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: ) S41
A display substrate is prepared or -
provided
¥
An encapsulating film layer on a §42
surface of the display substrate is i+
prepared
¥
543

A partial region of a circumferential
edge of the encapsulating film layer is
removed to form a sawtooth structure

I
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A display substrate is prepared or provided —
¥
. . . S42
An encapsulating film layer on a surface of the display substrateis |
prepared
¥
A mask layer on a surface of the encapsulating film layer is S51
formed, and a shape of the encapsulating film layer exposed by the S
mask layer corresponds to a shape of the sawtooth structure

¥ S52
. . s
The encapsulating film layer exposed by the mask layer 1s etched |—"
1?
A moisture and oxygen blocking layer on a surface of the /,853
encapsulating film layer and a surface of the display substrate "
exposed by the sawtooth structure is prepared
;
: : S54
A touch sensing layer or a polarizer layer on a surface of the |
optical adhesive layer is prepared

FIG. 5
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FLEXIBLE DISPLAY DEVICE AND METHOD
FOR MANUFACTURING THE FLEXIBLE
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
International Application No. PCT/CN2018/088409 filed on
May 25, 2018, which claims priority to Chinese patent
application No. 201710773123.2 filed on Aug. 31, 2017.
Both applications are incorporated herein by reference in
their entireties.

TECHNICAL FIELD

[0002] Exemplary embodiments of the present application
relate to display technologies, and in particular to a flexible
display device and a method for manufacturing the flexible
display device.

BACKGROUND

[0003] At present, in a display device, a flexible Active-
Matrix Organic Light Emitting Diode (AMOLED) has
become a hot spot for current high-end smart products. Since
the flexible active-matrix organic light emitting diode has a
wider viewing angle, a higher refresh rate, and a thinner size
than the conventional liquid crystal display used in most
mobile phones, a visual experience is improved, an opera-
tion speed is improved, and a weight of the mobile phone is
reduced.

[0004] Generally, a thin film encapsulation process is
adopted in a module of the flexible active-matrix organic
light emitting diode to enhance moisture and oxygen block-
ing performance, but the moisture and oxygen blocking
effect on a side is not good. Because of brittleness of an
inorganic material used in encapsulation film, an edge of the
encapsulation film is prone to fracture or be peeled off when
bent, consequently the moisture and oxygen blocking effect
and reliability of the module may be affected.

SUMMARY

[0005] In view of the above, exemplary embodiments of
the present application provide a flexible display device and
a method for manufacturing the flexible display device,
which solve problems that a module of a flexible active-
matrix organic light emitting diode has a poor moisture and
oxygen blocking effect on a side, and an edge is prone to
fracture or be peeled off when bent.

[0006] A flexible display device according to an embodi-
ment of the present application includes a display substrate;
and an encapsulating film layer disposed on a surface of the
display substrate. An edge of the encapsulating film layer
includes a concave-convex sawtooth structure.

[0007] Inanembodiment, the sawtooth structure is located
at a predetermined bending region of a circumferential edge
of the encapsulating film layer; or the sawtooth structure is
distributed over an entire circumferential edge of the encap-
sulating film layer.

[0008] In an embodiment, a sawtooth in the sawtooth
structure has a semicircle shape, a triangle shape or a
rectangle shape.

[0009] In an embodiment, distances between the sawteeth
in the sawtooth structure are equal.
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[0010] In an embodiment, the flexible display device
further includes a moisture and oxygen blocking layer
disposed on a surface of the encapsulating film layer and
covering the surface of the display substrate exposed by the
sawtooth structure of the circumferential edge of the encap-
sulating film layer.

[0011] Inan embodiment, the moisture and oxygen block-
ing layer is a transparent optical adhesive layer.

[0012] In an embodiment, the flexible display device
further includes a touch sensing layer disposed on a surface
of the optical adhesive layer; or, a polarizer layer disposed
on a surface of the optical adhesive layer.

[0013] Inanembodiment, a horizontal cross sectional area
of the touch sensing layer or the polarizer layer is equal to
a horizontal cross sectional area of the optical adhesive
layer.

[0014] In an embodiment, the display substrate includes
an organic light emitting diode display substrate.

