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ORGANIC LIGHT-EMITTING DISPLAY
PANEL, METHOD FOR MANUFACTURING
ORGANIC LIGHT-EMITTING DISPLAY
PANEL AND ORGANIC LIGHT-EMITTING
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to Chinese
Patent Application No. 201810291621.8, filed on Mar. 30,
2018, the content of which is incorporated herein by refer-
ence in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the technical field
of organic light-emitting display technologies and, particu-
larly, relates to an organic light-emitting display panel, a
method for manufacturing the organic light-emitting display
panel, and an organic light-emitting display device.

BACKGROUND

[0003] With the development of display technologies, a
portable device has become a new development trend in
modern society and is gradually changing human’s life,
bringing about significant revolution for science and tech-
nology. In particular, an organic light-emitting display
device as a self-luminous display device does not require a
separate light source. Therefore, the organic light-emitting
display device can operate at a low voltage, be lightweight
and thin, and provide high quality characteristics such as a
wide viewing angle, high contrast, and fast response. There-
fore, the organic light-emitting display device as a next-
generation display device have arisen the attention of
people.

[0004] In order to further improve visual experience, full-
screen display has been pursued by people. However, there
are still some technologies to be developed and improved
about how to achieve the full-screen display on an organic
light-emitting display panel.

SUMMARY

[0005] The present disclosure provides an organic light-
emitting display panel, a method for manufacturing the
organic light-emitting display panel, and an organic light-
emitting display device, which can solve the above-men-
tioned problems.

[0006] In one embodiment, an organic light-emitting dis-
play panel is provided. The organic light-emitting display
panel includes: a flexible substrate comprising a display
region, an aperture region surrounded by the display region,
and a first non-display region located between the display
region and the aperture region; a thin film transistor layer
arranged on the flexible substrate; a light-emitting device
layer arranged on a side of the thin film transistor layer
facing away from the flexible substrate, and the light-
emitting device layer comprises a first electrode, a light-
emitting layer, and a second electrode; an encapsulation
layer arranged on a side of the light-emitting device layer
facing away from the flexible substrate, and the encapsula-
tion layer sequentially comprises a first inorganic encapsu-
lation layer and a first organic encapsulation layer on the
side of the light-emitting device layer along a direction
facing away from the flexible substrate, and borders of the
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second electrode and the first inorganic encapsulation layer
in the first non-display region are aligned; and an inorganic
layer, and the inorganic layer covers the borders of the
second electrode and the first inorganic encapsulation layer
in the first non-display region.

[0007] In another embodiment, a method for manufactur-
ing an organic light-emitting display panel is provided. The
method includes providing a flexible substrate, and the
flexible substrate comprises a display region, a preset aper-
ture forming region, and a first non-display region located
between the display region and the preset aperture forming
region; manufacturing a thin film transistor layer on the
flexible substrate, manufacturing a light-emitting device
layer on the thin film transistor layer, and manufacturing the
light-emitting device layer comprises sequentially manufac-
turing a first electrode, a light-emitting layer, and a second
electrode on a side of the thin film transistor layer facing
away from the flexible substrate by evaporation; manufac-
turing an encapsulation layer on the light-emitting device
layer, and manufacturing the encapsulation layer comprises
manufacturing a first inorganic encapsulation layer, and
further comprises a dry-etching step so that borders of the
first inorganic encapsulation layer and the second electrode
in the first non-display region are aligned; manufacturing an
inorganic layer, and the inorganic layer covers the borders of
the first inorganic encapsulation layer and the second elec-
trode in the first non-display region; and cutting the preset
aperture forming region to form an aperture region in the
flexible substrate.

[0008] In yet another embodiment, an organic light-emit-
ting display device is provided. The organic light-emitting
display device includes an organic light-emitting display
panel, and the organic light-emitting display panel includes
a flexible substrate comprising a display region, an aperture
region surrounded by the display region, and a first non-
display region located between the display region and the
aperture region, a thin film transistor layer arranged on the
flexible substrate, a light-emitting device layer arranged on
a side of the thin film transistor layer facing away from the
flexible substrate, and the light-emitting device layer com-
prises a first electrode, a light-emitting layer, and a second
electrode, an encapsulation layer arranged on a side of the
light-emitting device layer facing away from the flexible
substrate, and the encapsulation layer sequentially com-
prises a first inorganic encapsulation layer and a first organic
encapsulation layer on the side of the light-emitting device
layer along a direction facing away from the flexible sub-
strate, and borders of the second electrode and the first
inorganic encapsulation layer in the first non-display region
are aligned, and an inorganic layer, and the inorganic layer
covers the borders of the second electrode and the first
inorganic encapsulation layer in the first non-display region.

BRIEF DESCRIPTION OF DRAWINGS

[0009] The accompanying drawings, which are incorpo-
rated into and constitute a part of this specification, illustrate
embodiments of the present disclosure and, together with the
description thereof, serve to explain the principles of the
present disclosure.

[0010] FIG. 1 is a front view of an organic light-emitting
display panel according to an embodiment of the present
disclosure;
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[0011] FIG. 2 is a structural schematic diagram showing a
cross section A-A of a first non-display region according to
an embodiment of the present disclosure;

[0012] FIG. 3 is a partial structural schematic diagram of
a display region of an organic light-emitting display panel
according to an embodiment of the present disclosure;
[0013] FIG. 4 is a structural schematic diagram showing a
comparison example of a cross section A-A of a first
non-display region according to an embodiment of the
present disclosure:

[0014] FIG. 5 is a structural schematic diagram showing a
cross section A-A of another first non-display region accord-
ing to an embodiment of the present disclosure:

[0015] FIG. 6 is a structural schematic diagram showing a
cross section A-A of another first non-display region accord-
ing to an embodiment of the present disclosure;

[0016] FIG. 7 is a structural schematic diagram showing a
cross section A-A of still another first non-display region
according to an embodiment of the present disclosure;
[0017] FIG. 8 is a flowchart showing a method for manu-
facturing an organic light-emitting display panel according
to an embodiment of the present disclosure;

[0018] FIG. 9 is a flowchart showing step S4 according to
an embodiment of the present disclosure;

