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OLED SUBSTRATE AND PREPARATION
METHOD THEREOF, OLED PANEL, AND
DISPLAY APPARATUS

TECHNICAL FIELD

[0001] The present disclosure relates to a technical field of
display, in particular to an OLED substrate and a preparation
method thereof, an OLED panel and an OLED display
device.

BACKGROUND

[0002] A package sealing effect of an OLED device
directly affects a service life of the OLED device, and
therefore, it is an important index for evaluating quality of
the OLED device.

[0003] FIG. 1 is a schematic diagram of part of a structure
of a conventional OLED panel. As shown in FIG. 1, the
OLED panel is formed by cell-assembling an OLED sub-
strate 1 and a package substrate 2. The OLED substrate 1
comprises a substrate 10 and a light-emitting structure
(including an anode layer, a cathode layer, and an organic
function layer, etc.) prepared on the substrate 10. In an edge
region of the OLED substrate 1, an insulating interlayer
(TLD) 12 is further disposed, and the insulating interlayer 12
is located on an outermost side of the OLED substrate 1. The
package substrate 2 comprises a glass layer 20 and glass
cement 21 prepared in an edge region of the glass layer 20.
When the OLED substrate 1 and the package substrate 2 are
cell-assembled, the glass cement 21 and the insulating
interlayer 12 are jointed, and the glass cement 21 is melted
by laser irradiation, such that the OLED substrate 1 and the
package substrate 2 are bonded together.

[0004] In practice, a transverse strength between the glass
cement 21 and the insulating interlayer 12 is relatively small,
such that it is hard for the OLED panel to bear a larger
transverse pull force (i.e., a force in a direction parallel to the
substrate 10 and the glass layer 20). When the transverse pull
force is relatively large, relative movement emerges between
the OLED substrate 1 and the package substrate 2 in the
above OLED panel, as a result, a sealing effect of the OLED
panel becomes poorer and the service life of the OLED panel
is affected.

SUMMARY

[0005] In order to solve the above problems in the con-
ventional technical solutions, embodiments of the present
invention provide an OLED substrate and a preparation
method therefor, an OLED panel and an OLED display
apparatus. The lateral tensile-resistance strength of the insu-
lating interlayer and a package substrate can be increased,
i.e. increasing a lateral tensile-resistance force between the
OLED substrate and the package substrate, thereby improv-
ing the stability of the OLED panel, ensuring the sealing
effect of the OLED panel and improving the service life of
the OLED panel.

[0006] Embodiments of the present invention provide an
OLED substrate, wherein, an insulating interlayer is dis-
posed in an edge region of the OLED substrate, at least one
concave is provided on a surface of the insulating interlayer.
[0007] In one embodiment of the present invention, for
example, the insulating interlayer comprises at least one
layer of insulation material.
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[0008] In one embodiment of the present invention, for
example, a depth of the concave is not greater than 20% of
a thickness of the insulating interlayer.

[0009] In one embodiment of the present invention, for
example, at least two concaves are provided on a surface of
the insulating interlayer and edges of adjacent concaves are
connected to each other.

[0010] In one embodiment of the present invention, for
example, at least two concaves is provided on a surface of
the insulating interlayer and at least two concaves are
uniformly distributed on the surface of the insulating inter-
layer.

[0011] In one embodiment of the present invention, for
example, the insulating interlayer and an insulating layer
over a gate electrode layer in a display region of the OLED
substrate are disposed in a same layer.

[0012] In one embodiment of the present invention, for
example, the edge region of the OLED substrate further
comprises at least one of an active layer, a gate insulating
layer and a gate electrode layer formed below the insulating
interlayer.

[0013] In one embodiment of the present invention, for
example, the active layer, the gate insulating layer and/or the
gate electrode layer ill the edge region of the OLED sub-
strate are respectively disposed in a same layer as an active
layer, a gate insulating layer and/or a gate electrode layer in
a thin film transistor circuit of the OLED substrate.

[0014] Embodiments of the present invention provide a
method for preparing an OLED substrate, comprising: pro-
viding a substrate; forming at least one insulation material
layer in an edge region of the substrate; and preparing a
concave on a surface of the at least one insulation material
layer to form an insulating interlayer.