[0015] A method for manufacturing a flexible display
device according to an embodiment of the present applica-
tion includes providing a display substrate; providing an
encapsulating film layer on a surface of the display sub-
strate; and removing a partial region of a circumferential
edge of the encapsulating film layer to form a sawtooth
structure.

[0016] Inanembodiment, the sawtooth structure is located
at a predetermined bending region of the circumferential
edge of the encapsulating film layer; or, the sawtooth struc-
ture is distributed over the entire circumferential edge of the
encapsulating film layer.

[0017] Inanembodiment, the removing a partial region of
a circumferential edge of the encapsulating film layer to
form a sawtooth structure includes forming a mask layer on
a surface of the encapsulating film layer, a shape of the
encapsulating film layer exposed by the mask layer corre-
sponding to a shape of the sawtooth structure; and etching
the encapsulating film layer exposed by the mask layer.
[0018] In an embodiment, the method further includes
providing a moisture and oxygen blocking layer on a surface
of the encapsulating film layer and the surface of the display
substrate exposed by the sawtooth structure.

[0019] Inanembodiment, the moisture and oxygen block-
ing layer is a transparent optical adhesive layer, and the
method further includes preparing a touch sensing layer or
a polarizer layer on a surface of the optical adhesive layer.
[0020] In an embodiment, the method further includes a
horizontal cross sectional area of the touch sensing layer or
the polarizer layer is equal to a horizontal cross sectional
area of the optical adhesive layer.

[0021] A flexible display device and a method for manu-
facturing the flexible display device are provided by
embodiments of the present application, the edge of the
encapsulating film layer is designed as the sawtooth struc-
ture. In this way, when the flexible display device is bent, the
concave-convex shape of the sawtooth structure of the edge
of the encapsulating film layer may play a role of dispersing
bending stress, thereby avoiding fracture of the encapsulat-
ing film layer, enhancing bending resistance performance of
the flexible display device, and due to the moisture and
oxygen blocking layer disposed at the sawtooth structure,
enhancing the moisture and oxygen blocking capability at
the edge of the encapsulating film layer of the flexible
display device.
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BRIEF DESCRIPTION OF DRAWINGS

[0022] FIG. 1 is a structural diagram of a flexible display
device according to an embodiment of the present applica-
tion.

[0023] FIG. 2 is a diagram of sawtooth shape of an edge
of an encapsulating film layer of a flexible display device
according to an embodiment of the present application.
[0024] FIG. 3 is a structural diagram of a flexible display
device according to an embodiment of the present applica-
tion.

[0025] FIG. 4 is a schematic flow chart of a method for
manufacturing a flexible display device according to an
embodiment of the present application.

[0026] FIG. 5 is a schematic flow chart of a method for
manufacturing a flexible display device according to an
embodiment of the present application.

DETAILED DESCRIPTION

[0027] The technical solutions in the embodiments of the
present application are clearly and completely described in
the following with reference to the accompanying drawings
in the embodiments of the present application. It is obvious
that the described embodiments are only a part of the
embodiments of the present application, and not all of the
embodiments. All other embodiments obtained by those
skilled in the art based on the embodiments of the present
application without creative efforts are within the scope of
the present application.

[0028] FIG. 1 is a structural diagram of a flexible display
device according to an embodiment of the present applica-
tion. As shown in FIG. 1, the flexible display device includes
a display substrate 11 and an encapsulating film layer 12
disposed on a surface of the display substrate 11. An edge of
the encapsulating film layer 12 includes a concave-convex
sawtooth structure 121.

[0029] The display substrate 11 may be an organic light
emitting diode display substrate 11, and the display substrate
11 may be made of a flexible material. However, it should
be understood that the display mode and the material of the
display substrate 11 are not limited in the present applica-
tion. The encapsulating film layer 12 may be prepared on the
surface of the display substrate 11 by a thin film encapsu-
lation technique. For example, the encapsulating film layer
12 may be formed by a combination of a plurality of layers
of organic-inorganic films. The materials of the encapsulat-
ing film layer 12 may be a silicon nitride film, an aluminum
oxide film, or the like. The materials of the encapsulating
film are not limited in the present application.

[0030] It may be seen that due to the existence of the
sawtooth structure 121 of the edge of the encapsulating film
layer 12, when the flexible display device is bent, a concave-
convex shape of the sawtooth structure 121 of the edge of
the encapsulating film layer 12 may play a role of dispersing
bending stress, thereby avoiding fracture of the encapsulat-
ing film layer 12, and enhancing bending resistance perfor-
mance of the flexible display device.