[0019] FIG. 10 is a flowchart showing step S4 according
to another embodiment of the present disclosure;

[0020] FIG. 11 is a flowchart showing step S4 according
to still another embodiment of the present disclosure:
[0021] FIG. 12 is a partial cross sectional diagram of a
flexible substrate according to an embodiment of the present
disclosure:

[0022] FIG. 13 is a partial structural schematic diagram of
a cross section of film layers after step S2;

[0023] FIG. 14 is a partial structural schematic diagram of
a cross section of film layers after step S3:

[0024] FIG. 15 is a partial structural schematic diagram of
a cross section of film layers after a second inorganic
encapsulation sub-layer is dry-etched;

[0025] FIG. 16 is a partial structural schematic diagram of
a cross section of film layers after a second inorganic
encapsulation layer is dry-etched;

[0026] FIG. 17 is a partial structural schematic diagram of
a cross section of film layers after a second electrode, a first
inorganic encapsulation layer, and a second inorganic encap-
sulation layer are dry-etched; and

[0027] FIG. 18 is a structural schematic diagram of an
organic light-emitting display device according to an
embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0028] The expressions describing the position and direc-
tion in the present disclosure are illustrated with reference to
the drawings. The drawings of the present disclosure are
only used for illustrating the relative position relationship,
and the layer thickness of some parts is shown in a exag-
gerating drawing manner for ease of understanding and does
not represent a proportional relationship of the actual layer
thicknesses.

[0029] It should be noted that specific details are set forth
in the following description in order to fully understand the
present disclosure. However, the present disclosure can be
implemented in a variety of other manners different from
those described herein. This description and the claims do
not use the differences in names as a way of distinguishing
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the components, but use the differences in the functions of
the components as a principle for distinguishing the com-
ponents. As used throughout the description and claims, the
expression “including” is an open language and it should be
interpreted as “including but not limited to.” Embodiments
for implementing the present disclosure are described in the
subsequent description, however, the description is intended
to illustrate general principles of the present disclosure and
is not intended to limit the scope of the present disclosure.
The protection scope of the present disclosure is defined by
the appended claims.

[0030] FIG. 1 is a front view of an organic light-emitting
display panel according to an embodiment of the present
disclosure; FIG. 2 is a structural schematic diagram showing
a cross section A-A of a first non-display region according
to an embodiment of the present disclosure; and FIG. 3 is a
partial structural schematic diagram of a display region of an
organic light-emitting display panel according to an embodi-
ment of the present disclosure. As shown in FIGS. 1-3, the
organic light-emitting display panel includes a flexible sub-
strate 10, and the flexible substrate 10 includes a display
region DA and an aperture region H surrounded by the
display region DA. The flexible substrate 10 further includes
a first non-display region NDA located between the display
region DA and the aperture region H. The organic light-
emitting display panel further includes: a thin film transistor
layer 20 arranged on the flexible substrate 10; a light-
emitting device layer 30 arranged on a side of the thin film
transistor layer 20 facing away from the flexible substrate
10, and an encapsulation layer 40 arranged on a side of the
light-emitting device layer 30 facing away from the flexible
substrate 10. The light-emitting device layer 30 includes a
first electrode 32, a light-emitting layer 33, and a second
electrode 34. The encapsulation layer 40 sequentially
includes a first inorganic encapsulation layer 41 and a first
organic encapsulation layer 42 on the side of the light-
emitting device layer 30 along a direction away from the
flexible substrate 10, and borders I of the second electrode
34 and the first inorganic encapsulation layer 41 in the first
non-display region are aligned. The flexible substrate 10
further includes an inorganic layer 43 or 71. The inorganic
layer 43 or 71 covers the borders J of the second electrode
34 and the first inorganic encapsulation layer 41 in the first
non-display region. An embodiment of the present disclo-
sure provides an organic light-emitting display panel having
an aperture region H, and the display region DA surrounds
the aperture region H, and components such as a camera and
the like may be placed in the aperture region H so that no
additional frame is required to place the camera, thereby
realizing a full-screen display. On the contrary, FIG. 4 is a
structural schematic diagram showing a comparison
example of a cross section A-A of a first non-display region
according to an embodiment of the present disclosure. As
shown in FIG. 4, some film layers of the organic light-
emitting display panel, such as the second electrode 34', are
formed by a Com mask having a hollow area and a frame
surrounding the hollow area, a film (e.g., the second elec-
trode 34") being only deposited in the hollow area. During
manufacturing of the organic light-emitting display panel,
the display region and the aperture region are both located
in an opening region of a mask so that the second electrode
34' is also deposited in the aperture region. When the
aperture region is formed by cutting, the border of the
second electrode 34' is exposed to form a path for moisture
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and oxygen, which affects service life of the light-emitting
device layer. In severe cases, the light-emitting device layer
may not work normally. However, even if manufacturing the
second electrode 34' is completed and then etched so that the
border of the second electrode 34' is covered by the first
inorganic encapsulation layer, preventing moisture and oxy-
gen from permeating along the border of the second elec-
trode 34', then the etching of the second electrode 34'
requires the use of a photoresist, the removal of the photo-
resist needs to be done in a moisture environment, and
moisture and oxygen may still damage the light-emitting
device layer, thus affecting the service life of the light-
emitting device layer. In the embodiment of the present
disclosure, the borders of the second electrode 34 and the
first inorganic encapsulation layer 41 in the first non-display
region NDA are aligned, and then the inorganic layer covers
the borders of the second electrode 34 and the first inorganic
encapsulation layer 41 in the first non-display region, so that
the second electrode 34 is wrapped by the inorganic layer,
and since the inorganic layer has a denser structure and has
a favorable effect of blocking moisture and oxygen, the
service life of the device of the light-emitting device layer
can be greatly improved.

