate SUB2 and the
peripheral bonding surface S4 of the third gas barrier layer
GB3, and the minimum distance D" from the edge of the
second substrate SUB2 to the edge of the third gas barrier
layer GB3 is greater than the thickness T' of the third gas
barrier layer GB3. As shown in FIG. 7D, the lift-off layer L,
the third gas barrier layer GB3, the second substrate SUB2,
and the fourth gas barrier layer GB4 form a gas barrier sub-
strate 500".

[0064] Please refer to FIG. 7D. After the fourth gas barrier
layer GB4 is formed, the organic electro-luminescent device
OLED is formed on the fourth gas barrier layer GB4. Accord-
ing to the present embodiment, the organic electro-lumines-
cent device OLED is, for example, an active organic electro-
luminescent device or a passive organic electro-luminescent
device. The organic electro-luminescent device OLED may
be a display or a light source.

[0065] Please then to FIG. 7E. After the organic electro-
luminescent device OLED is fabricated, the gas barrier sub-
strate 300 is provided, and the gas barrier substrate 300 is
bonded with the gas barrier substrate 500", so that the organic
electro-luminescent device OLED is sealed between the gas
barrier substrate 300 and the gas barrier substrate 500". In
detail, the gas barrier substrate 300 and the gas barrier sub-
strate 500" are bonded with each other by, for example, the
frame adhesive 600. According to other embodiments, a frit
such as a glass frit may be used to replace the frame adhesive
600, so that the gas barrier substrate 300 and the gas barrier
substrate 500" are bonded with each other.

[0066] According to the present embodiment, the gas bar-
rier substrate 300 shown in FIG. 3E' is used. However, the
present embodiment does not limit the gas barrier substrate to
be the one shown in FIG. 3E'. The gas barrier substrate 300 or
400 shown in FIG. 3E, 4E, or 4E' may also be used in the
present embodiment.

[0067] After the gas barrier substrate 300 and the gas bar-
rier substrate 500" are bonded with each other, in order to
detach the gas barrier substrate 500" from the carrier C, the
de-bonding layer DBL, the lift-off layer L, the third gas
barrier layer GB3, and the fourth gas barrier layer GB4 may
be cut (as shown by the dashed lines) so that the lift-off layer
L is separated from the de-bonding layer DBL. According to
the present embodiment, the aforementioned cutting process
is, for example, a laser cutting process or another suitable
cutting process.

[0068] According to the disclosure, since the gas barrier
substrates which have good gas barrier abilities are used for
packaging the organic electro-luminescent device, the reli-
ability of the organic electro-luminescent device is ensured.
[0069] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the disclosed embodiments without departing from the
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scope or spirit of the disclosure. In view of the foregoing, it is
intended that the disclosure cover modifications and varia-
tions of this disclosure provided they fall within the scope of
the following claims and their equivalents.

What is claimed is:

1. A gas barrier substrate, comprising:

afirst gas barrier layer having a central bonding surface and

a peripheral bonding surface which surrounds the cen-
tral bonding surface;

a substrate bonded with the central bonding surface of the

first gas barrier layer; and

a second gas barrier layer covering the substrate and the

first gas barrier layer, wherein the second gas barrier
layer is bonded with the substrate and the peripheral
bonding surface of the first gas barrier layer, and a mini-
mum distance from an edge of the substrate to an edge of
the first gas barrier layer is greater than a thickness of the
first gas barrier layer.

2. The gas barrier substrate as claimed in claim 1, wherein
the first gas barrier layer and the second gas barrier layer are
each a flexible gas barrier layer, and the substrate is a flexible
substrate.

3. The gas barrier substrate as claimed in claim 1, wherein
the substrate has a sidewall, and the sidewall is substantially
perpendicular to the central bonding surface.

4. The gas barrier substrate as claimed in claim 1, wherein
the substrate has a tapered sidewall, and an acute angle is
included between the tapered sidewall and the central bond-
ing surface.

5. The gas barrier substrate as claimed in claim 1, wherein
the edge of the first gas barrier layer is substantially aligned
with the edge of the second gas barrier layer.

6. The gas barrier substrate as claimed in claim 1, wherein
the first gas barrier layer comprises a silicon nitride layer.

7. The gas barrier substrate as claimed in claim 1, wherein
the first gas barrier layer comprises a stacked layer, and the
stacked layer comprises at least one silicon nitride layer and
at least one spin-on glass (SOG) layer.

8. The gas barrier substrate as claimed in claim 1, wherein
the second gas barrier layer comprises a silicon nitride layer.

9. The gas barrier substrate as claimed in claim 1, wherein
the second gas barrier layer comprises a stacked layer, and the
stacked layer comprises at least one silicon nitride layer and
at least one spin-on glass (SOG) layer.

10. The gas barrier layer as claimed in claim 1, further
comprising a lift-off layer disposed on the first gas barrier
layer, wherein the lift-off layer and the substrate are respec-
tively located at two sides of the first gas barrier layer.