[0015] In one embodiment of the present invention, for
example, in the method, prior to the preparing the concave,
the at least one insulation material layer and an insulating
layer over a gate electrode layer in a display region of the
OLED substrate are formed simultaneously.

[0016] In one embodiment of the present invention, for
example, in the method, the concave is formed by a pho-
toetching process.

[0017] In one embodiment of the present invention, for
example, in the method, when an insulating layer over a gate
electrode layer in a display region of the OLED substrate is
formed, the insulating interlayer having the concave on the
surface 1s formed by a semi-exposure process.

[0018] In one embodiment of the present invention, for
example, in the method, a depth of the concave is not greater
han 20% of a total thickness of the at least one insulation
material layer.

[0019] In one embodiment of the present invention, for
example, in the method, prior to the forming the at least one
insulation material layer, the method further comprises:
forming at least one of an active layer, a gate insulating layer
and a gate electrode layer in the edge region of the substrate.

[0020] In one embodiment of the present invention, for
example, in the method, an active layer, a gate insulating
layer and/or a gate electrode layer in a thin film transistor
circuit of the OLED substrate are formed simultaneously
with the forming of the active layer, the gate insulating layer
and/or the gate electrode layer in the edge region of the
substrate.
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[0021] Embodiments of the present invention provide an
OLED panel, comprising the above described OLED sub-
strate.

[0022] In the OLED substrate and the preparation method
therefor, the OLED panel and the OLED display apparatus
provided by the embodiments of the present invention,
concaves are provided on the surface of the insulating
interlayer; when the OLED substrate and the package sub-
strate are cell-assembled to be packaged, the glass cement of
the package substrate can be embedded into the insulating
interlayer through the concaves, such that the glass cement
and the insulating interlayer are combined together; in this
way, a lateral tensile-resistance strength of the inter-layer
insulating layer and a package substrate can be increased,
i.e. increasing a lateral tensile-resistance force between the
OLED substrate and the package substrate, thereby improv-
ing the stability of the OLED panel, ensuring the sealing
effect of the OLED panel and improving the service life of
the OLED panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The drawings constituting part of the specification
are used to further explain the present disclosure, and are
used for explaining the present disclosure together with
specific embodiments below rather than limiting the present
disclosure.

[0024] FIG.1is a schematic diagram of part of a structure
of an conventional OLED panel;

[0025] FIG. 2 is a schematic diagram of part of a structure
of an OLED substrate according to an embodiment of the
present disclosure;

[0026] FIG. 3 is a schematic diagram of part of a structure
after an OLED substrate and a package substrate are cell-
assembled according to an embodiment of the present dis-
closure;

[0027] FIG. 4 is a flow chart showing the preparing
process of an insulating interlayer according to an embodi-
ment of the present disclosure;

[0028] FIG. 5 is a schematic diagram of an edge structure
of an OLED substrate after an insulation material layer is
prepared according to an embodiment of the present disclo-
sure;

[0029] FIG. 6 is a schematic diagram of an edge structure
of an OLED substrate after the insulation material layer is
coated with photoresist according to an embodiment of the
present disclosure;

[0030] FIG. 7 is a schematic diagram of an edge structure
of an OLED substrate after exposing and developing accord-
ing to an embodiment of the present disclosure;

[0031] FIG. 8 is a schematic diagram of an edge structure
of an OLED substrate after etching according to an embodi-
ment of the present disclosure;

[0032] FIG.9is a schematic diagram of a mask used when
the structure of an insulating interlayer is manufactured
according to an embodiment of the present disclosure; and
[0033] FIG. 10 is a schematic diagram of part of a struc-
ture of an OLED panel according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0034] The technical solutions of the embodiment will be
described in a clearly and fully understandable way in
connection with the drawings related to the embodiments of
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the disclosure. It is understandable that the described
embodiments are just exemplary embodiments for explain-
ing the present invention. The present invention is not
limited by the above described embodiments.

[0035] An embodiment of the present disclosure provides
an OLED substrate, and FIG. 2 is a schematic diagram of
part of structure of an OLED substrate provided by an
embodiment of the present disclosure. In the present
embodiment, as shown in FIG. 2, the OLED substrate
comprises a substrate 10 and an insulating interlayer 12
disposed in an edge region of the OLED substrate 1, and at
least one concave is provided on a surface of the insulating
interlayer 12.