[0031] In some embodiments, continuing to refer to FIG.
3, the light-emitting device layer 30 further includes a
planarization layer 31, and a pixel definition layer 35 located
between the light-emitting layer 33. The pixel definition
layer 35 includes a plurality of pixel definition portions, and
the light-emitting layer 33 includes a plurality of light-
emitting portions located between the plurality of pixel
definition portions. In the light-emitting device layer 30, the
first electrode 32 generates holes (or electrons) and the
second electrode 34 generates electrons (or holes), and the
holes (or electrons) and the electrons (or holes) are injected
into the light-emitting layer 33. The injected electrons and
holes combine with each other to form excitons. The light-
emitting device layer 30 emits light by the energy generated
when the excitons fall from an excited state to a ground state.
The light-emitting device layer 30 may further include one
or more layers selected from a group consisting of a hole
injection layer, a hole transportation layer, an electron block-
ing layer, a hole blocking layer, an electron transportation
layer, and an electron injection layer. The light-emitting
portion may be a red light-emitting portion, a green light-
emitting portion, or a blue light-emitting portion. The light-
emitting layer 33 may be a single white light-emitting layer.
Or, the light-emitting layer 33 may have a stacked structure
of the red light-emitting layer, the green light-emitting layer,
and/or the blue light-emitting layer. The light-emitting layer
33 may include a color filter (not shown in the figures) if the
light-emitting layer 33 has the stacked structure. In the
embodiments of the present disclosure, one of the first
electrode 32 and the second electrode 34 is an anode, and the
other one of the first electrode 32 and the second electrode
34 is a cathode, which is not limited in the present disclo-
sure. The hole injection layer and/or the hole transportation
layer may be arranged between the anode and the light-
emitting layer, and the electron injection layer and/or the
electron transportation layer may be arranged between the
cathode and the light-emitting layer. When the light-emitting
device layer 30 includes one or more layers selected from a
group consisting of a hole injection layer, a hole transpor-
tation layer, an electron blocking layer, a hole blocking
layer, an electron transportation layer, and an electron injec-
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tion layer, the one or more layers selected from the group of
the hole injection layer, the hole transportation layer, the
electron blocking layer, the hole blocking layer, the electron
transportation layer, and the electron injection layer may be
etched together with the second electrode 34, and the edge
or edges of the one or more layers and the edge of the second
electrode 34 are aligned.

[0032] In some embodiments, the encapsulation layer 40
includes a second inorganic encapsulation layer 43 arranged
on a side of the first organic encapsulation layer 42 facing
away from the flexible substrate 10, and the inorganic layer
is the second inorganic encapsulation layer 43. By adopting
the second inorganic encapsulation layer as the inorganic
layer to cover the borders of the first inorganic encapsulation
layer and the second electrode in the first non-display region
NDA, the manufacturing process can be saved, and on the
other hand, the encapsulation effect can be enhanced. In
some embodiments, the material of the first organic encap-
sulation layer 42 may include a polymer, for example, the
first organic encapsulation layer 42 may be a single layer or
a stacked layer made of at least one of polyethylene
terephthalate, polyimide, polycarbonate, epoxy resin, poly-
ethylene, polyacrylate, or organosiloxane. The first inor-
ganic encapsulation layer may be a single layer or a stacked
layer including a metal oxide or a metal nitride.

[0033] FIG. 5 is a structural schematic diagram showing a
cross section A-A of another first non-display region accord-
ing to an embodiment of the present disclosure. The embodi-
ment shown in FIG. 5 differs from the foregoing embodi-
ment in that the first inorganic encapsulation layer 41
sequentially includes a first inorganic encapsulation sub-
layer 411 and a second inorganic encapsulation sub-layer
412 along the direction away from the flexible substrate 10,
and an etch rate of the second inorganic encapsulation
sub-layer 412 is smaller than that of the first inorganic
encapsulation sub-layer 411. In the present embodiment, by
setting that the first inorganic encapsulation layer 41 include
the first inorganic encapsulation sub-layer 411 and the
second inorganic encapsulation sub-layer 412 and the etch
rate of the second inorganic encapsulation sub-layer 412 is
smaller than that of the first inorganic encapsulation sub-
layer 411, after manufacturing of the second inorganic
encapsulation sub-layer 412 is completed, the second inor-
ganic encapsulation sub-layer 412 may be firstly etched with
a manner of dry-etching and then the photoresist on the
second inorganic encapsulation sub-layer 412 is removed,
therefore, even though moisture exists upon removing the
photoresist, the second electrode 34 is still covered and
protected by the first inorganic encapsulation sub-layer 411
and isolated from the moisture. Then, the first inorganic
encapsulation sub-layer 411 and the second electrode 34 are
etched by taking the second inorganic encapsulation sub-
layer 412 as a mask. Since the first inorganic encapsulation
sub-layer 411 and the second electrode 34 are etched by
taking the second inorganic encapsulation sub-layer 412 as
a mask for shielding, it is not required to additionally
purchase a mask, which saves cost, and it is not required to
additionally coat the photoresist and then a process of
removing the photoresist does not exist, so that the first
inorganic encapsulation sub-layer 411 and the second elec-
trode 34 are etched in an anhydrous and oxygen-free envi-
ronment, and moisture and oxygen do not easily permeate
into the light-emitting device layer, thus the light-emitting
device layer 30 will not be damaged.
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[0034] In some embodiments, a ratio of the etch rate of the
second inorganic encapsulation sub-layer 412 to the etch
rate of the first inorganic encapsulation sub-layer 411 is
smaller than 1:2. When the ratio of the etch rate of the
second inorganic encapsulation sub-layer 412 to the etch
rate of the first inorganic encapsulation sub-layer 411 is too
large, the second inorganic encapsulation sub-layer 412 may
be etched off together with the first inorganic encapsulation
sub-layer 411 when the second inorganic encapsulation
sub-layer 412 is used as a mask to etch the first inorganic
encapsulation sub-layer 411, causing that the borders of the
first inorganic encapsulation sub-layer 411 and the second
electrode 34 is not controllable. In severe cases, the first
inorganic encapsulation sub-layer 411 and the second inor-
ganic encapsulation sub-layer 412 may be over-etched, so
that it may not satisfy the effect of encapsulating the
light-emitting device layer.

[0035] In some embodiments, a material of the second
inorganic encapsulation sub-layer 412 may include alumi-
num oxide or iron oxide, and a material of the first inorganic
encapsulation sub-layer 411 may include at least one of
silicon nitride, silicon oxide, or silicon oxynitride.