11. A fabricating method of a gas barrier substrate, com-
prising:

forming a de-bonding layer on a carrier;

forming a lift-off layer on the carrier;

forming a first gas barrier layer on the lift-off layer, the first

gas barrier layer having a central bonding surface and a
peripheral bonding surface which surrounds the central
bonding surface;

forming a substrate on the central bonding surface of the

first gas barrier layerand bonding the substrate with the
central bonding surface; and

forming a second gas barrier layer, covering the substrate

and the first gas barrier layer, wherein the second gas
barrier layer is bonded with the substrate and the periph-
eral bonding surface of the first gas barrier layer, and a
minimum distance from an edge of the substrate to an
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edge of the first gas barrier layer is greater than a thick-

ness of the first gas barrier layer.

12. The fabricating method of the gas barrier substrate as
claimed in claim 11, wherein a method of forming the sub-
strate on the central bonding surface comprises:

coating a material layer on the central bonding surface; and

curing the material layer to form the substrate.

13. The fabricating method of the gas barrier substrate as
claimed in claim 11, wherein a method of forming the sub-
strate on the central bonding surface comprises:

providing a pre-formed substrate and bonding the pre-

formed substrate with the central bonding surface.

14. The fabricating method of the gas barrier substrate as
claimed in claim 11, wherein a method of forming the first gas
barrier layer comprises:

forming a silicon nitride layer on the lift-off layer.

15. The fabricating method of the gas barrier substrate as
claimed in claim 11, wherein a method of forming the first gas
barrier layer comprises:

forming a stacked layer on the lift-oft layer, wherein the

stacked layer comprises at least one silicon nitride layer

and at least one spin-on glass layer.

16. The fabricating method of the gas barrier substrate as
claimed in claim 11, wherein a method of forming the second
gas barrier layer comprises:

forming a silicon nitride layer on the lift-off layer.

17. The fabricating method of the gas barrier substrate as
claimed in claim 11, wherein a method of forming the second
gas barrier layer comprises:

forming a stacked layer on the lift-oft layer, wherein the

stacked layer comprises at least one silicon nitride layer

and at least one spin-on glass layer.

18. The fabricating method of the gas barrier substrate as
claimed in claim 11, further comprising cutting the de-bond-
ing layer, the lift-off layer, the first gas barrier layer, and the
second gas barrier layer, so that the lift-off layer is separated
from the de-bonding layer.

19. A package of an organic electro-luminescent device,
comprising:

a first gas barrier substrate, comprising:

a first gas barrier layer having a first central bonding
surface and a first peripheral bonding surface which
surrounds the first central bonding surface;

a first substrate bonded with the first central bonding
surface of the first gas barrier layer; and

a second gas barrier layer covering the first substrate and
the first gas barrier layer, wherein the second gas
barrier layer is bonded with the first substrate and the
first peripheral bonding surface of the first gas barrier
layer, and a minimum distance from an edge of the
first substrate to an edge of the first gas barrier layer is
greater than a thickness of the first gas barrier layer;

a second gas barrier substrate bonded with the first gas

barrier substrate; and

an organic electro-luminescent device disposed between

the first gas barrier substrate and the second gas barrier

substrate.

20. The package of the organic electro-luminescent device
as claimed in claim 19, wherein the second gas barrier sub-
strate comprises:

a third gas barrier layer having a second central bonding

surface and a second peripheral bonding surface which

surrounds the second central bonding surface;
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a second substrate bonded with the second central bonding
surface of the third gas barrier layer, wherein the organic
electro-luminescent device is disposed on the second
substrate.

21. The package of the organic electro-luminescent device
as claimed in claim 19, wherein the second gas barrier sub-
strate comprises:

a third gas barrier layer having a second central bonding
surface and a second peripheral bonding surface which
surrounds the second central bonding surface;

a second substrate bonded with the second central bonding
surface of the third gas barrier layer, wherein the organic
electro-luminescent device is disposed on the second
substrate; and

a fourth gas barrier layer covering the second substrate, the
organic electro-luminescent device, and the third gas
barrier layer, wherein the fourth gas barrier layer is
bonded with the second substrate, the organic electro-
luminescent device, and the second peripheral bonding
surface of the third gas barrier layer, and a minimum
distance from an edge of the second substrate to an edge
of'the third gas barrier layer is greater than a thickness of
the third gas barrier layer.

22. The package of the organic electro-luminescent device

as claimed in claim 19, wherein the second gas barrier sub-
strate comprises:
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a third gas barrier layer having a second central bonding
surface and a second peripheral bonding surface which
surrounds the second central bonding surface;

a second substrate bonded with the second central bonding
surface of the third gas barrier layer; and

a fourth gas barrier layer covering the second substrate and
the third gas barrier layer, wherein the fourth gas barrier
layer is bonded with the second substrate and the second
peripheral bonding surface of the third gas barrier layer,
a minimum distance from an edge of the second sub-
strate to an edge of the third gas barrier layer is greater
than a thickness of the third gas barrier layer, and the
organic electro-luminescent device is disposed on the
fourth gas barrier layer.

23. A packaging method of an organic electro-luminescent

device, comprising:

forming an organic electro-luminescent device on a first
gas barrier substrate;

providing a second gas barrier substrate; and

bonding the first gas barrier substrate and the second gas
barrier substrate, so that the organic electro-magnetic
device is sealed between the first gas barrier substrate
and the second gas barrier substrate, wherein at least one
of the first gas barrier substrate and the second gas bar-
rier substrate is fabricated by the fabricating method of
the gas barrier substrate as claimed in claim 11.
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