[0031] It should be understood that, as shown in FIG. 2, a
sawtooth in the sawtooth structure 121 mentioned above
may have a triangle shape 21, a semicircle shape 22 or a
rectangle shape 23, and the sawtooth shape in the sawtooth
structure 121 is not limited in the present application.
[0032] In an embodiment of the present application, the
sawtooth structure 121 is located at a predetermined bending
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region of a circumferential edge of the encapsulating film
layer 12 or distributed over an entire circumferential edge of
the encapsulating film layer 12. It should be understood,
however, that the sawtooth structure 121 may be disposed
only at the predetermined bending region of the encapsu-
lating film layer 12, or may be disposed over the entire
circumferential edge of the encapsulating film layer 12. For
example, when the flexible display device only needs to be
bent on one side, only the one side of the encapsulating film
layer 12 need to be designed into the sawtooth structure 121,
and the rest of the encapsulating film layer 12 may not be
provided as the sawtooth structure 121, thereby reducing
process burden. The entire circumferential edge of the
encapsulating film layer 12 may be designed into the saw-
tooth structure 121 if each region of the flexible display
device may be bent. However, the specific position of the
predetermined bending region on the encapsulating film
layer 12 is not limited in the present application.

[0033] In an embodiment of the present application, each
sawtooth in the sawtooth structure 121 has the same shape,
and distances between the sawteeth are equal. However, it
should be understood that the shape and the distribution
distance of the sawteeth in the sawtooth structure 121 may
also be determined according to bending requirement degree
of the predetermined bending region. For example, when a
bending requirement angle of a bending region is relatively
large, i.e., only the bending at a large obtuse angle is
completed, the sawtooth distance at the bending region may
also be relatively large to reduce the process burden. When
the bending requirement angle of the bending region is
relatively small, i.e., the bending at a small acute angle is
completed, the sawtooth distance at the bending region may
be tight. However, the sawtooth distance in the sawtooth
structure 121 is not limited in the present application.
[0034] FIG. 3 is a structural diagram of a flexible display
device according to an embodiment of the present applica-
tion. As shown in FIG. 3, the flexible display device further
includes a moisture and oxygen blocking layer 32 having
function of isolating moisture and oxygen.

[0035] The moisture and oxygen blocking layer 32 is
disposed on a surface of the encapsulating film layer 12 and
covers a surface of the display substrate 11 exposed by the
sawtooth structure of the circumferential edge of the encap-
sulating film layer 12. In this way, the moisture and oxygen
blocking layer 32 is completely wrapped around periphery
of the encapsulating film layer 12. Although the edge of the
encapsulating film layer 12 includes the concave-convex
sawtooth structure 121, only a convex portion of the saw-
tooth structure 121 may expose outside the moisture and
oxygen blocking layer 32, which greatly reduces an area of
the encapsulating film layer 12 exposed in the air compared
with the prior art, thereby effectively blocking entry of the
moisture and oxygen from a side, and improving the mois-
ture and oxygen blocking performance of the flexible dis-
play device on the side.

[0036] In an embodiment of the present application, the
moisture and oxygen blocking layer 32 may be a transparent
optical adhesive layer with good transmission performance,
so that a display effect of the flexible display device is
relatively clear. Since the optical adhesive layer has adhe-
siveness, the optical adhesive layer may be directly coated
on the encapsulating film layer 12 to facilitate process
preparation. It should be understood that the moisture and
oxygen blocking layer 32 may also adopt other materials
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having moisture and oxygen blocking performance. The
material of the moisture and oxygen blocking layer 32 is not
limited in the present application.

[0037] In an embodiment of the present application, the
flexible display device further includes a touch sensing layer
31a or a polarizer layer 315 disposed on a surface of the
optical adhesive layer 32. The touch sensing layer 31a is
used to implement a touch operation of the flexible display
device, the polarizer layer 315 is used to absorb light in other
directions of natural light, and only retain display light in a
desired direction to pass through, which improves display
quality.

[0038] FIG. 4 is a schematic flow chart of a method for
manufacturing a flexible display device according to an
embodiment of the present application. As shown in FIG. 4,
the method includes the following steps.