[0036] Insome embodiments, the second inorganic encap-
sulation sub-layer 412 has a thickness of 30 nm to 300 nm,
and the first inorganic encapsulation sub-layer 411 has a
thickness of 0.5 pm to 2 pm.

[0037] Insome embodiments, the second inorganic encap-
sulation sub-layer 412 may be manufactured with a manner
of atomic layer deposition, and the first inorganic encapsu-
lation sub-layer 411 may be manufactured with a manner of
chemical vapor deposition.

[0038] In an embodiment of the present disclosure, a first
inorganic encapsulation sub-layer 411 having a thickness of
0.5 pm to 2 um is manufactured with a manner of chemical
vapor deposition, and then a second inorganic encapsulation
sub-layer 412 having a thickness of 30 nm to 300 nm is
manufactured with a manner of atomic layer deposition. The
material of the second inorganic encapsulation sub-layer 412
may be aluminum oxide or iron oxide, and the material of
the first inorganic encapsulation sub-layer 411 may be at
least one of silicon nitride, silicon oxide, or silicon oxyni-
tride. Since there may be particles present in the manufac-
turing process before the encapsulation layer is manufac-
tured, the used first inorganic encapsulation layer which has
a thickness o' 0.5 um to 2 um and is made of silicon nitride,
silicon oxide, or silicon oxynitride has a good coverage for
the particles, prevents the first inorganic encapsulation sub-
layer 411 from being broken and affecting its encapsulation
effect due to presence of the particles. In addition, since
alumina oxide or iron oxide has a relatively dense structure
and has a good effect of water blocking and oxygen block-
ing, then when the second inorganic encapsulation sub-layer
411 is manufactured with a manner of atomic layer deposi-
tion, the thickness may be 30 to 300 nm, thus obtaining a
small thickness and a small etching rate. Therefore, it is
possible to enhance the encapsulation effect at the same
time, and the second inorganic encapsulation sub-layer 412
is not easy to be scratched by the particles and serves as a
mask for the first inorganic encapsulation sub-layer 411 and
the second electrode 34. It can also prevent the moisture and
oxygen from permeating into the light-emitting device layer
when the photoresist is removed during the dry-etching
process, and prevent the service life of the organic light-
emitting display panel from being adversely effected.
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[0039] FIG. 6 is a structural schematic diagram showing a
cross section A-A of another first non-display region accord-
ing to an embodiment of the present disclosure. As shown in
FIG. 6, a second inorganic encapsulation layer 43 is
arranged on a side of the first organic encapsulation layer 41
facing away from the flexible substrate 10, borders J of the
second inorganic encapsulation layer 43, the second elec-
trode 34, and the first inorganic encapsulation layer 41 in the
first non-display region NDA are aligned, and the inorganic
layer 71 is arranged on a side of the second inorganic
encapsulation layer 43 facing away from the flexible sub-
strate 10. Meanwhile, the inorganic layer 71 covers the
borders J of the second inorganic encapsulation layer 43, the
second electrode 34 and the first inorganic encapsulation
layer 41 in the first non-display region NDA. In the embodi-
ment of the present disclosure, after the second inorganic
encapsulation layer 43 is formed, the second electrode 34,
the first inorganic encapsulation layer 41 and the second
inorganic encapsulation layer 43 are firstly etched, so that
the borders J of the second inorganic encapsulation layer 43,
the second electrode 34, and the first inorganic encapsulation
layer 41 in the first non-display region NDA are aligned, and
then the borders J of the second inorganic encapsulation
layer 43, the second electrode 34 and the first inorganic
encapsulation layer 41 in the first non-display region NDA
are covered by the inorganic layer 71. Therefore, the second
electrode is wrapped by the inorganic layer, and the moisture
and oxygen are blocked, thus improving the service life of
the light-emitting device layer.

[0040] In some embodiments, the etch rate of the second
inorganic encapsulation layer 43 is smaller than the etch rate
of the first inorganic encapsulation layer 41, so that the
second inorganic encapsulation layer 43 may be etched with
a manner of dry-etching. Upon removing the photoresist, the
first inorganic encapsulation layer 41 and the second elec-
trode 34 are etched by taking the second inorganic encap-
sulation layer 43 as a mask, so that borders J of the second
inorganic encapsulation layer 43, the second electrode 34
and the first inorganic encapsulation layer 41 in the first
non-display region NDA are aligned, and subsequently, the
inorganic layer is formed to cover the borders J of the second
inorganic encapsulation layer 43, the second electrode 34
and the first inorganic encapsulation layer 41 in the first
non-display region NDA. This can prevent the moisture
from causing erosion to the light-emitting device layer 30
and affecting performances of the light-emitting device layer
when the second electrode 34 is etched. And it is not
required to add additional masks, thus saving costs.

[0041] In some embodiments, a ratio of the etch rate of the
second inorganic encapsulation layer 43 to the etch rate of
the first inorganic encapsulation layer 41 is smaller than 1:2.
[0042] In some embodiments, a material of the second
inorganic encapsulation layer 43 includes aluminum oxide
or iron oxide, and a material of the first inorganic encapsu-
lation layer 41 includes silicon nitride, silicon oxide, or
silicon oxynitride.

[0043] Insome embodiments, the second inorganic encap-
sulation layer 43 has a thickness of 30 nm to 300 nm, and
the first inorganic encapsulation layer 41 has a thickness of
0.5 pm to 2 pm.

[0044] In some embodiments, the second inorganic encap-
sulation layer 43 is manufactured with a manner of atomic
layer deposition, and the first inorganic encapsulation layer
41 is manufactured with a manner of chemical vapor depo-
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sition. In the embodiments of the present disclosure, the first
inorganic encapsulation layer is manufactured to be a layer
of silicon nitride, silicon oxide, or silicon oxynitride having
a thickness of 0.5 pm to 2 um, and can effectively cover the
particles generated in the previous manufacturing process,
therefore, the phenomenon of film breakage will not easily
occur. In addition, when a layer of alumina oxide or iron
oxide having a thickness of 30 nm to 300 nm is manufac-
tured with a manner of the atomic layer deposition, since the
film layer manufactured with a manner of the atomic layer
deposition is dense and thin, the encapsulation effect can be
further enhanced. Since the layer of alumina oxide or iron
oxide is the second inorganic encapsulation layer, even if
particles are present on a surface of the second inorganic
encapsulation layer when the light-emitting device layer is
manufactured, the particles will be covered by the first
inorganic encapsulation layer and the first organic encapsu-
lation layer, thus a phenomenon of film breakage will not
occur. In addition, no additional inorganic layer is required
to cover the edges of the inorganic encapsulation layer 41
and the second electrode in the first non-display region
NDA, thus saving the manufacturing process.