[0036] FIG. 3 is a schematic diagram of part of an OLED
structure after the substrate 1 and the package substrate 2 are
cell-assembled according to an embodiment of the present
disclosure. As shown in FIG. 3, the package substrate 2
comprises a glass layer 20 and glass cement 21 disposed in
the edge region of the package substrate 2.

[0037] With reference to FIG. 2 and FIG. 3, concaves are
provided on the surface of the insulating interlayer 12; when
the OLED substrate 1 and the package substrate 2 are
cell-assembled to be packaged, the glass cement 21 of the
package substrate 2 can be embedded into the insulating
interlayer 12 through the concaves, such that the glass
cement 21 and the insulating interlayer 12 are combined
together; in this way, a lateral tensile-resistance strength of
the inter-layer insulating layer 12 and a package substrate
can be increased, i.e. increasing a lateral tensile-resistance
force between the OLED substrate 1 and the package
substrate 2, thereby improving the stability of the OLED
panel, ensuring the sealing effect of the OLED panel and
improving the service life of the OLED panel.

[0038] In the present embodiment, the insulating inter-
layer 12 comprises at least one insulation material layer. For
example, as shown in FIG. 2, the insulating interlayer 12
comprises two insulation material layers 120 and 121, the
insulation material layer 120 is made of SiO_ and the
insulation material layer 121 is made of SiN..

[0039] In the present embodiment, for example, a depth of
the concave is not greater than 20% of a thickness of the
insulating interlayer. In this way, the concave has a certain
depth, such that the lateral tensile-resistance strength
between the insulating interlayer 12 and the glass cement 21
is ensured, meanwhile it is ensured that the insulating
interlayer 12 has enough thickness at the positions corre-
sponding to the concaves, and a good insulation effect is
realized.

[0040] In the present embodiment, a plurality of the con-
caves can be provided. On this basis, the edges of the
adjacent concaves can be connected mutually, that is, the
plurality of concaves form a “sawtooth” shape; in this way,
the lateral tensile-resistance strength between the insulating
interlayer 12 and the glass cement 21 is increased to the
greatest extent, and the stability of the OLED panel is
improved.

[0041] In addition, in a case that the number of the
concaves is plural, the plurality of concaves can be uni-
formly distributed on the surface of the insulating interlayer
12; due to such setting, each region of the insulating
interlayer 12 and the glass cement 21 can bear a friction
force uniformly.

[0042] The insulating interlayer 12 and an insulating layer
over a gate electrode layer in a display region are disposed
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in a same layer, and the edge region of the OLED substrate
1 further comprises at least one of an active layer 13, a gate
insulating layer 14 and a gate electrode layer 15 formed
below the insulating interlayer 12.

[0043] It is appreciated that in the present disclosure,
“disposed in a same layer” means “formed in a same
patterning process”, that is, formed in one patterning process
with a same mask.

[0044] A thin film transistor circuit is manufactured in the
display region of the OLED substrate 1, that is, structures
such as the active layer, the gate insulating layer, the gate
electrode layer, the insulating interlayer, an S/D layer and
the like are formed in sequence. In the present embodiment,
the active layer 13, the gate insulating layer 14 and/or the
gate electrode layer 15 in the edge region of the OLED
substrate 1 and the active layer, the gate insulating layer
and/or the gate electrode layer in the thin film transistor
circuit of the OLED substrate 1 are formed at the same time;
that is, when the active layer, the gate insulating layer and/or
the gate electrode layer in the circuit of the OLED substrate
1 are formed, structures of the active layer 13, the gate
insulating layer 14 and/or the gate electrode 15 are reserved
in the edge region of the OLED substrate 1 instead of being
etched; in this way, the insulating interlayer 12 in the edge
region of the OLED substrate 1 is heightened, that is, the
insulating interlayer 12 is prepared at a higher position on
the surface of the substrate 10 to be conveniently combined
with the glass cement 21. For example, in one embodiment,
as shown in FIG. 2, the active layer 13, the gate electrode
layer 14 and the gate electrode layer 15 are disposed below
the insulating interlayer 12.