[0039] Step 41: a display substrate 11 is prepared or
provided.
[0040] The display substrate 11 is located at the bottom-

most layer of the flexible display device and is covered with
a semiconductor structure for display. However, it should be
understood that the display substrate 11 may be self-pre-
pared or may be purchased directly from a third party. The
source of the display substrate 11 is not limited in the present
application.

[0041] Step 42: an encapsulating film layer 12 on a surface
of the display substrate 11 is prepared.

[0042] The encapsulating film layer 12 may be prepared
on the surface of the display substrate 11 by a thin film
encapsulation technique. For example, the encapsulating
film layer 12 may be formed by a combination of a plurality
of layers of organic-inorganic films. The materials of the
encapsulating film layer 12 may be a silicon nitride film, an
aluminum oxide film, or the like. The materials and specific
preparation mode of the encapsulating film are not limited in
the present application.

[0043] Step 43: a partial region of a circumferential edge
of the encapsulating film layer 12 is removed to form a
sawtooth structure. As previously indicated, in order to meet
different bending requirements for the flexible display
devices, a shape of each sawtooth of the sawtooth structure
is the same or different, a distance between adjacent two
sawteeth is equal or unequal, the sawtooth of the sawtooth
structure may be evenly distributed on a circumferential
edge of the encapsulating film layer 12, or may be only
distributed in a predetermined bending region.

[0044] It should be understood that a process that removes
the encapsulating film layer 12 to form the sawtooth struc-
ture may adopt a process such as cutting, photolithography,
etc., and the specific removing method is not limited in the
present application. In addition, it should be understood that
the sawteeth formed in the sawtooth structure may have a
semicircle shape, a triangle shape, or a rectangle shape, etc.,
and the specific sawtooth structure is not limited in the
present application.

[0045] In the flexible display device manufactured by the
method for manufacturing a flexible display device provided
by an embodiment of the present application, due to the
existence of the sawtooth structure at the edge of the
encapsulating film layer 12, when the flexible display device
is bent, a concave-convex shape of the sawtooth structure of
the edge of the encapsulating film layer 12 may play a role
of dispersing bending stress, thereby avoiding fracture of the
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encapsulating film layer 12, and enhancing bending resis-
tance performance of the flexible display device.

[0046] FIG. 5 is a schematic flow chart of a method for
manufacturing a flexible display device according to an
embodiment of the present application. As shown in FIG. 5,
after the encapsulating film layer 12 is prepared on the
surface of the display substrate 11 (step 42), the method
further includes the following steps.

[0047] Step 51: a mask layer on the encapsulating film
layer 12 is formed, and a shape of the encapsulating film
layer 12 exposed by the mask layer corresponds to a shape
of the sawtooth structure. That is, the pattern shape of the
mask layer corresponds to the shape of the encapsulating
film layer 12 with the sawtooth structure which is finally
required.

[0048] Step 52: the encapsulating film layer 12 exposed by
the mask layer is etched. After the encapsulating film layer
12 exposed by the mask layer is etched, the encapsulating
film layer 12 with the sawtooth structure is obtained.
[0049] It should be understood that the etching process
may be implemented by a chemical etching, an electronic
etching, or the like. The specific etching method is not
limited in the present application.

[0050] Step 53: a moisture and oxygen blocking layer on
a surface of the encapsulating film layer 12 and a surface of
the display substrate 11 exposed by the sawtooth structure is
prepared. Since the moisture and oxygen blocking layer 32
is disposed on the surface of the encapsulating film layer 12
and covers the surface of the display substrate 11 exposed by
the sawtooth structure of the circumferential edge of the
encapsulating film layer 12. In this way, the moisture and
oxygen blocking layer 32 is completely wrapped around
periphery of the encapsulating film layer 12. Although the
edge of the encapsulating film layer 12 includes the con-
cave-convex sawtooth structure 121, only a convex portion
of the sawtooth structure 121 may expose outside the
moisture and oxygen blocking layer 32, which greatly
reduces an area of the encapsulating film layer 12 exposed
in the air compared with the prior art, thereby effectively
blocking entry of the moisture and oxygen from a side, and
improving the moisture and oxygen blocking performance
of the flexible display device on the side.

[0051] It should be understood that the moisture and
oxygen blocking layer 32 may be an optically transparent
adhesive or other material having moisture and oxygen
blocking performance. The material of the moisture and
oxygen blocking layer 32 is not limited in the present
application.