[0045] It should be noted that etch rate setting, material
selection, thickness setting, and manufacturing process
selection of the first inorganic encapsulation layer 41 and the
second inorganic encapsulation layer 43 may achieve the
same technical effect as that of the first inorganic encapsu-
lation sub-layer and the second inorganic encapsulation
sub-layer, which will not be elaborated herein.

[0046] FIG. 7 is a structural schematic diagram showing a
cross section A-A of another first non-display region accord-
ing to an embodiment of the present disclosure. The embodi-
ment shown in FIG. 7 differs from the above embodiments
in that a second organic layer 80 is arranged between the
second inorganic encapsulation layer 43 and the inorganic
layer 71. In an embodiment, after manufacturing of the
second inorganic encapsulation layer 43 is completed, a
photoresist is coated on the second inorganic encapsulation
layer 43 to etch the second inorganic encapsulation layer 43,
the first inorganic encapsulation layer 41 and the second
electrode 34 so that borders J of the second inorganic
encapsulation layer 43, the first inorganic encapsulation
layer 41 and the second electrode 34 in the first non-display
region NDA are aligned. The photoresist is not removed and
serves as the second inorganic layer, and then the inorganic
layer 71 is manufactured on the second inorganic layer 80 so
that the inorganic layer 71 covers the second inorganic
encapsulation layer 43, the first inorganic encapsulation
layer 41, and the second electrode 34. Therefore, the second
electrode is in an environment sealed by the inorganic layer,
and the moisture and oxygen may not enter into the light-
emitting device layer, preventing the moisture and oxygen
from causing erosion to the light-emitting device layer.

[0047] In some embodiments, continuing to refer to FIG.
3, a touch layer 90 is arranged on a side of the inorganic
layer 71 facing away from the flexible substrate 10. How-
ever, since the thin-film transistor layer 20 is further
arranged on the flexible substrate, and the thin-film transis-
tor layer 20 may sequentially include, in a stacked manner,
a semiconductor layer 26, a gate insulation layer 27, a gate
layer 25, an interlayer insulation layer 23, and a source-drain
metal layer 24 and traces such as data lines, scan lines and
the like manufactured in a same layer as the source/drain
electrodes, when there is a short distance between the touch
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layer and the source/drain electrodes or other traces, para-
sitic capacitance will be generated there between, affecting
each other’s signal transmission. In the embodiment of the
present disclosure, by using the photoresist remained after
etching of the second inorganic encapsulation layer is com-
pleted as the second inorganic layer, the parasitic capaci-
tance between the touch layer and the source/drain elec-
trodes or other traces can be reduced, thus improving the
touch sensitivity. In some embodiments, the touch layer 90
may include a touch electrode and a touch trace, and the
touch electrode may be a self-capacitance touch electrode or
a mutual-capacitance touch electrode. The self-capacitance
touch electrode may be a block-like electrode or a strip-like
electrode. The mutual-capacitance touch electrode may
include a plurality of first touch electrodes and a plurality of
second touch electrodes. The plurality of first touch elec-
trodes and the plurality of second touch electrodes can be
strip-like electrodes, and the plurality of first touch elec-
trodes are arranged in different layer from the plurality of
second touch electrodes, and are insulated from and intersect
with the plurality of second touch electrodes. Or, the plu-
rality of first touch electrodes and the plurality of second
touch electrodes are block-like electrodes which are
arranged in a same layer, the plurality of first touch elec-
trodes is bridged electrically to each other, and the plurality
of second touch electrodes is bridged electrically to each
other. The touch electrodes are not limited by the embodi-
ments of the present disclosure.

[0048] Insome embodiments, the thin film transistor layer
20 further includes a buffer layer 21 and an insulation layer
22 sequentially arranged on the flexible substrate 10. The
organic light-emitting display panel includes a cutting edge,
e.g. CL as shown in FIG. 7. The cutting edge CL does not
have any insulation layer 22 or does not have any insulation
layer 22 and any buffer layer 21. The insulation layer 22 may
include at least one layer of the gate insulation layer 27 or
the interlayer insulation layer 23. In some embodiments, the
materials of the buffer layer 21 and the interlayer insulation
layer 22 include silicon oxide, silicon nitride, or the like. The
buffer layer 71 provides a flat surface for forming the thin
film transistor layer 20. In the embodiments of the present
disclosure, the first non-display region NDA may be pro-
vided with the buffer layer 21 and the insulation layer 22 so
that the first inorganic encapsulation layer 41 and/or the
second inorganic encapsulation layer 43 of the encapsulation
layer contact with at least one layer of the buffer layer 21 or
the insulation layer 22. Since the contact is a contact
between the inorganic layers, there is a favorable contact
interface so that the second electrode 34 and other film
layers in the light-emitting device layer 30 are all sealed by
the inorganic layer and the external moisture and are isolated
from external moisture and oxygen, thus having good encap-
sulation effect. However, since no buffer layer 21 and/or
insulation layer 22 is arranged at the cutting edge CL, it can
prevent a crack from growing along the buffer layer 21 or the
insulation layer 22 when cutting, thereby preventing the
moisture from permeating into the light-emitting device
layer 30 along the crack. It should be noted that in other
embodiments, the thin film transistor layer 20 may be a
bottom gate structure, which is not limited in the embodi-
ments of the present disclosure.