[0045] In conclusion, in the OLED substrate 1 provided by
the embodiments of the present disclosure, the concaves are
provided on the surface of the insulating interlayer 12; when
the OLED substrate 1 and the package substrate 2 are
cell-assembled to be packaged, the insulating interlayer 12
and the glass cement 21 of the package substrate 2 can be
combined together through the concaves; in this way, a
lateral tensile-resistance strength of the inter-layer insulating
layer 12 and a package substrate can be increased, i..
increasing a lateral tensile-resistance force between the
OLED substrate 1 and the package substrate 2, thereby
improving the stability of the OLED panel, ensuring the
sealing effect of the OLED panel and improving the service
life of the OLED panel.

[0046] Another embodiment of the present disclosure pro-
vides a method for preparing an OLED substrate, and FIG.
4 is a flow chart of a method for preparing an OLED
substrate provided by an embodiment of the present disclo-
sure. As shown in FIG. 4, the method for preparing an OLED
substrate comprises the following steps SI-S3.

[0047] In step S1, providing a substrate 10.

[0048] In step S2, forming at least one insulation material
layer in an edge region of the substrate 10, as shown in FIG.
5.

[0049] For example, the material of the insulation material
layer can be SiO,, SiN, or other insulation materials. For
example, as shown in FIG. 5, SiO,, and SiN, are deposited
in sequence, such that the two insulation material layers 120
and 121, that is, a SiO, layer and a SiN_ layer are obtained
on the substrate 1.

[0050] In addition, while the insulating layer over the gate
electrode layer in a display region of the OLED substrate is
formed, at least one insulation material layer is formed in the
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edge region of the substrate 10, that is, the insulating layer
over the gate electrode layer in the display region of the
OLED substrate and the at least one insulation material layer
can be formed in a same patterning process.

[0051] Instep S3, preparing concaves on the surface of the
formed uppermost insulation material layer to form an
insulating interlayer 12, as shown in FIG. 2. For example,
after the insulation material layers 120 and 121 as shown in
FIG. 5 are deposited, the concaves are prepared on the
surface of the SiN.. layer 121.

[0052] The concaves can be prepared through a photoetch-
ing process. For example, the photoetching process for
preparing the concaves may comprise the following steps
S30-S33.

[0053] In step S30, coating a surface of the uppermost
insulation material layer with photoresist 30, as shown in
FIG. 6. The photoresist 30 may he positive or negative
photoresist.

[0054] In step S31, exposing and developing the photore-
sist 30 as shown in FIG. 7.

[0055] Instep S32, forming the concaves on the surface of
the uppermost insulation material layer, as shown in FIG. §.
[0056] For example, after each part of the photoresist 30
is removed, the exposed regions of the insulation material
layers are all round, and round concaves can be obtained by
the etching process in step S32. For example, in order to
obtain the round exposed regions of the insulation material
layers, in a case that the photoresist layer 30 is positive
photoresist, a mask used for exposing the photoresist 30 is
provided to have a round transparent region, as shown in
FIG. 9; and in a case that the photoresist 30 is negative
photoresist, a mask used by exposing the photoresist 30 is
provided to have a round opaque region.

[0057] Instep S33, stripping off residual photoresist 30 on
the surface of the insulation material layer, and obtaining the
insulating interlayer 12 as shown in FIG. 2.

[0058] The insulating interlayer 12 prepared according to
the above described processes has the concaves on the
surface. When the OLED substrate and the package sub-
strate 2 are cell-assembled for packaging, the glass cement
21 of the package substrate 2 can be embedded into the
insulating interlayer 12 through the concaves, such that the
glass cement 21 and the insulating interlayer 12 can be
combined together; in this way, a lateral tensile-resistance
strength of the inter-layer insulating layer 12 and a package
substrate can be increased, i.e. increasing a lateral tensile-
resistance force between the OLED substrate 1 and the
package substrate 2, thereby improving the stability of the
OLED panel, ensuring the sealing effect of the OLED panel
and improving the service life of the OLED panel.