[0052] Step 54: a touch sensing layer 31a or a polarizer
layer 315 is prepared on a surface of the optical adhesive
layer. A horizontal cross sectional area of the touch sensing
layer 31a or the polarizer layer 315 should be equal to a
horizontal cross sectional area of the optical adhesive layer.
In this case, the horizontal cross section of the optical
adhesive layer refers to the surface of the optical adhesive
layer that is in contact with the touch sensing layer 31a or
the polarizer layer 315. The touch sensing layer 31a is used
to implement a touch operation of the flexible display
device, and the polarizer layer 315 is used to absorb light in
other directions of natural light, and only retain display light
in a desired direction to pass through, which improves
display quality.

[0053] It should be understood that the method for pre-
paring the touch sensing layer 31a or the polarizer layer 315
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may be a paste, a press, or the like. The specific method for
preparing the touch sensing layer 31a or the polarizer layer
315 is not limited in the present application.

[0054] The above are only the preferred embodiments of
the present application, and are not intended to limit the
present application. Any modifications, equivalent replace-
ments, etc. made within the spirit and principles of the
present application should be included within the scope of
the present application.

What is claimed is:

1. A flexible display device, comprising:

a display substrate; and

an encapsulating film layer, disposed on a surface of the

display substrate, an edge of the encapsulating film
layer comprising a concave-convex sawtooth structure.

2. The flexible display device according to claim 1,
wherein the sawtooth structure is located at a predetermined
bending region of a circumferential edge of the encapsulat-
ing film layer; or, the sawtooth structure is distributed over
an entire circumferential edge of the encapsulating film
layer.

3. The flexible display device according to claim 1,
wherein a sawtooth in the sawtooth structure has a semi-
circle shape, a triangle shape or a rectangle shape.

4. The flexible display device according to claim 1,
wherein distances between the sawteeth in the sawtooth
structure are equal.

5. The flexible display device according to claim 2, further
comprising a moisture and oxygen blocking layer, disposed
on a surface of the encapsulating film layer, and covering the
surface of the display substrate exposed by the sawtooth
structure of the circumferential edge of the encapsulating
film layer.

6. The flexible display device according to claim 5,
wherein the moisture and oxygen blocking layer is a trans-
parent optical adhesive layer.

7. The flexible display device according to claim 6, further
comprising a touch sensing layer disposed on a surface of
the optical adhesive layer; or,

a polarizer layer disposed on a surface of the optical

adhesive layer.

8. The flexible display device according to claim 7,
wherein a horizontal cross sectional area of the touch
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sensing layer or the polarizer layer is equal to a horizontal
cross sectional area of the optical adhesive layer.

9. The flexible display device according to claim 1,
wherein the display substrate comprises an organic light
emitting diode display substrate.

10. A method for manufacturing a flexible display device,
comptrising:

providing a display substrate

providing an encapsulating film layer on a surface of the

display substrate; and

removing a partial region of a circumferential edge of the

encapsulating film layer to form a sawtooth structure.

11. The method according to claim 10, wherein the
sawtooth structure is located at a predetermined bending
region of the circumferential edge of the encapsulating film
layer; or the sawtooth structure is distributed over the entire
circumferential edge of the encapsulating film layer.

12. The method according to claim 10, wherein the
removing a partial region of a circumferential edge of the
encapsulating film layer to form a sawtooth structure com-
prises:

forming a mask layer on a surface of the encapsulating

film layer, a shape of the encapsulating film layer
exposed by the mask layer corresponding to a shape of
the sawtooth structure; and

etching the encapsulating film layer exposed by the mask

layer.

13. The method according to claim 10, wherein further
comprises

providing a moisture and oxygen blocking layer on a

surface of the encapsulating film layer and the surface
of the display substrate exposed by the sawtooth struc-
ture.

14. The method according to claim 13, wherein the
moisture and oxygen blocking layer is a transparent optical
adhesive layer, and the method further comprises preparing
a touch sensing layer or a polarizer layer on a surface of the
optical adhesive layer.

15. The method according to claim 14, wherein a hori-
zontal cross sectional area of the touch sensing layer or the
polarizer layer is equal to a horizontal cross sectional area of
the optical adhesive layer.
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