[0049] In any of the above embodiments, the first non-
display region NDA may be provided with a first barrier wall
50, and the second electrode 34 and the first inorganic
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encapsulation layer 41 cover the first barrier wall 50. In the
embodiments of the present disclosure, when the first
organic encapsulation layer is manufactured by inkjet print-
ing, by arranging the first barrier wall 50 in the first
non-display region NDA, the first barrier wall 50 can
effectively define the border of the first non-display region,
preventing the first organic encapsulation layer from over-
flowing to the first non-display region NDA. In addition, the
material of the first barrier wall 50 may be organic, and the
arrangement that the second electrode 34 and the first
inorganic encapsulation layer 41 cover the first barrier wall
50 can prevent the first barrier wall 50 from being exposed
to the air to form a path of moisture and oxygen, also, the
borders of the second electrode 34 and the first inorganic
encapsulation layer 41 are covered by the inorganic layer so
that the first barrier wall 50 is also in an environment sealed
by the inorganic layer, and the moisture and oxygen are
blocked, thus improving the effect of blocking the moisture
and oxygen for the side surface of the organic light-emitting
display panel. In some other embodiments, a plurality of first
barrier walls may be provided.

[0050] FIG. 8 is a flowchart showing a method for manu-
facturing an organic light-emitting display panel according
to an embodiment of the present disclosure. Referring to
FIG. 8, the method for manufacturing the organic light-
emitting display panel provided by the embodiment of the
present disclosure includes the following steps.

[0051] At step S1, a flexible substrate 10 is provided, the
flexible substrate 10 includes a display region DA, a preset
aperture forming region H, and a first non-display region
NDA located between the display region DA and the preset
aperture forming region H; and FIG. 12 shows a partial
structural schematic diagram of a cross section of the
flexible substrate according to the embodiments of the
present disclosure.

[0052] At step S2, a thin film transistor layer 20 is manu-
factured on the flexible substrate 10, as shown in FIG. 13. It
should be noted that only the buffer layer 21 in the thin film
transistor layer is illustrated in FIG. 13, and other layer
structures can be referred to from FIG. 3.

[0053] At step S3, a light-emitting device layer 30 is
manufactured on the thin film transistor layer 20. Manufac-
turing the light-emitting device layer 30 includes sequen-
tially manufacturing a first electrode 32, a light-emitting
layer 33, and a second electrode 34 on a side of the thin film
transistor layer 20 facing away from the flexible substrate 10
with a manner of evaporation, as shown in FIG. 14. The
other film layer structures in the light-emitting device layer
30 can be referred to from FIG. 3.

[0054] At step S4, an encapsulation layer 40 is manufac-
tured on the light-emitting device layer 30. Manufacturing
the encapsulation layer 40 includes manufacturing a first
inorganic encapsulation layer 41, and further includes a
dry-etching step, upon which the borders of the first inor-
ganic encapsulation layer 41 and the second electrode 34 in
the first non-display region are aligned. Referring to FIG. 9
and FIG. 15. FIG. 9 is a flowchart of step S4 according to
an embodiment of the present disclosure; and FIG. 15 is a
partial structural schematic diagram of a cross section of
film layers after a second inorganic encapsulation sub-layer
is dry-etched. Step S4 may include the following steps:
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[0055] S41: manufacturing a first inorganic encapsulation
sub-layer 411:
[0056] S42: manufacturing a second inorganic encapsula-

tion sub-layer 412;

[0057] S43: coating a photoresist;

[0058] S44: dry-etching the second inorganic encapsula-
tion sub-layer 412:

[0059] S45: removing the photoresist;

[0060] S46: dry-etching the first inorganic encapsulation
sub-layer 412 and the second electrode 34:

[0061] S47: manufacturing a first organic encapsulation
layer 42; and

[0062] S48: manufacturing a second inorganic encapsula-
tion layer 43.

[0063] AT step S5, an inorganic layer is manufactured so
that the inorganic layer covers the borders J of the first
inorganic encapsulation layer 41 and the second electrode 34
in the first non-display region NDA.

[0064] Atstep S6, the preset aperture forming region is cut
so as to form an aperture region H in the flexible substrate
10.

[0065] Since moisture exists when the photoresist is
removed during the dry-etching, if the first inorganic encap-
sulation layer and the second electrode are directly dry-
etched, then the photoresist is removed, and a second
inorganic encapsulation layer is manufactured to cover
borders of the first inorganic encapsulation layer and the
second electrode in the first non-display region, then the
moisture would erode the second electrode from the borders
and permeate into the light-emitting device layer during
removing of the photoresist, which affects the service life of
the light-emitting device layer. In the embodiment of the
present disclosure shown in FIG. 15, the second inorganic
encapsulation sub-layer 412 is dry-etched by firstly applying
a photoresist, then the photoresist is removed, and then the
second inorganic encapsulation sub-layer is used as a mask
to etch the first inorganic encapsulation sub-layer 411 and
the second electrode 34, so that the photoresist is not
required to be coated when the first inorganic encapsulation
sub-layer 411 and the second electrode 34 are dry-etched,
and thus the step of removing the photoresist is not required
any more. Therefore, during the whole dry-etching process,
the second electrode is all covered by the first inorganic
encapsulation sub-layer and is isolated from the moisture
environment to prevent the moisture from eroding the light-
emitting device layer from the borders.

[0066] Referring to FIG. 10 and FIG. 16. FIG. 10 is a
flowchart of step S4 according to another embodiment of the
present disclosure; and FIG. 16 is a partial structural sche-
matic diagram of a cross section of film layers after a second
inorganic encapsulation layer is dry-etched. This step S4
includes the following steps:

[0067] S41': manufacturing a first inorganic encapsulation
layer 41;
[0068]
layer 42;
[0069] S43': manufacturing a second inorganic encapsu-
lation layer 43;

[0070] S44': coating a photoresist;

[0071] S45': dry-etching the second inorganic encapsula-
tion layer 43;

[0072] S46': removing the photoresist; and

[0073] S47': dry-etching the first inorganic encapsulation
layer and the second electrode so that borders of the second
inorganic encapsulation layer 43, the first inorganic encap-

S42": manufacturing a first organic encapsulation
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sulation layer 41, and the second electrode in the second
non-display region are aligned.

[0074] In the present embodiment of the present disclo-
sure, the second inorganic encapsulation layer 43 is etched
by firstly coating the photoresist on the second inorganic
encapsulation layer 43, then the photoresist is removed, and
then the second inorganic encapsulation layer 43 is used as
a mask to etch the first inorganic encapsulation layer 41 and
the second electrode 34, thus preventing the second elec-
trode 34 from being eroded by moisture in the etching
process and avoiding further affecting the service life of the
light-emitting device layer.