[0059] Inthe present embodiment, for example, an etching
depth in the etching process is not greater than 20% of a total
thickness of the insulation material layer. For example, in
the example as shown in FIG. 2, the depth of the concaves
is not greater than 20% of a sum of thicknesses of the SiO_
layer 120 and the SiN_ layer 121. Due to such setting, the
concaves can have certain depth, such that the lateral tensile-
resistance strength between the insulating interlayer 12 and
the glass cement 21 is ensured, meanwhile it is ensured that
the insulating interlayer 12 has enough thickness at the
positions corresponding to the concaves, and a good insu-
lation effect is realized.

[0060] Inthe present embodiment, for example, a plurality
of concaves are formed on the surface of the insulation
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material layer, and the edges of the adjacent concaves can be
connected mutually, that is, the multiple concaves form a
“sawtooth” shape; in this way, the lateral tensile-resistance
strength between the insulating interlayer 12 and the glass
cement 21 is increased to the greatest extent, and the
stability of the OLED panel is improved.

[0061] Meanwhile, in a case that a plurality of concaves
are formed on the surface of the insulation material layer, the
plurality of concaves can be uniformly distributed on the
insulation material layer, and due to such setting, each
region of the insulating interlayer 12 and the glass cement 21
can bear a friction force uniformly.

[0062] For example, at least one of an active layer 13, a
gate insulating layer 14 and a gate electrode 15 is formed
below the insulating interlayer 12. The active layer 13, the
gate insulating layer 14 and/or the gate electrode layer 15
and the active layer, the gate insulating layer and/or the gate
electrode layer in the circuit of the OLED substrate are
formed at the same time; that is, when the active layer, the
gate insulating layer and/or the gate electrode layer in the
circuit of the OLED substrate 1 are formed, structures of the
active layer, 13, the gate insulating layer 14 and/or the gate
electrode layer 15 are reserved in the edge region of the
OLED substrate instead of being etched; in this way, the
insulating interlayer 12 is heightened, that is, the insulating
interlayer 12 is prepared at a higher position of the substrate
20, to be conveniently combined with the glass cement 21.

[0063] Itisnoted that in the present embodiment, when an
insulating layer above the gate electrode layer in the display
region is formed, the insulating interlayer 12 having the
concaves may be formed through a semi-exposure process at
the same time. Compared with the above described method,
process configuration can be reduced in this way, such that
production time is reduced and production efficiency is
improved.

[0064] Another embodiment of the present disclosure pro-
vides an OLED panel, and FIG. 10 is a schematic diagram
of part of a structure of an OLED panel provided by an
embodiment of the present disclosure. In the present
embodiment, as shown in FIG. 10, the OLED panel com-
prises the OLED substrate 1 and the package substrate 2
provided by the embodiments of the present disclosure, the
OLED substrate 1 contacts the package substrate 2 through
a surface of the insulating interlayer 12, the package sub-
strate 2 contacts the OLED substrate 1 through a surface of
the glass cement 21, the insulating interlayer 12 and the
glass cement 21 are fused together, and the surface of the
insulating interlayer 12 has concaves.

[0065] Inthe OLED panel provided by the embodiment of
the present disclosure, the surface of the insulating interlayer
12 has concaves, such that the OLED substrate 1 and the
glass cement 21 of the package substrate 2 are combined
together through the concaves; in this way, a lateral tensile-
resistance strength of the inter-layer insulating layer 12 and
a package substrate can be increased, i.e. increasing a lateral
tensile-resistance force between the OLED substrate 1 and
the package substrate 2, thereby improving the stability of
the OLED panel, ensuring the sealing effect of the OLED
panel and improving the service life of the OLED panel.

[0066] Another embodiment of the present disclosure pro-
vides an OLED display device. In the present embodiment,
the OLED display device comprises the OLED panel pro-
vided by the embodiment of the present disclosure.
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[0067] In the OLED display device provided by the
embodiment of the present disclosure, the transverse tensile
resistance of the OLED panel is increased, such that the
OLED panel of the OLED display device has better stability
and sealing effect, and the service life of the OLED display
device is prolonged.