[0075] Referring to FIG. 11 and FIG. 17, FIG. 11 is a
flowchart of step S4 according to still another embodiment
of the present disclosure; and FIG. 17 is a partial structural
schematic diagram of a cross section of film layers after a
second electrode, a first inorganic encapsulation layer, and a
second inorganic encapsulation layer are dry-etched. This
step S4 includes the following steps:

[0076] S41": manufacturing a first inorganic encapsulation
layer 41;

[0077] S42": manufacturing a first organic encapsulation
layer 42;

[0078] S43": manufacturing a second inorganic encapsu-
lation layer 43;

[0079] S44": coating a photoresist; and

[0080] S45": etching the second inorganic encapsulation

layer, the first organic encapsulation layer, and the second
electrode.

[0081] In the present embodiment of the present disclo-
sure, after the second inorganic encapsulation layer 43 is
manufactured, a photoresist is coated on the second inor-
ganic encapsulation layer 43, and then the second inorganic
encapsulation layer 43, the first organic encapsulation layer
41 and the second electrode 34 are etched; and the photo-
resist is not removed (as shown in FIG. 17), and an inorganic
layer 71 is formed on the photoresist to cover borders J of
the second inorganic encapsulation layer 43, the first inor-
ganic encapsulation layer 41, and the second electrode 34 (as
shown in FIG. 7 where the photoresist serves as the second
organic layer 80 in FIG. 7). In the present embodiment, the
photoresist is not removed after etching of the second
inorganic encapsulation layer 43, the first inorganic encap-
sulation layer 41 and the second electrode is completed, so
that the second electrode is kept in an anhydrous and
oxygen-free environment before being covered by the inor-
ganic layer, thus the light-emitting device layer can be
effectively protected from the erosion by the moisture and
oxygen. In some embodiments of the present disclosure, a
touch layer 90 may be arranged on the inorganic layer 71,
and the touch layer 90 may include a touch electrode so that
a certain distance exists between the touch electrode and the
traces in the thin film crystal layer 20, thus reducing parasitic
capacitance between the touch electrode and the traces of the
thin-film transistor layer and improving the touch sensitivity.
[0082] Insome embodiments, a process for manufacturing
a first barrier wall 50 in the first non-display region NDA is
further included. Referring to FIG. 3, the first barrier wall 50
can be manufactured in the same process together with at
least one of the planarization layer 31 or the pixel definition
layer 35 in the light-emitting device layer 30, thus saving the
manufacturing processes and improving efficiency.

[0083] In some embodiments, manufacturing the thin film
transistor layer 20 further includes: sequentially manufac-
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turing a buffer layer 21 and an insulation layer 22 on the
flexible substrate 10, etching the insulation layer 22 or
etching the insulation layer 22 and the buffer layer 21 when
etching the second electrode 34, and then covering the
borders of the first inorganic encapsulation layer 41 and the
second electrode 34 by an inorganic layer, so that the borders
are sealed by the inorganic layer, thus obtaining a good
encapsulation effect and a narrow frame. In some embodi-
ments, an etching process may be used to manufacture the
interlayer insulation layer in the thin film transistor layer 30.
The insulation layer 22 or even the insulation layer 22 and
the buffer layer 21 may be etched during etching of the
interlayer insulation layer, so that there is no insulation layer
22, or no insulation layer 22 and no buffer layer 21 at the
cutting edge CL. Etching of the insulation layer 22 or both
the insulation layer 22 and the buffer layer 21 by using the
same step for etching the interlayer insulation layer cause
the inorganic layer covering the borders of the first inorganic
encapsulation layer 41 and the second electrode 34 to
contact the insulation layer 22 or the buffer layer 21, and
because the contact is a contact between the inorganic layers
and has a good contact interface and a large contact area, the
moisture and oxygen are not easy to permeate, a better
encapsulation effect is obtained, and there is no insulation
layer or no insulation layer 22 and no buffer layer 21 at the
cutting side CL, thus the cutting cracks do not easily form.
[0084] The present disclosure provides an organic light-
emitting display device including the organic light-emitting
display panel provided by the present disclosure. FIG. 18 is
a structural schematic diagram of an organic light-emitting
display device according to an embodiment of the present
disclosure. Referring to FIG. 18, the organic light-emitting
display device 1000 includes the organic light-emitting
display panel provided by any one of the above embodi-
ments of the present disclosure. In the embodiment of FIG.
18, the mobile phone is only taken as an example to describe
the organic light-emitting display device 1000. It can be
understood that the organic light-emitting display device
provided by the embodiments of the present disclosure may
be other display devices having a display function, e.g., a
computer, a television, an in-vehicle display device, and the
like, which are not specifically limited in the present dis-
closure. The organic light-emitting display device provided
by the embodiments of the present disclosure has the ben-
eficial effects of the organic light-emitting display panel
provided by the embodiments of the present disclosure,
which can be specifically referred to from the specific
description for the organic light-emitting display panel in the
above embodiments and will not be elaborated herein.

What is claimed is:

1. An organic light-emitting display panel, comprising:

a flexible substrate including a display region, an aperture
region surrounded by the display region, and a first
non-display region located between the display region
and the aperture region;

a thin film transistor layer arranged on the flexible sub-
strate;

a light-emitting device layer arranged on a side of the thin
film transistor layer facing away from the flexible
substrate, wherein the light-emitting device layer com-
prises a first electrode, a light-emitting layer, and a
second electrode;

an encapsulation layer arranged on a side of the light-
emitting device layer facing away from the flexible
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substrate, wherein the encapsulation layer sequentially
comprises a first inorganic encapsulation layer and a
first organic encapsulation layer on the side of the
light-emitting device layer along a direction facing
away from the flexible substrate, and borders of the
second electrode and the first inorganic encapsulation
layer in the first non-display region are aligned, and
an inorganic layer, wherein the inorganic layer covers the
borders of the second electrode and the first inorganic
encapsulation layer in the first non-display region.

2. The organic light-emitting display panel according to
claim 1, wherein the encapsulation layer further comprises
a second inorganic encapsulation layer arranged on a side of
the first organic encapsulation layer facing away from the
flexible substrate, and the inorganic layer is the second
inorganic encapsulation layer.

3. The organic light-emitting display panel according to
claim 2, wherein the first inorganic encapsulation layer
sequentially comprises a first inorganic encapsulation sub-
layer and a second inorganic encapsulation sub-layer along
a direction away from the flexible substrate, and an etch rate
of the second inorganic encapsulation sub-layer is smaller
than an etching rate of the first inorganic encapsulation
sub-layer.

4. The organic light-emitting display panel according to
claim 3, wherein a ratio of the etch rate of the second
inorganic encapsulation sub-layer to the etch rate of the first
inorganic encapsulation sub-layer is less than 1:2.

5. The organic light-emitting display panel according to
claim 4, wherein a material of the second inorganic encap-
sulation sub-layer comprises aluminum oxide or iron oxide,
and a material of the first inorganic encapsulation sub-layer
comprises at least one of silicon nitride, silicon oxide, or
silicon oxynitride.

6. The organic light-emitting display panel according to
claim 5, wherein the second inorganic encapsulation sub-
layer has a thickness of 30 nm to 300 nm, and the first
inorganic encapsulation sub-layer has a thickness of 0.5 pm
to 2 pum.

7. The organic light-emitting display panel according to
claim 6, wherein the second inorganic encapsulation sub-
layer is manufactured by an atomic layer deposition, and the
first inorganic encapsulation sub-layer is manufactured by a
chemical vapor deposition.

8. The organic light-emitting display panel according to
claim 1, wherein the encapsulation layer further comprises
a second inorganic encapsulation layer arranged on a side of
the first organic encapsulation layer facing away from the
flexible substrate, borders of the second inorganic encapsu-
lation layer, the second electrode and the first inorganic
encapsulation layer in the first non-display region are
aligned, and the inorganic layer is arranged on a side of the
second inorganic encapsulation layer facing away from the
flexible substrate.

9. The organic light-emitting display panel according to
claim 8, wherein an etching rate of the second inorganic
encapsulation layer is smaller than an etching rate of the first
inorganic encapsulation layer.

10. The organic light-emitting display panel according to
claim 8, wherein a ratio of an etch rate of the second
inorganic encapsulation layer to an etch rate of the first
inorganic encapsulation layer is less than 1:2.

11. The organic light-emitting display panel according to
claim 10, wherein a material of the second inorganic encap-

Nov. 29, 2018

sulation layer comprises aluminum oxide or iron oxide, and
a material of the first inorganic encapsulation layer com-
prises at least one of silicon nitride, silicon oxide, or silicon
oxynitride.

12. The organic light-emitting display panel according to
claim 11, wherein the second inorganic encapsulation layer
has a thickness of 30 nm to 300 nm, and the first inorganic
encapsulation layer has a thickness of 0.5 um to 2 um.

13. The organic light-emitting display panel according to
claim 12, wherein the second inorganic encapsulation layer
is manufactured by an atomic layer deposition, and the first
inorganic encapsulation layer is manufactured by a chemical
vapor deposition.

14. The organic light-emitting display panel according to
claim 8, further comprising a second organic layer arranged
between the second inorganic encapsulation layer and the
inorganic layer.

15. The organic light-emitting display panel according to
claim 14, further comprising a touch layer arranged on a side
of the inorganic layer facing away from the flexible sub-
strate.

16. The organic light-emitting display panel according to
claim 1, further comprising a first barrier wall arranged in
the first non-display region, wherein the second electrode
and the first inorganic encapsulation layer cover the first
barrier wall.

17. The organic light-emitting display panel according to
claim 16, wherein the thin film transistor sequentially com-
prises a butfer layer and an insulation layer along a direction
away from the flexible substrate, and the organic light-
emitting display panel further comprises a cutting edge
without the insulation layer or without the insulation layer
and the buffer layer.

18. A method for manufacturing an organic light-emitting
display panel, comprising:

providing a flexible substrate, wherein the flexible sub-

strate comprises a display region, a preset aperture
forming region, and a first non-display region located
between the display region and the preset aperture
forming region;

manufacturing a thin film transistor layer on the flexible

substrate;

manufacturing a light-emitting device layer on the thin

film transistor layer, wherein manufacturing the light-
emitting device layer comprises sequentially manufac-
turing a first electrode, a light-emitting layer, and a
second electrode on a side of the thin film transistor
layer facing away from the flexible substrate by evapo-
ration;

manufacturing an encapsulation layer on the light-emit-

ting device layer, wherein manufacturing the encapsu-
lation layer comprises manufacturing a first inorganic
encapsulation layer, and further comprises a dry-etch-
ing step so that borders of the first inorganic encapsu-
lation layer and the second electrode in the first non-
display region are aligned;

manufacturing an inorganic layer, wherein the inorganic

layer covers the borders of the first inorganic encapsu-
lation layer and the second electrode in the first non-
display region; and

cutting the preset aperture forming region to form an

aperture region in the flexible substrate.

19. The method according to claim 18, wherein the
inorganic layer is a second inorganic encapsulation layer
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arranged on a side of the first organic encapsulation layer
facing away from the flexible substrate.

20. An organic light-emitting display device comprising:

an organic light-emitting display panel, wherein the
organic light-emitting display panel includes:

a flexible substrate including a display region, an aperture
region surrounded by the display region, and a first
non-display region located between the display region
and the aperture region;

a thin film transistor layer arranged on the flexible sub-
strate;

a light-emitting device layer arranged on a side of the thin
film transistor layer facing away from the flexible
substrate, wherein the light-emitting device layer com-
prises a first electrode, a light-emitting layer, and a
second electrode;

an encapsulation layer arranged on a side of the light-
emitting device layer facing away from the flexible
substrate, wherein the encapsulation layer sequentially
comprises a first inorganic encapsulation layer and a
first organic encapsulation layer on the side of the
light-emitting device layer along a direction facing
away from the flexible substrate, and borders of the
second electrode and the first inorganic encapsulation
layer in the first non-display region are aligned; and

an inorganic layer, wherein the inorganic layer covers the
borders of the second electrode and the first inorganic
encapsulation layer in the first non-display region.
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