[0068] Tt is noted that in the drawings, although the active
layer 13, the gate insulating layer 14 and/or the gate elec-
trode layer 15 are disposed or formed on the substrate 10
below the insulating interlayer 12 in sequence, but the
present disclosure is not limited thereto. In other embodi-
ments of the present disclosure, below the insulating inter-
layer 12, the gate electrode layer 15, the gate insulating layer
14 and/or the active layer 13 can be disposed or formed
below the insulating interlayer 12 in sequence as long as the
electrode layer 15, the gate insulating layer 14 and/or the
active layer 13 heighten the insulating layer 1. In addition,
the terms “and/or” refer to any of listed respective elements.
[0069] It is understandable that the above described
embodiments are just exemplary embodiments for explain-
ing the principle of the present invention. The present
invention are not limited by the above described embodi-
ments. Based on the described embodiments herein, those
skilled in the art can obtain other embodiment(s), without
any inventive work, which should be within the scope of the
disclosure.

[0070] The present application claims the priority of the
Chinese Patent Application No. 201510119584.9 filed on
Mar. 18, 2015, which is incorporated herein by reference as
part of the disclosure of the present application.

1. An organic light emitting diode (OLED) substrate,
wherein, an insulating interlayer is disposed in an edge
region of the OLED substrate, and at least one concave is
provided on a surface of the insulating interlayer.

2. The OLED substrate according to claim 1, wherein the
insulating interlayer comprises at least one layer of insula-
tion material.

3. The OLED substrate according to claim 1, wherein a
depth of the concave is not greater than 20% of a thickness
of the insulating interlayer.

4. The OLED substrate according to claim 1, wherein at
least two concaves are provided on a surface of the insulat-
ing interlayer and edges of adjacent concaves are connected
to each other.

5. The OLED substrate according to claim 1, wherein at
least two concaves are provided on a surface of the insulat-
ing interlayer and at least two concaves are uniformly
distributed on the surface of the insulating interlayer.

6. The OLED substrate according to claim 1, wherein the
insulating interlayer and an insulating layer over a gate
electrode layer in a display region of the OLED substrate are
disposed in a same layer.

7. The OLED substrate according to claim 1, wherein the
edge region of the OLED substrate further comprises at least
one of an active layer, a gate insulating layer and a gate
electrode layer formed below the insulating interlayer.

8. The OLED substrate according to claim 7, wherein the
active layer, the gate insulating layer and/or the gate elec-
trode layer in the edge region of the OLED substrate are
respectively disposed in a same layer as an active layer, a
gate insulating layer and/or a gate electrode layer in a thin
film transistor circuit of the OLED substrate.

9. A method for preparing an organic light-emitting diode
(OLED) substrate, comprising:



US 2017/0288165 Al

providing a substrate;

forming at least one insulation material layer in an edge

region of the substrate; and

preparing a concave on a surface of the at least one

insulation material layer to form an insulating inter-
layer.

10. The method according to claim 9, wherein prior to the
preparing the concave, the at least one insulation material
layer and an insulating layer over a gate electrode layer in a
display region of the OLED substrate are formed simulta-
neously.

11. The method according to claim 9, wherein the concave
is formed by a photoetching process.

12. The method according to claim 10, wherein when an
insulating layer over a gate electrode layer in a display
region of the OLED substrate is formed, the insulating
interlayer having the concave on the surface is formed by a
semi-exposure process.

13. The method according to claim 9, wherein a depth of
the concave is not greater than 20% of a total thickness of
the at least one insulation material layer.

14. The method according to claim 9, wherein prior to the
forming the at least one insulation material layer, the method
further comprises:
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forming at least one of an active layer, a gate insulating
layer and a gate electrode layer in the edge region of the
substrate.

15. The method according to claim 14, wherein an active
layer, a gate insulating layer and/or a gate electrode layer in
a thin film transistor circuit of the OLED substrate are
formed simultaneously with forming of the active layer, the
gate insulating layer and/or the gate electrode layer in the
edge region of the substrate.

16. An organic light-emitting diode (OLED) panel, com-
prising the OLED substrate according to claim 1.

17. The OLED panel according to claim 16, further
comprising a package substrate, wherein glass cement is
formed in an edge region of the package substrate, wherein
the surface of the insulating interlayer having the concave
are bonded together with the glass cement.

18. An organic light-emitting diode (OLED) display
device, comprising the OLED panel according to claim 16.

19. An organic light-emitting diode (OLED) panel, com-
prising the OLED substrate according to claim 2.

20. An organic light-emitting diode (OLED) panel, com-
prising the OLED substrate according to claim 3.
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